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FOREWORD

On December 19, 1980, with the signing of an out~of-court
settlement agreement, a three-year adjudicatory hearing on the effects
of electric power generation on the Hudson River was ended. The
purpose of this hearing had been to determine whether six cocling
towers, required by the various Environmental Protection Agency (EPA)
permits, should be built at three power plants on the Hudson River in
New York in order to mitigate the impacts of entrainment and
impingement on estuarine fish populations. In addition to terminating
the EPA hearings, the settlement resolved reguiatory disputes between
the utility companies and several other federal agencies, including the
U.5. Nuclear Regulatory Commission (NRC).

Staff of the Environmental Sciences Division at Oak Ridge National
Laboratory (ORNL) were asked to participate in the EPA hearings because
of previous work on entrainment and impingement performed for AEC, NRC,
ERDA, and DOE 1in connection with the licensing of Indian Point Units 2
and 3, the largest generating units on the Hudson River. ORNL Staff
prepared and submitted, in May 1979, numerous individual pieces of
written direct testimony for EPA as part of these hearings. Some of
these pieces of testimony were coauthored with individuals from the
National Power Plant Team of the U. S. Fish and Wildlife Service and
from EPA. The purpose of this three-volume report is to publish these
individual pieces of testimony involving ORNL staff in a manner that
will assure a broader distribution to the scientific community,
government agencies, and other interested parties.

Volume I is concerned with the estimation of the direct (or
annual) entrainment impact of the power plants on populations of
striped bass, white perch, Alosa spp. (blueback herring and alewife),
American shad, Atlantic tomcod, and bay anchovy in the Hudson River.
Entrainment impact results from the killing of fish eqgs, larvae, and
young juveniles that are contained in the cooling water cycled through
a power plant. An "“Empirical Transport Model" is presented as the
means of obtaining a conditional entrainment mortality rate (which
represents the fraction of a year class which would be killed due to
entrainment in the absence of density-dependent mortality). Most of
Volume 1 is concerned with the estimation of several parameters
required by the model: physical input parameters (e.g., power-plant
withdrawal flow rates); the longitudinal distribution of
ichthyoplankton in time and space; the duration of susceptibility of
the vulnerable organisms; the "W-factors,” which express the ratios of
densities of organisms in power plant intakes to densities in the
river; and the entrainment mortality factors, which express the
probability that an organism will be killed if it is entrained. Once
these values are obtained, the model is used to estimate entrainment
impact for both historical conditions and projected conditions.




Voluime IT contains four exhibits relating to impingement impacts
and three critigues of certain aspects of the utilities' case. The
first exhibit is a guantitative evaluation of four sources of bLias
(collection efficiency, reimpingement, impingement on inoperative
screens, and impingement survival) affecting estimates of the number of
fish killed at Hudsaon River power plants. The two following exhibits
contain, respectively, a detailed assessment of the impact of
impingement on the Hudson River white perch population and estimates aof
conditional impingement mortality rates for seven Hudson River fish
populations. The fourth exhibit is an evaluation of the engineering
feasibility and potential biological effectiveness of several types of
modified intake structures proposed as alternatives to cooling towers
for reducing impingement impacts. The remainder of Volume Il consists
of critical evaluations of the utilities' empirical evidence for the
existence of density-dependent growth in young-of-the-year stviped bass
and white perch, of tneir estimate of the age-composition of the
striped bass spawning stock in the Hudson River, and of their use of
the Lawler, Matusky, and Skelly (LMS) Real-Time Life Cycle Model to
estimate the impact of entrainment and impingement on the Hudson River
striped bass population.

Volume TII addresses the validity of the utilities' use of the
Ricker stock-recruitment model to extrapolate the combined
entrainment-impingement losses of young fish to reductions in the
equilibrium population size of adult fish. In our testimony, a
methodology was developed and applied to address a single fundamental
question: if the Ricker model really did apply to the Hudson River
striped bass population, could the utilities' estimates, based on
curve-fitting, of the parameter alpha (which controls the impact) be
considered reliable? The present Volume III includes, in addition, an
analysis of the efficacy of an alternative means of estimating alpha,
termed the technique of prior estimation of beta (used by the utilities
in a report prepared for regulatory hearings on the Cornwall Pumped
Storage Project). Our validation methodology should also be useful in
evaluating inferences drawn in the literature from fits of
stock-recruitment models to data obtained from other fish stocks.
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ABSTRACT

BARNTHOUSE, L. W., W. VAN WINKLE, J. GOLUMBEK, G. F. CADA,
C. P. GOODYEAR, S. W. CHRISTENSEN, J. B. CANNON, and
D. W. LEE. 1982. Impingement impact analyses,
evaluations of alternative screening devices, and
critiques of Utility testimony relating to
density-dependent growth, the age-composition of the
striped bass spawning stock, and the LMS Real-Time Life
Cycie Model. Volume II. IN The Impact of Entrainment
and Impingement on Fish Populations in the Hudson River
Estuary. ORNL/NUREG/TM-385/V2 and NUREG/CR-~2220. Oak
Ridge National Laboratory, Oak Ridge, Tennessee,

This volume includes a series of four exhibits relating to impacts
of impingement on fish populations, together with a collection of
critical evaluations of testimony prepared for the uitlities by their
consultants. The first exhibit is a guantitative evaluation of four
sources of bias (collection efficiency, reimpingement, impingement on
inoperative screens, and impingement survival) affecting estimates of
the number of fish killed at Hudson River power plants. The two
following exhibits contain, respectively, a detailed assessment of the
impact of impingement on the Hudson River white perch population and
estimates of conditional impingement mortality rates for seven Hudson
River fish populations. The fourth exhibit is an evaluatien of the
engineering feasibility and potential biological effectiveness of
several types of modified intake structures proposed as alternatives to
cooling towers for reducing impingement impacts. The remainder of
Volume II consists of critical evaluations of the utilities' empirical
evidence for the existence of density-dependent growth in
young-of-the-year striped bass and white perch, of their estimate of
the age-composition of the striped bass spawning stock in the Hudson
River, and of their use of the Lawler, Matusky, and Skelly (LMS)
Real-Time Life Cycle Model to estimate the impact of entrainment and
impingement on the Hudson River striped bass population.






SUMMARY

The first four chapters in this volume relate to impacts of
impingement on Hudson River fish populations. In Chapter I, the
utilities’ estimates of the numbers of fish impinged at the Bowline,
Lovett, Indian Point, Roseton, and Danskammer generating stations are
evaluated. The methods used to compute the number of fish killed by
impingement at each of these plants are described, and four sources of
bias that can affect impingement estimates (collection efficiency,
reimpingement, impingement on inoperative travelling screens, and
impingement survival) are discussed. Wherever possibie, the magnitude
of each bias is estimated. Finally, plant and species-specific
adjustment factors that can be used to scale the impingement estimates
up or down to account for these biases are presented.

Chapter II presents two independent lines of evidence evaluating
impingement Tosses of white perch at the power plants on the Hudson
River. The first line of evidence involves analyzing the variation in
collection rates among years over the period 1972-1977, These rates
provide estimates of year-class strength on a relative scale. The
second line of evidence involves estimating the conditional mortality
rate (or equivalently, the percent reduction in year-class strength in
the absence of compensation) due to impingement for the 1974 and 1975
white perch year classes.

Chapter II1 presents estimates of conditional impingement
mortality rates for the 1974 year classes of white perch, striped bass,
alewife, blueback herring, American shad, and Atlantic tomcod, and for
the 1975 year classes of white perch, striped bass, American shad, and
the Atlantic tomcod. Exploitation rates for the total impingeable bay
anchovy population (adults + juveniles) residing above river mile 12
are presented for each month from May through October 1974 and 1975.
Rather than single "conservative" estimates of impact, reaiistic ranges
of probable impacts for each species and year class are developed. The
highest impingement impact estimates obtained are for white perch, the
Towest for American shad. In addition to estimates of actual
historical impacts, estimates of the impacts that would have occurred
had closed-cycle cooling systems been installed at one or more of the
three plants (Bowline, Indian Point, and Roseton) at issue in the
hearings, are presented. It was found that greatly reduced impacts on
white perch, Atlantic tomcod, and striped bass would have occurred had
closed-cycle cooling systems been operating either at all three plants
or only at Bowline and Indian Point. C(losed-cycle cooling at Indian
Point alone would have substantially reduced the impact of impingement
on white perch and Atlantic tomcod, and would have moderately reduced
the impact on striped bass.

Chapter IV presents evaluations of the degree to which impingement

and entrainment mortality at the intake screenwells of Indian Point
Units 2 and 3, Bowline, and Roseton, can be potentially reduced by
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backfitting them with alternative screening devices. Both physical and
behavioral screening barriers are considered. The physical screening
barriers considered are (1) conventional vertical traveling screens
(VTS) with modifications, (2) center-flow traveling screens,

(3) flush-mounted horizontal traveling screens (HTS), (4) cylindrical
wedge-wire screens, and (5) radial well intakes. The behavorial
screening barriers considered are angled HTS and louver and angled
screen diversion systems. It is concluded that there are alternative
devices available that could potentially reduce impingement and, to a
lesser extent, extrainment mortality at power plant cooling-water
intakes. The extent of reduction achievabie in practice however, is
site specific and can best be determined from in situ studies during
plant operation.

Chapter V presents a critical evaluation of empirical "evidence"
for the existence of density-dependent growth in the Hudson River
striped bass and white perch populations. Consultants for tne
utilities have, on several occasions, reported finding inverse
correlations between growth and abundance in juvenile striped bass and
white perch, and have cited these resulis as evidence that
density-dependent growth, a compensatory mechanism capable of partially
offsetting the impact of power plant entrainment and impingement, may
be operating in the Hudson River striped bass and white perch
populations. An evaluation of the data and methods of analysis used by
the utilities' consultants shows that it is not possible to demonstrate
the existence or non-existence of density-dependent growth from
existing data. It is further argued that, even if the existence of
density-dependent growth could be proved, knowledge of its existence
would be useless to the decision-maker because its compensatory effects
cannot be guantified.

Chapter VI presents a critical analysis of the utilities' estimate
of the age-composition of the striped bass spawning stock in the Hudson
River. Estimates of the contribution of each age-class to each year's
production are used by the utilities to develop lag times that
determine the pairing of indices of stock and recruitment in their
Ricker stock-recruitment curve-fitlting exercise (Volume III). The
estimates of long-term power piant impact obtained from the
curve-fitting exercise are highly sensitive to the choice of lag time.
It is concluded that the utilities greatly underestimated the
contribution of age seven and older striped bass to the spawning stock,
thereby underestimating the proper lag time for the stock-recruitment
analysis.

