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SECTION 1
SUMMARY

This 1979 Annual Report, written in part to comply with some
of the operating requirements for the Indian Point Electric Generating
Station, is one of a series of reports prepared by Texas Instruments
Incorporated over an eight year period under contract to Consolidated
Edison Company of New York, Inc. The report was designed to serve two
basic fuﬁctions: to make available and discuss recent fish abundance,
fish impingement, and water quality data associated with the Indian
Point region [river mile (RM) 39 through RM 46] of the Hudson River
ecosystem and to analyze and interpret these latest study results in

conjunction with findings from previous years.

A. IMPINGEMENT COLLECTIONS

The number of fish impinged on intake screens which protect
the once—-through cooling system is a factor of prime interest in
establishing the effect of the Indian Point Generating Station on the
ecosystem. Therefore, counts of impinged fish were monitored on a daily
basis. However, because some impinged fish have routinely been lost to
the river, to scavengers, or decomposed before reaching the collection
area, it was necessary to “scale up” actual impingement counts (on the
basis of tests designed to estimate collection efficiency) to reflect

those numbers presumed to have been impinged.

In past years, a single adjustment factor was utilized to
"scale up” impingement counts at each generating unit (3.5 at Unit No.
2, l.4 at Unit No. 3). Continual refinement of the testing procedures
and accumulation of several years' data now permit confirmation of
carlier observations that seasonal differences in collection efficiency
occur. Thus, in 1979, it was possible to develop two adjustment factors
for each unit which were subsequently applied to impingement counts. A
"warm period” adjustment factor (3.8 at Unit Wo. 2 and 1.5 at Unit No.

3) was applied to the count of fish in each impingement collection frou
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May through October, and a "cold period” adjustment factor (2.1 at Unit
No. 2 and 1.2 at Unit No. 3) was applied to each count in the remaining

months of 1979.

B. IMPINGEMENT PATTERNS

Patterns of impingement during 1979 for 15 important. and/or
pfedominant species were similar to those of previous years.
Seasonally, impingement counts were highest during late fall and winter
with collections at that time dominated mostly by white perch. Cold
water months were also the primary period of impingement for striped
bass, adult Atlantic tomcod, white catfish, and spottail shiner. A
considerably smaller secondary peak impingement period occurred in
summer (involving mostly young Atlantic tomcod and bay anchovy) and in
fall (when blueback herring, alewife, and American shad, emigrated out
of the estuary). Hogchoker and rainbow smelt exhibited a slightly
different impingement pattern than in previous years, i.e., a large rise
iﬁ nunbers impinged during the spring or summer and a slight rise in
numbers impinged in late summer or early fall. Shortnose sturgeon and
Atlantic sturgeon were impinged in such low numbers (4 and 70,

respectively) that seasonal patterns were difficult to establish.

Impingement collections of all species were dominated by small
(mostly young-of-the-year) fish. For species where specific size or age
information was available, at least 90% of fish impinged were less than
12 months old. Qualitative examination of monthly impingement rate
plots revealed that in 1979, as previously reported for 1977 aad 1978,
Unit No. 2 rates frequently and substantially exceeded those of Unit No.
3.

C. SPECIES COMPOSITION AND ABUNDANCE

During 1979, 74 species of fish were impinged at the Indian
Point Generating Station. Three of these species, American sand lance,

striped anchovy, and Atlantic mackerel were not previously collected in
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the Indian Point region. In field sampling, 42 species were collected
in the Indian Point nearfield; 38 by beach éeine, 25 by bottom trawl,
and 11 by -surface trawl. These values are consistent with previous
years. No species new to the estuary were collected by nearfield
sampling, and, except for the absence of emerald sihiner, all species

present every year during 1974 through 1978 were collected in 1979.

The predominant fish species impinged at the Indian Point
Generating Station during 1979 were white perch, blueback herring,
Atlantic tomcod, and bay anchovy. These species comprised 91.3% of the
total unadjusted impingewment collection for the year (unadjusted for
collection effigiency). White perch was the most abundant species
impinged - during 1979; the total number impinged was higher than any
previous year (1972 through 1978). Blueback herring, on the other hand,
declined considerably in total number impinged during 1979 which

appeared to be a result of decreased year class abundance.

Nearfield samples were also numerically dominated by
individuals of a small number of species. Ten species comprised 85% of
beach seine collections, seven species comprised 93%Z of lined and
unlined bottom trawl collectious, and only three species comprised 99%
of surface trawl collections. These results are similar to previous
years, although overall catches were lower in 1979 than in most previous

years primarily due to the reduction of blueback herring catches.

D. HATCHERY-REARED STRIPED BASS

Beginning in 1973, TI began an investigation to determine the
feasibility of mitigating entrainment and impingement losses of striped

bass by a program of artifical hatching and stocking. A total of

318,000 marked young-of-the-year striped bass were stocked from 1973

through 1975. As of 30 June 1980, 1925 have been recaptured. Evalua-
tions of distribution, growth, and sexual maturity of these recaptured

fish indicate that hatchery fish grow and behave in a manner similar to
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wild striped bass, supporting the position that a stocking program for

this species may be a viable mitigative procedure.

E. IMPINGEMENT VARIATION

Daily impingement counts at Indian Point provided an oppor-
tunity to compare less—than-daily impingement sampling designs with the
actual values derived during 1976 through 1979 daily sampling. Varia-
tion in impingement data was analyzed and used to investigate three
sampling designs: simple random (nonstratified), seasonal (stratified
by three month seasonal periods), and empirical (stratified on the basis
of empirical observation of wvariation in estimated- maiimum daily
impingement counts). Precision of estimating the true mean'daily number
of fish impinged increased logarithmically for each.of the designs as
more days of the year were sampled. Simplé random sampling proved to be
least precise, stratified random sampling using three month seasonal
periods was intermediate in precision, and stratified randonm sampling
using empirically determined periods was the most precise design at both
Units No. 2 and No. 3 at all fractions of the year sampled. However,
differences in precision among the ;hfee designs were small, especially
between the seasonal and empirical designs. Computer simulated sampling
procedures indicated that sampling impingenment during only 207 of the
days in an average year at Unit No. 3 and 30% of the days at Unit No. 2
provided an estimate of the true mean daily impingement count which was
93% to 95% accurate. This was true for either three month seasonal or
empirical stratified random sampling design. The selection and
implementation of a reduced impingement sampling program at Indian Poiunt
would require an assessment of the desired levei of precision and

accuracy needed to meet future goals of the study.

F. IMPINGEMENT AS AN INDEX OF ABUNDANCE

Generating stations act as year-round sampling gear as a
result of the continuous withdrawal of cooling water from the ad jacent
water body. Therefore, the possibility of using impingement collection

data to monitor fish abundance in the Hudson River estuary was
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investigated by comparing annual counts of impinged fish at Indian Point
and at Bowline, Lovett, Roseton, Danskammer, and Indian Point generating
stations combined (corrected for variation due to plant operations and
freshwater flow) to annual changes in riverwide abundance for white
perch, striped bass, and Atlantic tomcod. These comparisons indicated
that impingement collections at the five stations combined can be used
to obtain a general indication of juvenile abundance for white perch.
llowever, juvenile abundance of white perch has not been shown to reflect
year class strength; thus, changes in annual impingement may not
indicate relative year class strength at older ages. The annual ranking
of striped bass abundance (measured by a catch-per-effort index of
juvenile abundance in seines) and Atlantic tomcod abundance {measured by
absolute estimate of spawning stock size) did not significantly corre-
late with the annual ranking of either Indian Point impingement alone or

impingement at all five generating stations combined.

G. EVALUATION OF STANDARD STATION DATA

Fishes in the 1Indian Point area have been sampled by two
distinct programs since 1973: Standard Statioms Program and Long River
Surveys. The programs originated for different purposes, but both have
been capable of gathering the same types of information. Thus, tests
were performed to evaluate comparability of inferences which can be
drawn from each survey. Gear differences confound comparisons between
standard stations and long river bottom trawl data; however, beach
seines used in the two surveys are identical and were therefore the
basis for this analysis. Past comparisons focused on the degree to
which the Indian Point region reflected trends in abundance of
individual species and species composition of the estuary in general.
The present analyses compared standard stations and long river sampling
in the Indian Point region to determine if similar inferences concerning
the Indian Point fish community could be drawn from both surveys.
Species composition was essentially didentical for both surveys, and

trends in abundance were usually, but not always, the same. The design
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of the Long River Survey has several advantages over the Standard

Stations Program and may give a better representation of the Indian

Point fish community.
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SECTION IL
INTRODUCTION

A. THE INDIAN POINT ELECTRIC GENERATING STATION

The Indian Point Electric Generating Station began commercial
operation with the completion of Unit No. 1l in 1962, Units No. 2 and
No. 3 were conpleted and began commercial operation in 1973 and 1976,
respectively. Each unit of this nuclear plant utilizes a once-through
cooling system which results in the entrainment of eggs, larvae, and

small fish and impingement of primarily juvenile fish.

The combined pumping capacity of the three units for cooling
putrposes. is 7790 m3emin~! (2,058,000 gal'min'l). Unit No. 1, which has
two [530 m3+min~l (140,000 gal'min'l)] circulator pumps, was retired
from commercial operation in October 1974. The two currently operating
units (No. 2 and No. 3) each have six (530 m3'min—1) circulator punps.
Several service pumps with much lower capacities (144 m3*min~l at Unit
No. 13 114 m3*min~l at both Units No. 2 and No. 3) are also associated
with each unit. During winter (approximately December to April) of each
year when water temperatures fall below about 4OC, the amount of water
drawn through the intake screen associated with each circulator pump is
reduced to 60% of the normal pumping capacity to reduce fish impinge-
ment. Units No. 1 and No. 2 each have fixed dintake screens at the
river's edge and traveling screens within each intake forebay. Unit No.
3 has traveling screens at the river's edge but no fixed screens.
Details of the plant and associated intake structures have been

presented previously (TI 1975b, Con Edison 1977).

B. REPORT OBJECTIVES AND ORGANIZATION

During 1969, a series of ecological studies were initiated to
study the effects of operation of the Indian Point Electric Generating
Station on the aquatic biota of the Hudson River estuary. This 1979
Indian Point Annual Report, representing the eighth consecutive year of

studies conducted by Texas Instruments Incorporated (TL), serves two
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primary functions: to make available and discuss 1979 data, par-
ticularly that related to impinged fish and nearfield river fish popu-—
lations; and to analyze and interpret these latest study results in
conjunction with findings from previous years. Compilations of data

from 1979 impingement and nearfield fish collections are provided in>
Section III along with a summary of all hatchery~reared striped bass
recaptured through June 1980 from stockings made during 1973 through
1975. Detailed tabulations of impingement, water quality, and field

data in addition to sampling methods are provided in the appendices.

<Anélytical interpretations and discussions focus on three
primary topics. First, daiiy variations in numbers of impinged fish are
examined to determine the sampling frequencies necessary to reliably
estimate impingement magnitude given a choice of desired precision
levels (Section 1IV). Second, the reliability of .annual impingement.
counts are evaluated for their value as an index to long~term trends in
the annual abundance of selected fish species populations (Section V).
Third, nearfield community composition and abundance are examined
(Section VI) for presence or absence of long~term trends.. TI has been
collecting coincident fish samples in the vicinity of the Indian Point
Generating Station during Long River (riverwide) Surveys and during the
Nearfield Standard Station Program since 1973. Thus, a comparison is
now possible of the inferences derived from each of the two programs
which sample the same geographic area but with differing temporal and

spatial sample allocation schemes.
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SECTION III
1979 IMPINGEMENT AND HUDSON RIVER FISH COLLECTIONS

A. INTRODUCTION

The impingement of fish has been monitored at Indian Point
since the late 1960's to provide information used to assess the impact
of plant operation on the fish populations in the Hudson River estuary.
In this section, the total number of fish impinged at each unit through-
out 1979 is presented, and seasonal 1impingement patterns as well as
species composition of impingement and nearfield collections are com-
pared with those of previous years. Annual changes in these seasonal
patterns are evaluated for selected species to provide an indication of
trends in relative abundance near the power plant. Age distribution of
impinged fish is provided to evaluate the age structure of the impinge-
able portion of each species population. This 1is important because a
given level of mortality inflicted on a population prior to establish-
ment of year class strength should have less impact than a comparable

level of mortality of older age classes.

Although intake screens at Indian Point are cleaned daily
(Appendix C), not all impinged fish are collected. Losses occur due to
a variety of causes such as predation, water currents, and disintegra-
tion of fish after impingement. Such losses were aggravated at Unit No.
2 by the screen wash procedure itself invﬁhich fish were washed from_the
fixed screens and into the river prior to being reimpinged on and
collected from the traveling screems. This section includes an analysis
of collection efficiency testing and subsequent development of
ad justment factors which correct total counts for fish impinged but not
collected. Impingement counts presented here and throughout the report

have been adjusted unless otherwise specified.

This section, in its capacity of making available the most

recent data on Hudson River fish populations, also includes a cumulative
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tabulation of the numbers and biocharacteristics -of hatchery-reared
striped bass that have been recaptured since TI's initial stocking

during the summer of 1973.

B. COLLECTION EFFICIENCY

Previous studies of collection efficiency indicated that fish
were lost from intake screens prior to collection (McFadden et al. 1978,
TI 1979b, 1980a). To account for this loss, when estimating nunbers of
fish impinged, it is necessary to apply adjustment factors (based on
tests of -collection efficiency) to counts of impinged fish.  In previous
years (1974 through 1978) a single annual adjustment factof> had been
derived from these test results. By 1979, ﬁowever, the combined data
base (1974 through 1979) was sufficiently. lafge to permit the

development of cool and warm water adjustment factors.

Efficiency tests consisted of marking and releasing'test fish
at each unit's intakes followed by recovery of marked fish beginning
with the first screen wash after each release and continuing during all
succeeding screen washes. During 1979, collection efficiency tests were
performed using colored tags to mark fish in addition to the dyes used
in - previous years (TI 1980a). Tagging was implemented on an
experimental basis to assess its potential for reducing decomposition
(thought to be accelerated by the dyeing process) and to permit
identification of each test fish. Thus, efficiency tests could be
performed more frequently without intertest mixing of returns which
could occur with the limited number of distinguishable dye colors

available. Collection efficiency methods are described in Appendix C.

1. Derivation of Adjustment Factors
a. Unit No. 2

At Unit No. 2 there was no significant difference (a = 0.05)
in collection efficiency between tagged and dyed fish (Table III-1,
Appendix Tables A-17 and A-19). Therefore, adjustment factors were
based on efficiency test results using dyed fish to maintain consistency
with previous years and ‘because the use of tagsA was still considered

experimental.
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Table ILI-1

Summary. of Collection Efficiency Test Results
at Indian Point Unit No. 2 during 1979

Mark Number Number Percent
Type Released Recovered Efficiency*
Dye 4,020 1,666 41.4
Tag 3,300 1,551 47.0

*Analysis of variance of transformed (arc sin Vx)
efficiencies indicated no significant (a=0.05)
difference between tests using dye versus tag
marking methods

Previous énalyses (1974 through 1978) indicated that effi-
ciency increased significantly at Unit No. 2 as temperature decreased
(TL 1930a). The pattern of this relatiomnship during 1974 through 1979
(Figure I1I-1) indicated that collection efficiency decreased when water
temperatures were greater than 15°¢. Efficiency tests conducted at
temperatures below 15°¢ yielded significantly greater (o = 0.05)
recovery of marked fish i.e., greater collection efficiency, than tests
conducted at or above 15°%¢ (Table 111-2). 0f the dyed test fish
returned while temperatures were less than 15°C, 37.1% were returned on
the first day after their release and 30.1% on the second day. When the
water temperature was at or above 159C, 29.5% of the test fish recovered
were returned on the first day and 3l.4% on the second day. This 1is
somewhat lower than return rates for the first two days after release
reported for 1978 collection efficiency  tests (50% and 38%,
respectively, with no breakdown by temperature) at Unit No. 2 (TI
1980a). Consequently, the year was partitioned into warn and cool water
months.  Inspection of the water temperature curve in the Indian Point
region (Appendix Figure B-1) indicated that during January through April
and November through December, temperatures were generally below 150C,
while during May through October, temperatures were generally above
15°¢. Thus, a cool water adjustment factor of 2.1 based on combined
releases divided by combined recoveries from tests conducted at less

than 15°C (Table III-2) was applied to each impingement count during the

1I1-3 science services division



pes

Figure III-l.
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Table III-2

Summary of Collection Efficiency Test Results for byed Fish at

Less Than 15°C and Equal to or Greater Than 15°C at
Indian Point Unit No. 2 during 1979 '
Percent Adjustment
Temperature Number Number Efficienc¥* Factor
Range (OC) Released Recovered (R/Mx100) (M/R)
0 - 14.9 2,700 1,317 48.8 2.1
15 - 30 1,320 349 26.4 3.8

