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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 cooling 

towers, required by the various Environmental Protection Agency (EPA) 

permits, should be built at three power plants on the Hudson River in 

New Yark in order to mitigate the impacts of entrainment and 

impingement on estuarine fish population?. In addition to terminating 

the EPA hearings, the settlement resolved regulatory disputes between 

the utility companies and several other federal agencies, including the 

U.S.  Nuclear Regulatory Commission ( N R C ) .  

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 NRC in 

connection with the licensing of Indian Point hits 2 and 3 ,  the 

largest generating units on the Hudson Rives. 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 coimmunity, government agencies, 

and other interested parties. 

Volume I is concerned with the estimation of the direct (or 

annual) entrainment impact o f  the power plants on populations of 

striped bass ,  white perch, Alosa spp.  (blueback herring and alewife), 

American shad, Atlantic tomcod, and bay arichovy in the Hudson River. 

Entrainment impact results from the killing of fish eggs, larvae, and 

young juveniles that are contained in the cooli-ng water cycled through 

a power plant. An "Empirical Transport Model" is presented as the 

means of obtaining a conditional entrainmmt mortality rate (which 

represents the fraction of a year class which would be killed due to 
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entrainment in the absence of density-dependent mortality). 

Volume I 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. 

Most of 

Volume I1 contains four exhibits relating to impingement impacts 

and three critiques of certain aspects of the utilities' case. The 

first exhibit is a quantitative 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. 

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 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 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 (LMSd Real-Time Life Cycle Model to 

estimate the impact of entrainment and impingement on the Hudson River 

striped bass population. 

The two following exhibits 

Volume 111 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 
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methodology was developed and applied t o  address a single fundamental 

question: 

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 111 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 f i s h  stocks. 

if the Ricker model really did apply to the Hudson River 
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This volume is concerned with the estimation of the direct (or 

annual) entrainment impact of power plants on populations of striped 

bass, white perch, Alma spp. (blueback herring and alewife), American 

shad, Atlantic tomcod, and bay anchovy in the Hudson River estuary. 

Entrainment impact results from the killing of fish eggs, larvae, and 

young juveniles that are contained in the cooling water cycled through 

a power plant. An Empirical Transport Model (Em) is presented as the 

means of estimating a conditional entrainment mortality rate (defined 

as the fraction of a year class which would be killed due to 

entrainment in the absence of any other soPnrce of mortality). 

Most of this volume i s  concerned with the estimation of seweral 

parameters required by the ETM: physical input parameters (e.g. ,  

power-plant withdrawal flow rates); the longitudinal distribution of 

ichthyoplankton in time and space; the duretion of susceptibility of 

the vulnerable organisms; the W-factors, which express the ratios of 

densities of organisms in power plant intakes to densities of organisms 

in the river; and the entrainment mortality factors (f-factors), which 

express the probability that an organism will be killed i f  it is 

entrained. Once these values are obtained, the ETM is used to estimate 

entrainment impact for both historical and projected conditions. 
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The first step in assessing how losses due to entrainment 

mortality may affect the future well-being of a fish population is 

calculating the conditional entrainment mortality imposed by power 

plants on that population* The conditional entrainment mortality rate 

is defined as the fraction of a population which would be killed due to 

entrainment in the absence of any other source of mortality. In this 

exhibit, historical and projected conditional entrainment mortality 

rates are estimated for s i x  fish populations inhabiting the Hudson 

River estuary: striped bass, white perch, Alosa spp. (blueback herring 

and alewife), American shad, Atlantic tomcod, and bay anchovy. 

Chapter I, entitled “Mathematical Methods Used in Estimating 

Conditional Entrainment Mortality Rates of Six Hudson River Fish 

Populations,’’ presents the Empirical Transport Model (E?%), which is 

the mathematical method used in thfs exhibit. Appendix A,  which is 

available under separate cover, describes the derivatfon of the ETM in 

greater detail and provides a hypothetical example of how the model 

operates. 

Chapter 11 of th%s exhibit is entitled “Physical Input Parameter 

Values Used to Estimate Condftlonal Entrainment Mortality Rates for S i x  

Hudson River Fish Populations.” T h i s  chapter presents the physical 

input parameter values used in the ETN. The physical parameters are 

the river region volumes, historical and projected power plant 

withdrawal flow rates, and the proportion of power plant water 

withdrawn from each river region. These values are used for ETM 

analyses of all s ix  f%sh populations. 

Chapter 111 is entitled “Spatial Distributions of Entrainable Life 

Stages of Six Hudsoq River Fish Populations.“ 

used as input to the ETJM and are based on 1974 and 1975 Texas 

Instruments Inc. (TI) field data. 

These distributions are 

Chapter 161, entitled “Durations of the Entrainment Intervals and 

Entrainment Periods for Six Hudson River Fish Populations,“ presents 

values used in the ETM for the total period of time individual members 

xi 
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of a given populat ion take  t o  grow through e n t r a i n a b l e  l i f e  stages 

(entrainment i n t e r v a l )  and t h e  range of' calendar  d a t e s  t h a t  s n t r a i n a b l e  

ind iv idua l s  are present  i n  the Hudson R f w r  (entrainment  per iod) .  

Chapter V i s  e n t a t l e d  "W-Factors for Hudson River Ichthyoplankton 

Entrained a t  Bowline, Love t t ,  Ind ian  Poin t ,  Rosetom, and Danskammer." 

This  chapter  presents  two a l t e r n a t h r  iwthods o f  c a l c u l a t i n g  t h e  

W-factors (ratios of power p lan t  i n t a k e  organism d e n s i t i e s  to r iver  

d e n s i t i e s )  used i n  t h e  Em. Appendix R, v+hJc.li accompanies t h i s  

chapter ,  d i scusses  t h e  sources  of da ta  used t o  compute W-factors us ing  

the  t w o  mearkmds. 

Chapter V I ,  e n t i t l e d  "Estimating t h e  R a t i o  of Power Plan t  In take  

Organism Dens i t i e s  t o  Rlver Dens j t i e s  Using t h e  River Data 

Methodology," p re sen t s  a t h i r d  approach t o  es t imat ing  W-factors. This  

approach w a s  used when l ack  of s u f f i c i e n t  dat-a prohib i ted  use of e i t h e r  

of the two approaches i n  Chapter V .  

Chapter V I 1  i s  e n t i t l e d  "Entrainment Mor ta l i ty  Fac tors  f o r  Hudson 

River Ichthyoplankton a t  Bowline Po in t ,  Lovett, Indian  Po in t ,  Roseton, 

and Danskammer Poin t  Power P lan ts . "  Appendices C--F accompany t h i s  

chapter  and provide the  S O U ~ C ~ S  of d a t a  and mathematical j u s t i f i c a t l o n s  

f o r  t h e  entrainment m o r t a l i t y  f a c t o r s  ( f - f ac to r s )  as t h e y  are used i n  

the ETM. Appendix P, which a l so  relater; to  t h i s  t o p i c ,  summarizes 

i n d l s e c t  o r  s u b l e t h a l  e fSec t s  and  descr ibes  n method o f  Pncorporating 

such e f f e c t s  i n t o  entrainment m o r t a l i t y  f a c t o r  ca l cu la t ions .  

Chapter VXII presen t s  the r e s u l t s  of t h e  ETM runs using t h e  inpu t  

parameter va lues  descr ibed i n  Chapters I I - V X I .  Appendices G-0, which 

accompany t h i s  chapter ,  l i s t  d e t a i l e d  ETM r u n  r e s u l t s  for each of t he  

s i x  f i s h  populat ions.  
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1. INTRODUCTION 

Mathematical methods are used in this testimony for estimating the 

conditional entrainment mortality rates imposed by Hudson River power 

plants on six fish populations (striped bass, white perch, bluehack 

herrlng/alewife, American shad, Atlantic tcmcod, and bay anchovy). 

Conditional entrainment mortality rates are estimated by using the 

Empirical Transport Model (ETM) developed by Boreman et al. (1978). 

This reference, denoted herein as Appendix A ,  is available under 

separate cover (see "References Cited" section); it provides more 

complete detail on the mathematical basis and application of the 

model. The purpose of this chapter is to present the mathematical 

formulation sf the ETM, as used in this exhfbit, discuss the physical 

and biological input parameters that arc necessary t o  use the model, 

assess several assumptions implicit in the model, and compare the ETM 

to the models used by the utilities to est:,mate conditional entrainment 

mortality rates. 

2 .  MATHEMTICAL BASIS OF THE ETM 

The ETPl can be used to estimate the conditional entrainment 

mortality rate of fish populations inhabiting the Hudson River. The 

ETM, which fs essentially a mathematical equation, relies on knowledge 

of the morphometry of the water body; powei: plant water withdrawal flow 

rates; the probability that an entrained organism will survive plant 

passage; and the duration, distribution, and relative abundance of 

entrainable life stages. A distinguishing feature of the ETM is that 

the distribution and movement of entrainable organisms among regions of 

the water body is defined by information derived from field samples. 

By using such information, the ETM avoids *,he diffisultLes often 

associated with hydrodynamic transport models, such as the Real-Time 

Life Cycle Model (RTLCM) developed by Lawler, Matusky and Skelly 

Engineers (LMS 19751, which rely on hydrodynamic principles and 

equations to define organism movement. Swartzman et al. (1978) dlscuss 
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problems associated with applying hydrodynamic models to biological 

data in order to assess power plant impacts. 

The ETM formulation used in this testimony is a "Type 11'' ETM 

(p. 11, Boreman et al. 1978), which is applicable when time-dependent 

spatial distribution data are not available for each age group of the 

selected fish population. This condition prevails when distribution 

data are categorized by life stage rather than calendar age. As such, 

the observed spatial distributions over the entire entrainment period 

(the period of time during which entrainable life stages are present in 

the water body) are averaged over all weeks for each life stage, with 

each week's contribution wefghted by its relative abundance. The 

resultant parameter values can be used to calculate the conditional 

entrainment mortality rate as follows (p. 13, Boreman et al. 1978): 

where y = total conditional entrainment mortality rate, 

s = week of the spawning period, 

S = total number of weeks in the spawning period, 

R = proportion of total eggs spawned that are spawned in 
S 

week s ,  

j = age 0,1,2,...,J (in weeks), 

J = oldest entrainable age, also the duration of the 

entrainment interval (in weeks), 

L = life stage 1,2,3, ..., L ,  

L = total number of entrainable life stages, 

k = region l,29...,K, 

K = total number of regions within the water body, 

DkL = average proportion of the total standing crop of life 

stage L individuals in region k during the entrainment 

period, 
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E s+j,kl= instantaneous entrainment mortality rate constant of 
life stage tiindividuals durcing week s+j in region k 

(units: per day), 

C = proportion of age j individuals in life stage 1 ,  and 
j a .  
t = duration of the model time step ( 7  days). 

Calculation of the instantaneous entrainment mortality rate (E)  

requires specifying power plant flow rates, region volumes, and 

susceptibility of individuals within a region to withdrawal by power 

plants and subsequent mortality due to plant passage. These parameters 

are expressed mathematically as follows: 

= power plant water withdrawal flow rate from region s+j,k where P 

k during week s+j (units: per day), 

f s+j,k~ = fraction of life stage 1 individuals entering the 
intake that are eventually killed by plant passage 

occurring during week s+j in region k, 

W s+j,kt = ratio of the average intake concentration to 

average region concentration of life stage L 
individuals during week s+j in region k, and 

Vk = volume of region k (assumed constant throughout the 

entrainment period). 

Figure 1-1 is a schematic diagram that illustrates operation of the ETM. 

Physical data necessary for the ETM are the number of geographic 

regions within the water body and their respective volumes, as well as 

the power plant withdrawal flow rates from each region. 

bilogical data include the distribution of entrainable organisms, by 

age or life stage, among the water body regions; the ratio of average 

intake to average regional concentrations of organisms (entrainment 

susceptibility factor, herein called the E-factor); the fraction of 

organisms entering the intake that is eventually killed by plant 

Necessary 
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passage (herein called the f-factor); and the temporal distribution of 

egg deposition or recruitment to the firs? vulnerable life stage. In 

addition, selection of entrainment periods and entrainment intervals 

for each population is necessary. Subseqnient chapters of this 

testimony (Chapters 1 1 - V I I )  present more detailed definitions of each 

input parameter variable used in the ETM, as well as derivations of 

population-specific input parameter values. 

3 .  ASSUMPTIONS UNDERLYING THE ETM 

Several assumptions are implicit in the Em. Violation of these 
assumptions may significantly reduce the accuracy of the estimate of 

the conditional entrainment mortality rate. Often the direction of the 

bias (whether the estimate is an overestimate or underestimate o f  the 

true conditional entrainment mortality rare) is known, but the degree 

of bfas is not. 

The first assumption, and probably the most crftieal one, is that 

the data used to establish spatial and temporal distributions are 

accurate. Problems associated with gear Bias, species and life stage 

identification, sample design, and data iaterpretation reduce overall 

accuracy of the ET% estimate. However, such problems also reduce 

accuracy in estimates from any other methodology that incorporates 

distribution and vulnerability data derived from field samples, such as 

the RTLCM and empirical methods used by tie utilities in exhibits UT-3, 

UT-4, UT-6, and UT-7. 

A second assumption that is implicit in applfcation of the ETM is 

that organisms move instantaneously among regions of the water body 

between time steps and do not move among regions within each time 

step. A s  such, near-ffeld {i .e . ,  within-region) depletion of organisms 

due to entrainment mortality within one region is not offset by 

movement of other organisms into the depleted region during a given 

time step. I f  the organism distribution data are collected during 

power plant operation, the data base for 50th the river-wide 

distribution and the W-factors inherently reflects the near-field 

depletion and the degree to which it is oEEset by organism movement 

during the time step. 
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If power plant effects are large enough in relation to organism 

movement during the period of data collection to have substantially 

altered the distribution patterns of the organisms (i.e., through 

localized reduction in standing crops), the ETM estimates will be 

biased low. In addition, if the ETM is used to estimate conditional 

mortality rates for projected power plant flow conditions that are 

different from those conditions corresponding to the period of data 

collection, further biases can be expected. The direction of these 

further biases will depend on many factors and can be controlled, to 

some extent, by making judicious choices for region size and length of 

the time intervals used in the model. 

Another salient aspect of the ETM methodology is the assumption 

that the organism distribution parameter values are based on field 

measurements of the entire standing crop of each entrainable life 

stage. If some members of an entrainable life stage are located 

outside the area of sampling, then the ET# will overestimate the 

conditional entrainment mortality rate for the entire population. 

Nevertheless, it will still reflect the mortality rate of that portion 

of the population that remains within the sampled area. 

A final assumption concerns the uniformity of natural mortality 

within the modeled system. The "Type 11'" ETM, as used in this 

testimony, implicitly assumes that the natural mortality rate of a 

given life stage is the same in all regions of the water body during 

the entire time that life stage is present within the entrainment 

period; that is, no differential natural mortality occurs among regions 

of the water body. If differential natural mortality does occur, and 

it is measureable, then a more generalized version of the ETM (Eq. 5, 

Boreman et al. 1978) can be utllized to calculate the conditional 

entrainment mortality rate. However, time- and age-dependent natural 

mortality rates dueing the entrainment periods for the six fish 

populations were not measured by the utilities' consultants or computed 

by us. 

The "Type 11" ETM also assumes that natural mortality rates are 

independent of population density. If density-dependent mechanisms 

such as cannibalism, or density-dependent forms of starvation or 
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predation are operative concurrently with reduction in numbers due to 

entrainment mortality, this assumption will not be realistic. 

Density-dependent mortality can be incorporated directly into ETM 

estimates by allowing the natural mortality rate during a given time 

step to be a function of the population size at the beginning of that 

time step, or incorporated indirectly by multiplying the final ETM 

estimate by a coefficient that accounts fcar compensatory capability of 

the population during the entrainment period. The former technique 

involves quantification of the density-dependent mortality function in 

space and time, which is generally beyond the present state-of-the-art 

and has not been undertaken for Hudson River fish stocks. The latter 

technique requires a prolonged series of appropriate stock and 

recruitment data (Christensen et al. 1977), which are not available for 

the six Hudson River fish populations. Sfnce both techniques are 

extremely difficult to quantify even approximately, the level of 

confidence in the estimates would almost always be very low. An 

alternative to using either of these techniques when density-dependent 

mechanisms are known or assumed to be operative during the entrainment 

period is to make a judgment of the significance of the effect based on 

the conditional entrainment mortality rate estimate from the ETM. 

4. COMPARISON OF THE ETM TO THE UTILITIES' EMPIRICAL MODELS 

In their direct testimony, the utilities presented two empirical 

methodologies for calculating the conditional entrainment mortality 

rates of selected fish populatfons inhabiting the Hudson River. One 

methodology, developed by Texas Instruments, Inc. (TI) (p. 2-VI-3, 

Exhibit UT-31, compares the estimated number of each entrainable life 

stage "cropped" by entrainment during a specified time interval to the 

standing crop of ichthyoplankton present :n the river ("adjusted" to 

account for incomplete recruitment of eggs to the entrainable 

population) during the same speciefied tine interval- The second 

methodology, developed by LMS (pp. 9.1B-5 to 9.18-10, exhibits UT-6 and 

UT-7) divides the total number of organisms entrained by a power plant 
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by the average standing crop o f  entrainable organisms during the 

entrainment period. 

4.1 TI METHODOLOGY 

The TI methdology adjusts for the fact that, before all eggs are 

spawned, the entrainment mortality imposed by power plants is only 

experienced by that part ol the population present in the river and not 

the entire population of entrainable organisms that will be present 

after all the eggs are spawned. This adjustment for unspawned 

individuals, however, is not complemented by a necessary similar 

adjustment at the end of the entrainment period which would allow 

recruitment to the first non-entrainable life stage. The failure Po 

use this complemeatary adjustment could result in an overestimate of 

the conditional entrainment mortality rate. A s  shown in subsequent 

chapters of this exhibit, however, when the TI methodology is applied, 

entrainment of all selected species is arbitrarily cut of f  be€ore 

recruitment to the first non-vulnerable life stage is fully realized. 

Because of this, entrainment ffiortalfty is not accounted for at all 

after the cutoff date. Whether this approach overestimates or 

underestimates the conditional entrainment Eortality rate wfll depend 

on the particular cutoff date used. The ETM, by using a cohort 

approach, allows for an explicit temporal distribution o f  recruitment 

to the first entrainable life stage similar to that used in the TI 

methodology, as well as an explicit temporal distribution of 

recruitment to the first non-vulnerable life stage, which the TIC 

methodology lacks. 

An assumption underlying the TIC methodology is that, within each 

time interval during the: entrainment period, the varioiis entrainable 

life stages of a given species present i n  the water body during that 

time interval have exactly the same distribution patterns (Tr. 10340). 

In calculating their entrainment ratio (ratio of the number of 

organlsms entrained to the standing crop in the river), TI combines 

organisms across life stages in both the numerator and the 

denomhnator. Thus,  in any given week, it is the loss of the most 



numerically abundant organisms which w i l l  govern the. s i z e  sf t h e  

r a t i o .  The f a c t  that t h e  o l d e r ,  and hence less abundant otganlsms 

which are k f l l e d  are i n d l v i d u a l l y  more valuable  to the  population 1s 

not properly accounted f o r  i n  an equat ion as s i m p l i s t i c  as equat ion 

2-41-2 of Exhibi t  UT-3, un le s s  a13. organisms have t he  s a m e  d i s t r f b u t l o n  

r e g a r d l e s s  of age, and power p l an t  impacts are spread evenly among t h e  

d i f f e r e n t  ages. 

The weakness of TI’S approach i s  best  ilPiisrrateA with a s lmple  

example involving a hypothetfcal  population. Suppose spawning occurred 

evenly over a four-week period with one billion eggs spawned each week, 

and t h e r e  are t h r e e  e n t r a i n a b l e  l i f e  stager; ( e g g ,  larva,  and juvenile) 

in t h e  population, each l a s t i n g  one week w i t h  a 90 percent m o r t a l i t y  

between each l i f e  s t age .  

t h e  juven i l e s  were in a p o w e r  p l an t  region and the power p l an t  k i l l e d  

20 percent  of a l l  i nd iv idua l s  i n  that regfon. Sirsple a r i t h m e t i c  shows 

t h a t  t h e  l o s s  of j uven i l e s  a lone t o  t h i s  power p lan t  r ep resen t s  a 

c o n d i t i o n a l  m o r t a l i t y  rate of O I 0 3  to t he  mt l r e  year-class.  T h f s  

In t h e  f o u r t h  week suppose that 60 percent of 

number is derived by consider ing t h a t ,  s i n c e  spawning w a s  evenly 

d i s t r i b u t e d  through four  weeks, one-fourth of the p o t e n t i a l  year-class 

e x i s t s  a5 j u v e n i l e s  i n  week 4, and 60 percent of t hese  are w4thin the  

power p l a n t  region. O f  t h f s  60 percent ,  241 percent are k i l l e d ,  

therefore:  

(0.25)(0.60)(0.20) = 0.03, 

o r  3 percent of t h e  year-class i s  destroyed as juven i l e s  2.n t h i s  week. 

A s s u m e ,  however, that t h e  power plant  is  loca ted  Bowslstream, while 

most spawning occurs upstream and only 10 percent of t h e  e g g s  are found 

i n  the  power p l an t  region. For the  sake sf slmplicify, a lso  assume 

that no larvae are k i l l e d  by the p l a n t .  

what T I q s  equat ion would c a l c u l a t e  f u r  that week. 

Now l t  i s  possible t o  eva lua te  

Ten percent  of t h e  one b i l l i o n  eggs ape located wlthin the power 

p l a n t  region; 20 percent  of these ,  o r  20 ~ l l l l l i ~ n  eggs,  are ki l led . .  

This r e p r e s e n t s  a n  a d d i t i o n a l  0.5 percent loss to the t o t a l  p o t e n t i a l  
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year-class (0.25 x 0.10 x 0.20 = 0.005) and, between eggs and 

juveniles, 3.5 percent of the year-class has been killed. 

percent mortality between eggs and larvae and between larvae and 

juveniles, there will be 10 million juveniles in this week (week 4 ) ,  60 

percent ( 6  million) are in the power plant region, and 20 percent of 

these (l.2 million) are killed. 

With 90 

The numerator of TI'S entrainment ratio is the sum of the eggs and 

juveniles that are killed: 

equals 21.2 million organisms. The denominator of TI'S ratio is the 

total standing crop of organisms in the system: 

100 million larvae plus 10 mi1lion juveniles, or 1.11 x 10 

organisms. The ratlo of these sums is 0.019. This ratio would form 

TI's estimate of the quantity m in their equation 2-VI-2 in Exhibit 

UT-3, which is defined as the "probability of death from entrainment 

during the ith interval." 

that one week, m would also be equal to TI's quantity m in 

equation 2-VI-1 of Exhibit UT-3, defined as the "conditional mortality 

rate due to entrainment ." 

20 million eggs plus 1.2 million juveniles 

one billion eggs plus 
9 

i 

If the power plant operated only during 

i T 

Clearly, the estimate of 0.019 is a substantial underestimate of 

the true impact during that week ( 0 . 0 3 5 ) .  The cause of this difference 

is due to the different spatial distributions of eggs and juveniles. 

Although the juveniles are a more important component of the actual 

loss because each juvenile has a much higher survival value than each 

egg, their loss is masked by the loss of the more abundant eggs. The 

estimate of entrainment is thus governed disproportionately by the 

distribution of eggs* 

The proper "conditional mortality rate due to entrainment" cannot, 

in general, be obtained from equations 2-VI-I and 2-VI-2 in Exhibit 

UT-3. 

defined as: 

The desired conditional probability of entrainment mortality is 

Me 

No 
- m 
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m = conditional mortality rate due to entrainment, 

N = the number of non-entrainable fish produced with the 
T 

e 

where 

power plant operating, and 

N = the number of non-entrainable ffsh produced without the 
0 

power plant operating. 

In a situation where the probability of entrainment mortality 

differs for organisms of different ages, either due to different 

spatial distributions or different vulnerabilities to the power plant, 

Equation 2-VI-1 in Exhibit UT-3 will only be correct if the individual 

m components in Equation 2-VI-2 in Exhibit UT-3 have been calculated 

with proper weighting for the various life stages. 

is missing from TI'S "Empirical Entrainment Methodslogy", but not from 

the ETM. 

i 
That entire concept 

The ETM addresses this concept by handling the distribution 

pattern and entrainment susceptibility of each life stage separately. 

The ETM approach is more realistic for two reasons: 

may have different vertical and longitudinal distribution 

characteristics, as well as differential susceptibility to power plant 

induced mortality, and (2 )  the total standing crops of the entrainable 

life stages that are present concurrently in the water body may vary by 

as much as several orders of magnitude. 

(1) life stages 

4.2 LMS METHODOLOGY 

Since intake samples are used, the LMS methodolagy implicitly 

assumes that sampling efficiencies of gear used at power plant intakes 

are equal to efficiencies of gear used to mleasure riverwide densities 

of organisms. Carpenter (1979) and Barnthouse et al. (Chapter V) show 
that the intake sample densities are biased when compared to densities 

obtained by river sampling and that direct comparisons reflect this 

bias. Consequently, the conditional entrainment mortality rates 

derived by the LMS methodology are biased estimates of the true 

values. The extent to which the true values are underestimated or 

overestimated depends on the degree of differential sampling 

efficiencies among the gear used at the power plant intakes and in the 

river. 
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4 . 3  ADDITIONAL CONSIDERATIONS 

Addittonal differences among the ETM and utflities' estimates of 

condleional entrainment mortality rates are due to different values 

used for the input parameters in the various methodologies. 

Specifically, differences exist for power plant wbthdrawal flow rates 

(actual anal projected), duration of the entrainment p e r i o d s ,  the 

fractions of organisms entering the power plarit intakes that are killed 

by plant passage, and the relationships between intake densities and 

near-field densities. Tkse differences are discussed  as each input 

parameter value used fn the ETM analyses is introduced. 
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1. INTRODUCTION 

Use of the Empirical Transport Model (Em) for estimating the 

conditional entrainment mortality rate of fish populations requires 

selection of appropriate biological and physical input parameter values. 

Although the biological input parameters vary depending on the particular 

fish population being examined, the physical input parameter values used 

in the ETM are the same for all the populations. The physical input 

parameter values used in the ETM to estimate conditional entrainment 

mortality rates include water volumes of each region, power plant water 

withdrawal flow rates, and distribution of the power plant water with- 

drawal flow rates among regions. 

2. REGION VOLUMES 

Region volumes used in the ETM are Ested in Table 11-1. The 

regions were chosen to coincide with the stratified sampling scheme 

employed by TI in its Long River, beach seine, fall shoals, and bottom 

trawl surveys conducted during 1974 and 1975. 

by TI on the basis of morphometric characteristics such a5 depth, width, 

and extent of shoals (areas 6m deep) (p.  6.3, Exhibit UT-4). 

The regions were defined 

The procedure TI used to estimate region volumes is presented in 

the First Multiplant Report (p.  D-3 ,  TI 1975). The volume of water in 

each of the three depth strata within each mile was calculated from the 

surface area and depths recorded on United States Geological Survey 

(USGS) maps of the river. 

obtained with the use of a polar planimeter. A s  such, volume estimates 

rely on accuracy of the USGS maps and the planimetric technique used on 

the maps. In addition, the shoreline used in the USGS maps represents 

conditions at mean l o w  water. Therefore, the depth soundings used to 

estimate strata volumes are 1-2 feet below mean tidal depths, cas noted 

in the legend of the USGS maps for the Hudson River. 

river depth varies among regions, estimated volumes of the regions with 

Total surface area of each mile segment was 

Since average 

11-1 



Table 11-1. Water Volumes for the 12 Longitudinal Regions ~f the 
Hudson River Estuarya 

3 Region River Miles Vo1ume (m ) 

Yonkers (YK) 

Tappan Zee (TZ) 

Croton-Haverstraw (CH) 

Indian Poin t  (IP) 

West Point (W) 

Cornwall (cw) 

Poughkeeps ie (PK) 

Hyde Park (HIP) 

Kingston (KG) 

Saugert ies (SG) 

C a t s k i l l  (CK) 

Albany (AL )  

14-23 

24-33 

34-38 

39-46 

47-55 

56-61 

62-76 

77-85 

86-93 

94-106 

107-124 

125-140 

229,420,287 

321,811,465 

147,736,754 

288,336,266 

207,455,769 

139,791,019 

298,133,444 

165,484,666 

141,469,879 

176,295,711 

150,731,743 

71,149,105 

suppl i ed  to EPA by Marcellus (1978) a 
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shallow depths  w i l l  be more biased by t i d a l  condi t ions  than deeper 

reg ions  e 

3. POWER PLANT WITHDMWAL FLOM RATES 

Several sets of power p l an t  water withdrawal flow rates are used i n  

the  ETM analyses:  h i s t o r i c a l  (1974 and 1375) and pro jec ted .  The 

h i s t o r i c a l  f low rates, based on d a i l y  rates suppl ied t o  EPA by t h e  

u t i l i t i e s  (Huggins 1977; Hutchison 1977; Marcellus 1973), are l i s t e d  in 

t a b l e s  11-2 and 11-3 for  1934 and 1975, r e spec t ive ly .  The rates i n  

these t a b l e s  are expressed as average d a i l y  withdrawal flows f o r  each 

week. 

Pro jec ted  flows rates (Table 11-4) were obtained from s e v e r a l  

sources.  

rates f o r  Bowline, Indian Point  units 2 and 3, and Roseton are based on 

t h e  l i f e t i m e  average flow condi t ions  l i s t e d  in t a b l e s  A-1 through 

A-5 of Exhibi t  UT-3 and Marcellus (1979). Projected flow rates f o r  

Lovett  u n i t s  4 and 5 and Danskamer u n i t s  3 and 4 are the  averages of 

1974 and 1975 values ,  as provided by the  utilities (Ruggins 1973, Hutchison 

1977; Marcellus 1977) .  Lovett  u n i t s  1-3, Danskammer u n i t s  1 and 2, and 

Indian Poin t  Unit 1 are not  included i n  the  p ro jec t ions  because they are 

expected t o  be used very l i t t l e ,  i f  a t  all, i n  t h e  f u t u r e  (p. 5-180, 

Barnthouse et  al. 1977). 

The once-through and closed-cycle cool ing  water withdrawal 

4. POWER PLANT FLOW RATE DISTRIBUTIONS AMONG REGIONS 

Due t o  t h e  t i d a l  na tu re  of t h e  Hudson River e s tua ry ,  t h e  power 

p l a n t s  may withdraw w a t e r  from more than one region. Each power p l a n t ' s  

water withdrawal i s  assumed t o  be d i r e c t l y  r e l a t e d  t o  t h e  proport ion of 

t h e  t i d a l  cyc le  when w a t e r  "belonging" to a p a r t i c u l a r  region is  i n  

f r o n t  of t h e  p l an t .  

d i s t ance  is an  es t imated  13 miles (p. VI-12 ,  T I  1975). The t o t a l  withdrawal 

flow f o r  each power p l a n t  is, t he re fo re ,  d i s t r i b u t e d  among t h e  reg ions  

i n  t h e  ETM according t o  t h e  p ropo- t ion  af t h e  volume of t h e  13 m i l e  

I n  t h e  Hudson River, the  average t i d a l  excursion 



Table  11-2. Actual 1 9 7 4  Water Wi.thdrawa1 PIOW Rates, Expressed a s  

Daily Flow Rates During Each Week 
TCM!day, of Hudson River Power Plants Based on Average of 

4 1 2  2-4 128 
4129-515 
5/6-5/ 12 
5 113-5/19 
5 1 20-5 1 2 6 
5/27-6/2 
6 I3 -,6 19 
6/EO-6/16 
6 / 17 “-6 / 2 3 
6/24-6139 
7 11-7 17 
718-713.4 
7 / P 5-7 / 2 I 
7 122-7/28 
7 129-8 / 4  
8/ 5-8 / 11 
8 112-8 / 18 
8/19-8125 
8 / 26-9 /I 
9/2-9/8 
919-9/15 
9/16-9122 
9 123-912 9 
9 /30-10/6 

10/21-10/27 
10/27-1113 

10/7-S_0/13 
10/14-10/20 

1697 
1722 
1722 
1613 

0 
0 

1898 
2492 
3447 
3155 
3236 
2822 
3445 
3445 
3445  
3183 
3445 
3639 
3565 
3816 
3816 
4112 
4186 
4186 
4186 
4186 
3692 
3567 

1226 
1223 
1223 
1223 
1271 
1174 
1296 
11.80 
1333 
1223 
1 3 4 3  
1285 
1 Q34 
1222 
1159 
1291 
1350 
1251 
1410 
1233 
1256 
1219 
1301 
778 
696 
939 
9 98 
939 

1036 
1.234 

71.0 
94 a 
1638 
1621 
1638 
1646) 
1633 
1.414 
1511 

892 
1646 
1546 
1646 
1532 
1646 
1646 
1046 
1601 
1646 
1646 
1646 
1378 
1646 
1646 
1646 
1618 

3124 
2750 
1832 
3976 
4629 
44 32 
3768 
3914 
4190 
4430 
4433 
3913 
3666 
1300 
3599 
4510 
4613 
4088 
3839 
4200 
4890 
3924 
1617 
2009 
391.3 
3913 
3609 

1219 
894 
527 
359 
235 
489 
373 
334 
349 
4 00 
345 
380 
366 
1168 
i 203 
2084 
1556 
2238 
2279 
1284 
604 
2190 
2144 
2027 
I561 
1-75 
0 

537 

1004 
I307 
1131 
1209 
1341 
1335 
1134 
1013 
1165 
1145 
1368 
1489 
1477 
1654 
1686 
1.629 
1527 
1627 
1 5 7 3  
1.513 
1524 
1302 
1325 
1648 
1688 
1616 
1435 
1427 

a 

bsupplied to EPA by Marcellus (1977) 
‘suppl.ied to EPA by Buggiiis (1977) 

s u p p l i e d  to ]ePA by Hutchison (1977) 
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Table 11-3. Actual 1975 Water Withdrawal Flow Rates, Expressed as TCPIT/day, 
of Hudson River Power Plants Based on Average of Dally Plow Rates 

During Each Week 

- 
b 

Indian  P o i n t  a c Interval Bowline Lovetta Unit  1 Unit 2 Roseton TamSkaunnerC 

3/2-3/8 
3/9-3/ 15 
3/16-3/22 
3/23-3/29 
3/30-4 / 5  
4 / 6-4 / B 2  
4/13-4/19 
4/20-4/26 
4/ 27-513 
5/4-5/1 
5 114-5 117 
5/18-5 124 
5/25-5/31 
6/1-6/7 
6/8-6144 
6/15-6/21 
6/22-6/28 
6/29-705 
7 / 6 -  7 / 12 
7/13-7/19 
7 J 20-7 126 
7/27-8/2 
8 3-819 
8/P0-8/ 16 
8 /17-8 2 3 
8 / 24-8 / 3 0 
8 /  31-9 /ea 
9/7-9/13 
9 / 1 4 - 9 / 2 0  
9/21-9127 
9 /28-10/4 
10/5-10/11 
10/12-10/18 
10/19-10/25 
10/26-ll/P 

2216 
2802 
2802 
2802 
2802 
2802 

2802 
2986 
2165 
1447 
1401 
1401 
2368 
2802 
2802 
2848 
2802 
2802 
2802 
3353 
3429 
3445 
3445 
3162 
3356 
3445 
3364 
3445 
3445 
3323 
1723 
1723 
1565 

2802 

1608 

94 9 
839 
758 
839 
821. 
788 
684 
655 
655 
711 
760 

1367 
I 2 2 3  
1223 
1197 
4881 
1278 
1060 
1151 
1167 
1253 
1359 
1250 
3.205 
1221 
1216 
1223 
1235 

6 34 
58 9 
94 3 
1150 
941 
955 
1076 

740 
740 
741) 
740 
748 
740 
7 Q4 
953 
33 
588 
796 
33.2 
185 
446 
713 
556 
450 
187 
222 
1Q7 
565 
$67 
765 

32 
25 

270 
25 
25 
25 
25 
55 
112 
112 
111. 
112 

4272 
752 
791 
983 
1312 
2375 
2938 
3426 
3584 
3699 
3913 
3915 
4417 
4492 
4582 
4 714 
4703 
4453 
4643 
4 688 
4659 
1756 
117 
4033 
4390 
4645 
4715 
3897 
3979 
3925 
3770 
3425 
2995 
872 
1789 

2278 
2278 
2279 
2298 
2279 
2279 
2296 
2279 
2565 
2712 
2657 
3058 
3004 
2953 
2274 
2474 
3058 
2824 
2824 
2932 
3011 
3058 
2722 
2125 
2324 
2279 
2279 
2279 
1928 
2283 
2427 
2574 
2528 
2309 
2279 

452 
452 
456 
457 
452 
534 
452 
454 
789 
840 
$8 2 
880 

1427 
1481 
1551 
1656 
1619 
1292 
1424 
I48 7 
153.9 
1634 
1544 
1547 
1590 
1494 
1506 
1561 
1536 
1484 
1177 
1352 
1545 
P 307 

-- 
"supplied to EPA by Butchisan 
bsupplied to EPA by Marcellus (1977) 
'supplied to EPA by B u g g b s  (1977) 

(1977) 
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Table 11-4. Projected Water Withdrawal Flow Rates, Expressed as 
TCM/day, of Hudson River Power Plants 

Indian ~ a ~ n t '  
Interval Bowlinea ~avettb Units 2 3 ~osetond Danskamer b 

April 1543 917 
(48) 

June 3816 1164 
(87) 

July 4186 1133 
( s a >  

August 4186 1176 
($7) 

September 3653 1830 
(83) 

October 2544 983 
(77 1 

6470 
(434) 

6442 
(439) 

9130 
(543) 

9123 
( 5 4 5 )  

7919 
(542) 

6971 
(484 1 

2061 482 
(724) 

2644 720 
(70) 

3034 945 
(74) 

3482 1062 
(87) 

3482 1237 
($7) 

2730 1179 
(38) 

1780 1084 
( 3 4 )  

afrom tables A-4 and A-5 of Exhibit UT-3 and Marcellus (1979) 
baverage of 1974 and 1975 values for units expected to be in operation 
cfrom tables 8-2 and A-3 of Exhibit UT-3 and Mareellus (1979) 
dfrom Table A-1 of Exhibit UT-2 and Marcellus (1979) 
Numbers in parentheses are average monthly flows w i t h  closed-cyele 
cooling conditions 
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segment surrounding each power p l a n t  i n t a k e  t h a t  f a i l s  wi th in  each 

region.  These propor t ions  are l i s t e d  i n  Table 11-5. 
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Table  11-5. Proport ion of Power Plant Cooling Water Flows Withdrawn from 
each Longitudinal Region of  the Hudson River" 

Power P lan t  
Region Bowline Lovett Indian Point Raseton Dansbmer 

YK 

TZ 

CH 

IP 

PK 

HP 

KG 

SG 

CK 

AL 

0 

0 .271  

0.358 

0.371 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.369 

0.549 

0.082 

Q 

0 

0 

0 

Q 

0 

0 

0 

6 

0.298 

0.562 

0.140 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.2'73 

0.727 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.196 

0.804 

0 

0 

0 

0 

0 

based on a 13 m i l e  d a i l y  t ida l .  excursion and river volume da ta  
(Table D-2, T I  1975) 

a 



CHAPTER TI1 
SPATIAL DISTRIBUTIONS OF ENTRAINABLE 

LIFE STAGES OF SIX HUDSON RIVER 
FISH FOPULATIONS 

Testimony of 
John Boreman, Ph.D. 

National Power Plant Team 
U.S .  F i s h  and Wildlife Service 

2929 Plymouth Road 
Ann Arbor, Michigan 48105 

PREPARED FOR THE 
U.S. ENVIRONMENTAL PROTECTION AGENCY, REGION I1 

May 1979 



Susceptibility of an individual organism to withdrawal by power 

plants depends on the location of that individual within the water body 

in relation to the location of power plant intakes. 

may change during the individual's entrainable life stages as the 

This relationship 

individual. changes its posftion within the water body either by movement 

or  passive transport. The Empirical Transport Model (ETM), used in this 

exhibit to estimate the conditional entralxment mortality rates o f  six 

populations inhabiting the H U ~ S Q I I  River estuary, accounts fo r  differential 

susceptibility of individuals due to their location within the water 

body and movement of these individuals as they age. The parameter in 

the ED4 that accomplishes this is the D parameter (equation 1-1 in 

Chapter I of this exhibit). 

total standing crop of a life stage that is present within a specified 

region of the water body. 

The D parameter is the proportion of the 

The "Type 11" ETM used in this:  exhibit implicitly assumes that the 

distributions of each life stage may be different, but that the distribution 

of a given life stage remains constant throughout the period of occurrence 

of that life stage in the water body. To meet this assumption, the 

distribution of each life stage represents an average of the 

distributions of t h a t  life stage recorded during the period that it is 

present in the water body. The average is weighted by the relative 

abundance represented by each distribution to assure that the 

distributions of most members O €  a life stage influence the resultant 

average to the greatest extent. 

2. DERIVATION OF PARAMETER VALUES 

Egg and larval life stage distributions were derived from Texas 

Instruments, Lnc. (TI) Long River Survey data. The TI sampling program 

was  designed to sample ichthyoplankton in mast o f  the Hudson River 

(RM 14-140). Life stage distributions of entrainable juveniles were 

derived from either the Long River Survey data or the Long River Survey 
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d a t a  used i n  conjunct ion wi th  T I  beach s e i n e  d a t a ,  depending on t h e  

l a t e r a l  and v e r t i c a l  d i s t r i b u t i o n s  of j uven i l e s  t h a t  arc c h a r a c t e r i s t i c  

f o r  t he  spec ie s  of concern. 

Average r eg iona l  d e n s i t y  d a t a  f o r  each r n t r a i n a h l e  l i f e  stage of 

t h e  s e l e c t e d  f i s h  populations, based on 1 9 7 4  and 1375 Long River sur- 

veys,  w e r e  provided to E P A  and ils consu l t an t s  by t h e  u t i l i t i e s  

(Marcellus 1977, 1978, 1979). Only 1974 d a t a  were provided f o r  t h e  

Hudson River populat ion of American shad. A d e s c r i p t i o n  of t he  

methodology u s e d  by TI t o  c a l c u l a t e  regional  d e n s i t i e s  of each l i f e  

s t a g e  of t h e  se l ec t ed  populat ions is i n  the  F i r s t  Annual Mult iplant  

Rep0P-c (p.i9-5, V O I .  11, TI 11975). 

The proport ional  d i s t r i l m t i o n  of a given l i f e  s t age  among regions 

was derived by mult iplying t-he d e n s i t y  of t h a t  l i f e  s t a g e  iili each r eg ion  

during a s p e c i f i r d  time intr;.rval (sample cmek) by the  r e spec t ive  reg ion  

volume. The r e s u l t a n t  weckly s tanding crops i n  each r eg ion  were divided 

by the  est imated weekly river-wide s tanding crop t o  d e r i v e  the propor- 

t i o n  of the  est imated r iver-vide s tandiug  crop present  i n  each region 

durlng t h a t  w~ek. These proport ions were t h e n  averaged ac ross  all weeks 

t h a t  l i f e  s t a g e  was present  i n  Long Rivcr Survey c o l l e c t i o n s ,  weighting 

hy t h e  r i v e r w i d e  scanding crops e s t i a a t ~ d  f o r  t h e  r e spec t ive  weeks.  

F o r  a l l  f i s h  populatCons except t he  At1anti.c tomcod, which i s  a 

demersal s p e c i e s  (Boreman 19791,  t h e  s p a t i a l  d i s t r i b u t i o n s  of e n t r a i n -  

a b l e  juven i l e s  were derived by addf.ng t h e  average weekly s tanding crop 

i n  each regb.on, a s  est imated by t h e  Long R i v e r  Siirvey, t o  the  average 

weekly shorezone s tanding crop, a s  estimated by t h e  beach seine survey. 

Incorporat ion o f  beach s e i n e  d a t a  i n t o  t h e  c a l c u l a t i o n  of r e l a t i v e  

d i s t r i b u t i o n s  f o r  the more pe lag ic  populations al lows r ecogn i t ion  of 

organism movement irrtzo t h e  shcjxezone areas of t he  e s t u a r y  during the 

juven i l e  l i f e  s t age .  A s  s t a t e d  i n  t h e  testimony on l i f e  h i s t o r i e s  

(Boreman 19791, the r e l a t i v e l y  few j uven i l e  tomcod caught i n  beach 

s e i n e s  implies  l i t t l e  movement of t h i s  species i n t o  t h e  sharezone 

during i t s  entrainment period. 
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The resultant regional. standing crop sums were divided by the  sum 

of the average river-xide s t and jag  crop plus the average. total shorezone 

standing crops to derive the proportion of the entrainable juvenile life 

stage present within each reg ion ,  "lie use 21E average weekly standing 

crops avoided the problems of non-comparability of data bases associated 

with the several non-overlapping sampling weeks of the kwo sairveys. 

Beach seine d a t a  sometimes extended several weeks past the f i n a l  week 

of Long River Survey data c o l l e c t i o n .  

Standing crops estimated ~-8th the beach seine data were derived by 

multiplying the average regiotra9. catch per tow dur ing  a specified sample 

week by the average area swept by a tow. 

the shorezone surface area of the specified region (Table D-3, Vd.. 11, 

51 1975). The same method of caiculating shore zone standing crops was 

used by the utilities' consultants (p. p-9, Val. 11% TI 1975). me 
resulting average regional shorezone s t and ing  crops were then averaged 

across sample weeks, weighted by the t o t a l  sharezone stan 

present in the river during each respective sample week. 

This product was divided by 

Because of problems associated with gear avoidancep the standing 

craps derived by the above methodologies should not be regarded as 

absolute estimates of ithe true regional or river-wide standing C I ~ O P S .  

Rather,  as used in the ETM, they are considered as direct indices of the 

true standing crops, necessitating an assumption that sampling gear 

catch efficiencies are equal in all regions of the water body. Factors 

that w i l l  affect the valfdity of t h i s  assrlmption are, for t h e  most part, 

abiotic. The factors include salinity, tidal-induced motion, water 

temperature, and water body morphometry (Table 2 ,  Bowles et al. 1978). 

However, no data are available that relate the influence af such factors 

present in the Hudson River to sampling gear catch effieiencles. 

Average entrainable life stage distributions used in Et-.. E 

estimate the conditional entrainment mortality rates sf selected fish 
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populations are listed in tables 111-1 to 111-6 SOP striped bass, white 

perch, Alasa spp.  (blueback herring and alewlfe), American shad, Atlantic 

tomcod, and bay anchovy, respectively. Table Xl.1-7 lists the dates of 

the TI beach seine data collections used in estimating the distribution 

of entrainable juveniles of all populations except Atlantic tomcod. 

Only day beach seine samples were used because night: samples d i d  not 

encompass the entire estuary. 

As stated previously, the relatively low catch of Atlantic torccod 

In beach seines coupled with the eplbenthic characteristics of the juvenile 

life stage o f  c h i s  species precluded use of beach seine data in the 

derivation of the spatial distribution of that life stage. The time 

intervals of beach seine data collections used to estimate the distributions 

of entrainable juveniles sf the other fish populations were chosen to 

represent the period when that life stage was present in the Hudson River. 

This interval extended m0re than several weeks past the last date of 

Long River Survey data collection only for the  bay anchovy population, 

which essentially remains in the entrainable size range until maturity. 
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T a b l e  TIT-1. Proportional Distributions, Expressed as Percentages, of 
Entrainable Life Stages of Striped Bass as Used in the ETM Analyses 

Yolksac Post yolksac Entrainable 
Year Region Egga larva" larvaa j uvenileb 

1974 YK 
TZ 
CH 
XP 
WP 
cw 
PK 
HP 
KG 
SG 
CK 
AL 

1975 YK 
TZ 
CH 
I P  
wf 
cw 
PK 
RP 
KG 
SG 
CK 
AL 

0 
0.09 
18.20 
23.97 
36.54 
2.63 
4.12 
3.99 
5.85 
1.88 
2.55 
0.18 

0 
0.32 
6.43 
35.71 
38.24 
9.22 
4.99 
2.36 
0.48 
0.98 
1.19 
0.08 

0.14 
2.65 
10.07 
11.43 
10.39 
22.12 
35.30 
5.45 
1.40 
0.73 
0.29 
0 .'Q3 

0. (35 
4.34 
9.97 
23.02 
23.62 
11.12 
12.82 
9.75 
2.38 
2.83 
0.139 
0-01 

0.07 
3.84 
6.72 
23.87 
21.71 
12 28 
18.70 
4.04 
6.47 
1.26 
1.03 
0.01 

0.51 
2-26 
9.31 
34.46 
20.19 
10.99 
13.65 
3.98 
3.39 
0.82 
0.46 
0 

0.62 
28.41 
23.10 
5.01 
2.72 
11.38 
2.74 
2.52 
9.43 
4.60 
7.40 
2.07 

2.05 
32.27 
26.84 
9.13 
2.05 
6.64 
8.59 
2.53 
3.73 
4.24 
1.72 
0.21 

from TI Long River Survey data (Marcellus 1977) a 

bfrom T I  Long River and beach seine survey data (Marcellus 1977) 
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Table 111-2. Proportional Distributions, Expressed as Percentages, af 
Entrainable Life Stages of White Perch as Used in the ETM Analyses 

Yslksac Past yolksac Entrainable 
larva” larvaa juvenile b Year Region Egga 

1974 YK 
TZ 
CH 
TIP 
WP 
cw 
PK 
HP 
KG 
SG 
CK 
AL 

1975 YM 
TZ 
CH 
TP 
WP 
cw 
PK 
HP 
KG 
SG 
CK 
AL 

0 
8.07 
47.03 
1.37 
5.18 
4.10 
3.91 
0.63 
1.53 
7.91 
4.47 
15.80 

0 
21.01 
2.75 
2.48 
4.58 
6.88 
25.66 
1.87 
5.58 
11.84 
16.19 
1.16 

0.06 
17.56 
12.36 
2.89 
6,02 
4-24 
6.99 
13.09 
13.40 
14 85 
6.93 
1’.61 

0.22 
25.03 
7.67 
6.21 
5.55 
4.71 
9.87 
11.19 
5.40 
9.78 
10.05 
4.32 

0.17 
4.38 
3.58 
15.50 
12.34 
10.19 
19.32 
13.66 
15.34 
3.12 
2.29 
0.11 

0.37 
6.47 
5.60 
13.93 
9.71 
7.17 
13.91 
14.31 
9.17 
12.79 
6.35 
0.22 

0 
2.76 
1.18 
2.02 
1.57 
3.85 
11.89 
8.24 
15.98 
42.25 
6.89 
3.37 

0.31 
3.70 
2.85 
3.23 
4.91 
7.48 
16.30 
24.50 
17.17 
13. i 8  
5.67 
0.711 

a 

bfrom TI Long River and beach seine survey data (Marcellus 1977) 
from TI: Long River Survey data (Marcellus 1977) 
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Table X'II-3. Proportional Distributions,  Expressed as  Percenrages, of 
Entrainable L i fe  Stage of Alosa spp.  (Blueback Herring and Alewlfe) 

as Used in the ETM Analyses 

Yolksac Post yolksac Entrainable 
Year Region ma larvaa larvaa j uvenileb 

1974 YK 
TZ 
CH 
TP 
w 
cw 
PK 
HP 
KG 
SC 
CK 
AL 

1975 YK 
TZ 
a4 
IP 
WP 
cw 
PK 
HP 
KG 
SG 
CK 
AL 

0 
0 
0 
0.02 
0.02 
0.01 
0.22 
0.62 
0.79 
3.93 
5.29 

89. io 

0 
0 
0 
0.04 
1.32 
1.36 
18.43 
7.08 
4.67 

29.07 
23.34 
14.69 

0 
0.10 
0.17 
0.03 
0.34 
0.18 
9.39 
2.36 
8.91 
20.27 
21.71 
36 e 54 

0 
0.06 
0., 10 
0.63 
1 ., 61 
3.19 
4*, 33 
2*23 
8.82 
13.76 
29.40 
35 87 

0.02 
0.49 
0.47 
1.52 
1.79 
4.24 
9.11 
7.94 

21.22 
26.98 
17.09 
9.13 

0.02 
0.22 
0.19 
1.21 
5.51 
8.41 
6.67 
8.60 
10.91 
24.77 
24.96 
8.53 

0.15 
0.20 
1.42 
0.08 
5.22 
7.61 
7.48 
6.34 
28.29 
3.45 
34.66 
5.10 

0 
0 
0 
0.12 
3" 37 
7.55 
7.91 
4.28 
24.38 
13.48 
38.71 
0.28 

from TI Long River Survey data (Marcellus 1977) a 

bfrom TI Long River and beach seine survey data (Marcellus 1977, 1979) 
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Table T I T - 4 .  Proportional Distributfons, Expressed as Percentages, of 
Entrainable Life Stages of American Shad as Used In the ETM Analyses 

Yolksac Post yslksac Entrainable 
Year Region Egga larva" larva" j uvenileb 

1974 YK 
TZ 
CW 
IP 
WP 
a? 
PK 
HP 
KG 
SG 
CK 
AL 

0 
0 
0 
0.06 
6 
0 
2.35 
1.86 
5.71 
60.25 
29.50 
0.27 

0 
0 
0 
0 
0.71 
0.60 
10.95 
7.05 

19.83 
41.22 
19.64 

0 

0 
0.37 
0.28 
0.54 
8.62 
1.01 
5.70 
9.81 
27.03 
36.36 
16.84 
1.44 

2.68 
11.90 
9.95 
9.14 
10.71 
14.08 
19.99 
6.95 
5.73 
3.01 
3.08 
2.78 

from T I  Long River Survey data (Marcellus 1977) a 

bfrom T I  Long River and beach seine survey data (Marcellus 1977) 
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Table XTT-5. P ropor t iona l  Djsrriburions, Expressed as Percentages, of 
Entrainable L i f e  Stages of Atlantic Tomcod as Used i n  the XTM Analyses 

Yolksac Post yolksac Ent ra inable  
b Year Region Egga l a r v a  b larvab juvenile 

1975 K 
TZ 
CH 
EP 
'cdlp 
cw 
PK 
HP 
KG 
SG 
CK 
AL 

15 II 02 
29.74 
28.64 
12 .22  
$ * 3 6  
2 . 8 3  
3*19 
0 
Q 
0 
0 
0 

58 (1 81 
33.87 

4.89 
2 . 0 3  
0.27 
0.09 
0.04 
0 
0 
0 
0 
0 

42.20 
34.18 
6.68 
8,78 
5,116 
11.56 
1.28 
0.13 
0.02 
0.01 
0 
0 

data available 
bfrorn T I  Long River Survey data (Marcellus 1977) 



Table TIT.-6. Proportional D i s tr ibut ions ,  Expressed a s  Percentages, of 
Entrainable L i f e  Stages of Bay Anchovy as U s e d  In the Em Analyses 

Year Region 
Yolksac Post yolksac Entrainable 

larvaa j u v e n i l e  b Egga larvaa 

1974 YK 
TZ 
c1.I 
IB 
WP 
c6d 
PK 
HP 
KG 
SG 
CK 
AL 

1975 YK 
TZ 
C H 
IP 
WP 
cw 
PK 
HP 
KG 
SG 
CK 
AL 

70.72 
21.19 

4.62 

0.67 
e) 
0 
0 
0 
0 
0 
0 

2.80 

49.24 
40.13 

3.98 
6.40 
0 .25  
0 
6 
0 
0 
0 
Q 
0 

23.03 
68.00 

8.97 
0 
0 
0 
0 
Q 
0 
0 
0 
Q 

0 
74.27 
25.73 

0 
0 
0 
0 
8 
0 
0 
6 
0 

14.97 
42.49 
24.68 
15.53 

1.34 
0.58 
8.23 
0.03 
0.03  
0.01 
0.01 
0 

18.01 
37 .20  
14.67 
16.93 
10.42 
2.43 
0.28 
0.03 
0.01 
0.02 
0 
0 

9.25 
35.04 
38.71 
10.60 

1.04 
5 .13  
8.18 
0.02 
0.07 
Q.01 
0.03 

0 

16.84 
58.22 
12.99 

2 . 9 3  
6 .38  
9.99  
0.48 
0 .02  
0.09 
0.06 
0 
0 

from TI: Long River Survey data (Marcellus 1978) a 

bfrom TI Long River and beach seine survey data (Marcellus 1978) 



Table 111-7. Dates of TI Beach Seine Collections (Day Only)a Used in 
Estimating the Proportional Distributions of the Entrainable Life 

Stages of Selected Hudson River Fish Populations 

Population Year Dates 

Striped bass 

White perch 

b 
Alosa s p p .  

