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1.0 SUMMARY

There were two major programs conducted at the Indian Point Station during
1981. The impingement program represents a continuation of efforts which
began in 1972. The -ichthyoplankton entrainment abundance program was re-
presentative of studies which have been annually performed at the Station
since 1971. Nearfield studies of fish populations in the Indian Point area,
tasks that were traditionally associated with the impingement program, were

discontinued in 1981.

As in all previous years since impingement sampling began at the Statiom,
collections were made everyday on which circulator pumps operated from January
1 through June 30. However, on July 1 a stratified random sampling design was
introduced and continued for the remainder of the year. On an annual basis,
the reduced sampling design consisted of 110 randomly selected days, or about

30% of the effort previously required.

Approximately 1.10 million -fish were collected from the intake screen washes
at both Units 2 and 3 during 1981. This represents the results of daily
gollections made from January through June and less than daily collections
made thereafter. Some impinged fish are not collected and either escape or
are lost between screen washing and collection due to factors such as tidal
currents, scavenging by predators and decomposition. Using the best estimates
of collection efficiencies at each Unit and scaling up the dimpingement
estimates to account for impingement on days when no collections were made it
is estimated that approximately 4.57 million fish were impinged at the Indian
Point Station during 1981, Virtually all of the fish impinged (more that 99%)
were less than six inches in total length and the total weight of the fish

impinged was approximately 52,200 pounds.

Impingement patternsAnoted in previous years recurred in 1981, Impingement
was generally greatest during the autumn and winter months and the number of
fish impinged at Unit 2 exceeded that at Unit 3 (approximately 3.57 millionm
vs, 1.00 million). As in previous years, white perch, Atlantic tomcod, bay

anchovy and blueback herring accounted for Tmost of the fish impinged at the
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Indian Point Station in 1981, collectively comprising approximately 88% of the

total.

Ichthyoplankton sampling in the discharge canal at the Indian Point Station
from early May through August provided information on the seasonal and diel
abundance patterns of entrained species. Representatives of 21 dichthyo-
plankton taxa were collected. Most of the ichthyoplankton collected were bay
anchovy (79%), with striped bass (5%), white perch (4%) and clupeids (2%) less
well represented. All of the remaining taxa were found in extremely small
numbers. The seasonal and diel trends exhibited during 1981 were similar to
tﬁose of 1980; however; densities were generally higher, particularly for bay
anchovy eggs and post yolk-sac larvae and for all early life stages of Alosa

spp., white perch and striped bass.
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2.0 INTRODUCTION

This report is a continuation in the series of annual reports entitled "Hudson
River Ecological Study in the Area of Indian Point." These documents have pro-
vided the results of various studies conducted throughout each calendar year
since 1972. Texas Instruments Incorporated (TI) prepared these reports through
1979 (TI 1973, 1974, 1975, 1976, 1977, 1979, 1980a, 1980b), while the 1980 Annu-
al Report was prepared by Con Edison (Con Edison 1982).

Two study programs, impingement and nearfield fisheries.surveys, have been the
major focus of these Annual Reports. The numbers and temporal patterns of fish
species impinged at the Indian Point Station and the results of beach seine and
trawl surveys in the nearfield area have traditionally comprised the main ele-
ments of the Annual Report. Summaries of mitigation studies such as the fine
mesh traveling screen project and the striped bass hatchery program have also
appeared. In the 1980 Annual Report, the results of an ichthyoplankton entrain-
ment sampling program were included for the first time. These data were

previously reported separétely.

There were major changes in the impingement and nearfield study programs during
1981. Impingement collections had always been made daily at the Indian Point
Station. On July 1, 1981, a less intensive collection program was initiated.
The nearfield sampling program was discontinued in 1981. To understand why
these changes were made, it is necessary to briefly trace how these programs

evolved.

Both the daily impingement collections and the nearfield fisheries surveys were
requirements of the Environmental Techmnical Specification Reguirements (ETSR)
associated with the Station's operating licenses (USNRC 1975). In the first few
years following the start of commercial operations at Units 2 and 3 (1973 and
1976, respectively), emphasis in the Annual Reports was placed on describing the
results of these impingement and nearfield collections. By comparison to the
other impact assessment investigations that were being performed at that time,
these activities seemed relatively routine. As the impingement data base ex-
panded, the scope of the impingement program broadened to examine areas such as

collection efficiency and the influence of environmental factors on impingement

-
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rate. There was no practical opportunity to alter the nearfield fisheries pro-
gram in response to changing concerns since the details of its structure were
strictly defined in the ETSR.

The analysis of several years of impingement data indicated a fairly consistent
recurrence of certain impingement patterns from year to year. It also showed
that environmental variables such as water temperature and conductivity gener-
ally had a greater influence on the establishment of impingement trends (TI
. 1980a) than did inherently less predictable plant operating variables. This
suggested that daily impingement collections might no longer be necessary to
maintain high levels of accuracy and precision. Similarly, examinatiocn of the
nearfield fisheries data represented by years of collections at fixed stations
in the Indian Point area raised the possibility that the type of information be-
ing accumulated could be more effectively and efficiently gathered as part of

some other study program.

Accordingly, in 1980 Con Edison requested that TI include in the 1979 Annual Re-
port an assessment of the usefulness of the impingement and nearfield survey da-
ta and of the reliability that could be associated‘with making impingement
collections on a less than daily basis. It was found that the nearfield fisher-
ies program, which consisted of seven standard beach seine and 14 standard trawl
sites in a five mile region around the Station, provided a less accurate repre-
sentation of the fish community in the area at any time than did concurrent
riverwide beach seine sampling. It was also found that impingement data, from
the Indian Point Station as well as the other Hudson River power plants, were
not useful as indicators of year class strength for striped bass or Atlantic
tomcod and were only of limited use for white perch (TI 1980b). Analyses of se-
veral potential impingement sampling designs showed that the accuracy and
precision that would be sacrificed in shifting from a daily to less frequent

collections was in most instances quite small.

When the non-radiological monitoring requirements were eliminated from the ETSR
on May 12, 1981, the New York State Department of Environmental Conservation
(NYSDEC) assumed responsibility for overseeing the biological monitoring pro-

grams at the Indian Point Station. The nearfield fisheries program was discon-
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tinued and a reduced frequency impingement monitoring program was approved by
NYSDEC in June 1981 and was implemented on July 1, 1981.

The approach towards analysis of impingement collections contained in this re-
port is similar, but not identical to that which has been followed in prior An-
nual Reports. Estimates of the total number of fish impinged at each Unit are
made, as are impingement estimates for all individual species, but the proce-
dures employed are different because of the sampling design modification. As in

previous Annual Reports, a description of impingement trends is included.

The 1981 ichthyoplankton sampling program was designed to examine the seasonal
and diel abundance of early life stages of Hudson River fish that may be en-
trained at the Indian Point Station. Entrainment abundance studies have been
performed at the Indian Point Station since 1971. Until 1978, samples were col-
lected at intake and discharge locations using only 0.5 m diameter plankton nets
(NYU 1973, 1974, 1976, 1977, 1978; EA 1980a, 1980b, 198la). In 1978 and 1979,
samples were also collected using pumps (EA 1979, 1981b). The purpose of these
additional studies was to assess the feasibility and effectiveness of sampling
with pumps to examine entrainment of Hudson River ichthyoplankton at the Indian
Point Station. 1In 1980, sampling was conducted only with a pump and only in the
discharge canal (Con Edison 1982). Samples were collected continuously over 24
hour intervals, a procedure which permitted a more thorough examination of diel
entrainment patterns. In 1981, sampling methodologies were very similar to
those employed in 1980; however, the sampling location was moved in the dis-
charge canal and sampling started and ended later in the season. A separate
study, conducted during the summer of 1981, has addressed the comparability of
net and pump gear for entrainment sampling of juvenile fish at the Indian Point

Station (Normandeau Associates, Inc. and Con Edison 1982).

2.1 The Indian Point Generating Station

The Indian Point Generating Station is located on the east bank of the Hudson
River, approximately 43 miles above the Battery (Figure 2-1). The Station'began
operation with the comﬁletion of Unit 1 in 1962. Unit 2, which is owned and op-
erated by Con Edison, and Unit 3, which is owned and operated by PASNY, began

commercial operation in 1973 and 1976, respectively. Each Unit of this nuclear

-
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plant utilizes a once-through cooling system which results in the entrainment of
the early life stages of various fish species and the impingement of juvenile
and clder fish.