*Based on a t-test of transformed (arc sin vX) efficiencies, tests
performed in cold water (0°C - 14.99C) were significantly higher in
efficiency than those in warm water (159C - 300cC)

TR number recovered
M numggr marked and released
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cool water months (January through April, November and December). A
warm water adjustment factor of 3.8 was determined in the same manner
from efficiency teét, results at 15°C and zreater (Table III-2) and
applied 'ﬁo each impingement count during the warm water months (May

through October).

b. Unit No. 3

Comparable to Unit No. 2, there was no significant difference
(a = 0.05) in coilection efficiency between tagged and dyed fish at Unit
No. 3 (Table III-3, Appendix Tables A-18 and A-20). Also, as at Unit
No. 2, efficiency has been shown to increase at Unit No. 3 as tempera-
ture decreased (TI 1980a). When 1976 through 1979 efficiencies were
plotted, the pattern of this efficiency-temperature relationship was not
as distinct as it was at Unit No. 2 (Figure III-2). A higher proportion
of recovered fish were recovered the first day after test releases at
Unit No.- 3 (80.3% at less than 159C and 79.2% at 15°C or higher)
compared to Unit No. 2 (37.1% and 29.5%, respectively). In warm water,
impinged fish can be expected to decompose more quickly than in cool
water; thus, the extra day required for recovery of impinged fish at

Unit do. 2 may explain the greater efficiency differential between warm

Table ILI-3

Summary of Collection Efficiency Test Results
at Indian Point Unit No. 3 during 1979

Mark ‘ Number Number Percent

Type Released Recovered Efficiency*
Dye 3,660 2,693 73.6
Tag 2,940 1,945 66.2

*Analysis of variance of transformed (arc sin vX)
efficiencies indicated no significant {a=0.05)
difference between tests using dye versus tag
marking methods
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Figure III-2. Variation in Collection Efficiency with Respect to
Water Temperature for Dyed Fish at Indian Point Unit
No. 3 during 1976 through 1979 (each point represents
one test) :

and cold water at Unit No. 2 than was seen at Unit No. 3. Thus, due to
the low number of  tests conducted between 10°C through 2090 and the
variable nature of the results, the cutoff temperature between warm and
cool water could not be determined. Therefdre, for consistency, the
same cutoff temperature used for Unit No. 2 (15°C) was used at Unit No.
3. Collection efficiency tests at Unit No. 3 when temperatures were
less than 15°C were significantly (o = 0.05) greater than those at or
above 15°C (Table III-4). The year was thus partitioned into warm and
cool water months for Unit No. 3 in the same manner as it was for Unit
No. 2. Ad justment factors of 1.2 for the cool water months (January
through April, November and December) and 1.5 for the warm water months

(May through October) were applied to each impingement count during
1979.

ITI-6 | science services division



Table III-4

Summary of Collection Efficienty Test Results for Dged Fish at
Less Than 15°C and Equal to and Greater Than 15 C Water
" Temperature at Indian Point Unit No. 3 during 1979

Percent Adjustment
Temperature Number Number Efficiency* Factor
Range (°C) Released Recovered (R/Mx100)T (M/R)
0- 14.9 1,440 1,206 83.8 1.2
15- 30 2,220 1,487 67.0 1.5

*Based on a t-test of transgormed (arc sirx\fi).effigiencies,.tests_
performed in cold water (0°C - 14.9°C) were significantly higher in
efficiency than those in warm water (159C - 300C)

R
M

T

number recaptured
number marked and recovered

il

2. Collection Efficiency of Fish Released at Individual Screens

Marking fish with tags allowed sufficient discrimination among
marked fish to test for differences in collection efficiency between
release points in front of Units No. 2 and No. 3. As dictated by
standard procedure, efficiency tests were routinely performed utilizing
screen nos. 2 and 6 at each unit. At Unit No. 2, collection efficiency
was significantly greater (o= 0.05) for fish released in front of screen
no. 2 than screen no. & throughout the year (Table III-5). At Unit No.
3, however, significantly greater efficiency was noted for fish released
in front of screen no. 6 than screen no. 2. The difference at Unit No.
3 appears to have been attributable to collection efficiencies on 3 May,
28 June, and 4 July (Table III-6); however, only the 3 May and 28 June
tests differed significantly between screens in = a-posteriori

comparisons.

Differences in collection efficiency between fish released at
different points in front of the units can be influenced by differences
in screen operation, such as differing water pressures during washes.
However, numerous other factors such as differential trash loading amnong
screens, order of screen washing, or movement of fish from ome screem to

another (especially important at Unit No. 2 because of fixed screen
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Table III-5

Collection Efficiency Test Results for Tagged Fish Released
at Screens no. 2 and no. 6 at Indian Point Unit No. 2 during 1979

Percent Efficiency

Test

Date Screen no. 2* Screen no. 6 |
15 Jdan 63.3 33.3
.19 Apr 73.3 - 60.0
26 Apr 75.6 75.6
05 May  15.6 18.9
10 May 22.2 26.7
24 May 15.6 14.4
20 Sep 70.0 58.9
20 Dec 58.9 3171
Pooled’ 49.3 39.9

*Indicates significantly greater efficiency
(o = 0.05) based on replicated goodness of
fit tests (Sokal and Rohl1f 1969)

+Derived by dividing total number recovered
by total number released for all tests
combined

washing) may confound any attempt to assign specific efficiencies to the

various screens.

3. Summary

In summary, collection efficiency was found to be signifi-
cantly greater in cool water (less than 15°C) than warm water (15°C and
greater) at both Unit No. 2 and Unit No. 3. - The cool water adjustment
factors were 2.1 at Unit No. 2 and 1.2 at Unit No. 3. The warm water
adjustmént factors were 3.8 at Unit No. 2 and 1.5 at Unit No. 3.
Statistically significant differences in efficiency were observed

between the two screens routinely tested at each unit. These
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Table I11I-6

Collection Efficiency Test Results for Tagged Fish Released
at Screens no. 2 and no. 6 at Indian Point Unit No. 3 during 1979

Percent Efficiency

Test
Date Screen no. 2  Screen no. 6%*
05 Apr 94.4 93.3
11 Apr 92.2 80.0
03 My 36.7 83.3
17 May 58.9 74.4
31 May - - 70.0 82.2
14 Jun 7.1 88.9
21 Jun 52.2 : 82.2
28 Jun' 38.9 83.3
04 Jul 33.3 74.4
19 Jul 73.3 77.8
27 Jul 43.3 , 48.9
02 Aug 54.4 67.8
09 Aug 82.2 78.9
16 Aug 81.1 82.2
Pooled** 63.0 78.4

.*Indicates significantly greater efficiency
(0=0.05) based on replicated goodness of
fit tests (Sokal and Roh1f 1969)

Indicates significantly greater differences
based on a-posteriori comparisons

.1_

**Derived by dividing total number recovered
by total number released for all tests
combined
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differences support the_procedural change made for the sampling year in
progress (1980) where test releases are made at each operating screen to -
further improve development of a representative estimate of collection

efficiency.

C. SEASONAL AND YEARLY IMPINGEMENT PATTERNS

As in previous Indian Point annual reports (TI i979b, 1980a),
this section provides information on seasonal patterns of impingement
for the dominant species. Where available, total monthly impingement
rates (adjusted ~unselected ' monthly counts %' total monthly unit
discharge) were separated into young—-of-the-year (YOY) and yearling and
older groupings to evaluate size selectivify in impingement collections.
In previous years, selected‘impingement rates_were'ﬁsed forAthe analysis
df impingement patterns (TI 1979b, 1980a) because they provided the most
accurate and reliable data available. (Selected rates were developed to
precisely match, on a daily basis, fish counts to volumes pumped for
examination of daily impingement variation as in Section IV of this
report, TI 1979b and 1980a). A new data filing system has improved -’
access to both selected and unselected rate information. Thus,
unselected rates have now become the preferred choice for examination of
impingement _patterns because the objective of seasonal péttern
definition is better met by the most complete set of data than by the

precision afforded by selected daily rates.

Overall, unselected impingement rates (ail- species combined)
at the Indian Point Generating Station in 1979 were higher during the
fall and winter (October through March) than during the spring and
summer. Similar seasonal patterns have been seen each year since 1972
(TI 1974b, 1975c, 1979b, 1980a). A rigorous comparison of the seasonal
patterns of 1979 impingement to those of previous years could not be
readily made since refinements in estimates of collection efficiency
resulted in adjustment of 1979 impingement counts in a manner different
than was used for the years 1972 through 1978. Impingement collections
dufing previous years were adjusted for collection efficiency with a

single, annual adjustment factor at each unit. During 1979, however,
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two adjustment Ffactors were applied: a warm water (May through October)

adjustment which.was slightly higher than that in previous years, and a.

cool water (January through April and November through December)
adjustment which was slightly lower (Subscction LIL.B.1). The et
effect of the change on seasonal patterns of overall impingement rates,
if the 1979 patterns are compared to earlier years, is to decrease the
normally high winter rates and slightly increase the normally Ilower
summer rates. Seasonal patterns are relatively unchanged from previous
years despite this "leveling"” effect. Impingement rates adjusted by
seasonal adjustments are contrasted with rates adjusted by an annual

ad justment factor in Appendix Figures A-1 through A-4.

A graphical comparison of impingement rates for Units No. 2
and No. 3 (Figure‘III—3) indicates that impingement rates were higher at
Unit No. 2. A portion of this apparent difference was'actually due to
an outage during 19 September through 31 December at Unit WNo. 3.
However, during periods when both units operated (January through June),
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impingement rates were still higher at Unit No. 2. This is consistent
with results of previous statistical comparisons of impingement rates at

the two units during 1977 and 1978 (TI 1979b, 1980a).

Impingement rates for individual species were examined to
provide further_insight into the overall pattern of impingement observed
at the Indian Point Generating Station. The following species were
selected dué to their designation by the. United States Environmental
Protection Agency (EPA) as representative important species, due to
relative abundance in impingement collections, classification as an

endangered species, and/or importance as sport or commercial fish:

Striped bass Spottail shiner Blueback herring
White perch White catfish American shad
Atlantic tomcod Bay anchovy Hogchocker
Shortnose sturgeon Weakfish Bluefish
Atlantic sturgeon Alewife Rainbow smelt

White perch, spottail. shiner, striped bass, and white catfish
were impinged mainly during late fall, winter, or early spring (Figures
1I1-4 through III-7). Thése species inhabit the deeper channel portién
of the river during the fall and winter then move into the shoreline
regions in the sﬁring as water temperatures increase (TI 1978). Thus,
they are impinged mainly while in or moving to and from the channel.
Impingement rates for white perch, the most abundant species in the 1979
impingement collections, were partitioned into YOY (i.e., age from time
of spawning through 31 December) and yearling and older life stages
(Figure 1III-4). 0f the total 1979 white perch impingement, 7.9%
(124,757 fish) were older than 12 months. To place this number in
perspective, the white perch population estimate of yearling and older
white perch in September 1978 was 12.1 million (TI 1980b). Only 10% of
the striped bass impinged were YOY; however, 96.2% were less than 12
months old since impingement was heaviest during January through March

when they were 9 or 10 months old.

Those species mainly impinged during the summer of 1979 were

primarily bay anchovy, bluefish, and weakfish (Figures III-8 through
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Adjusted Impingement Rates (No./106m3)

ITI-10). The young of these species use the estuary as a nursery area

during the summer and are impinged as they move into the Indian Point
region. When temperatures begin falling and the salt front moves down
river in the late summer and early fall, these YOY migrate to a lower
portion of the estuary or emigrate to the ocean (Bigelow and Schroeder

1953, U.S. Atomic Energy Commission 1972, TI 1976, Con Edison 1977).

In previous years, alewife, American shad, rainbow smelt,
Atlantic tomcod, and hogchoker have exhibited bimodal patterns of
impingement (TI 1980a). During 1979, these bimodal patterns were
repeated for Atlantic tomcod and hogchoker but were not as evident for
alewife, American shad, and rainbow smelt (Figures III-1l through

[II-15) due to unit outages during periods of high abundance. Alewife
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and American shad, which move about the middle estuary during the
sunmer, were impinged mostly during July and August at Unit No. 3 while
Unit No. 2 was not operational. The fall emigration of YOY alewife and
Anerican shad was apparent only at Unit No. 2 because Unit No. 3 was not

operational at that time.

The early spring peak of rainbow smelt impingement (Figure
III-13), reflecting their spawning run, was seen at both units while
impingement during the fall emigration of YOY rainbow smelt occurred
only at Unit No. 2 since Unit No. 3 was not operational. The outage at
Unit No. 3 also obscured the typical fall peak impingement of emigrating
YOY blueback herring which was seen only at Unit No. 2 (Figure I1I-16).
The number of Atlantic and shortnose sturgeon (70 and 4, respectively)
impinged during 1979 were not sufficient to identify a seasonal‘pattern;

however, their monthly impingement rates are presented in Figures III-17
and 1II-18.

The clupeids (alewife, American shad, and blueback herring),
and Atlantic tomcod impingement rates were partitioned into YOY and
yearling and older categories to provide further examples of the age
composition of impingement collections. Young-of-the-year comprised

96.6%4 of all the -<clupeids impinged and 96.0% of Atlantic tomcod

impinged.
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Figure III-11. Monthly Ad justed Impingement Rates for Alewife (yeéiiing
and older, and young-of-the—year) at Indian Point Units
No. 2 and No. 3 during 1979
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Figure I1I-18. Monthly Adjusted Impingement Rates for Shortnose
Sturgeon (all ages) at Indian Point Units No. 2
and No. 3 during 1979

In summary, overall impingement rates (all species combined)
at the Indian Point Generating Station in 1979 were highest during the
fall and winter. White perch, striped bass, spottail shiner, and white
catfish exhibited a unimodal impingement pattern with a peak in late
fall; winter, or early spring. A unimodal pattern with peak impingement
occurring during the summer was noted for bay anchovy, bluefish, and
weakfish, while the clupeids, rainbow smelt, Atlantic tomcod, and
hogchoker had bimodal patterns which were somewhat obscured by unit
outages. Of the major species impinged, the majority of the impinged

individuals were less than 12 mounths old.

SPECIES COMPOSITION OF IMPINGEMENT AND NEARFIELD COLLECTIONS
1. Number of Species

a. Impingement

Seventy—-four species of fish were impinged at the Indian Point
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Generating Station during 1979 (Appendix Table B-1), only two more than
impinged during 1977 and 1978 (TI 1980a). Three of these species [American

sand lance {(Ammodytes americanus), striped anchovy (Anchoa hepsetus), and

Atlantic mackerel (Scomber scrombrus)] were not previously collected in the

Indian Point region (Appendix Table B~1).

b. Nearfield

Forty-two species were collected 1in the Indian Point nearfield
region during 1979 (Appendix Table B-1). Thirty-eight species were collected
by beach seine, 25 by bottom trawl, and 11 by surface trawl. These values
are consistent with previous years (1972 through 1978) (TI 1980a) when the
number of species collected in the nearfield has ranged from 38 to 50. No
species new to the estuary were collected by nearfield sampling during 1979.
Except for the absence of emerald shiner, all species present every year

during 1974 through 1978 were collected in 1979.

2. Species Composition
a. Impingement

White perch, blueback herring, Atlantic tomcod, and bay anchovy
were the predominant fish species impinged at the Indian Point Generating
Station during 1979. These species comprised 91.3% of the total unadjusted
impingement collection for 1979 and have comprised over 85% of impingement

since 1975 (Appendix Table A-21).

b. . Nearfield

As in impingement collections, nearfield catches were numerically
dominated by a swmall number of species. During 1979, 10 species comprised
36% of beach seine collections, 7 species comprised 93% of lined and unlined
bottom trawl collections, and only 3 species comprised 99% of surface trawl
colléctions. These results are similar to previous years (Appendix Tables

8-2 through B~5).
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3. Relative Abundance
a. Impingement

There was a major change in the relative contribution of white
perch and blueback herring to impingement during 1979 with respect to their
relative contribution in previous years (1975 through 1978). The proportion
of white perch increased dramatically while the proportion of blueback
herring decreased (Figure III-19). The drastic decrease in proportion of
blueback herring at Unit No. 3 was partly due to lack of Unit No. 3 operation
during the fall blueback migration period. However, these changes in
proportion did reflect an actual increase in the number of white perch
impinged as well as an actual decline 1in the number of blueback herring
impinged. The changes in impingement of these two species were apparently
due to changes 1in their abundance rather than changes 1in environmental
parameters which affect their impingement or changes in plant operation
(Appendix Tables A-16, B-1, B~2). This conclusion is based on a decrease in
1979 from previous years in nearfield blueback herring collections
(Subsection III.D.3.b). An increase in white perch nearfield catch was not
noted; however, the majority of white perch impingement occurred during the
winter (Subsection III.C) when nearfield collections were not made. White
perch abundance indices for 1979 do however indicate that the 1979 year
class, which represents the fall 1979 portion of the 1979 impingement bar in
Figure ILI-19, was higher than in the years 1975 through 1979 [TI 1980c (in

preparation)].

