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HUDSON RIVER ECOLOGICAL STUDY IN THE AREA OF INDIAN POINT
1986 ANNUAL REPORT

1.0 SUMMARY

Impingement monitoring of fish and blue ciabs was conducted at
the Indian Point Station in 1986, continuing sampling efforts that began
in 1972. Sampling was performed at units 2 and 3 following the strati-
fied random design first introduced during the last six months of 1981.
The stratified design consisted of 110 sampling days per year, divided
into four strata (seasons). A mid-January through April 1986 outage at
unit 2 resulted in & fewer sampling days during the winter stratum than
were allocated in the stratified design. At unit 3, the spring stratum
fell short of the design allocation by 1 day due to a May outage. Iﬁ
all other cases, the number of impingement collections allocated in the

stratified design was met or exceeded.

The estimated total number of fish impinged, adjusted for
collection efficiency, was 736,821 fish at unit 2 and 355,145 fish at
unit 3 for a combined total of 1,091,966 fish weighing an estimated
10,283 kg. Impingement abundance in previous years ranged from 850,000
to 6,470,000 (adjusted for collection efficiency). The estimated number
of fish impinged per unit volume of water circulated in 1986 totaled V
577/10°m® and was at the low end of the range from past years

(496-2910/10%m?).

Screen-specific collection efficiency rates obtained from
special studies at unit 2 during 1985 were applied to the 1986 data.
Using screen-specific adjustments for screen 26 during the winter and
summer strata and screens 21-25 during the winter stratum, and regres-
sion adjusted estimates for screens 21-25 during the summer stratam, and
all screens during the spring and fall strata, the estimated annual
impingement at unit 2 was 805,122 fish compared to 736,821 fish obtained

solely by the regression method. Including the unit 3 regression



adjusted estimate of 355,145, the combined Indian Point impingement
estimate for 1986 totaled 1,160,267 comﬁared to 1,091,966 using the

regression method.

Sixty-five (65) species of fish were recorded in impingement
collections during 1986 which was within the range from past years
(43-79). The oyster toadfish and white bass/striped bass hybrid were
new to the species list in 1986. The three most numerous species
impinged at units 2 and 3 in 1986 were, in order of abundance, the white
perch, Atlantic tomcod, and bay anchovy which comprised 83% of the total
estimated impingement abundance. Seasonal impingement patterns of these
and other selected species were consistent with past years. Monthly
impingement rates in 1986 were within the rangé of previous years for
most species; comparatively low monthly rates were observed for blueback
herring, striped bass, weakfish, and alewives, and comparatively high

rates for rainbow smelt.

Blue crabs impinged at units 2 and 3 total 5,210 which was
within the range of past years (348 to 12,316). The blue crab collec-
tion was characterized by a male to female ratio of 3 to 1, a survival
rate of 73.8%, and a condition status of 44.0% intact crabs. Most {95%
of the blue crabs collected ranged from 70 to 179 mm with a modal
carapace width of 95 mm. Blue crab reimpingement was investigated using
a tag and release study. A total of 2,280 blue crabs that were impinged
at units 2 and 3 were tagged and released at the unit 1 pier. A total
of 205 tagged crabs were recaptured. Eleven (11) of these crabs were
released and recaptured twice, one three times, and one was recaptured
once at both units 2 and 3. Excluding recaptured crabs and accounting
for tag loss while at large (2.2%), the total impingement count, of blue
crabs in 1986 was 4,363 crabs at unit 2 and 742 crabs at unit 3 for a
combined total of 5105 crabs at both units. Impingement rates
(no./10°m®) unadjusted for collection efficiency were also

higher at unit 2 than



unit 3. Peak rates occurred during June, July and August, and ranged
from 6.5 to 15.3/10°m*® at unit 2 and from 1.3 to 4.1/10°m®

at unit 3.

NAI was requested to evaluate the mark and recapture data to
see if they were appropriate for obtaining a population estimate of blue
crabs in the vicinity of Indian Point. Because the mark and recapture
study was designed primarily to evaluated reimpingement, several impor-
tant assumptions needed to make valid population estimates could not be
satisfied. Assumptions that could not be satisfied included: mortality
rates of tagged and untagged crabs are the same, tagging does not effect
catchability, migration is negligible in the study area, tagged blue
crabs are randomly distributed among untagged blue crabs, and tagged

crabs have the same probability of being impinged as crabs without tags.

The effect of formalin preservation on size measurements of
abundant juvenile fishes was analyzed to determine whether tissue
"shrinkage" caused by the preservative might affect comparison between
entrainment (preserved) and impingement (unpreserved) measurements.
Linear regression analyses were used to describe the relationships
between fresh and preserved measurements and t-tests were used to

evaluate each regression line.






2.0 INTRODUCTION

This report is the fifteenth in a series of annual reports
entitled "Hudson River Ecological Study in the Area of Indian Point".
Previous annual reports have presented the results of various studies
conducted at or in the vicinity of the Station, including impingement
sampling, fisheries surveys, mitigation studies and ichthyoplankton
entrainment sampling (Texas Instruments, TI: 1973; 1974; 1975; 1976;
1977; 1979; 1980a; 1980b; Con Edison: 1982a; 1982b; 1983; Normandeau
Associates Inc., NAI: 1984a; Martin Marrietta Environmental Systems,
MMES: 1985; NAI: 1986). This report discusses the 1986 impingement data
and interprets these latest study results in conjunction with the
findings of previous years. Estimates are provided for the total number
of fish and blue crabs impinged at each unit and for all individual
species. Seasonal impingement trends at units 2 and 3 are also

discussed.

With the implementation of the Settlement Agreement, the
Hudson River Utilities (Consolidated Edison Company of New York, inc.,
New York Powgr Authority, Central Hudson Gas & Electric Corporation,
Orange and Rockland Utilities, Inc. and Niagara Mohawk Power Corpora-
tion) re-examined each of the programs they had been conducting to
determine whether the effort allocated was sufficient. For the Indian
Point impingement program, it became evident after extensive data
analysis and literature review that daily collections were unnecessary
to maintain acceptable levels of accuraéy and precision (TI 1980b; NAI
1984b). Three potential sampling strategies wyere evaluated in terms of
the accuracy and precision afforded by each in estimating total fish
impingement at the Indian Point station. One design randomly allocated
the sampling effort throughout the year. The other two designs were
both stratified, one on a seasonal basis and the other based on distinct
periods of high and low impingement variation at each unit (TI 1980b).

The design that was ultimately selected utilized seasonal stratification



and involved sampling on 110 days annually. Simulated sampling at this
yearly level of intensity (30%) was found to be very accurate --i.e.,
the 95% confidence intervals about the simulated mean of daily impinge-
ment counts enclosed the true mean (the mean of all daily impingement
counts for each unit in the 1976 through 1979 period) at units 2 and 3
more than 92% and 93% of the time, respectively (TI 1980b). Increasing
the sampling intensity beyond 30% resulted in cnly marginal improvements

in accuracy (TI 1980b).

Precision and accuracy of the reduced sampling design (110
days per year) implemented in 1981 was reevaluated after 1983 by
examining the combined impingement data base from 1976-1983 (NAI 1984b).
Species-specific impingement rate changes during 1981, 1982 and 1983 did
not affect the precision or accuracy of impingement estimates. Simi-
larly, mandated changes in plant operating flows have not detracted from
the validity of the reduced sampling design. The inclusion of post-1979
collections in the evaluation produced a slight revision in the way in
which the 110 sampling days were allocated among seasonal strata, and
this revised allocation was used beginning in 1985 (NAI 1984a). Impinge-
ment monitoring during 1986 at units 2 and 3 of the Indian Point Station
was conducted for the entire year on random, pre-selected days according
to the stratified random sampling design. Impingement estimates were

calculated as described in Appendix A.

Section 3 of this report, Materials and Methods, presents a
description of the Indian Point generating station, field and laboratory
methods, the 1986 sampling design, and the collection efficiency esti-
mates and regression models used to adjust impiﬁgement counts. Section
4.0, Results and Discussion, provides estimates of the number of fish
impinged during 1986, evaluates the effects of collection efficiency
adjustments, presents species composition and relative abundances,
describes seasonal and yearly impingement patterns, and describes blue
crab impingement patterns, mark/recapture results, and population

estimates. Section 5.0 presents the results of fish length, weight, and



body depth regressions that were performed on fresh and preserved fish.
This study was performed in order to evaluate whether tissue "shrinkage"
caused by formalin preservation might affect comparison between size
measurements of enfrained (preserved) and impinged (unpreserved) fish.
Literature citations are presented in Section 6.0. Data calculation
procedures are presented in Appendix A along with Appendix Tables
containing information on water quality, fish and blue crab impingement,

and fish length, weight and depth measurements and regression analyses.






3.0 MATERIALS AND METHODS

Impingement collections at Indian Point units 2 and 3 were
taken in four seasonal strata according to the stratified random
sampling design introduced in Section 2.0. On all days when the plant
operated, whether or not sampling was scheduled forlimpinged fish, the
traveling screens were washed to remove fish, crabs, and debris. On all
days when the plant operated, samples of impinged blue crabs were
collected when present. The field and laboratory procedures used in
collecting and processing samples are presented below, and the formulas

used in the data calculations are presented in Appendix A.

3.1 THE INDIAN POINT GENERATING STATION

The Indian Point Generating Station is located on the east
bank of the Hudson River, about 69 km (43 miles) above the Battery in
New York City (Figure 3-1). The Station began operating with the
completion of unit 1 in 1962. Unit 2, which is operated by Con Edison,
and unit 3, which is operated by the New York Power Authority (NYPA),
began operation in 1973 and 1976, respectively. Each unit of this
nuclear plant utilizes a once-through cooling system that can entrain
the early life stages of various fish species into and through the
cooling system, and can impinge juvenile and older fishes on screening

devices located at the opening of each water intake bay.

The combined pumping capacity of the three units for cooling
purposes is 7790 m®/minute (2,058,000 gal/min). Unit No. 1, which
has two 530 m®/min (140,000 gal/min) circulator pumps, was retired
from commercial operation in October 1974. The two units currently
operating each have six 530 m®/min circulating pumps. Each unit
also has service water pumps, which also withdraw river water. Unit 1

has two service pumps with a total pumping rate of 144 m?/min
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(38,000 gal/min). Units 2 and 3 each have six service pumps with a

total pumping rate of 114 m®/min (30,000 gal/min) at each unit.

Unit 1 intakes and unit 2 intakes 21-25 have fixed intake
screens at the river's edge and conventional vertical traveling screens
within each intake bay (Figure 3-2). Unit 2, intake 26 has a Ristroph-
modified vertical traveling screen; the fixed screen was not in place
during 1986. Unit 3 has vertical traveling screens at the river's edge,
but no fixed screens (Figure 3-3). Details of the plant and associated
intake structures have been presented previously (Con Edison 1977, NAI
1986).

In December 1980, Con Edison, NYPA and other Hudsom River
utilities consented to certain restrictions in operating conditioms,
including the flow rates for the circulating water pumps, as part of an
agreement reached with government agencies. To achieve the flow rate
schedule (Table 3-1) specified by the Agreement which became effective
May 14, 1981, dual speed circulating water pumps were to be installed at
both Indian Point units 2 and 3 by 14 November 1984. During the

interim, alternative flow rates (Table 3-2) were required to be met.