The combined pumping capacity of the three Units for cooling purposes is 7790
m3/min (2,058,000 gal/min). Unit No. 1, which has two (530 m3/min or 140,000
gal/min) circulator pumps, was retired from commercial operation in October
1974. The two Units currently operating each have six (530 m3/min) circulator
pumps. Six service water pumps with much lower total capacities are located at
each Unit (144 mB/ﬁin or 38,000 gal/min at Unit 1; 114 mS/min or 30,000 gal/min
at Units 2 and 3).

Units 1 and 2 each have fixed intake screens at the river's edge and traveling
screens within each intake forebay (Figure 2-2). Unit 3 has traveling screens
at the river's edge but no fixed screens (Figure 2-3). Details of the plant and
associated intake structures have been presented previously (TI 1975b; Con Edi-
son 1977). In past years, when water temperatures fell below about 4°C (gener-
ally during the months of January, February, March and December), the amount of
water drawn through the intake screen associated with each circulator pump was
reduced to 60% of the normal pumping capacity to reduce fish impingement. This
same pumping schedule was in effect from January through April 1981. After May
1, the pumping schedule specified in the Hudson River Cocling Tower Settlement
Agreement executed in December 1980 and which became effective on May 14, 1982.
(hereafter referred to as ''the Settlement Agreement’) was generally followed
(Table 2-1). Unit 2 returned from & six month refueling outage on May 24, 1981
with all circulators pumping at 100% capacity. At Unit 3, circulators were
changed from 60% to 100% flow beginning on May 8 with the last circulator chang-
ing to 100% on June 7. In the fall of 1981, Unit 2 changed to 60% flow between
October 27 and 30. The change at Unit 3 occurred during an outage in October and
November. When that Unit returned to service on.November 15, five circulators
were operating at 60% flow. THe sixth circulater was out of service for

repairs.
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Table 2-1. TFlow Rate Schedule for Indian Point Units 2 and 3 in the

Settlement Agreement.

Circulator Water Flow

(GPM/Unit)
Time Period Flow
1 Nov - 30 Apr 562?500*
1 May - 31 May Change from 60% to 100%
"1 Jun - 30 Sep 840 ,000%%
1 Oct - 31 Oect Change from 100% to 60%

"

Corresponds to 60% flow

el Corresponds to 100% flow
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3.0 IMPINGEMENT AT THE INDIAN POINT STATION

Daily collections were made at Units 2 and 3 from January 1 through June 30,
1981. For the remainder of the year, collections were made on a less frequent
basis according to a sampling design described in the following section. During
the last six months of 1981, when this new collecticn schedule was followed, the
traveling screens were still washed daily to remove debris and fish. The field
and laboratory procedures used in the collection and processing of impinged fish

are included in Appendix A.

3.1 Sampling Design

Analyses of the accuracy and precision of potential impingement sampling designs
presented in the 1979 Annual Report (TI 1980b) served as the basis for the se-
lection of the collection schedule followed from July through December 1981.
The analyses were made because it was realized that the very extensive daily
impingement data base could be used to test the reliability of various designs
which involved less frequent collections. The view that a less than daily sam-
pling schedule can provide reliable estimates of impingement at power plants is
well supported (Johnston 1976; Kumar and Griffith 1977; Murarka and Bodeau 1977;
Murarka et al. 1977; E1-Shamy 1979).

The first step taken in developing an appropriate ''reduced” sampling design was
to select and refine the existing data which would be used for subsequent ana-
lyses (TI 1%980b). Daily counts from impingement collections at both Units from
1976 through 1979 formed the data base. To minimize the effects of volume cir-
culated as a source of variation in examining the fluctuations in the number of
fish impinged, the actual (''raw") counts for selected days were scaled up on the
basis of the maximum volume at which the Unit would be permitted to operate in
accordance with the pumping schedule specified in the Settlement Agreement (Ta-
ble 2-1). These scaled up counts are termed the Estimated Mean Daily (EMD)
counts. The days during the four year period that were selected for this analy-
sis were those for which the volume of water associated with the counts obtained
from the screens during a period of approximately 24 hours could be accurately
determined. Days on which unusual operating conditions existed at any screen at

a Unit (e.g. unscheduled washes, outages, screen operating problems, etc.) were
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excluded from consideration. In the pooled four vear periocd (1976-1979) used
for the analysis of daily impingement ¥ariation, 625 days at Unit 2 and 835 days
at Unit 3, from a total of 1,454 possible sampling days at each unit, met the se-
lection criteria. Since the days excluded were not concentrated within any par-
ticular time over the four year period, the data were adjudged sufficiently
representative to serve as the basis for evaluating potential sampling designs
(TI 1980b).

The accuracy and precision of three different designs were evaluated (TI 1980b).
One design consisted of a random allocation of sampling effort throughout the
year. The other two designs were both stratified, one on a seasonal basis and
the other, termed the "empirical" design, contained strata of unequal sizes. In
the "seasonal” design each stratum consisted of three months and roughly corre-
sponded to winter, spring, summer and fall (January 1 - March 31, April 1 - June
30, July 1- September 30 and October 1 - December 31). The strata in the empir-
ical desigh were selected to correspond to distinct periods of high and low
impingement variation at each Unit (TI 1980b). Both of the stratified designs
relied upon an allocation of sampling effort which is basically dependent upon
the observed impingement variation within the particular stratum; i.e., the lar-

ger the impingement variation, the greater the number of samples allocated.¥

As would be expected, the precision in each of the three sampling designs in-
creased as the level of sampling effort increased. The precisions of the stra-
tified designs were considerably higher than that for the simple random design.
The empirical design was the most precise at both Units 2 and 3, but the differ-
ences between it and the seasonal design were slight (TI 1980b). Precision was
evaluated by calculating the standard error of the scaled up EMD counts for var-

ious levels of sampling intensity ranging from 10 to 90 percent of the year.

e
Ky

This would always be true in determining the sampling allocation for equally
sized strata, but in the empirical design, the size of the stratum would also
influence the amount of sampling effort to be allocated. This is referred to as

a Neyman allocation (Cochran 1977).
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Since impingement collection data at both Units 2 and 3 were not normally dis-
tributed, simulated sampling was used to measure accuracy. The simulation in-
volved repeated application of each of the two stratified designs for each
sampling fraction to determine the number of times the 895% CI about the EMD
count enclosed the actual daily count, which in this analysis was the true mean
of all EMD counts for each Unit in the 1976 through 1979 period. For the case of
the 30% sampling fraction using the seasonal stratification, the design that was
ultimately selected, the simulation proceeded in the following manner. At Unit
2, this particular design specified that 30 days should be allocated for the
winter stratum, from January 1 through March 36. These 30 days were then ran-
domly selected from the 1976 through 1979 data base of EMD counts for the
January through March period. The same procedure was applied for the other
strata. When all the strata were sampled in this manner, the EMD count, with 95%
CI, was computed. This CI was then compared to the actual daily count. This en-
tire procedure was repeated 1000 times for each sampling fraction at each Unit

(TI 1980b). It was found that at sampling intensities of approximately 20 to

30%, the confidence intervals about the estimated mean generally encompassed the

true mean greater than 92% of the time. Increasing the sampling intensity be-

yond 30% only resulted in marginal improvements in accuracy (TI 1980b).

After reviewing the results of these analyses, Con Edison and PASNY propose& to
NYSDEC that an impingement sampling design which consisted of sampling each Unit
110 days per year, corresponding to the 30% level of sampling intensity, and
utilizing allocations based upon seasonal strata would be the most appropriate
choice to replace the daily collection program. The selection of the seasonal
rather than the empirically determined strata was primarily a reflection of the
greater ease and flexibility associated with the implementation of a quarterly
plan rather than one which was based upon six and seven (for Units 2 and 3, re-
spectively) unequally sized strata. Further, the differences in precision and
accuracy between the two stratified designs were small and the seasonal allo-
cation would be sensitive to certain major impingement patterns linked to
movements of fish species. The 30% level of sampling intensity provided the
best accuracy and precision for the level of effort expended (Tabies 3-1, 3-2)
and represented a design which could reliably replace the one which already ex-
isted.
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Although the numbers of sampling days allocated to each Unit under the seasonal
stratification design were different (Table 3-3), sampling dates in the period
from July 1 through December 31 were randomly chosen within each of the two
strata such that, wherever possible, collections were made on the same dates at
both Units. This was done to make sample processing more efficient and did not
have an effect on the sampling design. There was also the added advantage of be-
ing able to compare counts at both Units on a daily basis which would not have

been assured had dates been chosen at each Unit separately.