Differences in the relative contribution of other species to
impingement in 1979 were minimal compared to previous years. The proportion
of Atlantic tomcod in impingement collections during 1979 was similar to that
seen in 1975, 1976, and 1978 and lower than the 1977 contribution (Figure
I111-19). Bay anchovy impingement was low during 1976 corresponding to high
levels of summer freshwater flow, which kept conductivity near Indian Point
low [Appendix Figure 3-1 (a and b)]. Bay anchovy impingement has remained
rather consistent during 1975, and 1977 through 1979. The lower proportion
of bay anchovy at Unit No. 3 in 1978, and Unit No. 2 in 1979 reflect reduced
operation of those units (Appendix Table A-16) during the summer when bay

anchovy are most susceptible to impingement. The contributions of other
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major species impinged (Appendix Table A-21), hogchoker, striped bass, and
rainbow smelt, have changed little over the five year period (1975 through
1979). The relative contribution of striped bass to impingement, although
low, (0.8% to 2.4%) has increased steadily from 1975 through 1979. The
increase in proportion has been accompanied by an inérease in actual number

impinged from 5,977 in 1975 to 50,511 in 1979 (Appendix Table A-21).

The increase in number of striped bass collected from impingement
during 1975 through 1979 appears to have been caused by increases in water
withdrawal and also by increases in striped bass abundance. The volume of
water withdrawn by Unit No. 2 and Unit No. 3 (represented by total unit
discharge) was much larger during 1977, 1978, and 1979 than during 1975 and
1976. Impingement of striped bass (and many other species) was also much
greater during 1977 through 1979 than during 1975 and 1976 (Table III-7).
Half of the increase in numbers impinged are accounted for when the affect of
differences in water withdrawal are removed by dividing number of striped
bass collected by the volume withdrawn. The remaining increase in nuuber
impinged can be at least partially explained by changes in abundance. Trends
in impingement rate and young-of-the-year abundance indexes are similar but
do not correspond exactly (Table III-7). The discrepancy is due to the fact
that impingement of striped bass occurs primarily during the fall (October
through December) and winter (January through March) (Appendix Table A-9 and
TI 1980a Appendix Table A-13); therefore, a large year class will cause high
impingement rates during the fall of one year (as young-of-the—year) and
during the winter of the next year (as yearlings). For example, the large
1978 year class caused high impingement rates during the fall of 1978 and the
winter of 1979. Thus, impingement during 1979 was high as a result of the

1978 year class although the 1979 year class was small.

b. Nearfield

During 1979, total catch-per—effort in the nearfield by beach
seine and unlined bottom trawl were lower than during any year from 1974
through 1978 (Figure III-20 and III-21), total catch-per—effort by lined
bottom trawl and surface trawl (Figures III-22 and III-23) were lower during

1979 than all other years but one (total catch-per—effort was lowest during
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Figure I11-20.
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1978 for lined bottom trawl and during 1974 for surface trawl). The
lower catches during 1979 were due to greatly reduced numbers of
blueback herring in beach seine, lined bottom trawl, and surface trawl
collections and smaller catches of Atlantic tomcod by unlined bottom

trawl.

Rankings of species contributing a large percentage of the
total catch-per-effort of each gear, as presented in Figures I11-20
through IILI-23 were tested using Kendall's coefficient of concordance
(Siegel 1956). 1In this analysis, the category "others” were considered
as one species. The proportional abundance of species in beach seine
and surface trawl collections exhibited a consistent pattern across
years while species in lined and unlined bottom trawl collections did

not (Appendix Table B-8).

. RECAPTURES OF HATCHERY-REARED STRIPED BASS
1. Description of Hatchery Program

During 1973 through 1975, TI investigated the feasibility of
artificially hatching, rearing, and stocking young-of-the-year striped
bass. The hatchery program was designed to mitigate losses of wild
striped bass due to power plant operation along the Hudson River. Such
a study was stipulated as a condition of the license issued by the
Federal Energy Regulatory Commission to Consolidated Edison Company . of
New York, Inc. in 1970 to construct and operate a pumped storage

hydroelectric plant at Cornwall, New York.

During the three years (1973 through 1975) that stockable size
fingerlings (S0 through 150 mm TL) were reared, a total of more than
318,000 striped bass were released into the Hudson River between RM 24
and RM 62 with the intent of monitoring their survival through a reéap-
ture effort. These fish were hatched at a pilot facility operated by TIL
at Verplanck, New York, using induced spawning techniques on wild brood

fish captured each spring from the Hudson River. Positive identifica-
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tion of hatchery-reared fish has been assured by marking each individual

with a finclip>and magnetic nose tag prior to stocking.

As of 30 June 1980, 1,925 hatchery-reared striped bass have
been recaptured from the Hudson River and adjacent waters (Table II1-8).
Short—term (three to nine months) survival of hatchery-reared striped
bass was assessed by comparing the change in rate of recapture of marked
wild finge;lings versus marked hatchery-reared fingerlings through time,
and has been shown to be similar to that of wild fish (TI 1977a). Analy-
sis of stomach contents, growth, and movements have provided evidence
that hatchery-reared and wild striped bass behave and grow similarly (TI
1977¢, 1979b). The present goal is to confirm»that long-term survival
occurs and to determine whether hatchery-reared striped bass participate
in the spring spawning run. Data on distribution of all recaptured
hatchery-reared fish since 1973 are presented. Also, data on size and
maturity of those fish recaptured from 1977 through June 1980 are

presented and compared with similar data for wild striped bass.

2. Distribution

Hatchery-reared striped bass, stocked between river mile (RM)
24 and RM 62, have dispersed over the entire Hudson River estuary
(Figure III1-24) within a year after release, as far upriver as Albany
(RM 149) and as far downriver as the lowest portions of the estuary in
the vicinity of Statem Island, N.Y. and Manhasset Bay on Long Island (TI
1979b). Most wild striped bass appear to emigrate from the river before
Age I (TI 1977b) and, since so few hatchery-reared two and three year
olds were recaptured during 1976 and 1977 (Table III-8), it appears the
hatchery-reared and wild fish emigrate similarly (TI 1979b). Recent
collections (1978 through June 1980) indicate hatchery-reared striped
bass return to the river as three to six year olds during the spring

spawning run.

3. Growth

The mean lengths and weights of hatchery—reared stripéd bass
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Table III-8

Summary of Recaptures of Hatchery—Reared Striped Bass

during Year of Release and Subsequent Years

Stocked Recaptured

Year Number Year Number

1973* 28,674 1973 46

1974 3

1974 101,524 1974 164

1975 442

1976 6

1977 6

1978 21

1979+ 12

1980 5

1975 188,387 1975 925

1976 259

1977 10

1978 11

1979Jr 13

1980 2
All Years A1l Years
Combined 318,585 Combined

1,925

*AT11 fish stocked in 1973 were marked by clipping
the second dorsal fin, which has since been
observed to be capable of rapid regeneration.

Fin regeneration, combined with nose-tag inser-
tion/retention rate of only 17% in 1973 (TI 1974a),
may explain why more recaptures from the first
year of stocking have not been identified

+through 30 June 1980
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caught during 1977 and 1978 were less than those of wild striped bass of
the same age and sex (Tables III-9 and II1-10). The differences in
means (length and weight) may not, however, reflect actual growth
differences between hatchery and wild fish, since many of the fish were
collected by size selective gear such as gill nets. The smallest mesh
(10.1 cm stretch) gill net used is selective for fish >350 mm TL (see
Figure B-51 in TI 1980b). Therefore, length and weight data for wild
fish, obtained predominantly from gill nets, may be biased high,
especially for age groups with lengths <350 mm TL (ages II and I11).
Data Ffor hatchery-reared fish were obtained from several gear types
(Table III-11 and TI 1980a) and thus may not be as strongly affected by

size selectivity of the capture gear.

4, Sexual Maturity

The presence of mature hatchery-reared striped bass among wild
striped bass collected prior to and during the spawning period provides
evidence that hatchéry-reared striped bass contribute to the Hudson
River spawning stock. Sexual maturity has been determined for hatchery-
reared fish (for methodology see TI 1980b) recaptured from 1977 through
30 June 1980. ‘Similar to wild striped bass, [most of which are mature
at Age IV through VI (TI 1980b)] most four, five, and six year old
hatchery males were mature (Table I111-12). Female striped bass mature
more slowly than males (TI 1980b), therefore it was not unusual that
mature hatchery-reared females were not recaptured until 1979 as five
year old fish. During the 1979 and 1980 spring spawning seasons, 20% (3

of 16) of the females recaptured were mature (Table 111-12).

5. Conclusion

These findings support the position that the stocking program
may provide a viable alternative to cooling towers for mitigation of
striped bass losses resulting from power plant operations along - the
iudson River. The collection of mature hatchery-reared striped bass in
the river during the spawning run with characteristics similar to those
of wild fish provides evidence that hatchery—reared fish contribute to

the tudson River spawning stock.
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SECTION IV
ANALYSIS OF DAILY IMPINGEMENT VARIATION

A. INTRODUCTION

Data collected at the Indian Point Generating Station has
provided one of the most complete records of fish impingement for any
power  plant (Stupka and Sharma 1977). Regulatory technical
specifications require continuous collection ‘and sampling from intake
structures at 24 hour intervals to provide daily counts by species of
the number of fish impinged (NRC 1975); however, this daily sampling
regime may be more than adequate to reliably estimate impingement rates.
Recent studies by Johnston (1976), Kumar and Griffith (1977), Murarka
and Bodeau (1977), Murarka et al. (1977), and El-Shamy (1979) have each
suggested that precise estimates of mean daily and annual total counts
of fish impinged may be obtained with a 1less than daily sampling
schedule. If a program of less frequent sampling could be instituted,
fish could be returned to the river on non-sample days as is presently
done at many other generating stations (Freeman and Sharma 1977), thus

allowing a portion of those released to survive.

The sampling effort (number of days) required to obtain a
specified level of precision -is related primarily to the timing and
magnitudev of wvariation in daily impingement counts. Those specific
times of the year with high variation among daily impingement counts nay
require daily sampling while low variation periods may require less
frequent sampling to obtain the same degree of precision. This analysis
1) describes the temporal variability among daily impingement total
counts at Indian Point, 2) uses estimates of daily variability as a
basis for selecting a reduced sampling design, and 3) evaluates the
accuracy and precision of annual total impingement estimates using three

reduced sampling designs.

V-1 science services division
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B. ANALYSIS OF DAILY IMPINGEMENT VARIATION
l. Selection of a Honbiased Measure of Daily Impingement

A daily count of the total number of fish impinged has been
used to quantify impingement at Indian Point Units No. 2 and No. 3.
Impingement counts, however, have not completely reflected underlying
natural variation because they were influenced by wvariation in volume of
cooling water pumped. Therefore, “"raw" impingement counts (actual
numbers collected from screen washings prior to any adjustments for
efficiency) were scaled to reflect the estimated nunber of fish which
could have been impinged if the unit was pumping at maximum capacity.
This estimated maximum daily (EMD) impingement count was the product of
selected (Appendix Subsection C.l.c) daily impingement rate
(numbers'106m"3) and maximum pumping capacity of all six circulator
pumps. Two maximum volume constants were used: one for the 100% pumping
capacity period from 1 April through 31 December (4.58 - 106m3‘day—1)
and one for the 607 period from 1 January through 31 March of each
year{(2.75 - 106m3‘day'l). Dates for the winter period were selected to
encompass the tiwme when all circulator pumps at each wunit were
continuously operated at 607 pumping capacity. ' The earliest date all 6
circulators were continuously operating at 60%Z was 20 Dec 1978 at Unit
No. 3. The earliest date a 1007 pumping rate began was 3 April 1979 for
Unit No. 3. Thus, 1 January to 31 March was selected to encompass the
period of 60% pumping capacity. All analyses in this section used EMD
counts and were performed separately on Indian Point Units No. 2 and No.

3 for the period 1976 through 1979.

2. Analysis of Impingement Variability

Tukey's 3RSSH smoothing technique (Tukey 1977), which classi-
fies raﬁ data into "smooth” and "rough" components, was applied to EMD
counts to empirically separate the variation from tha temporal pattern
of impingement and to aid in identification of periods of high and low
daily variation. This procedure also served to smooth  across gaps in
the impingement data that were due to plant outages. Impingement ‘data
for the period from June 1978 through May 1979 for Indian Point Unit No.

2 was selected to demonstrate this smoothing technique (Figure IV-1)

V-2 science services division
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Figure IV-1,

Comparison between "Raw' or Actual Estimated Maximum Daily (EMD)
Counts and "Smooth" and "Rough" Values Obtained after Application
of Tukey's 3RSSH Smoothing Technique to Indian Point Unit No. 2
Impingement Data, 1 June 1978 through 31 May 1979
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because it represented a period of nearly continuous operation and
typified annual impingement patterns. The degree of scatter in the
"rough” component directly reflected the variation which was removed

from the raw data to draw the "smooth” curve. "Raw” and "smooth” EMD
counts were nearly identical in periods of low variation but differed in
high variation periods. In periods when "smooth" EMD counts were small,
"rough” values were low and close to zero [es.z., Figure IV-1(b), June
1978, September 1978, and May 1979]. In periods when "“smooth” EMD
counts were large and variable, "rough" values deviated considerably
from the zero base line [e.g., Figure IV-1(b), October 1978 through

February 1979].

Visual examination of the scatter presented in “rough” plots
and patterns presented in "smooth"” plots (Figures IV-2 and IV-3) per-
mitted identification of periods of high and low variation which were
relatively distinét in,timing and duration across years. The following
empirically determined temporal strata were selected for Unit No. 2, and

Unit No. 3:

Unit No. 2 Unit Ho. 3
01 Jun through 31 Aug 01 Jun through 31 Aug
0l Sep through 30 Sep 01 Sep through 30 Sep
01 Oct through 27 Hov 01 Oct through 10 Dec
28 Nov through 15 Mar 11 Dec through 31 Jan
16 Mar through 07 Apr 0l Feb through 25 Mar
U8 Apr through 31 May 26 Mar through 15 Apr

16 Apr through 31 May

C. EVALUATION OF THE HEFFECT OF VARIATION ON ESTIMATES OF NUMBER
OF FISH IMPINGED

Partitioning of the year into nonoverlapping time intervals,
or strata, and differential allocation of sampling effort'among these
strata provide a means of adjusting effort relativé to differences in
natural variation and length of the time period. Thus, relatively
consistent levels of precision and accuracy are maintained. Using 1976
through 1979 impingement data, two potential stratification schemes were

examined for their applicability to reduced sampling designs. One of

........

science services division
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these, the empirical stratification described above, was based on the
natural variability observed in the pooled 1976 through 1979 impingement
data; the second, a seasonal stratification, consisted of four, 3 month
seasons (January through March, April through June, etc. ). A third
design, simple random allocation of days throughout the year, was used
for reference. Stratification, with random allocation of days within
strata, should allow impingement counts to be estimated more precisely
than if days were randomly allocated over an entire year (Cochran 1977,

Murarka and Bodeau 1977).

l. Statistical Methods for Testing Effects of Variation on
Sample Designs ’

For each of the three sample designs; empirical, seasonal, and
simple random, data was pooled across 1976 through 1979 and analyzed
separately for Unit No. 2 and No. 3. Precision of the empirical and
seasonal stratified designs and the simple random design was compared by
plotting the "exact” standard error of the mean EMD counts (Figures IV-4
and IV-5) for each sampling fraction (fraction of the year sampled).
Fach of the 12 sampling fractions tested, any of which could be chosen
as the desired level of impingement sampling, represented a given
percentage (5, 10, 20, 25, 30, 40, 50, 60, 70, 75, 80, and 90%) of days
within a year on which impingement counts could be marde using a reduced
sampling plan. The "exact” standard error of the mean for each sampling
fraction was mathematically derived from the entire set of available EMD
counts using modifications of formulae by Cochran (1977) described
below. The standard error is exact in this situation since the total
population of EMD counts is known for 1976 through 1979. If the total
population of EMD counts were not known, i.e., impingement counts had
not been made on each day of operation, the standard error could only

have been approximated.

a. Calculation of Exact Standard Error for the Simple Random
Sampling Design

-8 (N
5.E.o = o0
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represent curves fitted through scatter plots of the "raw"
data; "Rough” plots represent residule scatter (variation)
removed from "raw” data in the smoothing procedure]
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where

S.E. standard error of the mean EMD count (¥)

<
[}

S = standard deviation for "parent” population

n = number of days (EMD counts) in the sampling
fraction

N = total number of days (EMD countd) in the
"parent"” population

This formula permitted calculation of the relationship between each
sampling fraction and precision (S.E.§) of simple random sampling. A
second mneasure of precision, the coefficient of variation, was calcu-
lated at each sampling fraction by expressing the standard error as a

percent of the mean (S.E.§ < § X 100%).

b. Calculation of Exact Standard Error for Seasonal

and Empirical Stratified Random Sampling Designs
The relationship between each sampling fraction and the
standard error of the stratified mean EMD count (S.E.yst) was determined
using estimates of the within-stratum variation for both empirical and
seasonal stratification schemes. The following'formula was used in both

computations [modified from Cochran 1977 (formula 5.12)]:

2
H (2)

2
jopl

where

SOEo_

standard error of the stratified mean EMD count
(?St) ‘

N = total number of days (EMD counts) in the "parent”
population

L = total number of strata

N = total number of days in the hth stratum of the
"parent” population

number of days (EMD counts) in the sampling

Nh
fraction from the hth stratum

........
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2 . . " "
Sp = variance for the hth stratum in the “parent
population

The coefficient of variation for stratified sampling was calculated as
it was for simple random sampling (S'E'?st + §gr X 100%Z). The actual
number of days (EMD counts) for each sampling fraction was allocated to
each temporal stratum using a Neyman allocation scheme (Cochran 1977).
This method selected EMD counts (days) in direct proportiom to both the
number of days and the variance in each stratum. High variance and long
time periods received proportionally more samples than low variance or

short time periods.

c. Estimates of Mean EMD Counts and Annual Total Impingement
Counts

Most inferences made in subsequent analyses pertain to the
mean EMD count (§ for simple random sampling and Js¢ for stratified
random sampling) and standard error of the mean EMD count (S.E.§ and
S.E‘

?st). These inferences can likewise be made about annual total

impingement counts using the following relationships (Cochran 1977):

T, =N v
1 1Y or leSt (3)

S.E. = N_S.E.-~ or N.S.E.-
' 1 y 1 Ist

where
T; = annual total impingement count

S.E.Tl = standard error of annual total impingement
count

§ or Jgr = mean as in formula (1) or (2), respectively

= standard error of the mean as in formula (1)
or (2), respectively

] = number of days in a year (365 or 366 in leap
year)

science services division
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For example, if the mean EMD count and standard error of the mean were
1000 + 100 fish the annual total and standard error of the total would
be 365,000 + 36,500 fish. In both cases, the coefficient of variation
would be 10%.