These flow rates were specified as a measure to reduce to a
minimum the water withdrawal from the Hudson River to rates necessary
for efficient operation of the plants. The operation of unit 2 with
dual speed pumps commenced on 20 September 1984. Variable speed pumps
were installed at unit 3 and were available for service in September

1985.

11
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TABLE 3-1. FLOW RATE SCHEDULE FOR DUAL SPEED/VARIABLE SPEED
CIRCULATING WATER PUMPS AT INDIAN POINT UNITS 2
AND 3 IN EFFECT AFTER 14 NOVEMBER 1984.

APPROXIMATE PERIOD APPROXIMATE FLOW
(gpm/Unit) 10°m®/min/Unit
Jan 1 - May 15 504,000 1.9
May 16 - May 22 560,000 2.1
May 23 - May 31 672,000 2.5
June 1 - June 8 731,000 2.8
June 9 - Sept 30 840,000 3.2
Oct 1 - Oct 31 731,000 2.8
Nov 1 - Dec 31 504,000 1.9

14



TABLE 3-2.

INTERIM CIRCULATING WATER FLOW RATE SCHEDULE FOR
INDIAN POINT UNITS 2 AND 3, BETWEEN 14 MAY 1981

AND 14 NOVEMBER 1984.

APPROXIMATE PERIOD

APPROXIMATE FLOW (gpm/Unit)

Jan 1

May 1

June 1

Oct 1

Nov 1

May 1

June 1

Oct 1

Nov 1

Dec 31

505,000 gpm (60% Flow)

Change: From 505,000 gpm
to 840,000 gpm
(100% Flow)

840,000 gpm

Change: From 840,000 gpm
to 505,000 gpm
(60% Flow)

505,000 gpm

15



3.2 FIELD AND LABORATORY METHODS

3.2.1 Sample Design and Schedule

The stratified sampling design for impingement and water
quality data collection, that was initiated in July 1981, was continued
throughout 1986 at units 2 and 3. Sample days were assigned to randomly
selected dates within four seasonal strata, in contrast to the daily

sampling which was conducted before July 1981.

Fish and blue crab impingement samples were collected on the
randomly selected sample days and analyzed. On days not selected for
sample collection (non-sample days), only blue crabs were collected and
analyzed; fish and debris were discarded when the traveling screens were
washed. Blue crab impingement counts and biocharacteristics data were
collected on all days in 1986 when blue crabs were present in impinge-
ment collections. Re-impingement of blue crabs was estimated using a
mark and recapture program that utilized blue crabs >100 mm obtained
from daily screen wash collections. Water quality data were collected
at units 2 and 3 intakes on days when either fish or blue crabs were

collected.

Allocation quotas of sampling days were met among all seasonal
strata except for winter at unit 2, which was short four days due to a
mid-January through April outage, and spring at unit 3, which was short
1 day due to a mid-May outage (Table 3-3). The standard procedure that
was used to minimize the effect of missed collection days was to ran-
domly replace each lost day with one from the unallocated days (i.e. not
initially selected for collection) remaining within that stratum.
However, due to the extended outage at unit 2 during the winter stratum,
there were not enough unallocated days left in the stratum to make up
the missed samples. The missed sampling day at unit 3 during spring
could not be made up during the spring stratum due to constraints of

timing and field logistics.
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TABLE 3-3.

NUMBERS OF IMPINGEMENT COLLECTION DAYS AND DAYS OF PLANT

OPERATION AT INDIAN POINT UNITS 2 AND 3 DURING 1986.

DAYS DAYS DAYS
SEASONAL OF PLANTa OF IMPINGEMENT  ALLOCATED IN

UNIT STRATUM OPERATION COLLECTIONS STRATIFIED DESIGN
2 Winter (Jan-Mar) 28 19 23
Spring (Apr-Jun) 73 9 8
Summer (Jul-Sep) 92 11 11
Fall (Oct-Dec) 92 69 68
TOTAL 285 108 110
3 Winter (Jan-Mar) 90 35 35
Spring (Apr-Jun) 83 19 20
Summer (Jul-Sept) 92 31 31
Fall (Oct-Dec) 92 26 24
TOTAL 357 111 110

a . . . . .
A unit was considered operating on a day if any circulator pump
operated for any time on that day.

Partial to complete outage from mid-January through April.
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Screens were washed daily, generally between 0800 and 1200
hours. Each sample day began at the time of a scheduled daily wash on
one day and concluded at the time of the subsequent scheduled wash. On
preselected random sampling days, fish were collected from the screen
wash of unit 2 intakes 21-25 combined, unit 2 intake 26 (Ristroph
screen), and unit 3 intakes 31-36 combined. On non-sample days, fish
and debris were disposed of without enumeration. On occasions when
sampling could not be carried out due to unit outages, abnormal screen-
wash procedures, or unexpected operating conditions, an additional
sampling day was randomly selected from the remaining non-sample days in
the stratum (if there were any) to replace the one lost. If unscheduled
screen washes or continuous washing was necessary during a sampling day
because of heavy trash loading, screen malfunction, etc., then sampling
was also conducted during those unscheduled washes, whenever possible,

to make the date representative of the full sampling period.

The method used to calculate an estimate of the total number
of fish impinged during the year (Appendix A) assumes that the volume of
cooling water pumped by the plant on sample days is representative of
the volume pumped for all operating days in a stratum, since each
operating day is weighted equally in computing the estimate. This
assumption was satisfied as shown by the close correspondence between
sample and operating days in the average daily circulating volumes

observed in each month at unit 2 (Table 3-4) and unit 3 (Table 3-5).

3.2.2 Sample Collection

Impingement samples were obtained from collection areas at the
end of the unit 2 and 3 sluiceways and at a separate collection area for
the Ristroph screen 26. Each sample effort began with a screen wash and
thorough cleaning of the sluiceways and debris pits. The fixed screens
at intakes 21-25 were washed manually with a hose prior to washing

each traveling screen. Each fixed screen was raised and washed in 4-ft

18



TABLE 3-4. COMPARISON OF SAMPLING DATES, AVERAGE DAILY SAMPLING
VOLUMES, OPERATING DATES AND AVERAGE DAILY OPERATING
VOLUMES AT INDIAN POINT UNIT 2 BY MONTH DURING 1986.
AVERAGE AVERAGE
DAILY DAILY
SAMPLING OPERATING
MONTH SAMPLING VOLUME STANDARD | OPERATING VOLUMEa STANDAR!
DATES (10°m3) DEVIATION DATES (105m®) DEVIATIO]
January 2,7,9,10,11 2.36 1.21 1-14 2.74 0.25
12,13,14,15
February b - - - -
March 20,21,22,23,24, 0.76 0.02 17-28 0.90 0.26
25,26,27,28,31 30-31
April - - 1-12 0.85 0.09
29-30
May 3,31 2.01 1.62 2-6 1.93 0.98
8-31
June 17,24,26,27,28 3.89 1.41 1-30 3.91 1.24
29,30
July 14,21,22 4.46 0.09 1-31 4.51 0.32
August 6,24,29 4.17 0.44 1-31 4.60 0.13
September 9,11,14,18,23 5.19 3.05 1-30 4.64 0.10
October 2,5,6,7,8,10, 3.46 0.58 1-31 3.84 0.54
12,13,15,17,
19-25,27-29,31
November 1,3-6,8,10,11, 2.69 0.60 1-30 2.71 0.25
14-21,23,26-30
December 1-5,7-13,15-19, 2.68 0.18 1-31 2.77 0.13

21-24,26-30

a . . .
Includes service water, except days when no circulating pump operated

b Partial to complete outage from mid-January through April

19



TABLE 3-5. COMPARISON OF SAMPLING DATES, AVERAGE DAILY SAMPLING VOLUMES,
OPERATING DATES, AND DAILY OPERATING VOLUMES AT INDIAN POINT
UNIT 3 BY MONTH DURING 1986.
AVERAGE AVERAGE
DAILY DAILY
SAMPLING OPERATING
MONTH SAMPLING VOLUME STANDARD | OPERATING ~ VOLUME ~ STANDARD
DATES (10°m?) DEVIATION DATES (10°m3)% DEVIATION
January 2,4,9-10,14-16, 2.16 0.17 1-31 2.40 0.01
22,25,28-30
February 1,2,6,7,9,12, 2.35 1.14 1-28 2.39 0.02
14,17
March 3,5,6,8,10,11,  2.55 0.61 1-31 2.67 0.15
15,17,19,20,
22,23,25,27,30
April 2,5,8,11,16, 2.41 0.43 1-30 2.59 0.49
17,20,22,25,
29
May 3,24 1.50 1.53 1-6 1.83 1.01
15-31
June 9,13,17,21-23, 3.02 1.28 1-30 3.50 0.46
30
July 4,8,11,12,14, 1.30 1.28 1-31 1.52 1.31
16,18,19,21,
22,26
August 6,8,10,11,15, 0.70 0.05 1-31 0.79 0.06
17,20,24,29
September 1,2,9,11,14,18, 4.19 1.93 1-30 4.06 0.77
23,25,27,29,30
October 2,6,7,10,20, 3.88 0.19 1-31 4.05 0.11
22,24,29,31
November 1,3,4,6,16, 2.85 0.31 1-30 2.85 0.02
21,29
December 4,5,10-13,15, 2.61 0.16 1-31 2.76 0.09
20,21,30

a .
Includes service water, except

20
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increments until the entire screen broke water and all impinged material
passed into the intake forebay to be removed from the condenser cooling
water by the conventional vertical traveling screens. Unit 2 intake 26
(Ristroph modified screen) and all of the unit 3 intakes were equipped

only with traveling screens in 1986 so that there were no fixed screens

to be washed before washing each traveling screen. .Each sample ended

‘with the start of the next scheduled screen wash usually on the fol-

lowing day. If unscheduled washes occurred before the end time of the
sample day, the fish, crabs, and debris were sorted, retained and added

to the contents of the scheduled wash that completed that sample day.

On sample days, all fish and blue crabs washed from the intake
screens of the unit(s) being sampled were taken to the laboratory for
processing. On non-sample days, only blue crabs were kept for process-
ing. Temperature (OC) and conductivity {micro-siemens/cm) were measured
at the intake of units 2 and 3 at 0.3 m (1 foot) below the water surface
on days when fish or blue crabs were collected, as close as was prac-
tical to the time of flood or high tide (Tables A-1 and A-2). Plant
operating data were recorded for each day that fish or blue crabs were
collected: time of screenwash, screenwash order, head loss at each

screen, and operating condition of each screen.

3.2.3 Sample Processing

Fish were identified and enumerated by four general size

classes for each species, based on total length in millimeters:

Length Class up to Division 1,

Length Class Division 1 + 1 mm up to Divisiom 2,

Length Class Division 2 + 1 mm up to 250 mm, and

o O S
[}

Length Class 251 mm and larger.
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The Division 1 and 2 cutoffs used to define the length groups
represent the upper length limits of young-of-the-year and yearling age
classes, respectively. Values for the division cutoffs were determined
from length-frequency data obtained from the impingement collections and
supplemented when necessary by aging selected specimens by scale
analysis. These values were periodically updated throughout the year

(usually every two weeks) to allow for growth.

Subsamples were taken for any species, except Atlantic tomcod
during January through March and during December, if the total number of
fish in Length Class 1 or 2 exceeded 100. In those cases, 100 fish were
randomly selected within the length class and weighed. The total count
for that species in the subsampled length class was estimated as 100
multiplied by the ratio of the total weight of the length class to the
subsample weight. Total counts (sum of four length classes) for each
species are summarized by month in Tables A-3 through A-5 and by sea-
sonal stratum in Tables A-6 through A-8. TFor each species, weights were
recorded to the nearest gram for Length Class 1, Length Class 2, and

total of all four length classes (Tables A-9 through A-11).