During 1981, NYSDEC required the reporting of collections at both Units when to-
tal counts were greater than 10,000 fish per day at one or both Units. Sampling
was to continue at both Units until counts fell below 10,000 fish per day. These
collections, which occurred on six days at Unit 2 and three days at Unit 3 for
the two strata from July through December, were included in the data used to es-
timate the total number of fish impinged. The inclusion of these high
impingement days would tend to bias (i.e. result in an overestimate of) the num-
ber of fish projected to be impinged at the Station during 1981 because in most
cases these days were not originally allocated in the sampling design. Yet out-
ages, certain plant operating conditions and unavoidable sampling-related
circumstances prevented the number of collection days in the summer and fall
strata from reaching that level specified in the selected monitoring design. At
Unit 3, there were to have been 65 collection days from July 1 through December
31 (Table 3-4) but scheduled collections occurred on only 48 days during this
period, primarily because of outages in October and November (Table 3-5). These
48 days represented not only days dn which sampling was originally allocated ac-
cording to the design, but also make-up days {randomly selected within each’
stratum) to replace days lost due to outages, etc. The three 10,000+ days were
added to help bring the total number of days sampled (now 51) closer to the ori-
ginally allocated level (of 65). At Unit 2 the problem was less apparent
because of fewer outages. Adding the high impingemen£ days brought the total
number of collections days at Unit 2 from July through December to 69 of the 70
originally allocated (Table 3-4).

If it were known that an outage (defined as lack of circulator pump operation

rather than solely a decline or cessation of power generation) were to occur ba-

sically within a single sampling stratum, then no effort would be made to re-
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place the cecllection days in that stratum that would be lost . The outages
during the last six months of 1981 were not that extensive, however, so efforts
were made to reach the number of collection days specified in the design. The
shortfall represented by the difference between the number of days actually sam-
pled and the number originally allocated was too small to result in any substan-
tial decline in the accuracy of the estimated total number of fish impinged at
each Unit; i.e., it would still be between 92-93 percent (Tables 3-1, 3-2).

3.2 (Collection Efficiency

Collections from the Indian Point Station intake screens provide an indication
of impingement patterns but do not reflect the actual number of fish impinged.
Although screen washes were generally made on a daily basis during 1981, im-
pinged fish could have been lost due to scavenging fish and birds and water cur-

rents. In addition, disintegration and decomposition may have occurred prior to
collection. '

The need to adjust the actual number of fish collectad to better reflect imp-
ingement magnitude has long been recognized (TI 1973; Barnthouse et al. 1980).
Several different adjustment factors for Units 2 and 3 were proposed based on
collection efficiency tests conducted at the Station from 1974 through 1979
(McFadden et al. 1978; TI 1979, 1980a, 1980b). In an attempt to improve upon
the accuracy of the most recent set of adjustment factors that had been devel-
oped by TI (TI 1980b), several years of data were examined to determine whether
a definitive relationship between collection efficiency and water temperature
might exist (Con Edison 1982).

It was found that the relationship between the two variables at each Un1t could
be properly modeled as a linear regression. The relationships were:

Unit 2 Efficiency = -0.00945 « Temperature (°C) + 0.54708

Unit 3 Efficiency = -0.00792 : Temperature (°C) + 0.71640
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The collection efficiency at Unit 3 was significantly thigher than that at
Unit 2, but the slopes of the two regression equations were not significantly

different from each other (Con Edison 1982)

Since there were no collection efficiency tests performed during 1981, the
relationships described above were used to adjust the numbers of fish col-
lected on sampling days throughout 1981, The collection efficiencies at each
Unit were obtained by using mean daily intake temperatures at the Station
(Table A-7). The number of fish collected on a sampling day was multiplied by
an adjustment factor (the inverse of the collection efficiency) to estimate
the number of fish actually impinged. At both Units, the adjustment factors
were greatest during the summer and smallest during the winter (Con Edison
1982). At Unit 2, the adjustment factors during 1981 ranged from 1.80 to 3.72
and at Unit 3 the corresponding range was from 1.38 to 2.07. There represen-

ted mean daily intake temperatures which ranged from -1°C to 29.5°.

3.3 Estimated Number of Fish Impinged During 1981

An estimate of the total number of fish iﬁpinged and the associated standard
errors for both Units 2 and 3 were obtained from the actual counts of the fish
collected in each daily sample. Once corrected for collection efficiency,
these counts become estimates of the daily number of fish impinged. In the
winter and spring strata, the estimated number of fish impinged was calculated
by summing these daily counts that were corrected for collection efficiency,
In the summer and fall strata, collections took place on a randomized selec-
tion of days according to the reduced frequency impingement sampling design
(Section 3.1). To estimate the number of fish impinged during one stratum,
the mean daily number of fish impinged in a stratum is multiplied by the
number of days of plant operation in that stratum (Equation 1). A plant was
considered to be operating as long as circulating water was being pumped. The
precision (standard error) of the estimated number of fish impinged during the
year was determined through consideration of the variance within each of the

four strata (Fquation 2).
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L
T - 7 Nh.§h (Equation 1)
h =1
L
2 ,
- E
S.E. _ . Nh(Nh nh) S b (Equation 2)
h=1
"
where:
T = Estimated number of fish impinged during the year
L = Number of strata (4)
N , ) th
hY = Number of days of plant operation in the h stratum
ih = Mean daily number of fish impinged in the hth stratum
S.E. = Standard error of the estimated number of fish impinged during
the year '
n, = Number of days of impingement collections in the hth stratum
82h = Variance of the hth stratum

These stratified random sampling formulae (Cochran 1977) were used to estimate
the number of fish impinged at each Unit with the levels of accuracy and
precision specified in the selected reduced frequency sampling design (Tables
3-1, 3-2). However, the precision during 1981 would be expected to be some-
what better than during a year when all four strata were sampled less than
daily because the collections in the first two strata (made daily) do not
contribute to the standard error of the annual total; i.e., when equation (2)
is used, the expression (Nh—nn) = 0. Using these equations and the parameter
values from Tables 3-4 and 3-6, the estimated total number of fish impinged
during 1981 and the associated standard error at Unit 2 was 3,573,103 fish =
568,282 and at Unit 3 was 995,163 fish * 69,657, The levels of precision for
these estimates (coefficients of variation) for Units 2 and 3 were 15.9% and
7.0% respectively, based upon 276 and 297 days of plant operation (Table 3-4)
and mean daily numbers of fish impinged of approximately 12,946 and 3,351
(Table 3-6). The level of precision at Unit 3 was very close to that pro-
jected by the sampling design (8.2%) based upon 1976 through 1979 data (Table
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3-2).. The level of precision at Unit 2, however, was less precise than the
level projected, 9.5% (Table 3-1), but was not so imprecise as to cause
concern., The higher variation at Unit 2 was primarily due to a greater vari-
ability during the infrequently sampled summer stratum than had been his-

torically observed; i.e. based on the 1976-1979 data.

3.4 Estimated Numbers of Individual Fish Species Impinged During 1981

Since collections were made daily for the first half of the year, exact counts
for each species were simply adjusted for collection efficiency to provide an
estimate of the number impinged. The impingement sampling design in effect
from July through December 1981 did not dinvolve daily sampling, and the
estimated number of fish that were impinged must therefore be determined by

some other method.

One method of estimating the number of fish from each species that was imping-
ed during the year is to use the same procedure described for estimating the
total number of fish (all species) impinged (Section 3.3). Instead of multi-
plying the days of plant operation in a stratum by the mean daily number of
all species impinged in that stratum, the mean daily number impinged of each
species is used (in both cases, the daily number impinged is the product of
the actual count of collected fish and the appropriate collection efficiency
adjustment factor). These "stratified estimates" were calculated for all
spécies identified in impingement collections at Units 2 and 3 during 1981

{(Tables 3-7 and 3-8).