2. Effect of Daily Impingement Variation on Precision with
Reduced Sampling £ffort

Precision increased logarithmically with increasing sampling
fraction for all three sampling designs at both Indian Point Units No. 2
(Figure IV-4) and No. 3 (Figure IV-5). Simple random sampling was the
least precise, stratified random sampling using four seasonal strata was
intermediate in precision, and stratified random sampling wusing
empirical strata was the most precise design at both Units No. 2 and No.
3. However, the relationship between sampling design, precision, and
sampling fraction differed between Units No. 2 and No. 3. At Unit No. 2
(Figure 1V-4), both stratified designs were considerably more precise
than the simple random design, particularly at large sampling fractions.
The two stratified designs responded similarly to increased sampling
fractions (lineé nearly parallel) except at intermediate fractions when
the precision of empirical stratification was disproportionately higher
than for the seasonal design. In contrast, at Unit No. 3 (Figure IV-5),
curves for the relationship between precision and sampling fractions
were not as widely separated as at Unit No. 2, and the precision of
sampling in seasonal strata more closely resembled that of simple random
than of empirical; otherwise, the patterns of precision were very

similar for both units.

Standard error of the mean EMD count was higher at Indian
Point Unit No. 2 than at Unit No. 3 (Figures IV-4 and IV-5). For the
two stratified designs, standard error of the mean EMD count at Unit No.
2 ranged between 2339 at a 5% sampling fraction to 47 at a 90% fraction
(Figure IV-4). At Unit No. 3, standard error ranged between 828 at a 5%
fraction to 28 at a 90%Z fraction. These differences were primarily due

to higher mean daily impingement (EMD) counts at Unit No. 2 than at Unit

science services division
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No. 3 and were greatly reduced when precision was expressed as a
coefficient of variation (Figures IV-4 and IV-5). For example, with
empirical stratification and a 50% sampling fraction, the mean EMD count
and standard error at Unit No. 2 were 7502 + 264 fish and at Unit No. 3
were 3443 + 149 fish; the coefficient of variation was 3.5% and 4.3%,
respectively. For annual impingement based on EMD counts the total and
standard error of the total were 2.738 X 100 + 0.096 X 106 at Unit No. 2
and 1.257 X 10% + 0.054 X 10® at Unit No. 3.

3. Effects of Daily Impingement Variation on Accuracy
with Reduced Sampling Effort

The 1976 through 1979 impingement data from Indian Point Units
No. 2 and No. 3 differed from the normal distributidn-used in sampling
theory (these data were positively skewed), and no exact formula exists
for computing the degree of "bias” due to this nonnormality. Simulated
sampling was used to determine the effects of noanormality on the
accuracy of 957 confidence limits for estimating yvearly mean EMD impinge-
ment counts. This appoach is recommended when data are suspected of
violating the assumptions of classical theory (i.e., normality) and can
be used to determine the sensitivity of a statistic to these violations
(Barrett and Goldsmith 1976, Cochran 1977, and Green 1979). The simula-
tion involved repeated application of each of the two stratified designs
for each sampling fraction to determine the number of times the actual
957 confidence interval about the estimated yearly mean EMD enclosed the
true mean EMD count. The true mean was obtained from daily sampling
(1976 through 1979) at Indian Point Unit No. 2 and Unit No. 3, and
simulations were repeated 1000 times for each sampling fraction at each
unit (No. 2 and No. 3). If a 95%Z confidence level was achieved by the
design, 95% of the confidence intervals calculated for each simulated

mean EMD count should "catch” or enclose the true mean.

As an example of how simulated sampling was conducted, assume
that an empirical stratification scheme was used for a 20% sampling

fraction at Indian Point Unit No. 2. The first step in the simulation

science services division
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was to determine the number of days in a 20% fraction and allocate those
days to each of six empirical strata by the Neyman allocation scheame
(Cochran 1977). If the ! June through 31 August stratum received an
allocation of 28 days, those 28 days would be randomly selected from the
1976 through 1979 data base of EMD counts for that period. When all six
strata were sampled, a stratified mean EMD count with 95% confidence
limits was computed. This sample confidence interval was examined to
determine if it enclosed the true hean (the mean of all EMD counts for
Unit No. 2 in the 1976 through 1979 period). This entire sampling
procedure was repeated 1000 times for the 20% fraction at Unit No. 2 for

empirical stratification.

Results from simulated sampling indicated that a 95% confi-
dence interval was neérly achieved at any sampling fraction greater than
20% to 30% (Figure IV-6). Differences between empirical and seasonal
stratified designs were not apparent. At Unit No. 2, confidence
intervals for means from sampling fractions above 30% caught the true
mean approximately 94% to 957 of the time. At Unit No. 3, confidence
intervals for means of sampling fractions above 20% caught the true mean
approximately 93% to 947 of the time. For the small percentage of cases
when the true mean was not caught by the 95% confidence interval, the
estimated mean was generally lower than the true mean (Table IV-1).
Therefore, for sampling intensities above 20% to 30%, a 95% confidence
limit about the mean EMD count was accurate 93% to 95% of the time.
When it failed, the sample mean EMD count tended to underestimate the

true mean.

D. AN APPROACH FOR SELECTING A REDUCED SAMPLING PROGRAM

Selection and implementation of any reduced impingement sam-
pling program at Indian Point requires two types of information: 1)
desired and attainable levels of precision and accuracy and 2) an
acceptable sampling plan for the goals of the study. Table IV-2 pre-
sents the actual sampling allocations for the stratified designs used in
the above analysis. To illustrate the selection of a reduced sampling

design using the results of this analysis, assume that a seasonal

1V-16
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Table IV~-1

Accuracy and Relative Bias for Two Stratified Random Sampling Designs,
Expressed as Percent of Times Calculated Mean Estimated Maximum Daily
(EMD) Impingement with 95% Confidence Limits was Higher or Lower
than True Mean®

Seasonal Empirical

Sampling Percent Percent Total Percent Percent Total
Fraction Missing Missing Percent Missing Missing Percent
(percent) Low High Missing- Low High Missing
Unit No. 2 05 11.4 0.0 11.4 12,9 0.4 13.3
10 11.2 0.2 11.4 9.6 0.2 9.8
20 10.0 0.5 10.5 - 9.1 0.4 9.5
25 8.8 0.9 9.7 6.5 0.5 7.0
30 5.2 0.5 5.7 5.5 1.0 6.5
40 5.2 0.7 5.9 5.3 1.3 6.6
50 4.3 1.1 5.4 4.2 0.8 5.0
60 4.1 0.7 4.8 3.7 1.6 5.3
70 3.4 1.2 4.6 4.1 1.7 5.8
75 5.7 1.6 7.3 5.1 0.9 6.0
80 4.6 1.3 5.9 4.4 1.4 5.8
90 4.3 1.1 5.4 5.2 1.2 6.4
Unit No. 3 05 13.1 0.3 13.4 8.7 0.1 8.8
10 8.5 0.3 8.8 6.8 1.0 7.8
20 5.2 0.7 5.9 5.9 1.1 7.0
25 6.2 0.7 6.9 5.1 1.5 6.6
30 6.7 0.3 7.0 4.8 0.8 5.6
40 4.7 1.3 6.0 4.9 1.2 6.1
50 5.6 1.7 7.3 3.6 1.1 4.7
60 4.7 0.8 5.5 4.9 1. 6.2
70 5.7 1.9 7.6 5.0 1.2 6.2
75 5.3 1.5 6.8 5.0 1.2 6.2
80 5 0.7 6.6 5.4 1.5 6.9
90 5.8 0.3 6.1 6.8 1.2 8.0

*Results were based on 1000 simulations for each design at each sampling fraction

science services division
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stratification scheme and a 50% reduction in sampling was desired for
Indian Point Unit No. 2. A 50% reduction in effort would require 183
days of sampling per year. Figure IV-4 indicates that for a seasonal
stratified design the mean daily impingement count for oneé year®s data
would have an expected precision level of +4.6 percent (the coefficient
of variation) of the mean daily collection size. Civen the size of
impingement collection in the 1976 through 1979 period, this precision
would allow estimation of the annual wmean daily collection size to
within +354 fish (the standard error of the 1976 through 1979 mean EMD
count). Using Equation (3), this would allow a precision of + 129,000
fish when estimating annual total impingement. The 954 confidence
intérval about the yearly mean daily impingement count would catch the
true yearly mean better than 947 of the time (Figure IV-6). If this
level of precison and accuracy was desirable and acceptable, the design
could be implemented by randomly taking daily imbingement sambles accord-
ing to the scheme in Table IV-2. A 50% reduction in sampling effort at
Unit No. 2 using seasonal stratification would require that impingemen;
collections be made on the following number of randomly selected days in

each season.

01 Jan through 31 Mar = 52
0l Apr through 30 Jun = 20
01 Jul through 30 Sep 19
0l Oct through 31 Dec = 92

Periods of the year with high and variable daily impingement
counts require intensive sampling (e.g., October through December where
sampling was every day), while few days need be sampled in low variation
periods (e.g., April through September); the object being to achieve a
low probability of not sampling days with high impingement counts. This
is accomplished by sampling every day during periods of high variation.
Low variation periods naturally have a low probability of missing days
with high impingement counts since these periods contain few or no high
impingement days. For strata with intermediate variability (e.g.,
January through March), selecting additional days, up to all days, would

insure that all days with high impingement counts were selected. It

........
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would also be possible, during intermediate periods, to 1institute a
system wherein once high impingement was encountered in a "less—than-
daily” sampling mode, sampling could revert to a daily schedule until

daily counts decreased.

E. SUMMARY

Daily variation in impingement counts was analyzed to deter-
mine its effect on precision and accuracy of reduced sampling plané for
Indian Point Unit No. 2 and Unit No. 3. Precision increased logarith-
mically as more days in the year were sampled. Simple random sampling
was the least precise and stratified random sampling was the most
precise design at all reduced sampling levels. For stratified sampling,
an empirical stratification scheme based on sampling during periods of
high and low variation among daily impingement counts was only slightly
more precise than seasonal stratification, primarily because of the
tendency for periods of natural variation to be seasonal. Sampling more
than 30% of the year at Unit No. 2 and 20% of the year at Unit No. 3
achieved an accuracy‘ of approximately 93%Z to 95Z in estimating mean
daily or annual total impingement counts. Finally, information was
présented which illustrated the use of these results to select a reduced

impingement sampling design at Indian Point Units No. 2 and No. 3.

........
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SECTION V
IMPINGEMENT AS AN INDEX OF FISH ABUNDANCE

A. INTRODUCTION

The Indian Point Generating Station can be viewed as a year-
round shoreline fish sampler due to the continuous withdrawal of water
from the Hudson River for cooling and the resultant impingement of fish
on water intake screens. Thus, it may provide a means of detecting
ma jor chahges in the abundance of the impingeable life stages of the
more conmon species in impingement collections. For example, studies of
North Carolina's Cape Fear estuary in relation to impingement at the
Brunswick Steam E£lectric Generating Station revealed that the relative
abundance of impinged organisms generally reflected that organism's
relative abundance in the estuary (Carolina Power and Light Company
1980). Claridge and Gardner (1978) assumed inpingement provided a
reliable sample and monitored growth and movements of the twait shad

(Alosa fallix) by collecting samples from the cooling water intake

screens .of three power stations along the Severn Estuary and Bristol
Channel 1in western England. To investigate the possibility of using
impingement to monitor fish abundance in the Hudson River estuary,
annual changes in riverwide abundance of white perch, striped bass, and
Atlantic tomcod as estimated from fisheries collections made during 1973
through 1978 were compared to annual variations in impingement of these
species at the Indian Point Generating Station only. Since annual
changes in distribution of fish within the river may in itself result in
variation in annual impingement magnitude at Indian Point or any other
fixed location, impingement at five generating stations along the Hudson
River (Bowline, Lovett, Roseton, Danskammer, and Indian Point) was com~—
bined and also compared to the riverwide abundances of these three

species.

B. DERIVATION OF INDICES AND ANALYTICAL APPROACH

Previous analyses indicated that the major variables affecting
impingement at the Indian Point Generating Station were the volume of

cooling water circulated through the plant and changes 1in water

V-1 science services division



~Fo

temperature and salt front position in the estuary. Changes 1in salt

front position cause .changes in fish distribution and thus alter

vulnerability to impingement. The primary factor Ainfluencing water

temperature and salt front position is the volume of fresh water
entering the estuary (TI 1976). Therefore, impingement counts were
adjusted by covariance analysis (Helwig and Council 1979) to remove
variation due to changes both in volume of cooling water circulated and
freshwater flow. The remaining annual differences in impingement counts
should then be due primarily to changes in the abundance of fish species
impinged or to random error. The annual counts (unadjusted for
collection efficiency) were used to rank each year in order of greatest

to least impingement.

In the course of the Hudson River Ecological Study several
indices have been developed to evaluate annual abundance changes of the
key épecies (white perch, striped bass, and Atlantic tomcod) in the
estuary (TI 1980b). Abundance indices selected for comparison with
impingement counts in this analysis were those Which’ provided an
estimate of the life stages impinged. The juvenile -abundance index
derived from beach seine collections in late summer and fall were used
for white perch and striped bass. The summer—-fall abundance index for
juvenile Atlantic tomcod, however, was not used since an unknown
proportion of the juvenile population appears to emigrate from the
sampling area during some years. This movement would lead to
erroneously low abundance indices for those years that the tomcod left

the sampling area. Therefore, the winter spawning population estimate

was selected as the most reliable estimate of annual abundance for

Atlantic tomcod.

Comparisons between adjusted annual impingement and annual
abundance were then made for each species for the Indian Point
Generating Station alone and the five stations combined. Two sets of
ranks for the years 1973 through 1978 were developed, one based on
annual impingement counts adjusted for freshwater flow and volume of
water circulated and a second based on selected annual abundahce

indices. The two rankings were then compared using Kendall's Rank

V-2 ' _ science services division



Correlation Coefficient, T (Siegel 1956). Significantly similar rank-
ings indicated that impingement reflected annual changes in riverwide
abundance of the life stage represented by the selected abundance index.
Also, to the extent that the index reflected year class strength, a
similar ranking would be indicative that impingement could be useful as

a measure of year class strength.

The effect of adjusting impingement counts for freshwater flow
was tested by performing the same analyses described above without this
ad justment. ' This evaluation was not done for volume circulated since it
has been shown in previous analyses to account for a significant amount

of variation in impingement (TI 1980a).

C. RESULTS
l. wWhite Perch

The rankings of white perch based on annual impingement at the
Indian Point Generating Station from July 1973 through June 1979 and the
rankings based on the riverwide juvenile abundance index for these years
were similar; however, the relationship was not significant (p = 0.85).
The ranking of annual impingement for the five stations combined,
however, was significantly similar (p = 0.0l) to rankings based on the
riverwide juvenile abundance index (Table V-1). Removal of the
freshwater flow adjustment did not change the white perch impingement

ranking.