Chapter VII presents an evaluation of the utilities' use of the
I.MS Real-Time Life Cycle Model to estimalte reductions in year-ciass
abundance of striped bass caused by entrainment and impingement. It is
concluded that the Real-Time Life Cycle Model is not a reliable tool
for making sound fisheries management decisions.
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SUMMARY

In this festimony I evaluate the utiiities' estimates of the numbers of
fish impinged at the Bowline, Lovett, Indian Point, Roseton, and Danskammer
generating stations. [ describe the methods used to compute the number of
fish killed by impingement at each of these plants and discuss four sources
of bias that can affect impingement estimates: collection efficiency,
reimpingement, impingement on inoperative travelling screens, and impingement
survival. Wherever possible I estimate the magnitude of each bias. Finally,
I present plant and species-specific adjustment factors that can be used to
scale the impingement estimates up or down to account for these biases.
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1. INTRODUCTION

In order to facilitate understanding of my assessment of this aspect of
the utilities' case, I begin with a brief outline of the data, methods, and
biases involved in computing the number of fish impinged and killed by a
power plant. I describe each component of the computational procedure and
identify those components in which there is a substantive disagreement
between my position and that taken by the utilities and their consultants.
These disagreements are discussed in detail in Section 2.

At first glance it seems that there should be no substantive
disagreements as to the number of fish that are impinged at Hudson River
power plants. A1l one has to do is collect and count the fish that are
washed off the travelling screens. However, the problem is not quite that
simple. Only at Indian Point are attempts made to collect and count all
fish that are washed off the screens. At all other plants the screenwash is
sampled once or twice a week (usually for 24 hours), and the resulting counts
are scaled up to arrive at weekly and/or monthly estimates of the numbers of
fish impinged. Moreover, the raw counts of fish impinged at any plant are
subject to several sorts of biases that can lead to overestimates or
underestimates of the true number of fish killed by impingement. First, not
all impinged fish are actually collected. A certain percentage, highly
variable from plant to plant, are washed off the screens back out into the
river, or are eaten by scavengers. Since these fish are not collected, they
are not included in the impingement counts. Second, ai plants where impinged
fish are sampled only periodically, the same fish may be impinged more than
once, inflating the impingement counts. Third, at some plants fish may be
impinged on inoperative travelling screens and thus not collected or counted.
Finally, for some species at some plants, a substantial fraction of impinged
fish may survive impingement if they are promptly returned to the river.

A1l of these potential biases must be considered in order to assess the
reliability of impingement estimates and in order to determine whether (and
by how much) these estimates must be adjusted.

Since I believe that the impingement totals used in calculating
conditional impingement mortality rates should reflect impingement at all
plants, not just at those that are the subject of these proceedings, I
evaluate the impingement estimates for Lovett, Danskammer, and Albany along
with those for Bowline, Indian Point, and Roseton.

1.1 HOW IMPINGEMENT ESTIMATES ARE CALCULATED

At Indian Point Units 1, 2, and 3, all (or nearly all) screenwashes are
monitored and attempts are made to collect, identify, and count all impinged
fish. At all other plants the screenwashes are monitored for 24 hours once
or twice a week. These sample collections are scaled up to monthly totals
in the following way (Exhibit UT-6, p. 10.2-6):

I-1
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Impingeiment samples were used to estimate the total number of
selected species impinged monthly and annually at Roseton. Each
month was divided into four time intervals: day 1 to 7, day 8 to
14, day 15 to 21, day 22 to last day of the month. For each time
interval the total number of fish collected was divided by the
total flow in million gallons for all samples within that interval,
to produce an impingement rate. The impingement rate (number of
fish per million gallons) for the four time intervals was averaged
to produce a mean monthly impingement rate. When there was no
sample taken witnin one of the four time intervals, the remaining
intervals were averaged to obtain the monthly rate. The mean
monthly impingement rate was then multiplied by the total monthly
plant flow in million gallons to produce an estimated total number
of fish impinged per month. The monthly totals were summed to
obtain an annual total.

An equivalent paragraph can be found on p. 10.2-6 of Exhibit UT-7. Similar
methods have been used at Lovett (Lawler, Matusky, and Skelly 1976a),
Danskammer (Lawler, Matusky, and Skelly 1974), and Albany (Lawler, Matusky,
and Skelly 1975). This method of scaling up impingement samples is
critically dependent on the assumption that the number of fish impinged
during any period is directly proportional to the total intake flow during
that period. The utilities' consultants and I agree that in reality this is
not always the case (Transcript pp. 4333-37). Texas Instruments (1974), for
example, did not find a strong correlation between impingement counts and
volumetric flow rates at Indian Point Units 1 and 2. Although tne failure
of this assumption necessarily reduces the precision of the resulting
impingement estimates, I do not believe that it introduces a bias toward
either underestimating or overestimating the number of fish impinged per
month.

1.2 BIASES THAT INFLUENCE IMPINGEMENT ESTIMATES

Although the questionable assumption that impingement is proportional
to pawer plant intake flow probably does not introduce biases into the
monthly and annual impingement estimates, four phenomena that do introduce
such biases have been identified. The utilities have assumed (Exhibit UT-3,
Sections 2-VI and 2-VII) that, with the exception of Indian Point Units 2
and 3, these biases offset one another and no adjustments of the impingement
estimates are necessary. [ believe that for some species at some plants the
biases clearly do not offset one another, and therefore, some adjustments
are necessary.

1.2.1 Collection Efficiency

Not all impinged fish are actually collected and counted during
screenwash monitoring, for reasons that are not completely understood. Some
fish are probably washed back into the river by tidal action. Some may slip
through gaps between screens or may not be removed from the screens by the
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screenwash spray. Others are probably scavenged from the screens by gulls,
crabs, and eels. Utility consultants have conducted studies at Indian Point,
Bowline, and Roseton in order to estimate the fraction of impinged fish that
are actually collected and counted. 1In Exhibit UT-7 (Table 10.2-4) the
utilities estimate collection efficiency at Bowline to be about 90%. Recent
data collected by LMS have convinced me that in reality collection efficiency
at Bowline is considerably Tower, less than 80%. No collection efficiency
studies at Roseton were reported in Exhibit UT-6, but studies performed after
this exhibit was filed indicate that collection efficiency at this plant
averages no higher than 75% and is lower for the small fish {< 13 cm in
tength) that dominate impingement collections.

For purposes of impact assessment the utilities have assumed
(Exhibit UT-3, Sections 2-VI and 2-VII) that collection efficiency at
Indian Point Unit 3 is 80%. Although this figure is consistent with
preliminary collection efficiency studies performed by Texas Instruments
(1977a), more recent studies (Section 2) indicate a somewhat lower value
(approximately 70%). Collection efficiency at Indian Point Unit 2 is
extremely Tow. The utilities have used a value of 15% in their impact
~assessments (Exhibit UT-3, Sections 2-VI and 2-VII); more recent studies
confirm the accuracy of this value.

1.2.2 Reimpingement

On days when impinged fish are not sampled, impinged fish are returned
to the river. If the point of return is relatively close to the intake
structure, some of these fish may be drawn back into the intake and
reimpinged. O0On days when impinged fish are sampled, the fish collected will
include all fish impinged for the first time on that day (subject to
adjustments for collection efficiency), and also some fish that have been
impinged one or more times previously.

[deally, the impingement count over 24 hours should include only (but
all) those fish impinged for the first time. Such a count is an estimate of
the total number impinged one or more times (if they had not been collected,
a fraction of them would nhave been subsequently reimpinged). Including
reimpinged fish in effect double-counts reimpinged fish and inflates
estimates of the total number of fish that are impinged.

Studies conducted at Bowline by Ecological Analysts (Exhibit UT-7,
Sections 10.3.2.2 and 10.3.3.2) indicate that with the sampling methods now
employed at Bowline, approximately 10% of the fish collected have been
previously impinged. On the basis of studies at Roseton and Danskammer
(Exhibit UT-6), I believe that reimpingement is negligible at all other
plants.
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1.2.3 Impingement on Inoperative Screens

At Bowline and Roseton the two generating units share a common intake
bay containing all circulator pumps and travelling screens. Thus, when a
screen is inoperative and cannot be rotated and washed, it continues to
impinge fish. By my calculations (based on results reported in
Section 10.2.3.1.4 of Exhibit UT-7), a screen that is inoperative for 1 to
5 days impinges about 11% as many fish as does a normally operating screen
during the same period. According to Exhibit UT-7 (p. 10.2-12), such
breakdowns occurred "“on many occasions from 1974 through 1976" at Bowline.

1.2.4 Impingement Survival

Results reported in Exhibits UT-6 and UT-7 indicate that not all
impinged fish are killed as a direct result of the impingement experience.
Although the magnitude of indirect impingement mortality (e.g., increased
susceptibility to disease or vulnerability to predators due to the stress of
impingement) has not been estimated, it appears that under certain operating
conditions the survival of several species (most notably Atlantic tomcod)
can be substantial. Assuming that all impinged fish are killed will, in the
absence of offsetting biases, tend to inflate estimates of impingement
impact.
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2. EVALUATION OF UTILITY ESTIMATES OF THE NUMBER OF FISH IMPINGED

I believe that the utilities have underestimated the monthly and annual
numbers of white perch, striped bass, and clupeids killed by impingement at
Hudson River power plants. My two specific points of disagreement are:

(1) The utilities do not include fish impinged at Danskammer, Lovett,
or Albany.

(2) ULility estimates of coliection efficiency at Indian Point
Unit 3, Bowline, and Roseton are too high.

Fish killed at Lovett, Danskammer, or Albany are just as dead as those killed
at Indian Point, Bowline, or Roseton. The impact of impingement at the three
plants at issue in these proceedings is an incremental impact added to the
preexisting impacts caused by impingement at Lovett, Danskammer, and Albany.
Neither the significance to Hudson River fish populations of the additional
losses caused by impingement at Indian Point, Bowline, and Roseton, nor the
reduction in impact that would result from the installation of mitigating
measures (e.g., closed-cycle cooling), can be understood unless the impacts
of all six plants are considered.

With reference to the second point of disagreement, whether the
impingement estimates calculated by the utilities must be scaled up to
account for lower estimates of collection efficiency depends upon the
magn itude of any offsetting biases. Of the three sources of bias (in
addition to collection efficiency) described in Section 1.2, impingement
survival is undoubtedly the most important. My analysis of the utilities'
impingement suryival studies indicates that the survival of impinged white
perch and striped bass at Bowline, Roseton, Danskammer, and Albany is
probably high enough to offset the bias due to collection efficiency.
Atlantic tomcod survival during the fall, winter, and early spring at these
plants appears to be high enough so that impingement estimates for this
species, for these seasons, should be scaled down. Survival of clupeids at
all plants, and survival of all species at Indian Point (where no fish are
returnad to the river) and Lovett appears to be negligible.

The remainder of this section consists of my assessments cf the
magn itude of each of the four biases discussed in Section 1.2 and how they
vary among plants and fish species.

2.1 COLLECTION EFFICIENCY

2.1.1 Indian Point Unit 2

The results of all coliection efficiency tests carried out to date at
Indian Point Unit 2 are summarized in Exhibit UT-105. Tests were first
performed at this unit in 1974 and 1975. The results of these tests
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indicated that with the air curtain operating, only about 15% of the impinged
fish were being collected and counted (Texas Instruments 1975, 1976). It
appeared from preliminary tests in 1974 and 1975 that colleclion efficiency
increased to about 50% when the air curtain was turned off (Texas
Instruments 1976). In 1977, after air curtain operation was permanently
discontinued, new tests were conducted. Surprisingly, the 1977 results were
no different from those obtained earlier with the air curtain operating. Of
1500 test fish released in May and June of 1977, only 224 (14.9%) were
recovered (Exhibit EPA-94). No explanation has been offerad as to why the
1977 results differ so greatly from those obtained in the earlier tests with
the air curtain off.