The levels of precision for most individual species were not as good as those
for all the species combined. The species with relatively high coefficients
of variation (compared to the 15.9% and 7.0% for épecies combined at Units 2
and 3, respectively) were, with the the exception of those for which the
standard errors were inflated due to the small number collected, species which
had relatively high and variable impingement in a stratum with relatively few
sampling dates. At Unit 2, for example, species with relatively high
coefficients of variation, such as alewife, American shad, bay anchovy and
weakfish were all impinged in the greatestvnumbers during the summer (Table

3-7), when there were much fewer collection days than during the fall stratum
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(Table 3-4). Since the temporal pattern of impingement for these individual
species is different from that observed when all species are combined (i.e.,
they peak during the summer rather than during the fall), the precision of
their estimates is generally lower. At Unit 3, which had more collection days
during the summer than Unit 2, and had essentially an equal number of
collection days in the summer and fall strata, the precision of the estimates
for the four species discussed above were better (Table 3-8). The
coefficients of variation at Unit 3 would be even lower if the annual im-
pingement for these species were mnot so heavily concentrated in a single
stratum. At Unit 3, the level of precision for white perch, which clearly was
the most dominant species impinged at that unit during 1981 (approximately 68%
of the total) was very close to that observed for all species combined. In
contrast, the annual estimate of impingement for white perch at Unit 2 was
less precise than the estimate for all species combined. Unit 2 impingement
was, for the most part, equally dominated by both white perch and bay anchovy
(approximately 37% and 34% of the total, respectively). It seems likely that
the highly variable impingement of bay anchovy that occurred during the
summer, when there were relatively few collection days, lowered the overall
precision of the annual impingement estimate for all species at Unit 2 more
than if that Unit's collections had been dominated only by white perch, as was

the case at Unit 3.

Another method that can be used to estimate the number of fish annually
impinged for each individual species is based upen the water volume circu-
lated. In this method, the total (or mean daily) number of fish impinged on
the sampling days within a stratum are scaled up to reflect the total volume
circulated on all days of plant operation within that stratum. This type of
method is used to provide estimates of annual impingement at other Hudson
River power plants (Lawler, Matusky and Skelly Engineers,-1980, 1981). It
assumes that impingement magnitude is directly proportional to the volume of

water circulated.

Two different estimates using a volume-extrapolated method were generated.
For the first, termed the "proportion estimate," the number of fish of each
species impinged (collected” number, or count, adjusted for collection ef-

ficiency) in a stratum was multiplied by the inverse of the proportion the
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collection days' volume represented compared to the total volume circulated
through that Unit during the period. The resulting number represents an
estimate of the number of that species impinged during the stratum. In the
other volume-extrapolated method, a rate of impingement (numbers per unit
volume) was calculated for each of the collection days. The mean of these
daily rates was calculated for each stratum and multiplied by the total volume
circulated through that Unit during the period, as in the proportion estimate.
This "mean daily rate" estimate would theoretically be less influenced by the
day to day variation in water volume pumped than would the proportion es~

timate.

To evaluate which of the three possible estimates is most appropriate for
determining the numbers of individual species impinged, each one was indivi-
dually applied for the first six months of 1981. Since collections were made
daily during this period, it is possible to compare the accuracy of each
method. A number of days were randomly selected for the winter (January
through March) and spring (April through June) strata according to the al-
locations specified in the selected reduced frequency impingement sampling
design (Table 3-3). TFive species which have historically comprised most of
the impinged fish at the Station were selected for this comparison; white

perch, bay anchovy, striped bass, Atlantic tomcod and blueback herring.

The results did not demonstrate that any one method provided an estimate
cbnsistently closest to the actual collections (Table 3-9). The volume-ex-—
trapolated proportion estimate and the stratified mean estimate were 1in
several cases quite similar to the estimate based upon daily collections.
Examination of the proportions of total days and total circulating water
volume in each stratum represented by the selected collection days (Table
3-10) revealed that good correspondence between these two estimates might be

expected.

The stratified mean estimate was the best techmique for the winter stratum,
January through March. During the spring stratum, when collections on only 10
of 71 days at Unit 2 and 18 of 91 days at Unit 3 were selected, all three

estimates were, in general, less accurate (Table 3-9). The lack of accuracy
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was occasionally quite pronounced (e.g. mean daily rate estimate for white

perch at Unit 2),

Both the stratified mean and the volume~extrapolated methods can provide-
reasonable estimates of the numbers of each species impinged in a particular
stratum. Both should give better estimates when they are based upon a larger
number of collection days within the stratum. When there are few days al-
located, however, the potential for the mean daily rate estimate to provide a
grossly distorted assessment of impingement magnitude for a particular species
is probably greater than for either of the other two estimates. The effect of
one or two very high or very low impingement days on a mean daily rate can be
extreme when there are relatively few days in a stratum on which collections
occur. Since the volume-extrapolated proportion estimate and the stratified
estimate can be predicted to correspond quite closely during the summer and
fall strata (Table 3-11) as well as during the winter and spring strata (Table
3-10), either of these two estimates 1is preferred over the mean daily rate
estimate. All subsequent discussions related to estimated -numbers impinged
for individual species are based upon the stratified mean estimates previously
presented (Tables 3-7, 3-8). The decision to use the stratified mean estimate
rather than the proportion estimate is primarily attributable to a desire to
keep the methodology used for estimating impingement of individual species
consistent with that used for all species and to the uncertainties associated
with the relationship between impingement magnitude and volume circulated (TI

1980a).

3.5 Species Composition and Relative Abundance

There were 72 species (Table 3-12) represented among the 1,100,357 fish
collected at the Indian Point Station during 1981 (Table A-3). When adjusted
for collection efficiency and extrapolated to account for subsampling during
the summer and fall strata, it was estimated that there were 4,568,266 fish
impinged -at the Station during the vear (Section 3.3). The total weight of
these impinged fish is estimated to be 23,675 kg, or approximately 52,200 lbs.
(Table A-6).

3-11



The total number of fish impinged during 1981 was the second highest since
both Units 2 and 3 began to regularly operate simultaneously in 1977. The
total circulating water volume pumped during 1981, however, was lower than in
any prior year since 1977 (Table 3-13). No significant correlation between
the annual number of fish dimpinged and yearly circulating volume was found
based on 1976 through 1981 data (r = 0.78 p < 0.07, Table 3-13). Such a
correlation was noted however, when 1982 data was included in the analysis
(r = 0.84 p < 0.01) in the 1982 Indian Point Annual (Con Edison 1983). The
relationship between numbers of each species that were impinged and circulat-
ing water volume is uncertain since environmental variables such as conduct~
ivity and water temperature have also been shown to influence the daily

impingement rate for each species at the Station (TI 1980a).

The number of species identified in collections in 1981 was similar to that
found in each of the four previous years when from 72 to 76 species were
annually collected (Table 3-13). Four of the species collected in 1981, big
eye scad, black bullhéad, cunner and striped burrfish, were not collected in
any previous impingement sampling effort. O0f these four, only black bullhead

was found in one prior vear's Indian Point nearfield sampling program (TI
1979).

0f the nine species collected in 1980 that had not been collected prior to
that time (Con Edison 1982), only fathead minnow and spotted hade were col-
lected again in 1981. All species, with the exception of shortnose sturgeon,
that were collected in every year since 1975 were also collected in 1981.
Consequently, it appears that the reduced sampling schedule introduced during
the latter half of 1981 did not have any substantial effect on the species

composition of impingement collections relative to earlier years.

As 1in previous years, four species dominated the impingement collections
during 1981. White perch, bay anchovy, Atlantic tomcod and blueback herring
were estimated to represent approximately 88% of the total number of fish
impinged with white perch alone representing more than 437 of the total (Table
3-14), There were approximately 1.4 million more fish estimated to be im-—

pinged in 1981 than during 1980 (Table 3-13; Con Edison 1982). Most of this
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difference is attributable to the increased collections of bay anchovy, and to

a lesser extent, white perch and blueback herring.

3.6 Seasonal and Yearly Impingement Patterns

Seasonal trends were examined using mean monthly impingement rates (number of
fish collected per day adjusted for collection efficiency + circulating volume

associated with that day's collection, averaged over the entire month).