2. Atlantic Tomcod

Ad justed impingement values for Atlantic tomcod at the Indian
Point Generating Station in the nonths September through March were
compared to the ranking of annual adult spawning population estimates
made during corresponding time periods for the years 1974 through 1979.
The rankings were not significantly similar (p = 0.14) (Table v-2).
Adjusted impingement at the five power plants combined was also not
significantly similar (p = 0.14) to adult population size (Table V-2).

Ranking Atlantic tomcod without a freshwater flow adjustment changed the

V-3 science services division



Table V-1

Comparison of Annual Ranking of White Perch Abundance from Adjusted
Impingement Collections at Indian Point Alone, and at Indian Point,
Bowline, Lovett, Roseton, and Danskammer Generating Stations
Combined to Selected Riverwide Abundance Indices for July 1973
through June 1979 Using Kendall's Rank Correlation Coefficient (T)
and Associated Probabilities of Independence (p)

Annual Abundance Ranking*

Indian Point Juvenile Combined
Impingement Abundance Impingement
1976 : 1973 1973
1978 1975 1976
1977 1976 1975
1975 i 1978 1978
1974 1977 1977
1973 1974 1974
T = -0.07 T = 0.87
p' = 0.85 p’ = 0.01

*Ranked high to low from top to bottom
1'pf_().t)s indicates significantly similar rankings

Table V-2

Comparison of Annual Ranking of Atlantic Tomcod Abundance from Adjusted
Impingement Collections at Indian Point Alone and at Indian Point, Bowline,
Lovett, Roseton, and Danskammer Generating Stations Combined to
Riverwide Spawning Population Estimates for September 1974 through
March 1979 Using Kendall's Rank Correlation Coefficient (T)
and Associated Probabilities of Independence (p)

Annual Abundance Ranking*

Indian Point Spawning Population Combined
Impingement Estimate Impingement
1974 1976 1976
1976 1978 ' 1974
1978 1974 1978
1975 1975 . . 1977
1977 1977_ — 1975
1= 0.60 1 = 0.60
pta0.14 pt 0,14

*Ranked high to low from top to bottom
+p§0.05 indicates significantly similar rankings
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probability for plants combined and Indian Point to p = 0.33 which also

~ is not significant.

3. Striped Bass

Rankingg based on impingement collections of striped bass at
the Indian Point Generating Station were not significantly similar (p =
0.85) to the juvenile abundance index ranking from July 1973 through
June 1979 (Table V-3). The same comparison for adjusted impingement at
the five generating stations combined was also not significantly similar
(p = 0.85). Removal of the freshwater flow adjustment to impingement

did not change the striped bass impingement ranking.

Table V-3

Comparison of Annual Ranking of Striped Bass Abundance from Adjusted
Impingement Collections at Indian Point Alone and at Indian Point, Bowline,
Lovett, Roseton, and Danskammer Generation Stations Combined to
Selected Riverwide Abundance Indices for July 1973 through
June 1979 Using Kendall's Rank Correlation Coefficient (T)
and Associated Probabilities of Independence (p)

e
Annual Abundance Ranking*
Indian Point Juvenile Combined
Impingement Abundance Impingement
1977 1973 1973
1978 1978 1974
1976 1977 1975
1974 1975 1977
1975 1976 1978
1973 1974 1976
~" — - ~"
T = -0.07 T = 0.07
t_ T
p =0.85 p' = 0.85
~ *Ranked high to low from top to bottom
+ .

p<0.05 indicates significantly similar rankings
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D. SUMMARY OF IMPINGEMENT TO RIVER ABUNDANCE INDICES COMPARISONS

To evaluate the usefulness of impingement collections for
monitoring year class strength, annual impingement counts (adjusted for
variation due to changes in volume circulated through the plant and
freshwater flow into the estuary) at the Indian Point Generating Station
and at Bowline, Lovett, Roseton, Danskammer, and Indian Point generating
stations combined were compared to selected annual abundance indices for

- white perch, Atlantic tomcod, and striped bass. The abundance indices
were developed from riverwide fisheries gear collections and selected
for these comparisons based on previous evaluations of their representa-

tion of year class strength (TI 1980b) for the life stages impinged.

Impingement collections at the fivé stations combined can be
used to obtain a general indication of juvenile abundance for white
perch. However, white perch juvenile abundance has not been shown to
reflect relative abundance of the year class in later years (TI 1980b),
thus changes in annual impingement may not indicate relative year class
strength. VanWinkle et al. (1980) performed a similar comparison for
white perch using a portion of the data set (1972 through 1976) used in
this report. They selected portions of each year's impingement, used
abundance indices based on a shorter sampling period, and reported a
nonsignificant correlation between annual rankings of impingement and

juvenile abundance indices.

Inpingement collections cannot be used to obtain a general
indication of abundance of the other two key species {i.e., striped bass
and Atlantic tomcod). For Atlantic tomcod, the annual ranking of the
spawning population size did not match the annual ranking of impingement
collections; thus, year class strength of this species was not reflected
by impingement either. Although impingement collections of striped bass
did not reflect annual abundance of juvenile striped bass, the years
‘included in this analysis covered a time span with only omne large year
class (1973). The low degree of variation in the juvenile abundance
index during 1974 through 1978 may have been smaller than the sampling

error. In other words, impingement collections could reflect large

........
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differences in juvenile striped bass abundance but appear not to be

sensitive enough to reflect small changes.
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SECTION VI
EVALUATION OF INFERENCES DRAWN FROM STANDARD STATIONS DATA

A. INTRODUCTION

The objective of this section is to determine if similar
inferences concerning fish populations in the Indian Point area can be -
drawn from the two separate but overlapping sampling programs currently
being performed. Since 1973, TI has sampled the Hudson River estuary in
the vicinity of the Indian Point Generating Station (RM 42) with two
distinct beach seine programs: the "Standard Stations” Program in which
fixed sites from RM 39 through RM 43 are sampled, and the "Long River”
Beach Seine Survey in which a subset of sites is randomly chosen for
sampling from all available sites in each of 12 river regions (Yonkers
through Albany, RM 12 through RM 152), one of which is the Indian Point
region (RM 39 through RM 46). This section seeks to answer the
question: "Will- étandard stations sampling reveal the same trends in
relative abundance and species composition as long river sampling

conducted in the Indian Point region?”

The origin and development of the Standard Stations Program
and the subsequent development of the more extensive Long River Surveys
will be reviewed. The gear énd sampling designs will be compared to
determine the redundancy of the two sampling programs. Past comparisons
of standard station and long river data will be reviewed. Species
composition and relative abundance, as indicated by standard stations
and long river beach seining in the Indian Point region, will be
compared statistically to determine if the same inferences can be
derived from both surveys. Finally, an assessment will be made to
determine which type of sampling would be more worthwhile if only one

survey was continued.

........
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B. ORIGIN AND DEVELOPMENT OF STANDARD STATIONS AND LOWG RIVER SAMPLING

An intensive study of the Hudson River estuary in the area of
Indian Point was begun in June 1969 to provide information necessary for
the evaluation of the ecological impact of the Indian Point Nuclear
Generating Station. Raytheon Company (1971) conducted an initial
baseline study during which fish, invertebrate, and water chemistry
samples were collected at a number of fixed stations between Croton
Point (RM 34) and the Bear Mountain Bridge (RM 46). Based on the
results of the baseline survey which ended in October 1970, an expanded
study was initiated in early 1972 to permit assessment and mathematical
modeling of plant impact. This expanded study included the present
Standard Stations Program (TI 1973). Some changes have occurred since
the inception of standard stations sampling, but the overall program has
remained essentially the same (TI 1980a). The objectives of standard
stations sampling were: 1) to determine the relative abundance and
species composition of juvenile and older fishes in the Indian Point
area and 2) to provide biocharacteristic data to determine the age
structure, growth rates, and fecundity of the Hudson River populations
of striped bass, white perch, and Atlantic tomcod (identified as the key
species). Standard station sampling also continued the data base

established by the initial baseline study.

As new electric generating plants came on line and proposals
for new sites along the Hudson River were presented, the need for an
environmental study of the entire estuary became apparent. Beginning in
1973, mnmore extensive surveys were conducted in addition to standard
stations sampling (TI 1975a). Beach seine samples were collected weekly
from the George Washington Bridge (RM 12) to the Troy Dam (RM 153) using
a stratified random design to select sample sites. Also, bottom trawl
samples were collected biweekly at fixed stations between the Tappan Zee
(RM 27) and Newburgh—Beacon (RM 62) bridges. These Long River Surveys
were designed to gather information on the spatiotemporal distribution
of the estuarine fishes and provide additional effort for the ongoing

Mark-Recapture Program.
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Thus, since 1973, TI has been sampling juvenile and older
fishes of the Indian Point area using two separate but similar programs:
1) the Long River Program including Beach Seine and Interregional Bottom
Trawl Surveys and 2) Standard Stations Program including beach seine,
bottom trawl, and surface trawl sampling (Table IV-1). The same types
of data (i.e., fish collections with concurrent water quality data) have
been collected by both surveys, and to this extent the two sampling

programs have overlapped and duplicated effort.

Although beach seines used by the two programs have been iden-
tical, the programs have differed in sampling design. The sites sampled
in the Standard Stations Program have been fixed (i.e., the same sites
have been sampled consistently and always at low tide) while those
sampled in the Long River Survey are randomly chosen from all available
sites and are sampled without regard for tidal stage. However, neither
of the two beach seine sampling programs has had a truly random or
totally fixed design. Because beach seine sampling is restricted to
areas suitable for seining (i.e., unobstructed beaches), the Long River
Survey has sampled a randomly selected subset of fixed stations. Further-—
more, because estuaries are highly variable (e.g., fluctuations in salin-
ity, freshwater flow, etc.), fixed location sampling is not as consis-
tent in the lower Hudson as it would be in systems where the enviroument
is more constant (e.g., terrestrial ecosystems or small lakes). Thus,
long river and standard station beach seining designs have differed only

minimally and therefore might provide similar results.

Bottom trawls, used by the two programs have not been the
same. The Standard Stations Program has used a trawl equipped with
smaller trawl doors and both a trawl with a fine-mesh liner and a trawl
without the liner in the cod end. The Long River Survey has used only
one trawl equipped with larger trawl doors and a fine-mesh cod-end
cover. These gear differences would confound any differences due to
sampling design that exist between Standard Station and Long River
Bottom Trawl Programs. Differences between programs in trends in
abundance for juvenile Atlantic tomcod during 1965 through 1977 have
been attributed to gear differences (TI 1979b). Therefore, only beach

seine data have been used in the new analyses presented in this section.

vvvvvvvv
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C. COMPARISONS OF STANDARD STATIONS AND LONG RIVER DATA
1. Previous Comparisons of Species Composition and Abundance

Previous analyses of standard stations and long river beach
seine data have focused on the degree to which nearfield (standard
stations) data represented the species composition of the estuary and
patterns of abundance in the estuary for selected species examined
individually. Qualitative compariéon of species composition during 1974
through 1978 revealed that the same 10 species contributed from 91% to
97% of the beach seine catches of both surveys (TI 1980a). Comparisons
of juvenile blueback herring and bay anchovy abundance during 1975
through 1977 indicated that standard stations and long river data each
yielded the same inferences concerning yearly patterns and magnitude (TI
1979b).

2. HNew Analyses: Community Comparison within Indian Point Area
a. Species Composition

To determine if standard stations and long river beach seining
in the Indian Point region produced the same representations of species
composition, rankings based on percentages of the combined catch-per-
effort (C/f) of the 10 most abundant species (Appendix Table B-6) were
compared for each year, 1976 through 1979%, and across years using
Kendall's T (a non-parametric rank correlation test, Siegel 1956). The
rankings were significantly correlated for each year except 1979 and for
the acrdss years comparison (Table VI-2). Thus, standard stations and
long river beach seining in the Indian Point region usually reflected

the same species composition for the Indian Point region.

The lack of a significant correlation during 1979 was due to a
difference in the proportions of blueback herring collected in the two
surveys. During 1976 through 1978, blueback herring was the most

abundant species in both surveys comprising 34% to 60% of the combined

*Although data have been collected from 1973 through 1979, at the time
of this writing the 1973 through 1975 beach seine data from long river
sampling were in a format that was incompatible with this analysis.
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C/f of the 10 species (Appendix Table B-6). However, in 1979, blueback
herring contributed only 5% of the standard stations combined C/f while
continuing to contribute the majority of the long river C/f. Appar-
ently, blueback herring migrated through the Indian Point region quickly
in 1979 and were "missed” by standard statious sampling. This interpre-
tation is based upon the fact that 78.2%Z of the blueback herring
collected during long river beach seine sampling came from only one tow
made on 18 October (Appendix Table B-9). Standard stations were sampled
on the previous day when 21.8% of the total blueback herring catch by
the Standard Stations Program was collected in one sample. Standard
stations were not sampled again for a week, a period during which the
blueback herring migration through the Indian Point area probably
peaked. Standard stations sampling may have missed the peak of the
migration in 1979 because of a rapid movement through the Indian Point
region. Examination  of biweekly catch-per—effort  values for
young—of-the-year blueback herring from 1976, which is thought to have
been a smaller year class than that of 1979, revealed that blueback were
present in the Indian Point region for an extended period (July through
November) and were reasonably well represented in nearfield catches (TL
1977¢). Thus, the duration of the period in which blueback herring
occupy the Indian Point region appears to be more important than -year

class size in determining catch sizes of standard stations samples.

b. Trends in Community Abundance

Trends in abundance of the major species comprising the Indian
Point fish community were compared between programs using a multivariate
analysis of variance (MANOV), (Morrison 1976). Catch data from each
sample was transformed to reduce problems of nonnormality and variance
heterogeneity. The common tranformation £n<x+l) was used (Gnanadesikan
1977), where x was the number caught, for each of the 10 most abundant
species (all life stages combined). Mean annual C/f's were calculated
from the transformed data for each program. For each species, the mean
transformed C/f wasAsubtracted from that of the previous year for each
pair of years: 1976-1977, 1977-1978, 1978-1979. The standard stations

differences were then subtracted from the long river differences and the
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results compared to =zero (zero would indicate that exactly the same
changes were occurring in both programs) using MANOV (Figure VI-1).
This technique tested the "community"” of major species rather than each
species individually and avoided the problem of multiple species

comparisons and inflated O levels. Because station !l was not sampled

Long River Survey | Standard Stations Program
Year Year Year Year
1 2 1 2
3 3 a‘1 a
a, a a, a
a3 a3 2 %3
a a a a
10 10 10 10
S L - oo - v -
l LRA l L_______.SSA _______J
- - _al
a a2
a 33
40 410
L .
[—-—————————— LRA-SSA
—31 -
4
a3
210
L.

Figure VI-1l. Diagrammatic Origin of Values Used in Multivariate Analysis
of Variance (MANOV) for Comparing Trends in Abundance in
Standard Stations (SS) versus Long River (LR) Beach Seine
Collections in Indian Point Region, Hudson River Estuary,
during 1976 through 1979 (values a] through ajg = annual
transformed C/f's or AC/f's)
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after September during 1979 (Appendix Section C.2), the analysis was
performed both with and without the data for that station during that
year to determine if the loss of that station half way through the

sampling year affected the results.

The trends in abundance were not significantly different
between programs from 1977 to 1978 and 1978 to 1979, but were
significantly different from 1976 to 1977 (Table VI-3). The deletion of
data from station 11 for 1979 did not affect the results. The
discordance between programs for the 1976 to 1977 comparison was
produced primarily by differences for certain species in the magnitude
of the change in abundance from 1976 to 1977 (Figure vi-2). For
example, while abundance of tessellated darter declined from 1976 to
1977 in both prograhs, the decrease was much larger in the Standard
Stations Program. Banded killifish, pumpkinseed, alewife, and bay
anchovy also exhibited differences in the magnitude of the change in
abundance from 1976 to 1977. However, the change in abundance from 1976
to 1977 was quite similar between programs for striped bass, American

~— shad, white perch, spottail shiner, and blueback herring.

Table VI-3

Results of Multivariate Analysis of Variance of Trends in Abundance
as Determined from Standard Stations Sampling Program versus
Long River Beach Seine Sampling in Indian Point Region,
Hudson River Estuary, 1976 through 1979

Comparison

1976 to 1977 1977 to 1978 1978 to 1979 1978 to 1979*

72 25.65 15.98 4.93 6.72

Probability Level 0.01 0.15 0.91 0.79

*Excluding station 11
c. Discussion

The two programs exhibited similar trends in species composi-
tion and community abundance. The differences that occurred may have
— " been related to sampling intensity. During 1976 through 1978 when

samples were allocated to each region based on the distribution of

VIi-9 science services division
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juvenile striped bass, the number of long river beach seine tows in the
Indian Point region was more than twice that of standard stations tows
(Table VI-4). Beginning in 1979, long river samples were allocated to
each region based on shore zone surface area, and the sampling efforts

of the two programs were almost equal.

