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SECTION I -
SUMMARY

This 1979 Annual Report, writtem in part to comply with.some
of the operating requirements for the Indian Point Electric Generating'
%tation, is one of a series of reports prepared by Texas Instruments
Incorporated over an elght year perlod under contract to Consolidated
bdison Company of New York, Inc. The report was designed to- serve two
basic functions: to‘make available and dlscuss 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 1mp1nged on -intake screens which protect
the once—throubh cooling system 1is a- ‘factor of prine interest 1in

establishing the effect of the Indian Point Generating Station on the .

-ecosystem. - Therefore, counts of impinged fish were monitored on a daily

'ba51s. 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 wutilized ¢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
earlier .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 1mp1ngement counts. A

“warm period” adjustment factor (3.8 at Unit No. 2 and 1.5 at Unit No.A

3) was. applied to the count of fish in each impingementptollection from

I-1 o science services division



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 !5 important. and/or
pfedominant- species were similar to those. of previous ‘ years.
Seasodally, impingement counts were highest dufiqg 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
conéiderably smaller secondary peak impingemént .period. occurred 1in
summer (involving mostly young Atlantic tomcod and.bay anchovy) and in
fall (when blueback herring, alewife, and American shad, emigrated out
of the .estuary). ﬁogchoker and rainbow- émelt exhibitedA a slightly

different impingement pattern than in previous years, i.e., a large rise

in numbers 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.

Iﬁpingement collections 6f all speciesvwere-dqminated by small
(mostly young—of—the—year) fish. For species where spedific:size or age
information was available, at least 90% of fish impinged were less thén
12 months old. Qualitative examination of monthly impingement rate
plots revealed that in 1979, as previously reported for 1977 and 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 mnot previously collected in

-2 © . - . science services division



the Indian Point region. In field sampling, 42 species were collected
in theilndian Point nearfieldi 38 by beach éeine,‘25 by bottom trawl,
and 11 by -surface trawl. These valuesA are consistent with previous
years. No species  new to the estuary were collected by 'mearfield
sampling, and, except for the absence of emerald shiner, 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 1mp1ngement collection for - the year (unadJusted for

collection eff1c1ency). - White perch. was the ‘most abundant spec1es -

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 _totel number impinged during 1979 which

appeared to'be‘a result of decreased year class abundance.

Nearfield samples were also nuheticaily dominated by
individuals of a small number of species. Ten species comprised 85% of
beach seine -collections, seven species comprised 93% of lined Aaﬁd‘
unlined bottom trawl collections, and only three species comprised 997
of surface trawl cellections. - These results are similar to previous
years, although overall catches were lower 1in 1979 than in most: prev1ous

years primarily due to the reduction of blueback herrlng catches.

' D. HATCHERY-REARED STRIPED BASS

Beginniﬁg in 1973, TI began an investigation %o detef@ine 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 base were stocked from 1973
through 1975. As of 30 June 1980, 1925 have. been reeaptured. Evaluaf
tions of distribution, growth, and sexual maturity of these'recapturee

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 sambiing- 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 Qn.the hasis
of empirical observation Qf variation 1in estimated makimum daily
impingement counts). Precision of estimating the  true méan daily numnber
of fish impinged increased logarithmically for'each.of the designs'as
more days of the year were sampled. Simplé random sampling proved to bé
least _preéise, stratified random sampling using three month seasonal

‘periods was intermediate in precision, and stratified random 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 three designs were small, especially

between the seasonal and empirical designs. Computer simulated sampling

procedures indicated that sampling impingement during only 20% 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 ﬁrue mean daily_impingemeht count which was
937% 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 progrém at Indian Point
would require an assessment of the desired 1evei: 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 adjacent
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

vfreShwater 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 ﬁérch.

lowever,. 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 ofAspawning stock size) did not significantly corre-

late with the annual ranking of either Indian Point impingemént_alone or -

impingement at all five generating stations combined.

G. EVALUATION OF STANDARD STATION DATA

Fishes in the Indian Point area have been sampled by two

distinct programs since 1973: Standard Stations Program and LonngiVef

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 Poin;i region reflected trends 1in -‘abundance of

individuél 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 identical 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 II
INTRODUCTION

A. THE INDIAN POINT ELECTRIC GENERATING STATION

The Indian Point Electric Generating Stationlbegan commerciél
voperatibn with the completion of Unit No. 1 in 1962f Units No. 2 and
No. 3 were completed and began commercial  operation in 1973 énd 1976,
respectively. Each unit of this nuclear plant utilizes a once-through
cooling‘ systen which. results in  the entrainment of eggs, lérvae, andb

small fish and impingement of primarily juvenile fish.

The combined pumping capacity -of the tﬁree units for cooling
purposes. is 7790 m3+min~l (2,058,000 gal:min~l). Unit No. 1, which has
two [530 m3+min~l (140;000 gal*min~!)] circulator pumps, was rétired}
from commercial operation in October 1974. The two éurrently opérating.
units (No. 2 and No. 3) each have six (530 m3'min"l) circulator pumps.'
Several service punps with'much lower capacities (144 m3+min~! at Unit
'No. lj 114 m3'min_l at both Units No. 2 and No. 3) are élso associatedA
~with each unit. During winter (approximately December to April) of each
year when water temperatures fall below about 4°C, the amount of ‘water -
| drawn through the intéke screen associated with each circulator pump is
réduced_tq'60% of the normal pumping .capacity to reduce fish impinge-
ment. -Units No. 1 and No. 2 each have fixed'-iﬁtake screens at the
river's edge aﬁd traveling screens within each intake forebay. Unit No..
3 has traveling screens at the river's edge but_ no fixed screens..
Details of the piant and associated intake struétufés have ' been"

vpresented:previously (TI 1975b, Con Edison 1977).

B. REPORT OBJECTLIVES AND ORGANIZATION

During 1969, a series of ecological studies were initiateéjto
study the effects of operation of the Indian Point Electric Genefatihg
“Station bn the aquatic biota of the Hudson River estuary. 'This.l979
Indian Point Annual Report, representing the eighth consecutive year of

studies conducted by Texas Instruments Incorporated (TI), serves two

IT-1 ' s science services division



primary functidns: 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 appeundices.

vAnélytical interpretations and discussions focus on three
primary topics. First, daiiy variations in numbefs.of impinged fish are
examined to detérminé the sampling frequencies.'necessary> to reliably
estimate impingement magnitude given a choice of desired precision
levels (Section IV).  Second, the reliability "of annual ‘impingement.
counts are evaluated for their value as an index to 1ong—term trends in
the annual abundance of selected fish species populations (Section V).

Third, nearfield community composition and abundance are examined .

(Section V1) 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 Pointb
since the late 1960's to provide information ﬁsed‘to'asseés the impéét‘
of plant operation on the fish pbpulations in the Hudson River estuary.
In this section, the total number of fish impinged at each unit ﬁhrough—
out 1979  is presented, and seasonal impingement patterné 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 abundanée 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 is important'becauée 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 screéns at Indian Point are cleaned daily
(Appendix C), not all iﬁpinged fish are collected. Losses occur due to
a variety -of causes such as predatibn, watér currents, and disintegfa—
tion of fish after impingement. Such losses were aggravated at Unit No.
2 by the screen.wash procedure itself in”which fish were washed from the
fixed screens and 'into the river prior to being reimpinged on and .
colleccedrfrom the traveiing screens. This.section includes an analysis
of collection efficiency testing and subsequent developMént of
ad justnment factors which correct total counts for fish impinged but not
collected. lmpingemgnt éounts presented here and throughout fhe report

have been adjusted unless otherwise specified.

This section, in its capacity of making available the nost

recent data on Hdudson 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 collgctiog (McFadden et al. 1978,
TI l979b, 1980a). To account for this loss, when estimating numbers of
fish impinggd, it is necessary to apply adqutmenp_fag;oré (based 6n
tests of ‘collection efficiency) to counts of impinged fish.; In previous
years (1974 through 1978) a single annual adjustment factbr, had been
derived from these tést results. .By 1979, ﬁowever;_the gombined data
base (1974 through 1979) was sufficiently. léfge' 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, colléctiqn 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 reduéing 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 Appendik‘c.

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

At Unit No. 2 there was no significant difference (a = O,OS)V
in collection efficiency between tagged and dyed fish (Table IILI-I,
- 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 tagé was still considered

experimental. .
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Table ILL-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
Tag 35300 1,551  47.0

*Analysis of variance of transformed (arc sin VX)
efficiencies indicated no significant (a=0.05)
difference between tests u51ng dye versus tag
marking methods

Prerious analyees' (1974 through 1978) indicated that effi-
ciency’increased significantly'at Unit No. 2 as tenperature decreasedv"
(TI 1980a). . The pattern of this relatlonshlp durlng 1974 - through 1979‘
(Flrure III-1) 1nd1cated that collection eff1c1ency decreased when water'
temperatures» were greater than 15 °c. Fff1c1ency tests conducted at‘
temperatures below 15°C yielded significantly greater (o = 0.05)'
‘recovery of marked fish i.e., greater collection efficiency, than tests
conducted at or above 150C (Table 111—2). 0f the dyed test fish
returned while temperatures were less than 159C, 37.1% were returned on
the first day after their release and 30.17% on the second day. .Whenbthe
water temperature was at or. above 15°C, 29.5% of. the test fish,recovered; 
were returned on the first day and 31.47% on the'seCOnd'day.v This is
somewhat lower than return rates for the first two days after release,
reported for 1978 collectlon efficiency - tests (504 - and =~ 38%,
respectively, with no breakdown by temperature) at. Unit No. "2 (TIL
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 15°C,
-while during May through October, temperatures were generally above .
lSOC. : Thus,‘a cool water adjustment factor of 2.1 based on combined
'releases divided by combined recoverles from tests conducted at less~'

than 15°C (Table III- 2) was applied to each impingement count during the.
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Figure 1II-l. Variation in Collection Efficiency with Respect to

‘Water Temperature for Dyed Fish at Indian Point-Unit
No." 2 during 1974 through 1979 (each point represents one
test) '

Table III-2

Summary of Collection Efficiency Test ResulCS‘for'Dyed Fish at
Less Than 15°C and Equal to or Greater Than 15°C at .
Indian Point Unit No. 2 during 1979 '

Percent "~ Adjustment

F'Temperature NUmber ‘ Number Efficiency* Factor
Range (oc) Released Recovered ~ (R/Mx100)T (M/R)
0-14.9 2,700 1,317 - 488 21
15 - 30 1,320 39 - 26.4 | 3.8

*Based on a t-test of transformed (arc:sin vX) efficiencies, tests

performed in cold water (00C.- 14.99C) were significantly higher in
efficiency than those in warm water (150C - 300C) -

+R = number recovered , .
M = number marked and released

I11<4 - science services division




cool water months (Jaﬁuary through April, November and December). A

warm water'adjustment factor of 3.8 was deteramined in the same manner
from efficiency ‘test results at 15 C and ‘greater (Table III-2) and
applied to each impingement count during the warm water months (May

through October).

b. Unit No. 3

Comparable to Unit No. 2, there was no sighificant difference
(a = 0;05) in coileétion efficiency between tagged and dyed fish at Unit .
No. 3'(Table IIi—B, Appendix Tables A-18 and A-20). Also, as at Unit
- No. 2, efficiency has been shown.to increase at Unit No. 3 as tempera4v'
ture decreased (TI 'i980a).v When 1976 through 1979 efficiencies were
‘plotﬁed, the pattern of this efficiencyftemperature relationship was not.
as distinct as it was at Unit No. 2 (Figufe III-2). A higher propértion
'_6f recovered'fish Qere recovered ‘the first day after test releases at
Unit No. 3 v(80,32 at less than 150C and 79.2% at 159C or higher)
‘ . . -compared to Unit'l:\lo. 2 (37.1% and 29.5%, respectivél‘y). In wafm ‘water,
impinged fish canA be expected to decompose more quickly than in cool _
water; thus, the extra day required for recovery of impinged fish at

‘Unit io. 2 may explain the greater efficiency differential between warm

Table III-3

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

Mark R Number Number | Percent

Type Released Recovered Efficiency* -
Dye 3,660 2,603  73.6
Tag 2,940 1,945  66.2

*Analysis of variance of transformed (arc sin vXx)
efficiencies indicated no significant (2=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 betiween 10%¢ through 20°C and the
varlable nature of the results, the cutoff tenperature between warn and
cool water could not be detern1ned Therefore, 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_ISOC were significantly (a = 0.05) greater -than those at or
above 15°C (Table ILI-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,
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Table III-4 |
Summary of Collection Efficienty Test Results for D ed Fish at

Less Than 15°C and Equal to ‘and Greater Than .15 C Water
Temperature at Indian Point Unit No. 3 during 1979

S _ , Percent AdJustment
Temperature Number ~ Number .~ Efficiency* Factor
Range(OC) Released - Recovered - (R/Mx100)t (M/R),-
'o_-_14.9 1,40 1,206 . 83:.8 1.2
15- 30 2,220 1,487 670 - 1.5

*Based on a t- test of transgormed (arc s1n\f') efficiencies, tests
performed in cold water (0°C - 14.99C) were s1gn1f1cant1y higher 1n
- efficiency than those in warm water (15°C - 30°C)

‘+R = number recaptured

M = number marked and recovered
2. Collection Efficiency of Fish Released at Individual Screens
: Marklng flSh w1th tags allowed suff1cient dlscrlmlnatlon ‘among

E marked f1sh to test for differences in collection efflc;ency between

release points in front of  Units No. 2 and No. 3. As dietated:vby _ -

standardeprocedure, efficiency tests were routinely perforned utilizing:'
screen nos. 2_and 6 .at each unit. -At Unit No. 2, eollection'efficlency g
was significantly greater (a= 0.05) for fish released in front of screen:
‘no. 2 than screen no. 6 throughout the year (Table III-5). At Unit No.
3, hoWeyer; significantly greater efficiency was noted for fish released .
ln front of screen no;e6 than screen no. 2. The_difference at Unit No. -
'_3 appears to -have been attributable to collection efficiencies on 3]May;v
28'June, and 4 July (Table‘III—6); however, only'tne 3 May'andl28.June,
teSts .differed eignificantly' between  screens .in - a;pOSteriorl

comparisons.

‘ Differences in collection efficiency between fish released at
_dlfferent points 1n front of the units can be 1nfluenced by dlfferences:l
: in screen operation, such as dlfferlng water pressures durlng washes. |

-However, numerous other factors such as differential trash loading among

screens, order of screen washing, or movement of fish from one screen to

another (especially important at' Unit No. 2 because of fixed screen

III-7 - science services division



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 '

Perceht Efficiency
Test '

Date Screen no. 2™ Screen no. 6 |
15 Jan 63.3 33.3
C19mr 733 60.0
26 Apr  75.6 75}6“
05 May . 15.6 : 18.9
10 My 2.2 - 26.7
24 May 15.6 144
20 sep 70.0 . 58.9
20 Dec  58.9 31.1
Pooled’  49.3 39.9

*Ind1cates s1gn1f1cant1y greater efficiency
(o = 0.05) based on replicated goodness of -
fit tests (Sokal and Rohlf 1969)

+Der1ved by dividing total ‘number recovered
by total number released for a]] tests -
combined

washing) may confound any attempt to 3551gn spec1f1c eff1c1enc1es to the

varlous screens.

3. Summary
In summary, collection efficieney 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 :

adjustnment factors were 3.8 at .Unit No. 2 and 1.5 at Unit No. 3.
Statisticelly significant differences 1in e_fficiency ~ were ob:s.erved

between the two screens rout_i'nely_, tested at each unit. These
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Table III-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 S .
Date ‘Screen no. 2 Screen no. 6*
05 Apr 94.4 93.3

11 Apr 92.2 80.0 -

03 May 36.7 83.3

17 May 58.9 4.4

31 May 70.0 822

14 Jun . 71.1 88.9

21 Jgh 52,2 82.2

28 Junt 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
(a=0.05) based on replicated goodness of
. fit tests (Sokal and Rohlf 1969)

.i.-

based on a-posteriori comparisons

Indicates significantly greater differences

**Derived by dividing total number recovered -
by total number re]eased for all tests

- combined

ITI-9
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'differencee 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 (TL i979b, 1980a),
'this,eseetiqn pfovidee information on seasonal patterns of impingement .
for the dominant species.. Where available; total monthly impingemenb
rates (adjustedv_unselected monthly counts .% .total>'ﬁonthlyA unit
discharge) were seperated‘intd young-of-the-year (YOY) and‘yearling and
older  groupings tb'evaluate_size selectiviﬁy in impingement ‘collections.
In ﬁreQious years, selected impingement rates,were'ﬁsed forlthe analysis
of impingement petterns (TL 1979b, 1980a) becauee they provided the most
‘aceurate and reliable data available. (Selected rates were developed to
precisely match, on e daily basis, fish counts to volumes punped .fbr'
examination of daily impingement variation as in Section IV of this

report, TL 1979b and 1980a). A new data filing system has 1improved

access to. both -selected and unselected ‘rate -information. Thus,
unselected rates have now.become the preferred.choiee,for examination of
impingement patterns - because the objective of seasonal péttefn_
definition is better met by the most:gomplete set of date than by the

precision afforded by selected daily rates.

" Overall, unselected impingement rates (all- species combined)
~at the Indian Point Generatidg Station in 1979 were higher during the
fall and winter .(October through Mareh) than during the spring aad
‘summer. Similar seasonal patterns Have been.seen each year since 1972
(TT 1974b, 1975c, 1979b, 1980a). A rigorous compafison of the seasonal
patterns of 1979 impingement to those of previous yedrs 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. Iampingement collections

during 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 factors were applied: a warm water (May through October)

‘ : . adjustment which _wés slightly higher than that in previous Years,' and é
cool water (January through April and November through Decémber)

adjustment which was slightly lower (Subsection lll.Bﬂl).: “The ™ net!

effect of the change on seasonal patterns of overall imbingement:rates,

if the 1979 patterns are compared to earlier years, is to decreése the

normally high winter rates and' sLightly increase the .normally lower

summer rates. Seaéonal patterns are relatively unchanged from previous

years despite this "leveling” effect. Impingément' rates adjusted _by

seasonal adjustments are contrasted with rates adjustéd by "an annual

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

A graphical cbmparison of impingement rates for Units No. 2
and No. 3 (Figuré'III—3) indicates that'impingement rateS'wefe higher at
Unit No. 2. - A portion of this apparent difference was actually due to
‘an  outage dﬁring 19 September through 31 December at. Unit No. 3.

However, during periods when both units operated (Jénuary through Junef,'
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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 Generatlng Statlon.- The following species were
selected due to thelr de51gnat10n by the. Unlted States’ an1ronmental
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 1ate fall; winter, or early'spring (Figures

III-A[through I11-7). These species inhabit the deeper channel,portion
of the river during the fall and winter then move into the shoreline
regions in the spring as Water temperatures increase (TI 1978). Thus,
they are impinged maihly While'in or ﬂbving to and from the channel.
Implngement rates for white perch, the most abundant species in the 1979
1mp1ngement collectlons, were partitioned into YOY (i.e., age from time

of spawning through_ 31 December) and yearling and older 1life ‘stages

(Figure III- 4) Of the total 1979 . white perch impingement, 7.97%

(124, 757 fish) were older than 12 months.' To place this number in

'perspectlve, the white perch population estimate of yearling and older

white perch in September 1978 was 12.1 million (TL 1980b). Oﬁly;IOZ of
the striped bass impinged were YOY; however 96.2% were less than 12
months old since impingement was heaviest durlng January through March

when they were 9 or 10 months old.