The effect of formalin preservation on size measurements of
juvenile fishes was analyzed to determine whether tissue "shrinkage"
caused by the preservative might affect comparison between entrainment
(preserved) and impingement (unpreserved) measurements. Body depth,
length, and weight data were collected on fresh and preserved Length
Class 1 bay anchovy, Atlantic tomcod, and weakfish from late March
through August 15. Each species was divided into 8 or 10 length incre-
ments, and up to 20 individuals were measured for body depth (nearest
mm), total length (nearest mm), and weight (nearest gram) from each
increment as they became available in impingement collections. Only
Atlantic tomcod and weakfish occurred in sufficient numbers for the
analysis. Each specimen was then tagged and stored in a 10% formalin

solution for a minimum of four weeks. After the four week periocd each
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fish was identified by its tag number and remeasured for depth, length,

and weight.

Blue crabs were examined for total count (Table A-12) and
total weight, and the following data were recorded for each specimen:
carapace width to the nearest millimeter (Table A-13), weight (nearest
0.1 g), survival (alive or dead), condition (intact or missing body
parts), and sex. If more than 50 blue crabs were present in a sample,
then a subsample of fifty whole blue crabs were randomly selected and
weighed. The total number of blue crabs in the sample was estimated as
50 multiplied by the ratio of total weight of the blue crabs in the
sample to the subsample weight. In case of subsampling, sex, alive-dead
status, and condition were determined only for the 50 crabs in the
subsample. After processing, all alive crabs were returned to the river

away from the intake structure.

To estimate re-impingement of blue crabs at each unit, a
maximum of 50 alive blue crabs greater than 100 mm carapace width were
randomly selected for tagging from each units daily collection. Crabs
larger than 100 mm were used because of their lower rate of molting
compared to smaller crabs and consequently an anticipated higher rate of
tag retention. Tags (Floy FD 67 Dennison Anchor Tag) were inserted in
each crab in the slit between the carapace and the abdominal "key"
located on the posterior region of the crab. Crabs were marked with
consecutively numbered tags specific for each release cohort (i.e.,
crabs from screens 21-25, 26 and 31-36) and released at the unit 1 pier
located between units 2 and 3. Impinged crabs greater than 100 mm
carapace width were inspected for evidence of tagging recaptures on both
sample and non-sSample days. Recaptured crabs were remeasured for
carapace width and weight, and the crabs sex, condition and alive/dead
status were recorded. Studies were conducted to evaluate tag retention
in blue crabs by obtaining, tagging, and holding for up to 53 days
healthy specimens of each 50 mm carapace-width length group (101-150 mm,
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151-200 mm, and 201 mm and above) in aquaria located in the impingement
laboratory. Crabs were fed daily using dead fish from the impingement
collections and inspected at 24-hour intervals for alive/dead status,
condition, and tag retention. Upon test termination the remaining

alive, tagged crabs were released to the river at the unit 1 pier.

Any shortnose or Atlantic sturgeon collected were measured
(total length in mm), weighed, and the data were entered in a Sturgeon
Log. Alive sturgeon were returned to the river. All yearling and older
striped bass, white perch, and Atlantic tomcod, and voung-of-the-vear
tomcod after the first day of marking in December, were examined for
finclips, tags, or tag wounds. Any suspected recaptures were preserved
in 10% formalin for later verification. All young-of-the-year, yearling
and older striped bass were checked for hatchery-administered (magnetic)

tags on both sampling and non-sampling days.

Water quality data were collected on scheduled sample days and
days when blue crabs were collected. Water temperature and conductivity
were measured 7n siftu with a YSI model 33 SCT Meter at a depth of
one foot below the surface. The water quality sample for unit 2 was
taken off the gangway in front of Screen No. 2. The sample for unit 3
was taken at the south side of the unit 1 pier. Temperature was mea-
sured to the nearest 0.5°C and conductivity to the nearest 10 scale

units (2.5%).

Quality control (QC) checks were performed on fish identifica-
tions, counts, weights, crab measurements, and examinations of suspected
recaptures. The selection of samples for QC checks followed Military
Standard 1235 (Single and Multiple Level Continuous Sampling Proce-
dures), which assured that 90% or more of the data were within specified
tolerance limits. Data were recorded on standard data coding forms
developed for this study. Calibration checks of the conductivity and

temperature measurement systems were performed using standard KC1
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solution and NBS traceable field thermometers obtained from NAI's
standards laboratory. Calibrations were performed prior to each

collection of conductivity/temperature data.

3.3 COLLECTION EFFICIENCY

While collections from the intake screens at Indian Point
provide an indication of seasonal and yearly impingement patterns, they
do not account for 100% of the fish impinged. Some impinged fish may be
lost prior to collection because of 1) scavenging by crabs, fish, and
birds, 2) river currents and wave action, or 3) the screenwash
collection procedures. Deterioration and disintegration of impinged

fish on the screens can also contribute to these losses.

Extensive collection efficiency studies were performed at
Indian Point from 1977-1980 and in 1982 (Con Edison 1983). The observed
values of collection efficiency in those studies, as summarized by Con

Edison (1983), were used to develop the following regression models:

]

E2 -0.00871 T2 + 0.51858 (Equation 1)
-0.00792 T3 + 0.71640 (Equation 2)

where E2 and E3 = collection efficiency at units 2 and 3,
respectively, and
T2 and T3 = intake water temperature (OC) at units 2 and 3,

respectively.

..Although individual observations of ccllection efficiency were
highly variable at all temperatures, the above relationships were found
to be statistically significant (efficiency decreased significantly with
increasing temperature), and therefore useful for estimating actual

impingement rates from impingement collections (Con Edison 1983).
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During the Ristroph Screen Special Studies (1 January through
19 April 1985; Con Edison 1985) and the Ristroph Screen Survival Studies
(16 July through 31 December; unpublished), collection efficiency
studies were conducted at the intake screens at unit 2 (Con Edison
1985). These data were used to qualitatively evaluate the effectiveness
of applying regression equations derived from historical data (Equations
1 and 2) to adjust impingement rates during periods when empirical
collection efficiency data was available. Screen-specific collection
efficiency values for winter and summer strata were determined as

follows:

* Winter, fixed screens 21-25; stratum mean collection
efficiency = 50.2%,

* Winter, fixed screen 26; stratum mean collection
efficiency = 50.2%,

¢ Winter, Ristroph screen 26; stratum mean collection
efficiency = 70.8%,

* Summer, fixed screens 21-25; monthly mean collection
o

efficiency = 5.0% for July, 2.8% for August, and 2.8% for
September, and

* Summer, screen 26; monthly mean collection efficiency
= 18.7% for Ristroph screen in July (estimated based on
August value) 18.7% for Ristroph screen in August, and
29.6% for Ristroph screen in September.
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4.0 RESULTS AND DISCUSSION

4.1 ESTIMATED NUMBERS OF FISH IMPINGED DURING 1986

A combined total of 231,059 fish were collected at Indian Point
units 2 and 3 in 1986 (Table A-5). When adjusted for collection effici-
ency using the regression equations (Equations 1 and 2) and scaled to
the number of operational days, the estimated total number impinged was
736,821 fish at unit 2, and 355,145 at unit 3 (Tables 4-1 and 4-2) for a
combined total of 1,091,966 fish weighing an estimated 10,283 kg
(Table A-11). The levels of precision (standard errors) were 12.2 and
8.5 percent of the total estimates for unit 2 and unit 3, respectively.
The level of precision for unit 2 (12.2%) was less precise than the
levels projected for unit 2 by TI (9.5%, 1980b) and NAI (7.8%, 1984b)
for the stratified random design. This appeared to be the result of
having higher variance at unit 2 during summer 1986 which required more
samples than had been allocated in the stratified design, thus providing
a less precise estimate of the number of fish impinged (Table 4-3). The
level of precision at unit 3 (8.5%) was within the range of precision

levels for unit 3 (8.2%: TI 1980b and 7.7%: NAI 1984b).

The total number of fish impinged by units 2 and 3 combined in
1986, estimated at 1.09 million (Tables 4-1 and 4-2), was within the
range of other yearly estimates in the 1976-1984 historical data base
(range 0.85-6.47 million; Table 4-4) and was nearly the same as last
year's estimate of 1.08 million. The volume of water circulated through
Indian Point Station during 1986, 1892 x 10°m®, was well within
the range of values from previous years (Table.4-4) and included an

outage at unit 2 during mid-January through April.

Total estimated impingement abundance at unit 2 was highest
during the fall stratum followed by summer, winter, and spring (Table
4-1). This ranking, especially the comparatively low impingement

abundance during winter, was influenced by the mid-January through April
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TABLE 4-3. ESTIMATED MEAN DAILY NUMBER OF FISH IMPINGED IN EACH

SEASONAL STRATUM AT INDIAN POINT UNITS 2 AND 3

DURING 1986.

DAYS

NUMBER OF ALLOCATED IN MEAN
SEASONAL SAMPLING STRATIFIED DAILY STANDARD
UNIT STRATUM DAYS DESIGN ESTIMATE DEVIATION
2 Winter (Jan-Mar) 19 23 5,377.2 7312.3
Spring (Apr-Jun) 9 8 1,189.3 910.0
Summer (Jul-Sep) 11 11 2,618.3 3022.0
Fall (Oct-Dec) 69 68 2,810.5 5586.5

1986 Total 108 110 2,585.3b
3 Winter (Jan-Mar) 35 35 2,218.8 1926.6
Spring (Apr-Jun) 19 20 760.6 826.0
Summer (Jul-Sep) 31 31 309.8 679.8
Fall (Oct-Dec) 26 24 702.7 659.0

1986 Total 111 110 994.8b

a Adjusted for collection efficiency

Stratified mean daily estimate
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TABLE 4-4. TOTAL VOLUME CIRCULATED AT INDIAN POINT UNITS 2
AND 3 COMBINED, ESTIMATED NUMBER OF FISH IMPINGED,
IMPINGEMENT RATE, AND NUMBER OF SPECIES COLLECTED
DURING 1976 THROUGH 1986.

VOLUME ESTIMATED NO. IMPINGEMENT RATE NO. SPECIES

(10°m®)? IMPINGED (10°)° (No./10°m?) COLLEGCTED
1976 1329 1.63 1190 58
1977 2159 6.47 2910 72
1978 2030 3.91 1870 72
1979 1935 4.48 2230 74
1980 1822 3.21 1710 76
1981 1617 4.57 2830 72
1982 1273 . 1.60 1260 43
1983 1286 0.85 661 49
1984 1710 0.85 496 56
1985 1977 1.08 556 79
1986 1892 1.09 577 65

a . :
Including service water

Adjusted for collection efficiency
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outage at unit 2. Impingement abundance expressed as a mean daily
impingement rate for each seasonal strata demonstrated instead that the
highest daily impingement rates at unit 2 occurred during winter
followed by fall, summer, and spring (Table 4-3). At unit 3, total
estimated impingement abundance was also highest during winter followed
by fall, spring and summer (Table 4-2). Mean daily impingement rates at
unit 3 demonstrated that the winter stratum contained the highest daily
impingement rates followed by the spring and fall strata, and lastly the

summer stratum (Table 4-3).