Table VI-4

Number of Beach Seine Samples Collected during Standard Stations
and Long River Sampling in Indian Point Region,
Hudson River Estuary, 1976 through 1979

Year Standard Stations Program Long River Survey

1976 251 712
1977 271 703
1978 267 584
1979 242 226

Because of the greater sampling effort, relative abundance was
probably more accurately depicted by the Long River Survey during 1976
through 1978. While the allocation scheme adopted in 1979 has removed
this advantage of long river sampling, other features of the long river

sampling design make it the better program.

The fixed station design of standard stations increases the
danger of bias due to confounding with natural features within the
Indian Point region. One such confounding natural feature is the
tendency for the catches of some species to be larger at low tides than
at other tidal stages (TI 1973). This may result from increased density
due to a reduction in available habitat. Larger catch at low tide
explains the greater abundance of most species in standard station beach
seine collections than in long river collections (Figure VI-2), because
standard stations are always sampled immediately prior to low tide while

long river beach seining is scheduled without regard to tidal condition.
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However, abundance was not greater in standard station collections for
all species. Therefore, if comparisons of relative abundance among
species are made, standard station data would include a bias not present
in long river beach seine dataf - Additionally, cluster analysis of
standard stations beaches indicated that each beach appeared to have its
own unique species composition (TI 1980a). Therefore, the Long River
Survey which selects sites from all available beaches in the region

would give a better representation of the overall fish community.

The Long River Survey also has more beaches available . for
sampling; thus, the loss of one station would not threaten to disrupt
the program as it did for standard ‘stations in 1979 when one of the
seven stations became unavailable for sampling. Furthermore, the Long
River Survey has a greater frequency of sampling days during each week.
All standard stations beaches are usually sampled on the same-day each
week while long river samples are generally taken over several days.
Therefore, a species such as blueback herring which migrates through the
Indian Point area would have a lesser chance of being "missed" by long

river sampling.

D. SUMMARY AND CONCLUSIONS

Fishes in the Indian Point area have been sampled by two
distinct but similar programs since 1973: Standard Stations and Long
River. The programs originated for different purposes, but both are
capable of gathering the same types of information. Gear differences
confound comparisons of standard stations and long river bottom trawls;
however, the beach seines are identical and have been shown to yield
similar results. Past comparisons focused on the degree to which the
Indian Point area reflected trends in fish abundance and species
composition of the estuary in general. New analyses presented in this
report compared standard stations and long river beach seine sampling in
the Indian Point region to determine if the same inferences concerning
the Indian Point fish community could be drawn from both surveys.
Results indicated that species composition is usually the same for both

surveys and that trends in abundance are usually, but not always, the
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same. The design of the Long River Survey has several advantages over
the Standard Stations Program and may give a better representation of

the Indian Point fish community.
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SECTION VII

GLOSSARY

Age Composition (age structure): The quantitative make-up of a group
or population of fish based on age classes (e.g., age I, II, III,
etc.); wusually expressed as the proportion or percentage of
individuals of a given age in the population.

Brood Fish: Fish used for spawning in a hatchery.

Catch-Per-Effort (C/f): The catch of fish, in number or weight, col-
lected using a specified gear for a defined amount of time or
effort, e.g., catch per tow, catch per volume. :

Conductiv1ty (specific conductance): A measure of the total. concentra-
tion of the solutes in water (i.e., a measure of sallnlty) deter-
mined by a solution's capacity to conduct an electrical current.
Since conductivity increases 2% to 3% for each degree centrigrade,
it is reported at a standard temperature of 259C in millisiemens
per centimeter (mS/cm).

Con Edison: Consolidated Edison Company of New York, Inc.

Dissolved Oxygen: Oxygen dissolved in water; derived from photo-
synthesis and diffusion of atmospheric oxygen. Expressed in
milligrams per liter (mg/%).

Estimated Maximum Daily (EMD) Impingement: The number of fish which
would have been impinged on the collection screens at Indian Point
Unit No. 2 or No. 3 if the unit was pumping cooling water at
maximum capacity at all six intake structures per unit. EMD
impingement counts are obtained from the product of the daily

1mp1n§ement rate (numbers +10°%1~3) and maximum pumping capacity
(10 m

Entrainment: The passage of small organisms along with water through
a power plant cooling system. Entrained organisms are organisms
‘too small to be impinged (see Impingement).

Estuary: A semi-enclosed coastal body of water which has free access to
the sea and which has salinity that is measurably diluted below the
salinity of open ocean water by freshwater tributaries and surface
drainage. For the Hudson system, the estuary is that portion of
the Hudson River downstream from the Troy Dam at RM 153.

Finclip: A method for marking fish by excising one or more of the fins;
this method is used on fish that are too small to be tagged
effectively.

Fingerling: Juvenile fish approximately 50-150 mm total length.

VIiI-1 science services division
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Impingement: The process whereby the force of water being withdrawn
through an intake screen forces organisms to come in contact with
and be held against that screen.

Indian Point Region: An area of the Hudson River near the Indian Point
Electric Generating Station (RM 39 through RM 46).

Juvenile (Young-of-the-Year): The lifestage beginning when a fish
acquires the full complement of adult fin characteristics and
extending to Age I (i.e., through 31 December of the year spawned).

Long River (surveys): Sampling programs that include several or all
river regions (e.g., Interregional Bottom Trawl and Beach Seine
Surveys).

Lower Estuary: As used in this report, includes the Yonkers (RM 12
through RM 23) and Tappan Zee (RM 24 through RM 33) river regions
(characterized by variable but usually salt or brackish water).

Magnetic Nose Tag: Small piece of fine gauge wire magnetized for
electronic detection and inserted into nasal cartilage of fish.

Nearfield: Area of the Hudson River estuary in the vicinity of a power
plant. In this report, it refers to the area near the Indian Point
Generating Station (RM 39 through RM 43).

NRC: Nuclear Regulatory Commission.
Parent Population (sampling stétistics): Synonym for population, but

used in connection with computer sampling routines which select
subsets of data from a data base. The parent population is a data

set containing all possible observations, e.g., the parent

population of days in a year contains all 365 days.

pH: The measure of the hydrogen ion activity of a solution, i.e., its
acidity or alkalinity. Neutral pH is 7, with increasing acidity
from pH 7 to pH 1 and increasing alkalinity from pH 7 to pH 1l4.

Population (sampling statistics): Any collection of things (living or
nonliving) about which information is required. For example, one
can sample a population of days, fish, or rivers.

Relative Abundance: A measure of the number of organisms in a given
time period or area relative to another time period or area.

Riverwide: As used in this report, refers to the “long river” study
area encompassed by river miles 12 through 152.

Salt Front: The leading gradient area of a mass of seawater intruding
into the estuary. Salt front is defined as the area associated
with a conductivity of 0.3 mS/cm or equivalent to a salinity of
about 0.1 part per thousand (%/oo).

........
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Size Selectivity: Differential probability of capture of fish of
varying sizes due to avoidance by the fish or to size of net mesh.

Species Composition: The assemblage of species found in an area. Also,
the proportion of individuals of a given species making up the
total number of individuals represented by all species (i.e.,
relative species composition).

Standard Stations: Standard sampling areas in the nearfield (RM 39
through RM 43) of the Indian Point Generating Station.

Stratum (sampling statistics): A subpopulation or subset of data. For
example, the months in a year would represent 12 strata.

Tl: Texas Instruments Incorporated.
Thrbidity: The opacity of water caused by the presence of suspended

particulate matter (such as clay, silt, microorganisms, or organic
and inorganic detritus).

Year Class: A cohort of fish spawned or hatched during a given calendar
year.
Year Class Abundance: The number or relative number of fish of a given

species spawned or hatched during a given calendar year.

Year Class Strength: The abundance of each year class relative to other
: year classes.

Yearling: The age of fish during the calendar year following the year
"in which they were spawned.

Young-of-the-Year: See Juvenile.
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— APPENDIX A.2

Number and Weights of Major Impinged Species

Total counts and total weights of 15 species predominant in impingement
collections (adjusted for collection efficiency) are summarized in the
following tables by week, month, season, and year. The following codes

denote the 15 species presented.

AL Alewife

AS American Shad

BH Blueback Herring
SNS Shortnose Sturgeon

ATS Atlantic Sturgeon

SB Striped Bass
TC Atlantic Tomcod
WP White Perch

. BA Bay Anchovy

N BF Bluefish
HC Hogchoker
RS Rainbow Smelt
SS Spottail Shiner
WC White Catfish

WKF Weakfish
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APPENDIX A.3

Ad justed Impingement Rates

Impingement rates of 15 species predominant in impingement collections
(ad justed for collection efficiency) are summarized in the following
tables by week, month, season, and year. The following codes denote the

15 species presented.

AL Alewife

AS American Shad

BH Blueback Herring
SNS Shortnose Sturgeon

ATS Atlantic Sturgeon

SB Striped Bass

TC Atlantic Tomcod
WP White Perch

BA Bay Anchovy

BF Bluefish

HC Hogchoker

RS Rainbow Smelt

SS Spottail Shiner
wC White Catfish

WKF  Weakfish-
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APPENDIX A.4

Volumes Circulated and Days of Operation
at Indian Point
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APPENDIX A.5

Collection Efficiency Test Results
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Table A-17

Collection Efficiency Test Results for Dyed Fish Released at
Indian Point Unit No., 2 during 1979

Test Number Number Percent
Date Released Recovered Recovered
05 Jan 180 119 66.1
01 Feb 180 122 67.8
15 Feb 180 105 58.3
13 Mar 180 57 31.7
.27 Mar 180 74 41.1
19 Apr 180 100 55.6
26 Apr 180 - 126 70.0
05 May 180 24 13.3
10 May 180 56 31.1
24 May 180 33 18.3
07 Jdun 180 10 5.6
20 Sep 180 75 41.7
04 Oct 120 29 24.2
06 Oct 120 43 35.8
20 Oct 180 56 31.1
25 Oct 180 47 26.1
31 Oct 180 84 46.7
08 Nov 180 100 55.5
15 Nov 180 65 36.1
20 Nov 180 85 47.2
11 Dec 180 99 55.0
20 Dec 180 83 46.1
28 Dec 180 74 41.1
Total 4,020 1,666 41.4
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Table A-18

Collection Efficiency Test Results for Dyed Fish Released at
Indian Point Unit No. 3 during 1979

Test Number Number Percent
Date Released Recovered Recovered
10 Jan 180 164 91.1
26 dJan 180 130 72.2
07 Feb 180 168 93.3
21 Feb 180 166 92.2
06 Mar 180 143 79.4
05 Apr 180 167 92.8
11 Apr 180 160 88.9
03 May 180 108 60.0
17 May 180 112 62.2
31 May 180 99 55.0
14 Jun 180 152 84.4
21 Jun 180 117 65.0
28 Jun 180 95 52.8
04 Jul 180 106 58.9
12 Jul 120 55 45.8
19 Jul 180 161 89.4
26 Jul 120 14 11.7
27 Jul 180 143 79.4
02 Aug 180 122 67.8
09 Aug 180 163 90.6
16 Aug 180 148 82.2
Total 3,660 2,693 73.6
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Table A-19

Collection Efficiency Test Results for Tagged Fish Released at
Indian Point Unit No. 2 during 1979

Number of Number of Percent of

Test Number Tagged Fish Tags Only Tagged Fish

Date Released Recovered Recovered Recovered
15 Jan 180 87 4 48.3
19 Apr 180 120 2 .66.7
26 Apr 180 , 136 4 75.6
05 May 180 31 41 17.2
10 May 180 44 32 24.4
24 May 180 27 21 15.0
20 Sep 180 116 24 64.4
04 QOct 120 46 22 38.3
06 Oct 120 67 10 55.8
13 Qct* 180 65 26 36.1
20 Oct 180 69 21 38.3
25 Oct 180 55 31 30.6
31 Oct 180 78 24 43.3
08 Nov 180 125 12 69.4
15 Nov 180 77 19 42.8
20 Nov 180 99 11 55.0
11 Dec 180 126 13 70.0
20 Dec 180 81 22 45.0
28 Dec 180 102 1 56.7
Total 3,300 1,551 340 47.0

*Indicatesa multiple screen test as described in Appendix C
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Table A-20

Collection Efficiency Test Results for Tagged Fish Released at
.Indian Point Unit No. 3 during 1979

Number of Number of -Percent of
Test Number Tagged Fish Tags Only Tagged Fish
Date Released Recovered Recovered Recovered
05 Apr 180 169 1 93.9
11 Apr 180 155 2 86.1
03 May 180 108 60.0
17 May 180 120 11 66.7
31 May 180 137 4 76.1
14 Jun 180 144 9 80.0
21 Jdun 180 121 11 67.2
28 Jdun 180 110 13 61.1
04 Jul 180 97 14 53.9
12 Jul 120 75 13 62.5
19 Jul 180 136 13 75.6
26 Jul 120 44 35 36.7
27 Jul 180 83 22 46.1
02 Aug 180 110 20 61.1
09 Aug 180 145 7 80.6
16 Aug 180 147 6 81.7
23 Aug® 180 44 39 24.4
Total 2,940 1,945 225 66.2

*Indicates a multiple screen test as described in Appendix C
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APPENDIX A.6

Number, Percent, and Rank of Major Impinged
Species at Indian Point

i ion
A-31 science services divisio



$3199ds 2a3eJ4edas Sse pajunod 30U ade wm_u.Eu.».mb:wu
pue 9epLadn|) 3(qRLILIUPLUN € SBALMB(R PUR BULJU3Y §IBQaN|q A|L4BUWLIG S43M SPLadN(D 3|qeLfLIudpluf.
6461 Pu® “8/BT *//6| 404 £ "ON pUR Z 'ON SILUN “9/6L PUB G| 404 PBULQWOD £ “ON Pu® ‘Z "ON ‘| 'ON SILUMN.

orL° 1812 920°86.° L 2£2°968°2 01918 yLL969 Le1o]

0128 18£°¢G 6YE°L €06 2 £¥9°1 S43YI0
21 £ €11°9 g L> m.mm oo £82°¢ i v SeL‘e 8t L° 142 ‘pLun pLydUdedzua)
St 2’ 00t gL > 688 oL 7 €0b° 12 st ¢ §26° 1 ¢l ¢’ 9191 ystjenig
09 1> 1 95 I € L9 £92°91 9L ¢ (VA ¥/N 0°0 0 30dg
12 > 2201 gt L #89° L 5t ¢ 9£9°9 gL € LIL°2 Lo L26 pPRYS puRZZLY
12 e’ 160y gL LT 8eL L 3L L 66 ¢ vz SLLCL AN €18 passuidung
{1 1° L£1°2 2 S 666°1 6L L’ £28°2 AN LL8 St L° €LL 99 uedLasuy
- ¢ 182°¢ eEL ¢ 988°¢ L ¢ 80£°S 8 9° ¥GL°S It 9 6v6°¢ 43ULYys |Le3jods
91 1 892°¢ 2L ¥ 86v° L 6 6° LTAR P 4 €2 19481 9 41 VAN Ystiqed ajiym
01 A 192°g S A 126°21L 2N L85 L 6L L 94§ L gl 6968 Usiiyeap
€T o ¥20°9 oL vl LA T l EvL61 T 6LL le - 801 "PLun pLadniy
6 A 82.°8 6 Lol 806°0¢ § 02 265°8S oL ¥ 6v5°¢ oL 9 vty 4LMaly
L 1 £80°G2 8 81 £66°1E o N A voLzlL 6 S XA [ 8pLeL PeYyS uedlJsuy
9 §°1 Lizee L 2°¢ S¥6°8¢ L 6" 886°92 L ¥ 6v0° € 8 L'l 06L°L 3{ows moquiey
S £°¢ 116°0S 9 e 282 ey 9 0L L4972 L 8’ 0gL‘9 6 6 LL6°G sseq padLa3s
8 "1 ¥e2°€2 g 92 25 9y 8 6" 2Lh*se g g1 S6L°%1 § L2 6e2°gl 4axoyaboy
£ 0°9 GL6°621 4 6°¢ LELF90L ¥ L°g 6/8°9tL 9 g1 criLeal € 8'tt 850°96 Anoyoue feg
I €L £89°651 € L9 GL2°021L 4 8°62 20L 1YL € 'y 9€2°ve ¥ el £29°8¢ poduoy Jdijue|jy
14 9°§ 900° 221 4 ¥°82 LrL°0LS € 022 615°LE9 4 g°L¢ goe‘gse 2 €122 L0£°G51  bButaday oegan|g
1 vzt 661°6/G°T L 6" ¥ §£2°L08 L 8'LE 265°760°L L 0°vs po‘ory L 0'sh G2€°662 Youed a3 Lym

JUBY JUdMB4  Jaquiny quUBY  UIDUBd  JBGWAN  jURY 3UIDUBY  JBQUINY JURY JUBIADY  JAQUINY  NURY FUIDU3J  Jequiny 4 Satoads
6.61 8.6l LL61 #9461 G861