Those species mainly impinged during the summer of 1979 were

primarily bdy anchovy, bluefish, and'weakfish'(Figures III-8 through

III-12 ' science services division
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‘ Figure III-5. Monthly Adjusted Impingement Rates for Spottail Shiner

(all ages) at Indian Point Units No. 2 and No. 3

during 1979
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Figure 11I-6. Monthly Ad justed Impingement Rates for Striped Bass
(yearling and older, and young-of-the-year) at
Indian Point Units No. 2 and No. 3 during ‘1979
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(all ages) at Indian Point Units No. 2 and No. 3
during 1979
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“ III-10). The young of these species use the estuary as a nuréery are.a
dgring the summer and are impinged as they ‘move into the Indian Point

region. When temperatures begin falling and the salt front moves- down
“river 1n the late summer and early fall these YOY migrate to a lower
portlon of the estuary or emigrate to the ocean (Bloelow and Schroeder

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

In previous years, alewife, American shad,v.rainbbw smélt,
Atlantic tomcod, and hogchoker have exhibited bimodal patferns"of
impingement (TI 1980a). ‘During 1979, . these Bimodal patterns were
rgpeated for Atlantic tomcod and hogchoker but were not as evideﬁt for
algwife,' American shad, ahd rainbow smelt (Figures ' III-11 through

[II-15) due to unit outages during periods of high abundance. 'Alewife’.
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Figure III-8. IMonthly Adjusted Impingement Rates for Bay Anchovy (all-
» ages) at Indian Point Units No. 2 and No. 3 during 1979
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Figure III-9. Monthly Adjusted Impingement Rates for Bluefish (all ages)
‘at Indian Point Units No. 2 and No. 3 during 1979 ‘
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and American shad,. which move about the middle estuary daring the
sunmer, -were impihged méstly dﬁring July and.August at Unit No. 3bwhilév
Unit No. 2 was not opefational. The fall emigration of YOY alewife and
~Anmerican 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
111—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 II1I-16).
The number of Atlantic and shortnose sturgeon (70 and>4, respectively)
impinged during 1979 were not sufficient to identify avseasonél.pattern;
however, their monthly iﬁpingeﬁent rates are presented in Figures III-17
and III-18. ‘ ‘ '

v The clupeids. (alewife, American.shéd, 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 comﬁrised

96.6%Z of all the «clupeids impinged and 96.0% of Atlantic tomcod

impinged.
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No. 2 and No. 3 during 1979
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Figure III-12, Monthly Ad justed Impingement Rates for American Shad
(young-of-the-year) at Indian Point Units No. 2 and
No. 3 during 1979 '
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Figure III-14, Monthly Ad justed Implngement Rates for Atlantic Tomcod

(yearling and older, and young-of-the-year) at Indian
Point Units No. 2 and No. 3 during 1979
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‘Figure ITI-16. Monthly Adjusted Impingement Rates for Blueback Herring
(young-of-the-year) at Indian Point Units No. 2 and
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Figure I1I-17. Monthly Adjusted impingement;Rates for Atlantic
Sturgeon (all ages) at Indian Point Units No. 2
and No. 3 during 1979
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Figure I11-18. 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 fhe-
fall and winter. White perch, striped bass, spottail shiner, and white
cétfish’ exhibited é unimodal impingement péttern 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 tomcpd;';énd'
hogchoker had bimodal patterns which were somewhat obscured by unit
outages.  Of Ehe ma jor species impingéd, the majority of the impinged

" individuals were less than 12 months old.

D. SPECIES COMPOSITION OF IMPINGEMENT AND NEARFIELD COLLECTIONS -
l. Number of Species
a. Impingement

Seventy-four species of fish were impinged at 'the Indiaﬁ Point"~

"""" - . ITI-21 science services dlvqsion



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). Thifty-eight’species were collected
by beach'seine, 25 by bottom trawl, and 1l by surface trawl. These values
are consistent with previous years (1972 cthrough 19783) (TI 1980a) when the
number of species collected in the nearfield has ranged from 38 to 50. No
specieé new to the estuary were collected by nearfield sampling during 1979.
Ekcept for the absence of emerald shiner, all species preseht 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 857% of impingement

since 1975 (Appendix Table A-21).

- be . Nearfield

As in impingement collections, nearfield catches were numerically
dominated by a small number of speéies. .During 1979, 10 species compriséd
86% 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 yéars (Appendix Tables

8-2 through B-5).

111;22 science services division'



\I@
’ 3. Relative Abundance

a. Impingement

‘There was a major change 1in the reletiVe. 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 dranatically while the proportion of blueback
herringl decreased (Figure III-19). The drastic decrease in proportion-of
bluenack herring at Unit No. 3 was partly due to lack of Unit No. 3 operation
during the fall blueback .migration period. However, these. changes'bin
Vproportion<bdid reflect an actual increase in the number'-of 'white perch.
-impinged as 'well as an actual decline 1in the ,nnmber of blueback herring
impinged. ‘The changes in impingement-of thesevtwo species were apparently
due to changes 1in their abundance rathef -than changes in envirqnmental
parameters which affect their impingement. or ehanges 'in plant operetion'

V(Appendix Tables A-16, B-1, B-2). This conclusion is based on a-deerease«in'
1979  from . prenious 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 III1.C) when nearfield collections were not made. White
perch abundance 1nd1ces for 1979 do however indicate that the 1979 year
" class, which - represents the fall 1979 portion of the 1979 impingement bar in
Figure III-19, was higher than in the years 1975 through 1979 [TI 1980c (in .

. preparation)].

- Differences inm the relative ~ contribution of othervlspecies to-
impingement in 1979 were minimal compared to previous years. The proportion
of Atlantic tomcod in'impingenent collections during 1979 was similar to that
seen in 1975, 1976, and 1978 and lower than the 1977 contrlbutlon (Flgure
III—19). Bay anchovy 1mp1ngement was low durlng 1976 corresponding to high
levels of summer freshwater flow, which kept conduct1v1ty,near Indian-P01nt
low [Appendix Figure B-1 (a and b)]. Bay anchovy impingement has remained
rather ‘consistent during 1975, and 1977 through 1979. The lower probOrtipn
of bay anchovy at Unit No. 3 in 1978, and Unit No. 2 in 1979 reflect reduced
‘ operation of those units (Appendix Table A—l’6)‘ _during the summer when bay

anchovy are most susceptible to impingement. The contributions of other

III-23 " science services division
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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 pfoportion has been accompanied by an inérease iniactual 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 waterv‘

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 IIIL- 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 number
impinged can be at least partially explained by changes in abundance. Trendég
in impingement rate and young-of-the-year abundance indexes are similar, but
do not correspond exactly (Table 111—7). The discrepancy is due to the . fact
that impingehent of striped bass occurs primarily during the fall (OgtobefA
through Deéember) 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—yeér) and
during the-hinter_of the next year (as yearlings). Fo? example, théhlarge
1978 year class caused high impingement rates during the fall of 1978 and the
winter ofv1979. Thus, impingement during 1979 was high as a résulf,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
séine and unlined bottom trawl were lower than during any yeér_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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Table I1I-7

Number of Striped Bass Collected during Impingement Sampling at Indian Point Generating
Station and Rate of Impingement (Number/Volume) Compared to Water Withdrawal
(total unit discharge) and Abundance, Hudson River Estuary, 1975 through 1979

Year

1975
1976
1977
1978
1979

' Abundance'Inches

Total Unit
Number Discharge ' Rate Beach Seine Survey Combined 4
Collected (in million m3) Number /Volume - CPUA* Standing Crop
5,977 ' 1118.9 5.34 - 21.3 20
6,130 . 1329.1 . 4.61 15.5 18
27,677 2158.6 12.82 - 22.8 34
42,282 2030.4 20.82 31.4 33
50,511 ©1934.9 26.11 . 13.0 12

*CPUA = catch-per-unit-aréa;'1975 through 1978 values from TI.1980b
.1. .

from TI 1980c
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1978 - for liﬁéd bottom trawl and during 1974 for surface trawl). Tﬁe
lower catches .during 1979 were due to greatly reduced .numbérs of
blueback herring in{beabh seine, lined bottom.trawl, and surface trawl
collections and smaller catches of Atlantic tomcod by unlined bottom

trawle.

Rankings 6f species contributing "a large percentage of the
total catch~-per—effort of each gear, as presented in Figures 111—20
through III-23 were tested using Kendall's coefficient of concordance
(Siegel 1956). In this analysis, the category "others"” were considered
as one species. The proportional abundance of species in beach Séine
and surface trawl collections exhibited a consistent pattern _a@ross
years while species in lined and unlined bottom ;réwl collecfions did

not (Appendix Table B-8).

E. 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 stripqd
bass. The hatchery program was designéd 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 licehse -issued by the
Federal Energy Regulatory Eommission to Consoiidated Edison Company . of
New York, Inc. in 1970 to .construct and operate a .pumped“storage

hydroelectric plant at Cornwall, New York.

Dﬁring the three years (1973 through 1975) that étéékable.size
fingerlings (50 throﬁgh 150 mm TL) were reared, a total of more than
318,000‘str1ped bass were released into the Hudson River betweéanM 24
and RM 62 with the intent of monitoring their survi?aldthrdugh a reéap4
ﬁure effort. These fish were hatched at a pilot facility operated by TIL
at Verplanck, New York, using induced spawhing 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 magnetié nose tag prior to stocking.

As of 30 June 1980, 1,925 hatchery-reared striped bass have
been recaptured from the Hudson Ri&er and adjacent waters (Table III-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 fingepL;ng versus mq;ked hgtcheryfrggpgd finggrliqgs ghroqu time{
and has been shgwh to be similar to that of wild fiéh (TI’19Z7a), ‘Anély—
sis of stomach contents, gfqygh,‘ and movemenﬁé have provided evidenge
that'hatcheryfreéngq aﬁ& Qiid striped bass behave and grdw similaf%y (TEL

1977¢c, 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 distribqtioh of all recaptured

hatchery-reared fish since 1973 are presented. Also,_datavon 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 uile (RM)

24 and RM 62, have dispersed over the entire Hudson River estuéry'

(Figure I1II-24) within a year after release, as far upriver as Albany.

(RM 149) and as far downriver as the.lowest.pbrtions of the. estuary in
the vicinity of Staten'ISland, N. Y, and. Manhasset BayTon'Long Island (TI
1979b). Most wild striped bass appear to emigrate from the river before

Age I (TI 1977b) and, since so few hapqhgry—feared two and three year

olds were recaptured during 1976 and 1977 (Table III-8), it appears the -

natchery-reared and wild fish emigraté 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 Numberv Year Number
1973* 28,674 1973 . 46
. 1974 3
1974 101,524 1974 164

_ © 1975 - 442
1976 6
1977 b6
1978 21
1979+ 12 -
1980 5
1975 188,387 1975 925
1976 259
1977 10
1978 11
1979+ 13
1980 2
A1l Years A1l Years
318,585 Combined

Combined

1,925

*A11 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 '

Tthrough 30 June 1980
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Number Stocked
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[ToTTTTTTYTTTTTTTTTTTTTTTTTTTAALL 21878 1975
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12,666 leMsi1-e2| (\_____ Bridge _ ___ ____|__ RM 56-61 | " |
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Bear Mountain y{{ -~ """ """ T T TTTTTORCT ST T T T T T T TT T
Bridge PEEKSKILL Indian Point
6,637 |RM38-47 Indian Point RM 39-46 21,648 | 42,066
Generating Stationm _________ . ______{______|
——————————————————————————————— Crafenilay-
| .RM_3a-3s_137.429 169,352 |
________________ e e i (Tappan Zee
[9'371 {ans-zs[ Tappan Zee TARRYTOMN ‘M 24-33 | 33,088 | 51,435
oL _ . _Bridge_ . _._
28,674 Total
e b ]

Total

* Four fish lacked recapture location information
and are not shown on map. :

101,524 188,387

Numbe

r Recaptured

Age
11
0 and I}through
Vi
Above
SRS | RM 77-152 | 12| L.
Mid-Hudson ®. POQUGHKEEPSIE
Bridge
Poughkeepsie
RM 62-76 43 7
] e
NEWBURGH @ Newburgh-Beagcon Cornwall
o.__Bridge ______ | RM 56-61 8 3.
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Indian Point
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George: Washington 6 g 1
Bridge
RM 0-11 3 0
Outside
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Figure I111-24. Number of Hatchery-Reared Striped Bass Fingerlings Stocked in Hudson River
by Geographical Area during 1973, 1974, and 1975 and Number and Location of
Individuals (ages O and I, and II through VI) Recaptured 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 III-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

'(lO.lbcm stretch) gill net used is selective for fish >3$O-mm TL (see

Figufe B-51 in TI 1980b). Therefore, length aad weight data for wild
fish, ‘obtainéd _predbminantly from gill nets, may be. biaséd “high,
espeéially‘for'age groﬁps with 1éngths <350 mm TL”(ages IT and IIlI).
Data for  hatcﬁery-reared fish were obtained from several gear t?pes
(Table III-11 and TI 1980a) and thus may not be as strongly affected.bf

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 hatchery-reared striped bass contribute  to the Hudson

River spawning stock.  Sexual maturity has been determined for hatchery-

“reared fish (for methodology see TIL 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 IIIle). 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; 204 (3

of 16) of the females recaptured were mature (Table III-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

Hudson River. The collection of mature hétchéry-rearéd,striped bass in

the river during the spawning run with characteristics similar to those

of wild fish provides evidence that hatcherf-teared'fish contribdte_to'

the Hudson River spawning stock.
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Table III-9

Mean Total Length [iTL(mm)] of Hatchery-Reared and Wild Striped Bass Collected

during 1977 through 1980 in Hudson River Estuary during March through June Sampling Period

Hatchery-Reared Striped Bass

Wild Striped Bass

1974 Stocking 1975 Stocking 1974 Year Class 1975 Year Class
Collection . - o : ‘ - ' -
. Year Sex XTL (mm) SE N XTL (mm) SE . N XTL (mm) SE N XTL {(mm) SE N
1977 Male 344 26 6 227 13 369 5 150 239 56
Female ‘ND ND ND 237 10 377 8 98 230 54
- 1978 Male 417 16 16 373 24 456 295 384 134
Female 424 44 2 393 21 473 187 419 6 99
1979 Male 496 32 6 443 36 492 4 423 459 357
Female 558 44 5 - 425 © 15 533 5 244 476 4 209
1980 Male 574 61 3 ND NN - - - -- -
o Female 609 161 2 570. 100 2 - - -- - -
SE = Standard Error :
N = Sample Size
ND = No Data

Dashes indicate data not yet available
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Table III-10

_ Mean Weight [XWT(g)] of Hatchery-Reared and Wild Striped Bass Collected
during 1977 through 1980 in Hudson River Estuary during March through June Sampling Period

Hatchery-Reared Striped Bass

Wild Striped Bass

1974 Stocking © 1975 Stocking 1974 Year Class 1975 Year Class
Collection - o - - -
Year Sex - XWT (g) SE N XWT(g) SE. N ~ XWT(g) SE . N - XWT{g) SE ~ N
1977 Male 434 80 6 133 22 559 29 93 175 16
Female ND ND  ND 176 7 549 42 - 53 152 14 32
1978 Male g8 110 16 548 90 984 38 186 614 29 97
Female 834 266 2 731 . 125 1114 55 115 790 0 79
1979 Male 153 372 &% 1032 342 5 1317 . 48 235 926 31 174
Female 2080 420 -5 688 33 6% 1646 92 109 1043 38 107
1980 Male = 2567 858 3 ND.  ND O ND -- - - - - -
Female 3300 2400 2 2175 975 - 2 - -

30

SE = Standard Error
N = Sample Size
ND = No Data

Dashes indicate data not yet available

“#Two fish were in such poor condition at time of recapture that weight data were not taken
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Table III-11}

Hatchery-Reared Striped Bass Recaptured from Hudson River Esfuary, July 1979 through June 1980

n ll

GN

Stocking } Visible
Date x Season Reference- Length Weight. Nose Body Weight/ " Sexual
Recaptured RM KM Site Gear Finclip (Fa11) Tag Number (mm) (g9) Tag.. Sex: Gonad Weight Condition
20 Sep 1979 59 94 East 61.0 m BS’ 1st Dorsal 1974 JT 9481 494 1178 No: Male- --t Immature
21 Mar 1980 34 .54 ‘East 10.1 cm GN 1st Dorsal 1975 L 670 3150 No- Femaler 237 Developing
02 Apr 1980 34 54 East. 12.7 cm GN 1st Dorsal 1975 -» 470" 120U No:: Female: 190 Immature
07 Apr 1980 34 . 54 East 15.2 cm GN 1st Dorsal 1974 ke 626 3400 No Male 17 Ripe
24 Apr 1980 36 58 East 12.7 cm GN: 1st Dorsal 1974 L 448’_‘- 900 No Female- 145 Immature
I 30-Apr. 1980 . 46. 74 West .15.2 cm GN- ist Dorsal.:. =~ 1974 had 643 3450 No Male. 13 Ripe
30 Apr 1980 35 56 East 17.8 cm GN 1st Dorsal ' 1974 A 770" 5700~ No Female 23 Mature
12 May 1980 36 58 East 10.1 cm GN Both Pelvic 1974 A 452 850 Yes. Male 654 Developing:
*BS. = Beach Seine; measurement denotes. Tength

Gill Net; measurement denotes stretch mesh size; all gﬂl nets'91.4 m x 2.4 m

Body weight/gonad weight data were not available for this fish since it.was not in spawning condition during. September

*sgoginning in 1980, hatchery-recaptured striped bass were uniquely identified with-a sample number and individual fish’
Therefore, reference tag numbers were no longer used in 1980

identification mmber
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Table III-12

Maturity by Age of Hatchery-Reared and wild Strlped Bass
from Hudson River during 1977 through 30 June 1980

Wild

Hatchery-Reared

Year . Year Age Number .Number b Number Number
Stocked Recaptured (years) Sex Mature* Immature Others Mature*  Immature

1974 1977 111 ‘Male 5 1 0 12 22

o Female" 0 0 0 0 27

1978 Iv Male 14 2 3 72 10

' Female -0 2 0 1 58

1979 v Male 6 0 1 55 11

: Female 2 3 0 12 38

1980%* VI Male 2 1 0 -- --

' Female 1 1 0 -- --

1975 = 1977 II Male 0. 3 3 3 22

. Female 0 3 0 0 24

1978 11 Male 1 3 0 15 22

. Female 0 7 0 0 43

1979 - IV Male 1 4 0 - 54 17

Female 0 7 0 0 51

1980%** - V. Male 0 0 0 -- --

' Fema]e 0 2 0 -- --

UOIS|A|pP SODJAIOS BOUB|OS

*Inc]udes fish with body weight:gonad we1ght 1ess than 70:1 for females, 235:1 for males or fish

v1sua11y classified as mature

1'Number' of fish collected outside of spawn1ng season, or fish for which sexual condition not determ1ned

:**through 30 June 1980
Dashes indicate data not yet available.
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SECTION IV _
ANALYSIS OF DAILY IMPINGEMENT VARIATION

"A. INTRODUCTION

_ Data collected at the Indian Point Generating Statioa has
,prov1ded one of the most complete records of fish impingement for any.
- power  plant (Stupka 'and-' Sharma 1977). Regulatory ' technlcal
spec1fications require .contlnuous collection ‘and sampllng from intake
structures at 24 hour 1ntervals to prov1de daily counts by spec1eq of‘
the number of fish 1mp1nged (NRC 1975); however, this daily sampling_
regime may‘be more than adequate to reliably estimate impingement rates.
Recent studies by.Johnston‘(l976), Kumar and Griffith (1977), Murarka
and Bodeau (1977), Mararka et al. (1977), and El-Shamy (1979) have eacﬁ
suggested that precise estimates of mean daily and annual total counts
of fish impinged may be ebtained with a less than "daily sampling‘
schedale{ - If a program of less frequent sampling could be inatituted
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
magnitude of variation in daily impingement counts.. Those spec1f1c
times of the year with hlgh variation among daily 1mp1ngement counts' may
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
ba51s for selecting a reduced sampling design, and 3) evaluates the -
accuracy and prec1sion of annual total impingement estimates using three

reduced sampling,de31gns.
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B. ANALYSIS OF DAILY IMPINGEMENT VARIATION

1. 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 variation in volume of
coollng ‘water pumped. - Therefore, "raw” impingement - counts (actual
numbers collected from screen washings prior .to any 'adjustments for
efficiency) were scaled to reflect the estimeted nunber of,fishiwhich
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 Circelator
punps. Two maximum volume constants were used: one for the 100% pumping
capacity period from 1 April through 31 December (4.58 - 106m3'day_l)
and one for the 60%7 period from ! January ehrough 31 March of each
year(2.75 -'106m3-day‘1). Dates for ﬁhe winter period'were selected ep

encompass the tine when all circulator pumps at each unit were

continuously operated at 607 pumping capacity. " The earliest date all 6
circulators were continuously operating at 60% was 20 Dec' 1978 at Unlt
No. 3. The earllest date a lOO/ pumplng rate began was 3 Apr11 1979 for
Unit No. 3. Thus, 1 January to 31 March was selected to encompass the
period of 60% punping capacity. All analyses in this section used EMD
counts and were performed separately on Indian Point Units Ne. 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'raw data into “smooth” and "rough"ACOmponents, was applied to EMD
counts to empirically separate the variation from the temporal pattern
of impingement and to aid in identificatien of periods of high and low
daily wvariation. This procedure also served to smooth - acrtross 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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because it represented a period of nearly continuous operation and
typified annual impingement patterns. The degree of scatter in the
“rough” component directly reflected. thg variation which was removed
f;dm the raw data to draw the "smooth" curyé. "Raw"” and "smooth™ LMD
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 [=2.,3., Figure IV-1(b), June
1978, September 1978, and May 1979]. In periods when "smooth™ MDD
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 distinct 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 Wo. ‘3
01 Jﬁn through 31 Aug 01 Jun through 31 Aug
01 Sep through 30 Sep 01 Sep through 30 Sep
01 Oct through 27 HNov 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 EFFECT OF VARIATION ON ESTIMATES OF NUMBER

OF . FISH IMPINGED .