American shad 

Bay anchovy 

1974 
1975 

1974 
1975 

1974 
1975 

1974 

1974 
1975 

6/16 - 8/10 
6/15 - 8/9 
6/30 - 8/10 
6/15 - 8/9 
6/1 - 8/9 
6/15 - 8/9 

6 /2  - 8/10 
7/13 - 10/18 
7/13 - ll/l 

aprovided t o  EPA by Marcellus (1977, 1979) 
%lueback herring and alewife combined 
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1. INTRODUCTION 

The total period during which entrainable organisms are present 

within the water body is termed the entrainment period. 

the csmbinatfon of the spawning period (period of egg deposition) and 

the average amount of time an individual takes to grow through its 
entrainable life stages. 

interval. 

This period is 

The latter period of rime is termed the entrainment 

The vulnerability of an entrainable life stage of a given fish 

population to entrainment mortality depends, among other factors, on the 

duration of that life stage and the calendar time period during which 

members of that life stage are present in the water body. 

may be present in the water body much longer than its specified duration. 

This phenomenon occurs when spawning is not instantaneous, but is spread 

over an extended period. 

such as power plant water withdrawal flow rates, vary during the entrainment 

period, then individuals of a given life stage may experience different 

entrainment mortality rates depending on when during the entrainment 

period they were spawned. 

A life stage 

If physical conditions within the water body, 

The Empirical Transport Hodel (ETM) handles the phenomenon of 
extended spawning by tracking the entrainment mortality of each cohort 

through its entrainment interval. A cohort is defined as a group of 

individuals spawned durfng the same model time step (week). 

conditional entrainment mortality rate is the combined conditional 

entrainment mortality rates of the cohorts, weighted for the fraction 

of the total number of individuals spawned during the entrainment period 

that each cohort represents. 

The total 

2. DERIVATION OF PARAMETER VAWES 

Average durations of entrainable life stages of selected fish 

populations inhabiting the Hudson River used in the ETM were derived 

IV-1 
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from literature sources and field data, as presented In the testimony on 

life histories of the populations (Boreman 1979). 

average life stage durations for a population was presented in the life 

histories testhmy, the minimum value was used in the ETM. 

minimum values are below the actual average life stage durations, then 

the ETM will underestimate the conditional entrainment mortality rate of 

that life stage (with all other input variables held constant). 

average entrainment Interval for each fish population is the sum of the 

average durations of each entrainable life stage. 

When a range of 

If these 

The 

In the ETM analyses, the average entrainment interval is considered 

constant throughout the entrainment period for each population. 

an average entrainment interval in the Em underestimates the entrainment 
intervals of the early cohorts and overestimates the entrainment intervals 

of the later cohorts in each fish population modeled. 

that affect entrainment mortality vary during the entrainment period, 

then use of an average entrainment interval may lead to an overestimate 

or underestimate of the true conditional mortality rate, depending on 

how the conditions vary. However, only the egg (and in the case of 

striped bass the yolksac larval) life stage durations can be directly 

related to a physical condition in the water body (water temperature); 

durations of other life stages in relation to physical and biological 

conditions within the water body cannot be quantified due to lack of 

sufficient data. 

for the older life stages and, as shown In the testimony on 

life histories (Boreman l979), variation in egg and yolksac larval life 

stage durations from average values is relatively small (generally less 

than one day). 

Use of 

If conditions 

Therefore, average life stage durations are used 

The entrainment period for each selected fish population, as it is 

used in the Em analyses, begins when the first entrainable llfe stage 

appears in field samples and ends when the last cohort has reached the 

first non-entrainable life stage. 
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The spawning period for a f i s h  populat ion,  as used i n  t h e  Em, i s  

the number of weeks t h a t  eggs of that population were present  i n  the  

Texas Instruments, In@. (TI) Long RLver Survey samples f o r  a given year. 

The proportion of eggs spawned during each week of the  spawning per iod ,  

and hence the propor t ion  o f  the initial nuaber tad: i nd iv idua l s  represented  

by each cohost, fs assumed ~ q u i v a l e n t  to the e s t h a t e d  strutding crop of 

eggs f o r  that week djvided by the estimated t o t a l  standing crop of eggs 

s u e d  aver a l l  weeks of the spawning perfod fox tha t  year. T l i i s  =tho8 

of calculat ing t h e  temporal d i s t r i b u t i o n  of egg depos i t i on  does not 

work if sampEBng was conducted itlore than once per week (which it  was 

not) or i f  the egg incubat ion  period fsr a given populat ion i s  longer  

than one week. 

is used i n  the 

the average egg incubatjon. periods are e q u a l  t o  ar less than one week, 

a l though _mYl__ Alosa spp. m y  have en egg hcubatian period as long as 10 days 

very ear ly in t h e  season QTabJ.e 14,  Boaeman 1979) (t 

O f  the. f ive  fish populatians fur which a spawning period 

analyses (tornc.od egg entrainment  i s  not calculated), 

TER VALUES FOR SELECTED FISH P 

Durations of' the entrainable life stages a f  s e l e c t e d  fish populat ions 

fnhab-itfng t h e  Hudson Rfveze are presented i n  Table W-Ie The va lues  f o r  

each papula t ion  were der ived  i n  she testimony on l i f e  h i s t o r i e s  (Boreman 

31979) and repsesemr: average durations fear t h e  time pe r iods  when those  

life stages were present i n  the Hudson River. Fahere poss ib l e ,  va lues  

are s p e c i f i e d  s e p a r a t e l y  fo r  1974 and 1975. 

The 1974 and 1975 parameter vabanes us;led in the E'DI analyses €or 

d u r a t i o n s  of the spawning per l ads  and teu~poral deposition of eggs of the  

s e l e c t e d  fish papu la t i ans  are %iste$ in Tables ICV-2 t o  IT-6 for  s t r i p e d  

bass, whi te  perch, Alosa s p p .  (blueback hefrrfng and a l ewi fe ) ,  htwricarn 

shad, and bay anchovy. Since t h e  1974 L O I I ~  Kiver Survey began too la te  

to sample Atlantic ramcod yolksac larvae, only 1975 data w e r e  used. me: 
analyses  assume a11 A t l a n t i c  tomcod were reeklaired t o  the yolksac 

larval life. stage before the first week of; samp.1Fng in 1975. "he peak 
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Table IV-2. 'Proportion of Striped Bass Eggs Spawned Esgh Ueek 
During 1974 and 1975 as Used in the ETM Analyses 

Year Week Proportion 

19 74 

1975 

4/29 - 5/5 
5/6 - 5/12 
5/13 - 5/19 
5 / 2 0  - 5/26 
5/27  - 612 
6/3 - 6/9 
6/10 - 6/16 
6/17 - 6/23 
6 / 2 4  - 6 / 3 0  

5/11 - 5/17 
5/18 - 5 / 2 4  
5/25 - 5/31 
611 - 6/7 
6/8 - 6/14 
6/22 - 6/28 
6/15 - 6/21 

0 * 0025 
0.1226 
0.4989 
0.3875 
0.0541. 
0.0847 

0.0034 
0,0017 

0.0309 

0.4115 
0.0470 
0 * 0008 
0.8052 
0.0094 

a f r m  Table 2 in Borenan (1979) 
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Table  IV-4. Proportion of Alosa spp.  (Blueback Herring and A l e w i f e )  Eggs 
Spawned Each Week During 1974 and 1975 as Used i n  the Em Analysesa 

Year Week Proportion 

1974 

1975 

4 / 2 9  - 5/5 
516 - 5/12 
5/13 - 5/19 
5/20 - 5 / 2 6  
5/27 - 6 / 2  
6/3 - 6/9 
6/10 - 6/16 
4/21 - 4/27 
4 / 2 8  - 513 
514 - 5/10 
5/11 - 5/17 
5/18 - 5/24 
5/25 - 5/31 
611 - 6/7 
6/15 - 6/21 6/a - 6/14 

0.0052 
0 0134 
0.0598 
0.8370 
0.0243 
0.0583 
0.0020 

0 * 0012 
0 
6.1237 
0.1631 
0.4300 
0.2779 
0 - 0023 
0.0001 
0.0017 

afrom Table 14 in Boreman (1979) 
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Table IV-5 .  Proportion of American Shad Eggs Spawned Each Week 
During 1974 as Used in the E%M Analysesa 

Year Week Propor tion 

1974 4/22 - 4 / 2 8  
4/29 - 5/5 
516 - 5/12 
5/13 - 5/19 
5/20 - 5/26 
5/27 - 612 

613 - 619 
6/10 - 6/16 
6/17 - 6/23 

0.0577 
0.1692 
0.0826 
0.0722 
0.1687 
0.3862 
0.0552 
0.008O 
0.0002 

from Table 21 in Boreman (1979) a 
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Table IV-6. Proportion of Bay Anchovy Eggs Spawned Each Week 
During 1974 and 1975 as Used i n  the ETM Analysesa 

Year Week Proportion 

1974 

1975 

6/3 - 6/9 
6/1.0 - 6/16 
6/17 - 6/23 
6/24 - 6/30 
7/1 - 7/7 
7/8 - 7/14 
7/15 - 7/21 
7/22 - 7/28 
7/29 - 8/4 
8/5 - 8/11 
8/12 - 8/18 

6/1 - 6/7 
6/8 - 6/14 
6/15 - 6/21 
6/22 - 6/28 
6/29 - 7/5 
7/6 - 7/12 
7/13 - 7/19 
7/20 - 7/26 
7/27 - 8/2 

0.0078 
0.5254 
0.1486 
0.0047 
0.0035 
0.0569 
0.1279 
0.0627 
0.0326 
0.0118 
0.0181 

0.2784 
0.0463 
0.0096 
0 
0.3012 
0.2838 
0.0689 
0.0098 
0.0020 

a 
from Tables 27 and 28 i n  Boreman (1979) 



estimated weekly standing crop of Atlantic tomcod yolksac larvae occurred 

during the first week of sampling in 1975 (Table 2fj9 Boreman P979), 

which supports the validity of this assumption. The entrainment periods 

of the six fish populations selected for ETM analyses are listed in 

Table IV-7. 

4. RE3?EREMCES CITED 

Boreman, J. 1979. Life histories of seven fish populations that 
inhabit the Hudson River estuary. 94 pp. Exhibit EPA-198. 



I V - 1 1  

Table IV-7. Entrainment Period Durations f o r  Selected Fish Populat ions 
I n h a b i t i n g  t h e  Hudson River During 1974 and 1975 as Used i n  t h e  ETM Analyses 

Entrainment Spawning Entrainment 
Populat ion Year interval (days) period (days) per iod (da t e s Ia  

S t r iped  bass 

White perch 

b 
Alosa spp. 

American shad 

A t l a n t i c  tomcod 

Bay anchovy 

1974 
1975 

1974 
1975 

1974 
1975 

1974 

1975 

1974 
1975 

65.5 
63.5  

63 
69.5 

63 
63 

60 

91 

74 
74 

63 
49 

63 
63 

49 
63 

63 

C - 
7 7  
63 

4/29 - 8/29 
5/11 - 8/25 

516 - 9/2 
5/4 - 9 / 7  

4/29 - 8/12 
4/21 - 8/18 

4/22 - 8/16 

3/9 - 6/8 

6 /3  - 10125 
6 /1  - 10/9 

%eginning of entrainment pe r iods  are based on d a t e s  when eggs (or  
tomcod yolksac l a r v a e )  w e r e  f i r s t  sampled i n  t h e  T I  Long River surveys, 
from Boreman (1979) 

bblueback h e r r i n g  and a l e w i f e  

s i n g l e  cohort  used due t o  l a c k  of d a t a  on t h e  temporal d i s t r i b u t i o n  
of A t l a n t i c  tomcod egg depos i t i on  

C 
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SUMMARY 

This chapter  conta ins  estimates of W-factors developed from 

ichthyoplankton d a t a  c o l l e c t e d  a t  t he  Bowline, Lovett Indian Poin t ,  

Roseton, and Danskamer genera t ing  s t a t i o n s .  Two sets of W-factors 

were developed fo r  each of f i v e  populat ions:  

A t l a n t i c  tomcod, bay anchovy, and Alosa (a lewife  and blueback he r r ing ) .  

The chapter  c o n s i s t s  of f i v e  parts: 

s t r i p e d  bass ,  white  perch, 

1 .  

2. 

3. 

4. 

5.  

An i n t roduc to ry  d iscuss ion  of s eve ra l  methodological problems 

a s soc ia t ed  with a l l  estimates of W-factors and of our approach 

t o  dea l ing  with these  problems: the c a l c u l a t i o n  of two s e t s  

of parameters us ing  two independent methods of computation. 

A d e s c r i p t i o n  of the two methods, t he  Modified U t i l i t y  (MU) 

and Gear Bias Cancel l ing (GBC) method, used t o  compute 

W-factors. 

Separate sets of W-factors fo r  s t r i p e d  bass ,  white perch, 

A t l a n t i c  tomcod, bay anchovy, and Alosa computed using the  MU 

and GBC methods. 

A point  by poin t  d i scuss ion  of our disagreements with the  

da t a  and methods used by LMS i n  Exhibi t  UT-3 t o  compute 

w-ratios.  

A comparison between W-factors for each populat ion ca l cu la t ed  

us ing  the  MU and GBC methods. 



1 INTRODUCTIOM 

Entrainment models employed by consul tan ts  f o r  both the  u t i l i t i e s  

and EPA to estimate cond i t iona l  entrainment mor t a l i t y  r a t e s  include a 

parameter, known a s  the  w-ratio ( u t i l i t i e s )  or  W-factor (EPA).  

parameter is intended as a measure of the  abundance of organisms i n  

power p l an t  i n t ake  water r e l a t i v e  t o  t h e i r  average abundance i n  an 

idea l i zed  c ross -sec t ion  of the  r i v e r  i n  f r o n t  of a power p l an t .  The 

W-factor is included i n  entrainment models pr imar i ly  t o  account for t he  

e f f e c t s  of non-uniform d i s t r i b u t i o n  of organisms i n  the  r i v e r  on the 

number en t ra ined .  

This 

If, f o r  example, l a rvae  a r e  concentrated i n  the  cen te r  of the  r i v e r  

while power p l a n t s  draw cool ing water from near shore ,  then the  dens i ty  

of la rvae  i n  the  i n t a k e  water i s  l i k e l y  to be l e s s  than the average 

dens i ty  of l a rvae  i n  the  c ross -sec t ion  o f  t.he r i v e r  i n  f r o n t  of the  

in take .  The same r e s u l t  can occur i f  organisms are concentrated near 

t he  bottom of the  r iver  while  cool ing water i s  withdrawn pr imar i ly  from 

the  sur face .  In e i t h e r  case ,  t he  number en t ra ined  would be less than 

would be pred ic ted  by a model t h a t  assumes t h a t  t he  dens i ty  of organisms 

i n  power p lan t  cool ing water i s  equal to the  c ross -sec t iona l  average 

dens i ty  of organism i n  the  r i v e r .  

There a r e  a l s o  d i s t r i b u t i o n s  t h a t  can r e s u l t  i n  the  abundance of 

organisms i n  the  in t ake  water being g r e a t e r  than t h e i r  average 

c ross -sec t iona l  abundance i n  the  river: if!, for example, they 

congregate i n  shallow w a t e r  near t he  shore ( a l l  Hudson River power 

p l a n t s  have shore l ine  in t akes ) .  

I n  the pas t  it has  been argued t h a t ,  fo r  e n t r a i n a b l e  l i f e - s t ages  

of  s t r i p e d  bass ,  the  d i s t r i b u t i o n  of organisms i n  the  r i v e r  i s  such 

t h a t  i n  genera l  they are less abundant i n  the  r i v e r  s t r a t a  from which 

cool ing water is drawn than i n  the  e n t i r e  r i v e r  c ross -sec t ion ,  and 

the re fo re  W-factors should on the  average be less than 1.0. Barnthouse 

et a l .  (1977) have sumnarized the  pos i t i ons  of both the  NRC s t a f f  and 

u t i l i t y  consul tan ts  a t  t he  t i m e  the  F ina l  Environmental Statement for  

Indian Point  Unit 3 was prepared. Resul t s  der ived from ORNL's s t r i p e d  

v- 1 
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bass  young-af-the -year  model (developed f o r  NKC) indicated that  s t r i p e d  

bass ichthyoplanktoir a m  concentrated near  he r i v e r  bottom or  ihe 

sho res ,  where they are l e s s  s u s c e p t i b l e  t o  downstream t r anspor t  

(BarnthousP e t  aL. 1977, p .  5-58). Moreover, a comparison o f  pJant 

i n t ake  and r i v e r  transect data co l l ec t ed  at Bowline, Lovett, Boseton, 

and Danskamer i n  1973 showed t h a t  lihe measured d e n s i t i e s  o f  s t r i p e d  

bass l i f e - s t a g e s  were gene ra l ly  lower i n  samples  co l l ec t ed  at 19owrr 

plant  i n t akes  than i n  samples co l l ec t ed  a t  t he  river t r a n s e c t  stations 

(Barnthouse et a l .  1977,  p .  5-53] .  T h e  NRC s t a f f  concluded that  

W-factors ( then c a l l e d  .fI) for striped bass l i f e  stages w e e  generally 

less than 1.0 but g r e a t e r  than 0.5 (Barnthouse et  al. 1977,  p .  5-60). 

S imi l a r ly ,  i n  Exhibit UT-3 both “1. and 124s amploy W-factors that: a r e  

general ly  less than 1.0. T I  assumed (Exhibi t  U T - 3 ,  Sections 2-VI 

and 2 - V I I )  t h a t  W-iactouxs; f o n  a l l  l i f e - s t a g e s  of a l l  species  f o r  which 

entrainment impacts were e s c i r n a t d  ( s t r i p e d  bass: white perch ,  Atlantic  

tomcod, aid American. shad) are equal t o  0.5. LMS concluded (%hibit: 

UT-3, p .  3-18-54) ,  based on p l a n t  a d  year s p e c i f i c  i n t ake  and r i v e r  

t r a n s e c t  data ,  tliat both upper layer and lower layer   b ratios are 

general ly  Jess than 1.0. Most; of & k i t .  W-factors developed i n  t h i s  

testimony a r e  smaller than 1.0. However, a substant ia l  percentage are 

l a r g e r  than 1.0, and the  majority are larger than t he  value of 0.5 

as s umed by TI. 

Hamy of  the w-ratios ca lcu la t ed  by J24S (Exliibit  iIT-3, 

Table  3- lV-27)  ate based on data t h a t ,  i n  our opinion,  should not be 

used for  that purpose. More inpar tank ,  we believe that ,  becaixse of 

biases inherent in the mcthods  used t o  calculqte w-rat ios? and because 

of the e x t r a o r d i n a r i l y  l o w  p rec i s ion  of a l l  es”Limates o f  ichthgoplankton 

abundance, mi the^ LIS’ estimates nor any other s i n g l e  se t  of W-factors 

can by itself be assumed t o  be aceitrate. 

I n  Sect ion  1.1 we discuss t w o  s e r m ;  n g l y  insurmountable  

methadol-ogical problems assoc ia ted  w;th the est imat ion of W- factors - 
I n  Section 1 .2  we propose our s o l u t i o n  t o  these problems: the  use of 

taro, rakher than one independently d r r i v e d  merhods of es t imat ing 

W-factors. The f i r s t ,  r e f e r r e d  t o  as the Modified Utility (MU) method, 
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is  only s l i g l i t l ~ y  d i f f e r e n t  from the method used by LNS i n  Sect ion 3-TV 

of Exhibit  UT-3. The second, r e fe r r ed  to a:; the Gear Bias Cancelling 

(GBC) method, was developed i n  an attempt eo e l imina te  b i a s e s  

introduced i n t o  estimates of W-factors by d i f f e rences  i n  the  types and 

methods of deployment of the gear used i n  c o l l e c t i n g  p l an t  and r i v e r  

ichthyoylankton samples I) Sections 2 and 3 xorntain, r e spec r ive ly ,  

desc r ip t ions  of  t he  MU and GBC methods and the r e s u l t s  obtained when 

the two methods are appl ied t o  da t a  collect& a t  Bowline, Lovet t ,  Indian 

Point ,  Rosetcan, and Danskamner ( t h e  s p e c i f i c  da ta  sets used are 

described i n  Appendix B o f  this e x h i b i t ) .  In  Section 4 we d i scuss  our 

ob jec t ions  t o  t h e  LMS w-ratios.  For the most p a r t  these are ob jec t ions  

t o  the  data used by LEaS r a t h e r  than to the an;alyt ical  treatment of the 

data .  A general  d i scuss ion  of t he  W-factors is presented i n  Section 5 .  

1.1 METHODOLOGXCAL PROBLEMS ENCOUNTERED 
L C H T H Y O P W T O N  SAMPLING AND THEIR GOKSEQIIENCES 
W I T H  RESPECT TO THE ESTIMTXDN OF W-FACTORS 

I n  s u m a r i z i n g  and c r i t i c i z i n g  the  data and methods used by both 

the  u t i l i t i e s  and the  NRC s t a f f  t o  estimate f (now c a l l e d  the 

W-factor) for s t r i p e d  bass ,  Barnthouse et al. (1977; Section 5.4 .3)  

pointed ou t  two b a s i c  problems that seve re ly  l i m i t  t he  accuracy and 

p r e c i s i a n  of those estimates. The f i r s t  of t hese  is i n s u f f i c i e n t  

q u a n t i t y  of d a t a ,  caused by i n s u f f i c i e n t  pl.ant and r i v e r  sampling e f f o r t  

during periods of high abundance of s t r i p e d  bass ichthyoplankton, and 

by the i n a b i l i t y  of t he  gear to e f f e c t i v e l y  sample older  l a rvae  and 

juven i l e s .  The second is  t h a t  t he  methods used t o  c o l l e c t  

ichthyoplankton from the  r i v e r  i nva r i ab ly  have been s u b s t a n t i a l l y  

d i f f e r e n t  from those used t o  c a l l e c t  ichthyoplankton a t  power p l an t  

i n t akes .  

I 

Although two additional.  years of  dara  are now a v a i l a b l e  for m o s t  

p l a n t s ,  t hese  two sources of error stiEl plague a l l  attempts t o  o b t a i n  

accu ra t e  empir ical  estimates of  W-factors far s t r i p e d  bass and o the r  

Hudson River f i s h  populat ions.  In t h i s  s e c t i o n  we b r i e f l y  d i scuss  the 

problem caused by s m a l l  sample size and l sck  of gear comparabili ty and 

argue tha t  no sampling program can completely e l i m i n a t e  them. 
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The c o l l e c t i o n  e f f i c i e n c y  of ichthyoplankton sampling gear, defined 

as t h e  f r a c t i o n  of  organism i n  the path o f  the gem t l a a t  are captured 

and counted, i s  s t rong ly  influenced by the design o f  the gear and the 

manner i n  which i t  i s  deployed. Therefore,  ichthyoplankton d e n s i t i e s  

computed from da ta  co l l ec t ed  wiLh d i f f e r e n t  gears can d i f f e r  

s u b s t a n t i a l l y ,  even though the a c t u a l  densities of  o ~ g a i i i s ~ i  i n  t he  

paths  o f  the gears are i d e n t i c a l .  Since the methods used to c o l l e c t  

ichthyoplankton a t  power p l an t  intakes on the Hiidson River are 

inva r i ab ly  d i f f e r e n t  from those used at the  r i v e r  t r a n s e c t  s t a t i o n s ,  

W-factors computed as  s imple  r a t i o s  of p l an t  ana! r i v e r  concentrat ions 

a r e  subject t o  p o t e n t i a l l y  severe b i a ses .  

Carpenter (1939) has i d e n t i f i e d  t h r e e  major sources of such bias:  

gear avoidance, clogging of nees with d e t r  i t u s ,  and ex t rus ion .  

According t o  Carpenter,  the a b i l i t y  o f  l a r v a l  and j u v e n i l e  f i s h  t o  

detect  the  presence E f  towed p ~ a ~ k t s n  n e t s  ( t h e  gear used t o  e o i i e c t  

the da ta  used to  compute \+-factors) and t o  subsequently evade capture  

i s  a ftmction o f  the s i z e  of the n e t ,  the  speed a t  which i t  i s  towed, 

and the  presence or absence of t u ~ b u l e n c c - c r e a t i a e  s t r u c t u r e s  (such as 

b r i d l e s )  in f r o n t  of  the ne t .  811 other f a c t o r s  being equal ,  the 

p r o b a b i l i t y  t h a t  an organism i n  the path of  a net- will be ab le  to  swim 

out  cJf t h a t  path before it is captured decreases as the diameter o f  the  

ne2 opening inc reases .  S imi l a r ly ,  the prohabil-i ty of escape decreases 

with i nc reas ing  net speed because, once the  ne t  has been dptected,  less 

t h e  is ava i l ab le  f o r  the  organism tc:, react and s w i m  out of t h e  path of 

the net. 'Lhe presence of b r i d l e s ,  towlines,  o r  o the r  s t r u c t u r e s  i n  

f r o n t  of t h e  net m ~ t h  i s  thought to  increase the  p r o b a b i l i t y  of escape 

by enabl ing organisms to detect the gear a t  a g r e a t e r  d i s t ance .  

clogging o f  a n e t  with plankton or  deLr i tu s  reduces i t s  f i l t r a t i o n  

e f f i c i e n c y ,  i . e . ,  the f r a c t i o n  of the water (as d i s t i n c t  from the 

f r a c t i o n  of organisms) i n  the path o f  the. net t h a t  enters the  n e t  mouth 

and is f i l t e r e d .  According t o  S m i t h  e t  al. (1968), clogging inc reases  

the incidence of gear avoidance by creating turbulence in front of the 

ne t .  Xn add i t ion  to  increased avoidance, clogging can lead to 

underestimates of t he  trne dens i ty  of organisms i n  t h e  water sampled by 
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causing overes t imat ion  of the volume of water f i l t e r e d .  A t  Bowline, 

Lovet t ,  and Indian P o i n t ,  i n t a k e  sample volumes have been est imated 

i n d i r e c t l y  fr measurements of i n t a k e  v e l o c i t y  r a t h e r  than d i r e c t l y  

measured by p lac ing  flowmeters i n  the n e t s .  

It is poss ib l e  f o r  eggs and 5ruall l a rvae  t o  bu r s t  i n  a n e t  o r  t o  

be pushed through the mesh pores and l o s t .  Tkte magnitude of this  b i a s ,  

r e f e r r e d  t o  by Carpenter (1979) a6 ex t rus ion ,  i nc reases  as the  tow speed 

of t he  n e t  i nc reases  because the  r a t e  of f i l t r a t i o n  per innit n e t  a r ea  

(and t h e r e f o r e  the  p re s su re  with which organisms are pushed aga ins t  t he  

ne t  1 increases  I 

In  gene ra l ,  the  n e t s  used at Hudson River power p lan t  i n t akes  have 

smaller  mouth openings than do the n e t s  used to c o l l e c t  r i v e r  t r a n s e c t  

samples (Carpenter 1979). Noreover, the  v e l o c i t y  of sampling i s  

inva r i ab ly  much h igher  i n  the  r i v e r  than a t  power p lan t  i n t akes .  A t  

t he  p l a n t s ,  nets a r e  simply lowered i n t o  the i n t ake  flow. In take  

v e l o c i t i e s  a t  Bowline, Ind ian  Pointg and Roseton a r e  on the average 

less than 30 em/sec (Carpenter 1979). I n  c c n t r a s t ,  the  r i v e r  t r a n s e c t  

samples are d i e c t e d  by towing n e t s  a t  a v e l o c i t y  af 68-150 cm/sec 

(Carpenter 197g9 Table 3 ) .  I f  the e f f e c t s  of  ne t  size and sampling 

v e l o c i t y  were the  only b i a s e s  p re sen t ,  then ichthyoplankton d e n s i t i e s  

measured a t  power p l an t  i n t akes  would b e  less than those measured at 

t he  r i v e r  t r a n s e c t  s t a t i o n s ,  even i n  the  absence of r e a l  d i f f e rences  i n  

ichthyoplankton abundance .I However because: af  the  higher  sampling 

v e l o c i t y  i n  the  r i v e r ,  i t  i s  poss ib l e  f o r  l i f e  s t ages  s u s c e p t i b l e  t o  

ex t rus ion  t o  be sampled less e E f i c i e n t l y  i n  the  r i v e r  than a t  power 

p l an t  i n t ake  s t a t i o n s .  In add i t ion ,  t he  nets used to  c o l l e c t  r i v e r  

samples have b r i d l e s  and towlines  while  the n e t s  used t o  c o l l e c t  p l an t  

samples do not (Carpenter 1979). Increased gear  avoidance due t o  the  

presence of b r i d l e s  probably offsets t o  some degree t he  b i a s e s  caused 

by the  g r e a t e r  s i z e  and sampling v e l o c i t y  of t he  gear used t o  co l lec t  

t he  r i v e r  samples. 

Carpenter (1979) concluded t h a t  the  o v e r a l l  e f f e c t  of the  var ious  

b i a s e s  is an underest imat ion of ich thyoplmkton  d e n s i t i e s  measured at 

t he  Roseton, Bowline, and I n d i m  Point i n t akes  r e l a t i v e  t o  d e n s i t i e s  
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measured a t  the corresponding r i v e r  t r a n s e c t  s ta t i -ons .  Howevzr, the  

p o s s i b i l i t y  e x i s t s  t h a t  f o r  some l i f e - s t ages  o f  some species  a2 some 

p lan t s  it may be the r i v e r  concentrat ions t h a t  a r e  underestimated. A t  

present  it i s  not poss ib l e  t o  q u a m i f y  the r e l a t i v e  b i a s e s ,  and 

the re fo re  i t  i s  not poss ib l e  t o  compute unbiased est imates  of W-factors 

using s i m p l e  r a t i o s  of p l an t  and r i v e r  concentrat ions.  

Even i f  t he re  were nu gear b i a s e s ,  p rec i se  es t imates  of W-factors 

based on p l an t  and r i v e r  ichthyoplankton da ta  would s t i l l  be impossible 

t o  ob ta in .  The reason fo r  t h i s  unfortunate  f a c t  i s  the extremely 

"pat@hy" nature  of ichthyoplankton d i s t r i b u t i o n s .  

t h a t  the v a r i a t i o n  among the numbers o f  organisms co l l ec t ed  i n  

d i f f e r e n t  samples is g r e a t e r  than would be expected i f  organisms were 

randomly d i s t r i b u t e d  throughout the r i v e r .  

By patchy we mean 

According t o  Cassie (19631,  the proper technical  term f o r  t h i s  

type of d i s t r i b u t i o n  is  "overdispersion." Based on h i s  review of the 

l i terature  Cassie concluded t h a t  planktonic organisms are nea r ly  

a lways  overdispersed. I n  the Final Environmental Statement for Indian 

Point Unit 3 (U. 5 .  Nuclear Regulatory Conmission 19751, t h e  NRC s t a f f  

examined ichthyoplankton d e n s i t i e s  observed i n  ind iv idua l  samples 

co l l ec t ed  a t  Bowline, Lovett ,  Roseton, and Danskammer i n  1973. The 

s t a f f  concluded t h a t  the d i s t r i b u t i o n  of these d e n s i t i e s  w a s  "s t rongly 

skewed toward zero." In  o the r  words, many samples contained no 

organisms while a few contained many organisms. This i s  a 

c h a r a c t e r i s t i c  a f  overdispersed d i s t r i b u t i o n s  e 

The major consequence of overdispers ion,  as f a r  as the computation 

of W-factors i s  concerned, i s  t h a t  es t imates  of t he  mean concentrat ion 

of ichthyoplankton present a t  a power p lan t  i n l a k e  o r  i n  the r i v e r  w i l l  

have high standard e r r o r s ,  even i f  l a rge  numbers of samples are 

co l l ec t ed .  We w i l l  i l l u s t r a t e  t h i s  problem by examining seve ra l  sets 

of  abundance da ta  for s t r i p e d  bass post yolk-sac larvae, These da ta  

were co l l ec t ed  i n  1975 a t  the Roseton i n t ake ,  the Roseton/Danskamer 

r i v e r  t r ansec t  s t a t i o n s ,  and t he  Indian Point i n t ake  and discharge.  
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The sampling program at  Roseton is t y p i c a l  of  those conducted a t  

most Hudson Kiver power plants .  1x1 Table \I-l w e  have tabula ted  mean 

d e n s i t i e s  numbers o f  samples standard errors and 95% confidence 

i n t e r v a l s  for  s t r i p e d  bass  post yolk-sac l a rvae  c o l l e c t e d  a t  t he  Roseton 

in t ake  and a t  the Roseton/Danskamer r i v e r  s t a t i o n s  on sampling da te s  

between play 29 and June 19, 1975. R e s u l t s  a r e  presented s e p a r a t e l y  f o r  

day and n i g h t .  The  most p r e c i s e  r e s u l t s  wexe obtained a t  n ight  at the 

Roseton in t ake  on Jane 2 .  As measured by the r a t i o  of the  upper: and 

lower 95% confidence bounds, the  a c t u a l  d e n s i t y  of s t r i p e d  bass p o s t  

yolk-sac la rvae  (neg lec t ing  gear bias) i s  kriom only t o  wi th in  a f a c t o r  

of two. all other n i g h t s  the  precision of e s t ima tes  of t he  mean 

d e n s i t y  of post yolk-sac Larvae a t  the  Roseton in t ake  is much lower. 

Even though a mean d e n s i t y  of 100 larvae/l(aCtO m was observed on the  

n igh t  of June 5,  the prec is ion  of this estimate is so Pow that i t  i s  

not s i g n i f i c a n t l y  d i f f e r e n t  from zero. The daytime es t imates  a t  t he  

Roseton in t ake  a r e  even l e s s  p rec i se  than the n i g h t t h e  e s t ima tes .  

Only b o  of the  f i v e  means are s i g n i f i c a n t l y  d i f f e r e n t  from zeroI  and 

the  most p rec i se  (June 2 )  i s  known o n l y  t o  wi th in  a f a c t o r  of  4 . 6 .  The 

p rec i s ion  of t-he e s t ima tes  OS the  abundance of post yolk-sac l a rvae  a t  

t he  Roseton/Danskanmner river s t a t i o n s  is  lower s t i l l .  None of t he  

daytime means is s i g n i f i c a n t l y  d i f f e r e n t  from zero.  The upper and lower 

95% confidence bounds around the  two n ight t ime means t h a t  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  from zero d i f f e r  by g r e a t e r  than a f a c t o r  of 6 .  

The sampling program conducted a t  t he  Kndian Point  i n t akes  and 

discharge cana l  is t he  most i n t ens ive  conducted a t  any Hudsorm River. 

power p l an t .  Therefore ,  the p rec i s ion  of the abundance estimates 

obtained a t  Indian Poi-nt should be higher  than t h a t  ob ta inab le  a t  any 

o the r  p l an t .  However, the i n t e n s i v e  sampling e f f o r t  a t  Indian Point  

appears t o  have produced es t ima tes  of the  abundance 5 E  s t r i p e d  bass 

p a s t  yolk-sac l a rvae  t h a t  are only marginal ly  more p rec i se  than thost? 

obtained a t  Roseton. During the period f r m  May 27-June 24, 1975, 

which spans the period of peak abundance of s t r i p e d  bass  post  yolk-sac 

l a rvae  i n  the  fndian Point v i c i n i t y ,  between 36 and 69 samples w e r e  

3 
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Table V-1. The prec is ion  o f  estimates o f  the  dens i ty  o f  s t r i p e d  bass post yolk-sac la rvae a t  the  Roseton 
i n take  and r i v e r  t ransec t  s ta t ions ,  1975a 

Den_s_!.!J-C.--. Rat io  o f  
Standard e r r o r  95% confidence upper and 

Date ~h Mean Minimum Maximum o f  mean bounds lower bounds 

May 29 
June 2 
June 5 
June 9 
June 12 
June 19 

May 29 
June 2 
June 5 
June 9 
June 19 

May 29 
June 2 
June 5 
June 9 
June 19 

May 29 
June 2 
June 5 
June 9 
June 19 

8 
18 
12 
6 
5 
6 

5 
8 
3 
3 
2 

7 
7 
7 
7 
7 

7 
7 
7 
7 
7 

1.6 
149.7 
502.7 
231.8 
3.3 
2.5 

2.8 
473.4 
100.2 
406.0 
29.1 

20.0 
57.6 
147.5 
118.0 
2.9 

113.2 
551 -9 
465.8 
466.4 
3.6 

0 
0 
0 
0 
0 
0 

0 
66.7 
0 

312.5 
27.9 

3.5 
0 
0 
0 
0 

0 
100.6 
153.7 
49.0 
0 

ROSETON INTAKE (DAY) 

12.8 
622.0 
1762.3 
582.5 
16.6 
14.8 

ROSETON INTAKE (NIGHT) 

7.7 
612.2 
157.1 
467.7 
30.3 

ROSETOM INTAKE   DAY)^ 

66.9 
187.2 
565.9 
364.2 
12.7 

ROSETON INTAKE (N1GHT)d 

652.7 
1340.5 
1207.5 
1907.2 
12.6 

1.6 
45.9 
165.6 
99.2 
3.3 
2.5 

1.7 
63.9 
50.3 
47.6 
1.2 

9.4 
27.4 
77.2 
57.8 
1.8 

90.8 
163.2 
136.9 
248.7 
1.9 

0-5.4 
53.3-246.1 
138.4-867 .O 

0-489.7 
0-12.5 
0-9.0 

0-10.4 
320-0-626.8 

0-316.5 
201.3-610.7 
13.9-44.3 

0-43.5 
0-126.1 
0-340.5 
0-262.5 
0-7.4 

0-340.2 
143.9-959.9 
123.6-808.1 

0-1088.2 
0-8.4 

'Source o f  data i s  described i n  Appendix B. 
bTotal  number o f  samples co l l ec ted  (depths and s ta t i ons  combined). 

'Number o f  organisms per 100 rn . 
d A l  1 t ransec t  s t a t  ions cormbi ned. 

3 
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co l l ec t ed  every n igh t  from t he  Indian koi .nt  Unit 2 i n t ake  and between 

18 and 71  were c o l l e c t e d  from t he  d ischarge  cana l  (Table V-2). 

with t h i s  l e v e l  of e f f o r t ,  the s tandard e r r o r s  a s soc ia t ed  with es t imates  

of mean abundance on each da te  a r e  l a rge .  On the  da t e s  on which the  

most p rec i se  e s t ima tes  were obtained (June 17 at: the in t ake  and June 3 

a t  the  discharge c a n a l ) ,  t he  mean abundance of s t r i p e d  bass post  

yolk-sac l a rvae  is known only to  within a f a c t o r  o f  2. On t he  da t e  on 

which the  h ighes t  abundance w a s  observed ( June  3.01, the  mean d e n s i t i e s  

(neg lec t ing  gear b i a s )  are known only t o  wi th in  a f a c t o r  of 3.5 a t  t he  

i n t a k e  and 4.5 a t  the  d ischarge .  Although we have not performed the  

above ana lys i s  for a l l  l i f e - s t ages  of all .  spec ie s  co l l ec t ed  a t  a l l  

p l an t s  during a l l  gears  fo r  which da ta  are a v a i l a b l e ,  t he re  is no 2 

p r i o r i  reason t o  expect  o the r  ichthyoplankton abundance e s t ima tes  t o  be 

more p rec i se  than a r e  those t h a t  we have examined. 

Even 

A l l  e s t imates  of W-factors obtained from t h i s  da t a ,  both ours  and 

those of the u t i l i t i e s ,  a r e  l o w  in prec is ion .  Even l a rge  numerical 

devia t ions  from 1.0  may h e  a t t r i  u t a b l e  to  sampling e r r o r ,  as can 

between-year d i f f e r e n c e s  i n  the  ca l cu la t ed  W-factors fo r  the  same 

populat ion and l i f e  s t age .  o s i n g l e  a n a l j t i c a l  method can completely 

overcome the inherent  l i m i t a t i o n s  on accuracy and p rec i s ion  caused by 

non-comparable sampling methods and the patchy nature  of ichthyoplankton 

d i s t r i b u t i o n s .  

1 . 2  W H Y  TWO ESTIMATORS ARE BETTER THAI4 

I n  a well-known and f requent ly  c i t e d  paper, Levins (1966) discussed 

the  dilemma faced by a b i o l o g i s t  a t tempting t o  model the  evolu t ion  of a 

hypothe t ica l  p l an t  or  animal populat ion (e,>g. the Budson River s t r i p e d  

bass s tock)  - Such populat ions composed of  i nd iv idua l  organisms of 

d i f f e r e n t  ages and gene t i c  c o n s t i t u t i o n s ,  i-nteract with a heterogeneous, 

f luc tua t ing ,  environment and with o the r  populat ions (e.g., t h e i r  

competitors,  p reda to r s ,  and prey) t h a t  a r e  themselves evolving. Levins 

concluded t h a t  b i o l o g i c a l  systems a r e  so complex and poorly understood 

t h a t  it is not p r a c t i c a l  t o  a t t e m p t  to bu i ld  a single model t h a t  

f a i t h f u l l y  r e f l e c t s  a l l  of the  bewilder ing coarsplexi ty t h a t  cha rac t e r i zes  



Table V-2. The precision o f  estimates o f  the density o f  striped bass post yolk-sac larvae at the Indian 
Point intake and discharge stations, 1975a 

Ratio o f  
Standard error 95% confidence upper and 

Dens i tyC 

Date Nb Mean Minimum Max fmum o f  mean bounds lower bounds 

May 27 
June 3 
June 10 
June 17 
June 24 

May 27 
June 3 
June 10 
June 17 
June 24 

48 
36 
36 
48 
69 

24 
36 
18 
48 
71 

INDIAN POINT INTAKE (N1GHT)d 

30.6 
571.1 
2899.7 
619.5 
5.3 0 -244I8 

0 
0 
0 
0 

856.6 
2325.2 
11870.7 
2447.6 

INDIAN POINT DISCHARGE (N1GHT)e 

12.9 0 308.4 
602.0 0 2945.9 
2542.9 0 12866.8 
228.1 0 1680.5 
6.6 0 260. I 

18.8 
112.0 
578.9 
93.3 
3.9 

12.9 
104.7 
804.6 
50.7 
4.7 

0-68.2 
347.1-795.1 
1141.9-4057.5 
432.9-806.1 

0-13.1 

0-40.0 
392.6-81%. 4 
853 2-4232 -6 
126.70329 . 5 

0-16.0 

2.3 
3.6 
1.9 -- 

aSource o f  data i s  described in Appendix B. 

bTotal number of samples collected (depths and stations combined). 

CNumber o f  organisms per 100 m3. 

dStations 22 and 25. 

eStations Dl and D2. 

P 
c-’ 
0 

-- 
2.1 
5.0 
2.6 -- 
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the  i n t e r a c t i o n  of an evolving populat ion with i t s  environment. As a 

so lu t ion  to the  dilemna, he proposed the  use of c l u s t e r s  of models: 

a l t e r n a t i v e  models of the same phenomenon, each constructed using a 

d i f f e r e n t  set of s impl i fy ing  assumptions. 

used, i t  would not be poss ib l e  t o  determine whether r e s u l t s  der ived 

from the  model were r e a l i s t i c  or whether they w e r e  a r t i f a c t s  introduced 

by the  s impl i fy ing  assumptions. Suppose, however, t h a t  two or more 

independent models, each s impl i f i ed  i n  a d i f f e r e n t  way, lead t o  similar 

r e s u l t s .  I n  t h i s  case  it is poss ib l e  t u  have some confidence t h a t  t he  

realist ic aspec ts  of t he  models, r a t h e r  than the  s i m p l i f i c a t i o n s ,  are 

respons ib le  for those  r e s u l t s .  Truth,  Levfns suggested,  can be found 

a t  the  " in t e r sec t ion  of independent l ies .I' 

I f  only one such model were 

Although proposed f o r  a d i f f e r e n t  problem than the  one considered 

here ,  Levins' s o l u t i o n  is as v a l i d  an approach f o r  e s t ima t ing  W-factors 

as it  is f o r  s tudying the evolu t ion  of populat ions.  The method used by 

LMS t o  compute w-ratios i s  s impl i f i ed ,  i n  t h a t  the  sampling gear  used 

to c o l l e c t  ichthyoplankton from the  r i v e r  and from power p l an t  i n t akes  

and d ischarges  are assumed t o  be equa l ly  e f f i c i e n t  a t  c o l l e c t i n g  

organisms, r ega rd le s s  of d i f f e r e n c e s  i n  s i z e ,  s t r u c t u r e ,  and means of 

deployment. Since the  gears  undoubtedly d i f f e r  i n  e f f i c i e n c y  i n  ways 

t h a t  have not  been (and perhaps cannot be)  accu ra t e ly  measured, the 

w-ratios derived using U S '  method are inf luenced by b i a s e s  that cannot 

be quan t i f i ed .  Such b i a s e s  could cause r e s u l t s  obtained from the  Real 

T ime  L i f e  Cycle model t o  be s e r i o u s l y  i n  error. 

I n  order  t o  ensure t h a t  r e s u l t s  ob ta ined  from the  Empirical  

Transport  Node1 (and e s p e c i a l l y  resource management dec i s ions  based on 

those r e s u l t s )  are not over ly  inf luenced by e r r o r s  i n  the  es t imat ion  of 

W-factors, we developed not one, but  two sets of W-factors. The t w o  

sets were obtained us ing  independent methods, each of which employs 

d i f f e r e n t  s impl i fy ing  assumptions. Qur f i r s t  method, t he  Modified 

U t i l i t y  (MU) method, is conceptual ly  i d e n t i c a l  t o  the  approach taken by 

LMS i n  that the  c o l l e c t i o n  e f f i c i e n c i e s  of a l l  sampling gears  are 

assumed t o  be equal .  There are no major d i f f e r e n c e s  between the  two 
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other  than the  f a c t  t h a t  one is  used t o  conpute w-ratios f o r  a 

2-layered model of  the r i v e r  and the other  t o  compute depth-averaged 

W-factors f o r  a single-layered model. 

Our second method, the Gear Bias Cancelling (G C )  method, i s  

e n t i r e l y  d i f f e r e n t  i n  concept. The e f f i c i e n c i e s  of the gears used t o  

c o l l e c t  ichthyoplankton from the  r i v e r  and from power p l an t s  are 

assumed t o  be d i f f e r e n t ,  and the compentational procedure is designed 

s p e c i f i c a l l y  t o  cancel  ou t  b i a ses  caused by these d i f f e rences .  

Simplifying assumptions about the d i s t r i b u t i o n  of organisms i n  the 

r i v e r  and about the flow of water i n t o  a power plant  i n t a k e  are 

employed as p a r t  of the GBC nethod, and these assurnptions may introduce 

b i a ses  i n t o  the r e s u l t s .  However, such b i a ses  are l i k e l y  t o  d i f f e r  i n  

magnitude and/or d i r e c t i o n  from the  b i a ses  a s soc ia t ed  with W-factors 

ca l cu la t ed  using the NU method. S imi l a r ly ,  W-factors computed using 

these two methods are influenced i n  d i f f e r e n t  ways by sampling e r r o r s  

( t h e  s e n s i t i v i t i e s  of the MU and GBC W-factors t o  b i a ses  and sampling 

e r r o r s  are discussed i n  Section 5). I f  condi t ional  entrainment 

m o r t a l i t y  rates obtained from the Empirical Transport Model are 

s i m i l a r ,  r ega rd le s s  of which set of  W-factors i s  used, then we have 

some confidence t h a t  the ETM r e s u l t s  are not s e r i o u s l y  compromised by 

e r r o r s  i n  our estimates of  t h i s  parameter. 
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2. METflODS USED TO (30WUTE W-FACTORS FQR HUDSON RIVER POWER PLANTS 

In t h i s  Sec t ion  we descr ibe  the  two mzthods used to  compute 

W-factors for  Hudson River ichthyoplankton en t r a ined  a t  the  Bowline, 

Lovet t ,  Indian Poin t ,  Roseton, and Danskaumer power p l a n t s .  Our two 

methods are s i m i l a r  t o  the  u t i l i t i e s '  method i n  s e v e r a l  r e spec t s .  

F i r s t ,  s epa ra t e  W-factors are computed for each l i f e - s t age  (eggs, 

yolk-sac l a rvae ,  post  yolk-sac l a rvae ,  and, fo r  some spec ie s ,  

j uven i l e s )  of each populat ion.  

s epa ra t e ly  fo r  day and n i g h t ,  with day and n igh t  having the  d e f i n i t i o n s  

s e t  f o r t h  by t he  u t i l i t i e s  on p. 3-IV-32 of Exhibi t  UT-3. Third,  i n  

genera l  only paired sets of plant  and r i v e r  d a t a  c o l l e c t e d  on the  same 

da te s  were used. Unlike the  u t i l i t i e s '  w-rat ios ,  which are computed 

sepa ra t e ly  fo r  upper and lower layers of the  river and the  power p l an t  

i n t ake  bays,  our W-factors are averaged over a l l  depths .  Moreover, 

un l ike  the u t i l i t i e s ,  w e  included da ta  co l l ec t ed  on a l l  da t e s  on which 

organisms were caught i n  e i t h e r  t he  p l an t  or  the  r i v e r ,  r ega rd le s s  of 

bow l o w  the  d e n s i t i e s  might have been ( t h i s  procedure expands the  da t a  

base s l i g h t l y  and should,  i n  theory ,  s l i g h t l y  inc rease  the  p rec i s ion  of 

t he  r e s u l t i n g  W-factor e s t ima tes ) .  

Second, Id-factors a r e  computed 

2.1 MODIFIED UTILITY (MU) METHOD 

Three s t e p s  a r e  involved i n  the  computation of a W-factor f o r  a 

given spec ies  and l i f e - s t a g e  us ing  the  MU method: 

(1) ca lcu la t ion  of average p l an t  and r i v e r  d e n s i t i e s  f o r  each 

sampling da te  on which the  l i f e - s t a g e  was c o l l e c t e d ,  

( 2 )  c a l c u l a t i o n  of mean seasonal  p lan t  and r i v e r  d e n s i t i e s ,  i.e., 

t he  average d e n s i t i e s  over a11 the sampling da te s  on which 

the  l i f e - s t a g e  w a s  c o l l e c t e d ,  and 

c a l c u l a t i o n  of t he  W-factor as a r a t i o  of t he  seasonal  p lan t  

and r i v e r  d e n s i t i e s  e 

(3) 
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A number of samples (sometimes a l a rge  number) are co l l ec t ed  a t  

each loca t ion  (p l an t  or  r i v e r )  during each t i m e  period (day or  n igh t ) .  

River samples are co l l ec t ed  a t  s eve ra l  s t a t i o n s ;  samples are co l l ec t ed  

a t  three  depths  both i n  the  r i v e r  and a t  the power p lan ts .  Several 

sets of plant  samples may be co l l ec t ed  during a given day or  n ight .  

treat a l l  p lan t  or r i v e r  samples co l l ec t ed  on the  same da te  during the 

same time period as i f  they are r e p l i c a t e  samples drawn from a common 

sample population. A l l  of these samples are pooled i n  order  t o  

c a l c u l a t e  the  average day or  n igh t  p lan t  or r i v e r  dens i ty  of a 

p a r t i c u l a r  f i s h  populat ion and l i f e - s t age .  That is, the  average 

dens i ty  is equal  t o  the  sum of the  numbers of organisms co l l ec t ed  i n  

a l l  of the samples divided by the  sum of the sample volumes: 

We 

- "ij. 

i j  

' " i j k  
9 

- k=l = 
V Dij m 

c v . .  
k=l lJk 

ij m r (v-1) 

where 

n . .  = number of organisms caught in t he  k th  sample co l l ec t ed  
1 J  k 

at loca t ion  i ( p l a n t  or  r i v e r )  on da te  j ,  

volume of k t h  sample co l l ec t ed  a t  loca t ion  i on da te  j ,  = 
i j k  

V 

m = number of samples co l l ec t ed  a t  l oca t ion  i on da te  j during 

e i t h e r  daytime or night t ime,  

i j k  

i j k  

= e m  of the  n ' s  over a l l  values  of k, 

= sum of the v 's over a l l  values  of k. 

n i j .  

i j  
V 

The above computational procedure is equiva len t  t o  weighting each 

sample according t o  i ts  volume, on the  assumption t h a t  the  g r e a t e r  t he  

volume of a sample, t he  more r e l i a b l e  the  r e s u l t i n g  dens i ty  estimate. 