6261 USNOIY3 ¢/61 Buranp uoijes
ussjusasg jo jyuey pue ‘1usdasg ‘(£du

§ Burjeasusy Jutoq uetpul je posSuirduy mwwowam.smwm

ST9T33I9 UOTIVOYTOD 107 peisnlpeun) sTenprapur jo aaquny

12-V ®1qer

science services division

A-32



A

[}

APPENDIX A.7

Annually and Seasonally Adjusted
Monthly Impingement Rates
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A-1. Annually and Seasonally Adjusted Monthly Impingement Rates for
All Species Combined (number impinged/volume pumped) at (a) Unit
No. 2 (annual adjustment = 3.5; seasonal = 3.8 for May through
October and 2.1 for the remainder of the year) and (b) Unit No. 3
during 1979 (annual adjustment = 1.4, seasonal = 1.5 for May
through October and 1.2 for the remainder of the year)
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Adjusted Impingement Rate
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Figure A-2. Annually and Seasonally Adjusted Monthly Impingement Rates for

All Species Combined (number impinged/volume pumped) at (a) Unit
No. 2 (annual adjustment = 3.5; seasonal = 3.8 for May through
October and 2.1 for the remainder of the year), and (b) Unit No. 3
during 1978 (annual adjustment = l.4, seasonal = 1.5 for May
through October and 1.2 for the remainder of the year)
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Figure A-3. Annually and Seasonally Adjusted Monthly Impingement Rates for All
Species Combined (number impinged/volume pumped) at (a) Unit No. 2
(annual adjustment = 3.5; seasonal = 3.8 for May through October
and 2.1 for the remainder of the year), and (b) Unit No. 3 during
1977 (annual adjustment = 1.4, seasonal = 1.5 for May through
October and 1.2 for the remainder of the year)
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Figure A-4. Annually and Seasonally Adjusted Monthly Impingement Rates for All
Species Combined (number impinged/volume pumped) at (a) Unit No. 2
(annual adjustment = 3.5; seasonal = 3.8 for May through October
and 2.1 for the remainder of the year), and (b) Unit No. 3 during
1976 (annual adjustment = 1.4, seasonal = 1.5 for May through
~— October and 1.2 for the remainder of the year)
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APPENDIX B.1

Species Collected in Impingement and Nearfield
Sampling, 1974 through 1979
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Table B-1

Species Collected in Impingement Sampling (Indian Point Units No. 2
and No. 3) during 1975 through 1979 and in Nearfield Sampling,
Hudson River Estuary, during 1974 through 1979

Salinity Impingement Nearfield
Species Preference* 1975 1976 1977 1978 1979 1974 1976 1976 1977 1978 1979

*
*

White Perch
Blueback Herring
Atlantic Tomcod
Bay Anchovy
Hogchoker

Striped Bass
Rainbow Smelt
American Shad
Alewife

Weakfish

White Catfish
Spottail Shiner
American Eel
Pumpkinseed
Gizzard Shad
Tesselated Darter
Bluefish

Northern Pipefish
Atlantic Menhaden
Goldfish

Banded Killifish
Yellow Perch
Bluegill

Golden Shiner
Crevalle Jack
Three-Spined Stickleback
Brown Bullhead
Silver Hake
Striped Searobin
White Bass
Squirrel or Red Hake
Butterfish

Carp

Atlantic Sturgeon
Largemouth Bass
Lookdown

Brown Trout

Brook Trout
Central Mudminnow
Redfin Pickerel
Northern Pike
Chain Pickerel
Cutlips Minnow
Satinfin Shiner
Blacknose Dace
Longnose Dace
Northern Hog Sucker
Black Bullhead
White Hake

Brook Stickleback
Green Sunfish
Atlantic Croaker
Tautog

Striped Mullet
Silvery Minnow
Comely Shiner
Falifish

American Sand Lance
Striped Anchovy
Atlantic Mackerel

><><><><><><><><><><><><><><><><><><><><><><><><><><><><

P I DA O P DL D D D I D B 2 B B D D DE G HE D D ;D D D
><><><><><><><><><><><><><><><><)<><><><><><><><><><><
>< ><><><><><><><><><><><><><><><><><><><><><><><><><
> ><><><><><><A><><><><><><><><><><><><><><><><><><><
>< ><><><><><><><><><><'><><><><><><><><>-<><><><><><><.
> FE D DT I DK 2 D D B D 2 B D 2 D DE B B D¢ B DE 2 D€ >

>

P D > D > D
>¢ D¢ >
> ¢ >
> < >
>
> > >
> >€ <

O 2 >
><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><><

>
= DC < > BC HE HK DE X DC DE D D D DK D 5 D D D DL B B DK D BC D HE DK DK B D B 2K B D D

> > > > B 2K DK D DK D
> >

ST HNHIII AT hhhhhhhh D hhhB HO HI S HI I HD B hhobhhhI T T h-hh® HHI OO OODODD DD D
> >

*m = marine, e = euryhaline, f = freshwater
**X - indicate species was collected
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Table B-1 (Contd)

Salinity
Species Preference*

Impingement

Nearfield

1975

1976

1977

1978

1979 19

74 1975 1976 1977 1978 1979

Winter Flounder
Black Crappie
Mummichog

Sea Lamprey
Atlantic Silverside
Hickory Shad
Redbreast Sunfish
Rough Silverside
White Mullet
Atlantic Needlefish
Four-Spine Stickleback
White Sucker
Shortnose Sturgeon
White Crappie

Black Sea Bass
Four-Beard Rockling
Silver Perch

Spot

Grubby

Common Shiner
Emerald Shiner
Smalimouth Bass
Moonfish

Scup

— Smallmouth Flounder
Northern Puffer
Northern Searobin
Summer Flounder
Windowpane
Tidewater Silverside
Sea Horse

Rock Bass

Spotfin Shiner
Eastern Mudminnow
Conger Eel

Rainbow Trout
Silver Lamprey
Longhorn Sculpin
Mackerel Scad

S HhHIT -3 IIIIIIIHNAHZIIIIAHO-HDI IS AHAOI I 43

Totals m- 39
e- 17
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*m = marjne, e = euryhaline, f = freshwater
**X - indicate species was collected
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APPENDIX B.2

Dominant Fish Species Collected during Nearfield
and Indian Point Long River Sampling
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Table B-6

Percentage of Combined Catch/Effort (C/f of individual species + C/f of all
species combined X 100) during Standard Stations (SS) and Long River
(LR) Beach Seining in Indian Point Region, Hudson River Estuary
during 1976 through 1979

1976 11977 1978 1979

Species SS LR SS LR $S LR SS LR
Alewife 4 4 2 3 4 1 1
Bay anchovy 5 12 11 13 3 4 13 10
American shad 9 3 5 10 16
Pumpkinseed 2 1
Tessellated darter 5 ‘ 2
Banded killifish 119 7 3 15 4 40 12
Blueback herring 39 34 52 60 51 57 5 52
Spottail shiner 9 9 7 5 3
‘Striped bass 4 2 6 3 4 3 5 2
White perch 11 13 8 6 10 6 18

Table B-7

Catch/Efforts for Ten Most Abundant Species Collected during
Long River Beach Seining in Indian Point Region,
Hudson River Estuary, during 1976 through 1979

Species . - 1976 1977 1978 1979
Alewife 3.69 3.64 4.50 0.85
Bay anchovy 11.54 13.82 4,39 10.24
American shad 8.38 5.62 19.19 6.61
Pumpkinseed 2.58 0.98 0.92 2.68
Tessellated darter 3.49 1.43 1.85 2.04
Banded killifish 8.71 2.76 5.05 12.91
Blueback herring 31.90 63.70 69.07 55.58
Spottail shiner 8.35 5.42 3.82 3.73
Striped bass 2.26 3.58 3.92 2.46
White perch 11.95 6.80 7.79 9.44
Total 92.85  107.75  120.50  106.54
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Table B-8

Results of Kendall's Coefficient of Concordance Test on Ranking
of Proportional Abundance of Species Collected by Indian
Point Nearfield Sampling, Hudson River Estuary
1974 through 1979

Kendall Coefficient
of Concordance (W)

Beach Seine 0.38%*
Unlined Bottom Trawl 0.12
Lined Bottom Trawl - 0.30
Surface Trawl 0.94*

*Significant at «=0.05

Table B-9

Collection of Blueback Herring by Long River and Standard Station
Beach Seine Sampling in Indian Point, Hudson River Estuary
during Late October, 1979

Long River Standard Stations
Sampie Number Percent of Sample Number Percent of
Number Period Caught Total Catch* Number Period Caught Total Catch*
2909 17 Oct 43 0.3 471 17 Oct 1 0.1
2938 17 Oct 50 0.4 472 17 Oct 1 0.1
2928 18 Oct 1 <0.1 473 17 Oct 11 1.4
2929 18 Oct 27 0.2 474 17 Oct 175 21.8
2930 18 Oct 9826 78.2 475 17 Oct 47 5.9
2931 18 Oct 5 <0.1 476 17 Oct [} 0
2932 18 Oct 81 0.6 478 25 Oct 7 0.9
3055 25 Oct 3 <0.1 479 25 Oct 0 0
3056 25 Oct 1 <0.1 480 25 Oct 0 o}
3057 25 Oct 1320 10.5 481 25 Oct 2 0.2
3065 26 Oct 0 0 482 25 Oct 0 0
3066 26 Oct 0 0 483 25 Oct 0 0
3107 30 Oct 0 0 496 30 Oct 73 9.1
2866 31 Oct 0 0 497 30 Oct 0 0 N
2867 31 Oct 0 0 498 30 Oct 0 0
3106 31 Oct 0 0 499 30 Oct 69 8.6
3108 31 Oct 0 0 500 30 Oct 0.2
3109 31 Oct 6 0.1 501 30 Oct 0 0
3110 31 Oct 100 0.8
3131 31 Oct 0 0

*This refers to only blueback herring of which 12,561 were caught by Long River
Beach Seine and 802 were caught by Standard Station Beach Seine efforts
during 1979
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APPENDIX B.3

Water Quality Parameters for
Indian Point Region, 1975 through 1979
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APPENDIX C

FIELD AND LABORATORY PROCEDURES

Field and laboratory procedures summarized in this section
encompass those methods used for the collection of data during the 1979
sampling year. The data collected specifically for this report and
task-specific schedules are described in Table C-1 and in detail below.
The study designs used in previous years for impingement monitoring,
Standard Stations and Long River Fisheries Sampling, the Adult Striped
Bass Stock Assessment Program, and water quality data collection has
been presented in previous reports (TI 1979a, 1980a). Quality control
procedures were maintained in all sampling programs to ensure an average
accuracy rate of 90% or better for the identification and total count of
striped bass, white perch, Atlantic tomcod, and all other species

combined.

1. Impingement Monitoring at Indian Point Electric Generating
Station

a. Collection and Processing

During 1979, fish impinged on the intake screens of Units No.
2 and No. 3 of the Indian Point Generating Station wefe collected when
the intake screens were routinely washed once daily between 0630 and
1200 hrs to remove accumulated fish and debris. Occasionally, heavy
trash loading or fixed screen malfunction required more frequent or even
continuous screen washing. Whenever possible, on those occasions fish
were collected and counted using the same basic procedures as in routine
sampling. Intake screens at Unit No. 1, which was not operational, were
not routinely washed. When occasional washing occurred, the impinged
fish were collected and processed following standard operating proce-

dures as for the other units.

For each collection of fish (all screen washes per unit),
individuals were identified to species and enumerated. Striped bass,
white perch, Atlantic tomcod, blueback herring, alewife, and American

shad were separated into four length classes (LC):

c-1 science services division
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e LC 1 =0 mm through Divy

e LC 2 = Divy + 1 mm through Div)
‘e LC 3 = Divy + 1 mm through 250 mm
e LC 4 = 251 mm and larger

The division values defined the upper total length limit for each age
group [i.e., LC 1 contained young-of-the-year (Y0Y) fish, while LC 2
contained primarily yearling fish] and were determined by examining size
distributions of previous years' data, spot checking age by scale
analysis, and using reference literature. The division wvalues were

updated periodically to allow for growth.

Striped bass and white perch in each sample were individually
counted and tallied by length class. Other species, except Atlantic
tomcod, were processed as follows: 1) total weight of each species was
determined (by length class where appropriate), and up to 100 individ-
uals per length class were counted per sample; 2) if the collection of a
species/length class exceeded 100, the total number was estimated by
extrapolation using the total weight, and the weight of the 100 fish
subsample. Adult Atlantic tomcod from each sample were individually
counted, as were YOY tomcod during the winter 'marking season (15
November through 31 Decembér). From 1 April to 15 November, numbers of
YOY tomcod were estimatéd by subsampling when total daily counts were
greater than 100 (using the subsampling technique described above). For
the key species (striped bass, white perch, and Atlantic tomcod),
individual lengths and weights were determined from biweekly subsamples

of 25 fish per length class (when available).

b. Power Plant Operation and Environmental Variables

To provide a basis for computing impingement rates and for
analyzing the factors affecting impingement rates at Units No. 2 and No.
3, cooling water circulator flow rates and the duration of circulator

pump operation were monitored along with fish collections from the

c-3 science services division



intake screens. Frequency of pump start-ups and shutdowns was also
monitored along with water quality parameters which were recorded daily
at the intake of each unit and in the common discharge for all three

units.

ce Determination of Impingement Rates

The magnitude of fish impingement under ideal conditions is
best assessed by dividing the total number of impinged fish by the total
volume of cooling water circulated for each desired time period
[adjusted (unselected) impingement rates, Appéndix Al. However, factors
such as ice floes, trash loading, unscheduled screen washes, equipment
failure, and plant maintenance sometimes interfere with computing an
accurate volume of water pumped during a particular collection period.
To calculate more accurate daily impingement rates, daily impingement
collection data were screened by TI to select days on which fish counts
could be accurately matched to the water volume from which those fish
were impinged. Rates computed from selected days are termed selected
rates and are used in the calculation of estimated maximum daily counts
(EMD's) (Section 1IV) for the analysis of impingement variation in this
report. Selected rates were originated by TI in 1977 and'comﬁared to
more conventional unselected rates in a previous report (TI 1979b).
Recent refinements of the .selection process, made possible by improved
organization of the data base, have allowed a revision of the selection
process. The net result of improved selection procedures was the
inclusion of a greater portion of the impingement data than was used in
previous reports. The extent of change can be determined by comparing
percent of days selected in this most recent selection process (Appendix
Table A-15) with similar tables in previous reports (TI 1979b and
»1980a). Selection criteria for data used in the analyses presented in
Section IV have been built into a standard computer function which can
be easily and consistently applied to future data. Key criteria applied
in deciding whether to include each individual screen wash were as

follows:

C-4
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1) The circulator associated with each screen
being washed at a unit at a given time nust
have operated continuously since the Ilast
time that screen was washed.

2) The duration of the collection period for

* any screen being washed at a given time

must not have exceeded 28 hours. (This was

to allow a maximum fish accumulation period

of approximately one day, vet encompass

regularly scheduled washes which occurrad
between 0800 and 1200 daily.)

3) A collection period could only be selected
for inclusion when each screen at the unit
being washed was washed normally and its
associated circulator was operating or was
not washed regardless of whether the
circulator was operating. Unusual opera-
ting conditions at any screen such as an
unscheduled wash, an abnormal collection,
etc. caused the entire unit's collection to
not be selected for that particular screen
wash.

4) Any wash during which an air curtain was
operated at the unit was excluded. (This
affected only washes at Unit No. 2 prior to
1 April, 1976.)

These criterié are essentially identical to those applied in
earlier analyses (TI 1979b and 1980a) with the exceptions of a more
precise definition of the collection period (<28 hours) and the ability
to select on the basis of individual screen washes rather than selecting
or excluding an entire day regardless of how many washes occurred that
day. It was this latter change, made possible by an improved organiza-
tion of the data base, which primarily provided the increase in data

included compared to prior analyses.

d. Collection Efficiency Tests

Tests were conducted during 1979 to estimate the percentage of
fish that were impinged but uaot collected during the impingement
monitoring process. Losses of impinged fish occurred due to a variety
of causes such as predation, water currents, and disintegration of fish

after iwmpingement. Such losses were aggravated at Unit No. 2 by the

Cc-5 science services division
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screen wash procedure itself in which fish were washed from the fixed
screens and into the river prior to being reimpinged on and collected

from the traveling screens.