_ Partitioning of the year into nonoverlapping time 1intervals,
or strata, and differential allocation of sampling effort among these

strata provide a means of adjusting effort relative 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

V-4
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these, the empirical stratification described above, was based on the
natural véfiability observed in the pooled 1976 through 1979 impingement
data; the secbnd, a seasonal stratificapion,_consisted of four, 3 month
seasons (January .through March, April through June, étc.). A thifd.'
design, simble random allocation of days throughout the year, was used
for reference. Stratification, with random allocation of days within
strata, should allow impingement counts té‘be estimated more pfecisely
than if days were randomly allocated over an entire year (Cochran 1977,

Mﬁrarka and Bodeau 1977).

1. Statistical Methods for Testing Effects of Variation on
Sample Designs’ ’
For’each of the three sample‘désigns;.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,eﬁpiricai 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 samﬁled).
Fach of the 12 sampling. fractions tested, any of which could . be choéen
as the desired 1level of impingement sampling, represented a given
percentage (5, 10, 20, 25, 30, 40, 50, 60, 70, 75, 80, and 90%) of days’
withiﬁ a yeér on’ which impingement counts could -be made usingza reducéd
sampling(plan. The "exact" standard error of ﬁhe mean - for each'éamplihg
fraCtion3Was matﬁematicélly derived from ﬁhe entire set of available EMD
counts usihg_-mbdificatiods of formulée by Cochrép' (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., impiﬁgementvcounts had

not been made on each day of operation, the‘s;andard error .could only

have been épproximated.

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

S.E._ =-S5 [N-n
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where

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

<
1

'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.y) of simpie random sampling. A
second measure of preciSion;. the coefficient  of vériation; was calcu-
lated at each sampling fraction by expressing the standard error as a

percent of the mean (S.E.y T § 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)]:

S —
o L S
h N -
Ist h=1 h
where
S.E.yst = gtandard error of the stratified mean EMD count
. (yst) ‘

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

L - ' . : - =2 ‘ ~ science services division



9 ' . C
Sh = variance for the hth stratum in the “parent™
population :

The coefficient_of variation for stratified sampling was'éalculaﬁéd as ’
it was‘fdr simple random sampling (S-E-§st + §gr X 100%Z).  The actual
- number of days (EMD counts) for each sampling fraction was allocated to 4
each temporal stratum using a Neyman aliocation scheme (Cochran 1977);-
This method selected EMD counts (days) in dlrect proportion 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 1nferences made in subsequent analyses pertain to the
mean EMD count (y for simple random sampling and yg. for stratlfled
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 ' 5 ‘
1 1Y - or lest - (3)

S.E.,, =N.S.E.-  or N,S.E.-
‘ : st
‘where
T{ = annual total impingement count.

S.E.Tl = standard error of annual totalvimpingement'
-.count »

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

.S+E.5 or S'E'?st = standard error of the mean -as in formula (l)
: or. (2), respectlvely

N1 = 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 s.tandard error Qf the total would ' '
be 365,000 + 36,500 fish. ‘In Both cases, the coefficient . of variation

would be 10%. ,

2. Effect of Daily Impingement‘VariatiQn on Precision with
Reduced Sampling Effort

Precision increased logarithmically with increasing sampling
fraction for all threé»sampling designs at both Indian Poiht Units No. 2
(Figure 1IV-4) anvao.'3 (Figure IV-5). Simple random sampling was the
least precise, stratified rahdom sampling using four seasonal stfaéa was
intermediate in precision, énd stratified. random Sampling using
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 Uniﬁ No. 2

"(Figure IV-4), both stratified designé were cohsidefably more precise

than the simple random design, particularly at lapge sampling fractions.
The 'two stratified designs responded similarly to increased . sémpling
fractions (lines 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—S),
curves for the relationship between . precision and sampling fractions
were not as widely separated as at Unit Ho. 2, and the’pfecision of
sampling in seasonal strata more closely resembled that of simple random
~than of empirical; otherwise, . the patterns of precision were vVery

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% fraction. These differences were primarily due ‘ ‘ V

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

ience services diﬂsion
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No. 3 and were pgreatly feducéd when precision was expressed as a

~coefficient of variation (Figures IV-4 and IV-5). Fer example, with

empirical stratification and a 50%Z 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 10° + 0. 096 X 100 at Un1t No. 2

and 1.257 X 10% + 0.054 X 10® at Unit No. 3.

3. £fffects of Daily Impingement Variatiom on Accuracy =
with Reduced . Sampllng Effort

The 1976 through 1979 1mp1ngement data from Indian Point Units
No. 2 and No. 3 dlffered from the normal dlstrlbutlon ‘used in sampllno
theory kthese data were positively skewed), and no exact formula exists
for computing the degree of "bias” due to this nonnormaiity. Simulated
sampling wes used to determine the effects of nonnormality oni the
accuracy of 957 cohfidence limits for estimating yearly 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 violatiqns
(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‘aetual
95% confidence 1nterval about the estimated yearly mean EMD ‘enclosed the_
true mean EMD count.  The true mean was obtalned from daily sampllng
(1976 through 1979) at Indian Point Unit No. 2 and Unit No: 3, and
As1nulations were repeated 1000 times for each’ sampllng fraction at each
unit (No. 2 and No. 3). If a 95Z confidence level was achieved by the
design,.QSZIbf 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%Z 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 scheme
(Cochran 1977). If the 1 June through 31 August stratum received an
allocation of 28 déys, 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 957 confidence
limits was computed. This sample confidence interval was examined to
determine if it enclosed the true rﬁean (the mean of all EMD counts for
Unit No. 2 in the 1976 through 1979 period). This entire sampiing
procedure was repeated 1000 times for the 20% fraction at Unit No. 2 for

empirical stratification.

Results from simulated sanipling indicated that a 95% confi-
dence interval was nearly achieved at any sampling fraction greater than
207 to 30% (Figure 1V-6). Differences between empirical and seasonal
stratified designs were not apparent. At Unit No. 2, "confidenc_:e
intervals for means' from sampling fractions above 30%Z caught the true

mean approximately 947 to 95% 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
esfimated mean was generally lower than the true mean (Table IV-1).
Therefore, for sampling intensities a.bof\;e 20% to 30%, a 95% confidence
limit about the mean EMD count was accurate 93% to 95% of the time.
When it failed, the samplevmean EMD count tended to underestimate the

true mean.

D. AN APPROACH FOR SELECTING A REDUCED SAMPLING PROGRAM |

Selécﬁion 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 fo'r{ the stratified designs used in_
the above analysis. To illustrate the selection of a reduced sampliag ' . s

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

science services division
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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 Pgrcgnt Pgrcgnt 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 1.4 . . 9.6 0.2 9.8
20 10.0 0.5 0.5 91 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 11 5.4 5.2 1.2 6.4
Unit No. 3 . 05 13.1 0.3 S 13.4 8.7 0.1 8.8
10 8.5 0.3 8.8 . 6.8 1.0 7.8
0 5.2 0.7 5.9 ' 5.9 N C 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 56
40 | v 4.7 1.3 6.0 4.9 1.2 6.1
50 5.6 1.7 7.3 3.6 1.1 a7
60 4.7 0.8 5.5 4.9 1.3 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 5.9 0.7 6.6 5.4 1.5 6.9
%0 5.8 0.3 6.1 6.8 1.2 . 8.0

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

sclence services division
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Table IV-2

Sample Allocations® for Stratified Random Sampling Using Empirical or Seasonal Strata

Stratified

Percent of Year Sampled

Stratum

Sampling Design Dates 5 10 20 25 30 40 50 60 70 75 80 90 100
- Unit No. 2 Seasonal Stratification 01 Jan - 31 Mar 4 8 16~ 20 2 32 52 73 92 92 92 92 92
01 Apr - 30 Jun 2 3 6 8 9 13 20 28 38 a7 57 76 90
01 Jul - 30 Sep 2 3 6 -7 9 11 19 26 34 43 © 51 69 91
01 Oct -~ 31 Dec 11 23 45 57 68 90 92 92 92 92 92 92 92
. Total per year 19 37 73 92 110 146 183 219 256 274 292 329 365
Empirical Stratification 01 Jun - 31 Aug . 2 3 7 9 11 18 25 32 44 52 61 79 92
. 01 Sep - 30 Sep 2 2 2. 3 3 5 8 10 13 16 18 24 30
- 01 Oct - 27 Nov 7 18 38 47 57 58 58 58 58 58 58 58 58
28 Nov - 15 Mar 4 10 20 26 31 52 .'73 95 108 108 108 108 108
16 Mar - 07 Apr 2 2 2 2 2 3 4 5 7 9 10 13 23
08 Apr - 31 May 2 2 4 5 6 10 15 19 26 31 37 47 54
Total per year 19 37 73 92 110 146 183 219 256 274 292 329 365
Unit No. 3  Seasomal Stratification 01 Jan - 31 Mar 4 7 15 18 22- 28 37 44 53 58 64 76 92
01 Apr - 30 Jun 4 -7 14 18 22 29 35 41 50 56 62 73 90
01 Jul - 30 Sep 4 9 17 21 25 34 42 51 61 68 74 88 91
01 Oct - 31 Dec 7 14 27 35 41 55 69 83 92 92 92 92 92
Total per year 19 37 73 92 110 - 146 183 219 256 274 292 329 365
Empiricél Stratification 01 Jun - 31 Aug 4 9 18 23 28 37 47 58 75 83 92 92 92
' 01 Sep - 30 Sep 2 2 2 3 3 4 4 [ 8 8 9 13 30
01 Oct. - 10 Dec 5 12 25 -32 37 50 64 71 71 71 71 n 71
11 Dec - 31 Jan 2 6 10 12 15 20 24 31 39 44 48 52 52
Ol'keb.- 25 Mar 2 3 7 8 10 13, 16 20 26 29 32. 'S0 53
26 M'ar‘ - 15 Apr 2 3 7 9 11 14 18 21 21 21 21 21 L2
16 Apr - 31 May 2 2 .4 5 6 8. 10 12 16 18 19 . 30 4

19 % 13w 146 219 256

Total per year

110

183.

274 | 292 329 365

*Yalues represent the number of days to be randomly selected from each temporal stratum for various sampling fractions

at Indian Point Units No. 2 or No. 3

(perceni of year sampled)
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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 couﬁt for onée 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 mean 'daily collection size to
within +354 fish (the standard error of the 1976 thfough 1979 mean EMD
count). Using Equation (3), this would allow a precision of + 129,000
fish when estimating annual total iﬁpingement. The 95% confidence
interval 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 imﬁingement samples accord-
ing to the scheme iﬁ Table IV-2.. A 50% reduction in sampling effort at
Unit No. 2 using seasonal..stratification wouid require. that impingement

collections be made on the following number of randomly selected days in

each season.

0l Jan through 31 Mar = 52
01 Apr through 30 Jun = 20
01 Jul through 30 Sep = 19
01 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 Sébtemberj; the object‘being»to achieve a
low prdbability of not sampling days with high impingement counts.b 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 périods, to institute a
system.whefein once high impingement was encountered in a "less-than-
daily” sampling mdde, sampling could revert to abdaily schedule until

daily counts decreased.

E. SUMMARY

Daily  variation in,impingemenﬁ 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-=
mlcally as more days in the year were sampled. Simple random‘saméling'
was ‘the least precise and stratified random sampling was the- ‘most
- precise design at all reduced sampllng levels. For stratified sampling,.
an empirical stratification scheme based on sampllng during perlods of
high and low variation among dally impingement counts was only sllghtly.
more precise than seasonal stratification, primarily because of ;he
tendency for periods of naturalvvariation to be seasoqal. Sampling more v
than 30% of the year at Unit No. 2 and 20% of the year at Unit No. 3:
achievedS an 'accuracy‘ of approximately 93% to 95% in estimating mean
‘ dally or annual total 1mp1ngement counts. Finally, information was .
presented whlch illustrated the use of these results to select a reducedf

implnbement 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 v1ewed 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 1nta&e screens. Thus, it may provide a means of detecting

~major changes in the abundance of the impingeable life stages of bthe
more common species in impingement collections.' For example, etudies;of
North -Carolina's’ Cape Fear estuary in relatlon to impingementc at the
Brunswick Steam, hlectrlc Generat1ng Station revealed that the relatlve
" abundance of 1mp1nged organlsms generally reflected that organlsm s
relative abundance in the ‘estuary (Carolina Power and nght Company
1980). .. Claridge and Gardner (1978) assumed impingement provided a
relieble,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 in western England. To investigate: the‘ possibility of using
impingement to monitor fish abundance in the Hudson River estuary,
annual changes ‘in r1verw1de abundance of white perch strlped bass,,and
Atlantic- tomcod as estlmated from fisheries collectlons made durlng 1973
through 1978 were compared to annual. variations in 1mp1ngement of -these
‘species- ‘at the . Indian Point Generating ‘Station only. ' Since annual
changes in d1str1but10n of fish within the river may in itself result in
variatlon 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 P01nt) was com—
bined and also compared to the riverwide ebundances of these three

species.

B. DERIVATION OF INDICES AND ANALYTICAL APPROACH
Previous analyses indicated that the ma jor variables affecting
lmpingement‘at the Indian Point Generating.StatiOn.were the volume of

cooling water cireulated through the plant and  changes in - water
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temperature and salt front position in the estuary. Changes in salt
“front position cause changes in fish distribution -and thus alter

vulnerability to impingement. The primary factor .influencing water

temperature and -salt front position is the volume of fresh water
entering the estuary (TL 1976). Therefore, impingement counts were

ad justed by covariance analysis (Helwig and Council 1979) to remove

.variation due to changes both inm volume of cooling water circulated and

freshwater flow. The remaining annual differences in impingement counts
should then be due primarily to changes in the abundanée of fish species
impinged or to random error. - The annual counts (unadjusted for
collection efficiency) were used to rank each year in order of greatést

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 species (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 1life stages impinged. The juvenile -abundarce index
derived from beach seine collections in late summer and fall were used
for white perch and striped bass. The summér-fall abundance index for

juvenile Atlantic tomcod, however, was not used since an unknown

proportion of the juvenile popuiation 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 adjﬁsted‘ 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 1volumé‘ of
water circulated and a second based on éelected annual abundahce

indices. The two rankings were then compared using Kendall's Rank
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Correlation Coéfficient, T (Siegel 1956). Significantly similar rank-
ings- indicated that impingement reflected annual changes in riverwide
abundance ‘of thg'life stage represented by the selected abundance index.v
Aléo, fo.-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 ad justing impingement counts for freshwater flow
was tested by performing the same analyses described above without this
adjustment. 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 (TIL 1980a).

C. RESULTS
1. White Perch .

The rankings of white perch based on annual impiﬁgement 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
Qere 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 peérch impingement

ranking.

2. Atlantic Tomcod

Ad justed impingement values for Atlantic tomcod at thé Indian
Point Generating Station in the months September through March were
compared to the ranking of annual adult spawning populatidn estimates
made during corresponding time periods for the yeafs 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
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- Table V-1

Comparison of Annual Ranking of White Perch Abundance ‘from- Ad justed T .
Implngement Collections at Indian Point Alone, and at Indian Point, - '
‘Bowline, Lovett, Roseton, and Danskammer Generating: Stations
Combined to Selected Riverwide Abundance.lndices 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 : 1978 © 1978
1974 1977 1977
1973 1974 1974
1T = -0.07 T =20.87
T o_ + _
p =0.85 p' =0.01

*Ranked high to Tow from top to bottom .
1-p50.05 indicates significantly similar r'ankings*f' '

Table V-2

Comparison of Annual Ranking of Atlantic Tomcdd-Abundancé'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 o 1973:. ' 1974
1978 ' 1974 1978
1975 . ws. L 1e77
1977 1977 e 1975
; I N S

1= 0.60 1= (.60
'~ 0.1 ptc0.14

*Ranked high to Tow from top to bottom
Tp50.05 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

Rankings based on impingement collectioné_of striped bass at
the Indian Point Generating Station were not significahtly similar (p =
0.85) to thev juvenile abundance index ranking .from .July,~l973 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 fréshwater flow adjustment to impingémeﬁt

did not change the stripedEbass 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 (1)
and Associated Probabilities of Independence (p)

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
p’ = 0.85 pl =0.85

*Ranked high to Tow from top to bottom

+p_<_0.05 indicates significantly similar rankings N

........
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D. SUMMARY OF IMPINGEMENT TO RIVER ABUNDANCE INDICES COMPARISONS:

To evaluate the wusefulness of impiﬁgement collections for
monitoring year class strength, annual impingement counts (adquted 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 abuhdance 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 combihed‘can be
used to obtain a general indication of juvenile abundance for white
perch. However; white perch juvenile abundance ﬁas not been shown to
reflect relative abundance of the year class in later years (TIL 1980b),

thus changes in annual impingement may not indicate relative year class

strength. VanWink le ef al. (1980) performéd 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, ahd,réported a
nonsignificant correlation between annual 'ranking§ of impingement and

juvenile abundance indices.

Impingement collections cannot be ‘used to obtain a general

indication of abundance of the other two ﬁey 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 one .large year
‘class (1973). The low degree of variation in the juvenile abundance

~index during 1974 through 1978 may have been smaller than the sambling

error. In other words, impingement collections could reflect large
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differénces 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 cbncerning fish pbpulations'in the Indian Point érea 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 Statiom (RM 42) with two
distinct beach seine programs: ‘the "Standard Stations” Program in which
fixed sites from RM 39 through BM 43 are sampled, and the "Long River"
Beéch Seine Survey iﬁ which a subset of sites is randomly chosen for
sampling from all available sites in each of 12 river regions (Yopkers
through Albany, RM 12 through RM 152), one of which is the.Indiaﬁ:Eoint
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 composifion as long river .sampling-

conducted in the Indian Point region?”

The origin and developmen% of the Standard.Stations Program
and the subsequent development of the more eitensive Long River Surveys
will be reviewed. The gear and sampling designs will be compared to
determine the redundancy of the two sampling progfams. Past éomparisoﬁs
of standafd 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
coﬁpared 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 LONG 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 Poinf 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 betﬁeen 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
sfudy was initiated in early 1972 to permit assessment and mathematical
modeling of plant impact. This expanded study intluded 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 étriped 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 pléﬁts came on line and proposals
for new sites along tﬁe Hudson River were presented, the need for an
environmental study of the entire estuary became apparent. Beginning in
l973, more 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—Beacoh (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 prcgrams:
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 (1.e., fish collections with concurrent water quallty data) have
been collected by both surveys, and to this extent the two sampllng.'

‘programs have overlapped and duplicated effort.

Alﬁhough beach seines used by the two programs have been idenf.
.tical, the programs have differed in sampling design. The sites sampled
in the Standard Stations Program have been fixed (i.e.,'the sameFSites
have been sampled consistently and always at low tide) while .thbse
'sampled in the Long River Survey are randbmly 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 Vrandom or
‘totally fixed design. Because beach seine- sampling 1is restricted to
areas suitable for seining (i.e., unobstructed beaches), the Long River
- Survey has sampled a randomly selected subset of fixed stations.vFurther—
more, because estuaries are highly variable (e.g., fluctuatlons in salin—
ity, freshwater flow, etc.), fixed location sampling 1is not as con31s—
tent in the lower Hudson as it would be in systems where - the environmené
is more constant (e.g., terrestrial ecosystems or small lakes). Thus, .
lonb river and standard station beach seining designs “have differed only

minimally and therefore might provide similar results.

Bottom trawls, used by the two progfams 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 vin
abundance for juvenile Atlantic tomcod during 1965 through 1977 have
been attrlbuted to gear d1fferences (TI 1979b). Therefore, only beachr

seine data have been used in the new analyses presented in this section.
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Table VI-1

Comparison of Standard Stations and Long River Fisheries Sampling
' in Indian Point Region, Hudson River Estuary

Gear* Standard Stations

7-1IA

 UOISIAIP SOOJAIOS BOUB|OS

Long River in Indian Point Region

30.5-m Beach Seine Stations: 7 fixed sites Stations: Chosen randomly from all
: recognized available beaches
Frequency: weekly Frequency: one or more days/week until
A . regional allocation filled
Time: day, 2 hr before low tide Time: day, no regard to tidal stage
Season: April through December Season: April through December
13.5-m Bottom. Trawl Stations: 7 fixed sites Stations: 11 fixed sites
Frequency: biweekly (2 sets of samples) Frequency: biweekly (alternate weeks from
a. one using unlined net Standard Stations)
b. one using fine mesh liner
Time: day Time: day
Season: April through December . Season: April through December
Tow Duration: 10 min. C Tow Duration: 5 min:.

Gear:

trawl doors, 0.38 m x 0.76 m

trawl doors, 0.76 m x 1.22 m '

. Gear:
fine mesh cod-end cover
15.0-m Surface Traw]l Stations: 7 fixed sites Not Used
Frequency: biweekly
Time: day
Season: July through December

*For complete gear descriptions see TI 1980a and TI 1980b
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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 whichl 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 tﬁe'beach seine catches of both surveys. (TIL 19803). 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 conéerning yearly patterns and magnitude (Ti
1979b).