Ideally, each impingement collection should correspond to a specific volume of
water circulated through the pumps. In some cases, a volume could not be

precisely associated with a particular collection because of some aberrant

condition in plant operation (e.g. during unscheduled screenwashes when it was -

not always feasible to conduct impingement sampling or during periods of
interrupted circulator flow when fish were likely to be temporarily lost due
to backwash of the screens). Seasonal patterns of impingement, however, can

be better defined by the most complete set of data rather than by the limited

amount of data which have precisely matched collections and circulating water

volumes (TI 1980b)., Thus, an estimate of the volume circulated was calecu~-
lated, whenever possible, from Indian Point plant performance records and

included in the calculation of impingement rates.

In the past, except during years (e.g. 1980) where there were extended Unit
outages during autumn and winter, impingement rates have generally been
highest from October through March (Con Edison 1982). This pattern was
basically observed in 1981 (Figure 3-1), even though the circulator flows at
each Unit for several months during this time period were relatively small
(Table 3—155. Since the overall impingement each year has been consistently
dominated by four species (Section 3.5), the seasonal pattern can generally be
explained on the basis of the individual impingement rates of white perch, bay
anchovy, Atlantic tomcod and blueback herring. Most 44% of the fish impinged
at the Indian Point Station during 1981 were white perch (Table 3-14), and
these fish were impinged almost exclusively from October through March (Figure
3-2). Seasonal peaks in white perch impingement during the fall and winter
are well documented and are associated with the downriver and offshore move-

ment of juveniles of this species into channel areas of the river to



overwinter (TI 1979b, 1980a). This movement takes the fish past the Indian
Point intake screens, thereby increasing the likelihood of impingement. As
water temperatures begin to increase during the spring, these fish move into
shallower areas away from the intakes where they are less vulnerable to

impingement (TI 1980a).

In contrast, blueback herring, which comprised approximately 5% of the fish
impinged at the Station during. 1981 (Table 3-14), were primarily collected
only during a brief period in October and November (Figure 3-3). Fall peaks
in blueback herring impingement are characteristic of the species' seasomnal
distribution. During the summer months, young~of-the~year fish are primarily
concentrated in nursery areas upriver of the Indian Point Station (TI 1980a).
During the fall, these fish migrate downriver, past the plant, to more saline

overwintering areas (TI 1981),

Atlantic tomcod and bay anchovy are both impinged primarily during the late
spring and/or summer months (Figures 3-4 and 3-5). During the summer, young-
of-the~year Atlantic tomcod migrate downstream from middle estuary spawning-
areas to deeper cooler waters (TI 1979b, 1980a) near Indian Point. Their pre-
ference for deep water concentrates the fish in the channel area adjacent to
the plant's intakes and increases their potential for impingement (TI 1980a).
Nearfield abundance and impingement of these fish decrease in late summer,
probably due to increasing temperatures. During the fall and winter impinge~
ment of Atlantic tomcod declines considerably as they move upriver towards the

spawning grounds (TI 1980a).

Bay anchovy enter the Hudson River during the spring and utilize the estuary
as a spawning and nursery area (McFadden et. al. 1978). Both young-of-theyear
and adult fish are subject to impingement at Indian Point throughout the
summer (TI 1980a). As temperatures decrease and the salt front recedes from
the area in late summer and early fall, these fish migrate to a lower portion
of the estuary or migrate to the ocean (Bigelow and Schroeder 1953). Atlantic
tomcod and bay anchovy collectively comprised about 38% of the total number of
fish impinged in 1981 and accounted for most of the summer peak observed in

the overall pattern of impingement (Figure 3-1).
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The other species included for the dindividual rate analysis were primarily
selected because they were relatively abundant in impingement collections, but
those fish that are designated as representative important species in the
Hudson River by the United States Environmental Protection Agency, and/or are

of commercial or recreational importance were also included.

Selected species are as follow:

@

Striped bass* Spottail shiner® Blueback herring
White perch¥® White catfish* American shad
Atlantic tomcod*® Bay anchovy#* Hogchoker
Shortnose sturgeon® Weakfish* Bluefish
Atlantic sturgeon® Alewife#* Rainbow smelt

Striped bass (Figure 3-6), spottail shiner (Figure 3-7) and rainbow smelt
(Figure 3-8) basically showed the same temporal pattern exhibited by white
perch, that is increasing impingement in the fall with. peak collections
occurring during the winter and continuing to a lesser extent through spring.

Young-of-~the-year striped bass are primarily concentrated in shore zones and

shoals during the summer and fall (TI 1980a). As water temperatures decrease
with the onset of winter, they move into deep water areas (TI 1980a), but move.
back to shoreline regions in spring when temperatures increase (TI 1978).
Impingement occurs as these fish move into and to and from the channel portion

of the river (TI 1980b).

Young-of-the-year spottail shiner move into deep water areas by late fall to
overwinter with the older fish (TI 1976b). Spottail shiner (all ages) are not

very susceptible to impingement during the rest of the year. Their preference

* USEPA - designated representative important species in the
Hudson River (TI 1980b)
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for sheltered beach areas (shore zone) away from the plant's intake screens

apparently limits their impingement (TI 1980a).

Adult rainbow smelt migrate to freshwater areas to spawn in early spring
(Scott and Crossman 1973, TI 1976b). Early spring peaks in impingement
reflect this spawning run., Most adults leave the estuary soon after spawning .
and young-of-the~year fish move into deep water areas in early summer. Their
preference for deeper water -increases their exposure to impingement. A
seasonal peak in rainbow smelt impingement during the summer was not evident
in 1981, however, some indication of a fall increase in impingement associated

with the downriver movement of young-of-the-year fish was seen.

White catfish, which are normally dimpinged in highesf numbers during the
winter when young-of-the-year fish are thought to aggregate in the channel
areas of the middle estuary (TI 1980a) were impinged virtually throughout the

year, although in small numbers (Figure 3-9),

Hogchoker were collected at all times except during the winter (Figure 3-10).
Bimodal peaks in impingement seen in previous years (TI 1980a; Con Edison
1982) were repeated in 1981. The spring peak reflects increased activity
associated with increased water temperatures (TI 1980a) and coincides with the
occurrence of peak catches of yearling and older hogchoker in the Indian Point
region (TI 1976b). The fall peak, which is generally more prominent, coin-
cides with peak seasonal abundance of juvenile hogchoker at Indian Point (T1
1980a).

Impingement rates of bluefish (Figure 3-11), weakfish (Figure 3-12) alewife
(Figure 3-13) and American shad (Figure 3-14) peaked during the summer, when
young-of-the-year of these species migrate into the estuary. With the ex-

ception of bluefish, impingement of these species continued through late fall.

Bluefish presence in the Indian Point vicinity is limited to those times when
conductivity is elevated, so they are generally impinged primarily during the
summer months (TI 19802). Immature weakfish remain in the area until fall and

are subject to a slightly longer period of impingement (TI 1980a).



In contrast to blueback herring, riverwide distribution of youngof-the-year
alewife and American shad is centered closer to Indian Point, consequently, a
greater proportion of the young of these clupeids is subject to impingement
during the summer months (TI 1980a). Similar to blueback herring, increases
in impingement of alewife and American shad during the fall are associated

with the fall emigration of young—-of~the~year fish to sea.

Atlantic sturgeon (Figure 3-15) was too seldom collected (8 individuals) to
discern any meaningful seasonal patterns. Their demersal nature and the fact
that they rapidly attain a size which enables them to avoid the intake screens
make Atlantic sturgeon less vulnerable to impingement than many species (TI
1980a). Nome of the individual speﬁies selected for impingement rate analyses
showed trends in 1981 that were markedly different from what had been gen-
érally observed for them in past years. The same was true for all other

species (Figure 3-16),
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Table 3-1. Precision and Accuracy of a Stratified Sampling Design Using

Seasonal Strata at Indian Point Unit 2.

Precision Accuracy
Standard Coefficient®
Percent of Error of Variation
Year Sampled of EMD (Percent)
i0 : 1233.4 20.1 90.6
20 798.4 13.0 92.1
30 583.6 9.5 92.6
40 £37.5 7.1 93.5
50 319.0 5.2 94.8
60 : 210.7 3.4 95.56
- 70 135.8 2.2 94.1
80 82.1 1.3 95.56
30 47.7 0.8 95.6

#Coefficient of Variation = Standard error of the estimated mean
daily (EMD) count ¥ EMD count x 100.

+ . .
Accuracy expressed as percent of times the EMD count (all species)

with 95% confidence limits enclosed the actual daily count.



Table

3-2. Precision and Accuracy of a Stratified Sampling Design Using

Seasonal Strata at Indiaanoint Unit 3.