The 1977 experiments involved more release dates (9 vs 3) and more fish
(1500 vs 1000) than did those performed in 1974-75. Until the cause of the
discrepancy is discovered, I believe that the results of the more extensive
1977 experiments should form the basis for an estimate of collection
efficiency at Indian Point Unit 2. These results support the value {15%)
used by the utilities in Exhibit UT-3.

2.1.2 Indian Pgint Unit 3

The estimate of collection efficiency at Indian Point Unit 3 used in
the utilities' calculations of conditional impingement mortality rates
(Exhibit UT-3, Sections 2-VI and 2-VII; Exhibit UT-6, Section 10.4;
Exnibit UT-7, Section 10.4) is based on the results of tests conducted in
1976 (Exhibit UT-105, Table 1, part e). Seven separate experimental releases
of marked fish were conducted during June, July, and August of 1976. The
percent recovery of the released fish ranged from 75% to 86%, with a mean of
79.9%. More extensive tests were conducted during 1977 (Exhibit UT-105,
Table 1, part e). These new tests involved 32 separate experimental releases
carried out on 11 days between March and September. The percent recoveries
observed during the 1977 tests were more variable and, on the average,
substantially lower than those observed in 1976. Overall, 88.9% (1323 out
of 1919) of the fish released in 1977 were recovered. Pooling all the data
from both years yields a percent recovery of 71.2% (1758 out of 2469). I
believe that a collection efficiency of 70% is an appropriate adjustment
factor for the impingement estimates at Indian Point Unit 3.

2.1.3 Bowline

Results of experiments designed to measure collection efficiency at
Bowline are presented in Table 10.2-4 of Exhibit UT-7. The data reported in
this table were derived from eight experimental releases conducted during
the period January 31-March 21, 1977. The percent recaptures from these
releases were all very high, ranging from 81% Lo 98%, with a mean of 89%.
However, this prefiled testimony reflects incomplete data. More complete
data covering the period October 1976-May, 1978 indicates that collection
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efficiency at Bowline is probably less than 80%. Exhibit EPA-96 contains
the results obtained from 30 reieases conducted by LMS between October 27,
1976 and June 29, 1977, Exhibits U7T-113, UT-114, and UT-115 coniain the
results of 88 experiments spanning the pericd October 26, 1976-May 29, 1978,
These resulis include all of the results contained in Exhibits UT-7 and
EPA-96.

LMS did not use the 1976-78 data to calculate an overall estimate of
collection efficiency at Bowline. Insiead, Exhibit UT-115 contains fwo
separate estimates of collection efficiency for sach month, calculated in
two different ways. The first estimate for each month was obtained by
computing the percent recoveries for each experimental release during that
month, and then averaging these percent recoveries. Results obitained from
releases involving fewer than 2D fish, as well as resulis chiained from the
purportedly aberrant reiease of May 2, 1977, were deleted from these
estimates. The second estimate for each month was obiained by pooling the
data collected during that month. That iz, the percent recovery was computed
by dividing the total number of fish recovered from all experimental releases
during that month by the total number of fish released.

I prefer the second method of computation. 1 have no guarrel with the
exclusion of data on the grounds of insufficient sampie sire. However, I am
not convinced that it is Tegitimate to exciude data simply because the
sampling conditions were uvnusual. The particular experimental vrelsase at
issue here is that conducted on May 2, 1977, In Exhibit EPA-96 (p. 1) LMS
stated: ‘

The malfunction of the screenwash pumps combined with heavy debris
provided for a non-gquantitative estimate of recovery afficiency.

On transcript pp. 4426-27 Mr, Dew of LMS elaborated. He expliained that the
travelling screen onto which the fish had been released on May 2 could not
be completely cleaned because of unusually Tow screenwash pressure combined
with high debris load. Many fish apparently became entangled in debris that
could not be washed off the screen. Conseguently, only 2 of 100 released
fish were recovered.

It seems likely that "unusual™ conditions, such as those described by
Mr. Dew, must occur occasionally on days when tdmpingement collections are
made. In fact, May 2, 1977 was an impingement collection date, according to
Mr. Dew (transcript p. 4426). Although the collection efficiency data for
May 2 were deleted by LMS, the impingement collection itsel? was considerad
valid and was used to estimate impingement rates for the Bowline plant
{testimony of Mr. Dew, transcript p. 4426), 1 believe that collection
efficiency studies should be conducted under the same rangs of congitions
that prevail during ordinary impingement collections. Collection efficiency
data generated under abnormal conditions should not be discarded unless
impingement collections made under the same conditions are also discarded.
I have calculated a collection efficiency for Bowline by summing the releases
and recaptures for all of the experiments, including that of May 2, 1977.
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This computational method allows data from all the experiments to be used,
not just from those in which 50 or more fish were released. With this method
the results obtained from each experiment are, in effect, weighted by the
number of fish released. The results of my computations are presented in
Table 1. The calculated collection efficiency is 75.7%. If the May 2, 1977
results are excluded, this value increases only slightly, to 76.8%. I
conclude on the basis of the LMS studies that collection efficiency at
Bowline is between 75% and 80%, or more than 10% lower than is reported in
Exhibit UT-7.

2.1.4 Roseton

Although no collection efficiency studies are reported in Exhibit UT-6,
such studies were conducted at Roseton in 1978. Results covering the period
January-March are contained in Exhibit EPA-97. O0f 606 marked fish released
on 12 separate release dates, 458 were recaptured, yielding a recovery
percentage of 75.6%. Interestingly, Exhibit EPA-97 contains a breakdown of
the release/recovery data by size-class. Table 2 of Exhibit EPA-97 shows
that collection efficiency is strongly affected by the size of impinged fish.
It is particularly noteworthy that the collection efficiency for fish less
than 13 cm. in length was only 53.5%. The vast majority of impinged white
perch, striped bass, Atlantic tomcod, alewife, blueback herring, American
shad, and bay anchovy are less than 13 cm long. Thus, collection efficiency
for the species of interest in these proceedings may be well below 75%. 1If
fish larger than 25 cm length are removed from the computations (very few
impinged fish belonging to the species of interest are that Targe), the
percent recovery of the remaining fish is 71.6%. I conclude on the basis of
tne data in Exhibit EPA-97 that collection efficiency at Roseton, for fish
of species and size that are of principal interest to these proceedings, is
probably no higher than 70%, and may be considerably lower.

2.2 REIMPINGEMENT

2.2.1 Indian Point Units 2 and 3

Reimpingement is not a source of bias at Indian Pcint because impinged
fish are not returned to the river.

2.2.2 Bowline

Section 10.3.3.2 of Exhibit UT-7 contains results of some rather elegant
experiments conducted by Ecological Analysts (EA) in order to estimate the
reimpingement rate at Bowline. Of particular interest are the results of
the "long-term survey" (Section 10.3.3.2.2), as these results can be used to
calculate the fraction of fish collected on a typical impingement sampling
day that have been previously impinged. The experiment involved:
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Table 1. Estimation of collection efficiency at the Bowline Point Generating
Station

Dates Number released? Number recaptureda % Recaptured
A1l release dates 6582 4981 75.7
Excluding May 2, 1977 6482 4979 76.8

dTotal number of releases and recaptures from 88 experiments conducted
between October 1976 and May 1978 (from Exhibit UT-114).
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{a) marking all white perch impinged during a 24-hour release period,
(b) releasing these marked fish, and

(c) monitoring screenwashes on sub quupnf days and caiculating the

fraction of marked fish in each day's collection of white perch.

EA released markOd Tish on five consecutive days, using a different
color marm for each reiease period. The results of EA's April 1976
experiment are tahu]atﬂd in Table 10.3-22 of Exhibit UT-7.

Table 10.3-22 indicates that the probabi]ity of an impinged and released
fish being ralmuan‘d is al a maximum during the first 24 hours after release
and de _11| es steadily with timie to 1% or less by four days after initial
1mp.naom . EA used the data in Table 10.3-22 to derive an eguation

pross1na the ,rOuab111Ly of reimpingement as a function of time since
1n|L1a1 impingement :

Pr(t) = 20.4¢-0.83t (1)

where t = time in days Since initial impingement.

Noriially, impingement Qamp iing is conducted over one 24-hour period
ich week at Bewline. In order to reduce the effects of reimpingement on
e mp1ngpment counts, Tish impingad duiring the 24 hours prior to the
cginning of the sampling period are not returned to Bowline Pond. Thus,
ish collected during an 1mp||j€n il sanbie can include reimpinged fish that
1
C

iy m

vere first dmpinged between 1 apnd 6 davs prior to sampling. EA used the

ccay vate (-0. 83) from Eq. (1) and an estimate of the fraction of each day's

.ch composed of fish also 17v1ngﬂd u;r]ﬂg the previous 24 hours (from

le 10.3- 27) to calculate the contribution of reimpinged fish to a typical

mp ingement sampie (8.1%). 1 0bld1n°d a different and 9]1gnu1y h1ghor
6

%) estimate hy integrating Eq. (1) from t=1 to t=f

~ =0 DL F —hD‘rfm

In Table 10.3-23 of Exnibit UT-7, EA presents data obtained from a
simiiar experimeni conducted in January, 1977. Although no calculations
basad on these data are included in txhibit UT-7, less reimpingement was
observed during this experiment than during the April, 1976 experiment. I
have used tne data in Table 10.3-23 of Exhibit UT-7 to develop an equation
for the January experiment s similar to Eag. (1):

P(L) = 7.2:-0.621 (2)
Integrating £g. (2) from t=1 to t=6 yields a value of 6.0% as the
contribution of reimpinged fisn to a lypical impingement sample.
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In my opinion, EA‘s experiments generally support the conclusion, stated
on p. 10.2-10 of Exhibit UT-7, that approximately 10% of the fish collected
during a typical impingement sample at Bowline have been previously impinged.
However, the results of the January, 1977 experiment indicate that
reimpingement may be a few percent lower during the winter. This observation
is important because, as is shown in Tables 10.2-12 and 10.2-17 of Exhibit
UT-7, impingement rates for white perch and striped bass are high at Bowline
during the winter.

2.2.3 Roseton and Danskammer

The impingement sampling procedures employed at Roseton and Danskammer
are similar to that at Bowiine: the travelling screens are washed prior to
the beginning of each Z4-hour collection period. The fish collected during
this prewash are retained rather than returned to the river. In an
experiment designed to measure the reimpingement rate of white perch at
Roseton (Exhibit UT-6, Section 10.3.3,2.1), it was found that virtually all
reimpingement occurred within a few hours after release. The total
reimpingement rate of the white perch released in this experiment was fairly
high. 1 have calculated, using data presented in Table 10.3-9 of Exhibit
U7T-6, that of 9i4 Tive and dead white perch released, 163 (17.8%) were
reimpinged. However, only 3 were reimpinged more than five hours after
release and only one was reimpinged more than 10 hours after release. The
impingement sampling procedure employed at Roseton reduces the potential for
reimpingement to a very low level (Exhibit UT-6, Section 10.2.3.1.2). It is
interesting that nearly all the reimpinged fish were released alive.