2.° New 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 Tabie 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
rankingé were significantly correlated for each year except 1979 and for
the acrdss years comparison (Table VI-2). Thué, standard stations and
long river beach seiﬂing 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 607 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.

VI-5 science services division



©9-IA

UOISIA]P $©D1A1I0S BOUS|OS

Table VI-2.

f“Comparison of Catch/Effort Rankings of ‘Ten Most ‘Abundant Fish Species Collected by
Standard Stations and Long River Beach Seining in Indian Point Region, .
Hudson River Estuary, during 1976 through 1979

Catch/Effort Rankings

-Standard Stétions Survey

Long. River Survey
(Indian Point Region)

| Species ‘ 1976 1977

1978 1979  1976-1979 1976 © 1977 1978 1979 1976-1979
Blueback herring 1 1 1 8 1 1 . 1 - 1 1 1
White perch - 2 3 4 2 3 2 3. 3 4 4
Banded killifish 3 4 2 1 2 4 8 4 2 5
American shad 4 7 3 7 4 5 4 2 5 3
Spottail shiner s 5 15 5 6 6 5 8. 6 6
Tessellated darter 6 8- 8 . 8 '8 9 9 9 9
Bay anchovy 7 2 7 3 5 3 2 6 3 2
Alewife 8 9 9 10 9 7 6 5 10 7
Striped bass 9 6 5 - 6 7 10 7 7 8 8
Pumpkinseed 10 10 10 9 10 9 10 10 7 10

1976 1977 :1978 1979 1976-1979
Kendall's 0.73  0.64 0.64 . 0.33 - 0.64
©.005.  <0.005  0.10 <0.005

Probability Level

<0.005
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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 té 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 stations sampling. This interpre-
tatidn. is based upon the fact that 78.2% of the blueback herring
coliécted during long river beach seine sampling came from only one tow
nade on lS’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 Statiohs Program was collected in ome sample. Standard
stations were not sampled again for a.week, a period during which the
blueback Vherring migration . through the Indian Point area probébly
peaked. Standard stations sémpling may have missed the peak of Ehe'
migrationvin'l979 bécause 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_weré
present in the Indian Point region for an extended period (July through
Novembef) add.weré reasonably well represented in nearfield catches (Ti
1977c).'v Thus, the " duration of the period in which blueback herring
oécupy the.Indian Point region appears to‘be more important than year

class size in determining catch sizes of standard stations samples.

b. ‘Trends in Commuﬁity Abundénce-n

Trends in abundance-of the major species comprising the Indian
Point fish community were compared between programs using a multi?ariaté
analysis of variance (MANOV), (Morrison 1976). Catch data from each
sample'was.ﬁransformed to reduce problems of nonnormality and variance
heterogeneity. The common tranformation &n(x+l) was used (Gnanadesikan
1977), where x wés the number caught, for each of the 10 most abundant
species (ail life stages combined). Mean annual C/f's were calculated
frpm the transformed data for each program. For each species, the mean
t;anéformed C/f was subtracted 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 exactiy the sane

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

conmparisons and inflated a levels. Because station 11 was not sampled

Long River Survey | ' Standard Stations Program
Year Year Year ' ~ Year
1 2 1 : ‘ 2
g p- — - - p—
a, W | a a, '1
! % %2 %2
as a3 a <:a3
210 %10 Lalo *10
hee - o L - . - L l =
LRA J ' l SSA
. 1.
a a,
a ag
%10 %10
b - | -
LRA-SSA R
-a,l -
a2
%3
Lalﬂ
S

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 aj 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 -
diécordance between programs for the 1976 to »l977 comparison was
produced primarily by differences for certain spécies in the magnitude’
of the change in abundance from 1976 to 1977  (Figure VI-2). For

examplé, while abundance of tessellated darter declined from 1976 to

“1977 1in both programs, 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 ffom 1975
to 1977 was quite similar between programs for striped bass, American

shad, white perch, spottail shiner, and biueback 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 ‘

Cdmparisbn

1976 to 1977 1977 to 1978 | 1978 to 1979 1978.to 1979*

12 | 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
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Tessellated Darter . Banded Killifish 5 _B]ueback Herring Spottail Shiner Striped Bass
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Figure VI-2. Comparison of Year—to-Year Changes in Abundance of Ten Most Abundant Fish Species
' as Determined during Standard Stations and Long River Beach Seine Survey in
Indian Point Region, Hudson River Estuary, 1976 through 1979




juVenile-striped bass, the number of long riQer bea;h seine tows in the
' Indian Point region was more than thice that of standard. stations tows
.(Table VI-4). Beginning in 1979, long.rivér samples were allocated to
each region based on shore zone surface area, and the sampling effofts

of the two programs were almost equal.

Table VI-é4

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 S 712
1977 e - 703
1978 - 267 : 584
1979 242 226

Because of the gfeater-sampling effort, relative abundanée was
‘probably more accurately depicted by the Long River Survey during 1976
through 1978. While the allocation scheme adopted in 1979 has removed
this aavantége of long ‘river sampling, other features of the long»rivef

sampling design make it the better program.

The fixed station design of standérd stations increases the

danger of bias due to confounding with ndtu:al -features within the

Indian Point. region. One such confounding natural feature ié the

tendency for the catches of some species to be larger at low tide$ 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, thé 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 threatéﬁ to disrupt
the program as it did for standard statioﬁs in 1979 when one of the
seven Stations;became unavailable for sampling. Furthermore, the Long
River Survey has a greater frequency of sampling days'ddring each'heek.
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 chanée 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. - Cear differénces
confound comparisoﬁs of standard stations and long rivér bottom trawls;
however, the beach seines are identical and have been sﬁown to yield -
similar results. Past comparisons focused on the degree.to which the
Indian Point area refleéted trends in fish abundance and species
composition of the estuary in general. New anaiyses presented in this
report cbmpared standard stations and long river beach seine sampling in
the Indian Point region to determine if the éame 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 hés_ several advantages -over
A the Standard Stations Program and may give a better representation of

the Indian Point fish community.
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SECTION VII

GLOSSARY

A B .

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.

Conductivity (spec1fic conductance): A measure of ‘the total concentra-
' tion of the solutes in water (i.e., a measure of salinity) deter-
mined by a solution's capacity to conduct aun electrical current.
' Since conductivity increases 2% to 3% for each degree centrigrade,
it is reported at a standard temperature of 25°C in milli31emens'
" per centlmeter (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/L). : :

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
2mp1n§ement rate (numbers 106~ 3) and maximum pumping capacity

1000 ' . S

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 Impingemeunt).

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. ’ o

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.

"""" | | | VII-1 * science services division



Impingement The process whereby the force of. water being withdrawn
‘through an intake screen forces organisms to come 1n 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 progranms 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 Indlan Point
Generating Station (RM 39 through RM 43)..

NRC: Nuclear Regulatory Commission.

Parent Population (sampling statistics): 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_‘parént'
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 14.

Popuiation (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. o

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 (°/o0).
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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. '

TI: Texas ILnstruments Incorporated.
Turbidity: The opacity of water caused by the presence of éuspended

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

Year Class: A cohort of fish spawnéd or hatched dﬁring 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 durlng the calendar year following the year
“in which they were spawned.

Young-of-the—Year: See Juvenile.
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Total Monthly Actual Count of Each Species Collected from Intake Screens

at Indian Point Unit No. 2 during 1979
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Table A-2

Total Monthly Actual Count of Each Species Collected from Intake Screens
at Indian Point Unit No. 3 during 1979
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Table A-3.

Total Monthly Actual Count of Each Species Collected from Intake Screens : :
at Indian Point Units No. 2 and No. 3 Combined during 1979
TAXON JAN FEB MAR APR MAY JUN JulL . AUG SEP ocT NOV DEC YR_TOTAL
N
ALEWIFE 15 ?? 16 50 580 297 5252 1429 4338 276 2880 i0 2728
BAY ANCHOVY ¥4 0 o 14 9785 3670 57720 26096 20758 115664 213 84 129975
AMERICAN SHAD 13 3 [} 1 32 .S 11354 7943 1423 1835 2422 42 25023
BLUEFIS 0 [} [ 0 [+} 388 3119 G645 62 15 o - [ 4030
BLUEGILL . 42 8 21 34 42 23 3 15 53 14 18 1Cc7 350
BROWN BULLHEAD 26 7 17 17 . 14 17 829 “5 63 17 30 1092
PUMPKINSEED | 541 285" 394 167 248 10l 57 &2 &3 265" 773 1065 4031
SLACK CPRAPPIE 12 3 7 4 2 4 Q Q [} 1 [« 3 33
CaPP 4 s 13 [ 0" ] 0- 1 0 0+ o9 8 33
AMEPICAN EEL 625 138 142 392 465 341 191 123 54 54 10Y 111 2737
SCLDFISH 190 161 “24 124 39 12 2 [+ 4 1 11- 14 1002
GOLDEN SHINER 28 s 86 a3 5 2 2 [} 2 2 3 9 241
HOGCHOKER 164 28 35 2934 9540 423 671 2037 2370 2228 2273 551 23234
TESSELLATED DARTER 20 14 &2 915 136 10 24 23 2 249 . 50 1640
SANDED KILLIFISH 157 74 138 54 28 11 9 21 64 109 1ol S¥é6~ 10&2
EMEFALD SHINER 1 0 [} [} 3 [} 0 [+3 o] -3 ] L&
LAPGEMOUTH BASS 12 5 - 22 1 3 o 2 2 o 0~ &- 52 107
MUMMICHOG 3 5 10 3 1 4 0 0- o] 2 3 6 32
ATLANTIC MENHADEN o] [} 0 0 20 32 182 177 33 [ 1- 2 451
MINNOW UNIDENTIFIED o] 0 1 [} [} 0 [} 0 o] o [} [ 1
CHAIN PICKEREL [} 1 [} 1 [} o [} 0 [} .07 o [} g
BLUEBACK HERPING 58 20 0 232 1283 768 5746 3036 1783 95200, 18939~ 111 122006 -
WHITE SUCKER . 1 1 2 2 [} 1 [} [+ [} [} 0 9 ;
ATLANTIC SILVERSIDE 1 i2 0 0 . 2 o o 1 0 0 o~ [ 16 K
PAINBOW SMELT 3200 42465 1882 3858 10562 2232 &82 402 533 1453 1444 1548- 32277 .
SMALLMOUTH BASS o] [} 1 0 0 0 9 0 0- [} Q. o 1 .
SHOPTNOSE STUPGEON o 1 [} -2 -1 0’ 0 ] 0 ' _0 0o % .
SPCTTAIL SHINER 1087 570 1206 2533 193 28" é3 254 42 164 310 830 7287 .
ATLANTIC STURGEON -3 11 & 20 4 6. 1 1 & 4 1 7
STPIPED BASS 26111 12962 5863 1423 &84 122 284 622 1014 594 366 - 2466 50511
4-SPINE STICKLEBACK 1 [} 1 5 0- [N [} [ 0o [ 33 33 53
ATLANTIC TOMCOD ) 3344 1073 4381 824 8299 18547 28135. 84369 10704 756 329 2817 159423
WHITE CATFISH 574 367 .309 225~ s52* 42 73 25 148" 551 . 5086 3258
WHITE PERCH. 385522 380325 157419 146251 33113 14671 4678 26232 34445 460324 126017 210140 1573199
YELLOW PEPCH 153 43 97 15 25 10 2 3 1 0. 22 21 591 &
ROCK, BASS L. . 1 2 18 T2 [} o [N 1 0 Q. [ [} 24
NORTHERPN PIPEFISH 1. 0 0! 0 5 © & [} 3 78 27 [ & 126
RECBPEAST ‘SUNFSH . [} 0 3 35 3 .3 [} é 1 0 1 3 23
ATLANTIC NEEDLEFISH - [} [} 0 0 [+ 0 0 1 1 -5 0 ] 2
COEVALLE JACK Q9 0 0 0 0 0 2 2 1 _.2- 1. 0 3
WEAKFISH . [} [} [} 0 o] [} 1 4462 2889 472" 305 - 131 82¢1
LCOKDOWN [o] [+] [} [} Q- [} 0 1 0 0 0
CLUPEID UNIDENTIFIED 0 9 [ [] 1 ] 211 460 143 4501 &92 1 6024
4-EEAPDED POCKLING 1 [} o [} o 0 1 0, 0. 0 o 0 2
SPOT [+] 0 ] [} ] [} 0 3 b3 [} [ 0 1
ICCNFISH 0 0 [} 0 o [} [} 1 ] 9 0 o} 1 i
NOCPTHEFN PORGY OR SCUP [} [} 0 0 Q 0 [} 1 o o- ' 0- [+4 1 g
WINTERP FLOUNDER 3 25 ? 16 1 o] 2 [} 1 20 0 [+] 59 -
TIDEWATER SILVERSIDE 2 ¢} 0 o ] 1 0 0- 0 [} [+ 0 3
SEA LAMPREY [ 2 Q ] 1 ] 0 0. 0- 0 0 1 o
GIZZAPD SHAD 945 16 2 [ 0 [ o] [} 0 1 3 55 1022 T
SILVER HAVE . [ 0 0 [ 0 .0 .0 [ 0 0. 1 3 .6 "
STRIPED MULLE 1 [} ] 0 0 0 [} 0 [} (38 [} [} 1 -
5-SPINE STICKLEBACK 37 158 147 41 5 [} 0 [} [} 38 [+2 9 428
BPCLN TROUT Q 0 0 [ 0 0 1 0 0. ¢ o [} 1l
BUTTEPFIGH 4 [} ] [} [} [} [} 2 1 1 1. 0 S5
WHITE CRAPPIE 1 1 o] [} [} [} [} [} [} [ 0 2 &
SILVER PEFCH 0 ] 0 [} 0 [} [} [} 3 0 0 0 3
CENTRAPCHID UNID 29 41 109 690 55 3 3 12 663 1373 2325: 1408 5113
SCUIPREL OP PED HAKE 22 7 0 1 [} [} 0 [} [} [} [N 3 33
CENTRAL MUDMINNOW [} 0 0 [} [} [} 3 0 [ [ 0 ] 3
GPU33Y [} 2 [} o} [} [+ 0 o o] 0 [ 0 2
EAST MUDMINMNOW [} 2 3 2 [} .0 L] o [} 0 - ~ 0 0 7
WHITE B~ASS 18 2 [} [} o 0 [¢] o 0 0. [} 0 20
FPCUGH SILVERSIDE o [} [} 0 1 1 2 e [ ] [ 0 s
SUMMER FLOUNDER 1 0 o [} 0 1 61 L 53 11 1 2} 224
STFIPED SEAFQEIN [} ] 0 ] o - [ ¢} ) ] 7 1 3 1l
NCSTHEPN SEACO3IN [} Q 4] [} [} Y 0 0 o] o 3 ¢ R
. 2 0 [} o] 0 [} 0 0 o 2 11 2647 ke2
[« ] [} 0 0 0. 0 0 0 0 0" 1 1
[} [} o [} [} 2 0 3 2 i, [} 0 11
0 ] o} [} [} [} [ o - 0 [} 0 1
WIKND 0 [ 0 0 [} <] ] o] 1 1 3- 0 5
SEASCSIN ] <] [+ [ 0 0 [} ] 0o o 2 0 2
AMERICAN SANDLANCE [} o 4 1 [} o [} o 0 o B [} by
ATLANTIC MACKEPEL o ) [} 3 [} [} [} 5 1 [+ [} 0 ]
BLACK SEA BASS [+ [} o [ [+] [} 0 0 ] 0 0 1 1
MUDMINNOW UNIDENTIFIED 0- o [+ 1 0 4] [} [ [+ 0- 9 [} 1
0 - 0 0 0 o . 0 1 -0 Q ol 0 Q :
SAND LANCE . 1 [} o o -0 [+] ] 0 Qd e 0 o] 1
COLUMN TOTAL 421087 400837 1489466 1460481 78438 41784 113557 159273 T7/LT 191517 157£F3  2227°2: 2181742
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Table-A—4_

Total Estimated Count of. Each Species Impinged Monthly at Indian Point Unit No. 2
(adjusted to account for collection efficiency)

during 1979

65549 20625

TAXON . ) © JAN FEB - MAR APR  MAY JUN  JUL AUG SEP ocT Nov DEC YR_TOTAL
ALEWIFE ‘ 20 78 14 8 218 109 © 0 798 10458 603 20 2916
BAY ANCHOVY 120 0 0 0 6970 712 0 0 65079 43347 642 173 117443
AMEPICAN SHAD 16 6 6 0 i9- 0o 0 0 1626 6974 5087 37 13815
BLUEFISH 0 © 0 0 0 0 66 0 0 43 59 - 0 0 148
BLUEGILL ; 43 10 18 14 20 & 0 0 170 55 36 221 . 595
BROWN BULLHEAD 42 4 5 14 24 0. 0 0 40 265 34 61 450
PUMFKINSEED 635, 375 472 118 164 78 0 0 141 1011 1623 2302 6969
BLACK CRAPPIE 14 . s Ky 0 8 4 0 0 0 A 0 & -~ 50
CaRP Py 3 156 0 0 o o 0 0 0 0 17 47
AMERICAN EEL 663 83 115 271 &62 369 O 0 86 213 207 230 3110
GOLDFISH 152 121 351 40 56 & 0o o 0 4 22 25 802
GOLDEN SHINER 24 20 64 27 4 0o 0 0 0 8 6 12 171
HOGCHOKER 160 22 40 2450 18337 834 0 0 6603 8471 4773 1157 428647
TESSELLATED DARTER 142 26 114 919 266 i2 o 0 24 & 515 165 2269
BANDED KILLIFISH 218 104 203 45 é3 8 0 0 99 418 208 &6l 2027
EMERALD SHINER 2 0 0 0 3 0o . 0 0 0 0 0 0 10
LARGEMOUTH BASS 16 6 22 0 & o 0 0 o 0 16 108 176
MUMMICHOG 4 8 18 4 0 & © 0 0 6 12 68
ATLANTIC MENHADEN 0 0 0 0 4 & o 0 12 16 2 4 42
MINNCW UNIDENTIFIED o 0 2 0 ° o 0 0 0 0 o . 0 2
BLUEBACK HERRING 87 22 0 29 669 324 O 0 3777 361764 39773 0 232 406677
WHITE SUCKER 2 0 0 2 4 0 0 0 0 0 o 0 8
ATLANTIC SILVERSIDE 0 18 0 0 8 0 0 0 0 0 0 0 26
RAINBOW SMELT 5581 7103 2469 - 2751 9973 803 0 ‘0 1722 5545 3033 3249 42229
SHORTNOSE STURGEON 0 0 0 0 0 0 0 0 0 0
SPOTTAIL SHINEP 1644 773 1628 1335 227 31 0 o 61 625 649 1743 8716
ATLANTIC STURGEON 8 14 0 14 6 0 0 20 16 8 2 582
STRIPED BASS 40995 20307 9171 942 633 238 0 0 2361 2258 771 5181 82861
4-SPINE STICKLEBACK 2 0 Sz 5 0 o 0 0 156 &6 173
ATLANTIC TOMCOD 5253 1873 914 1039 25687 32379 0 0 22743 2877 692 5917 99404
WHITE CATFISH 691 427 236 139 342 55 0 0 71 564 1153 1067 4745
WHITE PERCH 662932 623548 256602 134557 53766 11646 0 . 0 91984 229232 264643 441253 2775203
_YELLOW PERCH - . 270 73 150. 121 . 71 27" o0 0 : 6 L Gh 169 9
ROCK BASS . 2. 4 20 2 o 0o 0 0 0 0 0 28
NORTHERN PIPEFISH 2 0 0 o 12 12 0 0 221 104 8 8 367
REDBREAST SUNFSH 0 0 4 0 8 ¢ o0 0 4 0 2 6 24
ATLANTIC NEEDLEFISH 0 0 s 0 0 0o o0 0 4 0 0 0 4
cpEVALLE JACK 0 0 0 0 0 o 0 0 4 8 2 0 14
WEAKFIS 0 0 0 0 .0 o 0 0 5761 1799 643 275 . 8478
CLUPEID UhIDENTIFIED 0 18 -0 9 0 o 0 0 335 17106 1452 2 18913 -
SPOT 0 0 -0 0 o 0 0 0 4 0 0 0 4
WINTER FLOUNDER ) 2 26 10 4 o o 0 0 4 8 0 0 52
TIDEWATER SILVERSIDE 4 0 0 0 0 4 0 0 0 0 0 6 &
SEA LAMPREY 0 2 0 0 0 o 0 0 0 0 0 "2 4
GIZZARD SHAD 1202 14 4 0 ° o 0 0 0 4 é 114 1344
. SILVER HAKE 0 0 0 0 "0 o 0 0 0 0 2 5 8
STPIPED MULLET 2 0 0 .0 0 o o 0 0 0 0" 0 -2
"3-SPINE STICKLEBACK 65 307 J224 30 8 0o 0 0 0 0 0 0 634
BUTTERFISH 0 0 0 0 I 0 6 . © 0 4 2 ] 6
WHITE CRAPPIE 0 ° 0 0 0 o 0 0 0 0 0. 4 4
SILVER FPERCH 0 0 0 0 0 o o 0 - -0 0 0 -8
CEMTRARCHID UNID 43 69 193 77 115 8 0 0 2398 5220 4885 2960 15969
SQUIRREL OR RED HAKE 30 8 0 0 0 o o 0 0 0 0 6 46
GRUBBY 0 2 .0 0 0 o 0 0 0 0 0 0 2
EAST MUDMINNOW 0 2 4 2 0 o 9 0 0 0 o 0 8
WHITE BASS 18 4 .. 0 0 ° o 0 0 0 0 0 0 22
ROUGH SILVERSIDE 0 0 0 o 0 4 0 0 0 0 "0 0 4
SUMMER FLOUNDER 2 0 0 0 0 o 0 0 43 44, 2. 0 91
STRIPED SEARCBIN 0 0 0 0 0 o o 0 -0 27 2 6 35
NORTHERN SEARCBIN. 0 0 .0 0 0/ o 0 o 0 0 19 0 19
"ATLANTIC CROAKER 2 0 0 0 0 0o -0 0 0 & 23 . 518 . 551
LONGHORN SCULPIN 0 0 0 0 0 o 0 0. 0 0 0 2 R
HICKORY SHAD 0 o 0 0 0 6 .0 0 0 L& .0 0 4.
STRIPED ANCHOVY 0 0 ° 0 0 0 o 0 A 0 0 0 4
WINDOWPANE 0 ° 0 0 0 ¢ 0o 0 Pe 4 6. 0 14
SEAROBIN 0 Q o 0 o 9 o0 0 0 4 0 4
BLACK SEA BASS 0 0 0 0 0 o 0 0 0 0 0 2 2
SAND LANCE . 2 0 0 .0 0 o o 0 0 0 -0 0 2
“COLUMN TOTAL - ~ 721238 6 273094 144962 ° 123544 47751 . O o & 669826 ‘331471 6468115 3661753
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Table A-5