Precision Accuracy+
Standard Coefficient®
Percent of Error of Variation
Year Sampled of EMD (Percent)
10 4746 16.3 90.2
20 316.2 10.9 92.5
30 240.0 8.2 93.9
40 190.9 6.6 94.3
50 154.6 5.3 893.5
60 124 .5 4.3 95.3
70 97.2 3.3 94.8
80 70.4 2.4 93.6
90 41.6 - 1.4 93.3
*Coefficient of Variation = Standard error of the estimated mean

daily

(EMD) count + EMD count x 100.

+Accuracy expressed as percent of times the EMD count (all species)

Lo/

with 95% confidence limits enclosed the actual daily count.



Table 3-3. Sample Allocation for the Seasonally Stratified Sampling

Design at Indian Point Units 2 and 3%.

Number of Randomly Selected Days in Stratum

Stratum Unit 2 Unit 3
1 Janvary - 31 March 30 27
1 April - 30 June 10 18
1 July - 30 September 11 31
1 October - 31 December 59 34

1 January 31 December 110 110

*Number of randomly selected days of impingement collection in each

seasonal stratum when 30% of the year is sampled



Table 3-4. Numbers of Impingement Collection Days and Days of Plant

Operation at Indian Point Units 2 and 3 during 1981.

Stratum

winter (Jan-Mar)
spring (Apr-Jun)
summer (Jul-Sep)
fall (Oct-Nov)

TOTAL

winter (Jan-Mar)
spring (Apr-Jun)
summer (Jul-Sep)
fall (Oct-Dec)

TOTAL

-ta
-~

Number of
Days of Plant

Unit 2

Number of

Impingement

Operation® Collection Days
51 51
71 71
70 10
84 59

276 191
Unit 3

77 77

91 91

84 25

45 26

297 219

Number of Days
Allocated in
Stratified Design

atesla
-

31
34

A plant was considered operating if circulating water was pumped

** The reduced frequency impingement sampling design went into effect

on July 1, 1981



Table 3-5. Total Unit Discharge¥ (106m3) at Indian Point Units
2 and 3 during 1981.

- Month Unit 2 Unit 3 Units 2 and 3
Jan 1.8 85.0 86.8
Feb 10.4 21.5 31.9
Mar 15.9 37.0 52.9
Apr 9.6 70.1 79.7
May 51.6 94.6 146 .2
Jun 117.0 134.6 251.6
Jul 138.7 133.1 271.8
Aug 100.2 139.4 239.6
Sep 69.4 37.5 106.9
Oct 100.2 0.8 101.0
Nov 57.7 23.7 81l.4
Dec 87.5 79.4 166.9

Totals 760.0 856.7 1,616.7

* Including service water



Table 3-6.

Stratum at Indian Point Units 2 and 3 during 1981,

Stratum

winter (Jan-Mar)
spring (Apr-Jun)
summer (Jul-Sep)
fall (Oct-Nov)

Year

winter (Jan-Mar)
spring (Apr-Jun)
summer {Jul-Sep)

fall (Dct-Nov)

Year

Mean Daily Number of Fish Impinged in Each Seasonal

Unit 2_

Mean Daily Number

of Fish Impinged

3775.
4780.
25375.
15058.

O NWw

12946.0

Unit 3

1561.
1893.
2596.
10767.

1% B G T N

3350.7

Standard

Deviation

3604.9
5764.9
27417.9
14235.0

2433.9
2208.1
2441.7
10564.5
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Table 3~10.

Number of Selected Collection Days and Associated
Circulating Water Volumes as Proportions of Total
Number of Collection Days and Total Water Volume
Circulated in Winter and Spring Strata, 1981 (used
in evaluation of techniques to estimate the numbers
for each fish species impinged during 1981).

Number Days Selected* Cir. Vol. Selected Days

+ Number Days + Cir. Vol.
Unit Stratum Stratum#*% Stratum#®#*%
2 winter .588 . 535
2 spring 141 .114
3 winter .351 .357
3 spring .198 .187

* See Table 3-3
%%  See Table 3-4

#%% (Calculated from Indian Point 401 Certification Data



Table 3-11. Number of Selected Collection Days and Associated Circulating

Water Volumes as Proportions of Total Number of Collection

Days and Total Water Volume Circulated in Summer and Fall

Strata,
Number Days Sampled¥
Unit Stratum  Number Days
Stratum¥®
2 summer .143
fall .702
summer 298
fall 578

£ See Table 3-4

. Vol. Sampled Days

+ Cir. Vol

Stratum*

.137
.649

.325
.508

#% (Calculated from Indian Point 401 Certification Data

-
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Table 3-13.

Year

Total Volume Circulated* (106m3) at Indian Point
Units 2 and 3 .Combined, Estimated Number of Fish

"Impinged, and Number of Species Collected in Im~

pingement Sampling, and Correlation Between Volume
and Number Impinged 1976 through 1981,

Volume Estimated No. Impinged** No. Species Collected

1976 1329.1 1,580,352 58

1977 2158.6 6,270,152 72

1978 2030.4 3,801,211 72

1979 1934.9 4,318,722 74

1980 1822.4 3,121,797 76

1981 1616.7 4,568,266 72
Correlation Coefficient Between
Volume and Estimated Number Impinged r = 0.78 p < 0.07

%

-’l: Ja

Including service water

Adjusted for collection efficiency using linear regression

equations (Section 3.2)
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Table 3-15. Circulating Water Volume Pumped (106m3) in Association
with Impingement Sampling at Indian Point Units 2 and
3 during 1981.

Month Unit 2 Unit 3 Units 2 and 3
Jan 0.0 65.6 65.6
Feb .6 18.6 26.2
Mar 14.2 34.7 48.9
Apr 5.8 64.2 70.0
May 43.8 90.0 133.8
Jun 112.8 128.7 241.5
Jul 34.4 43.5 77.9
Aug .6 51.7 56.3
Sep 3.2 5.5 8.7
Oct 63.7 0.0 63.7
Nov 33.5 9.7 43.2
Dec 62.1 43.1 105.2

Totals 385.7 555.3 941.0
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4,0 ICHTHYOPLANKTON SAMPLING AT THE INDIAN POINT STATION

The 1981 sampling program, like the 1980 program, was designed to examine the
seasonal and diel abundance of commonly occurring ichthyoplankton at the
Station. In 1981, sampling methodologies were very similar to those employed in
1980; however, the sampling location was poved from discharge canal station D1
to D2 (Figure 4-1) and sampling started and ended later in the season than in
1980. In 1980, sampling occurred from March 6 to July 31 while in 1981 sampling
occurred from May 6 through August 30.

Emphasis in the ichthyoplankton sampling program was placed on describing the
seasonal and diel density patterns of the early life stages (eggs, yolk-sac lar-
vae, post yolk-sac larvae and juveniles) of striped bass, white perch, Atlantic
tomcod, bay anchovy and Alosa spp. These five taxa were selected because of
their relatively high abundance in entrainment collections (EA 1879, 1980a,
1980b, 1981a, 1981b; Con Edison 1982). Rainbow smelt, which were treated in a
prior Annual Report (Con Edison 1982) were not collected in 1981, possibly be-
cause of the later starting date of the sampling program. The weekly length
distributions for the five selected taxa are included in Tables B-1 through B-5,
while the number and density per sample for these five taxa and all ichthyo-
plankton combined are included in Appendix Tables B-6 through B-11. Mean weekly
densities for the non-selected taxa are presented in Table B-12. Total esti-
mated weekly volume sampled is presented in Table B-13. Ichthyoplankton

sampling and analytical methods are presented in Appendix B.

4,1 Water Quality Parameters

The mean weekly ambient water temperature gradually increased from 14°C to 30°C
from the start of the study to mid-July (Figure 4-2), stabilized around 28 to 31
°C from mid-July to mid-August and then gradually declined to approximately 27°C
in late August. Mean weekly salinity was generally low throughout May and early
June (less than 2 ppt), after which it gradually increased to slightly higher
than 5 ppt in mid-August (Figure 4-3). Dissolved oxygen gradually declined
throughout the season from a mean weekly high of 9 mg/l in mid-May to approxi-
mately 4 to 5 mg/l from late July to late August (Figure 4-4). The mean weekly

pH values were stable at approximately 7.2 throughout the season (Figure 4-5).