To measure collection efficiency, dead striped bass and white
perch were dyed various colors or tagged, and released at three depths
in front of intake screen nos. 22 and 26 (Unit No. 2) and nos. 32 and 36
(Unit No. 3). Each test was composed of three releases at each of the
two screens; the units were not tested simultaneously. A different
color of dye was used in each release to examine the effect of impinge-
nent duration on fish loss. The first fish were released at about 1000
hrs, immediately after the morning screen wash. Subsequent releases
were made at 1600 hrs and on the following day at 0600 hrs. When
unscheduled washes interrupted a test, releases were halted, but collec-
tions continued. Recovery of dyed fish began with the next screen wash
and continued during all succeeding screen washes. Fish were released
at three depths (2.7 m, 4.6 m, and 6.4 m) at both Unit No. 2 and Unit
No. 3. Because previous studies had indicated greater impingement near
the surface (TI 1975b), 18 test fish were released at the 2.7 m, 6 at
4,6 m, and 5 at 6.4 m depths. At Unit No. 3, the three release loca-
tions (depths) were about 1.5 m in front of the traveling screen, while
at Unit No. 2, the three positions were located about 1 m in front of
the fixed screen. Individual screen efficiency was tested one time at
each unit by releasing 30 dyed and tagged white perch as described above
at each screen at 1600 hrs. Recovery of these fish began with the next

screen wash and continued during all succeeding screen washes.

2. Standard Stations Program at Indian Point

The Standard Stations Program sampled juvenile and older
fishes in the vicinity of the Indian Point Generating Station. Sample
collection and laboratoryA processing were .similar from 1975 through
1979. Sampling in 1979 involved 14 fixed stations between RM 39 and RM
43 (Figure C-1). Beginning in April and continuing through December,
seven shore zone stations (Table C-2) were sampled weekly during the

day, approximately two hours before low tide, with a 30.5 m beach seine.

;;;;;;;;
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RM 47
Anthonys Nose

Bear Mountain

Dunderberg Point Peekskill

Mountain

Tompkins Cove Verplanck

RM 41 .
Verplanck Point

RM 40
Montrose Point

Georges Island

Stony Point

RM 39

Bottom Trawl and Surface Trawl
Sites (1-7) Oscawana
. . RM 38
P Beach Seine Sites Grassy

(8-12, 20, 21) Point

Figure C-l. Indian Point Standard Station Beach Seine, Bottom Trawl,

and Surface Trawl Sites, Hudson River Estuary, RM 39
through 43, 1979
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Table C-2

Location and Description of Standard Station Beach Seine Sites
near Indian Point, Hudson River Estuary, 1979

Station Location Description
8 In Peekskill Bay (RM 43, east Mud bottom, beach covered with
side) immediately south of accumulation of glass; maximum
public Taunching ramp depth* 1.5 m; heavy aquatic
vegetation during summer; far
from channel
9 South of Jones Pt. (RM 42, west Medium sized rocks and gravel
side) near former reserve fleet changing to mud as depth in-
headquarters creases; maximum depth 1.0 m;
heavy aquatic vegetation during
summer; far from channel
10 100 m south of Indian Point Sand/gravel beach, changing to
discharge canal (RM 42, east mud bottom with increasing
side) depth; maximum depth 3.7 m; little
vegetation; close to channel
11 35 m south of Trap Rock Corp. Sand bottom; beach sloping
barge mooring area (RM 40, west  steeply to 2.1 m; little vege-
side) ' tation; close to channel
12 Greens Cove (RM 40, east side) Brick and rock beach, changing
100 m south of Cortlandt Yacht to mud with increasing depth;
Club maximum depth 1.0 m; very dense
vegetation in summer; far from
channel
20 Verplanck Point (RM 40, east Sand beach, with an accumulation
side) 10 m south of wharf of detritus on bottom as depth
. . increases; maximum depth 1.7 m;
little vegetation: close to
channel
21 South of Verplanck Point (RM Sand/gravel bottom; maximum

40, east side) near trailer
park

depth 1.4 m; far from channel

*At a distance of approximately 30 m from the shoreline at low tide

Cc-8
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During the latfer half of 1979, one beach (Station 11, see Figure C-1)
was often obstructed by barges from a nearby rock quarry and therefore
not sampled. Seven offshore stations (Table C;3) were sampled twice
biweekly during the day from April through December using a bottom
trawl; once with a fine (1.5 cm stretch) mesh liner and again on another
day the same week without the fine mesh liner (3.2 cm stretch mesh cod
end). From July through December, each offshore trawl station was also
sampled biweekly during the day with a surface trawl (4 mm stretch
nesh). Additional gear dimensioné have been detailed in a previous
report (TI 1980a).

Table C-3

Location and Depth of Standard Station Trawl Sites
near Indian Point, Hudson River Estuary, 1979

Station Location Depth (m)
1 RM 43 west side, off Jones Pt; 9
2 RM 43 east side, in Peekskill Bay 5
3 RM 42 west side, south of Jones Pt. 6

4 RM 42 east side, in front of Indian Point Generating Station 15

5 RM 41 east side, south of overhead power cables 14
6 RM 39 west side, south of Stony Pt. 14
7 RM 39 east side, between Verplanck Pt. and Montrose Pt. 5

All fish collected by each tow were placed on ice to retard
deterioration for subsequent laboratory processing. Each samplé was
sorted by species into four length classes (LC) as defined below. The
nunmber of fish in each length class was recorded for each species, and a
random subsample (maximum of 20 fish) from each length class for each
species was measured and weighed. The four length classes were defined

as:
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e LC 1 =0 on through Divy

¢ LC 2 =Divy + 1 mm through 150 mm
e LC 3 =151 mm through 250 nm

e LC 4 = 251 mm and larger

The division value (Divi) was a variable length which changed
seasonally and was used to separate the youngest age group from older
fish. The division value was determined for each species by examining
the size distribution of the population at regular intervals (when data
were available) during the year. Length class 1 contained fish from the
current year class; i.e., YOY from the current spawning season through
31 December and yearlings from 1 January until thé féllowing~spawning
season. The division values were reduced at the beginning of each
spawning season; thus, any yearlings collected thereafter were counted
in LC 2. The division value was revised on 1 June for all species
except the winter—breeding - Atlantic tomcod for which the revision

occurred on 1 April.

Atlantic tomcod from two standard station bottom trawl samples
per biweek, collected on different days, were proceésed for biological
characteristics; total length and weight was recorded for up to 80 YOY

and 40 adult Atlantic tomcod per sample.

3. Long River Fisheries Sampling
a. Beach Seine Survey .

The Beach Seine Survey yielded data on abundance and
distribution of juvenile and older fishes in the shore zone of the
estuary and provided a major portion of the mark-recapture effort.
During April through June and September through December of each vyear,
the estuary from the Yonkers through Albany regions (RM 12 through RM
152) was sampled biweekly using 30.5 m beach seines; on élternate weeks,
sampling was confined to an area from Yonkers through Poughkeepsie (RM
12 through RM 76). During July and August of each year, all regions {(RM
12 through RM 152) were sampled weekly.

........
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One hundred samples per week were collected during the daytime
from nearly 300 available beach sites. In 1979, samples were allocated
on a regional basis based on the amount of shore zone surface area
within each region but with a minimum of five samples per region (prior
to 1979, the allocation was primarily keyed to the distribution of
young—of-the-year striped bass). Sites were chosen daily and sampled
only once per day, although some sites could have been sampled two or
more times per week. The 30.5 m seine was set perpendicular to the
shore, then towed .clockwise to the beach to form a semicircular
impoundment. The wings (end panels) of the net were pulled onto the
beach thereby concentrating the catch in the middle (bunt) of the net
(TI 1978, 1979%a).

For each sample (beach seine tow), fish were sorted by species
and length group as in Appendix Subsection C.2. YOY fish were preserved
for identification and enumerated in the laboratory, with the exception
of YOY striped bass and white perch during the fall marking period, YOY
Atlantic tomcod during the wiﬁter marking period, and readily identifi-
able and easily counted species (e.g., bluefish), which were processed
in the field. Yearling and older fish were counted and released in the
field except for yearling striped bass and white perch needed to fill
length/weight quotas and certain uncommon species which were kept for

the reference collection.

Up.to 45 length and 25 weight measurements of yearling striped
bass and white perch during April through June and YOY during July
through December were recorded each week in each of two super-regions
(Yonkers through Poughkeepsie and Hyde Park through Albany). Up to 20
length measurements were recorded each week during July through December
for YOY alewife, blueback herring, American shad, bay anchovy, spottail
shiner, white <catfish, weakfish, shortnose sturgeon, and Atlantic

sturgeon per the following regions:
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Region RM (inclusive)

Yonkers 12 - 23
Tappan Zee 24 - 33
Croton-Haverstraw 34 - 38
Indian Point : 39 - 46
West Point ’ 47 - 55
Cornwall 56 - 61
Poughkeepsie 62 - 76
Hyde Park through Albany 77 - 152

All YOY striped bass and white perch were checked for marks
during the fall marking season (September through December) and possible
recaptures were preserved and taken to the laboratory for verification.
All unmarked YOY striped bass and white perch, if in good condition and
not needed to fill length/weight quotas, were marked by clipping one or
two fins and released. Yearling striped bass and white perch were
finclipped from April through June (spring marking season) and tagged
during'September through December. Two year old and older striped bass
and white perch were tagged during both spring and fall marking periods.
Yearling and older fish were tagged using either a Floy fingerling tag
or a nylon internal anchor tag, dependant upon the total length of the
fish. Atlantic tomcod were marked (finclipped or tagged using Carlin
tags) during their spawning season (approximately November through

February).

b. Interregional Bottom Trawl Survey

The Interregional Bottom Trawl (IRT) Survey yielded data on
the abundance and distribution of juvenile and older fishes inhabiting
the offshore bottom strata of the river. It also provided a deep-water
recapture effort for marked fish. On alternate weeks during April
through November, 38 fixed stations (Figure C—2) from RM 27 through RM
76 were sampled once during daytime with an otter-type bottom trawl
equipped with a fine mesh (1.3 cm) cod-end cover (see TI 1979a for gear
dimensions). Catches were sorted and counted by species and length
group as in Appendix Subsection C.2. Young-of-the-year fish were
usually preserved for laboratory processing while yearling and older
fish were processed in the field and released. Up to 40 length and 20

weight measurements per super-region (YK through PK and HP through AL)
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were taken each sampling period (biweek) for yearling striped bass and
white perch during April through June. When available, two samples
containing at least 50 Atlantic tomcod were collected and returned to
the laboratory per sampling period. Randomly selected subsamples from
these two samples were processed for biological characteristics using
methods identical to those described for Standard Stations bottom trawl

samples. No fish were marked from the IRT Survey.

4, Adult Striped Bass Stock Assessment Program

A comprehensive study of adult striped bass (2200 mm TL) has
been conducted since 1976 to determine the age and size structure, sex
ratios, mortality rates, movements, and biological characteristics of
the Hudson River spawning population. = Adult striped bass have been
collected for this progranm by both TIL personnel'and commercial fisher-
men. Because the commercial fishery for striped bass in the Hddson
River was officially closed in early 1976, "age aﬁd size composition of
the commercial catch were estimated in 1979 by contracting three
éommercial fishermen to fish two days per week with their usual gear
(gill nets) and to supply fish directly to TI. Each fisherman was
accompanied by TI personnel during net-tending. In addition, tag
returns (reward of $5.00 or $10.00 per tag) from sport and commercial
fishermen provided information on movements and exploitation rates.
Striped bass collected in this program also provided brood fish for the
ongoing Hatchery Program as well as an opportunity to recover mature

hatchery-reared individuals that were stocked during 1973 through 1975.

Gill nets, haul seines, and a 15 m bottom trawl were used by
TI to collect adult striped bass. Based on distribution during the
previous year, the gill net effort was concentrated in the vicinity of
the Tappan Zee Bridge, Croton Bay, and Haverstraw Bay early in the
spawning season (March and April), then shifted upriver to the Indian
Point area in May, and returned downriver in June as the spawning season
was ending. Two clusters of anchored gill nets (91 m x 2.4 m each)
separated by an interval of several river miles were tended regularly

during the day and night. Each cluster contained four standard nets of
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different mesh sizes (10, 13, 15, and 18 cm stretch multifilament) and
usually from one to four additional nets of comparable mesh sizes. The
less size selective haul seines were used to collect striped bass in the
shore zone, primarily in Haverstraw Bay (RM 33 through RM 38). The 15 m
trawl was used for the first time in mid-May 1979. Tows were made from
the Tappan Zee through Cornwall regions and although sampling was con-—
ducted on an experimental and not routine basis, the adult striped bass

collected were used by the Adult Striped Bass Stock Assessment Program.

Suspected hatéhery—reared striped bass were brought to the
laboratory and examined for evidence of fin clips and magnetic mnose tags
to verify their hatchery origin. Dead striped bass were kept for
laboratory processing and were also checked for evidence of fin clips
and nose tags. The maturity of recaptured hatchery-reared fish was
determined by calculating the ratio of body weight to gonad weight. A
ratio' of less than 235:1 for males and less than 70:1 for females
indicated sexual maturity and therefore the ability to spawn. Live fish
that were in good condition, showed no evidence of fin clips, and were
not needed for biological characteristics purposes {stomach or gonad
sanples, etc.) were measured, scale sample removed, sex determined (if

possible), tagged and released.

5. Water Quality Tasks

In 1979, water quality data were collected concurrently with
or subsequent to each impingement, standard stations, ichthyoplankton
and long river fisheries sample. The instrumentation used to measure
water quality parameters, as well as other details, are described in
Table C-4. All instruments and thermometers were calibrated prior to
daily sampling and checked for accuracy periodically during the sampling

day.

Water quality data were collected at different depths and
measured differently depending upon the task. Ichthyoplankton and fall
shoal water samples were collected upon tow completion and at ichthyo-

plankton gear depth with a modified Van Dorn sampler. Temperature and
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dissolved oxygen concentration were measured upon retrieval of the Van
Dorn sampler. A sample bottle was filled and returned to the laboratory
for conductivity determination. In situ measurements of temperature,
dissolved oxygen, pH, and conductivity were taken upon completion of the
biological sampling for standard station trawls and, except for pH,
interregional bottom trawls. Readings were taken at the following depth

strata:

Depth Strata

Task : Surface Middle Bottom

Standard Station Yes Yes Yes
Bottom Trawl

Standard Station Yes No No
Surface Trawl

Interregional No No Tes
Bottom Trawl

NOTE: pH measurements were determined at surface only

Water temperature and dissolved oxygen were measured in situ for
standard station and long river beach seine sampling efforts. Surface
water samples: were collected and returned to the laboratory for
measurement of turbidity (from standard stations beach seine and trawl
efforts), and conductivity (from standard stations and long river beach
seine efforts). For the impingement task, water quality measurements

were taken 0.3 m below the surface at each location as follows:

Unit 1 - off the pier

Unit 2 - at the south end of the intake near screen
no. 21

Unit 3 - along the metal sea wall at the south end of
the intake near screen no. 31

Discharge Canal south of Unit No. 3 at the de-icing pump

In situ water temperature, dissolved oxygen measurements, and a surface

water sample for conductivity determination were taken at Indian Point

Units No. 1, No. 2, and No. 3. Only water temperature was collected in

the discharge canal. Variables related to plant operation were obtained

directly from plant engineers.
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Table C-4

Water Quality Meisurements Taken with Each Biological Sample;
Sample Depth* Field or Laboratory Determination®, and
Instrumentation” = Used to Measure Each Parameter during 1979

Instrumentation** for each Task
and Water Quality Factor

Sample* Water
Task Depth Temperature pH D.0. Conductivity 'Turbidity

Standard Station

Beach Seines S FaT F7  F4 L5 L3

Surface Trawls S F1 F7 F1 F1 L3*

Bottom Trawls S,M,B Fl F7 F1 F1 L3
Long River

Beach Seines S F4 - F4 L5 -

Bottom Trawls (IRT) B F1 -- F1 F1 -
Ichthyoplankton G F2 -- F2 LH¥**k --
Impingement S F4 -- Fa L5 -

*§ = Suyrface, M = Middle, B = Bottom, G = At biological gear sampling depth
F = Field, L = Laboratory
**(1) Hydrolab Surveyor Model 6D in situ Water Quality Analyzer

Reserve Equipment:

(a) YSI Model 57 Dissolved Oxygen Meter (Temperature, D.0.)
(b) YSI Model 33 Salinity-Conductivity-Temperature Meter
(No in situ pH measurement was taken when reserve equipment was used)

(2) YSI Model 57 or 54 Dissolved Oxygen Meter or B.0.D. - Weston and Stack
(3) Hach Model 2100-A or Ecolab 104 Turbidimeter
(4) YSI Model 57 Dissolved Oxygen Meter
(5) YSI Model 31 or 33 Conductivity Bridge or Markson Model 10 Conductivity Meter
{6) YSI Model 33 Salinity-Conductivity-Temperature Meter
(7) IL Model 175 Porto-matic pH meter
*Turbidity was measured for surface samples only
***[(6) prior to approximately 22 October 1979
Dashes indicate no physicochemical measurements taken

Note: Temperature and conductivity measurements which were not taken in situ because
of meter problems were determined from a sample collected at the surface. Water
temperature was determined with a mercury, alcohol, ordial thermometer and the
sample bottle was capped and returned to the laboratory for futher analysis.
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