£
Total Estlmated Count of Each Species Impinged Monthly at Indian Point Unit No. 3 during 1979 ;
(adjusted to account for collection efficiency) i
TAXON JAN FEB MAR APR MAY JUN JUL AUG SEP OCT ‘NOV DEC YR_TOTAL
1
ALEWIFE 5 44 10 54 791 414 v&s?7 2150 .0 0 11702 B
BAY AMNCHOVY 12 ¢ 0 ‘19 11930 5234 &6587 39154 0 ] 148339
AMERICAN SHAD 5 0 0 1 54 pUSY 17039 11520 ‘0 Q 50532
BLUEFISH [} 0 o] 0 .0 563 46ES 676 -0 0 6003 :
BLUEGIUL .25 3 13 31 &3 35 -3 27 50 "0 217 *
BROUWN BULLHEAD 5 5 15 10 W1 =] 23 1251 -0 20 1332
PUMPKINSEED 258 123 204 . 133 317 128 %3 nles 0 NeJ 1465
BLACK CRAFPFIE 5 0 3 -6 0 6 0 HeJ 0 -Q 20 |
CAFPP 3 1l 5 0 By -0 0 .2 =0 0 11l B
AMERICAN EEL 266 113 100 313 366 372 294 ‘188 w0 +0 2166 .
GOLDFISH 121 118 308 125 T7 1% 4 0 ‘Q .0 778 %
GOLDEN SHINER . 16 10 63 &1 8 3 & 20 K -0 réo
HOGCHOKEPR &0 19 17 2121 7072 313 1015 3063 el ~0 14652 P
TESSELLATED DARTER 12 3 30 575 103 14 &2 "33 0 .0 ‘847 :
BANDED KILUIFISH 62 25 46 36 22 18 17 55 [} “0 321
EMERALD "SHINER 0 0 0 (o) 2 -0 [} 0 0 o 2
LARGEMOUTH BASS 4 2 13 1 2 0 &3 &4 R 0 o] 30
"MUMMICHCS 1 1 1 1 2 4 0 -0 2 ! ‘0 -0 10
ATLANTIC MENHADEN ] 0 0 [+ .32 .53 281 273 - i 0 0 -686
CHAIN PICKEREL o} 1 0 1 "0 o} 0 «Q 0 - [} -0 2
BLUEBACK HERSFING ‘19 10 0 2564 1663 *1035 874 4561 & : ] o} %620
“WHITE SUCKEP 0 1 -2 1 -2 -0 -2 20 0 i) [+] <0 3
ATLANTIC GSILVERSIDE 1 '3 =0 0 -0 -0 30 T 0 <0 0 o} -3
RAINZOW S™MILT 654 1032 847 3097 11916 3039 T334 &1L JLe3 0 0 0 22653
SMALLMOUTH BASS [+ 0 “1 0 "0 -0 0 0 ~Q 0 -0 o} 1
SHORTNOSE STUFGEON [+} 0 0 1 .2 0 .0 0 ~0 S0 "0 [} 3
SFOTTAIL SH"N:. 362 242 2283 -209 33 99 w2 A0 0 o} 4179
ATLANTIC STURGEON 4 1 ‘8 12 2 2 Q ‘0 [+] 51
STRIPED BLSS ! 5504 36853 1169 787 “es 432 594 0 "0 0 152790
4-SFPFINE STICKLEBACK 0 0 <0 .0 .0 %0 0 o]
CATLANT.IC T"MCOD @95 .226 1393 :.:2'31"5 15045 42209 ‘72082 L0 [} "0 194885
WHITE “CATRI w293 REL) 386 tels -y 770 "1 Ry 0 0 1599
rWHITE "P‘EFCH CH83611 ‘I'o0l4é 98615 .26679 17416 7025 15362 30 o} 0 430484
YELLOW PEPCH 25 7 ;‘25 “Tl4 13 6 - 0 -0 0 0 200
‘ROCK BASS 0 0 -9 "1 0 -0 ‘0 -0 -0 0 o} 12
© NORTHERN PIPEFISH (o} 0 0 0 4 2 -0 B3 0 [¢] 0 45 4
REDBREAST SUNFSH o} "0 1 .3 2 -6 0 ! 20 30 . 9 -0 24 =
ATLANTIC NEEDLEFISH [} o} 0 o} Q ¢} -0 : 0 0 0 [¢] .2 -
CREVALLE JACK [} 0 -0 ‘0 o} 0 . 4 w4 ‘0 50 0 0 =3
-WEAKFISH 0o o] 0 .0 ¢ o] T2 6701 2064 0 [} o] 8767 -
LOOKDOWH 0 0. 0 0 0 0 0 0 2 -0 0 0 2
CLUFEZXD UNIDENTIFIED 0 0 0 o] 2 [ 320 &8 7 95 o] LY 0 1114
4-BEARDED PCCKLING 1 (o} LY 0 o} [} -2 0 -0 L0 o} 0 3
SMOCNFISH 0 o} -0 -0 0 - 0 0 2 -0 w0 o} 0 2
NORTHERN FOP"Y OR SCUP 0 0 0 0 o} 0 -0 L2 0 0 0 0 2
OEP 2 14 & 15 2 v} 4 0 o} o] ¢} [} 41
0 1 O [ 2 0 0 o} 0 O [ 0 3
O 446 9 0 0 0 o} o} [o} o} (o] 0 [} 455
3- SPINE TICKLEBACK 13 59 47 25 é 0 -0 0 0 ] o} 0 145
BROWN TwCJT o] 0 o} 0 ¢ 0 2 0 30 ‘0 0 0 2
BUTTERFISH 0 0. 0 0 o} -0 o} 4 a2 0 0 0 é
WHITE 'CPAPPIE 1 1 [} -0 o] 0 0 -0 -0 Q 0 ¢} 2
SILVER FPEFCH o} [+ 0 . 0 [} “Q 0 .0 2 o} Q 0 2
CENTRARCHID UNID 3 S 20 27 39 - & é 22 Sé ¢ o] 0 233
SQUIPREL OP PED HAKE L4 3 o] 1 [} 0 0 [+ o} o] o} o] 13
CENTRAL MUDMINNCW 0 0 0 o} o} 0 5 0 -0 o} o} 0 3
GRUBSBY 0 1 -0 0 ¢ o] 0 0 -0 [ 0 0 1
EAST MUDMINNOW 0 1 1 1 [ o} 0 0 0 0 0 0 3
WHITE BASS 3 o} 0 .9 .0 ‘0 o} =0 o} -0 [} 0 3
POUGH SILVEPRPSIDE 0 o} 0 Q0 2 o} 3 Y 0 0 0 0 é
SUMMER FLOUNDER 0 o] [} o] -0 .2 95 143 71 -0 0 0 - 316
ATLANTIC CRECAKER 1 0 4} 0 0 L] 0. [¢] 0 0 <2 o} 1
HICKORY SKHAD o] Q0 Q ol "0 P .0 l2 -4 ke 0 0 20
AMERICAN SAND LANCE 0 0 o} 1 0 .0 - <0 0 ‘0 "0 [} el 1
ATLANTIC MACKE [¢] o] 0 -0 . 0 0 - 0 :S T2 0 o} 0 11
MUDMINNCUY UNIDENTIF"ED Q o] ‘0 i 0 0 =0 ¢ o] o] o] o} 1
MACKEREL SCAD 0 [o} .0 - .0 [} 0 2 - o} . -0 0 [} [o} 2
COLUMN TOTAL . 93130 T106392 46668 109924 64537 43966 170483 239086 35453 0 0 0 9095644
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Table A-6
Total Estimated Count of Each Species Impinged Monthly at Indian Point Units No. 2 and No. 3
- [
Combined during 1979 (adjusted to account for collection efficiency)
TAXON - JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC YR_TOTAL
. ALEUIFE : 25 122 264 62 1003 523 7887 2150 1145 1048 603 20 14618
BAY ANTHOVY 132 0 9 15 18500 5%46 86587 361534 70532 43347 642 173 265332
AMEPICAN SHAD 21 6 o 1 73 16 ¢ 17039 11920 3123 . 6974 5087 87 - 44367
BLUEFISH [ 0 ) 0 623 4685 &€75 122 59 0 0 6171
BLUEGILL : 65 13 31 45 a3 43 o 27 l8a 55 35 221 a2
BPOWN BULLHEAD 47 3 21 25 38 28 1251 36 2565 3 61 1852
PUMPY INGEED . 943 504 676 251 481 206 a3 129 215 1011 1623 2302 8436
BLACYH cr-‘t-FPIE 19 £ 11 & 8 10 -0 0 ., 0. 4 ] 5 70
cacs 9 2 21 0 0 0 0 2 o 0 0 17 58
MEPICAN EEL 1035 201 215 584 1228 T4l 294 188 140 213 207 230 5275
Goior : 303 233 £53 165 123 27 4 0 5 4 22 28 1550
GOLDEN SNIHEH %0 30 127 108 12 T3 3 2} L3 8 - © 15 360
HCSTHOVER 24 4l 57 4571 25416 1147 1018 3063 7553 8471 © 477 1157 57509
TESCELLATED DARTER 154 23 144 1494 36% 26 .2 33 53 as 515 le5 3116
BANDED KFILLIFISH .280 129 248 a8l a5 26 17 35 159 418 208 661 2348
EMESALD SHINER 2 o 0 ¢ 10 0 0 0 0 0 0 0 12
[4FGEMCUTH BASS . .20 3 35 1 10- 0 & 40 .0 0 16 108 206
MUMMICHOG 5. 9 15 5 2 12 0 0 0 8 6 12 78
ATLANTIC MENHADEN ° [ .0 2 36 57 281 273 59 16 2 o 728
MINNCW UNICENTIFIED 0 ° 2 0 0 [ 0 0 [ 0 0 o 2
CHAIN PICIEPEL [} 1 0 1 [+] 0 ] [} [} ] [+] 0 2
BLUEBACH KEFAING 106 32 I 293 2338 1359 874 6561 4965 361764 39773 232 416297
WHITE SUCKEP 2 1 2 5 5 0 2 0 0 o 1
ATLANTIC SILVERSIDE 1 21 ] ] 8 <] ] c 2 ] [ < 32
PAINBOW SMELT 6235 8135 3316 5843 21889 3842 1334 611 1845. 5548 3033 | 3249 64882
SMALLMOUTH 84ASS 0. ° 1 0 0 0 0 0 0 0 0 [ 1
SHOPTNOSE STUPGEON ° 2 3 2 0 0 0 - 0 0 0 0 7
SPOTTAIL SHI 2005 1015 2147 3613 436 64 99 390 103 625 649 1743 12695
ATLANTIC STUFGEZON 12 18 4 27 8 12 2 2 22 16 8 2 133
STRIPED BASS 46503 24260 10966 2111 1420 333 432 941 2955 2258 771 5181 98131
4-SPINE STICKLEBACK 2 9 2 8 0 0 0 0 0 16 &6 &l 175
ATLANTIC TCMCOD €273 2029 970 1432 - 28002, 47424 62207 126564 29825 2877 692 5917 294289
WHITE CATFISH . sed 023 671 525 558 120 70 119 LY 564 1183 1067 0344
WHITE PERCH . 746743 723655 298876 233172 85245 29002 7025 39356 107346 229232 2664643 461293  3205:a7
YELLOW PEACH 255 H 175 23s &% 53 A 6 4 0 44 169 1129
POCK BAS 2 4 29 '3 ° 0 0 2 0. 0 0 0. 0
NOPTHEFN FIPEFISH 2 0 0 0 16 164 0 6 256 104 8 8 412
PECBPEAST SUNFSH 0 0 5 3 10 6 - 0 12 4 0 2 6 8
ATLANTIC NEEDLEFISH [ [ 0 0 0 [4 0 2 L3 0 0 0 ¢
CPEVALLE JACK 0 0 0 .0 0 0. 4 R s 8 2 0 22
WEAKFISH 0 0 0 0 9 0 2 6701 7825 1799 6643 275 17245
LOOKDOWN ] [} [} ] [} 0 0 - 0 . 2 0
CLUPEID UNIDENTIFIED 0 18 0 0 2 . 0 320 697 430 17106 1452 2 20027
4+-BEAPDED ROZKLING 1 0 o ] 0 -0 2 0 0 0 0 3
spPoT : 0 o 0 0 0 0 0 0 4 o 0 0 4
MOONFISH 0 ' 0 ° 0 0 ¢ 2 0. 0 0 ° 2
NCRTHERN poncv OF SCUP 0 0 0 0 0 [ 0 2 [ 0 0 ¢ 2
WINTER FLOUND 4 38 14 19 2 0 - 4 0 "6 8 ] 0 93
TIDEWATEPR sszsnsxoz 4 0 0 0 0 4 0 0 0 0 0 0 &
SEA LAMPPEY : 0 3 0 0 2 0 0 0 0 0 ] 2 7
GIZZARD SHAD 1648 23 4 0 0 0 0 0 [ 4 6 114 1799
SILVEP ‘HAYKE. 0 0 0 0 0 0 0 0 .0 ° 2 P [
STPIPED MULLET 2 0 0 -0 0 0 0 [ 0 ] 0 0
3-SPINE STICKLEBACK 70 366 271 58 14 0 0 0 0 0 0 ° 779
BPOWN TFOUT 0 0 ° o o 0 2 0 .0 0 0 0 2
BUTTERFISH 0 0 o - 0 0 0 0 .6 2 . 4 2 0 12
WHITE CPRAPPIE 1 1 0 0 0 0 o . 0 0 0 0 4 6
SILVER PEFCH 0 o o 0. 0 0 0 0 10 0 0 0 10
CENTPAPCKID UNID 51 78 213 104 154 14 6 22 2496 5220 4886 2960 16202
SQUIPPEL OP PED HAKE 39 11 < .0 1 [} ] 0 -] 0 [+] [} 6 57
CEHYPAL MUOMINNOW 0 0 0 0 0 0 5 0 o 0 0 .0 s
G2y 0 3 0 0 0 0 o 0 -0 0 0 0 -3
EAST HUDNINNOH .0 .3 5 3 [] [} ] 0 0 [+] ] 0 11
WHITE BASS 27 4 0 0 0 0 0. ) 0 0 0 0 31
ROUGH SILVERSIDE 0 0 0. [ 2 4 o 0 0 0 0 [ 10
SUMMER FLOUNDER 2 0 0 0 0 2 95 148 116 44 2 ° 407
STPIPED SEARCBIN 0 0 0 9 0 o 0 S0 0 27 2 6 35
NORTHEPN SEARCBIN 0 e 0 0 ] 0 [ 0 0 0 19 0 19
ATLANTIC CPUAKER 3 0 0 0 ° 0 0 0 ° 8 23 . 818 582
LONGHORN SCULPIN 0 0 .0 0 0 0 0 0 0. 0 0 2 2
HICKORY SHAD 0 0 0 0 0 % 0 12 c 4 S 0 0 24
STPIPED ANCHOVY 0 -0 0 ] [+] [} ° ] e ° 0. [} 4
WINDOWPANE [ 0 0 [ 0 0 0 0 L 4 - b "0 14
SEAFCBIN . 0 0 [ 0 0 0 0 0 0 0 4 0 4
- AMERICAMN SANDLANCE 0 ] [+] 1 ] 0. [} o Q [+] -] 0 1
ATLANTIC MACKEREL 0 o 0 0 0 0 .0 s 2 ¢ 0 0 11
eLAck SEA BASS 0 0 0 ¢ 0 0 ] [ 3 0 -0 2 2
Nquu3uzoznrxrxeo' 0 0 0 b 0 0 0 ; S 9 g g %
: 0 0 0 0 .0 0 2 : © 0.
SAND LANCE . 2 ) ] - 0 6 0 0 0. ) -0 0 o - 2
COLUMN TOTAL i T 814368 761688 2. 254886 1188081 S1717 170483 239086 241716 689824 331471 5. 4571307

46811



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 yeaf. The following éodés

denote the 15 species presented.