Whereas 23.3% (158 out of 679) of the Tive fish were reimpinged, only 2.1%
(5 out of 235) of the dead releases were recovered.

Experiments conducted at Danskammer, summarized in Section 10.2.3.1.72
of Exhibit UT-6, indicate that reimpingement at this plant is as low as that
observed at Roseton. Unlike Bowline, where fish are returned to Bowline
Pond, fish impinged at Roseton, Danskammer, and at all other Hudson River
power plants {except Indian Point, where none are returned), are returned
directly to the river. Fish (especially dead fish) returned to the river
can be swept away from the vicinity of the plant by tidal flushing. Tidal
flushing is undoubtedly much weaker in Bowline Pond, and may not occur at
all when the plant is operating and impinging fish. I believe that this
accounts for the difference observed between reimpingement at Bowline and
reimpingemant at Roseton and Danskammer. Reimpingement at other plants ig
likely to be more similar to Roseton and Danskammer (i.e., virtually no
reimpingement) than to Bowline.

2.3 IMPINGEMENT ON INOPERATIVE TRAVELLING SCREENS

At some plants, notably at Bowline, fish can be impinged on inoperative
travelling screens. Since these fish cannot be collected and counted,
impingement counts for days on which one or more travelling screens are
inoperative will be underestimates of the true number of fish impinged.
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2.3.1 Indian Point Units 2 and 3

Since each travelling screen at Indian Point is located in a separate
forebay, the circulator pump Tocated in a forebay containing an inoperative
screen must be shut off to prevent the clogging and eventual collapse of the
screen. For this reason, impingement on inoperative screens is not a source
of bias at the Indian Point Plant.

Both generating units at Bowline draw water from a commion intake bay
containing six travelling screens. Section 10.2.3.1.4 of Exhibit UT-7
describes some experiments that were conducted at Bowline in order to
estimate the magnitude of the bias associated with impingement on inoperative
screens. The procedure is described on p. 10.2-14 of Exhibit UT-7:

From 29 November 1976 to 19 January 1977, the cleaning procedure
of travelling screens at the Bowline Point intake was controlled

to simulate the condition of a non-operating screen. One of the
three screens at Unit 2 remained stationary for 1, 2, 3, and 5 day
periods while the other two screens were cleaned every four hours.
After remaining stationary for the designated nuimber of days, the
test screen was cleaned and the total number collected was compared
with the total collected from all screens at Unit 2 during the test
interval (Table 10.2-5).

The results of the experiment are summarized in Table 10.2-5 of Exhibit
UT-7. When one of the three screens at Bowline Unit 2 was inoperative,
between 5 and 7% of the total number of fish impinged at Unit 2 were not
recovered. The number of days of down-time did not appear to infiuence the
fraction of the Unit 2 total impingement that was impinged on the inoperative
screen. The inoperative screen accounted for about the same fraction of the
total impingement collection (7%) after five days of down-time as after only
one day.

The bias estimated from Table 10.2-5 (5 to 7%) is strictly applicable
only if one third of the six travelling screens at Bowline are inoperative.
IT only one of the six is inoperative, the bias will be smaller than that
calculated in Exhibit UT-7; if more than two are inoperative, the bias will
be larger. I have used the data in Table 10.2-5 to estimate the magnitude
of the bias for any number of inoperative screens, up to 5. The numbers in
the column headed “NUMBER COLLECTED ON NORMAL SCREENS" are the fotal number
of fish collected from two operating screens. Dividing the values in this
column by two yields an estimate of the number impinged by a single operating
screen. It is possible to derive estimates of a "relative collection rate
constant" (k) by calculating the ratio of the number of fish impinged on an
inoperative screen to the number impinged on a normally operating screen.

For example, on December 8-9, 6784 fish were collected from the two operating
screens and 220 were collected from the inoperative screen. On that date
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the inoperative screen impinged 6.5% [100 x (220/3392)] as many fish as did
each operating screen. Therefore, our estimate of k for December 38-9
is 0.065.

I computed an overall estimate of k by summing all of the normal screen
collections and test screen collections in Table 10.2-5 of Exhibit UT-7.
Since results obtained from the 2-, 3-, and 5-day studies were similar to
those obtained from the l-day studies, I saw no reason to calculate k
separately for each data set. My overall estimate of k, calculated by the
same procedure used in the above example, is 0.117.

If one or more screens are inoperative, the number of fish impinged on

these screens is equal to the number impinged per operating screen multipled
by k times the number of inoperative screens:

I3 = (Ip/ng)kn; (3)

where
[, = total number of fish collected from operating screens,

I; = total number of fish impinged on inoperative screens,

t

number of operating screens,
ni = number of inoperative screens,
k = relative collection rate constant.

The total number of fish impinged on all screens can be calculated from the
following equation:

IT IO + Ii

IO + (Io/ng)kni

Io (1 + knj/ng) (4)

where
IT = estimated total impingement on all screens.

The term in parenthese (1 + knj/ng) is an adjustment factor similar to
the factors calculated for collection efficiency. Table 2 contains my
inoperative screen adjustment factors, calculated for 1-5 inoperative

screens.



Table 2. Inoperative screen adjustment factors, calculated for 1 to 5
inoperative screens out of a total of o.

Number of inoperative screens

1 2 3 4 5

Adjustment factor 1.023 1.059 1.117 1.234 1.585
(= 1+ knj/ng )P

any = number of inoperative screens
ng = number of operating screens
k = relative impingement rate constant (calculated from Table 10.2-5 of

Exhibit UT-7) = 0.117.
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[t can be seen from Table 2 that unless more than two screens are
inoperative, the bias in impingement estimates will be 6% or less for each
day of down~time. Unless multiple screens are inoperative for extended
period of time (i.e., weeks or months), biases due to the impingement of
fish on inoperative screens will be negligible in comparison to the effects
of reimpingement or collection efficiency at Bowline. Moreover, it seems
1ikely that during an extended outage, an inoperative screen would eventually
cliog completely with debris and cease impinging fish altogether. I
tentatively conclude that impingement on inoperative screens is a relatively
unimportant source of bias in the Bowline impingement estimates.

It is possible that I have underestimated the magnitude of this bias,
for the following reason. Substantial numbers of fish may be scavenged from
an inoperative screen by crabs and eels, especially if the screen is not
cleaned for several days. This scavenging would result in the collection
efficiency of an inoperative screen being lower than that of an operating
screen (freguent washing reduces the opportunity for scavenging). This
difference in collection efficiencies would, in turn, bias the results of
the experiments described in this section by causing the contribution of the
inoperative screen to the total impingement count to be underestimated.

2.3.3 Roseton

Like Bowline, the twec units at Roseton share a common intake bay, and
thus it is possible for fish to be impinged on inoperative screens. The
jongest screen outage at Roseton during 1974 was 48 hours (Huggins 1977).
Qutages longer than two weeks in duration occurred three times in 1975 and
four times in 1976. Three screens (out of eight) were out of service between
October 13 and November 11, 1976. A1l of the other extended outages involved
single screens. With the possible exception of the October~November 1976
outage, I believe that impingement on inoperative screens has had a
negliigible effect on the accuracy of Central Hudson's estimates of
impingement at Roseton.

2.4 IMPINGEMENT SURVIVAL

In their impact assessments the utilities have assumed that all impinged
fish are killed. If this is in fact the case, then the impingement estimates
presented by the utilities for Bowline and Roseton {and alsoc those for
Lovett, Danskammer, and Albany) must be scaled up to account for biases due
to collection efficiency. However, if survival is substantial, then no
adjustment of these estimates may be necessary. 1f survival is very high,
the impingement estimates may have to be scaled down.

Impingement survival studies have been conducted at Bowline, Roseton,
Danskammer, and Indian Point Unit 3. As fish impinged at Indian Point were
not returned to the river during any of the years for which impingement data
are available, the studies there are not relevant to estimating the impact
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of impingement during those years and are not discussed here. Studies
conducted at the other three plants have indicated that under some operating
conditions survival of some species may be fairly high. Experiments at all
three plants have shown that impingement survival is highest when travelling
screens are rotated and wasned continuously. However, under current
operating procedures travelling screens at all plants are operated
intermittently rather than continuously (operation at Albany is almost
continuous). In fact, it is apparently not possible to operate the
travelling screens continuously for extended periods of time. On transcript
pp. 4465-68 Mr. Hutchison describes the serious problems encounterad at
Bowline because of extended operation in the continuous mode. Because

the travelling screens at Bowline were not designed for continuous rotation,
breakdowns have been frequent. Each of the six screens has been rebuilt
twice. Current practice, according to Mr. Hutchison (transcript

pp. 5099-100), 1is to rotate the screens continuously only when impingement
exceeds 1000 fish per day. Table 3 summarizes the current screenwash
procedures at Bowline, Lovett, Roseton, Danskammer, and Albany.

In the following sections I discuss the design of the impingement
survival experiments conducted at Bowline, Roseton, and Danskammer and the
results obtained for Atlantic tomcod, clupeids, white perch, and striped
bass.

2.4.1 Experimental Methods

Sections 10.3.2 of Exhibits UT-6 and UT-7 contain descriptions of the
mathods used in impingement survival studies conducted by Ecological
Analysts (EA) at Roseton and at Bowline. Although no description of the
methods used at Danskammer is included in Exhibit UT-6, EA's 1977 Progress
Report to Central Hudson (Ecological Analysts 1977) indicates that they are
virtually identical to tne procedures at Roseton.

In most of the studies at Bowline impinged fish are collected in a nylon
mesh bag suspended in the impingement collection pit. In some of the
experiments at Bowline, fish have been coliected at the end of the screenwash
discnarge pipe in an effort to assess whether the screenwash discharge systen
imposes stresses in addition to those caused by the impingement experience
itself. At Roseton and Danskammer fish are collected in a basket that floats
in the river at the end of the discharge pipe.

After collection the fish are sorted immediately by species and are
classified as live, dead, or stunned. The live and stunned fish are then
transferred to a holding Tacility and observed for latent mortality. The
holding period at Bowline is 96 hours; at Roseton and Danskammer it is
84 hours. The use of control fish has been an important element in all the
imp ingement survival studies. In the first such studies (conducted at
Roseton and Danskammer in 1975), control fish were exposed only to the
holding facilities. Subsequently, control fish have been exposed to the
entire process of collection, holding, and observation.