The precision of estimated total impingement for individual
fish species at units 2 and 3 varied greatly (8-90%). As expected, most
species with high coefficients of variation (> 70%) occurred infre-
quently in the Indian Point area (moonfish, striped mullet, Atlantic
croaker, seahorse, Atlantic needlefish, tautog, searobins, hickory shad,
Atlantic sturgeon) or were common in the area but only subject to
minimal impingement (fourspine stickleback and mummichogs). Conversely,
many fish species with a relatively high degree of precision (coef-
ficients of variation <20%) for impingement abundance estimates were
impinged in relatively uniform numbers among the four seasomnal strata or
in high but relatively uniform numbers among the days within omne or two
seasonal strata (American eel, banded killifish, brown bullhead, pumpkin-~
seed, spottail shiner, striped bass, white perch, white catfish, ale-
wife, bay anchovy, blueback herring). A number of species also occurred
periodically and in low numbers but had relatively precise estimates of
impingement (Atlantic silversides, carp, crevalle jack, gizzard shad,
goldfish, naked goby, tessellated darter). For these species, the high
precision levels were the result of impingement occurring at unit 2
during the fall stratum, and to a less extent winter stratum, which had
very large allocations of sampling dates. This effect was not as
apparent at unit 3 where allocation of sampling dates was more uniform

among strata.



4.2 EFFECTS OF COLLECTION EFFICIENCY ADJUSTMENTS

The combined effects of application of the unit 2 and unit 3
collection efficiency regression equations (Equations 1 and 2) can be
seen by comparing the increase in seasonal impingement rates before and
after adjustment (Figure 4-1; Tables 4-1, 4-2, A-6, A-7, A-8). As in
1985, impingement rates adjusted for collection efficiency using the
temperature regression equation were approximately double the unadjusted
rates during winter months and approximately three times unadjusted
rates.during summer. The higher summer adjustment reflected lower
summertime collection efficiency. Operation of unit 2 intake 26 during
1986 without a fixed screen (Ristroph screen only) may have reduced the
accuracy of the regression-adjusted total impingement estimates. The
high collection efficiency of the Ristroph screen compared to the fixed
screen and relatively high proportion of unit 2 fish impinged at intake
26 (Con Edison 1985) would result in impingement estimates derived from
the historical regression equation being higher than for estimates made

with the fixed screen in place.

Collection efficiency data obtained during the Ristroph Screen
Special Studies and Ristroph Survival Studies at unit 2 in 1985 permit
empirical estimation of collection efficiency during the winter and
summer strata. These data were used to calculate adjusted total impinge-
ment estimatesiin the winter and summer strata for comparison with
unadjusted estimates and adjusted estimates derived from the regression
equations (Table 4-5). As described above, regression adjustment for
collection efficiency approximately doubled (2.0) unadjusted total
impingement estimates during the winter stratum and approximately
tripled (3.4) total estimates during the summer stratum. Screen
specific adjustments also increased unadjusted total impingement
estimates during the winter stratum by nearly two times (1.8) but
increased estimates during the summer stratum by over 12 times. The
disproportionate increase in adjusted total impingement estimates during

the summer stratum at unit 2 reflected low collection efficiency due to
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TABLE 4-5. EFFECT OF REGRESSION OR SCREEN-SPECIFIC COLLECTION
EFFICIENCY ADJUSTMENTS ON UNADJUSTED TOTAL COUNTS OF
FISH IMPINGED AT INDIAN POINT UNIT 2 DURING THE 1986
WINTER AND SUMMER STRATA. )

COLLECTION EFFICIENCY ADJUSTMENT

SEASONAL
STRATUM SCREEN UNADJUSTED? REGRESSION? SCREEN-SPECIFIC?®
Winter 26 25,092 50,372 35,441
(Jan-Mar) 21-25 49,907 100,189 99,418
Combined 74,999 150,561 134,859
Summer 26 51,604 172,778 256,780
(Jul=-Sep) 21-25 20,340 68,102 641,934
Combined 71,944 240,880 898,714

Unadjusted total number of fish impinged at unit 2, screemns 21-25
and 26 in the winter or summer stratum, scaled from the
number of days sampled to the total number of days in the stratum.

2Total number of fish impinged at unit 2, screens 21-25 and 26 in
the winter or summer stratum, adjusted for collection efficiency using
the temperature regression equation 1.

3Total number of fish impinged at unit 2, screens 21-25 and 26 in

the winter or summer stratum, empirically adjusted for screen-specific
collection efficiency.
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blue crab scavenging and perhaps other losses such as deterioration and

disintergration of the impinged fish.

Because 1985 was an exceptional year in terms of blue crab
impingement and consequently predation, screen-specific adjustments
derived from the 1985 collection efficiency data may over estimate
impingement abundance during other years. This over estimate would be
expected to be larger for screens 21-25 where the effect of blue crab
predation on dead fish impinged on the fixed screens is greater than
predation on the mostly live fish collected by the continuously rotating
Ristroph screen (screen 26). Thus, screen-specific adjustments during
summer when blue crabs are most abundant may be less accurate for
screens 21-25 than for screen 26. Consequently, the annual impingement
at unit 2 may be estimated using screen-specific adjusted estimates for
screen 26 during the winter and summer strata and screens 21-25 during
the winter stratum, and using regression adjusted total estimates for
screens 21-25 during summer strata and all screens during the spring and
fall strata. Using this collection efficiency adjustment procedure, the
annual impingement at unit 2 totaled 805,122 fish compared to 736,821
fish by the regression method. The annual impingement at unit 3 esti-
mated by the regression method totaled 355,145 for a combined station
total of 1,160,267 and 1,091,966 using the screen-specific and regres-

sion methods, respectively.

4.3 WATER QUALITY

Daily intake water temperature averaged for both units rose
from a seasonal low in mid-February of 0.0°C to a high of 30°C in
mid-July and subsequently declined to 2.6°C by the end of December
(Table A-1). Daily intake conductivity fluctuated during the year in a
characteristic seasonal pattern (Table A-2). Lowest conductivity levels
were recorded during spring when values consistently ranged from 130-

1000 pS/cm with occasional pulses of 1000 to 9000 uS/cm recorded.
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Conductivity was at its highest during summer and fall with values of
1000-9000 uS/cm consistently detected. During mid-November through

December, conductivity once again dropped to levels below 1000 uS/cm.

4.4 SPECIES COMPOSITION AND RELATIVE ABUNDANCE

Fish collected in impingement samples during 1986 totaled
231,059 and comprised 65 species for unit 2 and 3 combined (Table 4-6).
Among these species, 20 were primarily freshwater inhabitants, 18 were
primarily marine species tolerant of moderate freshwater influences, and
27 were euryhaline species tolerant at one time or another of a wide
range of salinity conditions. The number of species caught in 1986 (65)
was well within the range of the previous ten years (43-79 species). In
addition, two species were never reported at Indian Point before, and
are new to the species list compiled for the Indian Point Impingement
Program: oyster toadfish (Opsanus tau) and white bass/striped bass
hybrid. A single oyster toadfish was collected at unit 2 in November.
Oyster toadfish are common in coastal shoal waters from Cuba to Cape Cod
{Bigelow and Schroeder, 1953) and may occur in the Hudson River at
Indian Point as strays from Long Island Sound or New York Harbor. 1In
the Potomac River estuary, oyster toadfish have been reported in fresh
water but are most abundant in waters with salinities greater than 7 ppt

(Lippson et al. 1980).

The white bass)striped bass hybrid was collected on March 3,
1986 at unit 3. Identification of this fish as a hybrid was verified by
the New York State Department of Environmental Conservation (NYSDEC).
The hybrid was a Length Class 4 gravid female weighing 670 grams. A
hybrid was also reported in a beach seine collection obtained by the
NYSDEC in 1985. The origin of white bass/striped bass hybrids in the
Hudson River is speculative. The NYSDEC has no record of hybrid white
bass/striped bass stocking in the Hudson River Water Drainage Basin.

Stocking of hybrids has been reported in the Delaware Drainage Basin and
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TABLE 4-6.

1986.

SPECIES COLLECTED IN IMPINGEMENT SAMPLING AT
INDIAN POINT UNITS 2 AND 3 IN

SALINITY

COMMON NAME® SCIENTIFIC NAME® PREFERENCE”
Alewife Alosa pseudoharengus e
American eel Anguilla rostrata e
American shad Alosa sapidissima e
Atherinid unid. e
Atlantic croaker Micropogonias undulatus e
Atlantic menhaden Brevoortia tyrannus m
Atlantic needlefish Strongylura marina e
Atlantic silverside Menidia menidia e
Atlantic sturgeon Acipenser oxyrhynchus e
Atlantic tomcod Microgadus tomcod e
Banded killifish Fundulus diaphanus f
Bay anchovy Anchoa mitchilli e
Black crappie Pomoxis nigromaculatus f
Black sea bass Centropristis striata m
Blueback herring Alosa agestivallis e
Bluefish Pomatomus saltatrix m
Bluegill Lepomis macrochirus f
Brown bullhead Ictalurus nebulosus f
Butterfish Peprilus triacanthus m
Common carp Cyprinus carpio f
Clupeid unid. e
Crevalle jack Caranx hippos e
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TABLE 4-6. (Continued)
SALINITY
COMMON NAME® SCIENTIFIC NAME® PREFERENCE

Fourspine stickleback Apeltes quadracus e
Gizzard shad Dorosoma cepedianum f
Golden shiner Notemigonus cryscleucas f
Goldfish Carassius auratus f
Gray snapper Lut janus griseus m
Hickory shad Alosa mediocris e
Hogchoker Trinectes maculatus e
Largemouth bass Micropterus salmoides bl
Logperch Percina caprodes f
Lookdown Selene vomer e
Moonfish Selene setapinnis m
Mummichog Fundulus heteroclitus e
Naked goby Gobiosoma bosci e
Northern pike Esox lucius f
Northern pipefish Syngnathus fuscus e
Northern searobin Prionotus carolinus m
Oyster toadfish Opsanus tau m
Pumpkinseed Lepomis gibbosus f
Rainbow smelt Osmerus mordax e
Red hake Urophycis chuss m
Redbreast sunfish Lepomis guritus f
Rock gunnel Pholis gunnellus m
Rough silverside Membras martinica e
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TABLE 4-6. (Continued)

a a SALINITY
COMMON NAME SCIENTIFIC NAME PREFERENCE
Sea lamprey Petromyzon marinus m
Seahorse Hippocampus sp. e
Silver lamprey Ichthyomyson unicuspis f
Smallmouth bass Micropterus dolomieu f
Spottail shiner Notropis hudsonius f
Spotted hake Urophycis regia m
Striped bass Morone saxatilis e
Striped mullet Mugil cephalus e
Striped searobin Prionotus evolans m
Summer flounder Paralichthys dentatus m
Tautog Tautoga onitis m
Tesselated darter Etheostoma olmstedi f
Threespine stikleback Gasterosteus aculeatus e
Tidewater silverside Menidia peninsulae e
Weakfish Cynoscion regalis m
White bass x Striped bass® Horome chrysops x M. saxatilis e
White catfish Ictalurus catus f
White perch quone americana e
Winter flounder Pseudopleuronectes americanus m
Yellow perch Perca flavescens f

et al. 1980)

m = marine, e = euryhaline, f = freshwater

Names recognized by the American Fisheries Society (Robins,

White bass x striped bass hybrid verified by the New York State DEC



strays may conceivably find their way to the Hudson River by way of the
coast. White bass have fairly recently been introduced into the Hudson
River, from the Great Lakes by way of the Barge Canal (Smith 1985) and

therefore, natural hybridization is also a possibility.