I n  order  to demonstrate t h i s ,  we def ine  a weighting f a c t o r ,  

V - i j k  

i j .  
- W 

i j k  v 
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If d . .  (= nijk/vijk) is the  dens i ty  of o rgan i sm i n  a p a r t i c u l a r  

sample, then we can def ine  a weighted average dens i ty  as 
1Jk 

m 
D i j k  = C uijkdijk 

k- 1 
(v-2 1 

Prom the  d e f i n i t i o n s  of Wijk and d i j k ,  

m - c (vijk/v. .  )(nijk/vijk) 
Djjk 1J 

Given the plant  and r i v e r  d e n s i t i e s  fo r  each da te ,  t he  seasonal  p lan t  

and river d e n s i t i e s  ar computed as unweighted averages of t he  

r e spec t ive  D..'so 

the seasonal plant and r i v e r  d e n s i t i e s .  Since only paired sets of 

plant  and r i v e r  da t a  are used t o  c a l c u l a t e  W-factors, t he  number of 

sampling da te s  used t o  compute t h e  seasonal. p l an t  dens i ty  is always 

equal t o  the  number used t o  compute the  seasonal  river dens i ty .  

Therefore 

F i n a l l y ,  t he  W-factor is computed as the r a t i o  of 
13 

where 

D1. sum of plant  d e n s i t i e s  over a l l  dates, 

DZ = sum of river d e n s i t i e s  over a l l  dates .  

The seasonal  W-f ac t o r s  are equiva len t  t o  weighted averages of 

W-factors computed sepa ra t e ly  for each da te ,  with the ve igh t ing  f a c t o r  
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assigned t o  each da te  being a funct ion o f  the  dens i ty  of organisms i n  

the r i v e r  on t h a t  date .  I n  order to  demonstrate t h i s  we can rewrite 

Eq. ( V - 3 )  as: 

T 

(v-4 1 

T 

where 

T = number of sampling da te s  on which organisms wen-? c o l l e c t e d ,  

w = B . / D ~ *  = weighting f a c t o r  for  date j .  
j 21 

The quo t i en t  (D . / D  the  r a t i o  of plant  density to  r i v e r  d e n s i t y  

on da te  j, is  simply an est imate  oE the W-factor on da te  j .  The 

weighting f a c t o r ,  w is the r a t i o  of  the river dens i ty  on d a t e  j t o  

the sum of  r i v e r  d e n s i t i e s  over a l l  da t e s .  I f  t he  l i f e - s t a g e  i n  

question were very abundant on da te  j r e l a t i v e  to i t s  abundance on 

other  da t e s ,  the weighting f a c t o r  would be large. If, on t he  other  

hand, t he  dens i ty  i n  the r i v e r  were r e l a t i v e l y  low on da te  j, the 

weighting f a c t o r  would be small. Thus, QUX- ‘W-factor es t imator  gives 

the  g r e a t e s t  weight to  da te s  on which organisms were most abundant i n  

the r i v e r .  This i s  a desirablrx property because these ar2 the da te s  on 

which it is  most impartant t o  know the f r ac t ion  of organisms i n  the 

v i c i n i t y  of a power plant  that: are en t ra ined  and k i l l e d .  

11 21 

j ’  

The only deviations f roa  the computa t i sna l  procedure described 

above occurred i n  the treatment o f  the  in t ake  and discharge da t a  a t  

Indian Point.  Thc sampling condi t ions a t  the in t ake  and discharge 

s t a t i o n s  are q u i t e  d i f f e r e n t .  D i f f e ren t  gears are used, and sampling 

veloci t i -es  are s e v e r a l  t i m e s  higher a t  a l l  of the. discharge canal 

s t a t i o n s  than at the  Unit 1, 2,  and 3 i n t ake  s t a t i o n s .  Therefore,  the 
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i n t ake  and discharge da t a  were not t r e a t e d  BS i f  drawn from a COlTrmQn 

sample population. Ins tead ,  i n t a k e  and discharge d e n s i t i e s  on each 

da te  were computed sepa ra t e ly  us ing  Eq. (V-11. Like the  u t i l i t i e s  

(Exhibi t  UT-3, p.  3-IV-39), we then computed p l an t  d e n s i t i e s  f o r  each 

da te  as unweighted averages of t he  in t ake  and discharge d e n s i t i e s .  The 

W-factors were then computed from [Eq. (Y-313. 

2.2 GEAR BIAS CANCELLING (GBG) METHOD 

Because of d i f f e rences  i n  the  types and methods of deployment of 

sampling gear between r i v e r  and p l a n t ,  d i r e c t  comparisons between the  

ca l cu la t ed  p l an t  and r i v e r  abundances probably do not y i e l d  unbiased 

es t imates  of W-factors. Although the d i f f e rences  i n  sampling techniques 

should genera l ly  r e s u l t  i n  r e l a t i v e  underest imates  of p lan t  abundance 

(Carpenter 19791, i t  is  conceivable t h a t  i n  some cases  (e .g . ,  because 

of g r e a t e r  ex t rus ion  i n  r i v e r  samples) it is the r i v e r  abundance t h a t  

i s  underestimated. Because the  magnitude and d i r e c t i o n  of b i a s e s  due 

t o  d i f f e rences  i n  sampling technique cannot be q u a n t i f i e d ,  w e  have 

attempted to e l imina te  the  prob1em of gear b i a s  by developing a new 

method of es t imat ing  W-factors. This method, c a l l e d  the Gear Bias 

Cancel l ing (GBC) method, 4s based on a two-layered model of t he  r iver  

cross-sect ion t h a t  is e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  used by LMS as the  

b a s i s  f o r  the  w-ratios presented i n  Sect ion 3 - I V  of Exhibi t  UT-3. The 

upper and luwer l aye r s  of the r i v e r  a r e  def ined ,  r e spec t ive ly ,  a s  the 

water masses ly ing  above and below an imaginary boundary exac t ly  midway 

between the  su r face  and bottom, from shore t o  shore.  The upper and 

lower l aye r s  of an in t ake  bay a r e  defined s i m i l a r l y .  

Like the c a l c u l a t i o n  of LMS w-ratios the  c a l c u l a t i o n  of W-factors 

us ing  the  GBC method involves  comparing d e r s i t i e s  of organisms observed 

i n  the  upper (o r  lower) Layer of an in t ake  bay to  corresponding 

d e n s i t i e s  observed i n  the  upper (or lower) layer of t he  r i v e r ,  Thus, 

as an in te rmedia te  s t e p  i n  our procedure,  we calculate w-ratios t h a t  

are i d e n t i c a l  i n  concept t o  those of t he  u t i l i t i e s .  However, r a t h e r  

than applying our w-ratios d i r e c t l y  to a two-layered vers ion  of the 

Empirical  Transport  Moden, we use them t o  compute depth-averaged 
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W-factors i n  which the  b i a ses  caused by unequal p l an t  and r i v e r  gear  

e f f i c i e n c i e s  a r e  cance l led  out .  I n  order  t o  demonstrate the  b i a s  

cance l l i ng  p r i n c i p l e  t h a t  i s  the  b a s i s  f o r  t he  GBC method, w e  def ine:  

= a c t u a l  d e n s i t i e s  of organisms i n  the  upper DPU ' DRU ' DPLs 'RL 
and lower l aye r s  of p l an t  and r i v e r ,  

e = e f f i c i e n c y  of p l an t  sampling gear ,  

f = e f f i c i e n c y  of r i v e r  sampling gear ,  

eDpU,fDRU,eDpL,fDRL = observed d e n s i t i e s  of organisms i n  the  upper 

and lower l aye r s  of p l an t  and r i v e r .  

From the d e f i n i t i o n  of a w-ratio (Exhibi t  UT-3, p. 3-HV-381, 

w = eDpV/fDRu and w = eDpL/fDRL u L 

The w-rat ios ,  as ca lcu la t ed  d i r e c t l y  from the  observed p l an t  and r i v e r  

d e n s i t i e s ,  are biased e s t ima to r s  of t he  r a t i o s  of a c t u a l  p l an t  and 

r i v e r  upper and lower l a y e r  d e n s i t i e s .  However, i f  t he  r a t i o  of 

w-ratios is ca l cu la t ed ,  the  gear  b i a s  terms e and f cancel  out: 

I n  the  GBC method, r a t i o s  of upper and lower l aye r  w-ratios are used t o  

compute W-factors t h a t  are independent of b iases  caused by unequal 

p l a n t  and r i v e r  sampling e f f i c i e n c i e s .  

The GBC method employs s impl i fy ing  assumptions about t he  

d i s t r i b u t i o n  of organisms i n  the upper layer of the r i v e r  and about t he  

flow of water i n t o  a power p l an t  in take .  For t h i s  reason we use i t  as 

a complement t o ,  r a t h e r  than a replacement f o r ,  t he  Modified U t i l i t y  

(MU) method. Moreover, s i n c e  the  Bowline p l an t  draws water from 

Bowline Pond r a t h e r  than d i r e c t l y  f t m  the  r i v e r ,  i t  is  un l ike ly  t h a t  
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the  upper and Power l a y e r s  of t he  Bowline in t ake  bay a re  i n  any way 

r e l a t e d  to the  upper and lower l aye r s  of the  r i v e r .  For t h i s  reason 

the  GBC method is  not  used to  e s tha t e  W-factors f o r  Bowline. For t h i s  

p l an t ,  t he  Modified U t i l i t y  method can be used t o  compute es t imates  of 

W-factors t h a t  are f r e e  from gear b i a s ,  using the  Bowline Pond 

ichthyoplankton da ta  in s t ead  of in t ake  da t a .  

The assumptions requi red  by the  GfK: method a r e  discussed i n  d e t a i l  

i n  Sect ion 2.2.1;  t he  computational procedure is  explained i n  

Sec t ion  2.2.2. 

2.2 .1  Discussion of Assumptions 

The GBC method is  based on four  assumptions: 

(1) There are no lateral t r ends  i n  the  abundance of organisms i n  

the  upper l aye r  of t he  r i v e r .  Such t rends  may, however, 

e x i s t  i n  the luwer layer .  

There i s  no a c t i v e  avoidance of t he  in t ake  s t r u c t u r e  by 

e n t r a i n a b l e  ichthyoplankton. 

Power p l a n t s  draw 57% of t h e i r  cool ing water from the  upper 

layer  of t he  r i v e r  and 43% from the  lower layer. 

All water i n  the  upper layer  of am i n t ake  bay i s  drawn from 

the  upper layer  of t he  r i v e r .  Water i n  the  lower layer  of an 

in t ake  bay comes from both l aye r s  of the  r i v e r .  

The f i r s t  assumption, t h a t  of absence of l a t e r a l  t rends  i n  

abundance i n  the  upper l a y e r  of t he  r i v e r ,  is cons i s t en t  with da ta  on 

the l a t e r a l  d i s t r i b u t i o n  of ichthyoplankton repor ted  i n  Exhib i t s  UT-4, 

UT-6, and UT-7. I n  Sec t ions  7.4.1.5.1 and 7.4.2.6.1 of Exhibi t  UT-4, 

TI repor ted  r e s u l t s  obtained from s t u d i e s  of the  l a t e r a l  d i s t r i b u t i o n  

of s t r i p e d  bass  yolk-sac and post  yolk-sac l a rvae  i n  the  Cornwall 

v i c i n i t y .  The lateral d i s t r i b u t i o n  of yolk-sac l a rvae  a t  the  su r face  

and at the  bottom w a s  s tud ied  on Mag 22-23 and May 28-29, 1975. On 

May 22-23, no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  i n  dens i ty  between 

east, channel, o r  w e s t  zones or between su r face  and bottom strata were 

found (Exhib i t  UT-4, Fig.  7 .4 -8 ) .  On May 28-29, t he  sur face  dens i ty  of 

yolk-sac l a rvae  w a s  s i g n i f i c a n t l y  lower i n  the  channel zone than i n  the  

(2 )  

(3 )  

( 4 )  
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w e s t  zone. The l a t e r a l  d i s t r i b u t i o n  of post  yolk-sac l a rvae  was 

s tudied  on May 28-29 and on. June 13-14, 1975. Although s t a t i s t i c a l l y  

s i g n i f i c a n t  t rends  i n  l a t e r a l  abundaose were noted i n  the  bottom l aye r  

on June 13-14, no such t r ends  were found at the su r face  (Exhibi t  UT-4, 

Fig. 7.4-18). 

Exhibi t  UT-6 contains  information on the l a t e r a l  d i s t r i b u t i o n  of 

w h i t e  perch, s t r i p e d  bass ,  Atlantic tomcod, -I_ Alosa, and bay anchovy eggs 

and la rvae  i n  the  Roseton/IDanska e~ v i c i n i t y  from 1974 through 1976. 

No cons i s t en t  l a t e r a l  trends in abundance were observed a t  any depth 

f o r  white perch or  s t r i p e d  bass eggs or la rvae  (Exhibi t  UT--6, 

Tables 9.1-2, 9.1-4, 9.1-8, 9.1-10). There is sone evidence for a 

t rend i n  l a t e r a l  d i s t r i b u t i o n  of A t l a n t i c  tomcod l a rvae  i n  the 

Roseton/Danskamer v i c i n i t y  (eggs were co l l ec t ed  on too few sampling 

da te s  for t rends  t o  be observed),  Data obtained on f i v e  sampling dates 

a re  l i s t e d  i n  Table 9.1-15 of Exhibi t  UT-6. Both a t  the su r face  and a t  

t he  bottom, A t l a n t i e  tomcod l a rvae  were most abundant at the  west 

s t a t i o n  and 'beast abundant a t  t he  e a s t  s t a t i o n  on t h ree  of the  five 

dates .  Stronger evidence fo r  a t rend i n  l a t e r a l  abundance e x i s t s  for 

Alosa eggs and la rvae .  Eggs have been c o n s i s t e n t l y  most abundant a t  

the  w e s t  s t a t i o n  at  a l l  depths  (Exhibi t  UT-6, Table 9.1-16). Larvae 

have been c o n s i s t e n t l y  most abundant at the  e a s t  s t a t i o n  a t  a l l  depths 

(Exhibi t  UT-6, Table 9.1-18). A p l a u s i b l e  hypothesis  explaining the  

observed t rend i n  l a r v a l  d i s t r i b u t i o n  is presented p. 9.1-55 of 

Exhibit  UT-6: the higher  abundance of la rvae  at the  e a s t  s t a t i o n  may 

be r e l a t e d  t o  i t s  proximity t o  the mouth of Wappinger's Creek, a 

poss ib l e  spawning s i te  f o r  la rge  numbers of alewi.fe and bluebaclc 

he r r ing .  

spawning a c t i v i t y  on the w e s t  s i d e  of the r i v e s  than on the e a s t  s i d e ,  

no explanat ions are proposed i n  Exhibi t  UT-6. Data presented i n  

Table 9.1-22 of Exhibit  UT-6 i n d i c a t e  no l a t e r a l  t r ends  in l a r v a l  bay 

anchovy abundance a t  any depth. 

Although the  egg d i s t r i b u t i o n  data i n d i c a t e  g r e a t e r  Alma 

Data presented i n  Tables 9.1-4 and 9.1-8 of Exhibit  UT-7 do not 

revea l  any cons i s t en t  l a t e r a l  d i s t r i b u t i o n  pa t t e rns  f o r  l a r v a l  white  

perch or s t r i p e d  bass i n  the  Bowline v i c i n i t y .  White perch la rvae  
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w e r e ,  as noted on p. 9.1-12 of Exhibi t  UT-7, more abundant a t  the  

channel s t a t i o n  than a t  the  e a s t  or west s t a t i o n s  on the  d a t e s  of peak 

abundance i n  1975 and 1976, but no such p a t t e r n  w a s  observed i n  1973 or  

1974. The h ighes t  d e n s i t i e s  of eggs of both spec ie s  appear t o  be found 

a t  t he  e a s t  and w e s t  s t a t i o n s  (Tables 9.1-2 and 9.1-7), with lowest 

d e n s i t i e s  at the  channel s t a t i o n s .  Unlike the  p a t t e r n  observed a t  

Roseton/Danskamer, t h e r e  appears t o  be no east-west t rend i n  abundance 

of A t l a n t i c  tomcod (Table 9.1-11) or Alosa (Table 9-1-14] l a rvae  in the  

Bowline v i c i n i t y .  Few A t l a n t i c  tomcod or Alma eggs have been 

c o l l e c t e d  a t  Bowline, and thus  the re  i s  no l a t e r a l  d i s t r i b u t i o n  d a t a  

f o r  t h i s  l i f e - s t a g e  of e i t h e r  spec ie s .  

abundance of bay anchovy eggs have been observed i n  the  Bowline 

v i c i n i t y  (Exhib i t  UT-7, Table 9.1-17>, such a t rend  does e x i s t  f o r  

l a r v a l  bay anchovy (Exhibi t  UT-79 Table 9.1-18). e n s i t i e s  of l a rvae  

are usua l ly  lower a t  t he  channel s t a t i o n  than a t  t he  shallower e a s t  and 

w e s t  s t a t i o n s .  

Although no l a t e r a l  t rends  i n  

In summary, our f i r s t  assumption is gen txa l ly  supported by results 

presented i n  Exhib i t s  UT-4, UT-6, and UT-7. These r e s u l t s  i n d i c a t e  

t h a t  cons i s t en t  l a t e r a l  t r ends  i n  abundance of eggs and l a rvae  of t he  

Hudson River f i s h  spec ie s  considered i n  t h i s  testimony a r e  the  

except ion r a t h e r  than the  r u l e .  

There i s  no d i r e c t  evidence with which to test  our second 

assumption, t h a t  of t he  absence of a c t i v e  ineake avoidance by 

ichthyoplankton. Active i n t a k e  avoidance i s ,  o r  course9  impossible f o r  

eggs and probably impossible f o r  yolk-sac l a rvae .  It is a t  least 

t h e o r e t i c a l l y  poss ib l e  f o r  post  yolk-sac l a rvae  and e a r l y  juven i l e s  t o  

d e t e c t  a l t e r a t i o n s  i n  cu r ren t  p a t t e r n s  caused by the  in t ake  fl0w and t o  

r e a c t  t o  these  a l t e r a t i o n s .  Whether de t ec t ion  a c t u a l l y  does occur ,  and 

whether any of these  organisms escape the  in t ake  flow once it is 

de tec t ed ,  a r e  unknown. 

Our t h i r d  assumption, thae power p l a n t s  draw 57% of t h e i r  cool ing 

water from the  upper l aye r  of t he  r i v e r  and 43% from t he  lower l aye r ,  

is der ived from t he  LaSal le  hydraul ic  mode1 s tudy ,  descr ibed on 

p. 3-IV-62 of  Exhibi t  UT-3. Although the  LaSal le  s tudy w a s  designed t o  
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pred ic t  pa t t e rns  of water withdrawal fo r  t he  Indian Point p l a n t ,  LplS 

has argued (Exhibi t  UT-3, p.  3-IV-62) t h a t  the r e s u l t s  a r e  a l s o  

appl icable  a t  o ther  Hudson River power p l an t s .  In t he  absence of 

hydraul ic  model s tud ie s  fo r  Lovet t ,  Roseton, and Danskamner, w e ,  l i k e  

LMS, have appl ied the  Indian Point  results t o  a l l  o ther  p l an t s .  

Our four th  assumption, t h a t  a l l  of the  water i n  the  upper layer  of 

an in t ake  bay is drawn from the  upper l aye r  of t he  r i v e r ,  while  water 

i n  the  lower layer  of an in t ake  bay i s  drawn from both l aye r s  of the  

r i v e r ,  is  not t e s t a b l e  with any e x i s t i n g  data .  It is  employed because 

it is the  s i m p l e s t  assumption t h a t  is  cons i s t en t  with the  v e r t i c a l  

ve loc i ty  p r o f i l e s  observed at  power plant  in takes .  I f  57% of power 

p lan t  cool ing water is drawn from the upper layer  of the  r i v e r  and 43% 

is drawn from the  lower l a y e r ,  then it must be t r u e  t h a t  e i t h e r  57% of 

the  t o t a l  flow en te r s  the p lan t  through the  upper ha l f  of t he  in t ake  

bay, or e l s e  water from the  upper layer  of the  r i v e r  e n t e r s  t he  lower 

ha l f  of the in t ake  bay. I f  57% of the  t o t a l  flow is  drawn through the  

upper ha l f  of the  in t ake  bay, then the  mean ve loc i ty  of water i n  the  

upper ha l f  should be 1.33 (0.57/0.43) times as high a s  the  mean v e l o c i t y  

i n  the  lower h a l f .  Table 9.1A-4 of Exhibi t  UT-7A shows t h a t  a t  Bowline 

the  r a t i o  of v e l o c i t i e s  of water en te r ing  the upper and lower ha lves  of 

the  in t ake  bay is much too small t o  r e s u l t  i n  57% of the  t o t a l  flow 

being drawn i n  through the  upper h a l f .  The g r e a t e s t  d i f f e rence  i n  

v e l o c i t i e s  is observed at  low t i d e  when a l l  s i x  pumps a re  operat ing.  

I n  t h i s  case the r a t i o  of su r face  t o  bottom v e l o c i t i e s  i s  1.17 

(0.83/0.71). However, t he  average v e l o c i t i e s  i n  the  upper 2nd lower 

l aye r s  a r e  probably b e t t e r  es t imated ,  r e spec t ive ly ,  by the  mean of t he  

su r face  and middepth v e l o c i t i e s  and the  mean of the middepth and bottom 

v e l o c i t i e s .  I f  these la t ter  measures of v e l o c i t y  a r e  compared, then 

the  mean ve loc i ty  i n  the  upper l aye r  of the  in take  bay is only 1.08 

(0.785/0.725) t i m e s  a s  high as t h a t  i n  the  lower l ayer .  

Texas Instruments measured ve loc i ty  p r o f i l e s  a t  Indian Point  u n i t  2 

t r a v e l l i n g  screens  i n  1974 (Exhib i t  EPA-92B). 

experiments,  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  between the  

v e l o c i t i e s  measured a t  d i f f e r e n t  depths  were de tec ted .  Approach 

TIP. 18 out of 16 
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v e l o c i t i e s  measured on t he  upper halves  of i n t a k e  screens  w e r e  

s u b s t a n t i a l l y  h igher  than those measured on t he  lower ha lves  only i n  

four  cases  i n  which screens  were f i t t e d  wi th  experimental  f i s h  

c o l l e c t i o n  baske ts  (Exhib i t  EPA-92B, Table 111-6). No c o n s i s t e n t  

v e r t i c a l  t r ends  i n  v e l o c i t y  were observed i n  experiments conducted a t  

unbasketed sc reens  (Exhib i t  EPA-92B, Table 111-7). 

Thus, v e r t i c a l  v e l o c i t y  p r o f i l e s  observed a t  B o w l i n e  and Indian 

Point  i n d i c a t e  t h a t  when d i f f e r e n c e s  between v e l o c i t i e s  i n  t h e  upper 

l a y e r  and the  lower l a y e r  of an in t ake  bay e x i s t ,  t he  v e l o c i t y  i n  the  

upper layer  is usua l ly  h igher  than i n  the  lawer l aye r .  However, such 

d i f f e r e n c e s  are not found c o n s i s t e n t l y  and a r e  not l a r g e  enough to  

r e s u l t  i n  57% o f  the  in t ake  flow being drawn i n  through the  upper h a l f  

of the  in t ake  bay. Therefore ,  we f e e l  s a f e  i n  assuming t h a t  some water 

from the upper l aye r  of t he  r i v e r  is present  i n  the  lower l aye r  of an 

in t ake  bay. 

Given t h a t  some w a t e r  from the  upper l aye r  of t h e  r i v e r  enters the  

lower ha l f  of an i n t a k e  bay, t he  s imples t  p o s s i b l e  way to  appor t ion  the 

water coming from the  upper and lower l aye r s  of t he  r i v e r  is t o  assume 

tha t :  

(1) 50% of  the  t o t a l  cool ing water flaw e n t e r s  t he  upper h a l f  of 

the  i n t a k e  bay and 50% e n t e r s  t he  lower h a l f .  

(2 )  The 43% of t he  cool ing  water flow t h a t  is drawn from the  

lower l aye r  of t he  r i v e r  a l l  e n t e r s  t he  lower ha l f  of t he  

i n t a k e  bay. 

Given these  two assumptions, the  remaining water e n t e r i n g  the  p l an t  

through the  lower ha l f  of t he  i n t a k e  bay, r ep resen t ing  7% of the  t~taZ 

flow, is drawn from the  upper l a y e r  of t he  r i v e r .  Therefore 86% 

(43/50) of the  water i n  the  lower l aye r  of t he  i n t a k e  bay is drawn from 

the  lower layer  of t he  r i v e r  and 142 i s  drawn from the  upper l aye r .  

The remaining 50% of the  total  flow, a l l  drawn from t h e  upper layer  of 

the  river, enters the  upper h a l f  of the i n t a k e  bay. 
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2.2.2 Descr ipt ion of _I C o x u t a t i o n a l  ._ Procedure 

The f i r s t  s t e p  i n  the procedure f a r  ca l cu la t ing  a W-factor for  a 

p a r t i c u l a r  f i s h  populat ion and l i f e - s t age  a t  a p a r t i c u l a r  p l an t  is  the  

es t imat ion  of seasonal  upper and lower layer  w-ratios.  Like LMS 

(Exhibi t  UT-3, Section 3-]CV), we use the  sur face  and middepth samples 

from plan t  or  r i v e r  t o  estimate the  dens i ty  of organisms i n  the  upper 

l a y e r  and the  middepth and bottom samples to estimate the  dens i ty  i n  

the luwer layer .  The p1ap.t and r i v e r  upper-and lower-layer d e n s i t i e s  

f o r  each date are computed using the  procedure described i n  Sect ion 2.1 

fo r  the Modified U t i l i t y  (NU) method: 

a given date from a given l a y e r  during a given time period (day o r  

n i g h t )  are pooled [Eq. (V-l)]. 

a l l  of the samples  co l l ec t ed  on 

In order  t o  compute v a l i d  upper- and lower-layer w-ratios under 

the  assumptions described i n  Sect ion 2.2.1, the  est imated d e n s i t i e s  of 

organisms i n  the upper and lower layers  of an in t ake  bay should be 

es t imates ,  respec t ive ly ,  of t he  d e n s i t i e s  of organisms i n  cool ing water 

drawn from the  upper and lower l aye r s  of the  r i v e r .  However, the lower 

layer  of an in take  bay contains  water d r a m  from t he  upper l aye r  of t h e  

r i v e r .  Since. the  upper and lower layers  of the  r i v e r  m y  conta in  

d i f f e r e n t  d e n s i t i e s  of organisms, the observed dens i ty  of organisms i n  

the  lower layer  of an in take  bay must be adjusted t o  account for  the 

presence of water d r a m  from the  upper layer of t he  r i v e r .  W e  define: 

= observed dens i ty  of organisms i n  water d r a m  from the  dm 

d;L 

upper layer  of t he  r i v e r ,  

= observed dens i ty  of organisms i n  the lower layer  o f  the  

in take  bay, r e f l e c t i n g  the  mixing of water dram from both 

layers  of the r i v e r ,  

= adjusted dens i ty  of organisms in water drawn from the  
dPL 

lower layer  of t he  r i v e r .  

Since 86% of the water i n  the lower layer  o f  the  in take  bay is drawn 

from the lower layer  of the  r i v e r  and 14% is d r a m  from the  upper layer  

(Sect ion 2.2.1), we express  the  r e l a t i o n s h i p  between the  ad jus ted  
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dens i ty  i n  the lower l aye r  of the i n t a k e  barf and the  observed upper- 

and lower-layer d e n s i t i e s  u s i n g  the  fal lowing equation: 

Rearranging, t he  adjusted dens i ty  of organisms i n  water drawn from the  

lower l aye r  of t he  r iver  i s  given by: 

Equation (V-7) is used t o  a d j u s t  the d e n s i t y  estimates f o r  t h e  lower 

layer of the  i n t a k e  bay as computed from the r a w  d a t a ,  t o  account f o r  

the presence of water drawn f rom the  upper l aye r  of the  r iver .  

Occasionally,  t he  observed d e n s i t y  in t he  lower l aye r  of t he  i n t a k e  bay 

is less than 14% of the observed d e n s i t y  is t h e  upper l aye r .  I n  t hese  

cases  the  adjusted d e n s i t y  i n  the lower l aye r  is set  equal t o  0 .  

After  t he  computatian and adjustment e f  dens i ty  estimates f o r  each 

d a t e ,  seasonal  p l an t  and r i v e r  upper and lower l aye r  d e n s i t i e s  are 

ca lcu la t ed  as unweighted averages over a l l  da t e s  (i.e., t he  same 

procedure used i n  the MI method). 

computing t h e  r a t i o  of the seasonal  p i an t  upper l aye r  dens i ty  t o  t h e  

seasonal  r iver upper l aye r  d e n s i t y  and of the p l an t  lower l aye r  dens i ty  

t o  the  r i v e r  lower l a y e r  densi ty:  

Next, w-ratios are obtained by 

W e  next u se  t h e  gear b i a s  cance l l i ng  p r i n c i p l e  t o  compute an estimate 

of wL which if f r e e  from gear b i a s .  

w-ratios t h a t  can be used to express the observed value of w as a 

funct ion of  the observed value of w 

F i r s t ,  we f o r m  8 ratio of 

L 

U: 
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This p a r t i c u l a r  r P t i o ,  r a t h e r  than o the r  poss ib le  r a t i o s  (e.g., w /w I t  
is employed because the  d i s t r i b u t i o n  of poss ib l e  values  of A i s  

symmetrical around 0 and bounded by 1.0 and -1.0. If t he  d i s t r i b u t i o n  

w e r e  a s y m e t r i c a l ,  then sampling e r r o r  could cause es t imates  of A to be 

severe ly  biased.  It i s  easy t o  v e r i f y  t h a t  gear b i a s  terms cancel  ou t  

of Eq. (V-10) so t h a t  the  f a c t o r  A is f r e e  of gear b i a s .  Using the  

d e f i n i t i o n s  o f  w and w presented on p. V-18 ,  

Eq. (V-10) can be r ewr i t t en  as: 

U L  

U L 

where Dyu, Dau, DpL, and DRL a r e  the  a c t u a l  d e n s i t i e s  of 

organisms i n  the  upper and Lower l aye r s  of the  r i v e r  and in t ake  bay. 

Next, w e  express w as a funct ion of 69 and A: 
L u 

As discussed i n  Sect ion 2.2.1, we assume t h a t  t he re  are no l a t e r a l  

t rends  i n  ichthyaplankton abundance i n  the  upper layer of the r i v e r ,  

and no a c t i v e  avoidance of the in t ake  s t r u c t u r e  by en t r a inab le  

organisms. Given those assumptions, and given 

upper layer  of an in t ake  bay is drawn from the  

the  dens i ty  of organisms i n  the upper l aye r  of 

equal  t o  the  dens i ty  i n  t he  upper l aye r  of t he  
a 

t h a t  a l l  water i n  the 

upper l a y e r  of the  r i v e r ,  

an i n t a k e  bay should be 

r i v e r .  Therefore,  t he  

a c t u a l  value of w 

1.0 (observed devia t ions  from 1.8 a r e  assumed t o  be a t t r i b u t a b l e  to  

sampling e r r o r  or t o  unequal p l an t  and r i v e r  gear  e f f i c i e n c i e s ) .  

Assuming t h a t  t he  value of w i s  1.0, our es t imate  of the t r u e  value 

of w is given by: 

which we w i l l  denote as w-- should be equal  t o  u’ u’ 

* 
U 

L 

(v-12) 
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Values of  A a r e  computed from the  seasonal  es t imates  of upper and 

lower l aye r  w-ratios [Eqs. (V-8 and (V-9>] , t  
chosen to combine e s t ima tes  of A obtained a t  the  s a m e  p l an t  during 

d i f f e r e n t  years  before  computing wLe 

Wherever poss ib l e ,  we have 

* 
We do t h i s  fo r  two reasons: 

(1) I f  the  observed value of w is  O..O, as occas iona l ly  occurs 
U 

f o r  s m e  spec ie s  and l i f e - s t a g e s  then unless  t he  observed 

value of w 

(= 2/01 cannot be computed. Combining values  of A across  

years e l imina te s  t h i s  problem. ‘If so few organisms a r e  

c o l l e c t e d  a t  a given p l an t  t h a t  observed values  of w are 

equal t o  0.0 f o r  more than one year ,  t he  GBC method is not 

used to calculate a W-factor. 

Combining values  of A across  years allows W-factors t o  be 

computed for  years  i n  which the p lan t  d a t a  a r e  not usable  

(e.g., Roseton i n  1974) ,  provided t h a t  s u f f i c i e n t  r i v e r  da t a  

e x i s t  for  t h a t  year and t h a t  s u f f i c i e n t  p lan t  d a t a  e x i s t  for 

other  years. 

* 
is a l s o  O.Q, A i s  equal  t o  -1.0 and wL L 

U 

(2) 

Thus, es t imates  of A t h a t  apply across  years  a t  any given p l an t  are 

computed as unweighted means of t he  values  computed f o r  each ind iv idua l  

year ( 3  years  a t  Indian Poin t ,  2 years fo r  a l l  o ther  p l a n t s ) .  After 

t he  across-years es t imate  of A is obtained,  wL is ca l cu la t ed  using 

Eq. (V-12). 

* 

* 
F i n a l l y ,  t he  computed value of wL and the  f r a c t i o n a l  

d i s t r i b u t i o n  of organisms i n  the  upper and lower l aye r s  of t h e  r i v e r  

are used t o  compute the  W-factor. I f  power p l a n t s  withdrew water 

equa l ly  from a l l  depths and t h e r e  were no v e r t i c a l  s t r a t i f i c a t i o n  of 

organisms in t he  r i v e r ,  then the  number of organisms en t r a ined  per u n i t  

time could be est imated from the  fol lowing equation: 
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where 

E = number of organisms entrained per u n i t  t i m e ,  

Q = water withdrawal rate,  

W = dep th-averaged W- f ac t o r ,  

N = number of organisms i n  the r i v e r  segment from which the plant  

withdraws water 

V = volume of the r i v e r  segment from which water is withdrawn. 

Since we have assumed t h a t  t he  r i v e r  c o n s i s t s  of two d i s t i n c t  l aye r s  

and t h a t  power p l an t s  draw water d i f f e r e n t i a l l y  from these two l a y e r s ,  

Eq. (V-13) must be modified t o  account f o r  these assumptions: 

(V-14) 

where 

Q , ,  Q, = water withdrawal rates from the upper and lower l aye r s  of 

the r i v e r ,  

* *  
= upper and lower layer  w-ratios,  "u, "L 

NUS ML = numbers of organisms i n  the upper and lower l aye r s  of 

the  segment from which w a t e r  is withdrawn, 

Vu, VL = volumes of  upper and lower l aye r s  of the r i v e r  

e n t  from which water is  withdrawn. 

Because we have defined the upper and lower l age r s  of the r i v e r  with 

respect  t o  a boundary t h a t  is e q u i d i s t a n t  between su r face  and bottom 

from shore t o  shore,  V 

cooling water is drawn from the  upper l aye r  of the r i v e r  and 43% from 

the lower l a y e r ,  and t h a t  w 

r e w r i t t e n  as: 

is  equal t o  VL. Given t h a t  57% O €  the  u 

* 
i s  equal t o  1.0, Eq. (V-14) can be: U 

(V-15) 
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I f  we def ine  f as the f r a c t i o n  of organisms i n  the  r i v e r  segment 

t h a t  a r e  contained i n  the  upper l aye r  of the r i v e r  and f L  as the  

f r a c t i o n  contained i n  the  lower layer, then: 

u 

* 
E = 1.14QfUN/V + 0 . 8 6 Q ~ ~ f . ~ N / V  

* 
= Q(1.14fu + Q . $ ~ w ~ ~ . ~ ) N / V  . 

I f  Eqs. (V-13) and (V-16) are compared, it can be seen t h a t  t h e  

expression i n  parentheses  i n  ~ g .  tV-16) is equiva len t  t o  the  

depth-averaged W-factor i n  Eq. (V-13). Therefore ,  

* 
w = 1.14fu + 0.86wLfL e (V-a7 1 

Since we have 

t h a t  t h e i r  volumes 

def ined the  upper and lower layers o f  t he  r i v e r  so 

a r e  equal ,  only the  d e n s i t i e s  of organisms i n  the  

upper and lower l a y e r s ,  r a t h e r  than abso lu te  s tanding crops,  are 

required i n  order  to es t imate  f u 
from the  same d a t a  bases used t o  compute the  w-ratios and the  MU 

W-factors. Seasonal upper and lower l aye r  d e n s i t i e s  are computed by 

the same method used i n  computing the  w-ratios I: Eqs. (V-2 )  and (V-?))I .  

However, da t a  obtained m a l l  r i v e r  sampling da te s  a r e  used, r ega rd le s s  

of whether or  not  simultaneous c o l l e c t i o n s  were made a t  t he  p l an t .  

Given the  seasonal  mean d e n s i t i e s  D RU 
d i s t r i b u t i o n  of organisms i n  the  upper and lower Payers of t he  r i v e r  is 

ca l cu la t ed  from the  following equations: 

and fL. These values  a r e  obtained 

and DRL, the  f r a c t i o n a l  

(V-18) 

tv-19) 

Unlike the  values  of A, f U  and fL a r e  computed sepa ra t e ly  for each 

year .  Thus, each GBC W-factor is computed from a value of  A that 

a p p l i e s  across  years and values  of f and f t h a t  are year -spec i f ic .  u L 
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3. RESULTS 

t he  MU and GBC methods were appl ied o 

plant  and r i v e r  ichthyoplankton da ta  co l l ec t ed  a t  the Bowline, Lovet t ,  

Indian Poin t ,  Roseton, and Danskamer power p l an t s  are presented i n  

Tables V-3 - V-12. The populations fo r  which W-factors could be 

computed a r e  s t r i p e d  bass  (Tables V-3 and V - 4 1 ,  white perch (Tables V-5 

and V-61, A t l a n t i c  tomcod (Tables Y-7 and Y-81, bay anchovy (Tables V-9 

and V-101, and Alosa spp. (Tables V - l l  and V-12). Appendix B contains  

desc r ip t ions  of the  da t a  bases used t o  compute W-factors for  each p lan t  

and year. Separate  day and n ight  M-factors were computed f o r  each of 

four  l i f e - s t ages  (eggs, yolk-sac l a rvae ,  post yolk-sac l a rvae ,  and 

j u v e n i l e s )  f o r  t he  years  1974 through 1876. 

It w a s  not poss ib le  t o  compute W-factors fo r  a l l  populat ions,  

l i f e - s t ages ,  p l a n t s ,  and years .  I n  some cases  no da ta  Mere ava i l ab le .  

No 1974 da ta  fo r  any population were a v a i l a b l e  fo r  Lovett and 

Danskamner. Although 1974 ichthyoplankton abundance da ta  were ava i l ab le  

fo r  a l l  spec ies  for  Bowline and Roseton, only the  s t r i p e d  bass da t a  

w e r e  broken down by l i f e - s t age .  For a l l  o ther  populat ions yolk-sac 

larvae, post yolk-sac l a rvae ,  and juven i l e s  w e r e  pooled. W-factors 

could not be computed f o r  those populat ions and l i f e - s t ages .  For bay 

anchovy, 1976 Lovett i n t ake  da t a  were not ava i l ab le .  

I n  o the r  cases W-factors were not computed because the  ava i l ab le  

da t a  were deemed unsu i t ab le  ( see  Sect ion 4 )  or because too  few organisms 

were caught. The 1974 s t r i p e d  bass da ta  co l l ec t ed  a t  t he  Roseton in t ake  

were excluded because o f  i n s u f f i c i e n t  sampling e f f o r t  ( see  d iscuss ion  

i n  Sect ion 4 ) .  Therefore,  no W-factors could be ca lcu la ted .  Since 

s u f f i c i e n t  Roseton/Danskamer r i v e r  t r a n s e c t  da t a  were a v a i l a b l e  

f o r  1974, GBC W-factars could s t i l l  be ca lcu la ted .  As mentioned i n  

Sect ion 2.2, GBC W-factors were not ca l cu la t ed  for  any population a t  

Bowline because t h i s  p l an t  does not draw water d i r e c t l y  from the  r i v e r .  

MN W-factors fo r  Bowline were ca lcu la ted  using the  Bowline Pond da ta  

r a t h e r  than the in t ake  da t a  t o  es t imate  tile dens i ty  of organisms at  the  

p l an t .  Unlike the in t ake  samplest the pond samples are co l l ec t ed  using 
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Table V-3. W-factors for s t r i p e d  bass computed using the Modif ied 
U t i l i t y  (MU) r n e t h 0 d ~ 9 ~  

-- 
1974- 1975 1976 

Plant  L i fe-s tage Day Night Day Night Day Night 
- 

PYSL 
Juven i 1 es 

Lovet t 

P Y X  
Juwen i 1 es 

I n d i m  Qlgs 
Poin t  YSL 

PYSL 
Juven i 1 es 

Roseton Ews 
Y se 
PYSL 
Juven i 1 es 

Danskamner Eggs 
Y se 
PYSL 
Juveni les 

..- -- 
0.36 0.08 
0.49 0.40 -- -- 

1.37 1.61 
0.98 0,61 
0.45 0.65 -.. -- 

0.03 0.89 
0.32 0.11 
0.24 0.98 -- -- 
-" 0.98 

4.16 0.43 
1.42 3.31 -- -- 
0.64 1.94 
0.41 0.28 
0.69 1.40 -- -- 
1.95 -- 
1.66 1.03 
2.20 0.61. -- -- 
0.39 -- 
0.61 0.48 
1.23 0.16 
-c ..- 

0.28 0.00 
0.10 0.17 
0.10 0.60 -- -- 
0,16 0.28 
0.14 0,55 
0.04 0.64 -- -- 

0.49 0.85 
8.48 0.49 
1.07 0.39 -- -- 
2.01 3.31 
1.05 0.76 
0.91 0.29 -- -- 
1.56 6.82 
2.58 0.78 
2.34 1.03 -- ..- 

aSources o f  data descrsibed i n  Appendix B. 

b ~ h e  ava i l  able a t a  were not s u f f i c i e n t  t o  calculate WI-factors for a l l  
l i fe -s tages  at  a l l  p lan ts  dur ing a l l  years. 
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Table V-4. W-factors for striped bass computed using the Gear Bias 
cancell ing (GBC) rnettwdasb,c 

-. 1974 1995 1976 

P1 ant Life-stage Day Night Day Night Day N i g h t  

0.32 0.59 0.32 
-- -- 1.15 1.16 1.15 1.16 

3.37 1.45 3.29 1.55 

-- -- -- Lovett Eggs 
Y SL 
PY SL -- -- 
Juven i 1 es ..,- -- -- -.., ..,- -- 

Indian Eggs 1.22 0.16 1.20 0.34 1.20 0.24 
Point Y s1. 0.82 0.86 0.77 0.80 0.79 0.86 

PY SI" 0.98 0.97 0.98 0.91 0.97 0.91 
Juvcn i 1 es -- -- -- -- -- -- 

Ros e t  on Eggs 0.66 0.37 0.37 -- Q,41 0.24 
Y SL 0.98 0.78 0.95 0.78 0.94 0.76 
PYSL 0.55 0.84 0,64 0.88 0.62 0.86 
J u w n  -s' I es Î -- -- -- -- -^ 

Dansk amner Eggs -- -- 1.18 --. 1.17 0.94 
Y SL -- -- 0.55 0.88 0.52 0.86 
PY se -- -- 0.69 0.99 0.68 0.99 
Juven i 1 es D_ -... -- -- -.. -- 

aS~urces  o f  data described in Appendix 8. 

h h e  available data were no t  sufficient t o  calculate W-factors for a l l  

cGBC W-factors are not calculated f o r  Bowline. 

life-stages at  a l l  p l an t s  during a l l  years. 
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Table V-5. W-factors for white perch computed using the Modified 
Ut i l i t y  (MU) methodasb 

1974 1975 1976 

Plmt Life-stage Day Nigh t  Day Might Day Might 

Bow 1 i ne ElSlSs 
YSL 
PY SL 
Juven i 1 es 

Lovet t E X P  
Y SL 
PYSL 
Juven i 1 es 

Indian Eggs 
Poi n t  Y SL 

PYSL 
Juven i 1 es 

Roseton Eggs 
Y SL 
PY St 
Juven i 1 cs 

Danskamer Eggs 
Y SL 
PY se 
Jwen i 1 es 

21.51 
0.78 
0.09 -- 
-- 
_- 

1.12 -- 
2.59 

0.60 
0. ai 

-- 
4.38 
8.85 
0.84 -- 
16.68 
0.51 
1.85 -- 

-- 
0.49 
0.74 -- 

P- -- 
1.17 
-I 

0.16 
0.50 -- 
3.23 
1.34 
0.88 -- 
11.14 
0.00 
1.04 -- 

2.04 

0.24 
-- 
-- 

0.67 
0.21 
0.03 

2.19 
1.30 
1.28 

-- 

-- 
9.56 
0.22 
1.98 -- 
18.67 
0.21 
0.45 -- 

-- 
-- 

0.78 -- 
0.37 
0.14 
0.13 

6.21 
0.14 
1.10 -- 
4.93 
0.56 
0.40 -- 
16.68 
0-32 
8,83 -- 

aSources o f  data described in Appendix B. 

bThe available data were not suff ic ient  t o  calculate W-factors f o r  a l l  
l ife-stages a t  a l l  plants dur ing  a l l  years. 
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Table V-6. W-factors f o r  whi te perch computed using the  Gem Bias 
Cancel l ing (GEIC) rnett2oda9b9c 

1974 1975 i976 

P1 ant L i fe-s tage Day Night Day Night Day Night 

Lovet t  Eggs 
YSL 
PY SL 
Jkmven i 1 es 

Ind ian Eggs 
Point  YSL 

PYSL 
Juven I 1  es 

PYSL 
Juven i 1 es 

Danskamer Eggs 
YSL 
PYSL 
Juven i 1 es 

1.18 1.36 
0.90 0,56 
0.92 0.77 

1.18 1.43 
0.89 0.53 
0.90 0.76 

0.43 0.56 
0.28 1.46 
1.05 0.99 
-I -- 
0.35 0.44 
0.69 1.06 
0.82 1.01 

0.45 1.12 
0.75 0.73 
1.13 0.98 

1.18 1.73 
0.93 0.69 
8.93 0.80 

0.50 0.64 
0.64 1.33 
1.05 0.99 

0.43 0.53 
8.88 1.09 
0.80 1.02 

aSources o f  data described i n  Appendix B. 

bThe ava i lab le  data were not s u f f i c i e n t  t o  ca lcu la te  W-factors for a l l  

CGBC W-factors are not ca lcu lated for Bowline. 

l i fe -s tages  a t  a l l  p lan ts  dur ing a l l  years. 
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Table V-7. W-factors f o r  A t l a n t i c  tomcod computed using the Modif ied 
U t i l i t y  (Mu) rnethodayb 

1974 - 1975 1976 

P l a n t  L i fe-stage Day Night Day Night D a y  Night 

Bowline 

PYSL 
Juven i 1 es 

Lovett  

PYSL 
Juven i 1 es 

Indian 
Poi nt 

PY SL 
Juven i 1 es 

Roseton 

PYSL 
W e n  i 1 es 

Danskamner 

PY SL 
Juven i 1 es 

-- 
0.50 
1,Q9 
0,oo 

0.71 
1.70 
0.04 

-- 
10.34 

-- 
0.51 
0.55 
0.01 

-" 
1.19 
0.11 
0.04 

1.71 -- 

aSources of data described i n  Appendix B. 

bThe ava i lab le  data were not s u f f i c i e n t  t o  ca lcu la te  W-factors f o r  a l l  
l i fe-s tages a t  a l l  p lants  during a l l  years. 
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Table V-8. W-factors f o r  A t l a n t i c  tomcod computed using the Gear Bias 
Cancell ing (GBC) rnethodasbsc 

1974 1975 1376 

P1 ant L i fe-s tage Day Night Day Night Day Night 

PYSL 
Jwen i 1 es 

I n d i  an Eggs 
Poi n t  YSL 

PY SL 
Juven i 1 es 

Woseton Eggs 
Y SL 
PY SL 
Juven i 1 es 

Danskamer Eggs 
Y SL 
PY Sk 
Juven i I es 

0.32 0.57 

-9 99 

1.32 1.03 
1.08 0.66 
0.08 0.10 

-- -." 
1.28 1.00 
1.08 0.53 
0.08 0.08 

-- -I 

-- -I 

1.03 0.75 

aSolsrces o f  data described i n  Appendix B. 

bThe ava i lab le  data were not s u f f i c i e n t  t o  ca lcu la te  W-factors for a31 
l i fe -s tages  at  a l l  p lan ts  dur ing a l l  years. 

CGBC Id-factors are not calcu lated f o r  Bowline. 
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Table V-9. W-factors fo r  bay anc ovy computed using the  Modif ied 
U t i l i t y  (MU) methodas bh 

1974 1975 1976 

Plant  L i fe-s tage Day Might Day Night Day Wight 

Bow 1 i ne Eggs 
Y SL 
PY SL 
Juven i 1 es 

Lovet t  Eggs 
Y SL 
PYSL 
Juven i 1 es 

Ind ian Eggs 
Po in t  K SL 

PYSL 
Juven i 1 es 

Roseton Eggs 
YSL 
PYSL 
Juven i 1 es 

Danskamner Eggs 
Y SL 
PY SL 
Juven i 1 es 

0.45 0.81 

1.45 0,63 
1.27 36.32 

1.65 -- 

0.11 0.31 

0.95 0.98 -- 0.78 

0.15 -- 

7.11 4.31 
44.35 225.35 
1.97 3.65 -- 0.17 

1.26 0.90 
1.39 0.12 
0.97 1.60 
1.61 10.53 

0.01 

0.24 
-- 
-- 

2.24 
0.67 
2.03 

0.57 

0.51 
1.77 

-- 

-- 
-- 
e- -- 
9.19 
0.41 
0.20 
1.05 

aSources o f  data described i n  Appendix B. 

bThe ava i lab le  data were not  s u f f i c i e n t  t o  ca lcu la te  W-factors for a31 
l i fe -s tages  at  a l l  p lan ts  dur ing a l l  years. 
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Table W-10. W-factors for bay anchovy computed using the Gear Bias 
Cancelling (GBC) methscF~,b~c 

1974 1975 1976 

P 1 ant Life-stage Day N i g h t  Day N i g h t  Day Nigh t  

Lovett Eggs 
Y S h  
P Y  SL 
Juven i 1 es 

Indian Eggs 
Point Y SL 

P Y  SL 
Juven i 1 es 

Roseton Eggs 
Y Sh 
PY SL 
Juven i 1 es 

D ansk amer Eggs 
Y SL 
P Y  Sb 
Juven i 1 es 

0.53 0.33 
1.43 -- 
1.01 0.58 
0.31 0.74 

0.38 0.49 
0.06 156.94 
1.34 1.06 
7.83 1.20 

0.53 0.19 
1.35 0.30 
0.96 0.63 
0.68 0.85 

0.60 0.16 
1.40 0.27 
0,98 0.60 -- 0.86 

aSources o f  data described i n  Appendix B. 

b ~ h e  available data were not sufficient t o  calculate W-factors for  a l l  
l ife-stages at a l l  p la in ts  d u r i n g  a l l  years. 

CGBC W-factors are not calculated for Bowline. 
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Table W-11. W-factors f o r  Alosa s p .  computed using the  Modif ied 
U t i l i t y  r n ~ ~ ~ ~ a s !  

1974 1975 1976 

P I  ant L i fe-stage Day Night Day Might D a y  Night 

Bow 1 i ne Eggs 
Y SL 
PY St 
Juven i 1 es 

Lovett  Eggs 
Y SL 
P Y X  
Juven i 1 es 

Indian Eggs 
Point  Y SL 

PY SL 
Juven i 1 es 

Rsseton Eggs 
Y se 
PYSL 
Juven i 1 es 

Dans k a m  er Eggs 
Y SL 
PYSL 
Juven i 1 es 

-- -- 
0.44 -- 
-- 
0.08 
2.26 -- 
-- 

0.79 
1.36 

12.19 
1.18 
0.55 
1.. 33 

62. 24 
2.07 
1.12 
Q. 71 

-- 

-." -- 
5-33 -- 
-- 
I- 

1.65 
-I 

-- 
0.50 
1.47 

1.53 
0.91 
0.40 
0.43 

22.23 
1.32 
0.40 
0,17 

-- -- 
0.53 -- 
-- -- 
0.29 -- 
-- 
1.28 
1.05 -- 
10.07 
0.63 
0.34 

17.77 
0.46 
0.53 

-c 

-- 

-- -- 
0-59 -- 
-- 

29.77 
0.57 -- 
-- 
1.49 
1.82 -- 
5.82 
0.96 
0.66 
1.97 

52.67 
0.76 
8-69 
0.38 

"Sources o f  data described i n  Appendix 8. 

bThe ava i lab le  data were not s u f f i c i e n t  t o  ca lcu la te  W-factors f o r  a l l  
l i fe -s tages  a t  a l l  p lan ts  dur ing a l l  years. 
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Table V-12. !&factors f o r  Alosa spp. computed using the Gear Bias 
Cancell ing (Gi37Gthoda,b,c 

1974 - 1975 1976 

Plant  bi fe-stage Day Night Day Night  Day Night 

PY SL 
Juven i 1 es 

Ind ian Eggs 
Point Y SL 

PYSL 
Juven i 1 es 

Roseton Eggs 
Y SL 
PY Sh 
Juven 

D ans k amner Eggs 
Y SL 
PY SL 
Juvela 

1 es 

1 es 

-- -- 
-- Le 

1.21 0.85 -- -- 

-- _e 

0.89 0.59 
1.86 0.90 -- -- 
0.48 0.77 
0.78 0.84 
0.92 0.88 
0.53 0.85 

0.47 0.89 
0.57 0.74 
1.16 0.963 
0.92 1.23 

-_ -- 
-- 

1.21 0.80 -- -- 
-- -- 

0.92 0.69 
1.05 0.89 -- -- 
0.51 0.96 
0.87 0.78 
0.93 0.88 -- D- 

0.50 1.02 
0.70 0.66 
1.16 0.97 -- -- 

aSsurces o f  data  described i n  Appendix 5. 

bThe ava i lab le  data were not  s u f f i c i e n t  t o  ca lcu la te  bJ-factors f o r  a l l  
l i fe -s tages  a t  a l l  p lan ts  during a l l  years. 

CGBC W-factors are not ca lcu la ted  f o r  Bowline. 
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t he  same gear and deployment technique used t o  c o l l e c t  t he  r i v e r  

samples. Therefore,  MU W-factors computed from the pond da ta  should be 

f r e e  from gear b i a s .  