Table 3. Normal operating procedures for fravelling screens operating at
five Hudson River power plants

Screenwash Source of
Plant Mode pressure (psi) information
Bowline Intermittent; 30/600 Exhibit 7, pp. 2.2-10,
4-hour holdd 2.2-11; transcript pp.
5099-100
Lovett Intermittent; 100 Attachment 2 to letter
8-hour ho1d® from K. Marcellus of

Consolidated Edison to H.
Gluckstern of EPA, dated
November 30, 1977;
Transcript p. 5088

Roseton Intermittent; 100 Letter from T. Huggins
2-hour holdd of Central Hudson to
H. Gluckstern of EPA,
dated November 29, 1977;
Transcript p. 5098

Dansk ammer Intermittent; 55-65 Letter from T. Huggins
variable of Central Hudson to
depending on H. Gluckstern of EPA,
debris Toad dated November 29, 1977;

EA 1977 Progress Report to
Central Hudson, Table 4-26

Albany Screens washed 84 Attachment 2 to letter
automatically for from K. Marcellus of
3 minutes every Consolidated Edison to
15 minutes H. Gluckstern of EPA,

dated November 30, 1977

A0perated in continuous mode when impingement exceeds 1000 fish per day.

bLow pressure (30 psi) wash system mounted below high pressure (60 psi)
system.

COperated in continuous mode during periods of high debris loading.

dOperated in continuous mode during periods of high debris Toading and
icing (such conditions generally occur between October and April).



I-18

2.4.2 Results of the Impingement Survival Studies

The results of the impingement survival experiments conducted at
Bowline by LMS in 1974 and 1975 and by EA in 1976 and 1977 are described in
Section 10.3.3.1 of Exhibit UT-7. Section 10.3.3.1 of Exhibit UT-6 contains
results of similar experiments conducted by EA at Roseton in 1975-76.
Additional results from EA's 1977 studies at Roseton, as well as results
obtained by EA at Danskammer during 1975-77, are described in EA's 1977
Progress Report to Central Hudson (Ecological Analysts 1977). Many of these
results are inconclusive and/or inconsistent. However, two general
conclusions emerge:

(1) Survival is highly variable among species. Survival of adult
Atlantic tomcod is uniformly high during the fall and winter, and
that of clupeids (primarily EQQEE,§EB;) is uniformly low during
all seasons. Survival of white perch and striped bass is
intermediate.

(2) Survival of white perch and striped hass is related to screenwash
procedures. Highest survival is observed when screens are rotated
and washed continuously. Lowast survival occurs when operation is
intermittent.

2.4.2.1 Atlantic tomcod

Results of the Atlantic tomcod survival studies at Bowline, Roseton,
and Danskammer are summarized in Table 4. With the exception of 45 juvenile
tomcod collected at Bowline in 1974 by LMS (discussed below), all tomcod
survival studies have involved adult fish impinged during the fall, winter,
or early spring. Survival of these fish has been high under virtually all
operating conditions at all three plants. Low survival was reported in
several experiments at Roseton and Danskammer involving a four-hour
screenwash cycle. Few fish (at most 6) were tested in these experiments,
and thus, the reliability of the results is Jow. High survival was observed
at Bowline under the same conditions. Survival percentages of adult tomcod
appear to be consistently higher at Bowline than at Roseton. This result
may be partially due to differences in screenwash pressure (Table 3). At
Bowline the highest pressure used in any of the experiments is 60 psi. In
contrast, high pressure at Roseton means 100 psi, the normal operating
pressure at that plant. Low pressures used at Bowline range from 10 to
30 psi, while at Roseton the Towest pressure used is 50 psi.

Survival of impinged juvenile Atlantic tomcod may be less tnan that of
adults. These cold-adapted fish (Exhibit EPA-198) are impinged primarily
during the summer (transcript p. 10,803), when they may already be stressed
hecause of high water temperatures (Texas Instruments 1977b, p. V-75). The
additional stress of impingement may be sufficient to cause substantial
mortality. The meager evidence available to date supports this hypothesis.
Of the 45 impinged juveniles collected by LMS in June, 1974, only 43%
survived for 96 hours in the holding facility. Unfortunately, no control
fish were collected, and therefore, it is not possible to say with certainty



Table 4. Summary of Atlantic tomcod impingement survival data

Operating mode and

Number of

Period Collection point  screenwash pressure fish tested % Survival? Source
BOWLINE
November- Coltection Continuous, high 3 100 Exhibit 7
December 1976 pit pressure Table 10.3-4
Continuous, Tow 46b 100
pressure
Intermittent, 6b 100
high pressure
Intermittent, 3b 100
Tow pressure
December 1976 Discharge Continuous, high 3 100 Exhibit 7
pipe pressure Table 10.3-6
Continuous, low 1 100
pressure
Intermittent, 2 100
high pressure
Ihtermittent, 3 100
low pressure
June 1974 Collection Unknown 45 43 Exhibit UT-7
pit Table 10.3-14
ROSETON
January-March  Collection Continuous, high 92b 85 Exhibit UT-6
1976 basket pressure Table 10.3-1
Intermittent, 43 77

2<hr hold, high
pressure



Table 4.

(continued)

Period

Collection point

Operating mode and
screenwash pressure

Number of
fish tested

% Surviva]a

Source

ROSETON
Fall 1975

November-
Decembar
1876

January-
March 1977

Collection
basket

Collection
basket

Collection
pasket

Continuous, high

pressure

Intermittent,

2-hr hold, high

pressure

Intermittent,

4-hr hold, high

pressure

Continuous,
low pressure

Continuous
high pressure

Intermittent,
2-hr hold,
lTow pressure

Intermittent,
2-hr hold,
high pressure

Intermittent,
4-hr hold,
low pressure

Intermittent,
4-hr hold,
high pressure

Continuous,
low pressure

Continuous,
high pressure

13

19

67

13

20

108

120

84

97

69

20

100

83

63

Exhibit UT-6
Table 10.3-3

Exhibit UT-6
Table 10.3-5

EA 1977€
Table 4-13
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Table 4. (continued)
Operating mode and Number of
Period Collection point  screenwash pressure  fish tested % Survival? Source
ROSETON
January- Collection Intermittent, 73 66 EA 1977€
March 1977 basket 2-hr hold, Table 4-13
low pressure
Intermittent, 111 70
2-hr hold,
high pressure
DANSKAMMER
Fall 1975 Collection Intermittent,d 6 0 EA 1977
basket 4-hr hold Table 4-25
November~ Collection Continuous 36 75 EA 1977
{Jecember basket Table 4-~27
1976
Intermittent, 29 72
2-hr hold
danuary- Collection Continuous 242 83 EA 1977
March 1977 basket Table 4-31
Intermittent, 716 87
2-hr hold
SURVIVAL OF CONTROLS EXPOSED ONLY TO COLLECTION AND HOLDING PROCEDURE
BOWLINE
November - Collection 3 100 Exhibit UT-7
December pit Table 10.3-5

1976



Table 4. (continued)
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Operating mode and

a
% Survival

Period Collection point  screenwash pressure fish tested Source
ROSETON

November - Collection 100 Exhibit UT-6
December basket Table 10.3-6
1976

January- 98 EA 1977
March 1977 page 4-25

3percent alive at end of observation period (96 hours at Bowline, 84 hours

Danskammer ).

at Roseton and

bpata collected under the same conditions (sampling point, operating mode, and screenwash

pressure) are pooled.

CEcological Analysts 1977 Progress Report to Central Hudson.

d3creenwash pressure for all impingement survival studies at Danskammer is 55-65 psi.
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whether 1t was the stress of impingement or the stress of collection and
observation that was responsible for the mortality.

2.4.2.2 Clupeids

There have been relatively few studies relating to the survival of
impinged clupeids (alewife, blueback herring, American shad, and gizzard
shad). What data do exist show that these fish are extremely sensitive to
stress. As can be seen from Table 5, virtually none of the impinged clupeids
collected and held for observation at Bowline, Roseton, and Danskammer have
survived to the end of the holding period. [ do not believe that more than
negligible survival of these fish occurs at any plant under current modes of
travelling screen operation.

2.4.2.3 White Perch and Striped Bass

Results of latent survival studies involying white perch (Table 6) and
striped bass (Table 7) have shown that these species are intermediate between
the more hardy Atlantic tomcod and the highly sensitive clupeids with respect
to their resistance to the stress of impingement. Because of the high
variability of these results, it is not possible to estimate the fractional
survival of impinged white perch and striped bass with the same accuracy and
precision possible for estimates of collection efficiency or dmpingement.

It is, however, possible to make qualitative assessments of seasonal
variations in survival and of the affects of screenwash procedures on
survival.

My assessments of these effects will apply to both species, even though
in many cases tne only available data relate fp white perch. A priori, one
would expect the responses to stress of these two closely related species io
be similar. Experiments conducted at Bowline between 1974 and 1975, the
only series of experiments that involved substantial numbers of striped bass,
support this intuitive judgment. 1 have used the data in Tables & and 7 to
compare the percent survivals of impinged white perch and striped bass
collected at Bowline under the same conditions (Table 8). The correlation
between the two sets of numbers (r = 0.64) is statistically significant at
the 1% level. Moreover, neither species exhibited consistently higher
survival over all experimental conditions; cobserved white perch survival was
higher than that of striped bass in five of the fifieen comparisons, and was

lower in seven.

Even a superficial inspection of Table 8 chows that for both white perch
and striped bass, survival is considerably higher when the fravelling screens
at Bowline are operated in the continuous mode than when the intermittent
mode is employed. However, Table & shows that this pattern has not been
consistently observed for white perch impinged at Roseton and Danskammer.

The highest survival of white perch at both of these plants has been obtained
during continuous operation: eight ocut of nine observations of 40% latent
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Table 5. Summary of clupeid impingement 'survival data

Operating mode and

Number of

Period Collection point  screenwash pressure fish tested % Survival? Source
BOWLINE
November- Collection Continuous, ggb 10 Exhibit UT-7
December pit high pressure Table 10.3-4
1976
Continuous, 51 0
low pressure
Intermittent, 28 0
high pressure
Intermittent, 22 0
low pressure
November - Discharge Continuous, 1 0 Exhibit UT-7
December pipe high pressure Table 10.3-6
1976
Continuous, 9 0
low pressure
Intermittent, 1 0
high pressure .
Intermittent, 2b 0
low pressure
November Collection Unknown 60 0 Exhibit UT-7
1974 pit Table 10.3-14
Discharge Unknown 93 0
pipe
ROSETON
Fall 1975 Collection Continuous, 24¢ 0 Exhibit UT-6
basket high pressure Table 10.3-3
Intermittent, 5995¢ 0
2-hr hold,

high pressure
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Table 5. {continued)

Operating mode and Number of a
Period Collection point  screenwash pressure fish tested ¥ Survival Source
ROSETON .
Fall 1975 Collection Intermittent, 381¢ 0 Exhibit UT-6
basket 4-hr hold, Table 10.3-3
high pressure
Intermittent, 4645¢ 0
6-hr hold,
nigh pressure
DANSKAMMER
Fall 1975 Collection Continuousd 107¢ 1 EA 19778
basket Table 4-25
Intermittent, 162¢ 0
2-hr hold
Intermittent, 314¢ 0
4-hr hold
Intermittent, 2436¢€ 0
6-hr hold
SURVIVAL OF CONTROL FISH EXPOSED ONLY TO COLLECTION AND HOLDING PROCEDURE
BOWLINE |
November Collection 40 0 Exhibit UT-7
1976 pit Table 10.3-5

dpercent alive at end of observation period (96 hours at Bowline, 84 hours at Roseton and
Danskammer).

bpata collected under the same conditions {sampling point, operating mode, and screenwash
pressure) are pooled.