AS
BH

_ SNS
ATS
SB
TC
WP
BA
BF
HC
RS
SS
WC
WKF

_Alewife

'American Shad

Blueback Herring
Shortnose Sturgeon
Atlantic Sturgeon
Striped Bass
Atlantic Tomcod
White Perch |

Bay Anchovy
Bluefish

.Hogchoker

Rainbow Smelt
Spottail Shiner

White Catfish

Weakfish

science services division
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’ ' Table A-7

Total Estimated Count of Fifteen Major Species and All Species Combined Impinged at
Indian Point Unit No. 2 Intake Screens during 1979 (summarized by week,
month, season, and year and adjusted for collection efficiency)

WEEK .
1 8 10 25 0 0 124678 1134 763644 120 o 148 2653 el 142 4 92887
2 o % 4 2 7592 t&S 55247 [} Q [ 59 346 142 o 65673
3 2 ] o o 9043 1235 £2216 0 Q 4 5 235 73 ] 73556
4 & 45 ] 4" 7737 1450 |, 2:1510 ] ] 8 1297 375 237 0 253543
5 4 15 0 4 5852 1245 235803 o Q 2 325 325 135 [+d 247256
$ 4 0 [} 13 26644 52723 8%028 o o 2 i93 91 57 ol 2561
7 32 16 o 2 4595 153 239766 Q- 0 10 3034 53 135 ] 246110
8 26 4 o % 3388: 21é 146757 9" o - 2978 112 101 o 152905
9 22 2 2 2 13933 358 2642633 [} 9 s 1949 646, 157 [ 2602238
Q 3 ° Q [} 047 131 639027 I ] 14 271 324 53 [} T2310
1 o o 0 0 607 2640 10922 3 o o 882 597 <1 0 14170
2 0 0 o .0 215 S0 7806 ] ] ] 501 150 22 o 8738
3 2 o 0 [} 144 301 25326 0 ] ig 613 2¢9 18 o 26991
& ° 9 0 2 &5 111 41621 0 0 Se 160 »290 28 ] 42704
5 2 [ 0 [ 218 303 346062 [ 0 114 e76 712 39 o 38293
[ ] ] [] % 282 @35 26418 Q 9 1é5 50 T2 24 o 31340
7 o 23 [} 8 296 120 19436 o o 1355 1428 &9 33 4 23340
8 6 & 2 [ 135 33 18306 ] ° 2843, 898 55 é1 ] 22730
9 12 35 [ 0 28 598 16331, 1654 [} 12739 4085 20" 114 4 30074
] o5 319 (3 o 179 3907 16869 2500 ] 2643 3450 54 - 60 0 30406
1 82 o 208 o o 213 13301 1142 2496 . [} e32 162 @1 e o 30544
i 2 50 15 122 [} o 233 &6é4 1120 324 -0 304 145 61 &5 o 22119
3 32 14 &8 Q o 48 5434 299 ‘145 [} 176 156 ] 19. [+ 8309
o 69 4 210" 0 ] Q1 20405 602 563 66 532 601, 8 20 o 28863
5 8 0 11 o 4 15 5754 676 o o “2 & -8 - [} 6533
6 ] [ o 0 0 -3 [} 0 4 4 0 4 o [}
? 4 Q. o o o o 0 [} Q Qo ) [ [} 0
28 [} o 0 0" Q9 ] 9 0 ] Q Qo o [} ]
29 [ [ [ Q ¢ ] -0 [ (4 0 ¢ [ [
3¢ [ [ 0 0 (-8 0 0 Q [ o 3 Q [
1 [ ] 0 o 4 Q Q ° ° o ] o ]
2 [} [ [ 0 Q 0 0 o o 4 ] o 0
3 o ] o o o [} o 0 o ] o o 0
4 4 o ° o [-3 o ] ] o Q 4 Q9 o
5 4 0. o o o -3 -] o 0 o o 0 o
36 [} o 0 [} Q9 0 ) o [ 0 ° 0 o
37 1 2 590 o o 12 3527 109 263 [ 0 34- o 0 69 1983
38- 3e 767 1591 4 s 10583 16170 5328 31722 12 3463 802" 38 28 3269 113926
T 39 416 847 2060 16 1258 6205 3727 32084 31 3063 a2 23! 39 2279 32
&0 3064 72 %557 0 556 1776 140027 16891 51 X4ll 251 56 “2 1501 43394
- 3 99 s2 63609 & &34 199 «1041 17402 -3 14678 1101, “ 144 (29 129930
. %2 113 &8 185797 & Y419 221 c2468 7030 0 2330 2707 407 137 a8 274950
43 455 353 94256 ] 532 602 76314 261é o 2509 1232 156 171 257 18972725
a4 279 375 32270 4 215 340 76524 696 o 2372 842 29 145 143 120062
45 217 139 13878 2 243 17¢ €7020 33 ° 1364 1ia2 ilo0 523 25 86761
(23 9 42 4178 4] 97 71 39036 51 0 5¢2 531 421 340 103 %8908
47 7 27 2246 L3 123 (34 T7574 33 o 520 619 49 88 337 83354
8 2 1s &7 [ 169 126 . 42328 37 [ 252 125 48 135 71 455046
49 2 117 4 a6é 6 278 4 0 lis &5 12 63, o 7950
50 2 14 2 295 as 45895 35 0 118 838 179 203 % 53139
51 1 2 26 o 460 1155 101226 - 74 [} 429 1458 315 219 165 105086
52 18 Qo 0o 3027 3215 262509 58 3 456 71 810 590 103 273786
33 [ o o 1102 1456 19420 2 ] 13 122 223, 57 o - 22910
MONTH - -
JAN 20 1 87 o 8 40999 5283 662932 120 [ 1é0 5581 1644, 0 721238
FEB 78 22 14 20307 1873 6235648 [ [ 22 7103 773 [ 655496
MAR 14 0 o 9171 914 256602 ° 0 [} 40 2469 1628 L] 273094
APR 3 29 14 942 1039 134557 [] Q 2430 2751 1335 0 1449462
MAY 218 1 669 Q 633 25687 58766 4970 (4 16337 9973° 227 ) 123544
JUN 109 [ 324 [ 238 32379 116466 712 66 834 e03 31 o 47751
JUL ] o [} o o 0 3 [ ] [} [ [} ©0 0 o
AUG o ] ¢ o o 0 Q 4 Q o o
SEP 798 1626 20 2361 22743 91984 68079 43 6603 1722 &y 5761 206288
ocT 1048 6974 361764 16 2258 2877 229232 43947 59 - 8471 5545 625 1795 £59224
NOV 60 5037 273 -3 771 692 264643 4 0 4773 3033 549 643 331471
DEC 20 232 2 3181 5917 441293 173 ] 1157 3249 1743 275 448115
SEASON
WIN 112 22 109 2 22 70477 8070 1543082 120 ° 222 15153, 4Q45 1354 [} 1649828
SPR ‘338 i 1022 2 1é 1e13 339105 - 204969 7082 - 66 21621 13527 1593 536 0 1462527
S$UM 798 1626 3277 [ 20 2361 227463 919846 68079 4“3 6603 1722 61 71 5761 2042588
FaL 1671 12148 401769 -] 26 8210 9486 935168 44562 59 14301 11827 3017 2784 2717 1489410
YEAR 2916 13818 406677 L] 82 82861 99404 2775203 1174463 “2847 8716 4745 53
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Table A-8

Total Estimated Count of Fifteen Major Species and All Species Cpmbined Impinged at
Indian Point Unit No. 3 Intake Screens during 1979 (summarized by week,
month, season, and year and adjusted for collection efficiency)

WEEK
1 1 2 11 2904 103 17435 12 0 70 387
2 0 ° 2 722 151 8050 “o 0 2 54
3 0 ° 0 27 T 524 7764 ° 3 14
3 3 5 847 28s 34725 0 s 187
s 0 1 366 21e 0017 o . 1 18
6. 0 0 347 42 16487 0 4 %0
k4 1 0 & 460 14 26425 0 “ 309
8 1 ° 2 694 6 26452 0 9 40
9 1 ] 2 0 3408 3 5506 0 4 294
] o [ 463 DY 1293 o - 2 49
0 170 1 235 0 . 403
. 0 a0 110 I 232
0 39 1 1480 0 1 149
1 1 0 36 1 24968 0 7 265
5 0 s 461 17 37463 ° 16 T68
6 11 0 3 2 260 10 17347 .0 21 1091
7 13 0 16 4 326 e 1576 0 1183 867
3 34 [ 125 4 155 Sl 34, 19 1836 326 . 39
90 ° 158 73 -39 338 3900 3687 5262 &0
257 35 834 315 36 968 4322 155 4084 57
338 19 513 . 262 171 642 2914 33 2325 e3
] ] 112 68 24 338 206 11 36 i3
3 s 5 15 6 17 17s 253 7 113 2 13
17 7 40 4 66 13&35° 845, 1911 10 10 2506 15 16 - 0
5 [3 0 33 2 s 41 453 39 86 3 221 5 16 0
6 8, 4 12 4 19 83 2177 3014 370 8 188 11 15
? ¢ 61 5 0 10 10 640 247 133 & 133 0 12
149 6509 12 2 56 12088 1962 2531 3168 49 504 36 10 -
690 3040 B S99 15048 13353 2862 685 26 32 19 18
5933 6448 370 181 13078 2137 2785 592 16 280 26 15
1318 1330 4640 141 5440 2312 793 150 107 - 121 50 30 1
597 5011 186 389 1156879 20246 1370 303 620 376 50 31 1048
942 5680 2739 295 7921 13:94 1376 221 1519 187 2561 37 3437
290 798 58 186 475 3246 818 a3 727 13 68 24 19¢
3 62 9% 116 [ 18 49 633 87 16 142 7 5 1s 24
é 148 1021 & [ 305 5183 6043 232 “b Lad 41 3¢ 7 134
7 182 456 60 283 1897 8991 308 33 72 77 4 8 70
s 9 6 s 27 286 o 39 3 2 2 1
9 [ 0 0 [ ] [ o [ 9
%0 - 0 o [ 3 o [ 0 ] [
4 9 [ [ Q 0 o [ 0
. - 0 [ [ 0 .0 0 [ 0
s 0 0 0 [ 0 [ °
4 0 [ 9 [ [ 0 0
45 0 . o 0 ° 9 [ ]
4 9 0 0 .0 0 o
7 9 Q ° 0 0 0
4 9 [ [ [ [ [
& 0 o [ 0 [ [
s [ 0 ° -0 [ [
3 ° Q ° 0 [ 0 [
s [ 0 ° 0 [ 0 0
5 ° o 0 ° [ 0 .0
MONTH : . .
JAN s 19 4 5504 99 83811 12 80 654 362 29 [ 93130
Fen éo 10 4 3953 22 100146 o 19 1032 242 19 -0 106332
MAR 16 9 1793 I3 42 13 17 847 514 23 0 w«bens
APR 54 264 b 1169 33 9861 2121 3097 2283 32 ° 109323
MAY 731 s 1669 7 231 26479 11930 7079 11916 209 .216 o . 04537
JUN 414 16 1038 b 1504, 17616 56 313 3039 33 & [ 23064
JuL 7887 17039 432 4220 702 86587 668 1018 1334 99 7 2 70683
AUG 2150 1192 6561 941 12656 39356 391584 67 3063 611 330 119 6701 239084
33 347 . 1497 1188 39 082 1536 545 2. 955 123 a2 15 2064 35%58
ocT 0 [ 0 0 [ Q 0 -0 [4
NOV [3 0 0 9 ° 0 [ 0 0 ] [
EC ° ° 0 ° ° ° ° ° ] [ 0 0
SEASON .
WIN 59 29 . 0 12 11252 12727 220231 12 .9 116 2533 1123 724 0 2566190
$PR 1239 7 2968 3 33 2051 17783 142510 17183 563 9513 18052 2523 667 0 218427
SUM 10384 30436 6623 0 & 1967 1758338 61743 131194 5440 5033 2068 331 208 8767 445027
FAL ] 0 [ o ] [ [ Q L] Q [} o
194888 430484 148389 4003 14662 22633 4179 1896 87267 9096446
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Table A-9

Total Estimated Count of Fifteen Major Species and All Species Combined
Impinged at Indian Point Units No. 2 and No. 3 Intake Screens Combined during 1979
(summarized by week, month, season, and year and adjusted for collection efficiency)

AS aH SNS ATS 5] BA BF HC RS ss WC WKF
12 36 0 0 15582 132 0. 218 3040 496 244 0
] S 0 3 &31s 9 0 2 13 438 211 °
0 0 9 ° a81? '3 9 2 312 378 110 [
N 50 0 7 &£534 [ [3 12 1984 4cs 317 Q
] 16 o 4 218 0 ° 3 343 374 167 [
° 0 0 5 2561 0 3 & 233 117 23 [
& 20 [} & 5035 167 2£4024 9 0 14 3343 34 121 [3
[ > ] El 032 283 171283 0 9 13 24a%. 161 161 ¢
0 o 2 2 Sél 330 257699 [ o 12 2243 540 199 3
0 3 [ [ 510 141 51965 ° -9 15 S 313 451 95 [}
0 0 9 0 777 250. 13250 o ] 5 1285 776 151 9
[3 0 0 [} 235 §7 8413 -0 [ .1 733 258 52 0
-0 0 [ 4 143 319 26306 0 o 30 762 347 107 0
1 1 1 2 21 129 66369 ° 0 127 425, 1311 105 ]
] 2 0 5 679 473 735258 0 9 295 1244 1630 151 ?
0 39 o S 542 601 46765 0 o 375 1591, 223 25 o
[ 187 [ 12 622 214 35177 0 o 2533 2235 329 140 o
Q 131 4 4 1294 44 24682 19 0 “577 1224 97 126 3
9 130 o 2 101 €37 14219, 5554 [} 16426 2347 a0 185 9
3% 1153 0 0 %4 4248 26550 Je22 ] 4215 7534 111 113 0
19 721 o 2 475 15014 17849 5410 0 1030 3945° 154 107 o
1s 23% 0 2 307 8395 1528¢ 7530 ] s1ls 151 74 - ]
s 241 ] o 74 5605 47351 433 0 249. 26% <10 32 0
7 615 ° 4 157 34300 16679, 2474 173 632 3107 23 36 [
0 349 0 2 c1s 6149 5260- .39 && 74 229 5 20 0
& 121 9 & 19 535 2177 3014 376 a2 1&8 13 15 .
&1 55 Q 0 10 1co 640 2475 133 42 133 K] 12 0
6509 126 0 2 55 12088 1962 25311 3168 490 504 36 lo [
3040 5% 0 0 as 15048 1353 25525 25 262 32¢ 18 1e o
£463 370 3 ° 181 13078 2137 17355 552 169 269 24 15 [}
1330 440 [ ° 14l 3440 2312 <7333 150 107 121 50 30 18
5011 1184 ] 2 389 116579 20266 13709 303 620 376 50 31 1043
5660 2739 0 0 235 7621 13894 13745 221- 1519 187, 241 37 3437
%2 358 ] 0 136 475 3246 3160 53 72 13, 68 24 1556
R 116, ] ] ie L4% 533 873. le 14 7 5 14 242
1021 546 ] ] 305 5153 £043 2320 s 446 41 34 ? 1345
68 £S5 0 -2 . 235 225% 10082- 33646 33 472 111 4 8 769
773 1616 .0 & 1057 16197 53539 31766 12 3502 807 40 30 3280
847 20¢0 ] 16 1259 4205 37271 3268% 31 3083 a82- 23 33 2279
722 4557 0 ] 554 1778 140207 168681 51 1411 251 5% 2 1501
228 e3¢ [ 4, €34 189 41041 174352 8 1678 1101 3 164 51
288 185737 0 8 419 221 62468 7C30 9 2330 2707 407 137 28
3531 94255 o 0 332 202 76314 20le ] 2509 1232 156 171 287
3757 32270 0 4 2158 350 76526 &34 o 2372 g42 29 145 163
1393 1337 0 2 263 179 67020 33 -0 1366 11282 110 523 25
222 4178 [ ] 7 71 39236 res ] 592 531 421 340 203
273 2246 [ & 12 b4 77474 33 0 820 619 9 &8 337
158 879 o 0 169 126 42328 37 [3 252 123 43 i3e 71
21 117 Q0 ° aé 3 7275 3 [] 114 %5, 12 -3 9
22 la ] 2 255 85 48695 35 0 118 895 173 203 4
25 26 9 ° 640 1155 101226 T 0 @29 1458 515 219 168
8 18 [ o 302 3215 262509 58 .0 456 718, 8190 500 103
0 0 ° 0 1102 1456 19420 2 3 13 122 223 57 0
21 106 0. 12 46503 6278 746743 132 3 240 €235 2006 s8s ]
5 3 2 18 24250 2039 72369 . o o a1 8135 1015 £23 [
] ] 4 10946 970 298876 0 57 331% 21¢7 471 0
1 293 3 27 2111 1432 233172 19 o 4571 S2as° Sels 525 °
73 2338 2 & 1420 22002 £5245 18500 0 25616 21853 &36 558 0
16 1359 0 12 333 47524 . 22062 5aub 629 1167 3842 56 120 [
17033 874 0 2 32 42209 7028 86587 4GEES 1015 1334 99 7O 2
11920 4501 [ 2 941 126554 39356 33154 676 3063 &1 398 119 6701
2123 4565 0 22 2955 29:25 107346 70532 122 7553 1645 103 <0 7885
€974 361744 ] 16 2255 2877 225232 43337 “ 55 8671 5543 ¢ 525 566 1733
5087 39773 [ 8. 7L 652 264643 s52 [ 4773 3053 649 1153 643
87 232 0 2 5161 5917 441293 173 ° 1157 3269 1743 1067 275
27 2 34 8172 9547 176931 132 ] 338 17686 5168 207 o
90 35990 5 4 3864 7685 27479 24848 629 3133% 31579 418 120 [}
32082 10630 0 2 4328 158528 153727 196273 5423 11636 3790 532 279 14528
12148 401769 0 26 821 T 94 55168 66562 53 16601 11827 3017 278 2717
464347 616297 7 133 98131 294289 3205487 265832 6171, 57509 564882 12895 6344 17248
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- ' . Table A-10

Total Estimated Weight (g) of Fifteen Major Species and All Species Combinednlmpingéd
- at Indian Point Unit No. 2 Intake Screens during 1979 (summarized by week, A
month, ‘season, and year and adjusted for collection efficiency)

PERIOD AL AS BH SNS ATS s8 TC LLd BA BF HC RS ss (21 WxE ALL SPEC
WEEK A -
1 212 [-1:4 58 [ ° 163210 36719 5844588 es : 1590 7 2584 . 1070 [] 878682
2 o 0 3 o 37 107239 18216 ©44306 o ] 87 1924 790 [+ 447887
3 146 0 o e -] 129379 30718 506843 66 8 1769 686 716417
4 137 69 108 ] 294 113448 34300 359401 107 S 1781 2300 3798254
5 57 . 31 o 382 102806 29425 2674949 21. 1 1346 966 2846067
® 59 o -0 369 50425 13165 908899 36 [} [ 256 994176
7 520 é 37 0 355 73109 3220 32050864 345 “ 297 829 3311116
8 631 13 0 93% 63515 4790 1767916 . 78 2 414 7505 1840139
9 363 4 1191 435 328947 8495 2480922 187 7 337 1183 28539832
33 [ o 0 79997 3122 208 272 3, 1332 837 723191
4 [} 0 0 4114 7677 220883 27 1184 3059 662 350920
4 Q 0 4 1104 19246 169569 0 &' 98 12¢é 205537
65 o o 0 295 7072 «55877 259 48 1148 1 ©94240
o 0 ° 286 65 2214 37¢792 883 2319 1510 703 398300
5 735 ] o o 317 419039 1165 “06 3144 2592 453927
6 ] o s 445 14281 261778 2611 2 994 480 314047
7 138 3277 9 1314 397 3a3¢0 1893 249 7 441 784 255872
& 5 & 1313 9 1416 1203 126407 52943 & 248 28 219421
9 166 3944 o o 27 235 504 4004 169482 2 122 2465 280612
87 9 11712 [ [ 1065 4252 1139 81790 “ 74 254 531 2584107
1219 14858 o o 26 16567 1147 8987 8379 989 514 . 163 248096
499 293 6308 ] o 30 13644 1402 1154 “179 966 349 2ls 206429
173 Q 2091 Q o 749 17301 706 51 1691 1007 57 7 11726
236 0 16330 [ [ 281? 564834 20683 178 134 2307 3572 38 260 328932
z 22 o 1053 1é 1611 1516 . 148 27 8 8 3667
o
7 o 0 Q
[ 9 Q
o o 3
[ 0 [ [
0 [ [ []
[ 0 0 [}
= 0 o o 0
o Q ] 0 o 9 o
3 o -4 0 3 4 o o 0
13 [] [ o L] Q [ 0
7 1 3 262 222 40 50 . 0 2. [ [ 21
8127 3074 9542 9 4864 10081 153467 8717 37 43183 272 140 8763 21105 653836

3 11541 327 9796 236 %30 3869 137617 8666 5 4843 297. 163 4047 169&06 380388

4 7688 331 14809 - 341 1722 849 4349 1888 27587 78, 327 12973 13866 240197

- 1451 478 161614 798 804 192 581 2614 274 34720 192 11 1373 65 433771

4 3 420 427139 75 165, 277 711 836 38627 3637 3158 90 406 699669

4 2298 1826 159710 co272 8687 570 294 35632 3688 691 738 1897 334728

L2 2288 19187 66476 74 1527 %689 586553 95 30466 2974 96 628 1144 411996

4% 1296 7318 28934 59 167 3027 9393 4 20477 2107 450 626 135 380247

46 7 26421 8292 R 61 1616 €69 10 . 7728 1088 1819 4509 929 21130

(¥4 9 1609 5538 ) 287 767 1167 &22 8534 2860 166 347 3334 32450,

43 9 1014 2284 - [ - 1098 431 als: 10 3855 34 136 592 81 21878

B3 5 118 271 0 707 19 3%7 2 1517 90 52 68 88

-4 3 115 38 0 3222 113 1731 2 1245 1706 864 3224 19742

5 2 139 50 o 7725 3415 4367 3 4862 3849 2409 5316 12 50990

5 15 70 38 [ 37025 11206 14188 6 6850 2048 %119 9011 3 161608

L o ° ] ° 16223 352 110094 366 1470 3128 19438

MONTH .