W-factors computed using any method w i l l  be h ighly  u n r e l i a b l e  i f  

they are based on ichthyoplankton c o l l e c t i o n s  conta in ing  only a few 

organisms. Unrea i s t i c a l l y  high o r  law W-factors ( p a r t i c u l a r l y  values  

of 0 or i n f i n i t y )  a r e  more l i k e l y  to  be produced under these  

circumstances.  T e r e f o r e ,  we used an exclus ion  c r i t e r i o n  t o  e l imina te  

W-factors based on i n s u f f i c i e n t  numbers of organisms. In order  t o  

c a l c u l a t e  a W-factor for a given populat ion,  l i f e - s t a g e ,  and period 

(day or n i g h t )  at a given p l a n t ,  we r e q u i r e  t h a t  a t  l e a s t  10 organisms 

have been co l l ec t ed  i n  e i t h e r  the  p lan t  samples or  the  r i v e r  samples 

used to compute t h a t  W-factor. Many da ta  sets f a i l e d  to  meet t he  

10-organisms exclusion c r i t e r i o n .  I n  p a r t i c u l a r ,  i n  only a few cases ,  

p r imar i ly  for bay anchovy and Alosa, was it  poss ib l e  t o  compute 

W-factors for  e n t r a i n a b l e  juven i l e s .  So feg da t a  sets €OK j uven i l e  

s t r i p e d  bass and white  perch s a t i s f i e d  t h e  10-organism c r i t e r i o n  t h a t  

w e  decided not t o  compute any MU or  GBC W-factors fo r  j uven i l e s  of 

these  spec ie s .  

When nea r - f i e ld  da t a  c o l l e c t e d  a t  power p lan t  i n t akes  and r i v e r  

t r a n s e c t s  were unavai lab le  or unusable (Sec t ion  4 )  W-factors were 

computed from r iverwide abundance da ta  using the method descr ibed i n  

Chapter V-6. 
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ideally, p lan t  r i v e r  samples used t o  coap:e w - r a t  i a s  or W-factors 

should h e  co l l ec t ed  using i d e n t i c a l  gear deployed i n  an i d e n t i c a l  manner 

(Carpeinter 1979) .  Koreover, large numbers of samples should be 

co l l ec t ed  at cach location i n  order  t o  o b t a i n  esrimates of plant  and 

r i v e r  abundance that are as precise a s  poss ib l e  given the l i m i t a t i o n s  

imposed by the patchy d i s t r i b u t i o n  of ichthyoglankton. Judged by these 

c r i t e r i a ,  none of  t i le  Hudson River sampling programs has every been 

i d e a l  f o r  ob ta in ing  data s u i t a b l e  f o r  e s t ima t ing  W-factors. For the 

mast part we have used rho, a v a i l a b l e  da t a  i n  s p i t e  of t h e i r  limitations. 

Howr.,ver, some o f  t h e  data  have been coJlect-sd under condi t ions that 

dcv ia t e  so f2r from the ideal that. we be l i eve  they skuuld not be used 

t o  compur,e W-factors. 'til t h i s  secti.on 5~e i d e n t i f y  these data and 

explain our reasons for  excluding them. Me a l s o  discuss  t w o  

methodological problems that we be l i eve  have l ed  LMS t o  underestimate 

the nunhers o f  organisms entrained a t  Hudson River power plants. One 

of these i s  the overestimation of  sample volinmes a t  the Indian Point 

i n t ake  and discharge s ta ions.  The other i s  T A S '  assumption that i f  no 

organisms are co l l ec t ed  in e i t h e r  :.he p lan t  or the r iven s a m p l e s ,  t h e  

v - r a t i o  is equal to  zero. 

4 - 1  NINETY HlrNUTE SAMPLE IDilRATIONS AT THE BOVLINE INTAKE 

According to page 9.M-15 o f  Exhibi t  UT-7A, during the  e n t i r e  1974 

entrainment sampling seasoa and prior TO June 10, 1975,  the sampling 

duraCion at the  Bowline i intake was 90 minutes. Ecological. Analysts 

(1976,) conducted stcldies at Bowline and Lovett between May and J u l y  

1975 i n  order to determine whether n e t s  l e f t  in the  water f o r  such 

extended p c x i o d s  of t i m e  could become clogged with d e t r i t u s .  It was 

found that st~ch c l o g g i q  coiild indeed occur, and could result. i n  

s u b s t a n t i a l  reduct-ions i n  the f i l t r a r r  ion e f f i c i e n c y  of 6he nets.  

Sample volumes a t  B o w l i t i e  are not measured d i r e c t l y  from flowmeter 

readings,  but  are estimated i n d i r e c t l y  using the matrix sf i n t ake  



v-43 

v e l o c i t i e s  presented i n  Table 9.1A-4 of  Exhibit  UT-7A. "fierefore, i n  

a d d i t i o n  t o  poss ib l e  increased gear avoidance, reduct ions in Ei l t r a t io r i  

e f f i c i e n c y  due t o  clogging would cause sample wolumes at t he  Bowline 

i n t a k e  t o  be ove res t  a t ed ,  If  i n t ake  sample volumes used i n  

computations are erroneously high, then the d e n s i t i e s  of organisms in 

t h e  i n t a k e  samples (and t h e r e f o r e  the w-ratios) would be erroneously 

l o w  0 

According t o  EA'S 1975 Annual I n t e r p r e t i v e  Report f o r  Bowline 

(Ecological Analysts 1976a, p .  B-21, s i g n i f i c a n t  reduct ions i n  net 

f i l t r a t i o n  e f f i c i e n c y  due t o  clogging were observed i n  experiments 

conducted on May 7 ,  May 14, June 2, June 25,  and J u l y  10, 1975. 

Clogging was most f r equen t ly  observed in n e t s  placed at the  bottom of 

the in t ake  bay+ In s o m e  of: these experiments, clogging began to  be 

observed a f t e r  only about 48 m3 of watet- bad been f i l t e r e d ;  i n  all 

experiments in which s i g n i f i c a n t  clogging was observed, it w a s  observed 

before 80 m had been f i l t e r e d .  The importance of t h i s  f i nd ing  can 

be seen from Table V-13, which contains  information p e r t a i n i n g  t o  the  

volumes of samples c o l l e c t e d  a t  the  Bowkir;.e i n t a k e  during the  period 

between June 5 and J u l y  12, 1974 (no i n t a k e  samples c o l l e c t e d  p r i o r  to  

June 5 were used t o  compute w-ratios). 

3 

T%.e voPumes of i n t a k e  samples 

co l l ec t ed  during t h i s  per iod,  as estiuaatec. u s ing  Table 9.U-4 of 

Exhibi t  IJT-7A, are E a r  higher than Che 40 t o  86 m range i n  which EA 

began t o  observe clogging. The mean sample volumes on t he  four  da t e s  

3 

3 
smallest samples c o l l e c t e d  during this period w e r e  l a r g e r  than 138 m 

Based on 'EA'S observat ions af clogging a t  sample volumes of 80 no3 and 

less, sucR clogging could have occurred f r equen t ly  a t  the Bowline i n t ake  

in 1974. According t o  che testimony of Dr.. Gerald Lrnuer of EA the 

clogging of ne t s  observed a t  Bowline i n  1975 was an unusual occurreiaee 

r e l a t e d  to  "3n ex t r ao rd ina ry  inc rease  i n  !:he volume of d e t r i t u s  

co l l ec t ed  i n  the  nets" (Transc r ip t  pp. S1;.9>. Under cross-examination 

he claimed t h a t  t h i s  concllssion w a s  i~cp,@~uded in EA'S r e p o r t .  Dr. Lauer 

s t a t e d  ( ~ ~ a n s c r i p t  p p .  8119-201: 

i n  general  t he  r e p o r t  concluded t h a t  based upon these  perceptions of 

"as 1 reca l l  from the repor t  i t s e l f ,  
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Tab e V-13. Mean, minimum, and maximum volumes o f  samples 
collected a t  the Bo l ine  intake on selected sampling 
dates during 1974a. F 

June 5 (day) 

June 5 (night) 

June 12 (day) 

June 12 (night 

June 19 (day) 

June 19 (night 

June 26 (day) 

-I 

Volume (m 3) - 

Date Mean (number o f  samples) Minimum Maximum 
I. 11-___- 

142.5 (12) 131.4 163 a 8 

132.3 (12) 

136.1 (9) 

131.4 134.1 

131.4 163.8 

142.5 (6) 131.4 163.8 

145.9 (18) 131.4 163.8 

137.4 (12) 131.4 163.8 

142.5 (18) 131.4 163.8 

June 26 (night) 147.6 (12)  131.4 163 e 8 

July 2 (day) 142.5 (12) 131.4 163.8 

July 2 (night) 140.6 (11) 131.4 163.8 

%ource o f  data described in Appendix B. 

-~ - 

bats collected on these dates were used by LMS t o  compute 
w-ratios for  striped bass life-stages. 
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volume of d e t r i t u s  t h a t  you see  i n  the  n e t s  o r d i n a r i l y ,  t h i s  was an 

ex t raord inary  Occurrence t h a t  you would not expect to see  most of the 

t h e  i n  most years." Despite a thorough search ,  I found no such 

conclusions anywhere i n  EA'S r epor t  on the  clogging experiments 

(Ecological  Analysts 1976a, pp. B-1 - B-9). Moreover, Ecological  

Analysts d id  not conduct t h e  entrainment sampling a t  Bowline i n  1974 

( i t  w a s  done by LMS), so t h a t  ne i the r  Dr. Lauer nor any o the r  EA 

personnel could have observed whether d e t r i t u s  loads a t  t he  Bowline 

p l an t  were lower i n  1974 than i n  1975. 

In any case ,  D r .  Eauer 's  suggest ion t h a t  t he  occurrence of clogging 

can be determined from the  amount of v i s i b l e  d e t r i t u s  co l l ec t ed  i n  the  

nets is  a t  var iance  wi th  the  conclusion of Smitn, Counts and C l u t t e r  

(1968; p. 245) t h a t :  

We found t h a t  i n d i r e c t  means of judging whether clogging 
w i l l  take p l ace ,  such a s  taking a Secchi d i s c  reading, w a s  
not a s u i t a b l e  s u b s t i t u t e  for  monitoring f i l t r a t i o n  
e f f i c i e n c y .  Inspec t ion  of the  ne t  a f t e r  a tow was not 
r e l i a b l e  for  determining whether it had clogged. After heavy 
clogging at San Pedro, t he  ne t  was d isco lored  but no 
ind ica t ion  of clogging appeared at the Cata l ina  I s land  s i t e ,  
even when the  ne t  had been accept ing less than ha l f  o f  t he  
water presented t o  it at  the  end of the  tow. 

According these  au thors ,  clogging can be de tec ted  only by comparing 

v e l o c i t y  readings taken from flawmeters placed i n s i d e  and ou t s ide  a 

plankton ne t .  

Since the re  i s  no s c i e n t i f i c a l l y  v a l i d  evidence t h a t  the  amount of 

d e t r i t u s  present  at  t he  Bowline p l an t  was  h igher  i n  1975 than i n  1974, 

and s ince  sub jec t ive  impressions about t he  amount of d e t r i t u s  co l l ec t ed  

i n  a plankton sample are not a lone s u f f i c i e n t  t o  determine whether o r  

not s i g n i f i c a n t  clogging has occurred,  we conclude t h a t  clogging may 

w e l l  have occurred during the  1974 sampling program and gone undetected.  

Therefore w e  be l ieve  t h a t  all of the  d a t a  co l l ec t ed  a t  the Bowline 

in t ake  during 1974 and up t o  June 10, 1975 should have been excluded 

when L,MSf w-ratios w e r e  ca l cu la t ed ,  We have not used any of t h i s  d a t a  

t o  compute W-factors. The sampling program conducted a t  Lovett i n  1975 
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was i d e n t i c a l  t o  t h a t  a t  Bowline i n  t h a t  t he  durat ion of sampling a t  

t he  in t ake  was 90 minutes on all sampling da te s  prior to June 10, 1995 

(Ecological Analysts 1976b) .  W e  have excluded t h i s  da t a  from OUT 

estimates of  W-Eactoms fo r  a l l  species  except A t l a n t i c  tomcod. This 

exception was made became Lovett and Bowline are the only p l an t s  a t  

which enough simultaneous p l a a t l r i v e r  sampling i s  conducted during the 

e a r l y  sp r ing  f o r  W-factoxs t o  be ca l cu la t ed  f o r  yolk-sac larvae of t h i s  

species.  We f e l t  t h a t  the advaiktage o f  having the add i t iona l  da t a  f o r  

t h i s  l i f e - s t age  outweighed the disadvantage o f  the  p o t e n t i a l  b i a s .  

4.2 BO\4LINE POND VS BOWLINE INTAKY 

When the Bowline plant- is  ope ra t ing ,  B o w l i n e  Pond funct ions as a 

very large i n t ake  bay: water i s  pul led  i n t o  the  pond by the purnps, 

entrained through the p l a n t ,  and discharged back out  i n t o  Elaverstraw 

Bay. Organism d r a m  i n  with the  cool ing water can leave the p a i d  i n  

only t w o  ways: by beiiig entrained through the plant  or by swimming 

back out of the pond aga ins t  the cu r ren t  caused by the in t ake  flow. Tn 

order t o  avoid being en t r a ined ,  an organism mast f i r s t  l o c a t e  the pond 

i n l e t ,  a "keyhole" ~ n l y  240 f e e t  wide and about 15 f e e t  deep (Exhibi t  

UT-7%, Fig. 3.1-6) .  Judging f r o m  Fig. 3.1-7 of Exhibit  UT-7, t he  pond 

i tself  is roughly 1500 to  2000 Feet across and 30 t o  40 f e e t  deep. 

Raving reached the i n l e t ,  t he  organism must then swim out aga ins t  the 

flaw being d r a m  i n t o  the pond. 

It does not seem l i k e l y  t h a t  very many larvae could achieve t h i s  

f e a t  belore being entrained (escape i s ,  o f  course,  out of the quest ion 

f o r  eggs).  I f  a l l ,  or nea r ly  a l l ,  the ichthyoplankton d r a m  i n t o  

Bowline Pond is  dest ined t o  be entrained through the p l a n t ,  i t  seems 

reasonable t o  us  t o  use the da t a  co l l ec t ed  i n  Bovline Pond, r a t h e r  than 

da ta  co l l ec t ed  a t  the intake, t o  c a l c u l a t e  \ - fac tors .  As we mentioned 

i n  Section 2.2 and again i n  Section 3,  the pond s a m p l e s  are co l l ec t ed  

w i t h  the same gear used t o  c o l l e c t  t he  river samples, and thus no gear 

biases should be introduced when w--rati.os are ca lcu la t ed  using pond 

d a t a  r a t h e r  chan in t ake  data .  LMS d i d  c a l c u l a t e  v-rat ios  using p ~ n d  
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da ta ,  but only when no i n t a k e  data w a s  avai.1.able. We believe t h a t  the  

pond data are c l e a r l y  superior  EO the i n t a k e  data and that they s b ~ ~ l d  

have been used to c a l c u l a t x  a l l  ~f the w-r~. t ios  fo r  Bowline. 

4 . 3  JNSUPFICXE 

The sampling program conducted a t  Roseton in 9974 was of 

e s p e c i a l l y  poor d e s i g n  for estimating W-fact~rs. Only 12 saaples w e r e  

c o l l e c t e d  at the irntake on each sampling d a t e .  Of these ,  six were 

c o l l e c t e d  at dawn QT 3usk. However, WS d i d  nok use d a m  or dusk data  

to compute w-ratios. "Jllaus, half of the samples collected at the 

Roset~n intake were au tomat i ca l ly  excluded from LMS? analysis (. Of the 

remaining six samples per d a t e ,  many failed to m e e t  mSD outlier 

criteria (Exhibit UT-3, p. 3-lV-491 and were t he re fo re  excluded. The 

remaining sampling e f f o r t ,  measured e i the r  as t h e  number of samples 

c o l l e c t e d  or as the t o t a l  v~lurrae sampled, was e x t r a o r d i n a r i l y  small .  

Table V - 1 4  contains the  total number of day arid n ight  samples collected 

(minus o u t l i e r s >  tarad the total day and night sample volumes for five 

sampling dates between May 9 and Ju ly  2 ,  1974. Data col%.ected 0-n these 

f i v e  dates sere w e d  by LMS t:o compute a l l  1974 w-ratios f o r  R~sefon 

(Exhibit UT-3, p. 3-fV-51).  A f t e r  excludirag urlitliess dam and dusk 

samples, and samples col lected on days when no r i v e r  samples were 

collected, only  17 samples remain f o r  t he  cxatire striped bass 

entrainment season. O n l y  e i g h t  samples w e r e  available for c~mputing 

daytime w-ratios and only nine for n i g h t t i n e  w-ratios. O n  th ree  of the 

five dates t he  t o t a l  vlalme sampled during the day was less than 

20 m j on two dates less than 20 m was s a ~ ~ p l e d  a t  n igh t .  The 

highest volume sampled, ~n t h e  night of SxLy 2, w a s  less than 128 m 

By comparison, the smallest individual sample c o l l e c t e d  at Bowline 

between June 5 and July 12, 1974 bad a wol i ime g r e a t e r  fhan 130 m 

(Table V-131- 

3 Is 

3 

3 

-14 through V-16 conta in  s i m J  iar analyses  of the sampling 

effort a t  R Q S ~ ~ Q ~  i n  4935  and at B o w l i n e  arid Indian Point in both 1974 

and 1975, The data used by LMS t o  compute w-ratios for Bowline and 

Indian Point i n  1974, and for all. three p l a n t s  i n  1975, were obtained 
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Table V-14. Numbers o f  samples and t o t a l  volumes sampled a t  the 
Roseton i n t a k e  on selected sampling dates during 1974 
and 1975apb 

___--I ~ o l u r n e ~  (number o f  samples) 

Bate Might 

May 9 

May 21. 

June 4 

June 19 

July 2 

May 15 

May 22 

May 29 

June 2 

June 9 

June 19 

June 23 

10.0 ( a )  
69.7 ( 3 )  

0 (8) 

53.5 (3) 

18.8 (1) 

420.9 (6) 

406.6 (6 )  

748.6 (8) 

251.9 (18) 

272.0 (6) 

292.8 ( 6 )  

261.5 (6) 

1374 

8.5 (1) 

46.7 (2) 

15*6 (1) 

71.4 (2 )  

1l7.9 ( 3 )  

1975 

259.7 (3 )  

205.5 (3) 

410,6 (5 )  

126.9 (8) 

125,7 (3 )  

128.6 (3) 

147.5 (3) 

aSource o f  data described in Appendix €3. 

h9ata collected on these dates were used by LMS t o  compute 
w-ratios for striped bass 1 ife-stages. 

CSum o f  volumes o f  al l  samples collected d u r i n g  the day or  night, 
a f te r  excll u d i  ng aut1  i ers. 
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Table \I-15, Numbers of samples and to ta l  volumes sampled at  the Indian 
Po in t  intake and discharge stations on selected sampling 
dates dur ing  I974 and 1995aib9c 

1974 - 1975 

vo 1 ume Vo 1 ume 
Date (number of samples) Date (number of samples) 

May 7 279.9 (23) Mdy 13 179.8 (22) 

May 28 258.5 (18) May 20 545.5 (92) 

June 4 519.6 (36 May 27 470.0 (72) 

June 13 425.0 (27) June 3 448.1 (72) 

June 25 473.2 (34) June 10 379.5 (54) 

July 2 663.6 (43) June 17 608.6 (96) 

July 9 476.0 (33) June 24 869.1 (140) 
July 1 555.8 (88) 

aSouree o f  data described i n  Appendix B. 

bats collected on these dates were used by LMS to  compute w-ratios 

CAI1 intake and discharge stations combined, 

%urn o f  volumes of a l l  samples and to ta l  number of samples collected 

for striped bass life-stages. 

dur ing  nighttime at  a l l  intake and discharge stations (no plant samples 
are collected d u r i n g  daytime), a f te r  excluding outliers.  
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Table V-16. Numbers s f  samples and t o t a l  volumes sampled a t  t h e  Bowline 
intake and I n  Bowline Pond on selected sampling dates 
dur ing  1974 and 1 9 7 5 " ~ ~  

1974 

May 8 

May 22 

June 5 

June 19 

June 26 

July 2 

1975 

May 20 

Nay 27 

June 3 

June 10 

June 17 

June 18 

0 !O) 

0 (0) 

1710,Q (12) 

2626.2 (18) 

2565.0 (18) 

1710.0 (12) 

0 (0) 

0 (0) 

333.9 ( 3 )  

50.3 (8) 

92.7 (15) 

30.9 (5 )  

0 (0) 

0 (0) 

1587.6 (12) 

1648.8 (12) 

17791.2 (12) 

1546.2 (11) 

0 (0) 

0 (0) 

683.3. ( 6 )  

92.7 (15) 

37.1 (6) 

117.4 (19) 

1425.5 (6)  

1225.8 (8) 

1185.1 (7 )  

1285.3 (8) 

217.9 (4 )  

1946.2 (10) 

510.1 (2 )  

575.0 ( 2 )  

5763.2 (2 )  

586.7 (2 )  

618.5 (2 )  

0 (0) 

1572.7 (10) 

2048.7 (10) 

2261.9 (10) 

1758.8 (1.0) 

0 (01 

752.8 ( a )  

558,4 (2 )  

602.0 (2) 

529.0 (2 )  

612-7 (2 )  

5s3,2 (2 )  

0 (0) 

aSource of data  describe i n  Appendix B. 

bData collected on these dates were used by LMS t o  co pute w-ratios 

cSum o f  volumes o f  a l l  samples and t o t a l  number a% samples collected 

f s r  striped bass life-stages. 

d u r i n g  the day or n i g h t ,  af ter  excluding out l iers .  
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from sampling programs t h a t  were f a r  more i n t e n s i v e  than t h a t  Conducted 

at Roseton i n  1974. Eighty-four in t ake  samples were used to  compute 

t.he 1975 w-ratios f o r  Roseton (Table V - 1 4 ) .  The smal les t  volume 

sampled a t  Roseton during the  day or n igh t  on any da te  i n  1975 

(125.7 m3 on t he  n igh t  of June 9) w a s  g r e a t e r  than. t he  l a r g e s t  volume 

sampled during any similar period i n  1'374. 

Om each n igh t  during 'both years  more samples were co l l ec t ed  at the  

Indian Point  i n t ake  and d ischarge  s t a t i o n s  than were used by LMS t o  

compute 1974 w-ratios for  Roseton (Table V - l 5 > .  On most of these  
3 

n igh t s  the  t o t a l  volume sampled exceeded the  t o t a l  volume (422 ID. > of 

the  1974 RosetQn i n t ake  samples .  

10, June 17, and June 18, 1975 w e r e  t o t a b  day or  n igh t  sample volumes 

as low a s  the  volumes sampled throughout t he  1974 entrainment season a t  

Boseton (Table V-16). 

Only a t  the  Bowline in t ake  on June 

In Sect ion 1.1 we discussed the  f a c t  t h a t  ichthyoplankton 

d i s t r i b u t i o n s  i n  t h e  Hudson River a r e  patchy, or overdispersed.  As a 

consequence of t h i s  over-dispers ion,  t he  p r o b a b i l i t y  t h a t  any 

p a r t i c u l a r  i n t ake  sample w i l l  conta in  zero  organisms, even when 

organisms a r e  i n  f a c t  being en t r a ined ,  i s  much higher  than it would be 

if organisms were randomly d i s t r i b u t e d  throughout t he  in t ake  water. 

Therefore,  given the  lou sampling e f f o r t ,  it is  not s u r p r i s i n g  t h a t  

very few s t r i p e d  bass were co l l ec t ed  at  the  Roseton in t ake  i n  1974. 

have determined from LMS' da ta  tapes (Appendix B) t h a t  t he  17 samples 

used t o  compute the  w-ratios f o r  1974 contained a t o t a l  of t h ree  

s t r i p e d  bass yolk-sac l a rvae ,  all caught i n  the s i n g l e  sample a v a i l a b l e  

for  June 4, and two post  yolk-sac l a rvae ,  both caught a t  n igh t  on 

Ju ly  2. In our opinion no meaningful es t imates  of the  abundance of 

s t r i p e d  bass ichthyoplankton i n  water en t r a ined  by the  Roseton p lan t  

can be obtained from the  d a t a  co l l ec t ed  a t  the  Roseton in t ake  in 1974. 

No f a i t h  can be placed i n  the  w-ratios ca l cu la t ed  from these  da ta .  W e  

have not used them to compute any W-factors. 

We 
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4.4 USE OF SAMPLES COLLECTED AT I 
RIVER STATIONS F AND G 

NYU co l l ec t ed  ichthyoplankton samples a t  seven r i v e r  s ta t ions :  i n  

1974 and 1975 (Exhib i t  UT-3, Fig. 3 - r V - 8 ) .  

seven s t a t i o n s  t o  compute the  d e n s i t i e s  of s t r i p e d  bass l i f e - s t ages  i n  

the  v i c i n i t y  o f  t he  Indian Point  p l an t .  These r i v e r  d e n s i t i e s  were 

then used t o  compute the  w-ratios.  I n  add i t ion ,  da t a  co l l ec t ed  a t  

t h ree  of t he  seven s t a t i o n s ,  s t a t i o n s  B, 21, and G ,  were used a s  

s u b s t i t u t e s  for  i n t a k e  and discharge s t a t i o n s  when the  daytime w-ratios 

were ca lcu la ted  (no p lan t  samples ~ F E  co l l ec t ed  during the  daytime a t  

Indian Point 1 .) 

LEaS used da ta  Er 

According t o  Table 1-5 of WU's Progress Report for 1975 (New York 

Univers i ty  19771, S t a t i o n s  A through E a r e  a l l  located between r i v e s  

milea 41 and 43 ( t h e  p lan t  i t s e l f  is located a t  RM 4 2 ) .  Sta t ions  P 
and G, however, are loca ted  a t  RM 39, t h ree  m i l e s  downriver from the  

p l an t .  W e  be l ieve  t h a t  s t a t i o n s  F and G a r e  too f a r  from t he  Indian 

Point p l an t  t o  be considered "near-field" s t a t i o n s  and the re fo re  w e  

have not used da ta  co l l ec t ed  at these  s t a t i o n s  t o  compute W-Factors. 

According to p. 3-XV-20 of Exhibi t  UT-3, t he  hydraul ic  model. 

s t u d i e s  performed a t  LaSalle Hydraulic Laboratory show t h a t  "water 

comes t o  t he  Indian Point  i n t akes  from a band about 200 t o  350 f t  (61 t o  

107 m) wide along the  e a s t  shore of the r i v e r  duri.ng the  ebb and flood 

stages." A t  s l ack  t i d e ,  water is d r a m  from "a rad ius  of approximately 

1400 f t  (488 m) from the  intake." It i s  for  t h i s  reason t h a t  we chose 

s t a t i o n s  D and E r a t h e r  than s t a t i o n s  C and D as s u b s t i t u t e s  f o r  i n t ake  

and discharge s t a t i o n s .  Although s t a t i o n  C i s  d i r e c t l y  oppos i te  the  

Indian Point  i n t akes  (Exhib i t  OT-3, Fig. 3-IV-81, it  is  more than 1600 

f e e t  from those in t akes ,  according t o  D r .  O'Connor of NYU (Transc r ip t  

p. 8527) .  

(Exhibi t  UT-3, F i g .  3 - I V - 8 1 ,  in theory it should be more r ep resen ta t ive  

of the  water a c t u a l l y  en t ra ined  by the  p l an t .  

because i n  p rac t i ce  no cons i s t en t  differences have been observed among 

the  d e n s i t i e s  of e n t r a i n a b l e  s t r iped-bass  l i f e  s tages  a t  any of r i v e r  

s t a t i o n s  A through E. 

Since s t a t i o n  E is c l o s e r  t o  the  sho re l ine  than s t a t i o n  C 

W e  say " in  theorys' 

According to Table 3-5 of WU's Progress Report 
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f o r  1974 (New York Univers i ty  19761, i n  1974 s i g n i f i c a n t l y  lower 

d e n s i t i e s  of s t r i p e d  bass la rvae  (= post yolk-sac l a rvae )  were observed 

at  s t a t i o n  G than at  s t a t i o n  B. Otherwise, n~ s i g n i f i c a n t  d i f f e rences  

among s t a t i o n s  were observed. 

Progress Report (New York Univers i ty  1977), i n  1975 no s i g n i f i c a n t  

d i f f e rences  i n  abundance armng s t a t i o n s  w e r e  observed fo r  any s t r i p e d  

b a s s  l i f e - s t agee  These r e s u l t s  appear  t o  i n d i c a t e  t h a t ,  at least f o r  

s t r i p e d  bass ,  it does not make a grea t  dea l  of d i f f e rence  which river 

s t a t i o n s  are chosen t o  represent  the  p l an t .  

According t o  Table 7-6 of NYU's 1975 

4.5 INTAKE AND DISCHARGE SAMPLE VOLUMES AT INDIAN POINT 

Pn 1974 and 1935, t he  volumes of samples co l l ec t ed  a t  the  Indian 

Point i n t a k e  and discharge s t a t i o n s  w e r e  not measured with flowmeters. 

Ins tead ,  volumes were est imated i n d i r e c t l y ,  as they are a t  Bowline and 

Lovett .  However, un l ike  M S ,  NYU d i d  not  use a c t u a l  measurements of 

i n t ake  or  discharge canal  v e l o c i t i e s  t o  es t imate  the  volumes sampled. 

The volumes were ca lcu la ted  assuming t h a t  at f u l l  flow the  in t ake  

ve loc i ty  at both Indian Point Units  1 and 2 is 1.0 f e e t  per second, and 

t h a t  the  v e l o c i t y  a t  a l l  discharge s t a t i o n s  i s  4.5 f e e t  per second 

(Exhibi t  EPA-141). 

equal  t o  the  f r a c t i o n  of t he  maximum poss ib l e  flow observed each 

sampling da te  (Exhib i t  EPA-141). 

volumes are i n c o r r e c t ;  mu's appl ica ton  of t he  flow f a c t o r s  is a l s o  

inco r rec t .  According t o  Table 1-2 of NYU's Progress Report for 1975 

(New York Univers i ty  19771, t he  maximum design v e l o c i t i e s  a t  the  Indian 

Point Unit 1 and 2 in t akes  a r e ,  r e spec t ive ly ,  only 0-7 f e e t  per second 

and 0.9 f e e t  per  second. The design v e l o c i t y  a t  discharge s t a t i o n  D-1 

is 4.4 f e e t  per  second, only s l i g h t l y  smaller  than the  assumed value.  

However, the  design v e l o c i t y  at discharge s t a t i o n  D-2 is s u b s t a n t i a l l y  

smaller, only 3 ,4  f e e t  per  second. The v e l o c i t i e s  presented i n  

Table 1-2 of WU's 1975 Progress Report are those expected a t  mean low 

water i n  t h e  Hudson. According t o  the  heading of Table 1-2, v e l o c i t i e s  

are expected t o  be 10% lower than the  s t a t e d  values  at high s l ack  t i d e  

and 5% lower at  low s l a c k  t i d e .  

These v e l o c i t i e s  w e r e  mu l t ip l i ed  by a flow f a c t o r  

The v e l o c i t i e s  used to compute sample 
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O n  Transcr ipt  pp. 8244-45 Dr. Q'Connor of W U  confirmed t h a t  t h e  

design v e l o c i t i e s  are the  v e l o c i t i e s  that should have been used: 

MR. KURENT: If it were a full flow s i t u a t i o n -  t h a t  i s ,  
100 percent operation- wauld you use the one foot  per second 
a t  the in t ake  and the  4.5 f e e t  per  second at  the discharge? 

According t o  t he  design values we had a t  the t i m e ,  we  
would have used . 9  f e e t  per  second f o r  t he  Unit 2 i n t ake  
and .7 f e e t  pe r  second fo r  the Unit 1 in t ake .  

On Transcr ipt  pp. 8254-55, D r .  O'Connor s t a t e d  t h a t ,  i n s t ead  of 

the design v e l o c i t i e s  contained i n  NYU's 1975 Progress Report, the  

v e l o c i t i e s  contained i n  Exhibit  EPA-141 were used i n  the preparat ion of 

t he  u t i l i t i e s '  testimony f o r  these hearings: 

MR. KUKEW: Although Table 72 does r e f l e c t  less than 
f u l l  flow was considered, d id  you s t i l l  assume as s t a t e d  i n  
Exhibit  141 t h a t  f u l l  flow v e l o c i t y  was ane foot  per  second? 

DR. Q'CONNOR: Yes, we d i d  a t  the t i m e  of the preparat ion 
of t h i s  r epor t .  That value, however, w a s  corrected ear l ier  
t h i s  spr ing when the da t a  -- when the plant  operat ing d a t a  
were being reevaluated i n  preparat ion f o r  siibmissic~n o f  the  
Federal  Energy Regulatory Commission r epor t  on Cornwall.. 

KUREW: Are you saying t h a t  you used the one-foot 
per  second v e l o c i t y  fo r  the preparat ion of t he  testimony t h a t  
was submitted on J u l y  11, 1977 f o r  t h i s  hearing? 

DRe Q'WNNOR: Add ( s i c )  corrected by the percentage 
flow, yes.  

The e r r o r s  introduced by mu's assumption o f  erroneously high i n t ake  

v e l o c i t i e s  are p s r t i a l l y  o f f s e t  by an erroneous a p p l i c a t i o n  of flaw 

f a c t o r s  t o  c o r r e c t  fo r  cooling water Elms of less than l Q O X  of 

en any p a r t i c u l a r  c i r c u l a t o r  pump is operat ing,  t h a t  pump 

i s  operat ing a t  100% of capac i ty ,  r ega rd le s s  of whether other  pumps a r e  

ope ra t ing  or not. Since each pump a t  Indian Point Units 1 and 2 is  

located i n  a separate  forebay, the in t ake  v e l o c i t y  wi th in  a forebay 

containing an ope ra t ing  pump shoubd always be 1OOX of the design flow. 
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Since an intake saaple can be eoklLected only f r  a forebay conta in ing  

an operaking punp, no flcw f a c t o r s  need t o  be appl ied  i n  order  t o  

e s t ima te  the volumes of the  i n t a k e  samplese There is no such 

o f f s e t t i n g  error i n  the computation of t he  discharge sample volumes. 

en the a c t u a l  cool ing water flow is l e s s  than 100% of capac i ty ,  t h e  

design v e l o c i t i e s  presented i n  WfU’s 1975 Progress Report for discharge  

Stations El and D-2 must be adjus ted  downward using the  flow f a c t o r s .  

P r i m a r i l y  because of the  ~ K P O ~ ~ Q U S ~ ~  bigh va lues  used f o r  sampling 

v e l o c i t i e s  a t  the  Unit 1. i n t ake  and a t  d ischarge  S t a t i o n  D-2, t h e  

n ight t ime d e n s i t i e s  (and t he  w-ratios as w e l l )  of s t r i p e d  baas l i f e  