The three numerically dominate species impinged at Indian
Point units 2 and 3 in 1986 were white perch, Atlantic tomcod, and bay
anchovy (Table 4-7). Collectively, these fishes comprised nearly 83% of
the total estimated impingement abundance at the Indian Point Station in
1986 and were among the top ten species impinged in previous monitoring
programs. White perch were by far the most dominant species, as in
previous years, accounting for 61.3% of the number of fish impinged
(Table 4~7). Unit 2 impingement collections accounted for 61% of the
total white perch abundance, 84% of the total bay anchovy abundance and

90% of the total tomcod abundance.

The schedule of plant operation at unit 3 did not appear to
greatly influence estimates of species composition or yearly impingement
abundance since unit 3 operated most of the year. Unit 2 however, had
an extended outage from mid-January through April during which little or
no circulating water was sampled (Table 4-8). This outage coincided
with peak mean daily impingement rates (Table 4-3), thus substantially
lowering impingement abundance estimates for the winter stratum and to a
lesser extend the spring stratum. The outage resulted in less impinge-~
ment of winter and spring seasonally abundant fishes at unit 2 such as
white perch, striped bass, white catfish, rainbow smelt and spottail shiner

than if the plant had been operating during mid-January through April.

4.5 SEASONAL AND YEARLY IMPINGEMENT PATTERNS

Seasonal trends were examined using mean monthly impingement
rates (daily count of a taxon adjusted for collection efficiency divided

by the daily volume pumped, averaged over each month). Due to an
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TABLE 4-7. ESTIMATED NUMBER IMPINGED AT INDIAN POINT IN 1986
AND TOTAL PERCENT COMPOSITION OF THE TWELVE MOST
ABUNDANT SPECIES® AND ALL SPECIES COMBINED.

UNIT 2 UNIT 3 BOTH UNITS
CUM.
SPECIES NUMBER PERCENT|NUMBER PERCENT | NUMBER PERCENT PERCENT
White perch 409,605 55.6 259,986 73.2 669,591 61.3 61.3

Atlantic tomcod 117,378 15.9 13,602 3.8 130,980 12.0 73.3
Bay anchovy 85,495 11.6 16,665 4.7 102,160 9.4 82.7

Hogchoker 50,452 6.8 22,875 6.4 73,327 6.7

~1
1o
O
~

Blueback herring 7,219 1.0 10,640 3.0 17,859 1.6 91.0

Rainbow smelt 10,879 1.5 2,776 0.8 13,655 1.3 92.3
American shad 6,423 0.9 4.904 1.4 11,327 1.0 93.3
Striped bass 8,417 1.1 2,305 0.6 10,722 1.0 94.3
Atlantic menhaden 6,370 0.9 3,296 0.9 9,666 0.9 95.2
Gizzard shad 1,773 0.2 7.735 2.2 9,508 6.9 96.1
Weakfish 6,592 0.9 1,802 0.5 8,394 0.8 96.9
Bluefish 4,044 0.5 1,515 0.4 5,559 0.5 97 .4

All species
combined 736,821 355,145 1,091,966

"8ncludes all species comprising over 0.5% of the total at the two units
combined, and includes 10 of the 14 selected species.
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TABLE 4-8. CIRCULATING WATER VOLUME PUMPED (10°m®) IN
ASSOCTATION WITH IMPINGEMENT SAMPLING AT INDIAN
POINT IN 1986.

MONTH UNIT 2 UNIT 3 UNITS 2 AND 3
Jan 21.3 25.9 S 47.2
Feb a 18.8 18.8
Mar 7.6 38.2 45.8
Apr a 24.1 2.1
May 4.0 3.0 7.0
Jun 27.2 21.1 48.3
Jul 13.4 14.3 27.7
Aug 12.5 6.3 18.8
Sep 26.0 46.1 72.1
Oct 72.7 34.9 107.6
Nov 59.1 19.9 79.0
Dec 69.6 26.1 95.7
Total 313.4 278.9 592.10

a . X
No sampling due to unit shutdown



extended outage at unit 2 from mid-January through April, impingement

rates were not available for unit 2 for February and April, and March rates
corresponded to small sampling and operating volumes (Table 3-4). Seasonal
patterns and rates for 1986 were compared to the 1982-1985 data which were

based on the same stratified sampling design used in the 1986 program.

Impingement patterns in 1986 were similar between units 2 and
3. Both units exhibited maximum impingement rates in the winter stratum
with small pulses during spring and fall (Figure 4-2). Impingement
rates were highest during January and February at unit 3, and during
January at unit 2 (no February or April sampling at unit 2). High
winter impingement rates were due primarily to a large influx of yearl-
ing white perch in January and February. Similar peaks were observed
during the winter stratum in previous years (Con Edison 1983; MMES 1985,
NAI 1984a, 1986). As in previous years, young-of-the-year white perch
were also numerous in impingement collections during December. The
small pulse in impingement rate during the spring stratum of 1986

consisted primarily of Atlantic tomcod and bay anchovy.

Fifteen species were previously selected for more detailed
examination of impingement patterns, based on abundance in impingement
collections, designation as representative important species by the U.S.
Environmental Protection Agency, and current or potential importance to

commercial or sport fisheries (TI, 1980b):

White perch Rainbow smelt White catfish
Atlantic tomcod American shad Alewife

Bay anchovy Striped bass Spottail shiner
Hogchoker Weakfish Atlantic sturgeon
Blueback herring Bluefish Shortnose sturgeon

The monthly impingement rates for 13 of the above species are
presented in order of abundance in Figures 4-3 through 4-15 and
discussed below. Young-of-the-year fish (Y) are distinguished from
yearling and older fish (0) on each figure. No shortnose sturgeon were

impinged and only 7 Atlantic sturgeon were impinged in 1986.
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White perch.were the most numerous fish impinged in 1986
(Table 4-7, Figure 4-3). Impingement rates were highest during winter
at both units 2 and 3, and collections consisted mostly of yearling
fish. Impingement rates decreased in the spring stratum and were
minimal in the summer stratum. Impingement rates increased again in the
fall stratum as young-of-the-year white perch became abundant during
December. This seasonal pattern and the magnitude of monthly impinge-
ment rates were consistent with patterns and rates presented in previous

years' reports (Con Edison 1983; MMES 1985; NAI 1984a, 1986).

Atlantic tomcod yearling and older fish were impinged during
the winter stratum in low numbers (Figure 4-4). Young-of-the-year fish
were considerably more abundant in impingement collections and occurred
in highest numbers during May, June, and July, and subsequently declined
in abundance during late summer and fall. This pattern was similar to
patterns of tomcod impingement observed in previous years and is con-
sistent with the described life history of the tomcod in which older
fish spawn in shoal areas in the winter and young-of-the-year fish are
first large enough to be impinged by late spring and early summer (TI
1980a). Peak monthly impingement rates for 1986 were within the range
of peak rates recorded in previous years (Con Edison 1983; MMES 1984
NAI 1984a, 1986).

Bay anchovies were impinged from May through November with .
yearling and older fish most numerous during June through September and
young-of-the-year fish most numerous during September through November
(Figure 4-5). Bay anchovies spawn in the high salinity waters of the
lower estuary primarily from June through August (NAI 1985). The
yearling and older fish that were impinged beginning in May probably
represent a portion of the bay anchovy population that utilize the
Indian Point region as a feeding ground prior to spawning (NAI 1985).
The young-of-the-year fish impinged from September through November most
likely represent the dispersion of early life stages upstream into the

lower salinity waters of the lower and middle estuary that are the bay
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anchovy's nursery grounds. Peak monthly impingement rates and the
seasonal pattern of impingement during 1986 were comparable to most

previous years (Con Edison 1983; MMES 1985; NAI 1984a, 1986).

Hogchokers were impinged during most months in 1986 with peak
impingement rates during June and September (Figure 4-6). Yearling and
older fish comprised the majority of the total hogchoker impingement
abundance with young-of-the-year recorded only in November. The sea-
sonal pattern of hogchoker impingement differed from previous years in
that the May peak observed in previous years (Con Edison 1983; MMES
1985; NAI 1984a, 1986) was not observed in 1986. Variations in seasonal
abundance patterns, as observed with hogchokers in 1986, may be a result

of annual variation in salt front positionm.

Blueback herring were impinged primarily during May and June,
and October and November (Figure 4-7). The spring peak consisted
primarily of yearling and older fish, and the larger fall peak consisted
of young-of-the-year. Previous years impingement data showed similar
results with maximum impingement rates of young-of-the-year blueback
herring having occurred in the fall (Con Edison 1983; MMES 1985; NAT
1984a, 1986). Yearling and older fish migrate upriver during spring to
spawn in the fresh water areas of the river above Catskill and are
subject to impingement by Indian Point and other cooling water intakes
which they pass on route. During fall, as young-of-the-year fish
migrate down river toward high salinity waters, they too become vulnera-
ble to impingement by these same cooling water intakes. Peak monthly
impingement rates in 1986 (up to 61/10°m®) were at the low end of
the range of peak monthly rates recorded from 1982 through 1985 (up to
38 to 620/10°m?, annually).

Rainbow smelt were impinged throughout the year at Indian
Point except for February and September (Figure 4-8). Yearling and
older fish were impinged from January through August with peak rates

during March. Young-of-the-year fish were impinged from June through



December with peak impingement rates during June. Impingement patterns
have been variable for this species in previous years with maximum
impingement rates occurring in several different months (NAI 1984a).
Peak monthly impingement rates in 1986 (up to 21/10°m®) were

higher than peak monthly rates observed in past years (up to 4 to
16/10%m?®).

American shad yearling and older were impinged during May in
low numbers. Young-of-the-year fish were impinged from June through
November with peak numbers in October and November (Figure 4-9). Fall
peaks were also recorded in 1984 and 1985, while in 1982 and 1983 peak
impingement rates occurred during summer (Con Edison 1983; MMES 1985;
NAI 1984a, 1986). American shad spawn in the fresh water of the upper
estuary, and shad eggs and larvae are concentrated in this region (NAI
1985). Transformation of the American shad post yolk-sac larvae to the
juvenile stage begins around late June at about 25°C and juveniles
subsequently become much more dispersed throughout the estuary. During
fall as water temperatures drop, young-of-the-year shad actiVely emi-
grate from the estuary. The summer peaks observed in 1982 and 1983 may
have been due to an earlier down stream dispersion of voung-of-the-year
fish during those years than subsequent years and perhaps a faster
growth rate resulting in early impingement. The fall peaks in 1984,
1985, and 1986 reflected passage of fish through the Indian Point area
during their outward migration from the estuary. Peak monthly
impingement rates in 1986 were within the range of peak monthly rates
presented in previous réports (Con Edison 1983; MMES 1985; NAI 1984a,
1986). '

Striped bass exhibited a similar impingement pattern to white
perch, however, impingement rates were much lower (Figure 4-10).
Striped bass impingement rates were highest in January when yearling and

older fish predominated. A large population of vearling and older
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striped bass presumably overwinter in the deep waters of the lower
estuary, such as that in the Indian Point area, and thus are more
vulnerable to impingement at Indian Point during winter (TI 1980c).
Impingement abundance of yearling and older striped bass subsequently
declined through early summer. Young-of-the-year striped bass were
impinged from July through December. This seasonal pattern of impinge-
ment was similar to the seasonal patterns described for previous years
(Con Edison 1983; MMES 1985; NAI 1984a, 1986). Peak monthly impingement
rates in 1986 (up to 16/10°m®) were at the low end of the range of peak

monthly rates observed in previous years (up to 19 to 600/10°m®).