AN [ 149 202 [] 302 580475 134413 7231461 9. 1763 18440 9087 5464 82669583
PEB 1502 58 1191 2335 342840 43388 7682896 591 20240 5805 2981 8182784
MAR 1 [ . ] 344007 23644 26861 29871 7708 2104 3216471
APR 6 [ 36 1313 2127 13438 2703 13022 16605 6262 966 18035102
May 29434 388 33748 0 [ 29 3640 602 2430 261250 49499 1270 1178 1083382
JUN 4320 0 20578 [ [ 4528 9012 3228 230 13 4880 159 3587 525220
JuL [] [ [ [ o 0 [ [
AUG 9 ] 0 [] [] [
SEP 19847 63 1 [ 245 9273 14178 29682 17503 172 92906 791 164387 3946 849798
ocT 1258 38236 791008 ° 2314 16218 3166 27230 8134 as 143668 1102¢ 1348 63663 146218 2066236
Nov 26978 [ 3470 49946 13708 106933 75 62162 8447 2348 18449 -600 1363821
DEC b 4 [ 65007 202773 2187355 15 . 15062 7792 8927 25286 1% 2581361

SEASON . .
WIN 2909 210 1191 2837 1267822 201445 17600696 95 [} 3038 68251 20600 108491 0 196466178
sPR 35890 388 58006 133 2127 25893 153550 2085014 26610 134 291136 70984 7671 23000 [ 3113674
sum 19847 6377 19908 4 2458 9273 161786 296826 173039 1729 92906 5791 303 14387 394646 849798
FAL 16855 2731 874885 ° 5784 86216 248142 4028994 82286 2159 220872 27268 12623 89398 22408 6011416
- YEAR 73301 69726 - 983089 2504 13206 1388906 744923 264011330 384000 952 9621066

Y
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Table A-11

Total Estimated Weight (g) of Fifteen Major Species and All Species Combined Impinged
at Indian Point Unit No. 3 Intake Screens during 1979 (summarized by week,
" month, season, and year and adjusted for collection efficiency)

RERIO AL
WEEK
1 7 12 253 [ 0 33805 2509 133998 10 [ 1032 2475: 551 6776 0 208999
2 0 0 56 o 176 10002 4686 5199 0 0 S0 2231 668 7230 0 98162
3 o 0 0 o 0 10553 Q474 5324 o [ 112 5% 655 3499 [ 97807
4 42 ve 12 0 349 1018% 7546 26861 3 ° &7 635, 492 5724 0 33767
5 37 0 2 0 [ 4611 537% 13638, 0 0 24 35 343 1540 0 183709
¢ ] [ o 0 132 4908 931 12204 o 0 130 207 220 3369 I 1ice2
7 334 0 59 ° 221 4894 323 231561 9 0 52 1306 128 3110 0 250729
8 188 0 S 0 s8, 11129 1206 211154 0 0 221 20k4, 309 5034 o 248504
9 317 9. 6 0 0 98819 788 474771 9 0 114 2157 1330, 4440 0 553170
10 0 o 0 0 0 12317 252 9240 0 ° 34 <20 806 4722 0 135598
11 1866 [ 0 ° 0 10834 192 584 [ 9 30: 7015, 1504 £303 ° 154587
12 516é ° 0 0 0 5338 128 2096 0 0 9 3530- 457 4063 0 69823
13 640 9 0 o 476 3316 505 4500 0 0 288 2139 555 6386 ° 75149
1% 1731 1344 5 540 o 2148 545 43248 0 R 0 1168 3528 5347 3667 9 478670
is 2354 0 304 783 5760 4634 41201 0 ; ] 2945 %54 €253 6242 0 482291
16 2826 ° 8664, 372 3246 25340 19855 o 0 3433 10658 1716 4284 9 230417
17 3342 0 36430 822 8139 2952 295435, 0, 0 26700 5922 1944 2713 [ 410641
18 T24¢ 0 23334 89 536 3867 338 259 816 o 40725 2052 273: 1434 0 191186
19 11053 ° 10626 138 1229 428 31640 18407 0 &1557 335507 328 1¢€3 ° 228407 .
20 26507 752 29885 0 ° 3361 3758 19269 0 28554 25397 303" 2280 o 254346
21 23784 2353 45872 0 210 3358 2790 10371 11472 0 6237 15650, 421 2357 0 243070
22 8439 0 11296 235 979 795 &4 0 2065 234 ey 24533 o 121642
23 N 117 15119 ° 215 427 7139 1135 ° 210 71 3. 1939 0 115608
24 127 364158 578 973 31462 326993 £568 236 61¢ 20055 116 1236 ° 4538935
25 ‘0 45849 243 %2 i533 237227 140 2 451 1633 24. 1714 I 310643
26 -4 16646 218 369 2632 34876 13736 1132 3290 1539 80 1364 0 162038
27 90 7598 0 &cs 31667 - 985S 58 137 262 ° 2859 o 54221
28 14049 2547 230 ©1837 73439, 51498 103373 18577 3289 2207 235 1327 o 305255
29, 188, 4301 0 2100 101618 53926 91513 5536 2448 939 1¢s, 2556 0 39650%
30 16065 3155 0 1400, 96579 4973 100443 5343 1981 [ 19& 4538 ° 335151
31 3402 2784 0 1308 36227 7914 288458 1303 2022 prss 430 €797 S 185612
32 16829 5673 653 2621 556408 122585 52109 £356 agés 1177 777 11476 918 811828
33 16867 10963 0 1645 44011 155245 6982 6807 28742 517 2185 7589 5364 371247
3% 2326 281 0 2733 3776 58322 26468 3174 12847- 47 673 5153 5233 144511
35 251 3 0 328 318, 21899 2305 40 2817 N 47. 33&2 él2 38548
36 3287 3055 o 1526 37730 48541 £300. 2035 5330 2351 296 2101 a7 130321
37 . 1936, %460- 428 2351, 13e52+ 70696 10212 1555 5351 327: 33 353 5833 1536587
38, -8 95 ‘0 RS 144 176. 131 [ 317 26, is5 14 71 4951
39, "o o 9. 9. 0 oo 0 0 o 0 o° 0 0 ° o
89 o o [ 0 o, o 0 0 9 0 0. o, 0 [ 0
41" o 0. 0. 0 0 0 0 0 0 0 o, .o 0 0 °
42 [ [ [ o - 0 o 0 0. 0- 9! o 0 0 0
43 0 0 [ 0 0 [ [ [ 0 o 0. 0. 9 9 ¢ -
P 0 o 9 0 [ 9 0 0 0 9. Q- ot 0. ] 0 0
45 0 0 0 [ 0 0 [ [ 0 0 0 0 o 1] o 0
46 9. 0 0 0 ° 0 0 0 0 ] o, 9 o~ 0 0 0
47 0 0 0 [ 0 9 0 [ g 0 o Q 0. 0 o 0
48 0 0 0 0 0 [ 0 0 0. 0 o o ° ] [ o
49 o [ [ Q 0 0 [} [ [ [ 0 3 o o [3 °
50 [ 0 0 o 0 0 '8 0 9 o, 0 9: o 0 0 0.
51 0 0 [ 0 0 ] [ -0 [ o o 9% 0. ° 9 0
52 9 0 0 0 0 0 0. 0 0 o> 0 0 o- © 0 o
53 ° 0 ] [ ° ° Q ° [ 0 Q. o [ o 0 °
MONTH
JAN 56 90 323 0 523 67373 27488 611858 10 0 1305 3 2573, 23700 0 73121
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Table A-12

Total Estimated Weight (g) of Fifteen Major Species and All Species Combined
Impinged at Indian Point Units No. 2 and No. 3 Intake Screens Combined during 1979
(summarized by week, month, season, and year and adjusted for collection efficiency)
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APPENDIX A.3

Ad justed Impingement Rates

Impingement rates of 15 species predominant in impingement collections

(adjusted for colleétion efficiency) are summarized in the. following

tables by week, month, season, and year. The followiﬁg codes denote the

15 species presented.

AL
AS
BH -

SNS

ATS
SB
o TC
WP
'BA
BF
HC

RS

SS
WC
WKF

Alewife
American Shad
Blueback Herring

Shortnose Sturgeon

Atlantic Sturgeon

Striped Bass

‘Atlantic Tomcod

White Perch

Bay Anchovy
Bluefish
Hogchoker
Rainbow Smelt
Spottail Shiner
White Catfish

IWeakfish‘

. A-17
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Table A-13

Ad justed Impingement Rates (No./100m3) for Fifteen Ma jor Species and All Species Combined
Impinged at Indian Point Unit No. 2 during 1979 (summarized by week, month, season, and year)
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Table A-1l4

Adjusted Impingement Rates (No./10%m3) for Fifteen Major Species and All Species Combined

Point Unit No. 3 during 1979 (summar

d at Ind

season, and year)
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APPENDIX A.4

Volumes Circulated and Days of Operation
' at Indian Point
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Table A-15

Number of Days of Operation at Indian Point Units No. 2 and No. 3
and Number of Days Selected for Computation of Impingement Rates, 1976 through 1979

i

Number of Days

Number of Days

Unit No. 2 Unit No. 3 Unit No. 2 Unit No. 3
Year Month Operation* Selected Operation* Selected Year Month Operation* Selected Operation* Selected
1976 Jan 31 0 0 0 1978 Jan 31 5 31 28
Feb 29 1 24 3 Feb 17 0 28 23.
Mar ‘31 0 31 0 Mar- 0 0 31 28
Apr 4 2 30 0 Apr 0 0 30 28
May- 0 0 30 20 May 12 3 31 29
dun 14 3 30 19 Jun 30 28 25 21
Jul 0 0 31 14 Jul 3L 23 0 0
Aug 0 0 3 18 . Aug 31 24 19 11
Sep 16 3 30 19 Sep 30 17 30 14
Oct 31 13 31 21 Oct 31 24 31 20
Nov 13 9 30 27 Nov 30. 24. 30 23
Dec 24 10 31 23 Dec 31 18 31 23
Total 193 41 329: 164; Total 274 166 317 248
1977 Jan 31 20 31 22 1979 Jan - - 31 27 31 28
Feb 27 5 28 - 6 Feb 28 22 28 23
Mar 31 22 31 18 Mar 31 28 31 25
Apr 14 6 30 17 Apr 30 22 30 24
May 18 16 31 30 May. 31 30- 31 29
Jun © 30 23 30 19 Jun 17 14 30 22
Jul 3 1 31 25 e Jul 0 0 31 25
Aug 28 15 - 31 30 Aug 0 0 31 22
Sep 30 27 30 28 - Sep 19 9 19 12
Oct 31 26 12 7 Oct K} 29 0 -0
Nov 30 24 0 0 Nov 30 29 0 0
Dec 31 29 18 11 Dec 30. 20. 0 0
Total 303 214 303 213 Total 278 230 262 210

*Data obtained from Con Edison plant performance records
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- Total Unit.Discharge* (106m3) at Indian Point Units No. 2 and

Table A~16

No. 3, 1976 through 1979

Aug  Sep Oct  Nov

141.4

213.

Total - Jan Feb Mar Apr-- May - Jun Jul Dec

1976 Unit 2 462.4 79.8 75.1 . 81.9 . 4.3 0 2. 0 0 32,3 107.1 17.6 51.
Unit 3" 866.7 0 30.6 25.5 53.7 85.9 .93.7 107.0 113.1 80.1 104.9 98.1 74.
Combined 1329.1 79.9 105.7 107.4 58.0 85.9 106.6 107.0 113.1 112.4 212.0 115.7 125.
1977 Unit 2 1016.5 58.8 56.5 71.8 39.9 88.1 133.3 13.0 106.8 140,9 123.3 95.4 88,
‘Unit 3 1142.7 73.0 63.9 82.3 100.5 139.5 135.7 139.8 146.0 141.0 53.7 0 66,
Combined 2158.6 131.8 120.4 154.1 140.0 227.6 .269.0 152.8 252.8 281.9 177.0 95.4 155,
11978  Unit 2 1015.2 79.0 34.0 . 0 1.6 140.2 141.5 144.1 145.6 82.6 129.5 107.4 109.
Unit 3 1015.2 88.1 71.4 86.1 76.0 122.0 47, 2.1 38.7 121.7 140.8 133.6 - 87.
Combined 2030.4 167.1 105.4 86.1 ~77.6 162.2 188.7 146.2 184.3 204.3 270.3 241.0 197.C

1979 Unit 2 976.0 88.2 74.8 87.8 113.8 145.2  77. 3.8 4.0 78.1 123.1 97.4 82.
Unit 3 958.8 75.1 66.6 66.0 136.5 145.2 136.7 144.8 130.9 53.6 . 1.7 0.9 0.
Combined 1934.9 163.2 153.8 250.3 290.4  148.6 134.9  131.7 124.8 98.2 83.

*Including service water

-
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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 Numbef Number Percent
Date Released Recovered Recovered
05 Jan 180 119 66.1
0l Feb 180 122 67.8
15 Feb 180 105 58.3
13 Mar 180 57 31.7
27 Mar . 180 74 S S
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 Jun 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 47 261
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
4

Total 4,020 - 1,666 41.

‘ jence services division
A—26 science serv
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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 Jan 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

A-27
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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 Pér‘cent of

Test | Number Tagged Fish =~ Tags Only Tagged Fish
Date = Released Recovered Recovered Recovered

15 Jan 1180 87 v 4 48.3
19 Apr 180 120 2 . 66.7
26 Apr 180 o136 4 - 75.6
05 May 180 - 31 41 17.2
10 May 180 44 - 32 o 24.4
24 May 180 27 21 15.0
20 Sep 180 - 116 - 24 64.4
04 Oct - 120 46 22 ©38.3
06 Oct 120 67 0 55.8
13 Oct* 180 - 65 26 36.1
20 Oct 180 69 21 38.3
25 0ct - 180 | 55 31 30.6

31 Oct - 180 78 24 43.3
08 Nov 180 125 12 . 69.4
15 Nov 180 7 19 42.8
20 Nov 180 99 1 - 55.0
11 Dec 180 L1613 - 70.0
20 Dec 180 81 o2 45.0
28 Dec - 180 102 1 56.7
Total 3,300 1,851 340 47.0

- *Indicatesa multiple screen test as described in Appendix C

science services division
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 Table A-20

Collection Efficiency Test Results for Tagged-Fish'Released at
i 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 Jun 180 - 121 11 67.2
28 Jun 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 | '80.6
16 Aug - 180 147 - 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‘Appehdix c
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APPENDIX A.6-

Number, Percent, and Rank of Major Impinged
Species at Indian Point
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Table A-21

Number of Individuals (unadjusted for collectioﬁ efficiency),

: : ( Percent, and Rank of S :
Fish Species Impinged at Indian Point ‘Generating Statio ’ 579

n during 1975 through 1979

1975% 1976* 1977 . 1978 1979

Species'r Number Percent Rank Number Percent Rank » Mumber Percent Rank  Number Percent Rank Number  Percent Rank
White perch 299,325  43.0 1 440,641 54.0 1 1,094,592 37.8 ' 1 807,235  44.9- 1 1,579,199  72.4 1
Blueback herring 155,707 22.3 2 258,303 31.6 2 637,519 22.0 3 510,741 28.4 . 2 122,006 5.6 4
Atlantic tomcod 78,627 - 11.3 4 34,236 4.2 3 747,702 25.8 2 120,275 6.7 3 159,683 7.3 2
Bay anchovy 96,058 13.8 3 12,142 1.5 6 146,879 51 4 106,737 5.9 4 129,975 6.0 3
Hogchoker 18,839 2.7 5 14,795 1.8 5 25,472 9 8 46,524 26 5 23,234 1.1 8

. Striped bass 5,977 9 9 6,130 8 7 27,677 1.0 6 42,282 2.4 6 50,511 2.3 5
Rainbow smelt - 7,790 1.1 8 3,049 4 12 26,988 9 7 38,945 2.2 7 32,277 1.5 6
American shad 1,148 213 4,223 5 9 12,704 .4 13 31,993 1.8 8 25,083 1.1 .7
Alewife 4,243 .6 10 3,549 4010 58,592 2.0 5 30,908 1.7 9 8,728 .4 9
Clupeid unid. 108 d 21 79 1025 19,743. 7 M 25,444 1.4 10 6,024 .3 13
Weakfish 8,969 1.3 7 556 119 7,587 3014 12,927 7 0Mn 8,261 4010
White catfish 10,171 1.5 6 18,767 .. 2.3 4 24,755 9 9 7,498 4 12 3,268 .1 16
Spottail shiner 3,949 6 1 5,154 6 8 5,308 .2 16 3,886 .2 3 7,287 311
American eel 773 115 877 117 2,827 019 0 1,999 g4 2,737 1017
- Pumpkinseed 573 117 L8 2 1 2,949 RN 1,738 15, 4,091 20 14
Gizzard shad 921 .1 4 2,777 3 13 6,636 2 15 1,684 116 1,022 121
Spot 0 0.0 N/A - 1,471 2 16 16,267 6 12 .3 <.1 '56 1 160
. Bluefish 1,616 2 1,525 2 15 21,403 710 889 <.1 18 4,030 .2 15
Centrarchid unid. 277 1 18 3,135 4 N 3,283 a7 . 537 <1 22 6,113 L3012
Others 1,643 ' 2,903 ’ 7,349 5,781 8,210
Total 696,714 . - 816,130 2,896,232 1,798,026 2,181,740

*Units No..1, No. 2, and No. 3 combined for 1975 and 1976, Units No. 2 and No. 3 for 1977, l978, and 1979
tUnidentifiable clupeids were primarily blueback herring and alewives, unidentifiable Clupeidae and
Centrarchidae are not counted as separate species
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"~ Annually and Seasonally Adjuéted
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Adjusted Impingement Rate
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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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All Species Combined (number impinged/volume pumped) at (a) Unit
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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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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 1975 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
Cutiips Minnow
Satinfin Shiner
Btacknose Dace
Longnose Dace.
Northern Hog Sucker
Black -Bullhead
White Hake

Brook Stickleback
Green Sunfish
Atlantic Croaker
Tautog

Striped Mullet
Silvery Minnow
Comely Shiner
Fallfish

American Sand Lance
Striped Anchovy
Atlantic Mackerel

>
*
*
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*m = marine, e = euryhaline, f = freshwater
**X - indicate species was collected
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+ Black Sea Bass

Iabié B-1 (Contd)

Salinity
Species Preference*

Impingement -

Nearfield

1975

1976

1977,

1978

1979

1974 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

Four-Beard Rockling
Silver Perch

Spot

Grubby )
Common Shiner
Emerald Shiner
Smallmouth 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

53-h-hS-h—h—hEmE333555‘%**53333*0*@5ES-ﬁmBE‘m-ﬁE

Totals - m- 39
e-_ 17

X**
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“*m = marine, e = euryhaline, f = freshwater

**X - indicate species was collected
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Table B-2

Catch/Effort (C/f) and Percentage (C/f of individual species + C/f of all species combined X 100)
of Ten Most Abundant Fish Species Collected during Indian Point Nearfield Sampling Using
30.5-m Beach Seine, Hudson River Estuary, 1974 through 1979

1974 1975 1976 1977 1978 11979

Species C/f  Percent C/f  Percent C/f  Percent C/f Percent C/f  Percent C/f Percent
Blueback herring 8.08 7 33.10 22 56.28 37 77.14 49 96.07 49 3.31 4
Banded killifish 21.10 18 56.25 37 ©15.71 10 10.43 _ 7 28.10 14 28.21 34
American shad - 10.13 9 4.73 3 1353 . 9 5.19 3 19.18 10 . 3.48 4
White pérch 14.15 12 . 6.58 - 4 16.09 10 12.61 8 19.10 10 12.95 15
Striped baés 7.50 6 6.10 4 5.72 4 9.25 6 . 7.73 4 3.53 .4
Bay anchovy 27.14 23 14.55 10 7.31 5 16.77 11 5.58 - 3 9.05 11
spottail shiner 10:61 9 10.06 7 12.83 8 " 9.74 6 5.64 3 3.88 5
Tesselsted darter 3.70 3‘ .5;27 3. 7.54 5 3.86 . 2 | 4.38 - 2 ‘ 4.71 6
Alewife . 1.29 1 . 1.41 1 6.05 4 2.28 1 2.42 1 0.43 1
Pumpkinseed | 3.30 3. 3.51 2 - 2.47 2 1.58 1 1.02 1 1.76v 2
Others. | 9.02 8 10.60 . 7 110.36 7 9.20 6 6.57 3 12.43 15
A1 species v ‘ . _ . . _
combined -116.02 99 152.16 100 153.89 . 101: 158.05 100 195.79 100 83.74 101
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Table B-3

Catch/Effort (C/f) and Percentage (C/f of individual species * C/f of all species combined X 100)
of Seven Most Abundant Fish Species Collected during Indian Point Nearfield Sampling
Using Unlined Bottom Trawl, Hudson River Estuary, 1974 through 1979

1974 1975 © 1976 -o1977 1978 1979
Species c/f Peréent Cc/f . Percent N C/f Percent c/f Perqent' . C/f Percent C/f Percent

Atlantic tomcod 8.07 13 9.71 10 15.09 15 49.99 44 20.84 26 ' 5.73 11
White perch 12.96 21 11.61 12 13.96 = 14 | 4,28 4 1718 22 6.29 12
Hogchoker 25.91 42 18.94 19 8.23 8 5.32 5 18.87 = 24 11.80 23
Bay anchovy 4.33 7 19.95 21 32.65 33 2105 18 ° 10.14° 13 10.67 21
Blueback herring 3.65 - 6 18.31 19 20.36 21 25.51 22 4.24 5 10.67 = 21
Rainbow smelt 0.09 <1 1.16 . 1 ~0.88 1 1.40 1 2.3 3 1.01 2
Alewife 2.86 5 .21 - 12 2.55 3 3.4 3 0.83 1 . 1.39 3
Others  4um 7 632 - 71 5%. 6 -  3.63° 3 4.2 . 5 3.49 7