s t ages  computed by MS f o r  t he  Indian Foint plank i n  1974 and 1975 are 

erroneously low.  A s  no plant samples are used to  compute daytime 

w-ra t ios ,  these a r e  not a f f e c t e d  %by t he  errors discussed i n  t h i s  secton.  

~~~~~~ s w m s  
TO SURFACE 9 blL1IPdEPTH~ 
TED %M THE RZVER 

During May of both 1974 and 1975, p a i r s  of r i v e r  and p lan t  d a t a  

sets co l l ec t ed  on the same day w e r e  not  avc,i lable for  Bowline. Since 

paired s e t s  of r i v e r  and Bowline Pond da ta  w e r e  a v a i l a b l e ,  W S  

c a l c u l a t e d  w-ratios using the  pond d a t a  as a s u b s t i t u t e  fo r  d a t a  

c o l l e c t e d  a t  t he  p l an t  i t s e l f -  W e  agree t h a t  it is  v a l i d  to use da ta  

c o l l e c t e d  i n  Bowline P Q ~  t o  c a l c u l a t e  W-factors. I n  f a c t ,  as i s  

stated i n  Sect ion 4.2, we be l i eve  t h a t  t hese  data are supe r io r  to d a t a  

colliected at t he  Bowline i n t a k e  and t h a t  they should be used t o  compute 

all .  W-factors €or Bowline. We d i sag ree ,  however, with the  method used 

by E;MS t o  compute w-ratios rasing the pond da ta .  

TWO s t a t i o n s  I n  Bowline Pond, r e f e r r e d  t o  as Bowfine Pond Long 

[BIPIL) and B o w l i n e  Pond Short (BPS), w e r e  sampled i n  1974 (Exhib i t  

UT-7A, p. 9.1A-7) .  Only Bowline Pond Long was sampled i n  1975 (Exhibi t  

IJT--JAP p. 9 - 1 A - 7 ) .  Surface, mid-depth, and bottom samples were 

co l l ec t ed  a t  s t a t i o n  BPS, but9 due to o b s t r u c t i o n s  on t he  bottcsns. of the 

pond, only su r face  and mid-depth samples w e r e  c o l l e c t e d  a t  s t a t i o n  

S computed pond lower layer d e n s i t i e s  for 1974 using bottom 
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samples co l l ec t ed  at  BPS and mid-depth samples co l l ec t ed  at both BPS 

and BPL. Similar laaer layer  d e n s i t i e s  fo r  1975 were computed using 

only the  mid-depth samples co l l ec t ed  a t  Bowling Pond Long. The 

corresponding l w e r  layer  d e n s i t i e s  fo r  the  r i v e r  were computed using 

both mid-depth and bottom samples. 

The highes t  d e n s i t i e s  of s t r i p e d  bass eggs and l a rvae  i n  the r i v e r  

are genera l ly  found near t he  bottom, e s p e c i a l l y  during the  daytime 

(Exhibi t  UT-4, Sect ions 7.3-6, 7 . 4 . 1 . 6 ,  and 7.4.2.7). I f  the pa t t e rn  

of d i s t r i b u t i o n  of these  l i f e - s t ages  i n  Bowline Pond is  similar t o  t h a t  

found i n  the r i v e r ,  then the  lower layer  w-ratios computed by LMS using 

the  1975 pond da ta  may be biased.  I f  eggs and la rvae  i n  Bowline Pond 

a r e  more abundant a t  the  bottom than a t  mid-depth, and i f  bottom 

samples had been co l l ec t ed  a t  s t a t i o n  BPL, then higher  lower l a y e r  

d e n s i t i e s ,  and the re fo re  higher  lower l aye r  w-ratios,  would have been 

compu ted . 
En the  absence of bottom samples, it i s  not poss ib le  t o  show 

whether the  v e r t i c a l  s t r a t i f i c a t i o n  of ichthyoplankton i n  Bowline Pond 

i s  s imi l a r  t o  or d i f f e r e n t  from t h a t  found i n  the  River. However, 

t he re  is no reason t o  be l i eve  t h a t  t hese  organisms behave any 

d i f f e r e n t l y  i n  the  pond than they do i n  the  r i v e r .  Eggs w i l l  s t i l l  

tend t o  s ink  unless  resuspended by turbulence.  Larvae w i l l  s t i l l  

migrate toward the  bottom during the  day and d i spe r se  throughout the  

water column at  n igh t .  This f a c t  was acknowledged by D r .  O'Connor of 

NYU on Transcr ip t  p. 8548: 

DR. O'CONMIPR: As pointed out  by BK. Engler t ,  t he  l a rvae  
probably undergo the  same s o r t s  af d iu rna l  migrat ion i n  the  
pond, those t h a t  might occur there  as they undergo i n  the  
r i v e r  

However, Dr. O'Connor claimed t h a t  the turnover rate of Bowline Pond 

( i . e . ,  the r a t e  a t  which water i n  the  pond is ent ra ined  through the  

Bawline plant  and replaced by water d r a m  from the r i v e r )  i s  so high 

t h a t  eggs and l a rvae  would not: have the. t o  accumulate a t  the  bottom 

(Transcr ip t  pp. 8539-41) :  
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KUfPENT: Would you expect the concentrat ion of  
s t r i p e d  bass eggs t o  be h ighes t  near the bottom given the  
cond i t i o n s  p r e v a i l i n g  in t h a t  pond ? 

OR: 9 would not expect t h a t .  

F i r s t  of a l l ,  t h e r e  is  110 evidence t h a t  s t r i p e d  bass 
spawn in Bowline pond. Therefore!, to have l a r g e  numbers of 
eggs i n  the pond is unl ikely.  

The entrance to the  Bowline pond, 1 be l i eve ,  has a depth 
only  of f ive f e e t .  Therefore,  any s t r i p e d  bass eggs emerging 
the pond are going t o  be  those from a b m t  the top f i v e  f e e t  
of water i n  the r iver  and the turnover of water in the  pond 
is s u f f i c i e n t l y  r ap id ;  1 would be l i eve  that t he re  would be 
i n s u f f i c i e n t  t h e  f o r  the eggs t o  s ink  to the  bottom. 

MRp KURENT: Larvae t h a t  would be present  i n  the  pond 
would be more l i k e l y  to remain at  o r  near t h e  bottom amongst 
t he  ob jec t s  near the bottom; wouldn't they? 

DR. Q'CCONNBR: I honest ly  couldn't: say .  

F i r s t  of a l l ,  t h e r e  are no samples from the very bottom 
s t ra ta .  

Larvae which entered the pond, again,  w i l l  be those 
which are capable of coming over t h a t  s i l l  a t  t he  entrance t o  
the pond. And s ince  most: of t he  da t a ,  t o  my r e c o l l e c t i o n ,  
i n d i c a t e  t h a t  yolk sack l a rvae  and t h e  younger of t he  post 
yolk sack l a rvae  tend to remain i n  the bottom and middle 
depths of t he  r i v e r ,  t h a t  the numbers coming over the sill 
would be r e l a t i v e l y  s m a l l .  

And, again,  turnover i n  the pond would probably be 
s u f f i c i e n t l y  r ap id  t o  prevent them f ~ c m  forming any g r e a t  
accumulation in the bottom. 

Since t h e r e  is no information a v a i l a b l e  on the s ink ing  rate of s t r i p e d  

bass  eggs i n  Bowline Pond, t h e r e  is  no way t o  v e r i f y  or disprove I k .  

O'Co3nor's claim with r e spec t  t o  t h i s  l i f e - s t age .  However, i t  seems 

l i k e l y  t h a t  t h e r e  is  i n  f a c t  s u f f i c i e n t  time for t he  a c t i v e l y  migrat ing 

l a rvae  t o  move to  the  bottom. Diurnal migrat ion Q G C ~ E S  over a period 

of only a f e w  ( a t  most 12) hours:, l a rvae  present  i n  the  upper s t r a t a  

during the n igh t  are capable  of moving t o  the bottom strata by the  next 

afternoon. Therefore,  unless  t h e  average residence t i m e  of l a r v a e  

present  i n  the pond is  less than 1% hourslr they will be a b l e  to  migrate 

t o  the bottom before being en t r a ined .  
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We be l i eve  Lhat given the tendency of organisms t o  d i s t r i b u t e  

themselves wi th in  the pond i n  the same vay they a r e  d i s t r i b u t e d  i n  the 

r i v e r ,  and given the  lack of da t a  on the actual  v e r t i c a l  d i s t r i b u t i o n  

of organisms i n  the pond, it is  b e t t e r  t o  assume t h a t  the pond and 

river d i s t r i b u t i o n s  are t he  same. Therefore,  i n  our c a l c u l a t i o n  of 

W-factors for  Bowline we have compared d a t a  co l l ec t ed  a t  the su r face  

and a t  mid-depth i n  B l i n e  Pond t o  da t a  co l l ec t ed  a t  the same depths 

i n  the r i v e r .  We have excluded a l l  of  the da ta  c o l l e c t e d  a t  the rives 

bottom. For consistency we have a l s o  excluded the bottom samples 

co l l ec t ed  at  s t a t i o n  BPS i n  1974. 

4.7 ZERO DIVIDED BY ZERO EQUALS ZERO 

A t  Bowline i n  1974 no s t r i p e d  bass eggs were caught' during the  

daytime at e i t h e r  the r i v e r  or t he  Bowline Pond s t a t i o n s  assigned t o  

the lower 'layer (Exhibi t  UT-3, Table 3-IV-22). Simi la r ly ,  a t  Roseton, 

both i n  1974 and in 1975, no eggs were co l l ec t ed  at night i n  e i t h e r  t he  

r i v e r  samples or the p l an t  samples assigned ta the upper l aye r  (Exhibit  

UT-3, Tables 3-IV-25 and 3--IV--26). 

In  all cases i n  ghlch the seasonal p lan t  and r i v e r  d e n s i t i e s  are 

i d e n t i c a l  and nowzero ,  the w-~atio is  equal. to one. Therefore,  it 

seem l o g i c a l  t o  us t h a t  wheneves: t hese  d e n s i t i e s  are both equal  t o  

ze ro ,  t he  value of the w-ratio should be s e t  equal  t o  one. However, i n  

a l l  t h ree  of the above cases  a t  Bowline and oseton, UiS assumed a 

w-ratio of zero,  implying no eatraiiqment by the p l a n t s  regardless  of 

whether or not t he re  a c t d a l l y  w e r e  eggs present i n  the r i v e r .  D r .  

Englert  of  121s of fe red  two j u s t i . f i c a t i o n s  for the  assumption t h a t  zero 

divided by zero equals  zero.  F i r s t ,  he argued t h a t  i t  is v a l i d  t o  

assume t h a t  w is equal  to zero because the  f ind ing  of no organisms i n  

the i n t a k e  samples i n d i c a t e s  that none were being en t r a ined  (Transc r ip t  

pp. 8383-85, emphasis added): 

MR. KWEN'T: Since the r i v e r  and t he  plant concentrat ions 
are i d e n t i c a l ,  t.hat i s ,  i n  your r a t i o  the mimerator and the  
denominator f o r  the equat ion are the  s a m e ,  shouldn ' t  the  w 
r a t i o  l o g i c a l l y  be I? 
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DR. EEJGLERT: A zero  divided by zero is an undefined 
quan t i ty  mathematically.  

MR. K'LTRENT: Undefined, but  you def ine  the  w r a t i o  a s  
zero  as  a r e s u l t  of t h a t  ca l cu la t ion .  

MR. FRIEDLANDER: He had a remainder of an answer t o  
give,  h i s  mouth was open. 

DR. EMGLERT: As we ind ica t ed ,  t he  w r a t i o  is an 
es t imate  of the  number of organisms en te r ing  the  p l an t  
divided by the  number of organisms out  i n  the  r i v e r .  

And keep i n  mind, of course9  t h a t  we a r e  using t h i s  
w r a t i o  i n  the  computation of power plant  impact. 

So t h a t  it would s e e m  r i d i c u l o u s  t o  assume a value of 1 
for  the  w r a t i o  which i s  going t o  be used to es t imate  t h i s  
impact when, i n  f a c t ,  no organisms en tered  the  p l an t .  

MR. KUREMT: I s n ' t  it equal ly  as r i d i c u l o u s  t o  determine 
t h i s  equat ion t o  r e s u l t  i n  a zero?  

DR. ENGLERT: No, it is not  r i d i c u l o u s  fo r  the  very 
reason t h a t  1 j u s t  explained.  

MR. KURENT: Shouldn't the  mean concentrat ions a c t u a l l y  
be excluded i f  you don ' t  choose t o  make the  conserva t ive  
assumption and c a l l  it a l ?  

Since it is  mathematically a l i k e  numerator and a l i k e  
denominator, shouldn ' t  you e i t h e r  consider  it a 1 o r  exclude 
t h i s  da ta  i n  determining w r a t i o s ?  

DR. ENGLERT: No. 

As I indica ted  i n  one of my previous answers, what we 
are t ry ing  to  do here  is to es t ima te  power p lan t  impact, and 
t he re  is no reason t o  assume a w r a t i o  of 1 when i n  fact w e  
d i d n ' t  f i nd  any organisms of t h a t  l i f e  s t age  a t  t h a t  p l an t  i n  
either the  i n t a k e  or discharge samples. 

MR. KURENT: Row can you assume any w r a t i o  on the  b a s i s  
of no organisms? 

I s n ' t  the  w r a t i o  some measure of withdrawal or 
comparison of concent ra t ions  i n  the  r i v e r  and the  p l a n t ?  

If you have no organisms, how can you use those zeros  t o  
give us  a withdrawal r a t i o  of zero?  It i s  l i k e  making 
something from nothing;  i s n ' t  i t ?  



DR. ENIGLERT: The purpose o f  the  w ra t ios  as I have 
indicated s e v e r a l  t i m e s  i s  to a i d  us i n  es t imat ing power 
plant  impact. 

Mow, as I have s a i d  r epea ted ly ,  now i f  we are t r y i n g  t o  
es t imate  the number of organisms e n t e r i n g  the plant based on 
t h i s  w r a t i o ,  I see no b a s i s  f o r  assuming a value of 1 when 
i n  f a c t  WE did not f ind any organisms i n  e i t h e r  the intake or 
the discharge of the p l an t .  

'he f a c t  t h a t  we d i d n ' t  f i n d  any means t h a t  -.I-- 
t he re  w e r e  none en te r inn .  

Later,  Dr. Englert  o f f e red  a second j u s t i f i c a t i o n :  s ince  Roseton and 

Bowline are a t  t he  extreme ends of t he  spawning range of s t r i p e d  bass ,  

no eggs were present i n  the r i v e r  i n  the v i c i n i t y  of these p l an t s .  We 

quote from Transcr ipt  pp . 8386-89 (emphasis added) : 

MR. KIMEM'I:: Didn't you s t a t e  ear l ie r  t h a t  thn, purpose of 
e s t a b l i s h i n g  c r i t e r i o n  of wanting t en  organisms p e r  thousand 
cubic meters w a s  t o  show t h a t  you w e r e  sampling a t  a t i m e  
when i n  f a c t  o rganism were present  i n  the r i v e r  i n  
s i g n i f i c a n t  concentrat ions? 

The f a c t  that you have a zero concentrat ion i n  the r i v e r  
and a t  the p l an t  runs contrary t o  the s t a t e d  purpose of  
computing the w r a t i o  using the c r i t e r i a  that you es t ab l i shed .  

DR. ENGEERT: As E r e c a l l ,  I s a i d  c r i t e r i o n  were 
e s t ab l i shed  t o  allow us to look a t  t he  period of appreciable  
abundance i n  e i ther  the p l an t  o r  t he  r i v e r  and t o  l i m i t  
ourselves  t o  those samples 

& ~ t ,  i n  f a c t ,  what happened i n  these cases  i s  t h a t  we 
note t h a t  thttre w e r e  eggs and/or l a rvae  i n  t he  
during the sampling periods because these samples covered the  
e n t i r e  period of abundance of  those organisms. 

The f a c t  that we d i d n ' t  f ind them a t  the plant  o r  the 
r i v e r  simply means that t h e y  weren't i n  t.haL p a r t i c u l a r  p l an t  
region and i n  that p a r t i c u l a r  p l an t .  

So E don ' t  s ee  any problem with assuming a value of  zero 
i n  t h i s  case. 

MR. KURENT: Does the f a c t  t h a t  yorr d i d u ' t  f ind them i n  
the r i v e r  mean they weren't  i n  the r i v e r ?  



DR. ENGWRT: It means i n  terms of the  da t a ,  i t  means 
t h a t  we d i d n ' t  find them i n  our samples.  

MR. KUREW: Does the  f a c t  t h a t  you d i d n ' t  f ind  them i n  
the r i v e r  mean t h a t  they weren't  i n  t he  r i v e r ?  

DR. ENGLERT: We know t h a t  during t h a t  sanae period the re  
w e r e  organisms of t h a t  l i f e  s t age  o f  s t r i p e d  bass i n  t he  
Mudson River. 

PIR. MURENT: Does the  f a c t  t h a t  you d i d n 8 t  f ind  them a t  
the  in t ake  mean t h a t  they weren't en t ra ined  i n t o  the i n t ake?  

DR. EMGLEWT: It means t h a t  we d id  not cap ture  any  i n  our 
samples a t  the  in takes .  

NW. KURENT: And you are not  ab3e t o  judge whether they 
were en t ra ined  i n t o  the. i n t a k e ;  a r e  you? 

DR. ENGLERT: I am not ab le  t o  judge t h a t  based om the  
sampling program t h a t  was i n  e f f e c t  during t h a t  time. 

MR. KUREMT: You can a s s m e ,  even though you faund zero 
in t he  river, t h a t  there were sei11 organisms present  i n  t he  
r i v e r ;  why c a n ' t  you assume t h a t  even though you d i d n ' t  f i nd  
them at  the  i n t a k e  t h a t  t h e r e  were s t i l l  organisms present  
going through the  in t ake?  

DR. ENGLERP': Because I. -- because for t he  p l a n t s  t h a t  
we a r e  looking a t ,  the  Bowline and Roseton p l an t s  which are 
an the extreme of t he  spawning regime of the s t r i p e d  bass,  i t  
is not  unexpected t o  be l i eve  t h a t  t h e r e  were no organisms i n  
t h a t  p b a ~ t  region.  

I s a i d  t h a t  t he re  were organism:; of t h a t  l i f e  s t age  i n  
the  Hudson River as a whole. 

I say t h a t  based on our sampling program, we be l i eve  t h a t  
those organisms were noa: present  i n  the Bowline or  Boseton 
a rea  at  t h a t  t i m e ,  o r  t h a t  year. 

W e  f ind  both of D r .  Emgler t ' s  r a t i o n a l i z a t i o n s  t o  be exceedingly 

unconvincing. F i r s t ,  the  f a c t  t h a t  no eggs w e r e  captured i n  the  p lan t  

samples does not imply  t h a t  no eggs were en t ra ined  (as Dr. Engler t  

claimed i n  the  emphasized quote on p .  V-61). It simply means t h a t  none 

were co l l ec t ed  i n  the  t i n y  f r a c t i o n  o f  the i n t ake  water sampled by LMS 

( a s  D r .  Engler t  admitted i n  the emphasized quote on p .  V-62). k t  

c l e a r l y  is poss ib l e  t h a t  eggs were present  but s imply  not co l l ec t ed .  
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Given the  p i t i f u l l y  inadequate sampling e f f o r t  expended a t  t he  Roseton 

in t ake  i n  1974 (Sect ion 4.3 of  t h i s  testimony),  i t  would have been 

s u r p r i s i n g  i f  any eggs had been co l lec ted .  W e  noted i n  Sect ion 4 . 3  

t h a t  the t o t a l  volume of a l l  the samples  co l l ec t ed  a t  the  Roseton 

in take  on da tes  used t o  compute 1974 w-ratios f o r  s t r i p e d  bass  was only 

about 480 m . On the  two da te s  used by LMS t o  compute 1974 w-ratios 

f o r  e g g s ,  May 9 and May 22 (Exhibi t  UT-3, p. 3-IV-51), only seven 

samples w e r e  co l l ec t ed  a t  the p l a n t  and only 135 in of in take  water 

were f i l t e r e d  (Table V-14) .  This t o t a l  volume is  approximately equal 

t o  the volume of a s i n g l e  r i v e r  sample. 

3 

3 

D r .  Eng le r t ' s  second argument is f l a t l y  contradicted by the  

f a c t s .  Str iped bass eggs were co l l ec t ed  i.n the  Bowline and Roseton 

regions i n  1974 and 1975 by both LMS and T I .  TZ co l l ec t ed  s t r i p e d  bass 

eggs i n  the  Croton Haverstraw (CHI region,  where the  Bowline p lan t  i s  

loca ted ,  and i n  the  Poughkeepsie (TK) region,  where t he  Roseton p lan t  

i s  loca ted ,  both i n  1974 and i n  1975 (Exhibi t  UT-4, Tables 6.2-1 and 

6.2-56. During both years  eggs were co l l ec t ed  i n  every r i v e r  region 

except Yonkers (YK). 

throughout the r i v e r ,  both above and below the  Bowline and Roseton 

p l an t s ,  then they must have been present  i n  the  v i c i n i t y  of  each 

p lan t .  LMS' da ta  shows t h a t  eggs were present  a t  both loca t ions ,  

although they w e r e  not caught a t  a l l  depths a t  all t i m e s  of day. For 

example, a t  Roseton i n  1974 and 1975 eggs were found i n  r i v e r  samples 

co l l ec t ed  at n ight  i n  the  lmer layer  and during the  day i n  both upper 

and lower layers .  Can it be t h a t  during the  day eggs were present  

throughout the water column but  a t  n ight  they migrated t o  the  bottom? 

Considering both TI'S and LMS' da ta ,  t he  only reasonable conclusion 

t h a t  can be d r a m  is t h a t  even though during some t i m e  per iods a t  some 

depths no eggs were co l lec ted  i n  the  v i c i n i t y  of t he  Bowline and 

Roseton p l an t s ,  eggs w e r e  i n  f a c t  present  i n  the  v i c i n i t y  of t he  p l an t s  

a t  those depths during those t h e - p e r i o d s .  

I f  s t r i p e d  bass eggs were i n  f a c t  present  

Is the f a c t  t h a t  eggs were probably present  in the  r i v e r ,  even 

though none were caught, f u r t h e r  evidence t h a t  it is  j u s t i f i a b l e  t o  

assume t h a t  the  w-ratio is equal  t o  zero? D r .  Engler t  th inks  s o ,  as 

evidenced by Transcr ip t  pp. 8417-23: 
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MR. RUREMT:: Since your sampling r e f l e c t e d  the presence 
of no s t r i p e d  bass eggs i n  the  r i v e r  i n  the upper l aye r  at 
n i g h t ,  can we then infer t h a t  if eggs were i n  f a c t  p re sen t  i n  
the r i v e r  i n  the v i c i n i t y  of t he  p l a n t ,  even though LMS8 
sampling p r ~ g r m  missed them, t h a t  it woulda'c be v a l i d  to 
assume then t h a t  zero over zer0 equals  zero? 

DR. ENGLERT: No. 

In the  eontext s f  t h e  answer t h a t  X j u s t  gave a few 
quest ions ago, t h a t  would i n  f a c t  support  t he  idea o f  a ze ro  
w ratio because7 as 'E explained,  any mmmber divided by zero 
is i n  f a c t  aero. 

So t h a t  i f  there were eggs t he re  'md we were able t o  
measure t h a t  river concen t r a t ion ,  i f  we divided t h a t  by the 
zero ca t ch  i n  the p l a n t ,  w e  would get  again zero.  

MR. KURENT: Let: me restate t h e  quest ion and see if you 
can i n t e r p r e t  it d i f f e r e n t l y ,  

I sa id ,  then can we in%er  t h a t  i f  eggs were i n  f a c t  
present  i n  the r i v e r  i n  the  v i c i n i t y  of t he  p l a n t ,  even 
though your sampling program missed t h e m ,  t h a t  it would not 
be  v a l i d  t o  assume zero over zero to equal  TO zero; is t h a t  
the quest ion as you understand i t? 

DR. ENGLERT: Yes, t h a t a s  the quest ion I j u s t  answered. 

KUREW:: If it  can. be shown t h a t  s t r i p e d  bass were 
present  i n  the  r i v e r  i n  s i -gnif icant  numbers but  you missed 
them, which j r ~ u  apparent ly  d i d ,  wouldn't it be equa l ly  
log ica l  t o  a s s m e  t h a t  they were prese._at in the  v i c i n i t y  of 
t he  in t ake  and you missed them there as well? 

PfaLEDUNDER: Objection 

You asked t h a t  same ques t ion  yesterday.  This is on 
page 8388. 

X w i l l  read t h e  ques t ion  and we will see the p a r a l l e l s  
between what w a s  asked yesterday. 

. KURENT: I am asking a new question. 

EM: YQU are no t .  You are asking t h e  same 
questions as yoor asked yesterday.. rt's an page 8388, Pines 
11 t o  16. 

Z would apprec ia t e  your d i s t i n g u i s h i n g  t h e  d i f f e r e n c e  
between t h a t  ques t ion  and the  quest ion you j u s t  asked. 

Talk obaut  B waste o f  time. 
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MX- KURIEEJT: M r .  Fr iedlander  is  cor rec t  t h a t  I asked t h a t  
quest ion yesterday,  but  I loaked at the answer i n  the  record 
t h a t  D r .  EngPert gave, and the answer he j u s t  gave i s  
d i f f e r e n t  than the  answer he gave yesterday and 1 would l i k e  
him t o  explai-n t he  difference. 

I f  2: may read h i s  answer from 8388. He s a i d  i n  response 
t o  the question yesterday: 

"Because fo r  the p lan t  t h a t  we are looking a t ,  the 
Bowline and Rosetoa p l an t s ,  which are on the extreme of the  
spawning regime o f  the  s t r i p e d  bass ,  i t ' s  not  unexpected t o  
be l i eve  that  the re  were no organisms i n  the plant region." 

MR. FRIEDLANDER: h d  the answe2- continues.  

ME. KUBENT: "I s a i d  that  t h e r e  were organisms of t h a t  
l i f e  s t age  i n  the  Hudson River as a whole. I say t h a t  based 
on our sampling pragram. We be l i eve  t h a t  those organisms 
were not  present i n  the Bowline or Roseton area at t h a t  t i m e  
or t h a t  year." 

I apprec ia te  the  reference Ms. Friedlander  

Now, t h a t  seem t o  differ with the  answers you have 
given m e  t h i s  morning. So 1 a m  asking you again,  i f  i n  fact 
t he re  were organisms i n  t h e  r i v e r  cont ra ry  to  your assumption 
i n  yes te rday ' s  answer -- 

DR. ENGLERT: F i r s t  of a l l ,  I see no inconsis tency i n  the  
answer. 
1 understand i t .  

You are asking me now to work on a hypothe t ica l ,  as 

KR. KUBENT: 'L11.e. hypothe t ica l  being? 

ENT: Perhaps Z could ass is t  you i n  t h a t .  Perhaps 
you could look a t  Exhibi t  4 9  Table 6.2-5. 

DQ you have a copy o f  that ? 

DR. ENGBJSRT: I am so r ry ,  1 don't. 

JUDGE YOST: I have provi.dP-d the vi.l-ness with a copy of 
the  e x h i b i t .  
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Nit. KURENT: Thank you, your Honor. 

That t a b l e ,  Dr. Engler t ,  sets f o r t h  the  r eg iona l  
d e n s i t i e s  of s t r i p e d  bass  e s during 1974 i n  the  Kudson 
River e s tua ry .  

Now, i s n ' t  the  Roseton p lan t  i n  the  r i v e r  s ec t ion  
de l inea ted  by Poughkeepsie, PIC? 

. FXIEDLANDER: Your Honor, I ob jec t  t o  t h i s  l i n e  of 
quest ioning.  These materials are on abundance and 
d i s e r i b u t i o n ,  which w a s  examined by Mr. Strong fo r  two weeks. 

D r .  Engler t  i s  not p a r t i c u l a r l y  prepared t o  respond on 
these  m a t e r i a l s .  

We were t o l d  t h a t  we would be questioned on w r a t i o s  
today. 

JUDGE YOST: X w i l l  ove r ru l e  your objec t ion .  I know what 
you are saying,  but on the  other  hand 1 don' t  t h ink  i t ' s  
improper to r e f e r  a witness  t o  an e x h i b i t  i n  t he  testimony 
t h a t  speaks f o r  i t s e l f .  

He doesn ' t  have t o  know about it eo read she numbers. 

MR. KUBENT: Dr Engler t ,  if you look at t he  da t a  
presented under the  column marked "Powghkeepsie9" which is 
t he  Roseton p lan t  v i c i n i t y ,  i s n ' t  i t  apparent t h a t  t h e r e  w e r e  
s t r i p e d  bass eggs recovered i n  var ious  q u a n t i t i e s  throughout 
t he  sampling p e r i d  around t h e  Rosetoa p l an t  during 1974? 

DR. ENGEERT: The f i g u r e s  t h a t  you are showing -- t h i s  
t a b l e ,  6.2-5, shows reg iona l  d e n s i t i e s  for t he  Poughkeepsie 
region,  which extends seven or e i g h t  miles, as I r e c a l l .  

I t ' s  r a t h e r  l a r g e  region and according t o  t h a t  f a b l e ,  
t he re  were some eggs co l l ec t ed  wi th in  t h a t  region.  

PIR. KIREEJT: How do you square t h i s  with the  fact t h a t  
you have assumed Ithat t he re  w e r e  no s t r i p e d  bass eggs i n  the  
Ros e ton p 1 ant  region '? 

DR. ENGLEWT: I d i d n ' t  assume t h a t  t he re  were no eggs i n  
t h e  Roseton region.  
concent ra t ions  i n  the  r iver i n  the  immediate v i c i n i t y  of the  
p lan t  based on t r a n s s e c t  sampling t h a t  was done by our 
company i n  the r i v e r  immediately ad jacent  t o  the  Roseton 
power p lan t .  

I computed a w r a t i o  and I computed 

And those r e s u l t s  are presented i n  Table B-21. 



MR. KUREEJT: D r .  Engler t ,  i f  you w~i i ld  a l s o  look a t  the  
c h a r t ,  i s n ' t  it apparent t h a t  in. regions on e i t h e r  s i d e  of 
Poughkeepsie the re  were eggs present  i n  var ious  d e n s i t i e s  a s  
well? 

DR. EMGLERT: Y e s ,  t h a t ' s  t r u e e  

PIIP. KUWEWT: Considering t h e  f a c t  t h a t  they a p p e a r  t o  
e x i s t  i n  both regions on e i t h e r  s i d e  of Roseton and i n  the  
reg ion  i n  which Roseton i s  loca ted ,  i s n ' t  i t  l o g i c a l  t o  
assume t h a t  they ex f s t ed  i n  a l l  these contiguous reglions and 
the re fo re  i n  f r o n t  of t he  Roseton p l an t?  

DR. ENGLERT: A s  1 am t ry ing  t o  expla in ,  the  sampling 
t h a t  we were basing the  w r a t i o s  on i s  t h e  t r anssec t  sampling 
and the  sampling a t  the  p lan t  t l lat  was performed during 1974. 

Now, I t  wouldn't bother  m e  a t  a l l  i f  i n  f a c t  we had found 
eggs i n  the r i v e r  OK i f  i n  €act the re  were eggs i n  the  r i v e r  
during 1974 because the  important point  i s  t h a t  we d i d n ' t  
f i n d  any i n  the p lan t .  

And i n  f a c t ,  i t  would  s impl i fy  OUT d i scuss ions  i f  t he re  
were some eggs i n  the r i v e r  because i t  would 
have a non-zero number t o  d iv ide  i n t o  t h e  zero that we found 
i n  the  p l an t  and i t  would s t l P l  g ive  us  t h e  r e s u l t ,  which i s  
a zero w r a t i o .  

Dr. Englert's argument i s  f a l l a c i o u s .  I f  eggs were present  i n  the  

r i v e r  but not  c o l l e c t e d ,  then eggs may j u s t  as w e l l  have been present  

a t  t he  p l an t  but no t  co l l ec t ed  there e i t h e r .  In f a c t ,  s ince  the  

sampling e f f o r t  a t  power plant i n t akes  is near ly  always s u b s t a n t i a l l y  

less than t h a t  a t  the  corresponding r i v e r  s t a t i o n s ,  i t  I s  much more 

l i k e l y  t h a t  no eggs would be co l l ec t ed  a t  a power p l an t  i n t ake ,  even 

though eggs were being en t r a ined ,  than i t  i s  t h a t  no eggs would be 

co l l ec t ed  i n  t h e  r i v e r ,  even though eggs w e r e  present  t he re .  

No eggs were co l l ec t ed  a t  t he  Roseton in take  i n  1974. We have 
3 previously noted t h a t  only 135 EO of water were f i l t e r e d  a t  the  

Roseton in take  on the ~ W Q  sampling da te s  i n  1974 t h a t  m e t  LMS' c r i t e r i a  

f o r  w-ratio a n a l y s i s  f o r  s t r i p e d  bass eggs. In Table V-17 w e  present 

t he  volume (m ) of the  r i v e r  samples co l l ec t ed  on these  da t e s ,  and 

the  number of these  samples t h a t  eontalned s t r i p e d  bass eggs. Even 

though the  average volume of each sampie co l l ec t ed  from t h e  r i v e s  on 

these  two da te s  w a s  g r e a t e r  than t h e  t o t a l  volume sampled a t  t he  

3 
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Table V-17. Numbers o f  samples collected at Roseton/Danskamner river 
transect stations on May 9 and Nay 21, 1974a that con- 
tained striped bass eggs 

Average 
sampl e Number o f  Number o f  samples 

Date Nb volume (m3) eggs collected containing eggs 

May 9 36 199 .1 11 1 

May 21 37 202.6 39 3 

aData collected on these dates were used by LMS to calculate w-ratios 

bTotal number o f  samples collected at all stations and depths during 

for striped bass eggs. 

daytime and nighttime. 
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i n t ake  on both da t e s  combined, only 1 out of 36 (3%) r i v e r  samples  

c o l l e c t e d  on May 9 and only 3 out  of 37 (82) co l l ec t ed  on May 2 1  

a c t u a l l y  eontalned eggs. Clear ly ,  even i f  the  dens i ty  of eggs i n  water 

en t ra ined  by the  Roseton p lan t  on these  da t e s  w a s  i n  r e a l i t y  equal t o  

t h e  dens i ty  of eggs i n  the  r i v e r ,  t he  p robab i l i t y  t h a t  any would be 

co l l ec t ed  in t he  1 9  m of water sampled on May 9 o r  t h e  116 m 

sampled on May 21 (Table V - 1 4 )  is neg l ig ib l e .  

3 3 

We bel ieve  t h a t  LMS' assumption t h a t  zero divided by zero is equal  

t o  zero is u n j u s t i f i a b l e .  W-factors are not measures of t h e  numbers of 

organisms en t ra ined  by power p l a n t s ,  but measures of t he  dens i fy  of 

organisms i n  power p lan t  cooling water r e l a t l v c  t o  t h e i r  dens i ty  i n  the  

r i v e r  i n  the  v i c i n i t y  o f  t h e  p lan t .  I f  no organisms are cal- lected at 

e i t h e r  l oca t ion ,  t he  most reasonable assumption i s  t h a t  the  p lan t  and 

r iver  d e n s i t i e s  are equal .  Therefore W-factors should be set  equal  t o  

one. 

Since we do not compute a W-factor un less  a t  least  t en  organisms 

were co l l ec t ed  i n  e i t h e r  t he  p l an t  o r  the r i v e r  samples ,  we do not 

encounter t h i s  problem when ca l cu la t ing  %!-factors using the  MU method. 

A similar  problem does occas iona l ly  occur i n  the  a p p l i c a t i a n  of the  GBC 

method: i f  the computed values  of the  upper and lower l a y e r  w-ratios 

are both zero,  then the  value of t h e  f a c t o r  A computed from E q .  (V-10) 

(Sect ion 2.2.2), i .e. ,  (wv - wL)/(wu +- wL), is equal t o  zero 

divided by zero. I n t e r e s t i n g l y ,  i n  t h i s  case we assume that A i s  equal  

t o  zero,  f o r  the same reason we set f o r t h  above when arguing t h a t  LMS' 

w-ratios should be set equal  t o  one. I f  w and w a r e  equal  and 

nonzero, then A i s  equal  t o  zero.  Thus, zero divided by ze ro  i s  equal  

t o  one, but zero minus zero divided by zero i s  equal  t o  zero.  

u L 
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Even a casua l  i n spec t ion  o 
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BI SCU SS ION 

Tables TI-3 ehrough TI-1- r evea l s  t h a t  

many of  the  GBC and MU W-factors computed f o r  the same populat ion,  

l i f e - s t a g e ,  year ,  and time of day d i f f e r  s u b s t a n t i a l l y  from each o ther .  

This i s  not  unexpected, given the  d i f f e r e n c e s  i n  assumptions and 

computational procedures between t h e  t w o  methods. The MU method assumes 

t h a t  the  gears used to c o l l e c t  p lan t  and r i v e r  ichfhyoplankton samples 

have equal c o l l e c t i o n  e f f i c i e n c i e s .  A l l  d i f f e r e n c e s  between observed 

p lan t  arid r i v e r  d e n s i t i e s  are a t t r i b u t e d  t o  r e a l  d i f f e rences  between 

the  abundance of organisms i n  a power p l an t  in take  and t h e i r  abundance 

i n  the  river cross-sec t ion  i n  f r o n t  of the p lan t .  The same is  not t r u e  

of t he  GBC method. The GBC method a t t r i b u t e s  a l l  d i f f e r e n c e s  between 

the  abundance of organisms i n  the  upper l aye r  of an i n t ake  bay and t h e i r  

abundance i n  the  upper Pager of' t he  r i v e r  t o  the  e f f e c t s  of gear b i a s .  

It is the  r e l a t i v e  magnitudes of upper and lower layer  w-ratios and the  

v e r t i c a l  s t r a t i f i c a t i o n  of organisms i n  the  r i v e r  t h a t  determine the  

value of a W-factor ca l cu la t ed  using the  GBC method. 

Because of the  d i f f e r e n c e s  between the  t w o  methods, v i o l a t i o n s  of 

assumptions t h a t  a f f e c t  one w i l l  not  a f f e c t  the  o the r .  If, f o r  some 

populat ion and l i f e - s t a g e ,  t he  e f f i c i e n c y  of t he  gear  used to c o l l e c t  

samples a t  a p a r t i c u l a r  p lan t  i s  markedly d i f f e r e n t  from the  e f f i c i e n c y  

of t h e  gear used to  c o l l e c t  t he  correspondicg r i v e r  samples, a b i a s  

w i l l  be introduced i n t o  the  MU W-factor bu t  not i n t o  the  GBC W-factor. 

Conversely, i f  t h e r e  is a lateral  t rend  i n  the  d i s t r i b u t i o n  of 

organisms belonging ta a given spec ies  and l i f e - s t a g e  i n  the  upper 

l a y e r  of the  r i v e r  (e.g., they are more abundant near t he  east OX w e s t  

shore than i n  the  channel) ,  t he  GBC W-factor w i l l  be a f f e c t e d  but  t he  

Mou W-factor w i l l  not .  Equally important,  and f o r  e x a c t l y  the  same 

reasons,  the two  methods a r e  a f f ec t ed  d i f f e r e n t l y  by sampling e r r o r s .  

If, by chance a lone ,  t he  observed dens i ty  of organisms of a p a r t i c u l a r  

population and l i f e - s t a g e  i n  the r i v e r  samples i s  lower than the  

observed dens i ty  i n  the  p l an t  samples, although the  t r u e  p l an t  and 
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r i v e r  d e n s i t i e s  a r e  the  same? then the  MU U-factor will be erroneously 

high. The GBC W-factor computed from the same da ta  may be erroneously 

h igh ,  erroneously low9 or  unaf fec ted ,  depending on how the  r e l a t i v e  

magnitudes of w and w and the  f r a c t i o n a l  d i s t r i b u t i o n  of 

organisms i n  the  upper and lower l aye r s  of t he  r i v e r  a re  a f f e c t e d  by 

the sampling e r r o r .  

U L’ 

Since each run of the Empirical Transport Made1 employs 26 

U-factors ( f i v e  p l an t s  x four  l i f e - s t a g e s ) ,  the  d i f f e rences  observed 

wi th in  ind iv idua l  G B G / N  pa i r s  a r e  unimportant as long as n e i t h e r  

method produces cons i s t en t ly  l a r g e r  os smaller  W-factors than does the  

o ther .  

f o r  s t r i p e d  bass ,  white perch, A t l an t i c  tomcod, bay anchovy, and 

Alosa. For each population we tabula ted  the  number of t i m e s  the  GBC 

W-factors were l a r g e r  than the  corresponding MJ W-factors. We then 

used the  s ign  t e s t  (Siege1 1956) t o  de t e rn ine  whether W-factors far any 

of these spec ies  ca lcu la ted  using the  GBC method are on t he  average 

l a rge r  or smaller than s imi l a r  W-factors ca l cu la t ed  using the  MU method. 

Table V-18 presents  a comparison of the GBG and MU 

@-factors  f o r  bay anchovy a re  cons i s t en t ly  l a r g e r  thaui t he  

GBC W-factors. This r e s u l t  i nd ica t e s  t h a t  for  t h i s  spec ies  one (or 

both)  method($) is sub jec t  t o  some kind of systematic  b i a s .  

Unfortunately,  we cannot determine the  na tu re  of t h i s  b i a s ,  and 

t he re fo re  we have no way of knowing which set of W-factors corresponds 

most c lose ly  t o  r e a l i t y .  The p r a c t i c a l  e f f e c t s  of the systematic  

d i f f e rence  between the  two sets a re  an inc rease  i n  the  range of 

condi t iona l  entrainment m o r t a l i t y  rates obtained from the Empirical  

Transport Model, and a concomitant increase  i n  the  uncer ta in ty  of 

conclusions drawn about the  impact of entrainment on the  Hudson River 

bay anchovy population. 

For the  o ther  four spec ie s ,  the  sign test revealed no s i g n i f i c a n t  

d i f f e rence  between the number of GBC W-factors t h a t  are l a r g e r  than the  

corresponding MU W-factors and the  number t h a t  a r e  smaller .  Thus, for 

s t r i p e d  bass ,  white perch, A t l a n t i c  tomcod, and I- Alosa the re  is l i t t l e  

o v e r a l l  d i f f e rence  between the two sets of -factors. Similar  



Table W-18, Sta t i s t ica l  significance o f  differences between 
the MU and GBC kl-factors for  each species, as 
determined from the s i g n  t e s t a  

Number o f  
Spec i es p a i d  G Pd 

Striped bass 

White perch 

A t  1 anti c tomcod 

Bay anchovy 

Issa sppe 

50 25 1.00 (NS) 

48 22 0.67 (NS) 

21 10 1.80 (NS) 

30 6 0.0l.e 

43 16 0.13 (NS) 

%lethod described by Siege1 (1956). 

husntser of pairs of w and GBC W-factors calculated for the 
same species, l ife-stage,  plant, year and time of day, 
excluding t i e s .  

CNumber o f  pairs in which GBC W-factor is larger than MU 

dTwo-tai I ed test 

kd-f actor. 

esignificant a t  19% level. 
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condi t ional  entrainment m o r t a l i t y  rates shoutd be obtained from t h e  

Empirical Transport Model regardless  of which method supp l i e s  the input  

parameters. 

For €our out  of f i v e  spec ie s ,  independent methods of solving the 

s a m e  problem ( i . e e s  haw t o  estimate a w-factor), each involving 

d i f f e r e n t  s implifying assumptions and subject t o  d i f f e r e n t  sorts  o f  

b i a s e s ,  have l ed  t o  s i m i l a r  r e s u l t s .  Because t h e  condi.tiona1 

entrainment m o r t a l i t y  rates for s t r i p e d  bass, white perch, A t l a n t i c  

tomcod, and --"- Alhssa produced by the  ETlil are r e l a t i v e l y  independent of the 

method used to generate W-factors, they should be, i n  Levins '  (1966) 

terminology, "robust" with respect  t o  these  parameters;. For t hese  

species  conclusions d ram from the  ETPl results, and management 

decis ions based on those conclusions,  should be r e l a t i v e l y  f r e e  from 

the  e f f e c t s  of the var ious types of errors t h a t  can a f f e c t  estimates of 

W-factors and w-ratios . 
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1 INTRODUCTION 

The W-factor, as used i n  t h e  Empirical  Transport  Model (ETM), is 

t h e  r a t i o  of the  average i n t a k e  t o  average r eg iona l  d e n s i t y  of an e n t r a i n a b l e  

l i f e  s t a g e  of a given f i s h  populat ion.  

W-factors f o r  e n t r a i n a b l e  l i f e  s t ages  of s i x  fish populat ions inhab i t ing  

the  Hudson River e s tua ry .  The va lues  i n  Chapter V a r e  based on two 

es t ima t ion  techniques: the  Gear Bias Cancelling method (GBC) and Modified 

U t i l i t y  (MU) method. However, due t o  l a c k  of s u f f i c i e n t  da t a ,  GBC and 

MU W-factors could not  be ca l cu la t ed  f o r  a l l  entKainable life s t a g e s  of 

t h e  s i x  popula t ions  a t  all p l a n t s ;  missing values  are denoted i n  Table 

VI-1. Consequently, a l t e r n a t i v e  approaches t o  es t imat ion  of t he  missing 

va lues  were used. 

Chapter V of t h i s  e x h i b i t  p re sen t s  

This chapter  p re sen t s  a methodology f o r  est2mating W-factors when 

river-wide l i f e  s t a g e  d e n s i t y  d a t a  summarized by depth strata are a v a i l a b l e .  

The approach i s  used t o  supply t h e  missing W-factors (Table VX-1) f o r  

e n t r a i n a b l e  j u v e n i l e  s t r i p e d  bass ,  white  perch,  A t l a n t i c  tomcod, and 

American shad, as w e l l  as va lues  f o r  earlier l i f e  s t a g e s  of Alosa spp. 

(blueback h e r r i n g  and a l ewi fe ) ,  AnaerPcan shad, A t l a n t i c  tomcod, and bay 

anchovy. 

2. RIVER DATA METHODOLOGY 

When average river-wide d e n s i t i e s  by depth strata f o r  an e n t r a i n a b l e  

l i f e  s t a g e  of a f i s h  populat ion are a v a i l a b l e ,  t he  River Data Methodology 

(RDM) can be used t o  estimate W-factors. 

e n t r a i n a b l e  l i f e  s t a g e s  of Hudson River f i s h  popula t ions  relies on t h r e e  

assumptions: (1) t h e  depth d i s t r i b u t i o n s  of t he  l i f e  s t a g e s  are the 

same throughout t h e  r2ver ;  (2) t h e  l i f e  s t a g e s  have uniform la teral  

d i s t r i b u t i o n s ;  and (3) t h e  depth d i s t r i b u t i o n s  of t h e  l i f e  s t a g e s  do not 

vary  among years .  

used I n  this methodology represent  average river-wide d e n s i t i e s  by depth 

strata over t h e  e n t i r e  per iod a l i f e  s t a g e  w a s  p resent  i n  the  water 

body. 

U s e  of t h i s  approach for 

The f i r s t  assumption is necessary because t h e  d a t a  

V I - 1  



Table VI-1. Missinga GBC and/or MU W-Factors for 
Entrainable Life Stages of Six Hudson River Fish Populations 

Plant Life Stage 

Population 
Striped White Alosa American Atlantic Bay 
bass perch spp.b shad tomcod anchovy 

Rose t on Eggs 
Yolksac larvae 
Post yolksac larvae 
Entrainable juveniles X 

Indian Point Eggs 
Yolksac larvae 
Post yolksac larvae 
Entrainable juveniles X 

Bowline 

Love t t 

Eggs 
Yolksac larvae 
Post yolksac larvae 
Entrainable juveniles X 

Eggs 
Yolksac larvae 
Post yolksac larvae 
Entrainable juveniles X 

Banshmer Eggs 
Yolksac larvae 
Post yolksac larvae 
Entrainable juveniles X 

X 

X 

X 

X 

X 

X 

X 
x 

X 

X 
X 

X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
x 
X 
X 

X 
X 
X 
X 

X 

x 

X 
X 
X 
X 

X 

X 
X 
x 
X 

for 1974, 1975, and 1976 data bases, based on Chapter V a 

bblueback herring and alewife 
X denotes missing GBC and/or MU W-factor 
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As documented in Chapter V of this exhibit, the second assqrmption 

(uniform lateral. distribution) is supported by data collected ob entrainable 

life stages of striped bass and white perch in the Bowline and Roseton 

regions and Atlantic tomcod in the Bowline region of the Hudson River. 

Atlantic tomcod larvae were more abundant on the west side of the rlver 

in the vicinity of Roseton and Danskamaner. Entrainable life stages of 

Alosa spp. (blueback herring and alewife) in the Roseton and Danskmmer 

region, as well as entrainable life stages of bay anchovies in the 

Bowline reglon, also exhibited some lateral 

these lateral preferences, as well as their 

uniform lateral distribution, are discussed 

v. 

preferences. The extent of 

effects on the assumption of 

in sec t ion  2.2.1 of Chapter 

For a pelagic species such as the American shad, the assumption of 

uniform lateral. distrtbutions of its post yolksac larval and early 

juvenile life stages is supported by data presented in the 1974 Year- 

Class Report (Table V-11, TI 1977). These data showed no significant 

differences in concentrations of American shad post yolksac larvae and 

early juveniles between the east and west shoal strata of the Hudson 

River in 1974; eggs and yolksac larvae were not included in the analysis. 

The third assumption of the RDM (depth distribution of a life stage 

does not vary among years) is necessary because river density data by 

depth strata were not available for all years of data collection for 

entrainable life stages of the six fish populations. Therefore, values 

based on one or two year's data had to be used for other years. 

Violations of the above assumptions may reduce the accuracy of the 

RDM estimates, but do not invalidate them. The W-factors are as likely 

to be underestimated as they are likely to be overestimated. 

if all the organisms are concentrated in the shorezones, the W-factors 

will be underestimated; whereas, if all the organisms are concentrated 

in the middle of the river, the W-factors will be overestimated. 

For example, 
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2.1. MATHEMATICAL BASIS OF 1'IIE RDN 

Based on the assumptions in the previous section, t he  following 

equatiwn is the: mathematical formulation of the WM: 

(VI-1)  

where kl = \&factor for life stage R, R 
Uk = average concentration of life stage II individuals in 

upper half of the water column (equals average of surface 

and mid-water values3, and 

EL = average concentration of life stage R individuals in 

the bottom half of the, water colum (equals average of 

mid-water and bottom values). 

The coefficients of 0.57 and 0 . 4 3  in equation VI-B were derived from 

Indian Point intake modeling studies conducted by LaSalle (LaSaIle 1976) 

that indicated the plant withdraws an average 57 percent of its water 

from the  upper half of the water c o l m ,  and the remaining 4 3  percent 

from the lower half (Figure VI--1) .  The utilities considered these 

values appropriate for Indian Point, Rosetan, and Bowl i ne (p e 3- IV-62 

Exhibit UT-3). 1: also used the LaSaL3e values f o r  those plants, as well 

as for Lovett and Danskimnamer due t o  a lack of other  evidence. 

2.2. INPUT DATA AND RESULTS 

Data used in equation VI-l. ( R E X )  f o r  estimating W--factors in order 

t o  fill in the missing values in Table VI-1 were obtained from all 

available data sources. W-factors w w e  calculated f o r  the entrainable 

juvenile life stages of s t r i p e d  bass and white perch ming river-wide 

average densities by depth strata summarized in the 1914 Year-Class 

Report (Tables V-6 and V-8, respectfvely, T I  19779. The estimates 

presented in t he  TI report were conbined daylnight average densities in 

surface, mid-water, and buttom strata sampled with the cpibenthic sled 
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and Tucker trawl from late April thraugh mid-August, 1974. These estimates 

and the V-factors based on the estimates and equation Y I - 1  are listed in 

Table KX-2. 

Tables 9.1-16 and 9.1-18 in Exhibft UT-6 list mean densities s f  

Alosa spp. (blueback herrltng, alewffe, and American shad) eggs and 

larvae by depth strata in the Roseton vlcknity for selected dates. 

These densities are listed in Table VX-3 along with the corresponding W- 

factors as calculated using equation V I - 1 .  The densities were averaged 

across river transect stations a D W ,  RDCH, and RDE. As discussed in the 

testimony on life histories (Boreman l979), haosa spp. collections tn 

the Hudson River were principallly coonposed of blueback herring. 

W-factors listed in Table V I - 3  are used for alewife, as w e l l .  as for 

blueback herring, due to a lack of alternative data SQUFC~S. 

The 

Since an alternative data source exists f o r  entrainable life stages 

of American shad, W-factors were computed separately for this species. 

W-factors f o r  American shad egg, yolksac, and post YQI~SX larvae were 
obtained from data s rized in Table VII-11 of TI (1977'). The data 

and resultant factors are listed in Table VI-4. 

Table VI-5 lists tJ-factors, based on the , for  entrainable life 

stages of Atlantic tomcod. Data used in calculating W-factors for yolk- 

sac and post yolksac life srages of Atlantic tomcod were obtained from 

Raytheon (1971) by averaging sample densities of yolksac and post yolksac 

larvae across all three sample stations (Roa Hook, Indian Point ,  and 

Stony Point)  during the respective weeks Q €  their maximum densities. 

Data were also obtained from Tables 78-185 and 714-187 of MYU (1973), 

averaging across all sample stations (Stations A-HI. 

W-factors for the egg stage of the bay anchovy population (Table 

VI-6) were derived from data presented in Tables 9.1-17 of Exhibit UT-7 

in the same manner described for Alosa, spp. 

values (Table VI-6) were also derived In the same manner from data 

Bray anchovy larvae W-factor 
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Table VI-2. Estimated W-Factors f a r  the Entrainable 
Juvenile L i f e  Stages of Striped Bass and White Perch 

Based on the River Data Hethodology 

I_.. 

Striped bass 0.07 0,13 1.09 0.90 

mite pi2KCh 0.06 6 . 3 3  0.82 0.93 

--- -~ 
number per 1000 m3 from Tables V-6 and V-8 in TI (1977) a 

bsee equation VI-I for derivation 
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Table VT-3. Estimated W-Factors for Eggs and Larvae of Alosa 
spp. (Blueback Herring and Alewives) Based on the River Data Methodology 

Ave. densitya 
Date Surf ace Mid-wa t er Bot tom 

C Eggs : 

5/7/74 
6 118 174 
4/28/75 
5/5,8/7 5 
5/15/75 
5/29/75 
5/20/76 
6/1,3/76 
6/10/76 

Geometric average 

0 
0 

287.57 
22.53 
51.32 
39.35 
129.45 
15.77 
0.60 

Larvae : 

5/21/74 
6/4/74 
6/18/74 
5/29/75 
6/2/75 
6/9/75 
5/24 176 
5/27/76 
6/21/76 

866.74 
1111.68 
336.71 

1090.90 
1345.62 
495.79 
797.97 
2559.51 
1293.57 

Geometric average 

0 
0 

119.69 
0.71 
37.26 
35 e 3 8  
0 
0.92 
0 

506 e 12 
1597.42 
746.36 
2552.50 
1081.79 
593.67 
2680.44 
1041.70 
1197.43 

9.81 
0.63 

1393.08 
112.81 
344.09 
89.69 
78.01 
33.25 
74.68 

491.04 
714 35 
221.50 
593.09 
1256.65 
596.00 
1475.87 
2189.84 
1108.16 

0.86 
0.86 
0.92 
0.91 
0.91 
0.96 
1 e 0 3  
0.95 
0.86  

0.92 

I_ 

1.02 
1.01 
1.01 
1.01 
1.00 
0.99 
0.99 
1.01 
1.01 - 
1.01 

3 
"number per 1000 m , averaged across river transect stations 

bsee equation VI-1 for derivation 

(RDE, RDCH, and RDW) 

'from Table 9.1-16, exhibit UT-6 

dfrom Table 9.1-18, exhibit UT-6 
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Table VI-4. Estimated W-Factors f o r  Entrainable L l f e  
Stages of American Shad Based on the River Data Nethodology 

a Ave. density 
Life  stage Surf ace Wd-water BOttOlI l  

Eggs 5.95 7.63 30.07 0.93 

Yolksac larvae 0.53 2 .28  2.69 0.96 

Post yolksac larva. 19.66 6.10 9.80  1.03 

Entrainable juveniles 0 .55  2.32 2.21 0.97 

3 number per  1008 m , from Table V I - 1 1  i n  T I  (1977)  a 

bsee equation VI-1  for derlvation 
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Table VI -5 ,  Estimated W-Factors for Entrainable 
Life Stages of Atlantic Tomcod Based on the River Data Methodology 

Life stage 

Yolksac larvae 
Raytheon ($971)' 
NYU (1973) 

Geometric average 

Post yolksac larvaec 
Raytheon (a9711 
NYU (1973) 

Geometric average 

Entrainable juveniles 
TI (1977)e 

~ v e .  densitya 
Bottom *lb Surf ace Mid-wa ter 

281.67 708.33 1007.67 
7.99 19.30 52.30 

79.00 130.00 560.00 
67.50 303.63 604.28 

0.32 22.74 117.26 

0.96 
0.94 

0.95 

- 

0.93 
0.94 

0.93 

- 

0.9Q 

3 number per 1000 m a 

bsee equation VI-1 for derivation 

'data from Raytheon (1971) digitized (Tektronix 4956 Graphics Tablet) 
from Figures 6-7 to 6-9, choosing the date of maximum sample densities 
(3/29/7Q for yolksac larvae and 4/26/70 for post yolksac larvae), and 
averaging across all three sample stations (Roa Hook, Indian Point, 
and Stony Point) 

ddata from NYU (1973), Tables 7A-185 and 7A-187, averaging across all 

e 

sample stations (A-H), day samples only 

data from Table V-10 in TI (1977) 



VI- 10 

Table VI-6. Estimated W-Factors for Entrainable Life 
Stages of Bay Anchovy Based on the River Data Methodology 

Date 

a Ave. density 
Surface Mid-wa t e r Bottom 

C 
Eggs : 

7/1/75 