CData for all clupeid species are pooled.
dscreenwash pressure for all impingement survival studies at Danskammer is 55-65 psi.

8Ecological Analysts 1977 Progress Report to Central Hudson.



Table 6.

BOWLINE

January-
December
1876

danuary-
February
1977

I-26

Summiary of white perch impingement survival data

Collection point

Collection
pit

Discharge
pipe

CoNection
pit

Discharge
pipe

Operating wode and
screenwash pressure

Number of

fish tested® % Survival

b

Source

Continuous,
high pressure

Continuous,
low pressure

Intermittent,
high pressure

Intermittent,
low pressure

Continuous,
high pressure

Continuous,
low oressure

Intermittent,
high pressure

Intermittent,

Tow pressure

Continuous,
high pressuvre

Continuous,
low pressure

Continuous,
high pressure

Continuous,
low pressure

2483¢

3701¢

1339¢

1281¢

390¢

274¢

609¢

966%

958¢

988¢

25

28

61

49

26

23

20

17

10

28

21

29

Exhibit UT-7
Table 10.3-4

Exhibit UT-7
Table 10.3-6

Exhibit UT-7
Table 10.3-9
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Table 6. (continued)

Operating mode and Number of

Period Collection point  screenwash pressure fish tested? % Surviva]b Source
BOWLINE
November- Collection Continuous, 837¢ 26 Exhibit UT-7
December pit high pressure Table 10.3-10
1974
January Collection Continuous, 678¢ 7 Exhibit UT-7
1975 pit high pressure Table 10.3-10
April 1975 Collection Continuous, 55¢ 35 Exhibit UT-7
pit high pressure Table 10.3-10
November- Discharge Continuous, 807¢ 23 Exhibit UT-7
December pipe high pressure Table 10.3~11
1974
March-~ Discharge Continuous, 543¢ 7 Exhibit UT-7
April 1975 pipe high pressure Table 10.3-11
March 1975 Discharge Intermittent, 51 5 Exhibit UT-7
pipe 2-hr hold, Tablie 30.3-11
high pressure
March- Discharge Intermittent, 848¢ 0 Exhibit UT-7
April 1975 pipe 4-hr hold, Table 10.3-11
high pressure
ROSETON
Fall 1975 Collection Continuous, 201 8 Exhibit UT-6
basket high pressure Table 10.3-3
Intermittent, 667 1
2-hr hold,
high pressure
Intermittent, 239 0
4-hr hold,

high pressure
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Table 6. (continued)
Operating mode and Number of

Period Collection point  screenwash pressure fish tested® % SurvivalP Source
ROSETON

Intermittent, 684 0

6-hr hold,

high pressure
April- Collection Continuous, 275 16 Exhibit UT-6
June 1976 basket high pressure (yearling Table 10.3-2

and adult)

April- Collection Intermittent, 9% 9 Exhibit UT-6
Jdune 1976 basket 2-hr hold, (yearling Table 10.3-2

high pressure and adult)

Intermittent, 66 0

4-hr hold, {yearling

high pressure and adult)
November- Collection Continuous, 285 14 Exhibit UT-6
December basket low pressure Table 10.3-4
1976

Continuous, 707 4

high pressure

Intermittent, 389 8

2-hr hold,

low pressure

Intermittent, 344 5

2-hr hold,

high pressure

Intermittent, 25 16

4-hr hold,

low pressure

Intermittent, 70 0

4-hr hold,

high pressure
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Table 6. (continued)
Operating mode and Number of b

Period Collection point  screenwash pressure fish tested® % Survival Source
ROSETON

Continuous, 10 40

low pressure (yearling)

Continuous, 9 0

high pressure {yearling)

Intermittent, 22 14

2~hr hold, (yearTling)

low pressure
November - Collection Intermittent, 9 11 Exhibit UT-6
December basket 2-hr hold, {yearling) Table 10.3-4
1976 high pressure

Intermittent, 7 (adult) 14

2-hr hold,

low pressure

Intermittent, 4 (adult) 25

2-hr hold,

high pressure
January- Collection Continuous, 15 0 EA 1977d
March 1977 basket low pressure Table 4-14

Continuous, 49 0

high pressure

Intermittent, 16 0

2-hr hold,

Tow pressure

Intermittent, 39 0

2-hr hold,

high pressure
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Table 6. (continued)
Operating mode and Number of

Period Collection point  screenwash pressure fish tested® % SurvivalP Source
ROSETON
April- Collection Continuous, 229 20 EA 1977
May 1977 basket low pressure Table 4-17

Continuous, 378 51

high pressure

Intermittent, 74 20

Z2-hr hold,

lTow pressure

Intermittent, 68 23

2-hr hold,

high pressure
April- Collection Intermittent, 144 25 EA 1977
May 1977 basket 4-hr hold, Table 4-17
1977 Tow pressure

Intermittent, 231 10

4-hr hold,

high pressure

Continuous, 153 6

Tow pressure (yearling)

Continuous, 171 2

high pressure (yearling)

Intermittent, 46 22

2-hr hold, (yearling)

low pressure

Intermittent, 74 4

2-hr hold, (yearling)

high pressure

Intermittent, 26 4

4-hr hold, (yearling)

high pressure
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Table 6. {continued)
Operating mode and = Number of b
Period Collection point  screenwash pressure  fish tested® % Survival Source
ROSETON
Continuous, 89 (adult) 11
low pressure
Continuous, 53 (adult) 8
high pressure
Intermittent, 20 (adult) 15
2~hr hold,
low pressure
Intermittent, 56 (adult) 11
2-hr hold,
high pressure
April- Collection Intermittent, 2 (adult) 0 EA 1977
May 1977 basket 4-hr hold, Table 4-17
Tow pressure
Intermittent, 15 (aduit) 18
4-hr hold,
high pressure
DANSKAMMER
Fall 1975 Collection Continuous® 268 3 EA 1977
basket Table 4-25
Intermittent, 236 3
2-hr hold
Intermittent, 924 0
4-hr hold
Intermittent, 137 0

6-hr hold
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Table 6. (continued)

Operating mode and Number of

Period Collection point  screenwash pressure fish tested? % Surviva]b Source
DANSKAMMER
April- Collection Continuous 99 21 EA 1977
May 1976 basket (yearling Table 4-26
and adult)
Intermittent, 71 21
2-hr hold (yearling
and adult)
Intermittent, 41 0
4-hr hold (yearling
and adult)
November- Coliection Continuous 201 24 EA 1977
December basket Table 4-27
1976
Intermittent, 258 9
2-hr hold
Continuous 17 53
(yearling)
Intermittent, 17 6
2-hr hold (yearling)
Continuous 2 (adult) 100
DANSKAMMER
Apriil- Collection Continuous 122 43 EA 1977
May 1977 basket Table 4-34
Intermittent, 29 25
2-hr hold
Intermittent, 158 6
4-hr hold
Continuous 248 33

(yearling)
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Table 6. (continued)

Operating mode and Number of

Period Collection point  screenwash pressure fish tested® ¢ Survivalb Source
DANSKAMMER
Intermittent, 162 40
2-hr hold {vearTing)
Intermittent, 62 0
4-hr hold {yearling)
Continuous 347 (adult) 45
Intermittent, 223 (adult) 28
2-hr hold
Intermittent, 137 (adult) 3
4-hr hold
SURVIVAL OF CONTROLS EXPOSED ONLY TO COLLECTION AND HOLDING PROCEDURE
BOWLINE
November - Collection 28 86 Exhibit UT-7
December pit {yeariing Table 10.3-5
1976 and adult)
302 32
Discharge 134 14 Exhibit UT-7
pipe Table 10.3-7
ROSETON
November - Cotlection 53 68 Exhibit UT~-6
December basket Table 10.3-6
1976
28 100
{yearling)

1 (adult) 100
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Table 6. ({continued)
Operating mode and Number of b
Period Collection point  screenwash pressure fish tested® % Survival Source
ROSETON
April- Collection 26 46 EA 1977
May 1977 basket Table 4-18
22 59
(yearling)
230 (adult) 89
DANSKAMMER
November - Collection 11 91 EA 1977
December basket Table 4-28
1976
5 {(adult) 100
April- Collection 53 81 EA 1977
May 1977 basket Tahle 4-35
38 79
(yearling)

159 (adult) 84

aYpung~of-the-year unless otherwise noted,

bPercent alive at end of observation period (96 hours at Bowline, 84 hours at Roseton and

Danskammer).

CData collected under the same conditions (sampling point, operating mode, and screenwash
pressure) are pooled.

dEcologica] Analysts 1977 Progress Report to Central Hudson.

€Screenwash pressure for all impingement survival studies at Danskammer is 55-65 psi.



Table 7. Summary of striped bass impingement survival data
Operating mode and Number of 2

Period Collection point  screenwash pressure fish tested % Survival Source
BOWLINE
January- Collection Continuous, 181b 62 Exhibit UT-7
December pit high pressure Table 10.3-4
1976

Continuous, 282b 49

low pressure

Intermittent, 1050 32

high pressure

Intermittent, 164b 14

low pressure
November - Discharge Continuous, 250 40 Exhibit UT-7
December pipe nigh pressure Table 10.3-6
1976

Continuous, 7b 14

Tow pressure

Intermittent, 65D 24

high pressure

Intermittent, 1lo7b 6

Tow pressure
November~ Collection Continuous, 123b 11 Exhibit UT-7
December pit high pressure Table 10.3-12
1974
January Collection Continuous, 5770 9 Exhibit UT-7
1975 pit high pressure Table 10.3-12
April Collection Continuous, 158D 71 Exhibit UT-7
1975 pit high pressure Table 10.3-12
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Table 7. (continued)
Operating mode and Number of a
Period Collection point  screenwash pressure  fish tested % Survival Source
BOWLINE
November - Discharge Continuous, 86b 19 Exhibit UT-7
December pipe high pressure Table 10.3-13
1974
April- Discharge Continuous, 192b 61 Exhibit UT-7
May 1975 pipe high pressure Table 10.3-13
March 1975 Discharge Intermittent, 50 5 Exhibit UT-7
pipe 2-hr hold, Table 10.3-13
high pressure
March- Discharge Intermittent, 9gb 0 Exhibit UT-7
April 1975 pipe 4-hr hold, Table 10.3-13
high pressure
ROSETON
Fall 1975 Collection Continuous, 4 25 Exhibit UT-6
basket high pressure Table 10.3-3
Intermittent, 11 0
2-hr hold,
high pressure
Intermittent, 5 0
4-hr hold,
high pressure
Intermittent, 6 0
6-hr hold,
high pressure
DANSKAMMER
Fall 1975 Collection Continuous® 3 0 EA 19774
basket Table 4-25
Intermittent, 12 17
2-hr hold
Intermittent, 26 0

4-hr hold
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Table 7. (continued)

Operating mode and Number of a
Period Collection point  screenwash pressure  fish tested % Survival Source
DANSKAMMER
Intermittent, 2 0
6~hr hold

SURVIVAL OF CONTROLS EXPOSED ONLY TO THE COLLECTION AND HOLDING PROCEDURE

BOWLINE
November - Collection 35D 20 Exhibit UT~7
Decemher pit Table 10.3~-5
1976

ercent alive at end of observation period (96 hours at Bowline, 84 hours at Roseton and
Danskammer).

bpata collected under the same conditions {sampling point, operating, mode, and screenwash
pressure) are pooled.