4,2 Entrainment Densities

4.2.1 Total Ichthyveplankton

Representatives of 21 ichthyoplankton taxa were identified in collections from
May 6 through August 30 (Table 4-1). Eggs were collected in 16 of the 17 weeks
during which sampling was performed (Figure 4-6). The highest mean weekly den-
sities of eggs occurred in mid-June (2368/1000m3) and mid-July (7873/1000m3) and
consisted primarily of bay anchovy. Most eggs were collected during the after-

noon, evening and at night (Figure 4-7).

Yolk-sac larvae were ccollected in 10 of the 17 weeks, (Figure 4-8) primarily
during the day (Figure 4-95. The highest mean weekly densities occurred from
mid to late May (reaching 85/1000m3) and consisted mostly of striped bass and
white perch. Alosa spp., bay anchovy, and hogchoker yolk-sac larvae were col-
lected only during the weeks of May 10, June 14 and July 12, respectively, at
densities of less than S/lOOOm3 (Figure 4-43, Figure 4-35 and Table B-12).

Post yolk-sac larvae were collected in all weeks (Figure 4-10) primarily during
the day (Figure 4-11). The highest mean weekly density occurred in late July
(4193/1000m3) and cons}sted primarily of bay anchovy. Mean weekly densities of
post yolk-sac larvae were also relatively high in late May (reaching a weekly
maximum of 856/1000m3) and late June (reaching a weekly maximum of 972/1000m3).
The relatively high densities in late May consisted primarily of striped bass,
white perch and Alosa spp. larvae while the relatively high densities in late
June consisted primarily of striped bass, white perch and bay anchovy. The diel
pattern throughout the period of post yolk-sac larval occurrence was most

strongly influenced by bay anchovy, white perch and Alosa spp.

Juveniles were coliected in 15 of the 17 weeks sampled (Figure 4-12), more fre-
quently at night than during the day (Figure 4-13). The highest mean weekly
density occurred in late June (45/1000m3) and consisted primarily of white perch
and striped bass. The relatively high mean weekly densities in early May (15 to
31/1000m3) consisted entirely of Atlantic tomcod while the high densities (18 to

4-2



29/1000m3) in late July primarily consisted of hogchoker and weakfish (Table
B-12).

4.2.2 Striped Bass

Eggs were found during the first three weeks in May (mean weekly densities of
0.7 to 2.3/lOOOm3) primarily in the da& collections (Figures 4-14 and 4-15).
The highest mean weekly densities of yolk-sac larvae occurred from mid-May
through late May (10 to 76/1OOOm3) (Figure 4-16), with higher densities occur-
ring during the day (Figure 4-17). Post yolk-sac larvae were primarily col-
lected from late May through late June (mean weekly densities 120 to 50171000m3)
(Figure 4-18) with slightly higher densities during the evening and at night
(Figures 4-19). Juveniles were collected almost exclusively in late June (mean
weekly densities 11 to 15/1000m3) with the highest densities occurring at night
(Figures 4-20 and 4-21).

4.2.3 White Perch

Ali life stages of white perch were collected in at least six weeks ekcept for
yolk-sac larvae which were collected in only three weeks (Figures 4-22 through
4-25). High mean weekly densities occurred in early June for eggs (3 to
S/lOOOmg), in mid to late May for yolk-sac larvae (4 to 13/1000m3), in mid to
late May for post yolk-sac larvae (165 to 403/1000m3) and in late June and early
July for juveniles (5 to 26/1000m3). Higher densities of juveniles were col-
lected at night while the other early life stages were collected in slightly
higher densities during the day (Figures 4-26 through 4-29).

4.2.4 Atlantic tomced

No eggs or yolk-sac larvae of Atlantic tomcod were collected. This species
spawns in December and January in the Hudson River and few if any eggs or
yolk-sac larvae would be expected in early May (TI 1981) when sampling
commenced. The highest mean weekly densities of post yolk-sac larvae (2 to
3/1000m3) and juveniles (15 to 30/1000m3) occurred in early May (Figures 4-30
and 4-31). Most post yolk-sac larvae and juveniles were collected in the after-
noon and evening (Figures 4-32 and 4-33).

4-3



4.2.5 Bay Anchovy

Eggs were collected intermittently from early June through early August some-
times at relatively high mean weekly densities (1582 to 7871/ lOOOmS) (Figure
4-34). Yolk-sac larvae were only cbllected duriﬁg one week in mid-June (mean
weekly density less than 2/1000m3) (Figure 4-35). Post yolk-sac larvae were
collected from early June through late August, with highest densities occurring
in mid to late July {mean weekly densities of 771 to 3528/1000m3) (Figure 4-36).
The period of high mean weekly densities for juveniles extended from mid-July
through early August (2 to 4/1000m3) (Figure 4-37). Most eggs, yolk-sac larvae
and juveniles were collected in the late afterncon or at night, (Figures 4- 38
through 4-40), while most post yolk-sac larvae were collected during the day A
(Figure 4~41).

4,.2.6 Alosa spp. Combined

Alosa spp. eggs were collected only during two weeks in mid-May (mean weekly
densities of 0.7 to 2.2/1000m3), while yolk-sac larvae were collected in only
one week in mid-May (mean weekly density of 4.7/1000m3) (Figures 4-42 and 4-43).
No discernible diel density pattern was evident for either life stage (Figures
4-44 and 4-45). In the Hudson River, the Alosa spp. group (alewife, blueback
herring, and American shad) primarily spawn in freshwater regions and few of the
eggs or yolk-sac larvae are generally transported to the Indian Point region (TI
1981). Post yolk-sac larvae were collected at high mean weekly densities from
mid-May through early June (48 to 238/1000m3) with slightly higher densities oc-
curring during the day (Figure 4-46 and 4-47). Juveniles were collected later
in the season, primarily at night, from late June through mid-August at mean
weekly densities ranging from 0.7 to 2.8/1OOOm3 (Figures 4-48 and 4-49).
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TABLE 4-1

Taxa Collected in Entrainment Sampling at the Indian Point Station
- May through August, 1981

Total

TOTAL NUMBER

TAXON COMMON NAME COLLECTED
Clupeidae Herrings 178
Alosa aestivalis Blueback herring 4
Alosa sapidissima American shad 8
Alosa spp. Alosa 631
Engraulidae Anchovies 2039
Anchoa mitchilli Bay anchovy 26889
Cyprinidae Minnows and Carps 15
Microgadus tomcod Atlantic tomcod 54
Fundulus diaphanus Banded killifish 2
Fundulus spp. Killifish 4
Menidia spp. Silversides 9-
Syngnathus fuscus Northern pipefish 13
Morone americana White perch 1264
Morone saxatilis Striped bass 1848
Morcone spp. Morone 569
Centrarchidae Sunfishes 4
Etheostoma olmstedi Tessellated darter 25
Perca flavescens Yellow perch 15
Cynoscion regalis Weakfish 70
Paralichthys oblongus Fourspot Flounder 1
Trinectes maculatus Hogchoker 75
Mutilated and unidentified 238
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Appendix A
Impingement Field and Laboratory Procedures

Study design for impingement monitoring and water quality data collections in
1981 changed considerably from previous years. From January 1, 1981 through
June 30, 1981, the sampling program remained unchanged from prior years and
has been described in detail previously (TI 1980b). However, from July 1,
1981 to December 31, 1981 the sampling program was modified so that collec-

tions took place only on a certain specified number of days.

Quality control procedures were maintained in all sampling programs to ensure
an average accuracy rate of 90% or better for the identification and enumera-
tion of striped bass, white perch, Atlantic tomcod and the combined total of

all the other species.
1. Impingement Monitoring at the Indian Point Generating Station
a. Collection and Processing

Fish from the intake screens of Units 2 and 3 of the Indian Point
Station were collected daily from January 1, 1981 to June 30, 1981
and on randomly selected days within the two strata from July I,
1981 to December 31, 1981 (Tables A-1, A-2, A-=3). Collections
generally occurred when the intake screens were routinely washed
once daily between 0630 and 1200 hrs. to remove accumulated fish and
debris. Occasionally, heavy trash loading or fixed screen malfunc-—
fion required more frequent or even continuous screen washing.
Whenever possible, on those occasions fish were collected and
counted using the same basic procedures as in routine sampling.
Intake screens at Unit 1, which was not operational, were not
routinely washed. When occasional washing occurred, the impinged
fish were collected and processed following standard operating

procedures as for the other Units.