7/8/75 
7/15/75 
7 128176 
7 127 176 
8/4/76 

Geometric average 

d Larvae : 

8/13/74 
8/27/74 
7/17/75 
71 30175 
8/14 175 
8/27/75 
9/11/75 
9/13/75 
7/15/76 
7/29/76 
8/12 I76 
8/26/76 
9/16/76 

Geometric average 

4.22 
7.04 
0 
0 

56.15 
0 

24.47 
15.64 

7.34 
13.23 

9.81 
4.11 

11.51 
9.03 
0 

8.64 
0.61 
7.41 
1.25 

0 
2407.40 

96.40 
0 

684.57 
31.83 

23.54 
20.80 
34.78 
62.96 
19.12 
0 
0 
0 

1.84 
0 
0 
0 

3 . 4 3  

1351.08 0.86 
6668.01 0.92 

985 - 35 8.88 
2746.30 0.86 
2993.28 0.91 

127.92 0.91 

0.89 

23.09 
14 e 34 

9.54 
5.71 

13.20 
8.87 
2.49 
2.06 
1.36 
9.69 
0.54 

12.28 
9.89 

1.00 
1.00 
1.00 
1.01 
0.99 
0.95 
1.09 
1.09 
0.96 
0.99 
1.01 
0.97 
0.93 

1 .oo 
- 

- 

3 number p e r  100 
a 

bsee equation VI-1 for derivation 

data from Table 9.1-17 in exhibit UT-7, averaged across river 
transect stations 

‘data from Table 8.1-22 in exhibit UT-6, averaged across river 

C 

transect stations 
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presented in Table 9.1-22 of exhibit UT-6. 

Since no depth distribution data was presented in the utility exhibits 

or available reports for the entrainable juvenile life stages of Alosa 

spp.  or bay anchovies in the Budson River, a W-factor of 1.0 is used. 

This value is supported by the pelagic characteristics of the juvenile 

life stages of these species, as well as the average RDM W-factors of 

the larval life stage of each species. 

Alosa ~ p p .  larvae is 1.01 (Table VI-3) and the average RDM W-factor for 

bay anchovy larvae is 8.98 (Table V I - 6 ) .  

The average RDM W-factor for 

3. ADJUSTMENT FOR RECIRCULATION 

Because the W-factors derived by the River Data Methodology are not 

based on simultaneous sampling at the power plant intakes and in the 

river, recirculation of organisms present in the power plant discharge 

water has to be taken into account. 

RDM were adjusted to account for recirculation of discharge water through 

the intake at each plant. A recirculation value of 0.07 was chosen for 

Indian Point, 0.13 for Roseton, and 0.13 for Bowline. These values are 

based on estimates used by the utilities (Table 3-337-28, exhibit UT-3). 

Yalues of 0.11 and 0.10 were used for bvett and Danskannner, respectively, 

to account for the estimated recirculation rate of discharge water at 

these plants, as provided to EPA by the utilities (Marcellus 1978). 

Therefore, W-factors derived by the 

The entrainable life stage W-factors for the six populatians, 

adjusted fo r  recirculation, are presented in Table VI-7. 

adjustment assumes all live and dead organisms in the power plant discharge 

water are recirculated at the same rate as the discharge water is recirculated. 

Settling of dead organisms and sounding (mvement towards the river 

bottom) by live organisms are two reasons why the adjustment for recircu- 

lation introduces a bias into the W-factors that tends to underestimate 

the true values. 

whenever GBC or MU values for a given life stage at a given plant are 

This method of 

The adjusted RDM W-factors are used in the ETM analyses 
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Table VI-7. D M  \+Factors far Encrainable L i f e  Stages of 
Six Hudson River  F ish  Popula t ions  Adjusted fur Rec i rcu la t ion  of 

Power Plan t  Discharge Water 

"e '1 b L i f e  
P l an t  Popula t ion  stage" (unadj us t ed ) (ad j ust ed) 

Ro S e ton S t r iped  bass  
(0.13) White perch 

American shad 

A t l a n t i c  tomcod 

Bay anchovy 

Indian Point St r iped  bass 
mite perch 

American shad 
C 

(0.07) 
U Q S a  Spp. 
-I____ 

Atlantic tomcod 

Bowl.Sne 
(0.13) 

h v e t t  
(0.10) 

St r iped  base 
White perch 
Moaa spp.' 

American shad 

Striped bass 

Alasa spp .  
White perch 

6 
-1_1_ 

American shad 

Bay Anchovy 

0.90 
0.93 
0.93 
0.96 
1.03 
0.99 
0.95 
0.90 
0.89 
1.00 
1 .oo 
1.00 

0.90 
0.93 
0.92 
0.93 
0.96 
1.03 
0.97 
0.95 
0,93 

0.90 
0.93 
0.92 
1.01 
1.00 
0.93 
0.96 
1.3 03 
0.97 

0.90 
0.93 
0.92 
1.01 
1.00 
0.93 
0.96 
1.US 
0.99 
I. .00 

0.7% 
0.81. 
0.81 
0.84 
0.90 
0.84 
0 . 8 3  
0.78 
0.77 
0.87 
0.87 
0.87 

0.84 
0.86 
0.86 
0.86 
0.89 
0.96 
0.90 
0.88 
3.86 

0.78 
0.81 
0.80 
0.88 
0.87 
0.81 
0.84 
0.90 
0.84 

0.80 
0.83 
0.83 
0.90 
0.89 

0.85  
0.92 
0. $6 
0.89 
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Tahjle VI-7 (coat.) .  

W t  '1 b Life  
Plant PQpulatiOEl stage (unadjusted) (adjusted) a 

0.90 
0 . 9 3  
0 .93  
0.96 
1.03 
0.97 
0.95 
0.90 
0.89 
h .80 
1.00 
1.00 

0.81 
0.84 
0.84 
0.86 
0.93 
8.87 
0.85 
0.81 
Q.80 
0.90 
0.90 
8.9 

ays~ .  = yolksac. larvae; p y s l  = post yolksac larvae; 
juv = entrainable juvendles 

badjusted w = unadjusted w x (1 - recirculation value) 
blueback herring and alewife 

Numbers in parentheses are plant recirculation values. 

c 
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Percent o f  To ta I R i vet- B i scherge W i thdrewn 

Figure VI-1. Estimated percentages of Hudson River discharge water 
withdrawn per 10 percent depth stratum by the Indian 
Point power p l a n t  (reproduced from Figure 30, LaSaPle 1976). 
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missing for 1974, 1975, and 1976 (Table VX-1). 

4. COMPARISON TO UTILITY ESTIMATES 

The utilities use a W-factor of 0.5 for all entratnable life stages 

of striped bass, white perch, Atlantic tomcod, and American shad in 

their empirical analyses of the direct impact due to entrainment by 

Hudson River power plants (Tables 2-VI-1, and 2-7711-1 to 2-Vfl-3, Exhibit 

UT-3). To examine the implications of this value under the assumption 

of a uniform lateral distribution, the BDM was applied to a hypothetical 

set of vertical distributions of organisms. This set contained a 

density equal to one organism per unit volume in one to all ten depth 

strata (each depth stratum representing 10 percent of the water column) 

and zero densities in the remaining depth strata. 

version of equation VI-lp a W-factor was then calculated for each case 

in the set. 

analysis is as  follows: 

Using a modffied 

The modified version of equation VI-1  used in this hypothetical 

0.118(D1) 4- 0.115(D2) 4- ..*-I- 0.041(D10) 

c Di /10 

(VI-2) w =  h 10 

i-1 

where W = h 

Di 
0 or 

- - 
hypothetical W factor, and 

density of organisms in depth stratum i: always equals 
1. 

The coefficients associated with each depth stratum were obtained from 

Figure 30 of LaSalle (1976), which represents the estimated percentage 

of water withdrawn from each 10 percent depth stratum by the Indian 

Point power plant. 

was digitized with a Tektronix 4956 Graphics Tablet. 

figure is reproduced in Figure VI-1, and the values derived from the 

digitizing are listed in Table VI-$. 

Since no values accompany this figure, the figure 

The digitized 

Results of this analysis (Table VI-9)  indicate that, in order to 
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Table VI-$. Portions of H U ~ S Q X I  River Discharge Withdrawn per 
10 Percent Depth Stsat by the ZndPan Pofnt Power Plant 

0 - 10 
10 - 20 
20 - 30 
30 - 40 
40 - 50 
50 - 60 
60 - 70 
70 - $0 
80 - 90 
90 - 180 

11.77 
11.52 
11.24 
11.03 
10.81 
16.54 
10.25 
9.81 
8. $8 
4.15 

values obtained by digitizing 'Figure 36 i n  LaSalle (1976) with a 
TektronPx 4956 Graphics Tablet 

a 
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Table VI-9. Estimated W-factors for Various Hypothetical Depth 

Indian Point Power Plant 
Distributions of Organisms in the ViclnPty of the 

X Depth wit! 
0 density 

b W- f ac tor 

none 

0 - 10 
0 - 20 
0 - 30 
Q - 40 
0 - 50 
0 - 60 

0 - 70 

0 - 80 
0 - 90 

1 

0.98 

0.96 

0.93 

0.91 

0.87 

0.83 

0.76 

0.65 

8.41 

a 

bsee equation VI-2 

remaining X depth has a density of one per unit vafume 
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achieve a IJ-factor of 0.5 with a uniform lateral distribution of organisms 

in front of the Indian Point power plant, organisms have to be absent 

from all but the lowest 10-20 percent of the water column. 

of entrainable life stages of all six populations discussed in this 

chapter in surface and mid-water samples (Tables VI-2 to VI-6) attest to 

the likelihood of a W-factor greater than 0.5 under the assumption of a 

uniform lateral distribution. 

The presence 
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This  chap te r  desc r ibes  t h e  c a l c u l a t i o n  of estimates of power p l an t  

passage entrainment  m o r t a l f t y  f a c t o r s  which were used as  Inputs t o  the  

Empirical  Transpor t  Model (ET%) (see Chapter VZIl i n  t h i s  Exh ib i t ) .  

The power p l a n t  passage entrainment  m o r t a l i t y  f a c t o r ,  denoted as e i t h e r  

t he  f - f a c t o r  or s i m p l y  as f, i s  def ined  as t h e  p r o b a b i l f t y  t h a t  an 

en t r a ined  l i v e  organfsa w i l l  be k i l l e d  as  a r e s u l t  of i t s  passage 

through a power p l an t  i n  t h e  eooling water .  An a t tempt  has been made 

t o  s t r i v e  f o r  as much rea l i sm i n  our  es t imated  f - f a c t o r s  as poss ib l e .  

W e  have t r i e d  t o  avoid making assumptions which fncorgora te  b i a s e s  t h a t  

might r e s u l t  i n  an  overesr lmate  QX the  underlying f - f a c t o r s .  

Sec t ion  Z presen t s  s e v e r a l  equa t ions  (der ived  i n  Appendices 6.1 

and C . 2 )  used t n  estlmating f - f a c t o r s  from f i e ld -co l l ec t ed  da ta .  S ince  

entrainment  m o r t a l i t y  may be d i r e c t  (immediate or l a t e n t )  o r  i n d i r e c t  

(Appendix P ) ,  Oak Ridge Nat iona l  Laboratory (QRNL) has made s e p a r a t e  

estimates of t h e s e  components and then combined thein i n t o  a t o t a l  

f - f a c t o r .  

Sec t ion  2 d i scusses  the  a v a i l a b i l i t y  of da t a ,  p r i n c i p l e s  

e s t a b l i s h e d  to determine which da ta  w e r e  t o  be used, and methods f o r  

e s t ima t ing  f - f a c t o r s  when d a t a  w e r e  i n s u f f i c i e n t  t o  support  necessary 

c a l c u l a t i o n s .  A d i scuss ion  of t h e  p rec i s ion  of these estimates i s  a lso  

g iven  i n  t h i s  s e c t i o n  (and Appendix 11). 

Sec t ion  3 is  concerned wi th  t h e  e s t ima t ion  o f  f - f a c t o r s  f o r  1974 

and 1975. These f - f a c t o r s  were used i n  runs of t he  ETM t o  es t fmate  t h e  

f r a c t i o n a l  reduct ion  i n  t h e  t o t a l  young-of-the-year o f  t h e  var ious  

populatCons considered ( s t r i p e d  bass ,  whi te  perch, c lupe ids  inc luding  

American shad, bay anchovy, and A t l a n t i c  tomcod). These estimates of 

f - f a c t o r s  were a l so  used i n  a set  of p ro jec t ed  runs of t he  ETM. Some 

b i a s e s  i n  t h e s e  es t imated  f - f a c t o r s  are d iscussed  i n  Sec t ion  3 . 3  (and 

in Appendix E ) .  

Sec t ion  4 desc r ibes  ORNL's a p p l i c a t i o n  of a model  developed by 

Ecologica l  Analys ts ,  Inc. ( E A I )  f o r  e s t ima t ing  the  thermal  component of 

t h e  entrainrnent m o r t a l i t y  f a c t o r  from p ro jec t ed  r i v e r  temperatures  and 

power p l an t  ope ra t ing  condi t ions .  This thermal  component is  la te r  



combined with a mechanical component of the f-factor i n  order  to  

estimate the  d i ~ e c o :  m o r t a l i t y  due to  entrainment by a power p lan t  

(Sec t ion  4 - 3 1 .  

t hese  es t imates .  Sme b iases  which result from thz non-.linear 

r e l a t i o n s h i p  of the thermal m o r t a l i t y  component t o  the v a r i a b l e s  from 

which it is est imated ( r i v e r  temperature,  t r a n s i t  time fwa power plant  

condenses to r i v e r  d i scharge ,  and rise i n  water temperature through the 

candenser) are discussed.  H i s t o r i c a l  r i v e r  temperatures and pro jec ted  

power plant OperaZions ( f o r  Bowlline. Point  Roseton, Indian Poin t ,  and 

Disnskamer Po in t )  are used i n  e s t ima t ing  the  r i v e r  temperature,  t r a n s i t  

time, and water temperature e l e v a t i o n  (Section 4.1). Sect ion 4.2 

d i scusses  proper  statistical techniques for es t imat ing  the regress ion  

c o e f f i c i e n t s  based on t h e  non-'limar r e l a t i o n s h i p  employed (the probit 

t ransformat ion) .  A compar-hssn o f  field d a t a  w i t h  the themall model 

p red ic t ions  shows t he  thermal model. may s e r i o u s l y  underes t i tmte  the 

thermal component of the  € - f a c t o r .  The use of a range of estimates i n  

pro jec ted  ETN runs based on the  thermal m o r t a l i t y  model W K ~  made 

(Sec t ion  4 , 3  and Appendix PI. E t  is our belief that t he  uiiderlying 

f-€'acttors are l i k e l y  to  l i e  in the upper half of t h i s  range r a t h e r  

than  the  lower h a l f .  

A set of pro jec ted  runs of the ET# was made based on 

Sect ion 5 d i scusses  d i f f e rences  between OUT handl ing o f  data  i n  

the  d e v e i o p e n t  of the e n t r a i m e n t  m o r t a l i t y  model arid EAT'S 

meth~dology. The employment o f  the  EA1 en t ra i rment  m o r t a l i t y  model as 

i npu t  t o  Lras le r ,  Matusky, 2nd Ske l ly ' s  (LFIS) Real Time Life C y c l e  

(RTEC) model as used for pred ic t ion  of pwer plant impacts on t h e  

Hudson River s t r i p e d  bass  population is d iscussed .  



1 INTRODUCTION 

This testimony describes the calculation of estimates of the 

entrainment mortality factor for power plant passage which were used as 

inputs to the Empirical Transport Model (ETM) runs (see Chapter VIII in 

this exhibit). The entrainment mortality factor for plant passage, 

denoted as either the f-factor or simply as f, is defined as the 

probability that an entrained live organism will be killed as a result 

of its passage through a power plant in the condenser cooling water. 

It is estimated by applying the following general formula, the 

derivation of which is described elsewhere (Appendix C-1): 

f = 1 - (l-fi,D)(l-fg,D)(l-fI) . (VII-1) 

The term (1-f ) represents the probability of an entrained organism 

surviving direct entrainment mortality based on an initial, o r  

immediate, evaluation of survival. The term (1-f ) represents the 

probability of surviving the direct effects of entrainment based on 

evaluating the survival 24 hours later of those organisms alive 

immediately following entrainment. 

of surviving the indirect effects of entrainment a s  described in Van 

Winkle et al. (1979). Indirect mortality (f 1 is calculated as a 
proportion of the direct mortality (fD), i.e., 

i ,D 

2, D 

The term (1-fI) is the probability 

I 

fI k fD , (VII-2) 

where k is specified as either 0.0, 8.1, or 0.2 for a lower estimate, 

middle estimate, or upper estimate of the indirect mortality, 

respectively (Appendix P), and fD is defined in Eq. (VII -3 ) .  

calculations of the f-factor will involve this indirect component, we 

will not discuss the indirect component further in this exhibit. 

While 

VII-1 



VII-2 

This chapter involves the est imat ion of the  t e r m s  € and 
i ,D 

f i n  ~ q .  (v11-1). From these e s t i m a t e s  the  d i r e c t  entrainment 

mor t a l i t y  f ac to r  ( f  1 i s  computed as follows: 
R,D 

D 

The i n i t i a l  and l a t e n t  f - factors  are calculated frm. f i e l d  da ta  which 

give (a) the  proportion a l i v e  i n i t i a l l y  i n  the  intake ( P  

discharge samples and (b) the  propart ian s t i l l  surviving 

) and 
i , I  

24 hours after sampling a t  the in take  (P ) and discharge (P ) 
R ,  I RYD 

given t h a t  they survived the i n i t i a l  sampling process. It then follows 

(as shown i n  Appendix C.1) t ha t  the i n i t i a l  and l a t e n t  f-factors can be 

estimated from the following re la t ionships :  

Some biases  or tendencies t o  s y s t e m t i c a l l y  

(VXI-5  1 

understate  or overstate t he  

f - factor  t h a t  are inherent  i n  the development of these forwul.a” a r e  

discussed i n  Appendix E. 

The remainder of t h i s  testimony is concerned with providing 

estimates of the i n i t i a l  and l a t e n t  f-factors tha t  a r e  used as i n p u t  t o  

the ETM (Chapter V I I I ) .  

inmediate m o r t a l i t i e s  w e r e  used i n   ne set of E‘m runs because l a rge r  

sample s i zes  are involved i n  t h e i r  es t imat ion ,  and thus grea te r  

confidence can be placed i n  the prec is ion  of f 

l a t e n t  mor t a l i t y  for the  entrainable l i fe -s tages  o f  some OK a l l  

E s t i m a t e s  based on f i e l d  studies that tallied 

However, the  i ,D* 
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populations may be considerable ,  and for  t h i s  reason a p a r a l l e l  set of 

E m  runs includes the l a t e n t  E-factors. 

One set of ETM r u m  i n  Chapter VI11 of t h i s  e x h i b i t  (made both 

with and without l a t e n t  mor t a l i t y )  denoted "h i s to r i ca l t8  runs was made 

for the  purpose of es t imat ing  the  ac tua l  entrainment mor t a l i t y  in 1974 

and 1975. FOP these runsg estimates of the  f - fac tors  for  each 

population were derived d i r e c t l y  from net  and l a r v a l  t ab l e  data .  A 
second group of runs (also made both with and without l a t e n t  mortality 

i s  concerned with p ro jec t ing  entrainment mor t a l i t y  i n  fu tu re  years ,  

based on projected plant  operat ions.  One set of estimates of f - fac tors  

i n  t h i s  group of "projected*' runs was also based on the  ne t  and larval 

t a b l e  da ta .  A second set of "projected" runs w a s  made with f-factors  

obtained by est imat ing separa te ly  the  E-factors due t o  thermal stresses 

( f t )  and the  f - fac tors  due to mechanical stresses (fm).  

techniques used i n  es t imat ing  the  lat ter set of "projected" f - fac tors  

are discussed i n  Sect ion 4 ,  

The 

The next s ec t ion  descr ibes  the  ava i l ab le  data used i n  es t imat ing  

the  f - fac tors .  Some general  p r inc ip l e s  are also described when dea l ing  

with common problems i n  the  da ta .  These p r inc ip l e s  include such 

matters as the  types of da ta  chosen f o r  use i n  CbaNL's ana lys i s  and what 

w a s  done when da ta  were i n s u f f i c i e n t  t o  permit the  es t imat ion  of 

f - fac tors  €or c e r t a i n  en t r a inab le  l i fe -s tages  of p a r t i c u l a r  f i s h  

populations.  
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2. DATA MANAGEMENT 

This sec t ion  includes a discuss ion  of the a v a i l a b l e  d a t a ,  some 

p r i n c i p l e s  which w e r e  e s t ab l i shed  t o  determine which da ta  were t o  be 

used, and means f o r  es t imat ing  f - f ac to r s  when da ta  w e r e  i n s u f f i c i e n t  t o  

support  necessary ca l cu la t ions  

Data have been co l l ec t ed  by two methodologies. Un t i l  t he  pas t  few 

yea r s ,  a11 da ta  co l l ec t ed  fo r  e s t ima t ing  the f - f ac to r  had been 

co l l ec t ed  using necs (Marcy 1471,  1973). E s t i m a t e s  of f - fac tors  

ca l cu la t ed  from ne t s  set  a t  t he  in t ake  and discharge have been shown t o  

be sub jec t  t o  p o t e n t i a l l y  se r ious  b i a s  when d i f f e r e n t i a l  v e l o c i t i e s  

e x i s t  between in t ake  and d ischarge  s t a t i o n s  (Q'Connor and Schaffer  

1977). The larval t a b l e  technique involves  pumping a water sample 

through a series of i nc l ined  plane screens  held in a water t a b l e  which 

concent ra tes  b i o l o g i c a l  ma te r i a l  more gen t ly  and uniformly i n t o  a 

sample c o l l e c t i o n  device (Fig.  VII-1). 

m o r t a l i t y  of the en t ra ined  organisms and a l s o  s i g n i f i c a n t l y  reduces o r  

e l imina tes  the e f f e c t  on su rv iva l  of d i f f e r e n t i a l  v e l o c i t i e s  a t  t he  

in t ake  and discharge s t a t i o n s  (McGroddy and Yyolan 1977). 

of ne t  sampling b i a s ,  da t a  co l l ec t ed  with l a r v a l  t a b l e s ,  when 

a v a i l a b l e ,  were always used i n  ORNL's a n a l y s i s  i n s t ead  of ne t  da ta .  

"Ifhis procedure reduces sampling 

As a r e s u l t  

Years f o r  which l a r v a l  t a b l e  da t a  ( suppl ied  on magnetic compuker 

tapes  t o  ORNL by the  u t i l i t i e s  on November 16,  1977 and A p r i l  5 ,  1978) 

were used i n  BRNL's ana lys i s  are l i s t e d  i n  Table V I I - 1 .  No egg da ta  

w e r e  a v a i l a b l e  from l a r v a l  t a b l e  c o l l e c t i o n s ,  so i t  was necessary t o  

use ne t  da t a  t o  es t imate  f - f ac to r s  f o r  eggs. 

Discharge da t a  co l l ec t ed  at  the Indian Point plant  w e r e  

i n c o n s i s t e n t ,  n e c e s s i t a t i n g  a s e l e c t i v e  use of l a r v a l  t a b l e  r e s u l t s .  

Survival  a t  the d ischarge  por t  s t a t i o n  (DP) (Fig.  VIL-2) w a s  almost 

a lways  higher  than s u r v i v a l  a t  the  ear l ier  discharge s t a t i o n  f o r  Unit 3 

(D3). 

the  bottom or  f l o a t i n g  t o  the  su r face  of dead organisms as t he  

condenser cool ing water flowed from s t a t i o n s  D3 t o  DY as shown a t  the  

Mi l l s tone  Point p l an t  by Carpenter e t  a l .  (1972) . Since the  DIP s t a t i o n  

This d i f f e r e n t i a l  i n  s u r v i v a l  could r e s u l t  from the  s e t t l i n g  t o  



V
IT-5 



Table VII-1. Larval t a b l e  data  by p i a n t  and year- p r o v i d e d  on 
magnet ic tapes t o  ORN!., by t h e  u t i l i t i e s  (trans- 
mi t t a l  of Noveiriber 16, 1977 f rom Jay 8. 
f d u t d i i n ~ ~ n  t o  Or. Web5ter Van Winkle, and trans- 
m i t t a l  o f  April 5, 1978 f r o m  Dr. Kenneth 
Matscellus t o  Henry Gluckstern) 

Bow 1 i ne Point  

R O S e t  Qn 

Indim P o i n t  

Danskamer Point 

Lovett 

X 

X 

Note: X indicates larval da ta  are a v a i l a b l e  on tape, while '- 
indicates  data not avai lable  on tape. 
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UNIT J 
C O I O t  N S f R t  

H U D S O N  R I V E R  

--+---- 
Upstream 

Figure VII-2. Diagram of the Indian Point Generating Station circulating water system showing 
location of larval table sample stations (Source: 
Entrainment Survival and Related Studies, 1977 Annual Report), 

Indian Point Generating Station 
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represents  a mixture of discharge waters f r m  a l l  th ree  u n i t s ,  while 

the  D3 s t a t i o n  represents  discharge water only from rJnit 3 (Transcr ipt  

p. 8695), it is  not unreasonable t o  expect the  sampling su rv iva l s  a t  

the  D3 and DP s t a t i o n s  t o  d i f f e r ,  e spec ia l ly  i f  there  is a d i f fe rence  

i n  generat ing load between the un i t s .  Thus, est imates  Q E  the  f - fac tor  

based on Unit 3 da ta  ( i . e . ,  samples co l lec ted  t a t  the  Unit 3 in take  and 

a t  s t a t i o n  D 3 >  would be more r e l i a b l e  than using the  DP s t a t i o n  where 

the  operat ion of 3 u n i t s  confuses th ings  grea t ly .  For these reasons 

a l l  f - fac tors  ca lcu la ted  a t  Indian Point f r m  l a r v a l  tab le  da ta  a r e  

based on in take  and discharge samples for  Unit 3. No l a r v a l  t a b l e  

samples were co l lec ted  from the cooling water which had only passed 

through the Unit 2 condensers. 

The general s t r a t egy  used i n  es t imat ing  f-factors  with da t a  fr0w 

the f ive  Hudson River p lan ts  (Bowline Poin t ,  Boseton, Indian Point ,  

Danskananer Poin t ,  and Lovett)  was t o  pool l a r v a l  t a b l e  da ta  across  

p l an t s  f o r  the  purpose of making es t imates  ( h i s t o r i c a l  and projected)  

d i r e c t l y  from ne t  and l a r v a l  t a b l e  da ta ,  but to maintain p lan t -spec i f ic  

ca lcu la t ions  f o r  projected est imates  t h a t  incorporate  the  thermal model. 

Pooling da ta  across plants  improves the prec is ion  of an est imate  of 

t o t a l  percent losses  of eggs and l a rvae  from the  r i v e r ,  assuming t h a t  

there  a r e  l i t t l e  or no d i f fe rences  between p lan ts .  However, pooled 

estimates w i l l  be weighted toward the  p lan t  or p lan ts  with the  g r e a t e s t  

mount of da ta  for a pa r t i cu la r  l i fe -s tage .  This pooling w a s  done for  

eaeh en t ra inable  l i fe -s tage  a f  a population f o r  which a s ing le  f - factor  

was ca lcu la ted .  

In  order to ca l cu la t e  a f - fac tor ,  we required t h a t  a minimum of 

f ive  organisms must have been col lec ted  at  the  in take  s t a t i o n  and a t  

the discharge s t a t i o n .  Although f ive  organisms is  not a sample s i z e  

t h a t  allows for a desisably prec ise  estimate, i t  is the  s a m e  value t h a t  

the u t i l i t i e s  used (Ecological Analysts,  Inc. 1977, Table 4.1.61, and 

it seemed reasonable to  be cons is ten t .  

The sample  s i z e s  €or yolk-sac la rvae  and en t ra inable  juveni les  a t  

each p lan t  were general ly  too small t o  support p lan t -spec i f ic  es t imates  

o f  f - factors .  The f i r s t  a l t e r n a t i v e  approach to increase sample size 
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was to pool da ta  over p l an t s ,  a s  was done for the  h i s t o r i c a l  estimates. 

I f  the pooled sample sizes were s t i l l  i n s u f f i c i e n t  (fewer than f i v e  

organisms a t  the in take  or  discharge s t a t i o n )  t o  support es t imat ion of 

an f - fac tor ,  the  pooled est imate  of the post  yolk-sac la rvae  f - fac tor  

w a s  used for  the l i fe -s tage  i n  quest ion (yolk-sac la rvae  or en t r a inab le  

juven i l e s ) .  However, s ince  s t r i p e d  bass and white perch a r e  c lose ly  

r e l a t ed  species  (both i n  the  same genus and s imi l a r  l i f e  cyc le ) ,  r a t h e r  

than using post yolk-sac la rvae  estimates f o r  yolk-sac la rvae  within a 

population, when faced with an i n s u f f i c i e n t  sample s i z e ,  w e  used da ta  

from the  same l i f e - s t age  from the  o ther  population i f  we thereby m e t  

the  sample s i z e  c r i t e r i o n .  

Two sets ( h i s t o r i c a l  and pro jec ted)  of ETM runs were made using 

f - fac tors  based on inmediate entrainment mor t a l i t y  da ta  only. For these 

runs,  no allowance was made for  l a t e n t  mor ta l i ty .  The term f i n  

Eq. ( V I I - 1 1 ,  represent ing the  p robab i l i t y  of l a t e n t  mor t a l i t y  i n  the  

f i r s t  24 hours a f t e r  entrainment,  w a s  assumed t o  be zero for  these runs- 

R9D 

Latent mor ta l i ty  es t imates  were confounded by there  being 

considerable  mor t a l i t y  being found i n  both the  in t ake  ( con t ro l )  and 

discharge (experimental)  samples over the  24-hour holding period. The 

s t r a t egy  employed i n  working with the l a t e n t  mor t a l i t y  da ta  involved 

the pooling among p lan t s  of a l l  24-hour l a t e n t  da ta  (given i n i t i a l  

su rv iva l )  for  a given population and l i fe -s tage  i n  order  t o  estimate 

the  l a t e n t  f - fac tor .  This l a t e n t  f - fac tor  w a s  then used i n  Eq. (VII-1) 

t o  ca l cu la t e  an overa l l  f - factor .  The same r u l e s  for  s u f f i c i e n t  sample 

s i z e  and s u b s t i t u t i o n  of estimates t h a t  we used fo r  the  immediate 

estimates a l so  w e r e  applied i n  es t imat ing  l a t e n t  f - fac tors .  However, 

the in take  and discharge sample s i z e  c r i t e r i o n  of f ive  organisms was 

now applied t o  the  number a l i v e  i n i t i a l l y  i n  the in take  and discharge 

samples - 
N e t  co l l ec t ions  provided the  only da ta  for  eggs,  but  even these 

co l l ec t ions  were incomplete. Only s t r i p e d  bass eggs co l lec ted  a t  

Indian Point i n  1973-1975 (Exhibit  UT-11, Tables 1.3-11 through 1.3-13) 

were reposted,by the  u t i l i t i e s .  These da ta  w e r e  pooled over the  th ree  
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yea r s ,  so t h a t  a s i n g l e  estimate f o r  s t r i p e d  bass  egg m o r t a l i t y  w a s  

obtained.  This es t imate  of the egg f - f ac to r  ( 0 . 6 6 )  f o r  s t r i p e d  bass  

w a s  used i n  the  EIM fa r  a l l  populat ions f o r  both the  h i s t o r i c a l  and 

pro jec ted  runs.  No l a t e n t  or i n d i r e c t  m o r t a l i t y  i s  included i n  t h i s  

es t b a t e  e 

Occasional ly ,  sampling r e s u l t e d  i n  an es t imate  of a nega t ive  

f - f ac to r .  m e n  t h i s  happened, f w a s  s e t  at zero ,  s ince  a negat ive 

entrainment m o r t a l i t y  i s  b i o l o g i c a l l y  impossible.  

In  us ing  an estimate of any parameter f o r  p r e d i c t i v e  purposes, it 

is important t o  have an understanding of the  p rec i s ion ,  o r  v a r i a b l i t y ,  

assoc ia ted  with t h a t  es t imate .  Otherwise, t h e r e  Fs a risk of a s i n g l e ,  

reported value takirig an meaning f a r  beyond t h a t  which is  appropr ia te  

from a s c i e n t i f i c  po in t  of view& Appendix D cons i s t s  of a d i scuss ion  

of the  p rec i s ion  of es t imates  of the  f - f ac to r .  That d i scuss ion  i s  

re levant  t o  both the  h i s t o r i c a l  f - f ac to r  estimates and the  pro jec ted  

f - fac tor  estimates, s i n c e  the  same kind of sampling d a t a  Eorms the  b a s i s  

for both.  In  genera l ,  p rec i s ion  of  most f - f ac to r  es t imates  is judged 

t o  be poor. However, the  p rec i s i an  of the f - f ac to r  estimates presented 

by the u t i l i t i e s  are i n  no case judged t o  be b e t t e r  and i n  some cases  

judged t o  be worst .  

E s t i m a t e s  of component f - f ac to r s  ( i . e + ,  the immediate por t ion  and 

l a t e n t  po r t ion  of the  f-fac'cors) were ca l cu la t ed  without regard t o  t h e i r  

s t a t i s t i c a l  s ign i f i cance .  This w a s  necessary because of the poor 

prec i s ion  of t h e  component f - f a c t o r s  assoc ia ted  wi th  yolk-sac la rvae  

and en t r a inab le  juven i l e s  and, for some populat ions ( c lupe ids ,  

inc luding  American shad, and bay anchovy), because of poor s u r v i v a l  i n  

the i n t a k e  samples  ( e s p e c i a l l y  for the  l a t e n t  f - f ac to r ) .  The decis ion  

t o  employ a range of estimates i n  E34 runs using pro jec ted  thermal 

model f - fac tors  ( s e e  Sect ion 4 )  was based i n  p a r t  on this poor 

p rec i s ion  of es t imates  from t he  sampling da ta .  
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3. ESTIMATES OF THE F-FACTQK FROM NET ANI) LARVAL TABLE DATA 

This sec t ion  is concerned with the  est imat ion of f - factors  fo r  

1974 and 1975. These f - fac tors  were used i n  runs of the  Empirical 

Transport Model (ETM) t o  estimate the  f r a c t i o n a l  reduct ion due t o  

entrainment mor t a l i t y  i n  the  s i z e  of the  young-of-the-year population 

for  each of the var ious populations considered ( s t r iped  bass white 

perch, c lupeids  including American shad, bay anchovy, and At l an t i c  

tomcod). These est imates  of f-factors were a l so  used in a set of 

pro jec ted  runs of the  EW. 

3.1 ESTXMBTES FOR EGGS FROM NET DATA 

As described i n  the  previous sec t ion ,  a s ing le  egg f - fac tor  was 

ca lcu la ted  from the  Indian Point net  da ta  (1973-1975) far s t r i p e d  bass.  

This es t imate  has a nuaber of problems: (1) net  da ta  a re  general ly  

poor ( i . e . 9  biased high or l o w ) ,  (2)  population d i f fe rences  a r e  not 

accounted f o r ,  and ( 3 )  d i f f e r i n g  s e n s i t i v i t y  of developmental s tages  of 

eggs are a l s o  not accounted for  (Ecological Analysts,  Inc. 1 9 7 8 ~ ) .  

Hawever, t h i s  pooled est imate  was used t o  estimate the  egg f - fac tor  fo r  

a l l  populations considered, i n  the  absence of egg da ta  fo r  these  o ther  

populations.  The estimate, which is 0 . 6 6 ,  includes no l a t e n t  e f f e c t s  

o r  i n d i r e c t  e f f e c t s ,  and thus some underestimation of the "underlying" 

f-factor  may r e s u l t .  

3.2 ESTIMATES FOR LARVAE AND ~ ~ R A I ~ ~ ~ ~  JUVENILES 
PROM ZARTTAJ-, TABLE DATA 

In  t h i s  s ec t ion  a descr ip t ion  w i l l  'he: given of the techniques used 

to ob ta in  est imates  of t he  immediate and l a t e n t  f - fac tors  from l a rva l  

t a b l e  data  at f ive  Hudson River p lan ts .  These estimates w e r e  used i n  

both h i s t o r i c a l  and projected runs of the  Em. Only l a r v a l  t a b l e  

da ta  supplied on magnetic t ape  t o  Oak Ridge National Laboratory (ORNL) 

by the  u t i l i t i e s  ( see  Table V I I - 1 )  have been used in est imat ing the  

f - fac tors  for  larvae (yolk-sac and post yolk-sac) and en t r a inab le  

juveni les .  These pooled est imates  are provided i n  Table VII-2 by 
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Table VII-2. Estimated l a r v a l  t a b l e  f - f a c t o r s  (immediate and l a t e n t )  
pooled across f i v e  Hudson River  p lan ts  ( f rom l a r v a l  t a b l e  
data provided on magnetic tapes t o  OWNL by the  u t i l i t i e s  
on November 16, 1977 and A p r i l  5, 1978) 

Spec i es b 
L i f  e-stagea f i , D  

b 
fR,D 

S t r  i ped bass Y 
P 
J 

White perch Y 
P 
J 

C1 upe i ds Y 
P 
J 

Bay anchovy Y 
P 
J 

A t l a n t i c  tomcod Y 
P 
J 

0.45 
0.27 
0.06 

0.45 
0.46 
0.25 

0.55 
0.55 
0.67 

1.0 
0.88 
0.66 

0.04 
0.62 
0.62 

0.47 
0.29 
0.07 

0.47 
0.48 
0.26 

0.57 
0.57 
0.69 

1.0 
0.89 
0.68 

0.04 
0.64 
0.64 

0.13 
0.15 
0.11 

0.13 

0.19 
0. a 

0.0 
0.0 
0.74e 

0.72e 
0.72e 
0.77e 

0.0 
0.0 
0.0 

0.55 
8.40 
0.18 

0.55 
0.48 
0.41 

0.57 
0.57 
0.92 

1.0 
0.97 
0.93 

0.04 
0.64 
0.64 

aY = yolk-sac larva, P = post  yolk-sac larva, J = en t ra inab le  

b f i , D  and f2,D are estimates of immediate and l a t e n t  f - f a c t o r  

c f i  = 1 - ( l - f i , D ) ( l - f I ) ;  does not  inc lude l a t e n t  d i r e c t  m o r t a l i t y .  

d f  = 1 - ( l - f i , D )  (l-f%,'))(1-f1); includes l a t e n t  d i r e c t  m o r t a l i t y .  

eSee Appendix C.2. 

j uven i 1 e. 

components, respec t ive ly .  
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l i f e - s t age  f o r  a l l  f i ve  populations considered ( s t r i p e d  bass ,  white 

perch, c lupeids  including American shad, bay anchovy, and At l an t i c  

tomcod). 

i n d i r e c t  mor t a l i t y  (k = 0.1; see Eq. VII-2) i n t o  the  immediate f - factor  

using Eq. (VII-1) without the  t e r m  (1 - f a ,D>  (ice.? without l a t e n t  

d i r e c t  mor t a l i t y ) .  The pooled sample s i z e s  for t h i s  f - factor  es t imate  

a r e  shown i n  Table VII-3 by l i f e - s t age  and population. 

headed " Imedia te"  ind ica t e s  t h a t  the  pooled sample s i z e  is i n s u f f i c i e n t  

(< 5) f a r  es t imat ing  the f - fac tor  for: 

The column i n  Table V I I - 2  headed by 'Ifi'' incorporates  

The column 

* white perch yolk-sac la rvae  

c lupe id  yolk-sac larvae 

At l an t i c  tomcod juveni les  

Employing the r u l e s  discussed i r a  Section 2, the  estimated f - fac tor  fo r  

s t r i p e d  bass yolk-sac larvae was used to estimate the f-factor  fo r  white 

perch yolk-sac la rvae .  Post yolk-sac la rvae  estimates from clupeids  

and At l an t i c  tomcod were used as the  b a s i s  for  estimates for clupeid 

yolk-sac larvae and A t l a n t i c  tomcod juveni les ,  respec t ive ly .  The column 

i n  Table VIH-2 headed "fin' r e f l e c t s  these subs t i t u t ions .  

The column i n  Table VZH-2 headed "f " gives the  estimated 

l a t e n t  f - fac tor ,  independent of i n i t i a l  mor t a l i t y .  The sample s i z e s  

for the  l a t e n t  es t imates  ( i * e . 9  the number of survivors  i n  the  i n i t i a l  

samples) are shown in Table VIIC-3 under the  column headed "Latent." 

This column ind ica t e s  t h a t  the da t a  a r e  i n s u f f i c i e n t  for  es t imat ing  the 

l a t e n t  component of f - fac tors  f o r  

R , D  

white perch yolk-sac la rvae  

clupeid yolk-sac la rvae  

bay anchovy yolk-sac la rvae  

At l an t i c  tomcod juveni les  

Again, employing the  r u l e s  discussed i n  Section 2,  the  estimated l a t e n t  

f - fac tor  fo r  s t r i p e d  bass yolk-sac larvae was used f o r  white perch 
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Table VII-3. Pooled sample s izes  by l i f e - s t a g e  and popu la t ion  a t  t he  
i n take  and discharge sam?ling s t a t i o n s  f o r  use i n  
c a l c u l a t i n g  the  immediate and l a t e n t  components o f  t he  
f - f a c t o r  ( f rom l a r v a l  t a b l e  data p rov ided on magnetic 
tapes t o  ORNL by  the  u t i l i t i e s  on November 15, 1977 and 
A p r i l  5, 1978) 

I-____ --- 
Spec i es L i f  e -s t  agea I m e d  i ate  La ten t  

_I_--.- -___ - - ~  _--___-.--________- 

INTAKE : 

Str i ped bass 

White perch 

C1 upe i ds 

Bay anchovy 

Tomcod 

DISCHARGE: 

S t r i ped  bass 

White perch 

C1 upei  ds 

Bay anchovy 

Tomcod 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

56 
99 1 
60 

2 
792 
88 

0 
2174 

580 

15 
4516 

589 

314 
64 
4 

52 
1048 

66 

6 
813 

45 

2 
2383 

37 5 

69 
4629 

3 90 

210 
22 
0 

45 
691 

54 

1 
447 

83 

0 
1051 
367 

1 
350 
337 

272 
38 

4 

23 
5 34 

56 

0 
24 7 

32 

0 
519 

79 

0 
41 
76 

160 
5 
0 

_ _ _  

aY = yolk-sac la rva ,  P = pos t  yolk-sac l a rva ,  J = e n t r a i n a b l e  
j u v e n i l e .  
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yolk-sac la rvae  while past  yolk-sac larvae E-factor es t imates  fo r  

c lupeids ,  bay anchovy, and At l an t i c  tomcod were used for  c lupeid 

yolk-sac la rvae ,  bay anchovy yolk-sac larvae,  and At l an t i c  tomcod 

juveni les  respec t ive ly .  

In  a f e r  ins tances  (c lupeid en t r a inab le  juveni les  and bay anchovy 

post yolk-sac la rvae  and en t ra inable  juven i l e s ) ,  an est imate  of 1.0 w a s  

caPeulated far the  l a t e n t  f - fac tor  ( f  1 in. a s i t u a t i o n  where ( a )  

the  sample s i z e  (number i n i t i a l l y  a l i v e  for purposes of es t imat ing 

l a t e n t  mor t a l i t y )  a t  the in t ake  was four t o  nine t i m e s  g rea t e r  than the 

sample s i z e  a t  the  discharge s t a t i o n ,  (tp) only 3 -to 4% of those 

captured a l i v e  at  the  in take  survived the 24-hour holding per iod,  and 

( c l  none af those captured a l i v e  a t  the  discharge survived the %-hour 

holding period. A binomial t e s t  (Siege1 1956) was performed in these 

R,D 

ins tances  i n  order  to test the l ikel ihood t h a t  an est imate  of f is 

equal t o  1.0 under the  n u l l  hypothesis t h a t  the  l a t e n t  f - fac tor  i s  

zero. In each a f  these cases, even though the  s t a n  a rd  normal test 

(see Exhibit  UT-11, p.  1-11> fo r  d i f f e rences  between proportions 

(one-sided) ind ica ted  t h a t  the l a t e n t  f - factor  was s i g n i f i c a n t l y  

g rea t e r  than zero (P < S.05>, the  binomial t e s t  f a i l e d  t o  ind ica t e  

t h i s .  Thus, i t  was f e l t  t ha t  a compromise w a s  appropriate .  The 

procedure used is described i n  Appendix C.2.  The output from t h i s  

procedure w a s  an average €-factor ,  which w a s  used as  our es t imate  of 

the  l a t e n t  f - factor .  The f i n a l  C Q ~ U ~ I I  i n  Table VII-2 headed "f" 

corresponds to  the f-factor  es t imate  defined by Eq. (VII-11; t h i s  

column gives the estimated €-factor incorporat ing i n i t i a l ,  l a t e n t ,  and 

i n d i r e c t  m o r t a l i t i e s  a 

Q9D 

3 . 3  BIASES 

Various condi t ions assoc ia ted  with the sampling techniques can 

cause a tendency f o r  the  true f - fac tor  t o  be underestimated or  

overestimated. I f  t h i s  tendency i s  predominately i n  one d i r ec t ion  

( e . g .  towards underestimating) f o r  a c e r t a i n  set of condi t ions,  then 

those conditions are s a i d  t o  resul t .  i n  a biased est imate .  
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The depth from which samples are collected can result in biased 

estimates. 

to the larval table, will largely determine the pressure changes 

(themselves potentially damaging) which an organism will undergo during 

the collection process. To minimize this source 05 bias, sampling 

conditions at the intake and discharge of a particular power plant 

should be arranged, as much as possible, so that these pressure changes 

will be the same. 

made to assure such similarity, it is also not apparent that 

hydrostatic changes are consistently either higher or lower at intakes 

v s  discharges, when sampling conditions at the various plants are 

compared. 

the variability or uncertainty in individual estinates, but which does 

not result necessarily in a bias with identifiable direction. 

T h i s  depth, together with the geometry of the hoses leading 

While it is not apparent that any effort has been 

Therefore, we view this phenomenon as one which increases 

A second sampling condition with the potential for introducing 

bias relates to the location of the discharge sampling station in 

relation to the ultimate point of discharge into the river. Elevated 

temperatures and mechanical stresses in discharge. pipes OK canals past 

the point of discharge sampling, or physical conditions in the river 

relating to plume dilution after discharge, may cause additional 

mortality. At Bowline Point, Woseton, and Indian Point, a substantial 

distance must be travelled by the entrained organisms from the 

discharge sampling station to the actual discharge into the river (see 

Figs. VII-2, VII-3, and VII-41. For Bowline. Point it is roughly 1800 

feet from the discharge sampling station €OK either Unit 1 or Unit 2 to 

the river discharge (Exhibit UT-7, Table 2.2-11, with two 45' bends 

for Unit 1 and one 45' bend for Unit 2 (Exhibit UT-7, Fig, 2.2-1). 

The Raseton discharge sampling station is located in the seal well, 

with an additional 460 feet to the first diffuser port and 860 feet to 

the end o f  the diffuser system (Transcript p .  87243. 

the distance from D3 (discharge station for Unit 3) is approximately 

515 feet frm the first discharge port and 755 feet to the last 
discharge port (Transcript pp. 8726-286. 

station D3 and the discharge portsp and the discharge ports are at 

At Indian Point 

One 45 ' bend occurs between 
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r i g h t  angles t o  the  r i v e r  flow (Transcr ipt  pp. 8724-27). 

temperatures and mechanical stresses i n  these  p i p e s  and cana ls  a f t e r  

passing the  discharge sampling s t a t i o n s  may wel l  induce some addi t iona l  

mor t a l i t y .  Also, some add i t iona l  plant-induced mor ta l i t y  may occur 

a f t e r  the  en t ra ined  organisms are discharged back i n t o  the  r i v e r ,  due 

t o  plume d i l u t i o n  with r i v e r  water. 

discharge water e n t e r s  the  r i v e r 9  it w i l l  tend t o  r ise,  car ry ing  eggs 

and larvae with it; a decrease i n  hydros t a t i c  pressure is assoc ia ted  

with t h i s  rise. 

The e leva ted  

F ina l ly ,  as the  warmer ( l e s s  dense) 

Biases assoc ia ted  with discharge sample loca t ion  may be o f f s e t  by 

add i t iona l  exposure time i n  the  l a r v a l  tab le .  Since the  l a r v a l  t ab l e  

is operated for  15 minutes and then drained,  an average exposure t i m e  

of a t  least 7 t o  8 e x t r a  minutes a t  the  elevated temperatures can be 

expected. The b i a s  towards unders ta t ing  the f-factor  as a r e s u l t  of 

add i t iona l  t h e m a l  exposure a f t e r  the  discharge sampling s t a t i o n  w i l l  

probably be mostly o f f s e t ,  and i n  some cases may be more than o f f s e t ,  

by the add i t iona l  t h e m a l  exposure experienced i n  the  discharge l a r v a l  

t a b l e ,  [The degree of o f f s e t  w i l l  be less a t  Indian Point s ince  ambient 

water w a s  i n j ec t ed  i n t o  the  l a r v a l  t a b l e  at the discharge s t a t i o n  t o  

seduce the  sample water cemperature oikologieal  Analysts,  Inc. 1978b, 

p. 4-21.1 However, add i t iona l  mor t a l i t y  due to  mechanical buf fe t ing  

and pressure e f f e c t s  is not of fse t  i n  any manner. 

An add i t iona l  bias, the  d i r e c t i o n  of which is unknown, may occur 

as a r e s u l t  of f a i l u r e  t o  evaluate  the surv iva l  sf a l l  organisms t h a t  

en te r  the  l a r v a l  t ab l e  (Transcr ip t  p.  87391). 

t o  50% of the  organisms co l l ec t ed  from the  l a r v a l  t a b l e  were not i n  the 

c l a s s i f i c a t i o n  l i v e ,  stunned, or dead (Transcr ipt  p. 8743). These 

I n  1935 approximately 40 

missing" organisms were eolleeted f r o m  a ne t  sampling the  screened 

water (and hence the  organisms m a s t  have passed around or through the  

screen i n  the l a r v a l  t a b l e ) ,  or  they were co l lec ted  dur in  the  wash-down 

procedure. I n  e i t h e r  case ,  the p o t e n t i a l  €or c o l l e c t i o n  damage w a s  

deemed high enough to i nva l ida t e  the  use of these organisms for  plant  

su rv iva l  purposes. After modif icat ions t o  the  desi- of the  l a r v a l  

I 1  
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t a b l e ,  t h i s  l o s s  wa5 reduced t o  approximately 10% of the  organisms 

c o l l e c t e d  frcm 1976 on. 

Another genera l  category of sampling condi t ions  having the  

p o t e n t i a l  t o  caiise b i a s  i n  f - fac tor  estimates arises from the  

p o s s i b i l i t y  t h a t  the sampling e f f o r t  may be concentrated during 

per iods when s u r v i v a l  at the  p l an t  i s  unusually high  or  unusually low- 

Any t ox ic  chemical a d d i t i v e s ,  such as ch lo r ine ,  w i l l  increase  the 

m o r t a l i t y  d i e  to p lan t  passage. Chlor ina t ion  is used t o  con t ro l  

b io fou l ing  in. the  cool ing  water system. The rate  of b io fou l ing  is 

enhanced by the  p i t t i n g  of the  su r face  of t he  condenser tubes 

(Transcr ip t  pp. 8836-8837). Over the  l i f e t i m e  of a p l an t  the n e c e s s i t y  

f o r  treatment of  b iofoul ing  may i n c r e a s e s  thus leading to higher  p lan t  

entrainment m o r t a l i t i e s  ( f - f ac to r s ) .  Since no ch lo r ina t ion  occurred 

during the  use of the l a r v a l  t a b l e s  (Transcr ip t  p. $7181, t h i s  

p o t e n t i a l  b i a s  e x i s t s ,  though it  may be extremely s m a l l .  Sodium 

hypochlor i te  i s  the  only chemi.eal added to t he  cool ing water a t  Bowline 

Point (Exhibi t  UT-7, p. 2.4-11, and t h i s  occurs only in f r equen t ly  

(though during the  s t r i p e d  bass e n t r a i m e n t  season) when ambient 

temperatures exceed 5Q"F. 

and 1976 (Exhibi t  UT-6, p. 2.4-2). The Indian  Point  Unit  2 cool ing  

water system w a s  ch lor ina ted  16 t i m e s  i n  1974 and 14 t i m e s  i n  1975 

(Exhib i t  UT-9, p. 1-19>. 

No ch lo r ina t ion  occurred a t  Raseton in 1975 

I n  using the  l a r v a l  t a b l e  da t a  ( t h a t  i s ,  discharge samples  

i r r e s p e c t i v e  of t he  d ischarge  temperature) ,  the  f - fac tor  estimate w i l l  

be biased i E  the  temperature values  f o r  the discharge samples do not 

r e f l e c t  the true temperatures experienced i n  the discharge canal  during 

the  entrainment season. Most sampling occurred at night  when genera t ing  

loads (and hence AT'S) w e r e  lower (Exhibi t  UT-11, p. 3 - 4 ) .  At Indian 

Point Units 2 and 3, the  AT would be € a i r l y  constant  throughout the 

day. However, the  in t ake  temperature (and the re fo re ,  the discharge  

temperature) would grabably be 1 m e r  a t  n ight .  For ins tance ,  a t  

Bowline Point i n  1975 only n igh t  samples were co l l ec t ed  from t h e  

i n i t i a t i o n  of  sampling on June 3 up u n t i l  June 23 (Ecological  Analysts ,  



Inc. 1976, p. 3-11. Since no s t r i p e d  bass larvae or ent ra inable  

juveniles w e r e  captured a f t e r  June 23, an estimate of the f-factor 

based on sampling a t  Bowline Point i n  1975 would underestimate the  t rue  

f- fac t o r .  

In t h i s  Section ( 3 . 3 )  we have discussed several. general. conditions 

tha t  can result in a biased estimate of t he  f - fac tore  Sme addi t iona l  

sources of b i a s  are discussed i n  Appendix E. The d i rec t ion  of some of 

these biases are un iden t i f i ab le ,  while others lead to  underestimates or 

overestimates of the  f-factors.  The overa l l ,  or ne t ,  a f f e c t  of these 

b iases  is not known. 



In  order  to  develop es t imates  of f-fastors for  fu tu re  opera t ing  

condi t ions  of f i v e  Hudson River plants (Bowline Poin t ,  Roseton, Indian 

Poin t ,  Danskames t9nint ,  and Lovet%) Ecr t h r e e  f i s h  populat ions 

( s t r i p e d  bass ,  white perch, and c lupe ids  incLuding h e r i c a n  shad) ,  

Ecological  Analysts ,  In@. developed an entrainment m o r t a l i t y  model 

(Exhib i t  UT-11). 

the  thermal component o f  entrainment m o r t a l i t y  as a func t ion  o f  the 

accl imat ion (or  anbientd temperature,  exposure dura t ion  (or t r a n s i t  

t ime) ,  and exposure temperature.  Illne thermal. model r e s u l t s  are then  

combined w i t h  a mechanical component of entrainment m o r t a l i t y  based on 

l a r v a l  t a b l e  data (presumably taken when t he re  w a s  very l i t t l e  i f  any 

thermal m o r t a l i t y )  t o  give a combined estimate of entrainment 

mor t a l i t y .  The inpu t s  t o  the  thermal component: of m o r t a l i t y  are 

developed from an h i s t o r i c a l  da t a  base of r i v e r  ambient temperature and 

projected plant  ope ra t ing  condi t ions  ( p l a n t  f l o w s  and ne t  genera t ing  

loads ) ,  while  the mechanical component is  based on l a r v a l  t a b l e  da t a  

co l l ec t ed  during per iods when the  discharge temperatures are 

s u f f i c i e n t l y  low t h a t  l i t t l e  or ma thermal m o r t a l i t y  would be induced. 

Their  madel uses a regress ion  equation t o  estimate 

The r eg res s ion  equat ion used for the thermal component of 

entrainment m o r t a l i t y  (Exhib i t  UT-11, p. 2-41, is 

and then 

M is the probi t  (def ined by Eq. (VII-7)) correspondiag t Q  the  

thermal. component of the [--Eartor ( f  1, TA i s  the  ambient 

temperature ("C), t i s  the  exposure dura t ion  (minutes),  TE i s  the 

t 

t 
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exposure temperature ("C), x i s  t h e  o r d i n a t e  of the s tandard  normal 

d i s t r i b u t i o n ,  and bop b l ,  b2?  and b3 are c o e f f i c i e n t s  es t imated  

by p r o b i t  r eg res s ion  techniques from l abora to ry  experiments (Ecologica l  

Analys ts ,  h e .  1 9 7 8 ~ 9 .  The p r o b i t  t ransformat ion  CEq. (VII-?)I i s  used 

t o  l i n e a r i z e  t h e  thermal m o r t a l i t y  curve shown in Fig.  VII-5 where 

there i s  low m o r t a l i t y  below a c e r t a i n  temperature ,  high m o r t a l i t y  

above a h ighe r  temperature ,  and a r ap id  inc rease  i n  m o r t a l i t y  over a 

narrow range between these  two temperatures  

The " threshold  e f f e c t , "  or r ap id  change i.n m o r t a l i t y  over a narrow 

range of exposure temperatures ,  can cause a s i g n i f i c a n t  bias i n  

estimates of entrainment  m o r t a l i t y .  I n  Fig.  V I I - 5  only one independent 

v a r i a b l e ,  exposure temperature ,  is considered.  As w i l l  be d iscussed  

later,  p ro jec t ed  exposure temperatures are a func t ion  of ambient 

temperature ,  r e c i r c u l a t i o n  o f  p l an t  cooling water, flow rate  of p l an t  

cool ing  water, and genera t ion  load. Since a b k  of t hese  i n p u t s  are 

s u b j e c t  t o  e r r o r ,  one might r ep resen t  the o v e r a l l  temperature e r r o r  by 