Weakfish were impinged at units 2 and 3 in 1986 only as young-
of-the-year fish (Figure 4-11). Impingement occurred from August through
November with the peak impingement rate during September. Weakfish spawn
at the mouths of estuaries and the juveniles subsequently move upstream to
utilize the low salinity water of the estuary as a nursery area (NAI 1985).
Peak monthly impingement rates in 1986 (up to 12/10°m?®) were lower than
the extremely high peak impingement rates in 1983 (approximately 1500/10%m?
in August at unit 2) and were more consistent with the peak monthly rates

observed in other years (up to 41 to 210/10°m®).

Bluefish were impinged at Indian Point from June through
September (Figure 4-12). Yearling and older fish were impinged only at
unit 3 in July and September. Young-of-the-year bluefish were impinged
from June through September with peak impingement during June. Monthly
impingement rates at Indian Point in 1986 were within the range pre-

sented in previous reports (Con Edison 1983; MMES 1985; NAI 1984a, 1986).

White catfish impingement was greatest during the winter and
fall strata, as in past years (Figure 4-13). Yearling and older white
catfish predominated during the winter stratum and young~of-the-year
catfish during the fall stratum. Adult white catfish overwinter in deep

water areas of the lower Hudson River such as Indian Point and during
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spring move upstream into the low salinity and shallow water regions of
the middle and upper estuary to spawn (TI 1981). Spawning occurs during
spring in waters with salinities below 2 ppt (Perry and Avault 1968) and
young-of-the-year fish are first present beginning around July and
continuing through December with peak densities upstream of Indian Point
(NAI 1985). Monthly adjusted impingement rates in 1986 were within the

range observed in previous years.

Alewives were impinged from March through November (Figure
4-14). Yearling and older fish were recorded primarily from March
through September and young-of-the-year from June through November.
This was similar to previous years and corresponded with the generalized
life history of the alewife in which spawning adults migrate upriver in
the spring past Indian Point to spawn in fresh water, and both adults
and young-of-the-year fish migrate downriver past Indian Point to the
ocean in the fall (NAI 1985). Peak monthly impingement rates (up to
5/10°m®) were at the low end of the range of peak monthly rates

observed in past years (up to 7-36/10°m?, annually).

Spottail shiners were impinged largely during the winter and
fall strata (Figure 4-15). The majority of the spottail shiners
impinged were yearling and older fish that were probably overwintering
in deeper water areas such as Indian Point (NAI 1985). The young-of-
the-year fish impinged during fall were presumably the product of the
spring and early summer spawning in the upper estuary. The seasonal
pattern and magnitudes of monthly impingement rates were consistent with

previous years (Con Edison 1983; MMES 1985; NAI 1984a, 1986).

A total of 7 Atlantic sturgeon were impinged at Indian Point
during 1986 (Table 4-9). No shortnose sturgeon were impinged at either
unit in 1986. Three Atlantic sturgeon were impinged during the winter
stratum, two during the spring stratum, and two during the fall stratum.
The fish ranged in total length from 427 to 788 mm and in weight from
274 to 1795 gm. Of the 7 fish impinged, 3 were collected alive (43%

survival) and released back to the river.
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TABLE 4-9. ATLANTIC STURGEON IMPINGED AT INDIAN POINT UNIT 2 AND UNIT 3
ON BOTH SAMPLE AND NON-SAMPLE DAYS DURING 1986.

1986 DATE UNIT SAMPLE LENGTH WEIGHT CONDITION
(mmTL) (grams)

14 Feb 3 3018 663 775 Dead
28 Feb 3 -2 427 274 Alive®
13 Mar 3 - 788 1795 Dead
21 Apr --¢ -- 455 454 Dead
6 Jul Zd 2076 466 380 Alive
30 Nov 3 - 445 409 Dead
5 Dec 2 2349 474 525 Alive

a

b

Indicates sturgeon were collected on a non-sample day

Alive fish were released to the river away from intake screens .
Cro s . .

Unit was not recorded for this fish collected on a non-sample day

dScreen 26.
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4.6 BLUE CRAB IMPINGEMENT

4.6.1 Blue Crab Impingement Daily Collections

Blue crabs were impinged at Indian Point during 1986 from
January through March and May through November (Table 4-10). A total of
5205 crabs were collected, with a total weight of 601 kg. This number
of crabs was within the range of numbers impinged at Indian Point since
blue crab impingement monitoring began in 1983 (821 in 1983, 348 in 1984,
12,316 in 1985). Monthly impingement rates (mo./10°m®) unadjusted
for collection efficiency were calculated to facilitate comparison of
blue crab impingement between units 2 and 3 (Table 4-11). During the
period May through November when most crabs were collected, impingement
rates were notably higher at unit 2 than unit 3. Peak rates occurred
during June, July and August, and ranged from 6.5 to 15.3/10°m’
at unit 2 and from 1.3 to 4.1/10%m® at unit 3.

As anticipated, few blue crabs were impinged during the first
four months of 1986 (Table 4-10). Impingement abundance and total weight

first began to increase in May, peaked during August, and subsequently

declined to zero by December. Blue crabs undergo extensive seasonal migra-

tions related to mating and spawning (Lippson et &. 1980; Williams

1965) and the pattern of impingement abundance at Indian Point probably
reflects this migration. Mature male and female crabs migrate into shal-
low and low salinity water during spring and early summer months to mate.
Juvenile crabs hatched during the previous years spawning also move up-
stream and into the shallows. During fall as temperatures cool, females
move down river to the higher salinity waters (20-32 ppt) to spawn
(Lippson et al. 1980), while males remain upriver in the low-salinity
waters throughout the year (Williams 1965). Females can spawn 2 to 9
months after mating but most often wait until the following spring. By
late fall and winter, the male and juvenile crabs in the upriver regions
move offshore into deeper water where they burrow into the bottom and

become inactive.
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TABLE 4-11. MONTHLY BLUE CRAB IMPINGEMENT RATES (MEAN COUNT PER
10°m®) AT INDIAN POINT UNITS 2 AND 3 IN 1986,
UNADJUSTED FOR COLLECTION EFFICIENCY.

MONTH UNIT 2 UNIT 3
JAN 0.0173 0.0000
FEB NS 0.0312
MAR 0.0911 0.0000
APR NS 0.0000
MAY 0.1099 0.0553
JUN 1.6591 0.7436
JUL 10.3920 2.5682
AUG 15.2656 1.2733
SEP 6.4838 4.0629
OCT 1.0781 0.7000
NOV 0.3298 0.0480
DEC 0.0000 0.0000
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Blue crab males accounted for approximately 77% of the blue
crabs impinged at the Indian Point Station in 1986 (Tables 4-12, A-12,
and A-14). A ratio of 3 males to 1 female is fairly typical of blue
crab populations in low salinity areas like Indian Point (Williams
1965}, since mature females enter these areas only to mate and subse-
quently return to high salinity waters in the lower estuary to spawn,
while males remain in the low salinity waters after mating for the
remainder of their lives. The percentage composition of males was
relatively constant each month with males most dominant in June (91.8%
and least dominant in September (70.9%; Table 4-12). The increased
number and proportion of female crabs in August and September may

reflect the period during which mating occurs.

Sizes of blue crabs (carapace width) are presented in Appendix
Table A-13 by month and 10-mm size class. Ninety-five percent of the
blue crabs collected in impingement samples ranged from 70 mm to 179 mm
with a modal size of 95 mm (12.8 percent of the total crabs measured).
Blue crabs impinged at units 2 and 3 increased in modal carapace width
from 95 mm in July to 155 mm in September. No increase in modal carapace
width was observed in October, and by November, carapace width of the

few crabs collected ranged from 30 to 189 mm with no distinct size mode.

Survival averaged 73.8% for crabs subsampled for survival
(Table 4-12). This was similar to the average survival rates observed
in 1983 and 1985 (72%: NAI 1984a and 1986) and was within the range of
monthly rates observed in 1984 (47-100%; MMES 1985). Survival increased
from a low of approximately 62% in May to 85% in July, subsequently
dropped to 653% in September, and leveled off at 75% in October and
November. This pattern was different from past years in which survival
appeared to be influenced by water and air temperatures with lowest

survival rates during summer and highest rates during spring and fall.

Blue crab condition followed the same pattern as survival.

The highest proportion of intact crabs occurred in July (58.4%) and the
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lowest proportion in September (28.2%; Figure 4-11). Overall, the

~

proportion of intact crabs at units 2 and 3 averaged &4.0%.

Decreasing survival and condition from the highs in July to
the lows in September corresponded to an increasing size frequency of
crabs from a low in July (75% at 70-120 mm) to a high in September (68%
at 120-170 mm; Table A-13). Similarly, in 1985 peak survival and con-
dition which occurred in June corresponded with a population comprised
largely of juveniles (73% at 20-80 mm) while the low survival and condi-
tion which occurred in July and August corresponded to a pepulation con-
sisting of larger crabs (87% at 80-160 mm; NAI 1986). These trends
suggest that larger crabs may be subject to greater environmental or
impingement related stresses than juvenile crabs and therefore lower
impingement survival rates, however, the actual relationship between

size and survival/condition status is not readily apparent..

4.6.2 Blue Crab Impingement Mark and Recapture Studies

A total of 2,280 blue crabs that were impinged at units 2 and
3, were tagged and released at the unit 1 pier located between units 2
and 3 from June through November. A total of 205 tagged crabs were
recaptured during the period June through November (Table.A-IS); 11
crabs were released and recaptured twice, and 1 crab three times (Table
4-13). In addition, one crab was recaptured once at unit 2 and once at
unit 3. Accounting for double and triple recaptures, the number of
unique recaptures (i.e., each crab that was impinged one or more times)
totaled 44 at unit 2 and 150 at unit 3 (Table 4-13). Nearly 40% of the
crabs marked and released were recaptured within the first day after
release (Table 4-14) and nearly 90% were recaptured within the first
week. The recapture rate was slightly faster at unit 3 than at unit 2,
since 76% of the recaptured crabs were caught at unit 2 within 6 days,
while more than 90% of the crabs were recaptured within 6 days at unit 3

(Table 4-14).
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TABLE 4-14.