- A1l species o : : B - T
combined. 61.98 101 97.21 101 .  99.28 101 114.59 100 °  78.66 99 51.05 100
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Table B-4

Catch/Effort (C/f) and Percentage (C/f of individual species + C/f of all species combined X 100)
of Seven Most Abundant Fish Species Collected during Indian Point Nearfield Sampling Using
Bottom Trawl with Fine-Mesh Liner, Hudson River Estuary, 1974 through 1979

1974 . 1975 ' 1976 1977 A 1978 1979

" Species : C/f  Percent c/f Peréent -_ C/f Percent C/f  Percent C/f  Percent C/f  Percent

Bay anchovy ' 49;91 50 72.20 43 74.24 40 66.50 31 19.87 25 42.83 46
Hpgchoker | 819 .8 19.94 12 . 5.59 3 9.92 5 14.94 19 21.64 23
Atlantic tomcod ~ 7.84 8 14.74 9 8.45 5 35.57 17 21.62 - 28 7.69 8
White perch . 9.65 10 25.82- 15. ] i1;857.v 6 5.62 3 5.28 7 4.79 A5
Blueback herring 17.42 17 16.81 10 .76.34 41 : 80.77 38 - 6.75 9 . 3.39 4
Rainbow. smelt 0.63 1 | 0.89 1 2.67 1 4.24 2 . 5.20 7 3.28 4
Alewife 242 2 9.90 6. 1.9 1 5.5 3 o078 1 2.8 3
Others 4.05 4 9.47 6 6.10 3 497 2 3.2 5 6.10 7
_A11_sbecies . . ) . . ) : .

combined - 100.11 100 169.77 102 _ 187.12 . 100 213.12 101 77.96 101 92,58 100
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‘Table B-5

Catch/Effort (C/f) and Percentage (C/f of individual species + C/f of ‘all species comblned X 100)
) of Flve Most Abundant Fish Species Collected during Indian Point Nearfield Sampllng
Using Surface Trawl, Hudson River Estuary, 1974 through 1979

1974 1975 1976 1977 1978 1979

Species C/f Percent ~ C/f Percent C/f Percent C/f Percent Cc/f Percent C/f Percent
. Blueback herring 136.99 58 840.23 63 626.26 74 855.93 69 - 416.52 69 164.33 47
Bay anchovy . 75.96 32 464.35 35  ° 200.45 24 360.23 29 . 135.46 22 167.10 48
American shad 20320 9 13.32 1 11.69 1 . 9.02 1 31.15 5 13.30 4
Alewife B 0.55 <1 6.65 1 - 0.54 <l 6.74 1 19.01 3 1.23 <l
Bluefish 3.68 2 1.30 - <1 0.57 <« 1.62 <1 0.61 < 0.58 <1
Others 022 A 0.32 <l 7.08- 1 048 <4 2.50 q 0.28 <1
A1l species : S : v o : _
combined 237.72 101  1326.17 100 846.59 100  1234.02 100 605.25 99 346.82 99
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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 "1977 1978 1979
Species SS LR SS LR - SS 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- 5

~ Pumpkinseed 2 1
Tesse]]ated'darter 5. 3 2 2 Z
Banded killifish _  11 g 7 3 15_ 4 40 12
Blueback herring -39 34 52 60 51 57 5 52

- Spottail shiner

‘Striped bass _
White perch 11 13 8 6 0. 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 S 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 | 10.38%

Unlined Bottom Trawl 0.12
‘Lined Bottom Trawl - 0.30
Surface Trawl ? 0.94*

*Significant at a=0.05

‘Table B-9

_Collection of Blueback Herring by Long‘River and Standard Statidﬁ

‘Beach Seine Sampling in Indian Point, Hudson River Estuary
durlng Late October, 1979

Long River ' Standard Stations
Sample Number Percent of Sample Number Percent of
Number Period Caught Total Catch* Number Period Caught Total Catch*
2909 17 Oct 43 0.3 Coan 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 982 78.2 475 17 Oct 47 5.9
2931 18 Oct 5 <0.1 476 17 Oct 0 0
2932 18 Oct 81 0.6 478 25 Oct . 7 0.9
3055 250ct . 3 <0.1 479 25 Oct 0 0
3056 25 Oct 1 T <0.1 480 25 Oct 0 0
3057 25 0ct 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
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 2 0.2
3109 31 Oct 6 0.1 501 30 0ct O 0
3110 31 Gct 100 0.8 :
0 0

3131 31 Oct

*This refers to only blueback -herring of which 12,561 were caught by Long River
geach S?;;S and 802 were caught by Standard Statlon Beach Seine efforts
uring

TR
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- 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 th1s report and
task—specific 'schedules are described in Table C—l 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 coliection'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 totai count of
striped . bass, white perch, Atlantic tomcod, and all other speciesx

combined.

1. Impingement Monitoring at Indian P01nt Electrlc Generating
Statlon

a. Collection and Proce551ng ’

Durlng 1979, fish impinged on the 1ntake screens of Units No.
2 and No. 3 of the Indian Point Generating Station were 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 f1xed screen malfunction requlred 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 operationai were
not routineiy washed. When occasional nashing 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
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Table C-1

Schedule of Field Tasks during 1979 and Application»bf Data to Indian Point Annual Report

Task

Data Co]]ected

Data Uses (Indian Point Annual)

Standard Station
Beach Seine
Bottom Trawl
Surface Trawl

Long River Fisheries

Beach Seine
Bottom Trawl

Adult Striped Bass Program

Water Quality Program

‘ Impingément Monitoring

Number and size of juvenile and older

fish in shoals, channel, and shore zone.

Biocharacteristics data

Number and size of juvenile and older
fish in shoal, channel, and shore zone.
Biocharacteristics data

Number, size, sex, mark-recovery,
fecundity, and maturity

Temperature, dissolved oxygen, conduc-
tivity, pH, and turbidity

Number, size, and age (length class)
of fish impinged

Species composition and
relative abundance

Species composition and.’,
relative abundance '

Recovery of hatchery-reared.
individuals

Environmental factors affecting
impingement, abundance, and
species composition

Annual and seasonal impingement
patterns, relative abundance, and
species composition




e LC 1 =0 mm through Divy

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

The division values defined the upper total length limit for eéch age'
group [i.e., LC 1 contained young-of-the-year (YOY) fish, while LC 2
~ contained primarily yearling fish] and were determiﬁed by examining size
distributions of pfevioﬁs years' data, spot checking age by scale
anéiysis, and using reference literature. The division values were

updated periodically to allow for growth.

" Striped bass and white perch in éach>samp1e were individﬁally
counted and tallied'by‘length class. Other species, except Atlantic
tomcod, WereAprocessed as follows: 1) total weight of each species was .
determined (by length class_ where appropriate), and up to 100 individ-
uals per 1éngth'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 -
sdbsample. Adult Atlantic tomcod from each samplé were 'individualiy :
counted, as weré YOY tomcod during the winter ‘marking Season"(ls
November through 3I‘Decembér). From 1 April to 15'November, numbers of
YOY.tomcod were estimatéd by subsampling when total daily cdunts were -
greater than 100 (using.the subsampling technique desgribed above). For
the key épecies (striped bass, white perch, and Atlantic toﬁcod),
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 ‘collectiohs verm-'the
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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.

c. Determination of Impingement Rates

The magnitude of fish impingement'under i&eal_conditions'isA_
best assessed bj dividing the total number of impinged fish by the tbtal
volume of cooling water éirculated for each desired  time period
[adjusted (unselected) impingement rates, Appéndix Al. -Howevér, 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 dailyvimpingement rates, daily impingement
collection data were screened by Tl 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
-_(EMDis) (Section 1V) for the anal&sis of impingement variation in this
report. Selected rates were originated by TI in 1977 and'comﬁaredlto
more conventional unselected rates in a previous report (TI 1979b).
Recenf refinements of the .selection proﬁess, made  possible by improved
organization of the data base, have allowed a revision of tﬁe selection
process. The net result of improved selection ’procedures was the
inclusion of a greater portion of the impiﬁgément data thanvwasbused in
previous‘reports. The exﬁent of change can be determined by'cdmparing
percent of days selected in this most recent selection process (Appendix
Table A-15) with similar tables in previéus reports (TI 1979b and-
11980a). Selection criteria for data used in the analjses presented in
Section IV have been built into a standard computer functiqﬁ which éan
be easily and consistently applied to future data. Key criteria applied
in deciding whether to include _each .individuél screen wésh were as

follows:
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1) The circulator associated with each screen
being washed at a unit at a given time must
have operated continuously 51nce the last
time that screen was washed. '

2) The duration of the collection period for

* any screen being washed at a given time

nust not have exceeded 28 hours. = (This was

to allow a maximum fish accumulation period

of approximately one <day, yet enconpass
regularly scheduled washes which occurred

between 0800 dand 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 operatings. Unusual opera-—
‘ting conditions at any screean such as an
unscheduled wash, an abnormal collection,
etc. caused the entire unit's collection to
not be selected for that partlcular 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 inf
earlier énalyses (T1 ‘L979b and 1980a) with ﬁhe exceptions of a  nore
precise definition of the collection period (<28 hour°) and the abilityv
. to select on the basis of individual screen washes rather than selectln
or excludlng an entire day regardless of how many washes occurred that
day. It was this latter change, made possible by an 1mproved organlza-:
tion of _the-‘data base, which primarily -provxded_ the increase 1in 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 not collected duringv the impingement
ﬁonitofing process. Losses of impinged fish occurred due to a variety
of causes such as predation, water currents, and disintégration of fish

after impingement. - Such losses were aggravated'at Unit No. 2 by the
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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 meaéure 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). Eaéh test was composed of three releases at eaéh'of the
two /screens} the wunits were not tested simultaneously. A different
color of dye was used in each.release to examine the effect of impinge-
ment duration on fish loss. -The first fish were released at about 1000
hrs, immediatelyv 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 tést, releases were halted,‘but collec—
tions continued. Recoveryrof 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 impingemenﬁ near

the surface (TI 1975b), 18‘test-fish were releaéed'atAthev2.7 m, 6 at
4.6 m, and 5 at 6.4 m depths. At Unit No. 3, tﬁe thfee release loca-

tions (depths) were about 1.5 m in front of the traveling ‘'screen, while
.at Unit No.,2, the three positionvaere located about 1 m in front of
the.fixed screen. Individual screen efficiency was tested one time at
eaéh unit by releasing 30 dyed and tagged white perch as described above
at each screen at 1600 hrs. - Recovery of these fish begaﬁ with the next

screen wash and continued during all succeeding screen washes.

2. Standard Stations Program at Indian Point

‘»The> Standard Statiéns Program sampled juvenile and older

fishes in the vicinity of the Indian Point Generating Station. Sample

collection -and laboratory. processing were . similar from 1975 through

‘1979. Sampling in 1979 involved 14 fixéd stations between RM 39 and RM

43 (Figure C-i). ‘Begidning in April and continuing through December,
seven shore ‘zone stétions»(Table VC—2)A were sampled weekly during the ' ‘

- day, approkimately'two hours before low tide, with a 30.5 m beach seine.
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RM 47
Anthonys Nose

Bear Mountain

Dunderberg
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
P Beach Seine Sites _ Grassy RM 38 )
(8-12, 20, 21)  point

Figure C-1., Indian Point Standard Station Beach Seine, Bottom_Tréwl,
‘ . _ 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 aguatic

vegetation during summer; far’
from channel

9 South of Jones Pt. (RM 42, west Medium sized rocks and graveT
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, chénging to -

‘discharge canal (RM 42, east mud bottom with increasing
side) : ~ depth; maximum depth 3.7 m; little
vegetation; c]_ose to vchan_ne] ‘
11 35 m south of Trap Rock'Cdrp. Sand bottom; beach sloping
. barge mooring area (RM 40, west steeply to 2.1 m; Tittle 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 depth 1.4'm; far from channel
park. ‘

*At a distancg of approximately 30 m from the shoreline at low tide
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During the 1atter half of 1979, one beach (Station li see Figure C-1)
" was often obstructed by barges from a nearby rock quarry and therefore
not sampled. Seveh offshore stations (Table C- 3) were sampled twice
biWeekly dufing the day from April throuOh December using a - bottom
trawl; once w1th a flne (1.5 cm stretch) mesh liner aud again on another
day the same week without the fine mesh 11ner (3 2 cm stretch mesh cod
end). From July through December, each offshore trawl station was also
sampled b1Weekly during the day with a surface trawl . (4 mm stretch

mesh). - Additional gear dlmen31ons have been detalled in a prev1ous

:report (TL 1980a).-

" Table C-3 .

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

Station S _‘ 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 Verplahck Pt. and:Montrose Pt. -5

‘All fish collected by each tow were placed on ice to retard
deteriofatlon_ for subsequent laboratory processing. Each sanple was
sorted by species into four length classes (LC) as defined below. The
number of fish in each length class was‘recofded for each species, and a?
tendom subsample (maximum of 20 fish) ftom each length class for each
species was measured’and weighed. The four length classes were defined

as:

........
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¢ LC 1 =0 nm through Div;

e LC 2 =vDiv1'+ 1 mm through 150 mm
Q LC 3 = 151 mm through 250 nm

e LC 4 = 251 mﬁ and larger

The division value (Divi) was a wvariable length which changed
seasonally and was used to separate the youngest age group from older
 fish. Thé division value was determined for eaéh species by examiding
the size distribution of the population at regular intervais"(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 the fﬁllowiné-spawning,
season. The division values were reduced at the beginning of each
‘spawning seéson; thus,lanyuyearlings collected thereafter were counted
‘in LC 2. - The divisidn value was revised on vl June for all}species
except the winter—breeding* Atlantic tomch for which the revision

‘occurred on 1 April.

Atlantic tomcod from two standardlstation bottom trawl samples ,
péf 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 I -,

The  Beach Seiné ASurVey . yielded data on abundance - and
distribution of jﬁvenile and older'.fisheé in the shore - zbne of the
. estuary “and provided a major poftion of . the mark-recapture effort._
During April through June and Septembef through December of each year,
the esfuary 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-theAdaytime
from nearly 300 available beach sites. In 1979, samples were allocated
on a regional basis based od 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 tiames per week,',The 30.5 m seine was set perpehdicularbto the
shore, then towed ~clockwise to the beach to form ‘a semicircular:
impoundment. The wings (end panels) of the net’ were pulled onts the |
beach thereby concentrating the catch in the middle (bunt) of the net
(TI 1978, 1979a). | | L

For each'sample (beach seine tow), fish were sorted by species
and length group as in Appehdix 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 wihter marking period, and readily identifi-
able and easily counted speciee (e.g., bluefish), which were proceesed
in the field. Yearling and older fish ‘were counted and released in the'.
field except for year11ng strlped bass and white perch needed to. fllf
"length/welght quotas and certain uncommon species which were kept for

the reference collection.

Uplto 45 length and 25 weight measurements of yearling striped
bass and white perch during April through Junme and YOY- durlng July
through December were recorded each week in each of two super reg1ons'
(Yonkers throu?h Poughkeepsie and Hyde Park through Albany). Up to 20
“length measurements were recorded each week during July through December
for YOY alewife, blueback herring, Ameriean'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 o St 39 - 46
West Point ' - 47 - 55
Cornwall - - 56 - 61
Poughkeepsie 62 - 76
Hyde Park through Albany =~ - =~ 77 - 152

All YOY striped baé§ 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
finciipped from April through June (spring.marking season) énd ﬁagged
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,wefe tagged uéing-either a Floy fingerling tag

or a nylon internal anchor tag, dependant updn 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 oﬁ
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 Novembér, 38 fixed stations (Figure C-2) from RM 27 through RM
76 were sampleéd once during daytime with an- otter—type bottom trawl
equipped with a fine mesh (l.3 cm) cod-end cover (see TI 1979a for gear
dimensions). Catches were sorted and COuﬁted by épecies and length

'grouﬁ as in Appendix Subsection C.2. Young-of—the—year fish were
usuaily preserved for laboratory processing while yearling and older

fish were processed in the field and released. Up to 40 length and 29 ‘

weight measurements per super-region (YK throdgh PK and HP through AL)
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Mid-Hudson
" Bridge -

Cornivall-On-
Hudson

~Bear Mountain
Bridge

[RA& 1ndian Point Generating Station (RM 42)

: Tappan Zee -
| [ Bridge

Figure C-2. Interregional Bottom Trawl Survey Sampliﬁg Sites,
Hudson River Estuary, RM 27 through RM 76, 1979
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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 ffom
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 compreﬁensive study of adult striped:bass_(ZZOO 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 program by both TI personnel'and'commercial-fisher—'

~ men. ° Because the éommercial fishery. for Vstriped bass in ;he Hﬁdson
’ Rivef was officially closed in early l976,‘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 »directl? to TI. Each fisherman was
accompanied by TI persqnnel during net-tending. In édditidn, vtag
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 weil as an opportuﬁity to recover mature

hatchery-reared individuals that were stbckedvduring 1973 thfougb 1975.

~ Gill nets, haul seines, and a 15.m bottom tran_wefe.used by
TI to collect adult striped bass. Based ion distributibn_ during the
previous year, the gill net effort was_concéntrated in ;he'vicinity of
~ the Tappan Zee Bfidge, Croton Bay, and Haverstraw Béy 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 hesh sizes (10, 13, 15, and 18 cm stretch multifilament) and
ﬁsually from oﬁe_to four additional nets of éomparable wesh sizes. The
less size selective’ haul seines were iased to collect striped bass in the
shore zone, primarily in Haverstraw Bay (RM 33 through RM 38). The:15 m
trawl was usedvfor the first time in mid-May 1979.  Tows were made from
the Tappan Zee through Cornwall regions and although sémpling 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 hatéhéry-reared stfiped bass were brought to the
laboratory and examined for evidence of fin clips and magnetic nose tags
to verify their hatéhery origin. Dead striped bass were kept fof_
labbratory processing énd were also checked for evidence of fin clips
and nose tags. The maturity of recaptufed hatchery—reared 'fish Was‘"
determined by calculating the ratio of body.weight to gonad weight. A
ratio of less than 235:1 for males dnd léss‘_than 70:1 for females
indicated sexual maturity and therefore thé 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, scaie sample removed, sex determined (if

possible), tagged and released.

5. Water Quality Tasks

In 1979,-wétef qﬁality‘data were collected concurrently with
or subsequent to each impingement, standérd stations, ich;hyoplénkton
and long.river fisheriesAsample; The instrumentaﬁidn used to measure
watet quality'paramefers, as well as other-detailé, are de8criBed in
_Table C-4. 'All instruments and thermometers were calibrated prior to
daily sampling and checked for accuracY‘periodicaily during the sampling.

day.

Water quality data were collected at different depthé and
measured differently depending upon the task. (Ichthyoplankton and fa11 
shoal water samples were collected upon tow completion'aﬁd at ichthyo-

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

strata:

Depth Strata

Task S _ Surface Middle Botton

Standard Station Yes Yes Yes
Bottom Trawl

Standard Station Yes , No - No
Surfacé 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 efférts. Surface
water samples: were collected and returned to the 1aboratory ‘fqr
measurement of turbidity (from standard. stations beach seine and trawl
efforts), and conductivity (from standard stations .and long river beéch
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 eund of
- the intake near screen no. 31

"Discharge Canal - south of Unit No. 3 af 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 Determinationt, and
Instrumentation™ " Used to Measure Each Parameter during 1979

Instrumentation**. for each Task
and Water Quality Factor

. Sample* " Water _ , v :
Task ) - Depth Temperature pH D.O. Conductivity 4Turbjdity
Standard Station
Beach Seines | s ’ U A A o3
Surface Trawls - S F1 F7 F1 - R “L3*
Bottom Trawls - - S,MB F1 R F1 F1 L
' _Long'RivéE
Beach Seines S F4 - F4 L5 i
Bottom Trawls. (IRT). B F1 . -- F1 - Fl1 .. TT
Ichthyoplankton - 6 2 == F2. LG*r* -
Impingement S ‘ F4. - -- " F4 L5 - Co--

*S = Surface, M = Middle, B = Bottom, G = At biological gear sampling depth

TF = Field, L = Laboratory

~ **(1) Hydrolab Surveyor Model 6D in situ Water Quality Analyzer

Reserve Equipmeht:

(a) YSI Model 57 Dissolved Oxygen Meter (Temperature, D.0.)
(b) YSI Model 33 Salinity-Conductivity-Temperature Meter o
(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 _ o
(5) YSI Model 31 or 33 Conductivity Bridge or Markson Model 10_Conducfivity Meter
(6) YSI Model 33 Salinity-Conductivity-Temperature Meter ' '
(7) IL Model 175 Porto-matic pH meter '

"1$Turbidity was measured for surface sampies only

***F(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 coilected 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. '

. ’ - - ) i
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