the normal curve shown i n  Pig. VII-5. Ef t h e  mean of a f u t u r e  set  of 

temperatures  (e.g. ,  '41 35'6) l a y  j u s t  be lw  t h e  th re sho ld  (36-4OoC), 

as i t  i n  f a c t  tends to do during t h e  sumrner months, then  the  e s t h a t e  

of the thermal component of the  f - f ac to r  based on the  mean of the input  

v a r i a b l e  [€(r>] would be cons iderably  l e s e  then  t h e  mean of  t h e  

estimates of the  thermal  component of t he  f - f ac to r  [ f ( T ) ] ,  each 

c a l c u l a t e d  over  t he  actual range of the  r e spec t ive  v a r i a b l e  

(Fig.  V I I - 5 ) .  For example, i f  one takes  the  average o f  a l l  t h e  

exposure temperatures  over  s m e  period of t i m e  ( i . e . ,  day or month) and 

t h a t  value f a l l s  below t h e  th re sho ld ,  then one would compute v i r t u a l l y  

no thermally-induced m o r t a l i t y  [ i .e . ,  f(T) 01. However, i f  one takes  

t h e  i n d i v i d u a l  estimates of  exposure temperature ,  one can c a l c u l a t e  the 

thermal m o r t a l i t y  a s s o c i a t e d  with each o f  t hese  estimates of exposure 

temperature ,  and then average these  thermal  m o r t a l i t i e s  [ i . e . ,  f ( T ) ] .  

I n  gene ra l ,  t hese  two estimates of t he  thermal m o r t a l i t y  f a c t o r  are 

d i f f e r e n t  [;.e., f(T) f ?(TI] In p a r t i c u l a r ,  when exposure 

temperatures  'Lie below t h e  th re sho ld  temperature ,  t he  average thermal 

m o r t a l i t y  f a c t o r  can be  cons iderably  g r e a t e r  than the  thermal  m o r t a l i t y  

- 

I 

- 
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f a c t o r  based on average condi t ions .  It is t h e  est imated mean of t h e  

thermal component of  the f - fac tor  which w e  want t o  use i n  our 

"projected" thermal m o r t a l i t y  ETPl runs  (Chapter V I I I ) .  This es t imated 

mean of the thermal component of the f - fac tor  w i l l ,  i n  gene ra l ,  be 

unders ta ted  by an est imated f - f ac to r  based on average exposure or  

ambient temperatures.  

Any averaging performed on the  inputs  t o  the  thermal m o r t a l i t y  

regress ions  can c r e a t e  a source of b i a s  ( o r  an underestimate of t h e  

t r u e  f - f ac to r ) .  Thus, i n  assembling inputs t o  the  thermal m o r t a l i t y  

r eg res s ion ,  OKNL has attempted t o  r e t a i n  as much of the  v a r i a b i l i t y  

inherent  i n  the da t a  as poss ib le .  However, due t o  the  many sources  of 

v a r i a b i l i t y ,  it w a s  necessary t o  use  averaged inpu t s  i n  many ins t ances  

i n  genera t ing  OKNL's estimates of the  f - f ac to r ,  which has  r e su l t ed  i n  

some understatement of the  thermal f - f ac to r .  

For example, the  assumption of uniform t r a n s f e r  of  h e a t  from t h e  

condensing steam t o  t h e  cool ing  water (Transc r ip t  p. 9195) and t h e  

assumption of uniform pumping rates for the  p lan t  cool ing water are two 

assumptions t h a t  may lead  t o  underest imates  of t he  t r u e  f - f ac to r ,  

e s p e c i a l l y  when the  ambient temperatures are high.  S l i g h t  decreases  i n  

flow rate (o r  increased  t r a n s i t  t i m e  and AT) or  areas of  t he  condensers 

of higher  hea t  t r a n s f e r  w i l l  have a g r e a t e r  e f f e c t ,  i n  terms of 

increased  m o r t a l i t y ,  than would comparable inc reases  i n  flow rate (o r  

decreased t r a n s i t  t i m e  and AT> or areas of lower hea t  t r a n s f e r .  These 

e f f e c t s  can become pronounced when exposure temperature is j u s t  below 

t h e  "threshold" exposure temperature.  Since these  e f f e c t s  are not  

considered i n  the  thermal component of  the entrainment m o r t a l i t y  model, 

a source of  b i a s  which leads  t o  an underest imate  of the  f - f ac to r  is 

present .  

Dey (1978)  and Exhib i t  UT-11A (P ig .  A.2-19) suggest t h a t  t he re  w a s  

a bimodal d i s t r i b u t i o n  of spawning of s t r i p e d  bass  i n  1976 on t h e  

Hudson River ,  and t h a t  " su rv iva l  fo r  i nd iv idua l s  from the  f i r s t  spawn 

was extremely low dur ing  the t r a n s i t i o n  from yolk-sac to post  yolk-sac 

stage. ' '  If t h i s  i n  fac t  occurred,  then the  second spawn should be more 

important in terms of  recrui tment  t o  adulthood. However, t h i s  la ter  
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spawn will have 2 greater entrainment mortality associated with it as a 

result of higher ambient temperatures occurring later in the striped 

bass entrainment season. Consequently, f-factors based on the entire 

spawn would underestimate the actual 5-factor applicable to the striped 

bass population when a bimodal distribution of spawning occurs 

4.1 INPUTS TO MODEL 

In this section we discuss the inputs necessary for developing a 

set of projected thermal model f-factors by plant and life-stage over 

the entrainment periods of striped bass, white perch, and clupeids 

including American shad. The model is presently set up t o  run from 

April 1 to August 31. 

through 8:00 PM) vs night (9:OO PM through 5:OO AM) basis in hourly 
increments. The first day of the first week is April 1. The final 

week contains 6 days and is averaged accordingly, 

The output is averaged by week, on a day (6:OO AM 

4.1.1 Ambient Temperatures 

In order to estimate the ambient temperatures at the various plants 

[as used in E q .  ( V I I - 6 ) ] ,  a twenty-six year temperature data base 

(1951-1976) from the Poughkeepsie water supply station (provided on 

magnetic tape to ORNZ, by utilities in a transmittal dated November 17, 

1978 from Dr. Kenneth Marcellus to Henry Gluckstern) was used. 

daily 90th percentiles (i*e., for each day ten percent of the observed 

values are greater than or equal to these values) were obtained from 

these data and used as  the base ambient temperature for the model runs 

(Table V I I - 4 ) .  Since the mean ambient temperature (i.e., daily 50th 

percentiles) would result im an underestimate of the true f-factor, the 

90th percentile was used in order to offset this bias. 

temperature range over the twenty-six-year data base is typically about 

ten degrees Fahrenheit (5.66C), so the difference between the mean and 

90th percentile is a matter of about 3'F (2°C). 

the increase in thermal entrainment mortality estimates that will occur 

during periods of high ambient temperature will lead to a more accurate, 

rather than conservative, estimate of the true f-factor than would the 

The 

The daily 

It is believed that 



VXI-27 

Table VII-4. Ninetieth p e r c e n t i l e  o f  mean dai ly  water 
temperature (" F) a t  Poughkeepsie (based an 
26-year record for 1951-1976) from April 1 
through August 31 ( t r a n s m i t t a l  o f  November 
17, 1978 from Dr. Kenneth Piarcellus t o  
Henry GI uckstern) 

D ay Apr. May June July Aug . 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 

44 
45 
45 
45 
45 
45 
45 
45 
46 
46 

46 
46 
48 
47 
48 
49 
49 
49 
48 
48 

50 
51 
51  
52 
52 
54 
53 
53 
54 
54 

55 
54 
55 
56 
55 
56 
56 
57 
57 
57 

59 
57 
59 
59 
59 
60 
59 
60 
60 
61 

61 
62 
63 
62 
64 
64 
65 
66 
66 
67 

54 

67 
68 
68 
68 
68 
68 
67 
69 
69 
69 

69 
70 
70 
70 
70 
70 
7 1  
7 1  
72 
72 

72 
72 
72 
72 
73 
73 
73 
74 
74 
74 

75 
75 
75 
75 
77 
76 
76 
75 
76 
76 

76 
77 
77 
77 
77 
78 
78 
78 
78 
78 

78 
78 
78 
78 
78 
78 
78 
78 
78 
78 

79 

78 
78 
78 
78 
78 
79 
78 
78 
78 
78 

78 
78 
78 
78 
78 
78 
78 
78 
78 
78 

78 
78 
78 
78 
78 
78 
78 
78 
18 
77 

77 
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use of the  mean ambient temperature,  as a r e s u l t  of the  b i a s  inherent  

i n  a threshold-type model. 

Tn order  t o  estimate i n t a k e  temperatures f o r  Bowline Poin t ,  

Roseton, and Danskamer Po in t ,  l i n e a r  regress ions  between p lan t  i n t ake  

temper  a t  ures  and cor  responding Poughkee p s i e  temperatures w e r e  per formed 

f o r  Bowline Point  (Unit  2) and Danskamer Point  from da ta  provided on 

the same magnetic tape  ( t r a n s m i t t a l  of November 17, 1978 from D r .  

Kenneth Marcellus t o  Henry Gluckstern)  as t he  Poughkeepsie temperature 

da ta .  For Indian Point  the  equat ion given as Eq. 3-IV-61 i n  Exhibi t  

UT-3 w a s  used. The fol lowing l i n e a r  regress ions  were used i n  

developing ORNL's estimates of i n t ake  temperatures:  

Danskamer Point :  T = 1.07 PT - 4,52 (VII-8) 

Bowline Point  (Unit 2): *T PT -b 2.38 (VII -9)  

Ind ian  Point  (Unit 2) :  T = 0.96 PT + 3 . 3 4  ( V I X -  10) 

where T = t he  i n t a k e  temperature ( O F )  and PT the temperature (OF) a t  

Poughkeepsie. The regress ion  f o r  Danskamex Point  has been used a l s o  

f o r  Roseton (about 0.6 m i l e s  downstream of Danskamer Po in t ) .  A 

weighted average of t he  B o w 1 i . m  Point  and Indian  Point  regress ions  

could have been; be used f o r  Louett .  Lovett  i s  loca ted  about 2 m i l e s  

downstream sf Indian  Point and about: 3.5 m i l e s  upstream from Bowling: 

Point (Exhibi t  UT-9, Fig.  1-1). 

The r eg res s ion  f o r  Danskamer Point  used minimum d a i l y  

temperatures at  the in t ake ,  a temperature. t h a t  includes very l i t t l e  

r e c i r c u l a t i o n  (which would otherwise cause an overest imate  of t h e  

ambient temperature) .  The Bowline Point and Indian Point i n t ake  

measurements, however, do inc lude  the  e f f e c t  of r e c i r c u l a t i o n  i n  the  

"ambient" temperatures.  I n  order  t o  estimate the  actual ambient 

temperature experienced by the  e n t r a i n a b l e  organisms p r i o r  t o  en te r ing  

the inf luence  of the  r e c i r c u l a t e d  w a t e r  near the in t akes  (TA>, it  w a s  
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necessary to subtract from the intake temperature (T) obtained from the 

regression some value corresponding to the incremental temperature due 

to the recirculating water. The model, as employed by OWL, introduces 

a factor (RI) t o  be subtracted from the intake temperature to obtain 

the ambient temperature, TA. This factor is 

R1 = A T O R  , (VI I- 11 

where AT is a function of plant generating load and flow, and R is the 

plant specific recirculation estimate (Table VII-5). This factor 

(RI) is set to zero far Roseton and Danskamer Point, since the 
regression for intake temperature is based on minimum daily temperature 

at Danskamer Point, which reflects essentially no recirculation. 

Since the regressions far Bowline Point and Indian Point are based on 

average daily intake temperatures, which include the effects o f  

recirculation, the B values shown in Table VIZ-5 are used for these 

plants. 

The ambient temperature at Eovett was calculated by averaging two 

regression equations (both of which include the effects of 

recirculation). Since the value of 18 for Lovett is a function of 

the calculated AT at both Indian Point and Bowline Point, it was 

decided that only larval table estimates of the total E-factor (with  

and without latent mortality) would be used for the different fish 

populations and life-stages at Lmett (i.e+$ the same results used in 

the historical estimates for yolk-sac larvae and entrainable juveniles, 

but post yolk-sac larvae f-factor estimates were plant specific 

whenever possible). 

1 

4 . 1 . 2  Exposure Duration 

The exposure duration, or time of passage of an entrainable 

organism from the condenser t o  the discharge ports, is a function of 

the rate of plant flow. The number of pumps operating and, for some 

plants, the mode of pump operation directly affect this flow rate. 
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Table VII-5. Recirculation values for  f i v e  Hudson R i v e r  
plants as used i n  genera t ing  EPA's est i -  
mates o f  t h e  f - factor  

Plant  

Bowline Pa in ta  

Rosetona 

Indian Pointa 

Dansk amer  Poi ntb 

LO v e t  t b 

13% 

23% 

7% 

10.4% 

11 e 2% 

aFrom Table 3-IV-28, Exhibit UT-3.. 

b ~ r o m  transmittal o f  N O V ~ ~ ~ W  17, 1998 f r o m  or. K E W I ~ ~ I I  
Marcellus t o  Henry Gluckstern. 
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Flow data  f o r  once-through cooling in Appendix A t o  Exhibit UT-3 

were used as the basis for p r ~ j e c t e d  flow estimates a t  Bowline Paint  

Units 1 and 2, Raseton, and Indian aint Units 2 and 3 .  Since some of 

the  projected f low6 given i n  t h i s  appendix include an allowance for  

downthe  due to planned maintenance, and sirrnce estimates of the. 

€-€actor should re f lec t .  the actual flms at the  p lan ts  whew operat ing,  

the. p l a n t  flows used i n  generat ing L ' s  estimates of the f - factor  

have had the  e f f e c t  of downtime removed. The projected flows for 

Bowline Point Unit  2 (Exhibit  UT-3, Table A--4) ,  which contain no 

downtime, were used for Bowline Point Unit I (Exhibit  UT-3, Table A-5). 

A flQW rate Qf 40,800 gpm was used f o r  A p r i l  through August for both 

Units 2 and 3 a t  Indian Point (Exhibit  UT-3, footnote t o  Table A-2) .  A t  

Roseton the  minimum plant: f low with both units aperating is 418,000 gpm 

( two  punrps). The projected p l an t  flow far a given month (April  through 

August) a t  Roseton was  ca lcu la ted  as the aarithmekic average fo r  the  

years 1977 through 2015 when the plant  f l o w  given i n  Table A-l  of 

Exhibit  UT-3 exceeded 418,000 gpm. Any flog less than 418,OO 

implied that one u n i t  was down a t  ~oseton. Since no projected plant  

flows for  Danskamrmea: Point (or E o v e t t )  were available ( t r ansmi t t a l  of 

March 8, 1979 from Dr. Kenneth Marcellus to  Dr. Douglas Vaughan), 

monthly averaged f l  raEes frm h i s t o r i c a l  data were used for 

Danskamer Pa in t  Units 3 and 4 ( t r a n s m i t t a l  oE October 31, 197? from 

Thomas Muggins to  Henry Gliickcstern). Table VHH-6 summarizes the 

projected flow rates used i n  estimates o f  expssesre dura t ion  for f i v e  

Budson ~ i v e r  piants.  

er curve would more accurately represent the relationship 

between exposure durat ion and plant  €1 than does the  linear 

r e l a t i o n s h i p  used by EA1 (Con Ed Response of December 5, 1977 to EPA 

October 12, 1977 Motion, Attaclrment E; and Egs. 3-IV-55 and 3-FV-57 i n  

Exhibit  UT-31, a power curve was used, i .e ,, 

t = a(QPIb (VIP-12) 



Table VII-6 .  Pro jec ted  flows by month and un i t  for  f i v e  Hudson River  
plants (x 1000 gallons per minute) 

PI ant Un i t  Apri l  May June J u l y  A u g u s t  

Bowline! Pointa 1 257 .0 
2 257 .o 

257 .o 
257 .Q 

350 a 0 
350 6 

384.0 
384.0 

384.0 
3a4. 0 

Rose t o n a 1&2 418 .0 512.8 557 .o 641.0 641 e 0 

2 840 e 0 
3 848.0 

840.0 
840.0 

840.0 
840 e 0 

840 e 0 
840.0 

840.0 

82.0 
150.0 

81.0 
150.0 

82.0 
150.0 

82.0 
150.0 

3 48 -2  
4 112 I) 5 

Love t t c 4 104.3 
5 120.0 

104.3 
120.0 

204 * 3 
120.0 

104.3 
120.0 

104.3 
120.0 

aDerived from data gives? i n  Appendix A t o  E x h i b i t  UT-3, 

b~erived from data (Un i t  3 from 1375 and ~ n l ' t  4 from 1976) given i n  
t h e  t r a n s m i t t a l  o f  October 31, 1977 from Thomas Huggins t o  Henry 
G1 uckstern . 

cFrom transmittal  of January 10, 1974 from Dr.  Kenneth Faarcellus t o  
Dr. Webster Vm Winkle. 
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where t = exposure duration in minutes, QP = plant flow in 1000 gpm, 

and a, b are parameters estimated by regressi-on techniques. 

general, b is approximately equal to minus one, which implies an 

inverse relationship of cooling water (or plant) flow with transit time 

(QT exposure duration) (Exhibit UT-PI, pp. 3 - 6 ) .  The equations 

developed from the data in Table VII-7 are: 

In 

Bowline Point: t = 2017.97S(qP),-p-0 (r2 = 1.089 (VII-13 1 

Rose ton : t = 1435.69(QP)’0*931 (r2 = 0.997) (VII-14) 

Danskammer Point Unit 3: t = 145.813(@?)-D*996 (r2 = 1 by defn.) (VII-15) 

Danskammer Point Unit 4 :  t = 73.317(~~>-**999 (r2 = 1.0) (VII- 16 

Lovett Unit 4 :  

Lovett Unit 5 :  

t = 93.87 (QPY-1 

t = 252.0 (q93-1 

(r2 = 1 by defn . )  (VIZ-17) 

(r2 = 1 by defn.) (VII-18) 

The equations used for Indian Point were taken from Eqs. 3-IV-56a and 

3-IV-56b (Exhibit UT-3) for Units 2 and 3, respectively, and are: 

Indian Point Unit 2: t 36.3696 - O.O53861(QP) + 8.0000262(QP)2 (VII-19) 

Indian Point Unit 3: t = 12.6599 - O.QO779CQP) + 0.0000024(QP)2 . (VII-20) 

It: should be noted that these exposure durations make no allowance for 

time spent in the thermal plume by plant enrrained organisms after 

discharge to the river (Transcript p .  9113) .  Any systematic under- 

estimate that might result with respect to the estimated thermal 

component of entrainment mortality will be related to how quickly this 

thermal plume is dispersed. 

within this thermal plume fo r  a period of at least a few minutes, the 

estimate of the thermal component of entrainment mortality would be an 

underestimate. 

Since an organism i s  likely to remain 

. .... ... . . . . . . . . . ._ _... .... 
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Table VII-7. Observed and pred ic ted  exposure durat ions as a f unc t i on  o f  
plant f l  ow 

.-_- Eyosure d u r a t i o n  Imin) 
F'I ow 

Plant Un i t  (1000 gpm) Observed €AIa ORNLb 
-__I___._ __-ls_.l_- l_l____ 

________I__. 

Rosetsnd 

I n d i a n  Point" 

Lovet t f  

1&2 

1&2 

2 

3 

3 

4 

4 

5 

185 
2 57 
316 
384 

21 8 
375 
418 
561 
641 

569 
7 OQ 
81.0 

560 

848 

41 
82 

50 
100 
150 

104.3 

120.0 

700 

10.90 
7.84 
6,38 
5.25 

9.60 
5.58 
5.35 
3.98 
3.49 

14.6 
11.6 

9.7 

8.5 
6.7 
5.6 

3.59 
1.80 

1.47 
0.74 
0.49 

0.9 

2 , l  

8.59 
7.34 
6.35 
5.22 

6.36 
5.65 
5.30 
4.11 
3.45 

14.42 
11 I50 
9.61 

9.05 
8.38 
7.81 

-I 

-- 
-- 
-- 
-- 
-- 
-- 

11 e 2 1  
8.06 
6.55 
5.38 

9.56 
5.75 
5.21 
3.96 
3.50 

-- 
-- 
-- 
-- 
-.. 
-- 

3.59 
1.80 

1,47 
0.74 
0.49 

0.9 

2.0 

aExh ib i t  UT-3, p .  3-1V-57, 

k q s .  (VII-13) - (VII-lSg. 

C E x h i b i t  UT-7, Table 2.3-2. 

dExhibit  UT-6, 'Table 2.3-4 (T-K). 

"Exhibit UT-3, Tables 1-3 and 1-6 (using i d e n t i c a l  flows a t  Units 2 

fAttachment A, transinittal o f  January 10, 1979 from Dr. Kenneth 

and 3 ) .  

Marcellus to D r .  Webster Van Idinkle. 
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4.1.3 Exposure Temperatures 

The exposure temperature experienced by an entrained organism is 

the  sum of the r i v e r  ambient temperatures (T 1 and the  incremental  

temperature (AT> added t o  the  cooling water due to  p lan t  operat ion.  

proport ional  increment of  the  AT is  used t o  r e f l e c t  r e c i r c u l a t i o n  (R) 

effects. Thus, the  f u l l  r e l a t i o n s h i p  of the exposure temperature 

(T t o  the  above th ree  q u a n t i t i e s  i s  given by: 

A 
A 

E 

Table VII-5 gives the  u t i l i t i e s '  r e c i r c u l a t i o n  es thates  f o r  f i v e  Kudssn 

River p lan ts .  

temperatures a t  Bowline Point and Indian Point (see subsect ion 4. L . I ) ,  

it  is necessary t o  r e t a i n  R i n  Eq. ( Y Z I - 2 1 )  for these  two p lan t s ,  as 

well as for the  other  p lan ts .  

Since r e c i r c u l a t i o n  has been factored out  of the  ambient 

The rise i n  water temperature through the  condenser (AT) is a 

funct ion of p lan t  cooling water flow (discussed i n  the  previous 

sec t ion )  and plant  generat ing load. Projected p lan t  generat ing loads 

as a percent of maximum net  generat ing load fo r  Bowline Point ,  Roseton, 

and Indian Point were taken from Table C-2 i n  Exhibit  UT-3 and are shown 

i n  Table V I I -  f o r  A p r i l  through August (day vs night  generat ing loads 

have been recombined according t o  the d e f i n i t i o n  of a 15-hour day and 

9-hour n igh t ) .  

generat ing loads i n  the  model for each month from A p r i l  through August, 

hourly generat ing loads averaged wi th in  a month were used i n  the  thermal 

component of the entrainment morta.%ity model (see Tables 2.lC-ll 

through 2 IC-2 of Exhibit  UT-6A, and Tables 2.U-21 through 2.1B-30 of 

Exhibit  UT-7A). 

model, a l l  hourly generat ing loads for t h a t  month were mult ip l ied  by 

the  r a t i o  of t h i s  monthly generat ing load t o  the  average generat ing 

load of the twenty-four hourly va'lues. 

Point w a s  used. 

In order  to represent  d iu rna l  va r i a t ions  i n  plant  

For any monthly generat ing load entered i n t o  the  

No d iu rna l  v a r i a t i o n  for Indian 
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Table WII-8. Monthly pro jec ted  generating load as percent of dependable 
maximum net. generation by unit and plant,  and dependable 
maximum net generation 

Dep. Max. 
Net Gen.a 

P1 ant Unit April May June July August (Hw> 

Bowline Point$ 1 74.3 71.7 73.0 77.2 72.4 600.0 

2 74.3 72.3 74.4 81.6 71.6 GOO. 0 

R O W t  oflb 1&2 80.4 76.5 72.3 77.0 78.6 600 e 8 

Indian Pointb 2 100.0 100.0 100.0 100.0 100.0 900.0 

3 ~ Q , O  m0.a 1o0.0 100.0 100.0 910.0 

Danskamner Pointc 3 76.0 74.0 70.0 70.0 78.0 121 e 7 

Lovet t 

4 74.0 72,O 65.0 67.0 67.0 234.0 

-- -- 1% .0 4 -... -- -- 

aAttachment A, transmittal  o f  January 10, 1979 f rom Dr. Kenneth 
Marcellus t o  D r .  Webster Van Winkle. 

bExhibit UT-3, Appendix C-2. 

cAttackment 6, t ransmit ta l  o f  January 10, 1979 f rom Dr. Kenneth 
Marcellus t o  Br. Webster Van Uinkle. 
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Since no projected generat ing loads were ava i l ab le  f o r  Danskammer 

( see  l e t t e r  sf March 8 ,  1979 from D r .  Kenneth Marcellus t o  D r .  Douglas 

Vaughan), h i s t o r i c a l  generat ing loads w e r e  used as  inputs  fo r  the  

projected runs of the  entrainment mor t a l i t y  aode'L (see  t r a n s m i t t a l  of 

January 10, 1979, Attachment B, from D r .  Kenneth Mareellus t o  D r .  

Webster Van Winkle). 

s e l e c t i n g  p lan t  flows, 1975 monthly averaged generat ing load da ta  were 

used for  Unit 3 and 1976 da ta  were used for Unit 4. Days for which 

Unit 3 or 4 were down were not used i n  the  ca l cu la t ions .  These were 

the  most recent  years for  which the  r e spec t ive  units w e r e  operat ing 

during most of the  entrainment season and for which the  da ta  were 

ava i l ab le  p r io r  to  submission of the u t i l i t i e s '  d i r e c t  testimony. 

Using s e l e c t i o n  c r i t e r i a  similar t o  those used in 

Since the  hourly generat ing loads f o r  Danskananer Point Units 3 

and 4 were ava i l ab le  only on shee ts  of paper r a t h e r  than computer tape,  

f i ve  days when the  units were opera t ing  were se l ec t ed  for each month 

using a random number table. Hourly averaged generat ing loads were 

ca lcu la ted  from these  da ta  subse ts  by un i t  iand month f o r  the  purpose of 

represent ing  d iu rna l  va r i a t ions  in a r r i v i n g  at ~RNL'S E-factor 

es t imates .  

The equations used f o r  ca l cu la t ing  AT ("I?) fo r  Bowline Poin t ,  

Rosetons and Lndian Point from Exhibi t  UT-3 (p. 3-IV-60) are: 

where GI. = the  net  generat ing load as a percent of t he  "dependable 

maximum net generat ian,"  and QP = the  plant  f lm ( x  1000 ga l lons  per 

minute). The equat ion far Indian Point does not take account sf any 

change i n  maximum dependable ne t  generation. Thus the  1978 upra t ing  a t  

Indian Po in t  Unit 3 (letter of February 13, 1979 from DP. Kenneth 

Marcellus t o  Henry Gbuckstern) and any fu tu re  upra t ings  at Ind im Point 

Units 2 or  3 leading t o  percent ne t  generat ion g rea t e r  than 1100% a r e  



no t  c u r r e n t l y  r e f l e c t e d  i n  the  e s t i m a t e d  A'r us ing  Eq. (VII-24) ( l e t t e r  

of February 13, 1979 froa Dr. Kenneth Marcellus t o  Henry Gluckstern). 

T h u s ,  Eq .  (VICI-24) p r e d i c t s  a AT wi th  s i x  pumps of 16.2% for U n i t s  2 

and 3 ,  while  a t  1068 MJe ("ul t imate  u p r a t e d  capaci.ty") the AT with  s i x  

pumps i s  17.5'F at: Uni t s  2 and 3 (letter of February 13, 1979 from 

Dr. Kenneth Marcel lus  t o  Dr. Webster Van Winklt?). T h i s  underest imate  

of A T  by 1 . 3 ' ~  ( 0 . 7 ' ~ )  may cause a s i g n i f i c a n t  underest imate  of t he  

f - f a c t a r  when exposwe  temperatiires arr- j u s t  below the  threshold  

( F i g .  V I I - 5 ) .  Since Indian Poin t  Un i t  3 has a h i g h e r  AT than Indian 

Poin t  Unit T a t  lOOTb c apac i ty ,  Eq. (VIE-241, which approximates t h e  A T  

f o r  Unit  2 ,  underest imates  Ehe AT f o r  Indi.an Poin t  Unit 3 ( see  l e t t e r  

of November 22,  1978 from Ds. Kenneth KarceLliis t o  Marcia Mulkey). 

Hence, Indian Point  Unit 3 operating a t  91% of f u l l  power r e s u l t s  in 

t he  same AT as Indian  Poin t  Unit 2 at 100% capacity. 

upra t ings  and the  greater A T  a t  Indian Point- Unit' 3 a s  compared t o  

Unit 2 ,  OWL, does not b e l i e v e  t h a t  e s t ima tes  of t h e  ttnerxiial f - f ac to r  

f o r  Indian  P o i n t  (bo th  u n i t s  combilaed) are a t  a l l  l i k e l y  t o  overes t imate  

t h i s  thermal f-factor as a result of us ing  a p ro jec t ed  gene ra t ing  load 

of 100% 

I n  l i g h t  o f  f u t u r e  

The equat ions  used for c a l c u l a t i n g  A T  a t  Uni t s  3 and 4 at 

Danskammer Point  were der ived  from equat ions  presented i n  Attachment A 

of t h e  t r a n s m i t t a l  dated January 18, 1979 from Dr. Kenneth Marcel lus  to 

Dr. Webater Van Winkle. 

cool ing  water flow and p l a n t  genera t ion  a r e :  

These equat ions  of A T  ("PI  a s  a func t ion  of 

Unit R: A T  = [9.345(GE) i 125.$]/QP 

Unit 4 :  A T  [18.81O(GL) 4. 177.7I/QP 

where GL and QP a r e  as defined i n  t he  previous paragraph. 



The data used i n  developing the p red ic t ive  mode1 far the thermal 

coqmnent sf entrainnsent mortality are based mi ZPboratony experiments 

us ing  hatchery-reared f i s h  ( ~ x h i b i t  UT-I~, p. 2-1 1" 
these esper iments  9 ~t-f~p.lared in 1976 and 19771, are given in Appendix €3 

to the ~uds0l.a Ri-xer  Tknermal Effects Studies for Bepresentat ive Species  

Final Repor t  (Ecologi.cal Analysts, Inc. 1978.:) (sent: t o  BRNL by 

~br. Kenneth ~ a r c c l l u s  on January 17, 1979) .  ORML has restricted itself 

to the 1916 data for striped bass, white perch,  and alewives (a c l u p e i d )  

which were available to k h e  u t i l i t i e s  at the t i m e  when their direct 

testimony was f i i e d .  Howeverp we noted o n l y  minor differences fo r  

striped bass when the 1977 data were included in some a €  our  initial 

analyses. 

results of 

Same a d d i t i o n a l  labora tory  daka were nct used in developing the 

p r o b i t  regressions by EAT (Ecologica l  AnaS-ysts, E m .  1978~) or by QRNL. 

Egg s t a g e  data €01- a l l  popi la t ions  were not used in devclopi.ng the 

thermal mortality regressions nor were any exposure dura t ions  greater 

than 60 m i n u t e s  used. In t h e s e  experiments mortality was assessed 24 

hours a f t e r  the thermal exposure I 

The thermal mortality data for striped bass cansisted primarily of 

data for yolk-sac  and post: p l k - s a e  larvae, with one test r u n  in 1977 

far  juveniles having a mean totah length of 52 4 1 ~ i ~  (Ecological Analysts, 

Inc. 1 9 7 8 ~ ~  Table 5.2-2). No post yolk-sac lavat . :  OK entrainable 

juveniles were tested i n  the 1936 white pcrsh s t d i e s  ( E ~ o P Q ~ ~ c ~ P  

Anal.ysts, Inc.  19?8c, Table 5-2-31] 5r i t a  t k e  1 16 alewife studies 

(Ecological Analysts, ~ n c .  P978c, Table 5.2-7). Since the data in 1976 

consisted only of yolk-sac larvae for white perch and c l u p e i d s ,  2nd 

s ince  it: has been noted that yolk-sac larvae of scrip& bass and 

alewives are more toleranc than pssp: yolk-sac larvae and juveniles 

( E ~ o l o g i c a l  A ~ ~ a l y s t s ,  ILK. 1 3 7 8 ~ ~  pp.  5 - 2 - 9  and 5.2-21,), these 

regressions developed f o r  white perch and Xlewives are l i k e l y  to 

underestimate the t rue thermal mortality w%en a p p l i e d  to all entrainable 

life-stages. 



Test run LS-815 f o r  s t r iped  bass (Ecological Analysts,  Inc. 1978e, 

Table 5.2-2) and t e s t  run KS--032 for white perch (Ecological Analysts,  

Znc. 1978c, Table 5.2-3) were deleted from considerat ion by E A I  due t o  

s t a r t  up problems and high cont ro l  mor t a l i t y  (Robert KelLogg, Ecological 

Analysts,  personal comiunication). Ecological Analysts, Inc. ,  i n  

developing the f i n a l  1976 probi t  regression. equation fo r  s t r i p e d  bass 

( l e t t e r  of June 23, 1978 from Dr. Kenneth Marcellus to Henry 

Gluckstern),  used only those data  from 1976 (and from e a r l y  1977) 

which a re  marked by the  l e t t e r  1 (Ecological Analysts,  Iuc. 1978c, 

Table 5.1-1). In  a l l ,  32 o u t  of 69 data  points (46%) i n  1976 were 

discarded for  s t r i p e d  bassp 45 out of 110 daLa poin ts  (41%) i n  1976 

were discarded for  i t e  perch, and 35 out  o f  128 da ta  points  (27%) i n  

1976 w e r e  discarded for alewives. EAI's s e l e c t i v e  de l e t i an  ~f data  

points  apparently w a s  done in an attempt t o  cclrreck for bias when an 

unweighted regression is performed using the probi t  transformation OD. a 

data  s e t  having t e s t  temperatures from w e 1 1  below temperatures causing 

thermal mor ta l i ty  t o  wel l  above temperatures causing complete thermal 

mor ta l i ty .  "his procedure of s e l e c t i v e  da ta  de l e t ion  causes a b ias ,  

and i t  a l s o  causes the  r2  (proport ion of variance explained by model) 

for  the  regression to be muck l a rge r  than i f  the  da ta  were not deleted.  

F i m e y  (1964) descr ibes  a weighted, i t e r a t i v e  regress ion  scheme 

fo r  es t imat ing the  coe f f i c i en t s  in a probi t  regression.  This technique 

provides maximum l ikel ihood est imates  of the coe f f i c i en t s .  The 

technique, fu r themore ,  uses a l l  of the  da ta  ava i l ab le  t o  the  

inves t iga tor .  The r value associated with the f i n a l  i t e r a t i o n  

corresponds t o  an est imate  of the  proportion of v a r i a b i l i t y  explained 

by the regression equation for  t h a t  i t e r a t i o n .  The weighting f ac to r  

used i n  t h i s  regress ion  (Pinney 1964, p .  89) gives more weight t o  

observed rne r t a l i t i e s  near 0.5 and l e s s  weight to m o r t a l i t i e s  near 0.0 

and 1.0 where the probi t  transformation approaches -m and f m ,  

respec t ive ly .  We used t h i s  weighted, i t e r a t i v e  scheme, because i t  

provides more accurate  and r e l i a b l e  es t imates  than the unweighted 

approach and associated s e l e c t i v e  da ta  r e j e c t i o n  used by Ecological 

Analysts. 

2 

The coe f f i c i en t s  and r2 s t a b i l i z e d  a t  th ree  decinnal places 



V I I - 4 1  

by the 14th i t e r a t i o n  for s t r i p e d  bass ,  while only four i t e r a t i o n s  were 

needed for  white perch and alewife .  

populations are as follows: 

The probi t  regressions for  these  

Str iped Bass: M t  =: -7.771 - 0.096 TA + 2.380 loglo t  + 0.346 TE 

White Perch: 

(VII-26) 

(VII-27) M t  = -15.814 - 0.112 TA + 2.796 l og lo t  + 0.545 TE 

Al ew i f e : Mt = -14.194 - 0.015 TA + 2.158 log lo t  + 0.473 TE (VIX-28) 

where TA, t ,  and T 

exposure temperature, r e spec t ive ly ,  and M i s  the  probi t  corresponding 

t o  the thermal mor t a l i t y  [see Eq. ( V I I - 7 ) ] .  The r values for these 

three populations based on t he  1976 da ta  are 0.44 ( s t r i p e d  bass), 0.37 

(white perch),  and 0.51 (alewife) .  Thus, the  regress ion  fo r  s t r i p e d  

bass explains  44% of the  v a r i a b i l i t y  i n  the  laboratory experiments on 

s t r i p e d  bass yolk-sac and post yolk-sac l a rvae ,  while the regressions 

fo r  white perch and alewife  expla in  37 and 51%;, respec t ive ly ,  of the  

v a r i a b i l i t y  in the  labora tory  experiments on yolk-sac la rvae  of these  

two spec ies .  

a r e  ambient temperature, exposure dura t ion ,  and E 

2 t 

The l a r v a l  t a b l e  (or f i e l d )  da t a  for  the discharge s t a t i o n  can be 

pa r t i t i oned  i n t o  th ree  temperature r e g h e s  (<  30'6, 30-33"C, > 33'6). 

The immediate thermal f - factor  can then be ca lcu la ted  from da ta  fo r  

each of the  l a t t e r  two temperature  regimes by converting t o  surv iva l  

and dividing through by the  proportion suzviving p lan t  passage when the  

discharge temperature is under 30°C and the mechanical mor ta l i ty  can 

be assumed minimal [analogous t o  Eq. ( V I I - 4 ) ] .  This procedure permits 

one t o  compare the  f i e l d  da ta  t o  the  r e s u l t s  of the  laboratory thermal 

s tud ie s .  These immediate thermal f - fac tors ,  p lo t ted  against  the  mean 

discharge temperature of the two discharge temperature regimes ( i . e .  

30-33°C and > 33'61, have been super-imposed on graphs displaying the 

thermal mor t a l i t y  curves based on laboratory da ta  fo r  s t r i p e d  bass 

(Fig.  VII-61, whits  perch (Fig. V I L - 7 ) ,  and clupeids  including American 

shad (Fig. VII-8). 

e r r o r )  about the  predicted thermal f - factor  has also been displayed i n  

An approximate 68% confidence i n t e r v a l  (+- 1 standard 
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Figure VII-7 Comparison of l a r v a l  t a b l e  da ta  ( 5 )  with a p l o t  of the thermal component of 
the  entrainment mor ta l i ty  f ac to r ,  f t ,  f o r  white perch [Eq. (VII-27)] a s  a 
funct ion of exposure temperature ("C). The ambient temperature and t r a n s i t  
t i m e  have been set a t  25'C and 10 minutes, respec t ive ly .  Upper and lower 
68% confidence i n t e r v a l s  (---I about the  middle es t imate  (-1 of the  thermal 
component of the  f- factor  a re  a l s o  shown. 
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Figs.  V T I - 6 ,  V I I - 9 ,  and V X I - 8 ,  However, t h i s  confidence i n t e r v a l  is 

only based on the  e r r o r  in the  pred ic t ive  model for the  thermal 

component using e x p e r h e n t a l  da ta  from the laboratory.  This confidence 

i n t e r v a l  would necessa r i ly  become wider if the  uncer ta in ty  i n  the  input  

var iab les  were incorporated.  The thermal mor t a l i t y  CUKVW are based on 

a t r a n s i t  t i m e  of 18 minutes and an ambient temperature of 25'C. Since 

most of the  p lo t ted  poin ts  f r o m  the  l a r v a l  table data  l i e  above t h e  

thermal m o r t a l i t y  curve ( i . e . ?  the  thermal mortalities from larval 

t a b l e  da ta  are higher than thermal. m o r t a l i t i e s  predicted by the  model), 

the  thermal mor t a l i t y  model most l i k e l y  w i l l  s e r ious ly  underpredict  the 

t r u e  f-factors. Whether t h i s  tendency to underpredict  results from 

averaging var ious inputs ( see  discussion on " t h r e s h ~ l d "  i n  Sect ion 4 )  

t o  the from s y n e r g i s t i c  e f f e c t s  (Sect ion 4.31, or from some 

other  bias is unknown. 

4 . 3  60MI3INIHG WWONlEN(TS OF MORTALITY 

Ouce thermal cmtra iment  m o r t a l i t i e s  were est imated,  they were 

combined with estimates of the  mechanical entrainment mor ta l i ty .  The 

o v e r a l l  d i r e c t  e n t r a i m e n t  mor t a l i t y  (fi,,) was ca lcu la ted  i n  the  

manner of condi t iona l  m o r t a l i t i e s ,  i.e., 

(VII-29) 

where f, and f 

mechanical cmpaaents, respec t ive ly .  This formulation assums t h a t  the  

two sources ~f mor ta l i t y  a c t  independently of each other ;  that i s ,  any 

argaroism stressed bay the  mechanical buf fe t ing  during plant passage is 

no more l i k e l y  or less l i k e l y  to  d i e  from thermal stresses than is an 

organism t h a t  has not been subjec ted  t o  mechanical buf fe t r ing .  Since 

it is more realistic to expect some sy~erpistic e f f e c t s  (compounding 

mor t a l i t y  when undergoing severa l  stresses;), t h i s  combined or ove ra l l  

estimate ~f the f - fac tor  will tend to  understate  the t rue  entrainment 

mor ta l i ty .  Fur themore ,  any addi t iona l  mor t a l i t y ,  as a r e s u l t  of 

chlorination or  due to an increased chance of thermal m o r t a l i t y  of 

are the f - fac tors  corresponding to  the  thermal and 
ID. 



organisms r e c i r c u l a t e d  frtrm discharge TO i n t a k e ,  a l s o  vi11 lead L O  an 

increased l ike l ihood that the  true f - - f a e t w  has been u n d e r s t a t e d .  

The immediate (nun-- latent) mecharti c a l  component of the en t - r a imen t  

mortality model was calculated from t h e  l a rva l  Fable data collected a t  

f i v e  Hudson River p1 ants (Bowline Point, RosetonP Indian P o i n t ,  

Danskaimer Poinr ,  and Lovet t ) .  In ealci i la t iug t h i s  f - f a c t o r ,  data f r o m  

discharge s t a t i o n s  were used only whern temperatures were less than 30 C. 

This t e i ~ p e r a t u ~ e  i s  s u f f i c i e n t l y  1 0 w  ilrat essentially no mortality due 

to  thermal stress is  expected. 

The sample s i z e s  fop. the  larval. table data by life-stage and 

population a t  t he  in t ake  and discharge  ( <  ~ o O C )  sampI-i-ng statl ions of 

f i v e  H u d s ~ n  River  p lan ts  are p r e s e n t e d  in Table V I I - 9 .  Ln general ,  the  

da ta  were i n s u E f i c i e n L  ts estimate. the mechanical. conpanent of the 

f - fac tor  a t  most p l an t s  fox yvlk-sac larvae and juvci~iler: fo r  the t h ree  

populat ions being considcred ( s t r i p e d  t as ’ i  w h i t e  pe rch  a d  clupei.ds1, 

so estimates uers based on da ta  pooled across the Five plarats ( s e e  

discuss ion  on pool ing  i n  Sect ion 2 ) .  The sarnp1.e s i z e  f o ~  prist yolk-sric 

larvae fo r  the three papula t ions  considered was s u f f i c i e n t  a t  a l l  

p l an t s .  Table V I I - 1 0  p resents  the  inmediate mechanical mortal i.tie3 

used i n  the er i t ia invent  a o r t a l i t y  aodel f a r  esch p o p u l a ~ i o n  by p l a u t  

and 1 ife-s tage = 

T%ent:y-Iuur--hour l a t e n t  mor ta l i t  ies have becq conipirted from l a r v a l  

t a b l e  data pooled avec f i v e  Hudson River p l a n t  s (Roi+71 i ne point: ICoseTan, 

Indian Po in t ,  Danskarmer Point, and Lovettr). l f  iiae pooled  

not eontai.n at least  f i v e  live. orgaaisms at both t h e  Intake 

discharge,  then the  ru l e s  d iscussed  in S ~ c ~ i o n  2 fox in su f f  

data were a p p l i e d .  Table V I T - 1 1  gives t he  estirnatrs of t i l e  

m o r t a l i t y  factors by l i f e - s t a g e  f o r  ~ a c h  p o p u l a t i o n .  Trtese 

m o r t a l i t y  f ac to r s  are conibicied w i ~ h  t hc  i r w ~ d j  ace ( t h r r m a l  

samples d i d  

a113 

c ien t  

1 atenK 

Barent 

nn 
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Table VII-9. Sample sizes by life-stage and population at the intake and discharge o f  five Hudson 
River plants used i n  determining base mechanical mortality (from larval table data 
provided on magnetic tapes to 0RNC by the u t i l i t i e s  an November 16, 19’17 and Apr i l  5, 
1978) 

Bowline I rid i ara 0 an sk amer 
P o i n t  Roseton Point ( U n i t  3) Point Lovett 

Spec i es L i f  e-stage” (1975+lW6) ( l m m 7 6 )  (1977 ] (1975) (1976) Total 

INTAKE: 

Striped Bass 

White Perch 

Clupeids 

-I_  DISCHARGE^ 
Stsiped Bass 

White Perch 

C1 upei ds 

Y 
P 
J 

Y 
P 
J 

Y 
P 
a 

Y 
P 
a 
Y 
P 
J 

Y 
P 
J 

12 
2 54 
13 

1 
180 
7 

0 
70 
9 

1 
251 
12 

1 
176 
5 

0 
74 
1 

5 
193 
40 

1 
47 8 

77 

0 
1525 
52 1 

16 
181 
2 

3 
127 
4 

2 
854 
351 

13 
396 
5 

0 
56 
0 

0 
41 
16 

12 
207 

1 

2 
7 
0 

a 
20 
0 

1 
54 

2 

0 
36 
4 

0 
200 
33 

0 
61 
0 

0 
51 

2 

0 
285 
41 

25 
94 
0 

0 
42 
0 

0 
3 38 

1 

13 
87 
0 

0 
42 
0 

0 
396 

1 

56 
991 
60 

2 
792 
88 

0 
2174 
580 

42 
787 
15 

6 
403 
11 

2 
1629 
194 

-___ .I__ __-_lll---L-----_l. 

aY = yolk-sac larvae, P = post yolk-sac larvae, J = entrainable juveniles. 

bIncludes samples collected at  less than 30°C only. 



Table VII-10. Inmediate mechanical mortal i t iesa  for  four Hudson River 
plants by population and l i fe-s tage with lower and upper 
estimates representing + one standard e ~ r o r  about the 
middle estimate (calculated from data tapes provided by 
u t i l i t i e s  on November 16, 1977 and April 5, 1978) 

Uow 1 i ne Indian Danskamer 
Species Life-stageb Point Roseton Poi nt Poi nt 

Lower estimate- 

Striped Bass 

White Perch 

Clupeids 

Middle estimate 

Striped Bass 

1 1 1 - - ~  

Mhite Perch 

61 upei ds 

Upper estimate 

Striped Bass 

White Perch 

C1 upe i ds 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

0.33 
0.13 
0.0 

0.33 
0.0 
0.0 

0.37 
0.0 
0.46 

0.44 
0.17 
0.0 

0.44 
0.0 
0,04 

0.39 
0.15 
0.51 

0.54 
0.22 
0.0 

0.54 
0,0 
0,13 

0.42 
0.34 
0.57 

0.33 
0.18 
0.0 

0.33 
0.31 
0.0 

0.37 
0.41 
0.46 

0.44 
0.23 
0.0 

0.44 
0,38 
0.04 

0.39 
0*44 
0.51. 

0.51 
0.29 
0.0 

0.54 
0.46 
0.13 

0.42 
0.47 
0.57 

0.33 
0.56 
0.0 

0.33 

0.0 

0.37 
0.12 
0.46 

0. sa 

0.44 
0.23 
0.0 

0.44 
0.78 
0.04 

0. 39 
0.41 
0.51 

0.54 
0.29 
0.0 

Q054 
0.99 
0.13 

0.42 
0.71 
0.57 

0.33 
0.0 
0.0 

0.33 
0.0 
0.0 

0.37 
0.34 
0.46 

0.44 
0.03 
0.0 

0.44 
0.0 
0.04 

0.39 
0.43 
0.51 

0.54 
0.26 
0.0 

0.54 
0.17 
0.13 

0,42 
0.51 
0.57 

"Discharge temperature less  tFm 30OC. 

by = yolk-sac larvae, P = post yolk-sac larvae, J = entrainable 
juveni 1 ere 



Table VII-11. Twenty-four-hour la ten t  mortali t ies pooled over f ive  
Hudson River plants by populat ion and life-stage, 
w i t h  lower and upper estimates representing 2 one 
standard error about the middle estimate (from larval 
table  data on magnetic tapes provided by u t i l i t i e s  on 
November 16, 1977 and Apri l  5, 1978) 

Estimate 

Spec i es L i  Fe- st ayea Lower Middle Upper 

Striped Bass 

White Perch 

C l  upe i ds 

Y 
? 
J 

Y 
P 
J 

Y 
P 
J 

C l e o  8. 13 0.42 
OI 2 1  0.15 0.19 
0.05 8.11 0.17 

0.0 0*13 0.42 
0.0 0.0 0. e, 
0.11 0.19 0.27 

8.0 0.0 0.8 
8.0 0.8 0.0 
0,O 0.74b 1.0 

aY = yolk-sac larvae, P = post yolk-sac larvaea J = entrainable 
jlnven i 1 es I 

bSee Section 3.2.  
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these s e t s  of runs t h e  values  fo r  ind i rec t  i a o r t a l i t y  were considered a 

cons tan t  proport ion of the  direct m o r t a l i t y .  

I n  a r r i v i n g  a t  OLqL's estimates of the f-factor to be used in the 

pro jec ted  ETM rtic1s3 1mer5 middle,  and upper estimates of the f-factor 

have been used (e.g., Tables V U - 1 0 ,  VII-11 and V I X - 1 2 ) .  

combining the cempdanehat estimates based on immediate mechanical,  

latent, and thermal m o r t a l i t i e s ,  one stamlard  COY WAS sub t r ac t ed  or  

P r i o r  to 

added to i n  to deterittine til,? imer upper estimates. 

The standard error [s.e.(f-)] for each of t h e  imed?-aCe mechanical 

and latent m o r t a l i t i e s  was computed frtm the larval table data us ing  

the fol lowing equation (Flekss 197'33, 

1 
s . e . ( € >  = _- 

9 .  
1 

where P. and P are the 
1 d 

propor t ion  a l i v e  i n  the  intake and discharge  

samples, r e s p e c t i v e l y ,  while n and n are  the sample s izes  
i d 

assoc ia t ed  w i t h  the: i n t a k e  and d ischarge  samples r e spec t ive ly .  The 

s tandard  error of the estimate of the ther im1 entrainment m o r t a l i t y  was 

computed frm the noma1 equat ions  s f  t h e  regression model as a func t ion  

o f  the ambient temperature ,  t r a n s i t  t i m e  and exposure temperature 

(Drapes and Smith 1966).  

Since the eatraiment. m m t a l i b y  model was not used for Lovett, 

lower, middle,  arid upper estimates of the 5-factor h a w  been ca l cu la t ed  

d i r e c t l y  from the Lovett l a r v a l  t a b l e  d a t a  using discharge samples 

c o l l e c t e d  at a l l  temperatures. Table V I X -  12 conta ins  esthates  of  the 

f-factor a% Lovett wi th  and without  the  l a t e n t  mortality f a c t o r .  

Assuming a parameter is nornally--d i s t r i b u t e d ,  adding and 

s u b t r a c t i n g  one standard error to the  estimate of  t h i s  parameter r e s u l t s  

in an i n t e r v a l  having a probability of about 213  o f  encmmpassing the 

t r u e  value of the parameter.  This probabiZi ty  does not carry through 

when t h e  var ious  s o u t ~ e s  o f  mortality are combined. Bowever, t h i s  range 

does suggest a specth-urn of va lues  that we f e e l  would l i k e l y  inc lude  the  

t r u e  E-factor.  In considerat ion of the many sources of b i a s ,  as w e l l  
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Table 8111-12. E ~ t ~ ~ ~ n ~ ~ ~ t  ~ r ~ ~ ~ i t ~  factors for Lsvett w i t h  and 
without la tent  mortality by population and l i f e -  
stage w i t h  lower and upper estimates representing 
I one standard error about t he  ~~~~~e estimate 
( larval  table  data from tapes provided by u t i l i t i e s  
on November 16, 1977 and Apr-1 5, 1978) 

Spec i es L i  f e-s t agea Lower Middle Upper 

Without 24 -hour 1 atent : 

Striped Bass 

White Perch 

@1 upeids 

W i t h  24-hour 1 atent : 

Striped Bass 

White Perch 

c1 upe i d s  

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

Y 
P 
J 

v 
P 
J 

0.3 0.47 .59 
0.3 6.42 .51 
8.0 0.87 0.14 

0.36 0.49 0.59 
0*34 0.47 0.62 
0.17 0.27 0.36 

0.53 0.57 0.62 
Q.0 Q.1Q Q*21 
0.63 0.69 0.74 

0.36 0.55 0.77 
0.51 0.61 

0.05 0.18 0.31 

0.36 0.55 0.77 
Q. 34 0.49 0.62 
8.26 0.42 0.55 

0.53 Q.57 0.62 
0.0 0.18 8.21 

.s3 0.92 1.0 

aY = yolk-sac larvae, P = post  yolk-sac larvae, J = entrainable 
j uv en i 1 e s . 
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as Figs .  (VII-6) through (VTX-$) ,  i t  seems more l i k e l y  t h a t  t he  true 

f - fac tor  l ies  between the  middle and the upper es t imate  than t h a t  i t  

l i e s  between the  lower and the middle estimate. 

Appendix F presents a series of p l o t s  i l l u s t r a t i n g  the  seasonal  

t rend  i n  the  est imated t o t a l  f - f ac to r  f o r  s t r i p e d  bass  (wi th  l a t e n t  

mor t a l i t y )  by week from Apr i l  1 through August: 31. 

arranged by l i f e - s t a g e  (yolk-sac larva, post yolk-sac l a r v a ,  and 

en t r a inab le  j u v e n i l e ) ,  u n i t s  of plants (Bowline Point  Units  1 and 2 ,  

Rsseton, Indian Point  Units 2 and 3,  and Danskamerr Poi.nt Units  3 

and 4 ) ,  and day versus  n i g h t .  

The p l o t s  are 
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5 .  CRITIQUE OF UTILITIESf EMTMI EMT MORTALITY MODEL 

This section discusses differences between our handling of data in 

the development of the entrainment mortality model and Ecological 

Analysts# (EAT) methodology. We also consider the employment of the 

entrainment mortality model as input to Lawler, Matusky, and 

Skellly’s (LMS) Real Time Life Cycle (RTLC) n i d e l  used for prediction of 

power plant impacts on Hudson River fish populations. 

5.1 EAI’S ENTRAINMENT MORTALITY HODEL 

As discussed in the previous section, MI’S entrainment mortality 

model derives separate estimates of the f-Eactor for the thermal and 

mechanical components of entrainment mortality. 

of the f-factor is obtained via a probit regression which relates the 

proportion of entrained organisms killed by the plant after 24 hours to 

ambient river temperature, transit time from condenser to river 

discharge, and ‘che cooling water temperature after receiving heat input 

from the condenser, 

The thermal component 

In their consideration of ambient temperature for Bowline Point 

and Indian Point, EA1 did not attempt to correct €or the effect of 

cooling water recirculation at these plants on their estimates of 

ambient temperature. The coefficient of the ambient temperature 

provides a numerical. description of the relationship between the 

ambient temperature (independent variable) and thermal mortality 

(dependent variable). 

from the probit regressions CEq. (VII-26) rhrough 

for the three fish populations being considered (striped bass ,  white 

perch, and alewives), a higher ambient temperature will result in a 

lower estimated thermal f-factor. Thus, removal of the recirculation 

effect from the calculated river ambient temperature should result in a 

lower, but more accurate, estimate of the true river ambient 

temperature. Equation (‘i?II-]L1) in Section 4 presents a correction 

factor which has been subtracted fr the calculated river ambient 

temperature at Bowline Point and Indian Point in the ORNL work. 

Since the coefficients of the ambient temperature 

11-2891 are negative 
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EA1 used l i n e a r  regress ions  i n  r e l a t i n g  t r a n s i t  t i m e  t o  cool ing 

water flow rate a t  Bowline Point and Roseton. However, t he  expect-ed 

underlying r e l a t i o n s h i p  would be  b e t t e r  descr ibed as a power curve,  such 

as Eq. (VII-12). Using the da t a  given i n  Table VIP-I ,  the  proport ion 

o f  the  v a r i a b i l i t y  explained by the r eg res s ion  (r increases  from 

0.95 for E A I ' s  l i n e a r  r eg res s ion  to  1.00 for ORNL's pow,, "x- curve 

2 

r eg res s ion  a t  Bowline Point .  

from 0.89 f o r  EAI's l i n e a r  regress ion  t o  0.997 for ORNL's pov~aer curve 

regress ion .  For the higher flaw r a t e s  a t  Bowline Point and Roseton, 

t he  d i f f e rences  a re  s u f f i c i e n t l y  small t o  r e s u l t  i n  l i t t l e  i f  any b i a s  

i n  the est imated thermal component of  the  f - f a c t o r  (Table V I I - 7 ) .  

the  p lan t  flows tend t o  be high when the  thermal m o r t a l i t y  "threshold" 

is  approached, the  p r a c t i c a l  d i f f e rences  between these  two approaches 

i n  es t imat ing  the  t r a n s i t  time a t  Bowline P o i n t  and Roseton are not  

expected t o  resu l t  i n  any s i g n i f i c a n t  d i f f e rences  i n  es t imated f - fac tor .  

~t Roseton the improveiment i n  r 2  i s  

Since 

The s e l e c t i v e  de l e t ion  of l a rge  por t ions  of t he  1976 thermal 

s tud ie s  da t a  fo r  s t r i p e d  bass ,  white  perch, and alewives by EA1 has 

r e su l t ed  i n  a regress ion  eqriation whose c o e f f i c i e n t s  are biased and 

whose P i s  overestimated. Maximum l i ke l ihaod  estimates a €  the p r o b i t  

regress ion  c o e f f i c i e n t s  were obtained by ORNL from an i . t e ra t ive  

procedure, with g r e a t e r  weight given t o  d a t a  points  having m o r t a l i t i e s  

near 0.5 [This methodology is s e t  f o r t h  i n  F inney  (196411. 

1976 labora tory  da t a  base,  the  "best" es t imates  of the c o e f f i c i e n t s  o f  

the  probi t  regress ion  are obtained by t h i s  weighted, i t e r a t i v e  scheme 

(Sect ion 4.2) .  

2 

Using the 

EA1 used only i n i t i a l  su rv iva l  da t a  ("stunned" t r e a t e d  as "live") 

i n  ob ta in ing  es t imates  of the  mechanical component of the  entrainment 

m o r t a l i t y  f a c t o r .  Using j u s t  t h i s  da t a  base ignores  poss ib le  delayed 

m o r t a l i t y  which is  s i g n i f i c a n t  fo r  some l i f e - s t ages  of some populat ions,  

srich as s t r i p e d  bass post: yolk-sac l a rvae  an3 entrainable juven i l e s  

(Table V U - 1 1 ) .  For some l i f e - s t ages  of some populat ions,  the  sample 

sixes or  proport ion a l i v e  i n  the in t ake  sample may be i n s u f f i c i e n t  t o  

permit a s t a t i s t i c a l l y  s i g n i f i c a n t  l a t e n t  f - f ac to r  to  be computed 

(Appendix D). -4s a r e s u l t  we. have calculated a l a t e n t  f-factor by 
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l i f e - s t age  and popula t ion  (pooled across  p l a n t s )  as an a d d i t i o n a l  

component of entrainment  m o r t a l i t y  (Table VII-11). 

projec ted  f - f ac to r s  have Peen ca l cu la t ed  with and without  t h i s  l a t e n t  