BLUE CRABS RECAPTURED AT THE INDIAN POINT STATION

DAYS AT LARGE, NUMBER AND CUMULATIVE PERCENT OF TAGGED

IN 1986.
UNIT 2 UNIT 3 UNIT 2 & 3
NUMBER CUMU- NUMBER CuMU~ NUMBER CUMU-
DAYS AT RECAP- LATIVE RECAP- LATIVE RECAP- LATIVE
LARGE TURED % TURED % TURED %
0 0.0 2 1.3 2 1.0
1 16 34.8 61 40.6 77 39.3
2 5 45.7 33 61.9 38 58.2
3 6 58.7 24 77 .4 30 73.1
4 2 63.0 13 85.8 15 80.6
5 4 71.7 5 89.0 9 85.1
6 2 76.1 2 90.3 4 87.1
7 76.1 4 92.9 4 89.1
8 2 80.4 2 94.2 4 91.0
9 2 84.8 2 95.5 4 93.0
10 84.8 2 96.8 1 93.5
12 1 87.0 2 98.1 3 95.0
13 87.0 1 98.7 1 95.5
14 89.1 98.7 1 96.0
15 1 91.3 98.7 1 96.5
20 91.3 1 99 .4 1 97.0
22 2 95.7 99.4 2 98.0
25 1 97.8 99 .4 1 98.5
27 1 100.0 99.4 1 99.0
33 1 100.0 1 100.0
TOTAL 46 155 201
Note:

Four crabs were recaptured with incomplete or illegible tags, and
consequently, release date and days at large are unknown.
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To obtain an estimate of the percent reimpingement of blue crabs
released to the river using mark and recapture data, it is necessary to
have some estimate of tag loss among the crabs used in the study. Tag
loss was estimated in 1986 by a laboratory tag retention study. Crabs
held in aquaria retained tags through the molting process, and only four
crabs shed their tags out of the 121 crabs originally tagged and held
(Table 4-15). Percent tag loss increased from 0.9% within the first day
to 13.8% for crabs held 25 days (Table 4-15). Since most crabs tagged
and released were recaptured within the first 6 days after release
(76.1% at unit 2, 90.3% at unit 3; Table 4-14) a 6-day tag loss estimate
of 2.2% was applied to the recapture counts to adjust for tag loss. A
time-weighted tag loss rate was not calculated since there were only &
crabs with missing tags in the tag loss study, and only 1 crab lost a
tag in each time interval (Table 4-15). Percent reimpingement, there-
fore, adjusted for number of unique recaptures and 6-day tag loss was
2.0% at unit 2 and 6.7% at unit 3 (Table 4-13). Using the adjusted
percent reimpingement estimates, the total impingement count of blue
crabs in 1986, excluding recaptures, was 4,363 crabs at unit 2 and 741
crabs at unit 3 for a total of 5,105 blue crabs at both units combined
(Table 4-13). Reimpingement accounted for only 1.9% of blue crabs
impinged at Indian Point in 1986.

The influence that reimpinged blue crabs had on estimates of
impingement survival and condition status was evaluated by comparing
data sets that included and excluded tagged, recaptured crabs (Table
A-12 through A-18). Impingement survival of marked and recaptured blue
crabs (51.8% males and 39.7% females; Table A-16) was lower than impinge-
ment survival for impinged blue crabs éxcluding recaptures (76.2% males
and 70.6% femaies; Table A-18). The proportion of intact blue crabs was
also lower among the group of marked and recaptured crabs (21.9% males
and 7.4% females; Table A-16) than for the group of impinged blue crabs
excluding recaptures (46.8% males and 39.5% females; Table A-18). The
reduced survival and condition status of recaptured crabs is attribu-
table to the additional mechanical and physioclogical stresses exerted on

crabs impinged and handled more than once.
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TABLE 4-15. RESULTS OF THE BLUE CRAB TAG RETENTION STUDY,
1986 INDIAN POINT IMPINGEMENT PROGRAM.

NUMBER NUMBER
CRABS CUMULATIVE ALIVE AND
DAYS MISSING NUMBER RETAINING TAG LOSS
OBSERVED TAGS MISSING TAGS TAGS (%)
0 0 0 121 0.0
1 1 1 113 0.9
6 1 2 91 2.2
13 1 3 67 4.3
25 1 4 25 13.8
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Impingement survival and condition status or recaptured blue
crabs lowered the overall survival rate and condition status of total
impinged crabs. This was most notable at unit 3 where total impingement
counts were low and fecapture rates were high. For unit 3, the propor-
tion of alive and intact blue crabs increased by an average of 3.8% and
6.2% (sexes combined), respectively, when data for recaptured blue crabs
were excluded from the analysis (Tables A-14 and A-18). Recaptured
crabs had almost no influence on survival and condition status of crabs
at unit 2 where total impingement counts were high and recapture rates
were low (Tables A-14 and A-18). For unit 2, the proportion of alive
and intact blue crabs increased by 0.0% and 0.2% (sexes combined),
respectively. For both units combined, the proportion of alive and
intact crabs increased by 1.1%, each, when recaptured crabs were

excluded from the analysis.

4.6.3 Blue Crab Nearfield Population Estimate

The blue crab tagging program, was designed primarily to
estimate blue crab reimpingement, however, the data could also be used
to estimate the blue crab population size in the vicinity of the Indian
Point Station using a mark-recapture estimator, if the data satisfied
the assumptions of the estimator. The Schumacher-Eschmeyer regression
technique, the Schnabel method, and the modified Schnabel method were
first examined because they are simple, closed population, multiple
census estimators which permit tagging and recapture efforts to occur
concurrently and under certain circumstances may be used for migratory

populations.

Assumptions which must be satisfied to estimate the blue crab
population in the vicinity of Indian Point units 2 and 3 using the
Schumacher-Eschmeyer method or any of the above methods (Cormack 1968;

Ricker 1975; MMES 1986) were:
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1) tagged blue crabs suffer the same mortality as
untagged blue crabs, _

2) tagging does not affect blue crab catchability,

3) tagged blue crabs do not lose their marks,

4) all tags are recognized and reported,

5) mnatural tagging does not occur or is recognizable,

6) immigration and/or emigrationm is negligible in the
study area i.e., the population is -closed, and

7) tagged blue crabs are randomly distributed among
untagged blue crabs or the distribution of fishing
effort is proportional to the abundance of blue crabs.

With regard to assumption l, no quantitative information is
available to compare mortality rates for tagged blue crabs with untagged
‘blue crabs. Both the tag retention study and the recapture study did
not provide control data needed to distinguish mortality due to tagging
from mortality due to holding or multiple impingement. However, it is
reasonable to assume that tagged crabs had a higher mortality rate than
untagged crabs. Reimpinged, tagged crabs had a higher morality rate and
fewer of these crabs were intact when compared with untagged, impinged
crabs (Section 4.6.2). While most of the mortality and physical damage
of reimpinged, tagged crabs was probably due to the impingement process,
the fact that reimpinged, tagged crabs suffered higher mortality and a
smaller percentage were intact may indicate the tagging process puts
these crabs at a physiological disadvantage and makes them more
vulnerable to physical damage and mortality. To fully evaluate tagging
mortality, it would be necessary to hold both tagged and untagged crabs

in aquaria under similar conditioms.

Assumption 2, that tagging does not affect blue crab catch-
ability, may have been violated. There is evidence (further discussed

in the evaluation of assumption 7) that tagged ecrabs may have behaved
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differently from untagged crabs, particularly in the late summer-early
fall period. This may be due to the release location of impinged crabs
at the unit 1 pier between units 2 and 3, which apparently exposes these
crabs to reimpingement at unit 3 as they disperse predominantly in a

downriver direction.

The assumption that blue crabs do not lose their tags
(Assumption 3) was evaluated in a laboratory holding experiment. As
described in Section 4.6.2, a 6-day, blue crab tag shedding rate of 2.2%

would be applied to any population estimate.

Assumption 4, the recognition and reporting of tags, was
addressed by the Standard Operating Procedures and QA/QC procedures
reviewed by Con Edison (NAI 1987). Since this program provided marking
and recapture efforts, non-reporting of tags did not occur. The high
visibility of the tags is attested to by the return of at least one blue
crab tag by a recreational fisherman to the Hudson River Foundation as
part of the 1985-86 Hudson River Striped Bass Tag Return Program (J.

Waldman, pers. comm. 1987).

Assumption 5 was satisfied because the marking technique,
insertion of an external tag, could not be imitated by natural

conditions.

Immigration and emigration (Assumption 6) was substantial over
the five month period that blue crabs were common in impingement col-
lections at Indian Point units 2 and 3. Blue crabs are migratory in the
Hudson River (see Section 4.6.1) and move into shallow, low salinity
waters during the spring and early summer. As water temperatures cool
in the fall, females crabs return to high salinity waters while males
remain in the low salinity waters. This migration may be reflected in
Table 4-16 and Figure 4-16 where recapture proportions (R/C) are

variable but generally increased over the six month period. Recapture
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proportions (R/C) are the ratio of the sum of all previously tagged and
released blue crabs that were recaptured in week i to the number of
crabs that were caught and examined for tags in week i. A trend of
increasing recapture proportions with time may indicate 1) a decreasing
number of crabs were caught and examined for tags (i.e., the denominator
C decreases relative to the numerator R), 2) an increase in the number
of recaptured crabs due to their accumulation in the nearfield area
(i.e., the numerator R increases relative to the denominator C), or 3)
the number of recaptured crabs increases and the catch of blue crabs
decreases (i.e., the numerator R increases and the denominator

C decreases). Crab impingement counts generally decreased from early
August through November at unit 2, however counts at unit 3 increased in
September from relatively low numbers during the early summer and late
fall (Table 4-17). The number of blue crabs recaptured at unit 3 also
increased during September and recaptured crabs contributed nearly half
(49%) of the blue crabs impinged at unit 3 during that month. The
disproportionate increase in the number of blue crabs recaptured at unit
3 during September coupled with the decrease in impingement of blue
crabs at unit 2 during late August and September resulted in the overall
increase in weekly recapture proportions when counts from both units
were combined (Figure 4-16). It is also possible that tagged crabs are
not emigrating at the same rate as the untagged population which
contributed to the increased number of blue crabs recaptured at unit 3
in late August through early October. In the summer (June-early
August), blue crabs may be migrating through the Indian Point Station
nearfield area. Tagged crabs would mingle with untagged, migratory
crabs keeping the overall recapture proportion low. Relatively few
tagged crabs appeared to remain in the Indian Point nearfield area
beyond 6 days (Table 4-13) which further suggests tagged crabs are
migrating out of the study area. The increase in recapture proportions
during late August through early October suggests the migration rate of
tagged blue crabs has slowed, exposing proportionally more tagged crabs
to impingement. Higher recapture proportions for unit 3 during the fall

also suggests that the predominant direction of migration may be
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TABLE 4-17. NUMBER OF BLUE CRABS RECAPTURED (R), CAUGHT AND EXAMINED
FOR TAGS (C), AND RECAPTURE PROPORTIONS (R/C) BY RECAPTURE
WEEK FOR BLUE CRABS TAGGED AT INDIAN POINT NUCLEAR
GENERATING STATION UNITS 2 AND 3, 22 JUNE THROUGH THE
WEEK OF 23 NOVEMBER 1986.

UNIT 2 UNIT 3

RECAPTURE

WEEK R C R/C R C R/C
22 JUN 0 43 0.0000 1 9 0.1111
29 JUN 0 29 0.0000 0 4 0.0000
06 JUL 0 57 0.0000 0 0 0.0000
13 JUL 1 87 0.0115 0 2 0.0000
20 JUL 1 194 0.0052 0 5 0.0000
27 JUL 3 253 0.0119 3 13 0.2308
3 AUG 6 378 0.0159 6 2 0.0000
10 AUG 8 259 0.0309 2 3 0.6667
17 AUG 7 379 0.0186 1 3 0.3333
24 AUG 1 196 0.0051 3 3 1.0000
31 AUG 5 103 0.0485 7 10 0.7000

7 SEP 1 120 0.0083 25 57 0.4386
14 SEP 3 169 0.0176 59 117 0.5043
21 SEP 2 125 0.0160 42 86 0.4883
28 SEP 7 64 0.1094 4 12 0.3333
5 0CT 0 23 0.0000 7 17 0.4118
12 OCT 1 7 0.0435 2 11 0.1818
19 OCT 1 11 0.0909 4 20 0.2000
26 OCT 0 3 0.0000 1 5 0.2000
2 NOV 0 2 0.0000 2 2 1.0000
9 NOV 0 3 0.0000 0 1 0.0000
16 NOV 0 0 0.0000 0 0 0.0000
23 NoV 0 1 0.0000 0 ¢ 0.0000
ALL WEEKS 47 2506 0.0196 163" 382 0.4372
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downriver at that time, which agrees with migratory pattern described in
Section 4.6.1. For these reasons, assumption 6 may be violated and a
population estimate is not possible for the period blue crabs were

abundant in the vicinity of Indian Point Station.