CScreenwash pressure for all impingemen{: survival ‘studies at Danskammer is 55-65 psi.

dEco'logical Analysts 1977 Progress Report to Central Hudson.
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Table 8. Comparison of observed percent survival of white perch and striped bass under
identical experimental conditions, Bowline Point Generating Station (from
Tables 6 and 7)
Collection Operating mode and % Survival of % Survival of
Period point screenwash pressure white perch striped bass
January- Collection pit Continuous, 61 62
December high pressure
1976
Continuous, 49 49
low pressure
Intermittent, 26 32
high pressure
Intermittent, 23 14
low pressure
Discharge pipe Continuous, 20 40
high pressure
Continuous, 17 14
Tow pressure
Intermittent, 10 24
high pressure
Intermittent, 9 6
low pressure
November- Collection pit Continuous, 26 11
December high pressure
1974
January 1875 Coliection pit Continuous, 7 9
high pressure
April 1975 Collection pit Continuous, 35 71

high pressure
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Table 8. (continued)

Collection Operating mode and % Survival of % Survival of

Period point screenwash pressure white perch striped bass
November ~ Discharge pipe Continuous, 23 19
December 1974 high pressure

March- Discharge pipe Continuous, 7 6l

May 1975 high pressure

March 1975 Discharge pipe Intermittent, 5 5

2~hr hold,

high pressure

March-~ [rischarge pipe Intermittent, 0 0
April 1975 4-hr hold,
high pressure

CORRELATION BETWEEN WHITE PERCH SURVIVAL AND STRIFED BASS SURVIVAL QVER ALL
EXPERIMENTAL CORDITIONS

b

r = 0.64

Student's t (13 df)

#

3.02
P <0.01
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survival or nigher. But in many of the experiments, in particular in the
April-May 1977 experiments at Roseton, survival of white perch impinged
during intermittent operation with a two-hour wash cycle has been as high as
or higher than that of fish impinged during continuous operation. The lowest
white perch survival at both Roseton and Danskammer has been observed during
intermittent operation with a four-hour cycle.

The results of tests designed to measure the effect of screenwash
pressure on survival have also differed from plant to plant. As was noted
in our discussion of Atlantic tomcod survival, "low" pressure at Roseton
(50 psi) is nearly as high as "high" pressure at Bowlina (50 to 60 psi).
Most of the tests at Roseton have indicated that under both continuous and
intermittent operation white perch survival is higher at 50 psi screenwash
pressure than at 100 psi. EA has stated this conclusion both in Exhibit
UT-6 (p. 10.3-35) and in the 1977 Progress Report to Central Hudson
(Ecological Analysts 1977, p. 5-1). Based on the data in Table 6, I agree
with this conclusion.

At Bowline, no increase in survival has been noted when screenwash
pressure is reduced from the normal 60 psi to 20 psi or less. A found no
significant eaffect of pressure on survival under either continuous or
intermittent travelling screen operation. tA offered two possible
explanations (Exhibit UT-7, pp. 10.3-26-28):

Tne absence of an apparent effect of screenwash pressure
has at Teast two possible interpretations. First, the damage
incurred by the white perch from being washed off the screens
may be negligible at screenwasn pressures of 50-60 psi and
below. Second, the spray from the low pressure system may have
been insufficient to remove fish from the screens. As a
result, tne fish may have been exposed to the high pressure
nozzles located just above the low pressure system. In this
case pressure exposures would nave been similar in both the Tow
and nigh pressure wash tests.

Although EA found no statistically significant difference, the
January-December 1976 survival percentages in Table 8 suggest that the
low-pressure screenwash system may actua]]y reduce the survival of white
perch and striped bass. In eight cases in which it is possible to compare
rasults obtained under conditions that were identical except for screenwash
oressure (i.e., same collecting location, screenwash schedule, and species),
nigher survival was observad in every case among fish exposed only to the
nign pressure spray. If screenwash pressure has no effect on survival, then
the probadiiity of this result is the same as the probability of tossing a
coin eight times and observing e1gh§ "heads." Such a result would be
expected by chance only 0.4% ( of the time.

Neitner EA nor LMS has ever reported designing or conducting experiments
in order to determine whether the survival of impinged white perch and
striped bass varies seasonally. WNonetheless, the data in Tables 6 and 7
suggest that such variation does exist. In tests performed during the winter
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of 1977 (January-March), EA observed 100% mortality of juvenile white perch
under all operating conditions. EA's explanation (Ecological Analysts 1977,
p. 4-25) was tnat these fish are more susceptible to handling and holding
stresses when water temperatures are near freezing. [ agree that since young
white perch already are under stress because of low temperatures, they should
be more vulnerable to the additional stress of handling and observation.
However, for the exact same reason, they should also be more susceptible to
the stress of impingement. Survival of white perch impinged at Bowline
during this same period was also Tow (Table 6). Nearly 2000 impinged white
perch were sampled at the Bowline collection pit during January-February
1977. A1l were obtained while the screens were operating in the continuous
mode, i.e., the mode under which the highest survival is obtained. Only 28%
of the fish collected when the high pressure spray was used, and only 21% of
the fish collected when the Tow pressure spray was used, survived for as

long as 96 hours after collection. Relatively hign survival was observed
among white perch collected at the Bowline discharge pipe (high pressure
spray), but the sample size here was low, only 25 fish. Few impinged striped
bass have been collected and observed during the winter. Table 10.3-4 of
Exhibit UT~7 lists 35 striped bass as having been collectad in January and
February of 1976. Only 4 of these (11%) survived for 96 hours. 0Of 158
striped bass collected by LMS in January 1975, 71% survived for a similar
period. The results for striped bass are contradictory and no reasonable
conclusions can be drawn from them. Thne results for white perch suggest,
although they are not conclusive, that surv1va1 is lower during the winter
than during other seasons.

It is now time to address the thorny question of the reliability of the
data summarized in Tables 6-8 as estimates of the survival of those white
perch and striped bass that are impinged, washed off the screens, and
returned to the river rather than collected and observed. It is not possible
to reproduce in the laboratory the conditions faced by these fish in their
natural habitat. A stunned or otherwise weakened fish is more vulnerable to
predators, and these predators may congregate in the vicinity of the
screenwash discharge because it provides an abundant supply of prey.
Congregations of predators have, in fact, been observed at fish return sites
in the Sacramento-San Joaguin estuary (Skinner 1972, California Department
of Fish and Game et al. 1978). Moreover, analyses of the stomach contents
of these predators indicate that they feed heavily on released fish (Skinner
1972, California Department of Fish and Game et al. 1978). A fish that
survives these predators may develop fungal or bacterial infections bacause
of wounds and/or lost scales caused by impingement. Such infections may
not be observable in the holding facility because they take longer than 96
hours to develop, or because they are suppressed by biocides (according to
p. 10.3-6 of Exhibit UT-6, water used at the Roseton holding facility has
occassionally been treated with potassium permanganate in order to reduce
the incidence of infections).

On the other hand, the collection and holding procedure imposes stresses
of i1ts own that the impinged fish does not suffer if it is returned directly
to the river. It is for this reason that EA has attempted to measure the
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mortality of control fish, exposed only to collection and hoiding, at all
threa p]antb. The control survival data for striped bass and white perch
are summarized, respectively, in Tables & and 7.

EA's results indicate that for both of these species handling mortality
ic substantial. The survival of white perch and striped bass controls at
Bowline has been no better than that of the comparable impinged fish.
Survival of 1mpin ged striped bass sampled at the collection pit in 1976
ranged fram 14 to 62%. Survival of the corresponding control fish was 32%.
Survival of yearling and adult white perch controls was high (86%), but there
are no impinged fish with which they can be compared. White perch survival
at the Bowline discharge pipe in 1976 ranged from 9 to 20%. The corres-
ponding control survival was 14%. Uhite perch controls at Roseton and
Danskamier have fared better, although mortality has been fairly high among
yoing-of-the-yaar controls. In only one case (Roseton, April-May 1977,
young-of -tne-year, continuous high-prassure screenwash) has mortality among
impinued fish been higher than that of control fish.

Is it possible that all of the observed mortality among impinged fish
is caused by collection and handling? I do not believe so. If all mortality
were due to collection and handling, then no effects of screenwash procedure
on survival could be ohserved. If, as appears to be the case, collection
and holding cause substantial mortality, then EA's procedure ensures that
control fish will suffer wore of this mortality than will impinged fish.
According to p. 10.3-18 of rxhﬁbit UT-7, control fish are held for at least
/2 hours befora use in impingement survival experiments. If the holding
system stresses fish, then controis are exposed to this stress for much
longer than are impinged fish. It may, however, be the collection process
itself that 1m00§es the stress . Jinks stated (transcript p. 4599) that
the length of time spent in the collection basket influences the survival of
control fisn. At all three plants control fish are inserted into the
coliection device at Lhe beginning of the sampling period and left there for
the entire sampling period (transcript pp. 4598-99). If impinged fish arrive
in the net more or less continuously throughout the samp]inq period, then
each control fish is exposed to the stress of collection for twice as Tong
as the average impinged fish. In addition, control fish suffer a stress
that is not imposed al all on impinged fish. stress due to marking. TI has
found (transcript, pp. 4597-98) thal marking does induce mortality. TI's
mark /recapture uu7u1at1ﬁﬂ estimates are adjusted to account for this
movrtality. EA has not atteapted to measure the effect of wmarking on the
survival of control fish used in impingement survival studies.

Because control fish suffer more collection, handling (including
markingj, and holiding stress than do impinged fish, I do not believe that
the mortality of the contirol fish is a reliable measure of the true
samp ling/obsarvation mortality suffered by impinged fish. The control
survival parc&atage€ should not be used to compute adjusted impingement
survival percentages (e.g., as is done in Table 10.3-7 of Exhibit UT-6). It
iiiay De conc luded ha the results tabulated in Tables 6-8 represent over-
estimates of the actual fraction of impinged white perch and striped bass
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that die as a direct result of being impinged. However, an additionai
fraction, one that cannot be estimated at this time, probably die indirectiy
because of 1increased vulnerability to predators or pathogens. :

2.5 COMPARISON BETWEEN IMPINGEMENT SURVIVAL AND COLLECTION EFFICIENCY

Is the percent survival of Atlantic tomcod, clupeids, white perch, or
striped bass impinged and returned to the river under normal operating
conditions high enough to offset the effects of collection efficiency? |
believe that for Atlantic tomcod impinged at Bowline, Roseton, and
Danskammer, the answer to this question is "yes." For clupeids the answer
is definitely "no," and for white perch and striped bass it is "probably
yes."