For each collection of fish (all screen washes per Unit), in-
dividuals were identified to species and enumerated. All species

were separated into four length classes (LC):

o LC1

U

Omm ~ Divl

i

o LC2 Div, +1 - Div

1 2

o LC3 = Div2 +1 - 250mm

o LC4

L]

251+mm

The division values defined the upper total length limit for each
age group [i.e., LCl contained young-of-the-year (YQOY) fish, while
LC2 contained primarily vyearling fish] and were determined by
examining size distributions of previous years' data, spot checking
age by scale analysis, and using reference literature. The division

values were updated periodically to allow for growth.

Total weight of each species was determined for LC1, LC2 and all
length class groups combined (Tables A-4, A-5, and A-6). Total
count by length class was determined for each species. All striped
bass and white perch as well as Atlantic tomcod during the winter
marking season (January through March and December 1981) in each
éample were individually counted and tallied by length class, For
all other species including Atlantic tomcod from April through
November, if 100 or more fish were present in either LCl and LC2, a
subsample of 100 randomly selected whole fish was taken from that
LC. The total number was then estimated by extrapolation using the
total weight of the subsampled LC and the weight of the 100 fish

subsample..

A1l yearling and older striped bass, white perch and Atlantic tomcod
and YOY Atlantic tomcod (from approximately 1 December - 30 Decem-
ber) were examined for previous marks. All suspected recaptures

were retained for laboratory verification.



Station Operation and Environmental Variables

To provide a basis for computing impingement rates and for analyzing
the factors affecting impingement rates at Units 2 and 3, cooling
water circulator flow rates and the duration of circulator pump
operation were monitored along with fish collections from the intake
screens. Mean daily water temperature based upon recordings made at
the Station's intakes on collection days (Table A-7) and conduct-

ivity measurements (Table A-8) were also made.
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1.

Appendix B

Ichthyoplankton Sampling at the Indian Point Station

a.

Collection and Processing

Samples were collected by Ecological Andlysts, Inc. in the discharge ca-
nal at Station D-2 (Figure 4~1), using an automated pump sampling device
(Figures B-1 and B-2). Sampling occurred twice each week from May
through August.

Each sampling day consisted of eight consecutive three hour periods.
During each three hour period, the pump was operated intermittently for
30 minute periods (i.e., 30 minutes on, 30 minutes off) to provide a 90
minute composite "sample'. Initiation and termination of the 30 minute

sampling periods were controlled by a programmed computer module.

The intake for the four inch sampling hose was located at mid~depth in
the discharge canal (approximately 3m below the surface) and was ori-
ented sc that the water flow was directed into the hose mouth. The wa-
ter was pumped into a 505 um mesh net suspended in a collection tank.
Sample washdown and preservation in 10% buffered formalin were con-
trolled automatically and samples were deposited into eight collection
containers. The volumes sampled (Table B-6) were measured by a Signet
inline flowmeter and ranged from 67.4 to 97.9 m3 (mean of 83.4 m3) for

each 90 minute sample.

Preserved samples were sorted for all fish eggs, larvae and juveniles by
Ecological Analysts, Inc. These organisms were identified to the lowest
practical taxon and life stage. Length measurements (up to 25 randomly
selected individuals per taxon and life stage in each sample) were taken

for all unmutilated larvae and juveniles.

B-1



Analytical Procedures

Mean densities for each collection period and each week were calculated
for the early life stages of all ichthyoplankton and the following se-
lected taxa: striped bass, white perch, Atlantic tomcod, bay anchovy,
and Alosa spp.* The three hour collection pericds were numbered from 1
through 8 so that "collection period 1" began at midnight and continued
to 0259 hrs. (2:59 AM), "collection period 2'" began at 0300 hrs., etc.
A sample was assigned to one of these eight periods based upon the hour

when sampling started.

The mean density for each of the eight collection periods was calculated

as follows:

m
Y = z Y
P ps
s=1
m
where,
§p = mean density in cocllection period p
Yps = density of sample s in collection period p
m = number of samples in collection period p

A sampling week was defined as Sunday through Saturday, with the date of
the Sunday used as the label for each week. The mean density for each
week was calculated as follows:

-

* Alosa spp. was defined as all organisms identified to any Alosa spe-

cies {(in 1981, this consisted of Alosa aestivalis, Alosa sapidissima,

those identified as Alosa spp., and those identified as Clupeidae.
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where,

§w = mean weekly density
sz = density of sample s collected in week w
n = number of samples in week w

For the purposes of these analyses, each sample was assigned to a "work
date", which was defined as the date on which the majority of samples
were collected for each 24 hour sampling effort. For example, all sam-
ples which were collected during the sampling effort that began at 0800
hrs on May 6 and ended at 0500 hrs on May 7, were assigned to the work
date of May & since 75 percent of the sampling occurred on that date
(Tables B-6 through B-11). The only "work dates'" included in the diel
" analyses were those for which at least one organism of the taxon life

stage being analyzed was collected.

For the length analyses (Tables B-1 through B-5) larvae of the five se-
lected taxa were placed in one of nine length intervals from <4mm to
z18mm. The seven intervals from 4 to 18mm were each 2mm. The weekly
mean length, standard deviation and the minimum, maximum and median

length for each taxon were calculated.
Water Quality Tasks

Water quality values were recorded once during each three hour col-
lection period. A Martek IV water quality analyzer, located in the pump
trailer, was used to measure water temperature, dissolved oxygen, con-
ductivity, and pH (Figures 4-2 through 4-5). River water was pumped to
the water quality analyzer via a hose, with its intake located 20 meters

south of intake forebay 36 (indicated on Figure 4-1). This design al-
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lowed for measurement of water quality parameters before the water had
entered the plant, although recirculated water from the station may have

affected the measurements.



NUM-FISH

MN-LGTH
STD-DEV
MIN
MED
M2X

ACT-DATE
HOUR .
WRK-DATE
WEEK-OF
COL-PRD
TIDE

FLD

EBB |
H-SK
L-8K
INTK-TMP
SAL

Do
VOLUME
EGG-DEN
YS-DEN
PYS-DEN
JUV-DEN
EGG-CT
¥YS-CT
PYS-CT
JUv-CT

Definition of Variables Listed in Table B-1 through B-11

Tables B-1 through B-5

Number of yolk-sac larvae, post yolk-sac larvae,
and juveniles ’

Mean length

Standard deviation

Minimum length

Median length

Maximum length

Table B~6 through B-11

Actual date when sample was collected
Hour and minute when sample was collected
Work Date

Week to which sample was assigned
Collection period

Tidal stage

Flood tide

EBB Tide

High slack

Low slack

Intake temperature

Salinity in parts per thousand

Dissolved oxygen in parts per million
Volume of sample in cubic meters

Density of eggs in #/1000 cubic meters
Density of yolk-sac larvae in #/1000 cubic meters

Density of post yolk-sac larvae in #/1000 cubic meter

Density of juveniles in #/1000 cubic meters
Number of eggs collected in sample

Number of yolk-sac larvae cocllected in sample
Number of post yolk-sac larvae collected in sample
Number of juveniles collected in sample
No data collected
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INDIAN POINT STATION

TABLE B~2
ICTHYOPLANKTON LENGTH DATA {MM)

COLLECTED

IN 1981 AT THE

TAXON-~-WHITE PERCH

14-15.9

MIN MED MAX

> 18 NUM_FiSH MN_LGTH STD_DEV

16-17.9

12-13.9
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WEEK 0-3.9 4-5.9 6-7.9 8-9.9
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Table B-13. 1981 Indian Point Entrainment Abundance Study
Total Weekly Volume (Cubic Meters) Sampled by.
Pump Sampler

Week Volume
May 03 1311.4
May 10 ' 423.5
May 17 1334.2
May 24 1354.9
May 31 1342.9
June 07 1285.5
June 14 1300.7
June 21 660.6
June 28 1331.3
July 05 1305.0
July 12 1326.8
July 19 1339.2
July 26 1336.2
Aug 02 1346.7
Aug 09 1369.9
Aug 16 1387.2
Aug 23 676.7



Figure B-1. Orientation of Components Within Trailer Housing
of Pump Sampling Device (Ecological Analysts
AUTOSAM - U.S. Patent No. 4,145,928).
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