Assumption 7, that tagged blue crabs are randomly distributed
among untagged crabs, or that the distribution of fishing effort is
proportional to the abundance of blue crabs, also appears to be vio-
lated. Tagged blue crabs do not appear to be randomly distributed among
the total crab population in the vicinity of Indian Point units 2 and 3,
but were generally more abundant in the impingement collections at unit
3 (Table 4-17). The total number of recaptured crabs and recapture
proportions (R/C) were greater at unit 3 although the number of crabs
caught was greater at unit 2 (Table 4-17). Unit 3, therefore, recap-
tured a greater proportion of tagged crabs than would be expected if
tagged crabs were randomly mixed with untagged crabs. Additionally,
fishing effort is most likely independent of blue crab abundance, and is
probably directly related to the duration of operation of the cooling

water intake screens units 2 and 3.

Sexual differences in the migratory patterns of blue crabs in
the Hudson River, and the apparent non-random mixing of tagged crabs
with the rest of the blue crab population in the vicinity of Indian
Point units 2 and 3 invalidate the use of closed population mark-
recapture techniques to estimate population size. 1t may be possible in
subsequent vears to develop an estimate of blue crab populations based
on a period of time during which the blue crab population may appear
closed. The only equivalent relative index of blue crab population is
the number of crabs impinged at units 2 and 3. However this index is
highly dependent on plant operation and would be greatly affected by
outages during periods of high blue crab abundance. For a mark-
recapture population index to be useful, it should be for the same
period of time each year and would provide a relative estimate of the

blue crab population that would be independent of plant operation.



The use of "open" population estimators may overcome the
difficulty in making a population estimate that the migratory life style
of the blue crab imposes. An "open" population estimator such as the
Jolly-Seber, Manly-Parr, and Parker methods can be used on a population
that is undergoing either emigration or immigration (MMES 1986).
However, these methods require that all crabs have the same probability
of being feimpinged, or marked crabs are randomly distributed in the
total population. Since these assumptions appear to be violated, it
does not appear that "open" population estimators can be used to esti-

~

mate crab populations at Indian Point units 2 and 3.
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5.0 ANALYSIS OF FRESH VS PRESERVED SIZE MEASUREMENTS

The effect of formalin preservation on size measurements of
abundant juvenile fishes was analyzed to determine whether tissue
"shrinkage" caused by the preservative might affect comparison between
entrainment (preserved) and impingement (unpreserved) measurements.
Length, weight and body depth were measured on 121 Atlantic tomcod and
19 weakfish immediately following collections and at least 30 days after
initial preservation in 10% formalin. Linear regression analysis was
used to describe the relationship between paired fresh and preserved
measurements of fish lemgth, weight, and body depth data (Appendix Table
A-20 and Figures 5-1 through 5-6). In every case the linear model
showed a highly significant (0.0001 significance level) positive corre-
lation (r? = 0.67-1.00) between the independent variable (fresh) and
response variable (preserved). This correlation was notably stronger
for Atlantic tomcod measurements (r? = 0.92-1.00) than for weakfish

measurements (r? = 0.67-0.99).

Figures 5-1 through 5-6 show the correspondence between the

regression line (Y = a + b(X); where a = intercept and b = slope) and a

reference plot of fresh equals preserved measurements (Y = X; intercept
= 0, slope = 1). A t-test was performed for each relationship of fresh
and preserved measurements to determine if the regression line estab-
lished by the regression model differed significantly (a = 0.05)

from the reference line in intercept and slope. Regression lines for
preserved and fresh length measurements of Atlantic tomcod and all
preserved and fresh size measurements for weakfish did not differ
significantly from the reference line (Table 5-1). Thus for these

species and size parameters, preservation in 10% formalin did not

significantly affect the size measurements after 30 days.

For preserved and fresh depth measurements of Atlantic tomcod,
the regression line was found to vary significantly from the reference

line in both its intercept and slope (Table 5-1 and Figure 5-1). The
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TABLE 5-1. RESULTS OF A t-TEST OF THE HYPOTHESIS THAT THE REGRESSION
LINE FOR GROUPS OF PRESERVED (P) AND FRESH (F) SIZE
MEASUREMENTS HAS AN INTERCEPT OF 0 AND A SLOPE OF 1.

T FOR HO:
NO. A) Intercept=0 SIGNIFICANCE
TAXON VARIABLES FISH B) Slope=1 («=0.05)
Atlantic
tomcod Depth P vs F 119 Ay 4.38 S
B) -7.73 S
Length P vs F 121 A) -1.49 NS
B) 0.00 NS
Weight P vs F 121 A) 0.28 NS
B) 10.82 S
Weakfish- Depth P vs F 19 A) -0.19 NS
B) -0.20 NS
Length P vs F 19 A) -1.46 NS
B) 0.65 NS
Weight P vs F 19 A) -0.51 NS
B) -0.13 NS
S Significant

NS = Not significant
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regression line for weight measurements of Atlantic tomcod was‘also
found to vary significantly from the reference line in slope but not in
intercept (Table 5-1, Figure 5-5). These results indicate that both
body depth and weight of Atlantic tomcod may be affected by preservation
and may vary from the fresh values after a period of 30 days. Based on
the percent bias between the regression line and reference line, the
effect of preservation on tomcod body depth was found to be small (1.5%
or less) for fish 8 to 10 mm in body depth but increasingly larger for
deeper bodied fish (6.9% for fish 23 mm in body depth). This trend of
increasing bias between preserved and fresh depth measurements is
apparent in the regression and reference lines of Figure 5-1 which
intersect at the low end of the depth measurements and subsequently
diverge. The divergence of the regression line below the reference line
illustrates that body depth was reduced by preservation. The bias in
preserved weight of tomcod was more consistent throughout the range of
weights measured and ranged from 11.0% for 1 gram fish to 9.1% for 15
gram fish. The divergence of the regression line above the reference

line illustrates that weight was increased by preservation.
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APPENDIX A
DATA CALCULATION PROCEDURES

Impingement data were collected separately at intake screens
21-25, 26 and 31-36. In order to provide standard, unit-wide sample
data for unit 2, impingement data from screens 21-25 and 26 were
combined within each sample day. The impingement statistics calculated

from unit 2 and 3 1986 data are:

®* Number of fish impinged on each sampling day at each
unit (Equation 1)

* Total number of fish impinged over the whole year
(Equation 2)

¢ Standard error of the total estimated number of fish
impinged (Equation 3) and the coefficient of variation
(Equation 4)

* Total estimated weight of fish impinged in each
stratum and at each unit (Equation 5)

®* Mean daily fish impingement rates standardized to
the volume of water sampled (Equation 6)

* Mean daily blue crab impingment rates standardized
to the volume of water sampled (Equation 7)

An analysis of fresh and preserved fish length, weight and
body depth was performed on Length Class 1 Atlantic tomcod and weakfish
collected in impingement collections from late March through mid-August
1986. Data were tested to determine if differences existed between
fresh and preserved measurements using a one-way analysis of variance
and Duncan's Multiple Range Test. Paired size data were then compared
using Linear Regression Analyses to determine the relationship between

these data.



Calculations

To estimate the number of fish actually impinged on a sampling
day, the count from that day's impingement collection was divided by the

corresponding collection efficiency (Equation 1):

4
Yim = Lil CLim/Eim
(Equation 1)
where Yim = estimated number of fish impinged on day i at
unit m,
CLim = count for length class L on day i at unit m,
and
Eim = collection efficiency estimate for day i at

unit m (calculated as shown in Section 3.2).

2

hm)

were calculated for the n values of the daily estimate Y, (where n
hm im hm

= the number of sampling days in stratum h at unit m). The total number

Within each seasonal stratum (h), a mean (Yhm) and a variance (8

of fish impinged over the whole year was estimated by Equation 2:

4
Tm = hil th §hm (Equation 2)
where Tm = total estimated number of fish impinged at
unit m,
th = number of days in stratum h that unit m

operated (a unit was considered to be



operating if any circulating water was being
pumped), and

Yhm = mean daily estimate for stratum h at unit m.

This estimate of the total number of fish impinged (Tm) is equivalent to
the number which would result from generating an annual estimate from
each of the daily estimates and then averaging them using the appro-
priate stratified sampling formula. Therefore its standard error can be
calculated from the within-stratum variances as a measure of the esti-

mate's precision (Equation 3):
q

4
- - 2 ,
S.E.m = (Z th (th nhm)/nhm) S hm (Equation 3)
h=1
where S.E.m = standard error of the total estimated number

of fish impinged at unit m, and

2 _ , X .
th, 0y o S hm - S defined on the previous page.

The stratified mean daily impingement estimate and standard
error of the stratified mean can be calculated by dividing Tm or S.E.m
by the total number of operating days at Unit m. The coefficient of
variation was calculated to relate the precision to the total estimate

(Equation 4):

S.E.
c.v. = " x 100% (Equation &)

Thm

where C.V.

it

coefficient of variation,
S.E.m = as defined above, and
Thm = estimated number of fish impinged in stratum

h at unit m.
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The total weight of fish impinged for each stratum was estimated using

Equation 5:
W= (Whm/ Lil cLhm> YN (Equation 5)
where whm = total estimated weight of fish impinged
in stratum h at unit m,
Yim = total weight of fish actually collected
in stratum h at unit m,
cLhm = total count of fish actually collected
in length class L in stratum h at unit
m, and th, Yhm = as defined above.

Mean daily impingement rates were calculated by standardizing the daily
impingement estimates (adjusted for collection efficiency) by dividing
by each sample day's circulating water volume:

nkm

&
Akm = 1/nkm iil {:(Lil CLikm/Eikm) /Vikm] (Equation 6)

Mean daily impingement rates standardized to the volume of
water sampled were calculated by summing within each month the quotient
of the adjusted daily impingement estimate divided by the corresponding
volume of circulating water sampled and dividing this sum by the total

number of sample days.
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where Akm = Mean daily adjusted impingement rate

for month k at unit m,

nyn = number of sampling days in month k at
unit m,
C.. = count for length class L on day i of
Likm
month k at unit m,
Vikm = volume of circulating water sampled on day

i of month k at unit m, and
Eikm = collection efficiency on day i of month k
at unit m.

Mean daily impingement rates unadjusted for collection
efficiency were calculated for blue crabs by summing within each month
the quotient of the daily count divided by the daily sampling volume and

dividing this sum by the number of plant operating days:

km
Akm = l/nkm z (Cikm/vikm) (Equation 7)
i=1
where
Akm = mean daily unadjusted impingement rate for month k
at unit m,
mo = number of plant operating days in month k at unit m,
Cikm = count of blue crabs on day i of month k at unit m,
and
Vikm = volume of pirculating water sampled on day i of

month k at unit m.

The number of operating days was used rather than the number
of sample days since a blue crab sample day was defined as any day that
the plant operated. Collection efficiency data were not available for
blue crabs impinged at the Indian Point Station comsequently, blue crab

impingement rates were not adjusted.
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