Survival of adult Atlantic tomcod impinged during the fall and winter
is clearly high enough to offset the effects of collection efficiency.
Except for the anomalously low survival observed at Roseton and Danskammer
in 1975, the survival of these fish nhas been very high. In experiments in
which 10 or more fish have been collected, at least 70% have survived to the
end of the observation period. Fall and winter impingement estimates for
this species must be scaled down to account for this high survival. Based
on the scant evidence available to date, the survival of juvenile Atlantic
tomcod impinged at Bowline, Roseton, and Danskammer during the summer months
appears to be high enough to offset collection efficiency, but not so high
that downward adjustments are judged to be required.

The survival of impinged clupeids at the three plants discussed in this
section appears to be virtually zero, and thus, collection efficiency is not
at all offset.

For white perch and striped bass my conclusions are more uncertain.
The highest survivals of these species at all three plants have been obtained
under continuous travelling screen rotation and, at least at Roseton, low
screenwash pressure. These are not the standard operating conditions at any
of these plants (Table 3). At Roseton and Danskammer, the most relevant
results in Tables 6-8 are those obtained from experiments conducted under
intermittent screenwash with the high-pressure spray. Survival percentages
under these conditions have ranged from O to 25% at Roseton and from 0 to
40% at Danskammer. During conditions of high debris loading or icing, the
travelling screens at Roseton are rotated continuocusly and washed with the
high pressure spray. The survival percentages obtained under this operating
mode have ranged from 0-51%. At Bowline, both intermittent and continuous
rotation have been employed during normal operation. Survival percentages
ranging from 0 to 71% have been obtained from the collection pit experiments,
with most of the observations falling between 10 and 40%. The generally
Tower survivals obtained at the Bowline discharge pipe are largely a function
of sampling mortality, as evidenced by the relatively poor survival of the
discharge pipe controls.
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Given that a substantial fraction of the mortality observed among white
perch and striped bass is caused by collection and/or observation, it is
conceivable that as many as 40% may survive the immediate effects of
impingement if returned directly to the river. At all three plants
impingement abundance collections are made at least once a week. On these
days no fish are returned to the river. Moreover, it is normal procedure at
Bowline to hold all fish impinged during the 24 hours preceding an
impingement sample. If, on the average, 40% of the fish returned to the
river survive, then about 29% (40% x 5/7) of all white perch and striped
bass impinged at Bowline during a week would survive. At Roseton and
Danskammer, about 34% (40% x 6/7) would survive. These survival percentages
are enough to offset the effects of collection efficiency (70 to 75%) so
that no adjustments of the white perch and striped bass impingement totals
need be made.

The possibility remains that survival of impinged striped bass and white
perch may be lower during the winter, a season of high impingement at Bowline
and Indian Point and of low impingement at Roseton and Danskammer. It is
also possibie that, due to the effects of sampling mortality, the survival
of these species may be higher than is indicated by the results of the
experiments. However, biases introduced into the direct impaclt assessments
by underestimating or overestimating the survival of impinged white perch
and striped bass at Bowline, Roseton, and Danskammer are likely to be small
in comparison to biases introduced by errors in the estimates of population
size and total mortality.

It can be seen from Table 3 that travelling screen operating conditions
at Albany are similar to those at Bowline, Roseton, and Danskammer.
Therefore, it seems reasonable to assume that the survival of impinged fish
at this plant is probably similar to that observed at the three plants where
studies have been conducted. At Lovett, however, the screens are rotated
only once every eight hours. Since reduced survival has been observed at
other plants when a four-hour screenwash cycle is employed, it is reasonable
to suppose that survival would be even lower with an eight-hour cyclie. In
the absence of data relating to the mortality of impinged fish at Lovett, I
assume zero survival of all species at this plant, and thus, collection
efficiency is not at all offset.
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3. CONCLUSIONS

1 conclude, on the basis of an analysis of the four potential biases
discussed in Section 2, that the impingement estimates for some species at
some plants require adjustment. Table 9 summarizes my estimates by plant
and species of the magnitude of biases associated with collection efficiency,
reimpingement, impingement on inoperative screens, and impingement survival.
Any adjustment factors that I believe are necessary are also presented in
Table 9. Since the various biases, in particular those due to impingement
survival, cannot be measured precisely, I have chosen to adjust the
impingement totals only in cases where there is a clear imbalance between
those biases that cause underestimates (collection efficiency and impingement
on inoperative screens) and those that cause overestimates (reimpingement
and impingement survival). I have applied adjustment factors only if a
change of 20% or more in the impingement estimates would result., Adjusting
these estimates by smaller amounts is, in my opinion, atiributing greater
accuracy and precision to the bias measurements than they actually possess.

No estimates of collection efficiency are available for Danskammer, and
no estimates of any of the biases are available for Lovett or Albany. In
these cases 1 have estimated the magnitude of the biases from the data
obtained at other plants, primarily Roseton and Indian Point Unit 3. Like
Roseton and Indian Point (and unlike Bowline), Danskammer, Lovett, and Albany
withdraw cooling water directly from the river. As it seems most probable
that the siightly higher collection efficiency and reimpingement observed at
Bowline are related to the unigue intake configuration of that plant, we
have assumed that the estimates of collection efficiency at Roseton and
Indian Point Unit 3 (both about 70%) and of reimpingement at Roseton
(essentially zero) are applicable to these other three plants. The low
collection efficiency at Indian Point Unit 2 is undoubtediy caused by the
presence of fixed screens in front of the travelling screens, a configuration
that exists at no other plant on the Hudson River (except for Indian Point
Unit 1, which is not presently operating).

Travelling screen operating procedures at Albany appear to be similar
to those at Bowline, Roseton, and Danskammer; therefore, I assume that the
same estimates of impingement survival are applicable. At Lovett the screens
are rotated only once every eight hours. On the basis of the observed
inverse relationship between impingement survival and travelling screen
holding time, I assume that no fish survive impingement at Lovett. Since
fish impinged at Indian Point are not returned to the river, no survival is
possible.

I believe that upward adjustment is required for clupeid impingement
estimates at all plants and for impingement estimates for all species at
Lovett and Indian Point. My adjustment factor for Indian Point Unit 3 is
slightly higher than that used by the utilities because my estimate of
collection efficiency is lower. My adjustment factor for Indian Point
Unit 2 1is identical to that of the utilities. I believe that estimates of
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Table 9. Adjustment factors derived for impingement estimates at Hudson River power plants

Tmpingement survival Adjustment factora’b
Collection May- September- May- September-

Plant efficiency Reimpingement  August April August Apri)
ATLANTIC TGCMCOD
Bowline 0.75 0.1 0.4 0.7 -- 0.6
Lovett 0.70 0 0 0 1.4 1.4
IP unit 2 0.15 0 0 0 6.7 6.7
IP unit 3 0.70 0 0 0 1.4 1.4
Roseton 0.70 0 0.4 0.7 -- 0.6
Dansk anmer 0.70 0 0.4 0.7 00 0.6
Albany

(1974-75) 0.70 0 0.4 0.7 -- 0.7
Albany

(1975-76) 0.70 0 0.4 0.7 - 0.5
CLUPEIDS
Bowline 0.75 0.1 0 --
Lovett 0.70 0 0 1.4
IP unit 2 0.15 0 0 6.7
IP unit 3 0.70 0 0 1.4
Roseton 0.70 0 0 1.4
Danskaimer 0.70 0 0 1.4
Albany 0.70 0 0 1.4
WHITE PERCH AND STRIPED BASS
Bow line 0.75 0.1 0.4 --
Lovett 0.70 0 0 1.4
IP unit 2 0.15 0 0 6.7
IP unit 3 0.70 0 0 1.4
Roseton 0.70 0 0.4 -~
Danskammer 0.70 0 0.4 -
Albany 0.70 0 0.4 --

dAdjustment factor = (1/collection efficiency) x (1 - reimpingement) x (1 - impingement
survival x the fraction of days on whicih impinged fish are returned to the river). For
Bowline this fraction is equal to 5/7, since impinged fish are collected and held for 24
hours prior to each weekly impingement collection (Exhibit UT-7). For Roseton and
Danskammer, it is equal to 6/7, since therz is no 24 hour prewash prior to each week's
sampling (Exhibit UT-6). For Albany, this fraction is equal to 5/7 for the period April
1974-March 1975, since impingement collections were made twice per week. For the period
April 1975-March 1976, it is egual to 13/14, since impingement collections were made only
once every two weeks (lLawler et al. 1976b).

bAdjustment factors are actually applied to the impingement estimates only if a change of
20% or more would result, that is only adjusiment factors less than or equal to 0.80 or
greater than or equal to 1.20 are applied.
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fall and winter impingement of Atlantic tomcod at Bowline, Roseton,
Danskammer, and Albany require downward adjustment because of high
survival. Survival of younger tomcod impinged during the warmer months fis
apparently lower, and therefore, I apply no adjustment fo impingement
estimates for the months of May-August.
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SUMMARY AND CONCLUSIONS

This testimony presents two independent lines of evidence evaluating
impingement losses of white perch at the power plants on the Hudson River.
The first line of evidence involves analyzing the variation in collection
rate among years over the period 1972 - 1977. The second line of evidence
involves estimating the conditional mortality rate (or equivalently, the
percent reduction in year-class strength in the absence of compensation) due
to impingement for the 1974 and 1975 year classes.

The collection rates provide estimates of year-class strength on a
relative scale. As such, they reflect the effect of entrainment and
impingement losses during the preceding months, as well as the effect of any
compensatory mechanisms which might alter survival during the preceding
months. Regression analyses on collection rates of impinged
young-of~the-year white perch among years suggest that there has been no
systematic change in the size of the white perch population during the
period 1972 - 1977, In particular, there is Tittle evidence of a
statistically significant downward trend. However, given the large
variability in collection rates used in these regressions, the time series
are relatively short (i.e., 5 to 6 years), and thus, the statistical power
of the test for a trend is not high. In addition, because of the age of
sexual maturity for females and the multiple age-class composition of the
spawning population of females, and because impingement mortality increased
appreciably starting in 1973 and 1974, a systematic decrease in year-class
strength due to impingement mortality would only start to manifest itself
with the 1977 (or 1978) and subsequent year classes.

Qur estimates of percent reduction in year-class strength due to
impingement indicate that the level of impingement impact was probably
greater than 20% for the 1974 year class and was probably greater than 15%
for the 1975 year class. These estimates do not include consideration of
entrainment, so that the total power plant conditional mortality rate is
obviously greater than the values presented in this testimony for impingement
only. Given the information presently available, it is our judgment that
this leve! of impingement impact is not acceptable from the point of view of
the white perch population.

In terms of the comparability of assumptions and values for input
parameters used in the utilities' methodology and in ORNL's methodology, the
utilities' estimate of percent reduction due to impingement for the 1974
year class of 11.3% 1is best compared to ORNL's estimate of 25.5%. Five
reasons for this more than factor-of-two difference are discussed. The
utilities' choice at every one of these five "decision points" affects the
resulfs in the same direction, namely, to Tower the estimate of percent
reduction. ORNL's choice at each of these five decision points is
scientifically more sound and defensible.
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