component o f  entrainment m o r t a l i t y ,  We b e l i e v e  t h a t  l a t e n t  e f f e c t s  

should be included i n  impact assessments ,  c e s p i t e  t he  d i f E i c u l t y  i n  

ob ta in ing  p rec i se  estimates of these  l a t e n t  e f f e c t s .  

Both h i s t o r i c a l  and 

F i n a l l y ,  EA1 has assumed t h a t  no s y n e r g i s t i c  e f f e c t s  arise from 

competing sources of m o r t a l i t y .  However, uechanica l  stress by i t s e l f  

may not k i l l  a p a r t i c u l a r  organism dur ing  entrainment ,  but i n  t h e  

presence of a thermal stress, the mechanical. s t r e s s  might prove f a t a l .  

Conversely, a thermal stress might prove f s t a l  t o  an organism i n  t h e  

presence of  a mechanical stress, whereas the organism may surv ive  

otherwise. EA1 combined the thermal and mechanical components of t h e  

entrainment m o r t a l i t y  us ing  Eq.  (BII-29). T h i s  equat ion assumes t h a t  

the two sources of m o r t a l i t y  a c t  independent ly  on the  organism. 

i n  a l l  l i ke l ihood ,  t hese  competing sources  of m o r t a l i t y  do not  a c t  

independent ly ,  t he  r e s u l t a n t  f - f ac to r  ob ta ined  by combining the  thermal 

and mechanical components w i l l  underest imate  the  a c t u a l  f - f ac to r .  We 

have the  same p o t e n t i a l  underest imate  i n  o m  work, but  we b e l i e v e  i t  is 

necessary  to acknowledge t h i s ,  as w e l l  as o the r  methodological 

l i m i t a t i o n s  r e s u l t i n g  i n  b iased  f - f ac to r s  . 

Since,  

5.2 LHS'S INPUTS TO THE RTLC MIDEL 

Xn d i scuss ing  the  " threshold  e f fec t '*  (Sec t ion  4 ) ,  the  point  w a s  

made t h a t  any averaging of  i npu t s  t o  EAI' s  entrainment m o r t a l i t y  model 

can r e s u l t  i n  an underest imate  of the thermal component of the 

f-factor. This b i a s  r e s u l t s  from t h e  non-linear r e l a t i o n s h i p  between 

the  independent v a r i a b l e s  (ambient temperature exposure du ra t ion ,  and 

exposure temperature) and t h e  dependent v a r i a b l e  (thermal mor t a l i t yb .  

When below the  th re sho ld ,  t he  thermal m o r t a l i t y  ca l cu la t ed  from 

averaged independent va r i ab le s  w i l l  be less than  t h e  average of t h e  

thermal m o r t a l i t y  ca l cu la t ed  over the  observed range of the independent 

v a r i a b l e s .  As t he  threshold  is approached from the  d i r e c t i o n  of l o w  
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mortality (Fig. VII-51, the thermal component of the f-factor predicted 

using averaged independent variables will increasingly underestimate 

the actual thermal component. 

In generating f-factors as input to their Real Time Life Cycle 

(RTLC) model, LMS simplified the inputs t o  EAI's entrainment mortality 

model in two places. 

the month while maintaining only dayfnight differences (Table C-2, 

Exhibit UT-3). Second, monthly 90th percentiles, rather than EAI's 

daily 90th percentiles, were used by LMS for the ambient temperature at 

Poughkeepsie (Table C-3, Exhibit UT-3). The prediction of no thermal 

mortality at Bowline Point and Roseton by LMS (Table C-4, Exhibit UT-3) 

is probably the result of these averaging processes, which has the 

effect of underestimating the actual thermal f-factor on those 

occasions when conditions were higher than average. 

First, plant generating loads were averaged within 
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V I I I - 2  

L i f e  s t age  dura t ion  and d i s t r i b u t i o n  input  pararneter values  used i n  

the  El% runs ~ O K  each f i s h  population are presented i n  chapters  112 and 

IV of this t e s t i m n y .  

1955 were used i n  the his tor lca l  runs. 

f o r  1974 l i P e  s t age  dura t ions  and d i s t r i b u t i o n s  and 1975 life stage 

durations and d i s t r i b u t i o n s  to ac 

i t a  these b io log ica l  parameters. 

population during 1974 o r  1975 was a l s o  incorporated d i r e c t l y  i n t o  the  

projected runs;  t h a t  is, if the  entrainment period f o r  a population w a s  

IQy 1 t o  August 31 during 1974, the same entrainment period (May 1 t o  

August 31) was used i n  t he  projected runs wish 1974 l i f e  stage dura t ions  

and d i s t r i b u t i o n s .  Furthemore, the  temporal d i s t r i b u t i o n  of egg re- 

cruitment for a given f i s h  population d u r h g  a s p e c i f i c  year  w a s  used i n  

t he  projected runs with the  life s t age  durat ions and d i s t r i b u t i o n s  far 

t h a t  year. 

1875 condi t ions were. used f o r  Atlantic tomcod due t o  lack of sufffclemt 

da ta  f o r  t he  o the r  year ,  as discussed i n  chapters  111, IV, and VT of 

t h i s  exh ib i t  and i n  t he  testimony on life historrles (Boremn 1979). 

Values f o r  these  parameters spec4.fic f o r  1974 and 

Projected runs were made sepa ra t e ly  

ow3edge the  observed annual v a r i a t i o n s  

The entrainment period f o r  each f i s h  

Only 1974 condi t ions  were used f o r  American shad and ~ n l y  

Values used ia the Em f o r  she r a t i o  of t h e  average in take  t o  

average reg iona l  concentrat ion (!+factor) of an en t r a inab le  l i f e  s t age  

of each f i s h  population were derived from estimates presented in chapters  

V and VI of t h i s  exh ib i t .  Estimates presented i n  Chapter VI, based on 

the  River Data Plethadology (RIM), were used whenever values  based on the 

Gear B i a s  Cancel_liag (GBC) or  Hodified Ut i ld ty  (Mu) methods presented in 

Chapter V W ~ K E ?  missing for a glven l i f e  stage at a p a r t i c u l a r  p l an t  for 

1974-1976. The W-factor estimates based QI.I t he  GBC and MU methods are 

presented Zn Chapter V a5 separate seasonal averages for day and n ight .  

These estimates, therefore, were combined to der ive  seasonal  d a i l y  

averages by using a geometric mean o f  t h e  day and n ight  values weighted 

f o r  15  h r  of dayl ight  (0600-2039 hr) and 9 hr of darkness (2100-0559 

h r ) .  

day and n ight  as experienced by ichbhyoplankton, these  hours w e r e  used 

by the  t - i l i t i e s  f o r  def in ing  day and n ight  hours of operation for 

Rosetan and Bawline (Table 2.M-1, Exhibit UT-6A and Table 2.U-1,  

Even though these  hours do not coincide exactly with the  hours of 

Exhibit  UT-7A). 



The m o r t a l i t y  due t o  p l a n t  passage (f-factor) input va lues  used in 

t h e  ETPI runs  are presented  i n  Chapter VII or t h i s  e x h i b i t .  

and pro jec t ed  ETM runs  were made s e p a r a t e l y  f o r  inmediate  and 24-hr 

latent f - f ac to r s .  H i s t o r i c a l  and p ro jec t ed  ETM runs for  yolksac,  pos t  

yolksac,  and j u v e n i l e  l i f e  s t a g e s  of each fish populat ion were made wlth 

f - f a c t o r s  based on pooled l a r v a l  t a b l e  da t a .  

a l l  popula t ions  were der ived  from s t u d i e s  on s t r i p e d  bass egg entrainment  

m o r t a l i t y  conducted by W U  a t  Indian  Point  during 1973-1977 (0 .661,  

s i n c e  no o t h e r  data are a v a i l a b l e  (Sec t ion  2 ,  Chapter V I I ) .  P ro jec ted  

runs  f a r  s t r i p e d  bass, whi te  perch,  and -- Alosa spp.  (blueback herring 

and a lewives)  were a l s o  conducted wi th  f - f ac to r s  der ived from t h e  

larval t a b l e  d a t a  i n  combination w i t h  a modified ve r s ion  of t he  

Ecologica l  Analysts ,  Inc. ( E A I )  thermal m o r t a l i t y  model .  Der iva t ions  

of  t he  f - f a c t o r s  based on t h e  pooled l a r v a l  table and thermal m o r t a l i t y  

model approaches are presented i n  Chapter ( 2 1 1  of t h i s  e x h i b i t .  

H i s t o r i c a l  

The f - f a c t o r s  f o r  eggs of 

2. ENTRAINMENT P1ORTALITY ESTMATES - POOLED f-FACTORS 

H i s t o r i c a l  and pro jec t ed  cond i t iona l  e n t r a t n w n t  mor t a l i t y  estimates 

f o r  s i x  f i s h  popula t ions  i n h a b i t i n g  t h e  Hudson River es tua ry  us ing  

pooled larval. t a b l e  f - f ac to r  values are l i s t e d  i n  t a b l e s  VIII-1 and 

VXIZ-2.  

in appendices G t o  L f o r  s t r i p e d  bass, whlte perch,  A3.osa sgp. 

h e r r i n g  and a l e w i f e ) ,  American shad, Atlantic tomcod, and bay anchovy, 

r e spec t ive ly .  

These estimates are based QU ETM run results whfch are presented  

(blueback 

2.1 STRIPED BASS 

2.1.1 H i s t o r i c a l  

Estimated c o n d i t i o n a l  entrainment  molrtali ty rate estimates f o r  

s t r i p e d  bass were 11.1-14.5 percent  f o r  1374 and 18.2-18.4 percent  €or 

1975 (Table VIII-1). 

1, Indian  Po in t  Unit 2 imposed t h e  h ighes t  m o r t a l i t y  rates of any p l a n t  

d u r h g  both 1974 ( 4  7-6.0 percent) and 1975 (8 .0-8.6 percent ) .  Pos t  

yolksac larvae experienced t h e  h ighes t  m o r t a l i t y  rate of any l i f e  stage 

Based on ind iv idua l  Em run r e s u l t s  i n  Appendix G- 
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Table VXII-1. Historical Conditional Entrainment Mortality Rate Estimates 
Expressed as Percentages for S i x  Hudson River Fish Populations Based on ETM 

Run Results Listed in Appendices G to L 

Population 
1974 1975 

G B P  M u  GBC 

A l l  plants: 

Striped bass  14.5 11.1 
mite perch 10.9 11.7 

4.1 3.5 Alosa spp,  
American shad 13.6' 
Atlantic tomcod 
Bay anchovy 54.1 77.8 

b 

Roseton, Indian Pt. 2, and Bowline o n . :  _- 

Striped bass 
&"hit€! perch 

b *uosa app. 
American shad 

8-0 6 . 8  
6.9 7.8 
1.8 2.0 

S . ( i C  
AtlaatPc tomcod 
Bay anchovy 36.2 65.1 

18.4 
13.0 
6.1 

5.2 
34.8 

12.8 
9.6 
4.0 

4.3 
25.9 

18.2 
13.6 
11.2 

8.4 
46 .0  

13.0 
8.7 
5.9 

7.1 
36 .6  

%-factor methodology (Chapter V) 

bblueback herr ing and alewife 

Rnpl W-factor (Chapter VI) c 
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Table VIII-2.  
Estimates, Expressed as Percentages, for Six Hudson River Fish  

Projected Conditional Entrainment Hortallty b t e  

Populations Based on ETM Run Results L i s t e d  in Appendices G to L 

Population 
Range of 

Once- through Closed-cycle differences 

S t r iped base 
White perch 
M o s a  s p ~ . ~  
American shad 
Atlantic tomcod 
Bay anchovy 

16.0 - 21.7 4.4 - 8.3 
15.7 - 17.1 3.2 - 4 . 1  

6 .2  - 11.1 l . 3  - 4.2 
20.5 4.1 

6.6 - 7.3 2.3 
44.3 - 78.6 12.7 - 25.2 

Rosetsn, Indian Pt. 2 and 3, and Bowline only: 

Strfped bass 14.1 - 17.4 2 . 2  - 3 . 3  
White perch 13.4 - 15.3 1 . 3  - 1.4 
Moss s p p e a  4.7 - 7.9 0 . 3  - 0.4 
American shad 17.9 0.9 
Atlantic tomcod 6.0 - 7.0 1.8 - 1.9 
Bay anchovy 38.1 - 75.3 2 . 2  - 7 . 9  

7.7 - 17.3 
11.6 - 13.9 

2 .Q - 9.8 
16.4 

19.1 - 65.9 4.3 - 5.0 

10.8 - 15.2 
12.0 - 14.0 
4.3 - 7.6 
17.0 

4.1 - 5.2 
30.2 - 73.1 

"blueback herring and alewife 
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(5.2-9.7 percent  in 1974 and 12.3-12.6 percent  in 1975, Appendit G-2). 

The u t i l i t i e s '  es t imated conditional.  entrainment m o r t a l i t y  rates 

f o r  s t r i p e d  bass were 8.1 percent  and 11.9  percent  f o r  1974 and 1975, 

r e spec t ive ly  (Table 2--VI-3., Exhib i t  UT-3). These rates r e f l e c t  ope ra t ion  

of Indian  Poin t  Unit 2 and Bowline i n  1974, and 'Indian Point  Unit  2 ,  
Bowline, and Roseton i n  197.5. The u t i l i t i e s '  estimate f o r  1974 was 

higher  than t h e  ET?! estimate f o r  s i m i l a r  ope ra t ing  condi t ions  (6.3-7.6 

percent ,  der ived form Appendix G-1). The u t i l i t i e s '  estimate f a r  1975 

w a s  approximately one percent  lower than t h e  E'IM estimate. 

- 2.1.2 Projec ted  

Projected cond i t iona l  entrah~~lenl t  ITbQrtdtty ra te  esti-tes for 

s t r i p e d  bass, with  a l l  p l a n t s  operat ing wi th  once-through cool ing,  

range from 16.0 t o  21 .7  percent  (Table VPII-2). Ind ian  Poin t  will 

impose t h e  h ighes t  rates of any p l a n t  (8.5-13.1 percent, Appendix G-4) ,  

and pos t  yo lksac  l a r v a e  will experience t h e  h ighes t  rates of any l i f e  

s t a g e  (Appendix G-5)  . 
Projec ted  cond i t iona l  entrainment m o r t a l i t y  rates f o r  s t r i p e d  bass 

due t o  ope ra t ion  of Bowline, Indian Point, and Roseton wi th  once-through 

cooling were es t imated  by the u t i l i t i e s  using t h e  Real-Time L i f e  Cycle 

Model, (RTLCM). The p ro jec t ed  rates baaed on the RTLCPI are 5.8 percent  

wi th  t h e  1974 d a t a  base  and 8.1 percent  w i t h  t h e  1975 d a t a  base (Table 

3-VIII-1, Exhib i t  UT-3). The pro jec ted  rates based on t h e  ET% are 

approximately 8-9 percent  higher:  14.1-14.9 percent  wi th  t h e  1974 data 

base and 15.8-17.4 percent  wi th  the 1975 data base  (Appendix G6). The 

p r i n c i p a l  cause f o r  the d i f f e r e n c e s  between she R " M  and Em estimates 

i s  the lower W-factors used in the RTLCN, as discussed in Chapter V of 

t h i s  exhlbit . 

Closed-cycle cool ing  cond i t ions  a t  Bowline, Itidlaw Poin t ,  and 

b s e t a n  w i l l  reduce t h e  total entraLnment m o r t a l i t y  t o  4.4-8.3 percent  

(Table VIIT-2). 

entrainment m o r t a l i t y  rate due t o  epperation Bowline Indian  Po in t ,  and 

Based an the R ' K a ,  t h e  uti1-Lti.e.s p r o j e c t  a cond i t iona l  
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Roseton with closed-cycle cooling (other p l an t s  not considered) of 1.6 

percent with the  1974 da ta  base and 3.2 percent with the  1975 da ta  base. 

Under s i m i l a r  opera t ing  conditions,  t h e  condi t iona l  entrainment mor t a l i t y  

rate based on t h e  Em, i s  2.2-3.3 percent (Table VIII-2). 

2.2 WHITE PERCH 

2.2.1 H i s t o r i c a l  

White perch experienced an estimated t o t a l  condi t iona l  entrainment 

mor ta l i ty  rate of 10.9-11.7 percent i n  1974 and 13.0-13.6 percent i n  

1975 (Table VIIT-I). Of a l l  plants, Indian Point Unit 2 imposed the  

h ighes t  rates during both 1974 and 1975 (3.9-4.9 percent during 1974 and 

3.3-4.5 percent during 1975, Appendix H-1). Of a l l  l i f e  stages9 pas t  

yolksac larvae experienced t h e  h ighes t  mor ta l i ty  rates during both years 

(6.0-6.2 percent during 1974 and 7.5-8.3 percent during 1975, Appendix 

H-2) * 

The u t i l i t i e s  estimated a condi t iona l  entrainment mor ta l i ty  rate for  

white perch due t o  operation of only Bowline and Indian Point Unit  2 of 

5.5 percent during 1974 (Table 2-VII-l* Exhibit  UT-3). Under similar 

operating conditions,  t h e  estimated rate based on t h e  ETN is  6.3-7.3 

percent (derived from Appendix H-I).. The u t i l i t i e s '  condi t iona l  entrainment 

mor ta l i ty  rate of white perch due t o  operatlon of Bowline, Indian Point 

Unit 2, and Roseton during 1975 was  6.3 percent (Table 2-VII-1, Exhibit  

UT-3), as compared t o  an estimate of 8.7-9.6 percent based on t h e  ETM 

with s i m i l a r  conditions (Table VIII-1). The lower estimates by t h e  

u t i l i t i e s  are p r inc ipa l ly  due t o  the  sho r t e r  entrainment perfods used i n  

t h e i r  methodology. Their entrainment periods during 1974 and 1975 ended 

i n  mid-July (Marcellus 1978), while t h e  entrainment periods used i n  the 

ETM ended i n  e a r l y  September (Table IV-7, Chapter I V ) .  

The u t i l i t i e s  a l s o  present estimates of t h e  condi t iona l  entrainment 

mor t a l i t y  rate imposed on white perch during 1974 and 1975 by Bowline 

alone (Table 9.5-1, Exhibit  UT-7) and Roseton alone (Table 9.5-1, Exhibit  

UT-6).  These estimates are based on t h e  LMS empirical  method, as discussed 



in Chapte i  1 of t h i s  exhibit. The E t i l i t i e s '  estimates € O K  1 3 7 4  are  l o b  

percent for Bovltne and 0.5 percent f o r  Roseton; comparable E 'M estimates 

are 7,s perecal  €or Rowline and 0.6 y ~ ~ r c ~ n t  l o r  Kost.ton (Appendix 11-1). 

The ut l ' l i t i es '  est imai  es  for 1975 a r c  $ , 4  19erce:it f o r  Fowltne and 1.8 

pencent: at Roseton, rbh i l e  the E'IN est imates are 1.9 pcucemt at Bowline 

and 3.7-4.2 percent air Roseton. The p r i n c i p a l  cause  of diEEeranees 

betwewi t h e  t w o  s e h ~  01 estiwate:? ( u S f l i c i e s  and ETN) i s  due t o  the 

difference i n  the methsdohg ics  u s e d ,  as d i s c u s s r d  i n  C h a p t e r  I. 

2 . 2 . 2  Projecced 
___---I -_- - _c__ 

h c e - t h r m g h  coo l ing  at d.11 p lan t s  w i  11 impose an estimated csndi- 

t i o n a l  cntrainmsna iimrt.a3 ity rate nf 15 e 7 -17.1 percent on white perch.  

Tnbian Point. w i l l  jrnpobe the  kiighest ra te  a€ any plant (4 .8-7.4 p e r c e n t ,  

Append. i x  IT- L >  and pris t  yolkser larvae will  e x p e r i e n c e  the higi iest  rate 

of any life stage (Appendix H- 5). 

m o r t a l i t y  r a t e s  f o r  w h i t e  perch a i L  '.o..rsu Lhan 2be pro jec t ed  rates f o r  

Lbbe congeneric s t r i p e d  bass. As B ~ C I K L  i n  f i g u r e s  1, 2 ,  7 ,  aiid 8 in the  

t e s t i n m o y  on l i f e  h i s t o r i e s  (boremen 1979) ,  entrainable l i f e  stages of 

white 2ersh were djstrfSi!red m o ~ e  uprive1 than s t r i p e d  bass during 1974  

and 197s and therefore ~ vece less abundanL i n  regions containing the 

power plants. 

The p r o j e c t e d  conditional entrainment 

Closed-cyel e cou l fng  a t  Bowline Indian Point , and Roseton would 

reduce t h e  conditional mortality rake o f  white perch to 3.2-4.1 pereenr 

(Tablc V l l I - 2 > .  Most of this m s : r t a l i t y  would be imposed by Lovett and 

Danskamer, since the ra te  imposed by Bowline, Indian Point, and Roseton 

a l n n e  would be 1 . 3 - 1 . 4  percent  (Tabhe VIII-2) I 

2.3.1. Histori,cal_ - - - - . . .~ 
The e s t h a t e d  c o n d i t i o n a l  cntrainnrent mor t a l . i t y  rake of Alosa spp.  

(blueback h e r r i n g  and a l e w i f e )  was 3.5-4.1 percent d u r i n g  1914 and 6.1-  

1 1 . 2  p e r c e n t  dur ing  1.975  able le V I  r J-1). 

mortality ra te  dur ing  19 14  (0.9-1 e 7 percent, Appendix  i- 1) and Roseton 

Damikammer i o p ~ s c t d  the highest 



and Danskammer imposed the highest rates dur ing  1975 ( 3 . 1 - 4 . 8  percent 

and 2.0-5.7 percent, respectively, Appendfx 1-1). Juveniles experienced 

the highest rates of any life stage both years (Appendix 1-2). 

The utilities present no multiplant conditional entrainment mortality ' 

estimates for Alosa spp.  during 1974 or 1975. However, estimates for  

Bowline alone and Roseton alone appear in exhibits UT-7 and UT-6, respectively. 

The utilities estimate that Bowline imposed a conditional entrainment 

mortality rate of 0,l percent on Alosa spp. (blueback herring, alewife, 

and American shad) during 1974, and a rate of 0.03 percent during 1975 

(Table 9.5-2, Exhibit UT-7). Estimates f o r  Alosa spp. (blueback herring 

and alewife only) at Bowline during 1974 and 1975, based on the ETM, are 

0.4 percent and 0.1 percent (Appendix 1-1)- According to the utilities, 

Roseton imposed an estimated conditional entrainment mortality rate on 

Alosa spp. (all three species) of 0.5 percent during 1974 and 1.1 percent 

during 1975 (Table 9.5-2, Exhibit UT-6), while the ETM estimates for  

Roseton are 0.4-0.5 percent for 1974 and 3 , 1 - 4 . 8  percent for 1975. The 

El% estimates were higher even though American shad were not included. 

As for white perch, the lower estimates presented by the utilities for 

Alosa spp. are due to a difference in the methodologies used to calculate 

the conditional rates, as discussed in Chapter I. 

2.3.2 Projected 

The ETM-estimated conditional entrainment mortality rates for Alosa 

spp. ranged from 6.2-11.1 percent with once-through cooling at all 

plants (Table VIII-2). Juveniles will experience the highest entrainment 

mortality rates of any life stage (Appendix 1-51, and Roseton will 

impose the highest rate of any plant (3.1-6.4 percent, Appendix 1-4) 
Even though the W-factors and f-factors for Alosa spp. are higher, their 

projected conditional entrainment mortality rates are much lower than 

the projected rates for striped bass or white perch, The entrainable 

life stages of Alosa spp. were distributed more upriver, above the 

regions containing power plants, than the two Elorone spp,  during 1974 

and 1975 (Figures 13 and 14, Boreman 1979) which is the main reason f o r  

the lower entrainment impact estimates. 
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Closed-cycle coaling conditions at Bowline, Indian Point, and 

Roseton weauld reduce the projected conditianal entrainment mortality 

rate to 1.3-4.2 percent (Table VIII-2). Mast of this input would be 

imposed by the plants stil.1 operating with once-through cooling (Lovett 

and Danskamer), since the projected rate with Bowline, Indian Point, 

and Roseton operating alone and with closed-cycle cooling would be 0.3- 

0.4 percent (Table VII1-2).  

2 . 4  AMERICAN SHAD 

2.4.1 Historical 

American shad experienced an timted 

of 13.6 percent during 1974 (Table VIII-1). 

onditional mortality rate 

Indian Point Unit 2 imposed 

the highest mortality rate of any plant (4.9 percent, Appendix J-l), 

while juvenlles experienced the highest rate, by far, of any life stage 

(13.0 percent, Appendlx 5-2). 

The utilities estimated a conditional entrainment mortality rate 

imposed by Bowline and Indian Point Unit 2 alone on American shad of 1.6 

percent during 1974 (Table 2-VII-3, Exhibit UT-3), while the ETM estimate 

is 7 . 9  percent for the saxe conditions. The higher rate based on the 

ETM is due to higher W-factors and a much longer entrainment period used 

in the ETM. The utilities used a W-factor of 0 .5  for all life stages 

(Table 2-VIZ-3,  Exhibit UT-3), whereas, the W-factors used in the ET?¶ 

were greater than 0.8 (Table VI-7, Chapter VI) fox the entrainable life 

stages of American shad. 

(Table XV-7, Chapter In, while the utilities' entrainment period ended 

in mid-July (Marcellus 1978). 

the most vulnerable to entrainment (Appendix 5-2), the added weeks in 

the entrainment period were very important in determining the total con- 

ditional entrainment mortality rate of American shad. 

The ETM entrainment period ended in mid-August 

Since the juvenile life stage is by far 

2.4.2 Projected 

With once-through cooling at all plants, American shad will experience 

an estimated conditional entrainment mortality rate of 20.5 percent (Table 
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VIII-2). 

Indian Point ( 9 . 0  percent, Appendix 5-4), and juveniles will experience 

the highest entrainment mortality of any life stage (19.5 percent, 

Appendix J-5). 

The highest mortality rate of any plant will be imposed by 

Projected conditional entrainment mortality rates for American shad 

will be much higher than those of the congeneric blueback herring and 

alewife. Based on the 1974 distribution data, the early juvenile life 

stage of American shad was distributed much further downriver than the 

other Alosa spp. during 1974 (Figure 19, Boreman 1979) and, therefore, 

was relatively more abundant in the regions containing the power plants. 

The projected conditional entrainment mortality rate of American 

shad with Bowline, Indian Point, and Roseton operating under closed- 

cycle cooling conditions would be 4.1 percent (Table 77111-2). 

this impact would be imposed by the plants still operating wlth once- 

through cooling (Lovett and Danskannner), since the combined rate imposed 

by the plants operating with closed-cycle cooling would be 0.9 percent 

(Table V I I I - 2 ) .  

Host of 

2.5 ATLANTIC TOMCOD 

2.5.1 Historical 

The estimated conditional entrainment mortality rate of Atlantic 

tomcod during 1975 was 5.2-8.4 percent (Table VII-1). 

2 imposed the highest mortality rate of any plant (2.1-5.0 percent, 

Appendix K - l ) ,  while post yolksac larvae and juveniles had the highest 

life stage mortality rates ( 3 . 4 - 3 . 6  percent and 1.4-4.6 percent, respec- 

tively, Appendix K - 2 ) .  

Indian Point Unit 

The utilities estimated a conditional entrainment mortality rate 

imposed by Bowline, Indian Point Unit 2 ,  and Roseton of 4.9 percent for 

Atlantic tomcod during 1975. The ETM estimate for  similar plant operating 

conditions during 1975 is 4.3-7.1 percent (Table YIII-1). The higher 

rates estimated by the ETM are due to higher W-factors for  s o w  life 
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stages and a longer entrainment period. Neither the utilities qstilnate 

nor the ETM estimate incorporate possible  entrainment mortality of the 

egg life stage. 

(p. 14.14, Exhibit UT-4); no eggs were collected by TI in their 1975  

Long River Survey on or after that date (Marcellus 1977). 

The utilities began their entrainment period on March 9 

2.5.2 Projected 

Once-through cooling at all plants will impose an estimated total 

conditional entrainment mortality rate on Atlantic tomcod o f  6.6-7.3 

percent (Table  V I I I - 2 ) .  Of all plants, Indian Foint will impose the 

highest rate (4.8-5.7) percent, Appendix K-43, while post yolksac larvae 

w i l l .  experience the highest rate of any life stage (3.1-4.8 percent, 

Appendix K-5).  

The projected conditional entrainment mortality rates for Atlantic 

tomcod, based on the Em, are the lowest for any population included in our 

analyses. 

tomcod during 1975 were generally below the regions containing power 

plants (Figure 23, Boreman 1979). In add-itisn, the f-factors for tomcod 

yolksac larvae were the lowest of any population included in DUK analyses 

(Chapter V I I ) ,  and the W-factors f o r  juvenile tomcod at Bowline and 

Lovett were 0 and 0.02-0.09, respectively (Chapter V). 

The distributions S€ entrainable life stages of Atlantic 

Closed-cycle cooling conditions at Bowline, Indian Paint, and 

Roseton would reduce the projected conditional entrainment mortality 

rate to 2.3 percent. The highest entrainment mortality rate would still 

be imposed by Indian  Point (1.6-1.7 percent, Appendix K-7). 

2.6 BAY ANCHOVY 

2.6.1 Historical 

The estimated total conditional entrainment mortality rate €or 

bay anchovy was 54.1-77.8 percent in 1974 and 34.8-46.0 percent in 1975  

(Table VIII-1). 

of any plant during both years (14.3-53.7 percent during 1974 and 11.2- 

24.3 percent during 1975, Appendix L-1)-  

Indian Point Unit 2 imposed the highest mortality rates 

Juveniles experienced the 
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h ighes t  mor t a l i t y  rates of any l i f e  s t age  ( 4 2 , 3 4 9 . 2  percent during 1974 

and 19.5-24.5 percent  during 1975, Appendix 2-2).  The u t i l i t i e s  present  

no estimates of h i s t o r i c a l  or projec ted  condi t iona l  entrainment mor t a l i t y  

rates f o r  t he  bay anchovy. 

2.6.2 Projected 

The estimated t o t a l  Conditional entrai.nment mor t a l i t y  rate f o r  bay 

anchovies with once-through cool ing a t  a l l  power p l a n t s  is 44 .3 -78 .6  

percent  (Table VIIP-23. The highes t  mor t a l i t y  rates of any plant w i l l  

be imposed by Indian Poin t  (21.8-65.7 percent ,  Appendfx L-41, while 

juven i l e s  w i l l  experience t h e  h ighes t  entrainment mor t a l i t y  of any l i f e  

s t age  (27.4-68.3 percent ,  Appendfx L-5). 

The projected condi t iona l  entrainment mor t a l i t y  rates f o r  bay 

anchovy populat ion i n  the  Hudson River are t h e  h ighes t  of the  s ix  populations 

examined. 

high f-factors, as w e l l  as a concentrat ion of t h e  bay anchovy population 

i n  regions containing power p lan t s ,  e spec ia l ly  in t h e  v i c i n i t i e s  of 

Bowline, Lovett ,  and Indlan Point  (Figure 28 ,  Boreman 1979). A s  ind ica ted  

i n  t h e  testimony on l i f e  h i s t o r i e s  (Boreman 1979), an unknown f r a c t i o n  

of the en t r a inab le  population of bay anchovy is probably located ou t s ide  

t h e  regions of t h e  r i v e r  included i n  t h e  E7TM analyses ,  i.e., below W 

14. Therefore, t h e  condi t iona l  entrainment mor t a l i t y  rates presented i n  

Table VBII-2 f o r  bay anchovy r e f l e c t  reduct ions In  the  f r a c t i o n  of the  

population inhab i t ing  14-140 only.  

The r e l a t i v e l y  higher rates are caused by high W-factors and 

Closed-cycle cool ing condi t ions at Bowl%ne ,  Indian Point ,  and 

Roseton would reduce t h e  condi t iona l  entrainment mor t a l i t y  rate of t he  

f r a c t i o n  of t he  bay anchovy population between REI 14-148 t o  12.7-25.2 

percent  (Table VIII-2). 

p l a n t s  s t i l l  opera t ing  with once-through cool ing,  s i n c e  the  rates imposed 

by Bowline, Indian Point and Roseton a lone  with closed-cycle cool ing 

would be 2.2-7.9 percent  (Table VIIL-2). 

Most of t h i s  impact would be imposed by the 
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3. ENTRAINMEm MORTALITY ESTIMATES - T H E W  MQDEL f-FACTORS 

ETM runs wi th  p ro jec t ed  once-through power p l a n t  f l o w  condi t ions  

were made f o r  s t r i p e d  bass ,  white  perch, and Alosa spp .  (blueback h e r r i n g  

and a l ewi fe )  i nco rpora t ing  component thermal model f - f a c t o r s  i n s t ead  of 

pooled larval  t a b l e  €- fac tors .  

component thermal model f - f ac to r  va lues  used i n  t h e  ETEf runs is  presented 

i n  Chapter VI1 of t h i s  e x h i b i t .  

except  power p l a n t  f low rates, were t h e  same va lues  used i n  t h e  p ro jec t ed  

runs  with once-through cool ing  and pooled larval. table €-factors. 

The d e r i v a t i o n  and a l i s t i n g  of t h e  

All o t h e r  input  parameter va lues ,  

Power plant: flow rates used i n  t h e  Em runs wi th  t h e  component 

thermal model f - f a c t o r s  w e r e  based on t h e  weekly rates l i s t e d  i n  Table 

VII-6 i n  Chapter V I 1  of t h i s  exh ib i t .  Nowever, the weekly € l o w  rates f o r  

each u n i t  o r  p l a n t  t h a t  are l i s t e d  i n  this table do not  account f o r  

scheduled down-time. Therefore ,  each rate was mul t ip l i ed  by a c o e f f i c i e n t  

t h a t  r e p r e s e n t s  t h e  average f r a c t i o n  of each week tha t  t h e  ind iv idua l  

u n i t  or p l a n t  i s  scheduled t o  be down f o r  maintenance. These c o e f f i c i e n t s  

and t h e i r  sources  are l i s t e d  i n  Table VITI-3. 

The power p l a n t  f low rates and f - f a c t o r s  presented  i n  C'napter V I 1  

encompass t h e  per iod Apr i l  l-L4ugust 31. However, t h e  p ro jec t ed  e n t r a i n -  

ment per iod  for white  perch extends one week i n t o  September (Table IV-7, 

Chapter ZV). S ince no flow rates w e r e  ca l cu la t ed  €or  weeks p a s t  August 

31 i n  Chapter VI1, t h e  d a i l y  flow rate f o r  the las t  week i n  August w a s  

used f o r  t h e  f i r s t  week of September. lliis procedure may r e s u l t  i n  an  

overes t imate  of entrainment  m o r t a l i t y  f o r  cohor t s  s t i l l  present  i n  en- 

t r a i n a b l e  l i f e  s t a g e s  dur ing  t h e  f i r s t  week of September, s i n c e  p ro jec t ed  

rates l i s t e d  i n  Table 11-4 of Chapter I1 decl ined  i n  September f o r  a l l  

p l an t s .  However, t h e  cohor t s  still present i n  e n t r a i n a b l e  11fe  s t a g e s  

p a s t  August 31 rep resen t  less than  0.1 percent  of t h e  white  perch 

i n i t i a l  egg depos i t i on  (Table ICV-3, Chapter IV). A s  such, t h e  b i a s  i n  

t h e  r e s u l t a n t  t o t a l  cond i t iona l  entrainment  m o r t a l i t y  rate is neg l lg ib l e .  

Resul t s  of ]ET24 runs  inco rpora t ing  p ro jec t ed  once-through power 



Table VIZI-3. Coef f i c i en t s  Used t o  Adjust Pro jec ted  Power P lan t  Flow Rates t o  Account f o r  
Scheduled Down T i m e  

Week 

d Bowlinea Indian  PointC Ban skanune r 
Unit 1 Unit 2 Roseton Unit 2 un i t  3 Unit 3 Unit 4 Lovet te 

411 - 4 / 7  
418 - 4 / 1 4  

4 / 1 5  - 4 / 2 1  
4 / 2 2  - 4 / 2 8  
4 / 2 9  - 515 

515 - 5/12 
5/13 - 5/19 
5 /20  - 5 / 2 6  
5 / 2 7  - 6 / 2  

6/3 - 6/9 
6 / 1 0  - 6 / 1 6  
6 / 1 7  - 6 / 2 3  
6 / 2 4  - 6 / 3 0  

7 i 1  - 7 / 7  
718 - 7 / 1 4  

7/15 - 7/21 
7 / 2 2  - 7/28 
7/29 - $14 
815 - 8/11. 

8/12 - 8/18 
8/19 - 8 / 2 5  
3 / 2 6  - 911 

912 - 91s 

0 
0 

0.20 
0*20 
0.20 
0.54 
1 
1 
1 
1 
1 
1 
1. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 

0.9 
8.9  
0.9 
0.9 
6.9 
0.9 
0.5 
0.5 
0.5 
0.5 
0.93 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0.78 
0.78 
0.78 
0.78 
0.79 
0.80 
6.80 
0.80 
0.84 
0.93 
0.93 
0.93 
0.93 
0.99 
0.99 
0.95, 
8.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 

1 
1. 
1 
1 

0.82 
0.74 
0.74 
0.74 
0.74 
0.74 
0.74 
0.74 
0.74 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 

0.55 
0.55 
0.55 
0.55 
0.56 
0.57 
0.57 
0.57 
0.62 
0.76 
0.76 
0.76 
0.76 

0.85 
0.85 
0.85 
0.93 
0.99 
0.99 
0.99 
0.99 
0.99 

0.85 

0.55 
0.55 
0.55 
8.55 
0.56 
0.57 
8.57 
0.57 
0.62 
0.76 
0.76 
0.76 
0.76 
0.85 
0.85 
0.85 
0.85 
0.93 
0.99 
0.99 
0.99 
0.99 
0.99 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

s 
H 
H 
I 
P cn 

abased on Table 2.1-7 of e x h i b i t  UT-7 
bbased on Table 2.1-1 of exhibit UT-6 
‘based on Table 1-1 of e x h i b i t  UT-9 

dbased on t h e  combined average d a i l y  f low rates pe r  
month of u n i t s  3 and 4 ,  as l i s t e d  i n  Table 11-4, 
divided by t h e  combined average d a i l y  rates as 
l i s t e d  i n  Table V I 1 4  

thermal component i n  once-through f low condi t ions  
evalues taken d i r e c t l y  from Table VII-6; assumes no 
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p l a n t  f low c o n d i t i o n s  and component f - f a c t o r s  d e r i v e d  by t h e  t h e r m a l  

model are  l i s t e d  i n  Appendices M-0  f o r  s t r i p r d  b a s s ,  w h i t e  p e r c h ,  and 

Alosa spp .  (blueback h e r r i n g  and a l e w i f e ) ,  r e s p e c t i v e l y .  T a b l e  VIII-4 

p r e s e n t s  e s t i m a t e d  c o n d i t i o n a l  e n t r a i n m e n t  m o r t a l i t y  rates f o r  t h e  t h r e e  

p o p u l a t i o n s  based on t h e  v a l u e s  l i s t e d  i n  these appendices .  

3.1  STRIPED BASS 

The e s t i m a t e d  c o n d i t i o n a l  e n t r a i n m e n t  mortal-ity ra te  f o r  s t r i p e d  

bass w i t h  p r o j e c t e d  once-through power p l a n t  f l o w  c o n d i t i o n s  and f -  

f a c t o r s  d e r i v e d  by t h e  thermal model a r e  10.4-32,1 p e r c e n t  f o r  a l l  

p l a n t s  and 9.3-25.9 p e r c e n t  f o r  Bowline,  I n d i a n  Poinb- ,  and Roseton o n l y  

(Table VIIZ-4). I n d i a n  P o i n t  w i l l  impose the  h i g h e s t  m o r t a l i t y  01 any 

p l a n t  (6.5-20.6 p e r c e n t ,  Appendix M) and p o s t  yo lksac  larvae w i l l  

exper ience  t h e  h i g h e s t  e n t r a i n m e n t  m o r t a l i t y  of any l i f e  s t age  (5.7-20.7 

p e r c e n t ,  Appendix M). The p r o j e c t e d  c o n d i t i o n a l  entrainruenr  n r u r t a l i t y  

rates w i t h  n i d d l e  f - f a c t o r  v a l u e s  (15 .7-24 .4  p e r c e n t ,  T a b l e  VTXZ-4)  are 

s i m i l a r  to  t h e  r a n g e  of p r o j e c t e d  v a l u e s  o b t a i n e d  w i t h  t h e  pooled  l a r v a l  

t a b l e  f - f a c t o r s  (16.0-21.7 p e r c e n t ,  Tab1 h: V I I I - 2 )  

3 .2  WHITE PERCH 

Based on thermal  model. f - f a c t o r  va lues ,  w h i t e  p e r c h  w i l l  e x p e r i e n c e  

a t o t a l  c o n d i t i o n a l  e n t r a i n m e n t  m o r t a l i t y  rate of 10.7-23.1 p e r c e n t  w i t h  

a l l  p l a n t s  o p e r a t i n g ,  and 9.6-21 .2  p e r c e n t  w i t h  o n l y  Bowline, I n d i a n  

P o i n t ,  and Roseton o p e r a t i n g  ( T a b l e  VII I -4) .  O f  a l l  p l a n t s ,  I n d i a n  

Poin t  w i l l  impose t h e  h i g h e s t  entrainrienl:  m o r t a l i t y  rate (6.4-13.7 

p e r c e n t ,  Appendix N )  . P o s t  y o l k s a c  l a r v a e  w i l l  e x p e r i  ence t.he h i g h e s t  

en t ra inment  m o r t a l i t y  of any l i f e  s cage  (5.5-14.8 p e r c e n t ,  Appeiidix N ) .  

Compared t o  t h e  r a n g e  of p r o j e c t e d  c o n d i t i o n a l  e n t r a i n m e n t  m o r t a l i t y  

rates c a l c u l a t e d  w i t h  t h e  p o o l e d  l a r v a l  t a b l e  f-factors ( 1 5 . 7 4 7 . 1  

p e r c e n t ,  T a b l e  V I I I - Z ) ,  the r a n g e  of e s t i m a t e d  p r o j e c t e d  rates based  on 

t h e  middle  thermal  model f - f a c t o r s  i s  s imi la r  (15.2-18,9 p e r c e n t ,  T a b l e  

VIII-4) .  
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Table VIII-4. Projected Conditi.ona1 Entriniment Mortality Rate 
Estimates, Expressed as Percentages, for Three Hudson River Fish 
Populations Based on ETM Run Results Listed in Appendices M-0 

a f-factor value 
Population Lower Middle Upper 

All plants 

Striped bass 10.4 - 16.8 15.7 - 24.4 21.6 - 32.1 

White perch 10.7 - 15.4 15.2 - 18.9 19.7 - 23.1 

3.2 - 8.0 5.3 - 10.5 6.5 - 11.7 b Alosa spp. 

Bowline, Indian Point 2 and 3,  and Koseton only: 

Striped bass 9 . 3  - 12.5 1 4 . 0  - 19.1 19.1 - 25.9 

White perch 9 . 6  - 14.7 13.5 - 18.0 17.5 - 21.2 
2.4 - 4 . 3  4.0 - 6 .6  4 . 9  - 7 . 8  b Alosa spp. 

a lower 

middle = component thermal model f-factor value 
upper 

= component t h e m 1  model f-factor value minus one 
standard error 

= component thermal model f - factor  value plus one 
standard error 

blueback herring and alewife 
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3 . 3  BLUEBACK H E R R I N G  AND ALEWIFE 

The es t imated  t o t a l  conditio1-d entrainment  m o r t a l i t y  rate of Alosa 

spp. (blueback h e r r i n g  and a l e w l f e )  w i t h  thermal  model f - f a c t o r  v a l u e s  

and once-through flow c o n d i t i o n s  a t  a l l  p l a n t s  w i l l  be 3.2-11.7 p e r c e n t  

(Table V I T I - 4 ) .  Bowline, Indian P a i n t ,  and Roseton wj71 impose a 

cambined m o r t a l i t y  rate of 2.4-7.8 percen t  (Table  V I I I - 4 ) .  Of a l l  

plants, Roseton w i l l  impose t h e  h i g h e s t  c o n d i t i o n a l  entrainment  m o r t a l i t y  

rate (1.7-5.7 percen t ,  Appendix 0) and, of a l l  l i f e  stages, j u v e n i l e s  

will exper ience  t h e  h i g h e s t  rate (1.8-6.0 pe rcen t ,  Appendix 0). The 

range o f  pro jec t ed  csndi  t Lonal ~xr twa innren t  m o r t a l i t y  rates based on t h e  

middle f-factors (5.3-10.5 percent, Table  VIII-4) is s l i g h t l y  lower than  

the  range of r a t e s  based on the  pooled l a r v a l  t a b l e  f - f a c t o r s  (6.2-11.1 

percent ,  Tab1 c VIII-2). 

The most probable  r anges  of estrbnaat.ed c o n d i t i o n a l  en t ra inment  

m o r t a l i t y  rates f o r  s i x  Hi.idson River f i s h  populati .ons,  based on p r o j e c t e d  

once-through and c losed-cyc le  f low cond i t ions  ase t h o s e  l i s t e d  in Tab le  

V111-2+ These. estimates are based on t h e  pooled la rva l  cab le  f-fac-trors, 

r a t h e r  than the component thermal  model f - f a c t o r s .  A s  discussed i.n 

Sec t ion  4.2 of Chapter V I 1  o f  tA i s  e x h i b i t ,  t h e  pooled l a r v a l  t a b l e  5- 

f a c t o r s  have less b i a s  and, t h e r e f o r e ,  are probab1.y r e l a t i v e l y  more 

a c c u r a t e  than t h e  thermal model f - f a c t o r s .  

The Hudson River popu la t ion  of bay anchovies  betweexi RM 14-140 w i . l l  

exper ience  the highest entraixunent m o r t a l i t y ,  fol lowed by ( i n  descending 

o rde r )  s t r i p e d  bass, American shad, wh i t e  perch ,  A l o s a  spp. (blueback 

h e r r i n g  and a i e w i f r ) ,  and A t l a n t i c  tomcod (Table V 1 I . I - 2 ) .  Based on a 

comparison of t h e  p r o j e c t e d  c o n d i t i o n a l  entrainment  mortality rates w i t h  

once-through and cJosed-cycle  coo l ing  c o n d i t i o n s  i n  Table V I I X - 2 ,  c losed-  

cyc le  cool ing  would r educe  t h e  p r o j e c t e d  ra tes  of all s i x  popu la t ions  t o  

,a cons iderable  e x t e n t .  
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APPENDIX B 

Descript ions of the  methods employed t o  c o l l e c t  the p lan t  and 

r i v e r  ichthyoplankton da ta  we used to compute W-factors using the  MU 

and GBC methods can be found i n  the  following Exhibits and repor t s :  

(1) Bowline- Exhibi t  UT-7A. 

(2) Lovett- Annual Keports for  the years 1975 (Ecological 

Analysts 1976) and 1976 (Ecological Analysts 1977). 

( 3 )  Indian Point- Exhibit  UT-9. 

(4) Roseton and Danskamner- Exhibi t  UT-6A. 

The ichthyoplankton da ta  a r e  contained on magnetic tapes  obtained 

from Consolidated Edison, Orange and Rockland, and Central  Hudson. 

Each da ta  set contains  analyses of the  ichrhyoplankton composition of 

ind iv idua l  samples co l lec ted  a t  a p a r t i c u l a r  power plant and/or r i v e r  

t r ansec t  during a given year.  The da ta  records general ly  contain the  

s i te  a t  which a p a r t i c u l a r  sample was co l l ec t ed ,  the  da ta  and t h e  of 

co l l ec t ion ,  the  volume of  the sample,  and e i t h e r  the number of organisms 

belonging t o  a p a r t i c u l a r  population o r  the  dens i ty  (number of organisms 

per 1000 m broken down by l i fe -s tage .  
3 

This appendix contains  descr ip t ions  of the  da ta  sets obtained f o r  

each p lan t :  

the  period during which each populat ion w a s  co l l ec t ed ,  and the  s p e c i f i c  

da tes  included in the  computation of each W-factor. 

the years and populations for which d a t a  are ava i l ab le ,  

B . l  Bowline/Lovett 

Data co l lec ted  during 1975 and 1976 a t  the  Bowline and Lovett r i v e r  

t r ansec t  s t a t i o n s  and Bowline Pond a r e  contained on a tape prepared by 

Lawler  , Matusky, and Skel ly  and provied to EPA on October 31, 1977. 

All of the  populations created in Chapter 5, i .e.,  s t r i p e d  bass ,  white 

perch, A t l an t i c  tomcod, bay anchovy, and Alosa, are included i n  the  

da t a  sets contained on t h i s  tape.  This s a m e  tape contains  abundance 

da ta  for these same populations and co l l ec t ed  a t  the Bowline t r ansec t  

B-1 
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s t a t i o n s ,  Bowlin? Pond, and t h e  Bowline i n t a k e  and d ischarge  du r ing  

1974, Since these  data are not  broken down by l i f e - s t a g e  (yolk-sac 

l a r v a e ,  pos t  yolk-sac l a rvae ,  and j u v e n i l e s  are a11 lumped as " la rvae") ,  

they could not be used t o  compute W-factors. However, t he  d e n s i t i e s  of 

t he  var ious  s t r i p e d  bass  l i f e - s t a g e s  c o l l e c t e d  i n  each r i v e r ,  pond, and 

plant  sample during 1974 are contained on a second t a p e ,  provided t o  

EPA on November 21,  1977. By rombining data  f i l e s  from the October 31 

tape (which c o n t a i n  sample  volumes but  no l i f e - s t a g e  breakdowns) wi th  

the  corresponding f i l e s  from t h e  November 2 1  t a p e  (which con ta in  

l i f e - s t a g e  breakdowns bent no sample volumes) we were a b l e  t o  create a 

da ta  set  t h a t  could he used t o  compute 1974 W-factors f o r  s t r i p e d  bass .  

Bowline and Lovett  i n t a k e  da t a  f o r  the years  1975 and 1976 are 

contained on a tape prepared by Ecologica l  Analysts. This tape  w a s  

provided t o  EPA on January 19,  1978 (an ear l ier  copy of  the  t ape ,  

provided on November 16, 1977, was found t o  be d e f e c t i v e ) .  A l l  of t h e  

populat ions considered i n  Chapter 5 are i.ncluded i n  the 1975 d a t a  sets 

f o r  both p l a n t s .  Although t h e  1976 d a t a  for Bowline appears  complete, 

t he  t ape  does not con ta in  1976 bay anchovy abundance data  f o r  Lovet t .  

Thus, we could not compute 1976 W-factors for bay anchovy en t r a ined  a t  

Lovett  . 
Tables B - l  through B-5 l i s t ,  for each populathon and yea r ,  the 

period dur ing  which each l i f e - s t a g e  was observed i n  the Bowline and 

Lovett  v i c i n i t i e s  and t h e  s p e c i f i c  d a t e s  used t o  compute the W-factors. 

B.2 Ind ian  P o i n t  - 
The Indian Poin t  p l an t  and r i v e r  abundance data c o l l e c t e d  by ESYU 

a r e  a v a i l a b l e  for a l l  the popula t ions ,  l i f e - s t a g e s ,  and years  considered 

i n  Chapter 5. The 1974 and 1975 data are contained on a tape provided 

t o  EPA on November 38, 1977. The 1976 d a t a  are contained on 8 second 

t ape ,  provided on NoveEbear 21, 1977 ( t h i s  same t ape  con ta ins  the 1974 

s t r i p e d  bass  densi.ty da t a  f o r  Bowline). Tables B-6 through B-8 l i s t ,  

f o r  each populat ion and yea r ,  t h e  per iod dur ing  which each l i f e - s t a g e  

was observed i n  t h e  Indian  Point  v i c i n i t y  and the s p e c i f i c  da t e s  used 

t o  compute the  W-factors. 
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Tab 1 e 8-1. Periods o f  occurrence o f  striped bass l ife-stages in the 
Bowline vicini ty  during 1974 and specific sampling dates 
used i n  the calculation of W-factors 

Period o f  
h r ~ p u l  ation Life-stage Q C C U ~ - ~ - Q ~ C ~  Dates used 

%&-factors not computed due t o  ins uff i c-i ent data. 
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Table B-2. Periods o f  occurrence o f  s t r i p e d  bass, whi te  perch, A t l a n t i c  
tomcod, bay anchovy, and Alosa l i f e -s tages  i n  the Bowline 
v i c i n i t y  dur ing  1975 and s p e c i f i c  sampling dates used i n  the 
ca l cu la t i on  of W - f  actors 

Per iod o f  
Popul a t i  on L i fe -s tage occurrence Dates used 

St r iped  bass Eggs 
YSL 
PY SL 

Juveni 1 es 

White perch Eggsb 
YSL 
PYSL 

Juveni les 

A t l a n t i c  tomcod Eggs 
YSL 

PY SL 

Juven i 1 es 

Bay anchovy Eggs 

Alosa 

Y SLb 

PY SL 

Juven i 1 es 

Eggs 
YSL 
PY SL 

Juven i 1 es 

5/20-6/10 
5/20-6/17 
5/27-7/29 

6/24 -8/05 

5/20-6/24 
5120-6/93 
5/27-8/05 

7/0%-7/22 

-- 
2/26-4/22 

3/11-5/86 

5106-6/17 

6/10-8/12 

71 01 -8119 

6/03-8/26 

6/17-8/26 

5/20 
5/06-5/13 
5/06-7/01 

5/20,5/27,6/03,6/10 
5/20,5/27,6/03,6/10,6/17 
5/27,6/03,6/10,6/17,6/24, 
7/01., 7/08,7/15,7/22,7/29 

a -- 

5/20,5/27,6/03,6/10,6/17,6/24 
5/20,5/27,6/03, 
5/27,6/03,6/10,6/17,6/24,7/Ql, 
7/08,7/15,7/22,7/29,8/05 

a -- 

a 

2 / 26 ( n i ght on 1 y ) , 3/04 , 3/11 
3/18,3/25 ( n i g h t  on 1 y) , 3/28 (day 
on ly )  ,4/Olp4/08 ,4/15,4/22 
3/11,3/18,3/25(night only),3/28 
(day on ly )  ,4/01,4/Q8,4/15,4/22 
5/06,5/13,5/29,5/27,6/03,6/10 

6/10,6/17,6/24,7/01,7/08,7/15 
7/22,7/29,8/05,8/12 
7/01,7/08,7/15,7/22,7/29, 
8/05,8/12,8/19 
6/Q3,6/10,6/17,6/24,7/01,7/08 
7/15,7/22 ,7/29,8/05,8/l2,8/19 
8/ 26 
6/17,6/24,?/01,7/08,7/15,7/22 
7/29,8/05,8 f 12 8/19,8/26 

a 
a 

-- 
-- 

5/06,5/13,5/20,5/27,6/03 
6/10,6/17,6/24,7/01 

-_ a 

ak4-factot-s not computed due to i n s u f f i c i e n t  data. 

bNightt ime W-factor not computed due t o  i n s u f f i c i e n t  data. 

CDaytime W-factor not computed due to i n s u f f i c i e n t  data. 
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Table 6-3. Periods of occurrence of striped bass, white perch, Atlantic 
tomcod, bay anchovy, and Alosa l i fe-s tages  in the Bowline 
v ic in i ty  d u r i n g  1976 and specif ic  sampling dates used in the 
calculation o f  W-factors 

Period of 
Popul a t i  on Lif e-stage occurrence Dates used 

Striped bass Eggs 
YSL 

PY SL 

5/04-6/01 
5/18-6/15 
6101-7/13 

5/04, 5/11, 5/18,5/25,6/01 
5,'18,5/25,6/01,6/08,6/15 
6,f01,6/08,6/15,6/22,6/29, 
7!06,7/13 

7/06-7/13 Juven i 1 es 

White perch Eggsb 5/18,5/25,6/01,6/08,6/15 , 
6/22,6/29,7/06 

a -- 
5/04,5/11,5/18,5/25,6/01,6/08, 
6/15,6/22,6/29,7/O6,7/13 

a -- 

5/18-?/06 

YSL 

PYSL 

5/18-6/01 
5104-7/13 

8/ 10 Juveni 1 es 

a -- 
3/02,3/O9,3/16,3/23 
3/02,3/09,3/16,3/23,3/30,4/06 
4/13,4/20,4/27,5/04,5/11,5/18 
!j/25,6/01,6/08,6/15,6/22,6/29 
4/2O,4/27,5/04,5/11,5/P8,5/25 
6/01,6/88,6/15,6/22,6/29,7/06 
?/13,7/20,?/27,8/03,8/10,8/17 

Atlantic tomcod Eggs 
YSL 
PYSL 

-- 
3102-3/23 
3102-6/29 

Juveniles 4120-8/17 

Bqy anchovy Eggs 

YSL 
PYSLC 

7/28-8124 
7/27-$/03 
6/29-8124 

7/20,7/27,8/03,8/10,8/17,8/24 

6/29,7/06,7/13,7/20,7/27,8/03 
B/10,8/17,8/24 
7/27,8/03,8/10,8/17,8/24 

a -- 

Juven i 1 @s 

a 

a 
-- 
-- 

4/13,4/20,4/27,5/04,5/11,5/18 
5/25,6/01, 6/08,6/15,6/22,6/29 
7/06,7/13,7/20,7/27,8/03,8/10 
8/17,8/24 

-_a 

Alosa - 4120-5/18 
5/04-5/18 
4/13-8124 

Juven i 1 es 4/27-?/06 
_ _ ~  

%'-factors not computed due t o  Insufficient data. 

bNightt ime W - f  actor not computed due t o  i nsuf'i c i  ent data. 

C D q y t i m e  W-factor not computed due t o  insuff ic ient  data. 
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Table 8-4. Periods o f  occurrence o f  s t r i p e d  bass, whi te  perch, A t l a n t i c  
tomcods bay anchovy, and Alosa l i f e - s t a g e s  i n  t h e  L o v e t t  
v i c i n i t y  du r ing  1975 and s f i c  sampling dates used i n  t h e  
c a l c u l a t i o n  o f  W-factors 

_I_. 

Per iod  o f  
Popu la t i on  L i f e - s t a g e  occurrence Dates used 

.-. 

S t r i p e d  bass Egg;a'b 
YSL 
QYSLb 
Juven i 1 es 

blhite perch Eggs 
YSL 
PYSLb 
Juven i 1 es 

A t l a n t i c  tomcod Eggs 

Bay anchovy 

Alosa 

YSL 

PY SL 

Juven i 1 es 

Eggs 

YSL 

PYSLb 

Juven i 1 e5a 

Eggs 
YSLbad 
PYSLb 
Juveni 1 es 

5/13-6/10 
5/13-6/24 
5/13-7/01 
T/oa-a/ig 

5/20-6/1(9 
5/20-6/10 
5/06-7/15 
~/oa-7/22 

-- 
2 / 26 -4 108 

3/04-8/19 

4/08-8/26 

6/10-a/05 

6/10-8/05 

6/o4-a /x  

6/10-a/26 

5/06-6/10 
5/06 -6/1Q 
4/29-6/24 
6/17 

c -- 
3/ 11 3/18 3/25 ( n i g h t  only), 
3/28, (day only) ,  4/01,4/~8 
3/11,3/18,3/25 (n  i g h t  on ly )  ,3/28 
(day only),4/01,4/08,4/15,4/22 
4/29,5/06,5/13,5/20,5/27,6/03 
6/10,6/17,ti/24,7/0i,7/oa, 7/15 
7/22, ~/29,a/~5,~z,a/i9 

7/01,7/08,7/15,7/22,7/29,a/05 
a/12,a/19,8/26 

4/@,4/15,4/22,4/29,5/O6, 5/13 
5/20,5/27,6/03,6/10,6/17,6/24 

b,c -- 
6/10 
6/10,6/17,6/24 

- ~ ~ _ _ _ _ . _ . _ -  I_.-.. . .. .- -. I_______ 

aDaytime W-factor no t  computed due t o  i n s u f f i c i e n t  data. 

bData c o l l e c t e d  p r i o r  t o  June 10 excluded f o r  a l l  populat ions except 

c'rl-factors no t  computed due t o  i n s u f f i c i e n t  data. 

dNight t ime W-factor no t  computed due t o  i n s u f f i c i e n t  data. 

A t l a n t i c  tomcod (see Chapter 5, Sect ion 4.1). 



Table 8-5. Periods o f  occurrence o f  striped bass, white perch, Atlantic 
tomcod$ and Alosa life-stages In the Love t t  vic in i ty  during 1976 
and specific dates used i n  the calculation of %-factorsa 

Striped bass Eggs 

Y SL 

PY SL 

Juvevi i 1 es 

White perch Eggs 

Y Sk 

PY SL 

Juveni 1 es 

At1 antic tomcod Eggs 
Y SL 
PY SL 

Juven i 1 es 

A1 osa 

Juven i 1 es 

5/Q4-6/22 

5 / 04 -6 / 29 

5/ 18-7 106 

71% -8103 

5/11-6/29 

5/ 11 -6/29 

5/ 11 - 7 /  28 

8/10 

2/06-2/0% 
2/06 -36 3Q 
3/02-4/27 

3/02-61 29 

5111-6/22 
5/11 -6/08 
4127-6/29 

5/04 5/11,5/18,5/25 
6:0l(day only) 

5,/04,5/11,5/18, §/25,6/01 
(day only)6/08,6/15,6/22,6/29 

5/18,5/25,6/Ql( day only)6/08, 
6J15,6/22 6/29 

b -- 

5/ 11, 5/ 18 5/ 25,6/81( d ay on 1 y ) 
6/08,6/15,6/a2,6/29,7/13,7 f 20 

b -- 

b -- 
3/09 3 / 16,3/23,3/ 30 
3/09,3/16,3/23,3/30,4/0ti 
( day on l y) 4/13,4/20,4/27 
3/09,3/16,3/23,3/30,4/06 
(day on ly)4/I3,4/2O,4/27,5/Q4 
5/11,5/18,5/25,6/01(day only)  
6 /08,6 / 15,6 / 2  2 9 6 /2 9 

5/11 5/18 5f 25 ,6/cSS 
4/27,5/04,5/11,5/18,5/25,6/01 
(day only), 6808,6/l5,6/22,6/29 
7/06,7/13,7/20,7J27,8~03,8/10 

-- b 

aNo bay anchovy abundance data was available for  the Lavet t  intake. 

bW-factors not computed due t o  insufficient data. 

CDaytime W - f  actor not computed dire t o  insuff ie ien t  data. 
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1 ' able  8-6. Periods of Occurrence of striped bass, white perch, Atlantic 
tomcod, bay anchovy, and Alosa life-stages in the Indian Point 
vicinity during 1974 and s-p&c?fic sampling dates used in the 
calculation o f  Y-factors 

._.--l_l_..-.__l- ___ --_-_l___ll__ 

Period o f  
Population Life-stage occurrence Dates used 

Striped bass Eggsa 
Y SL 

PYSL 

Juveni 1 es 

White perch Eggs 

Y SL 

PY SL 

Juveniles 

Atlantic torncad Eggs 
YSL 
PY SL 
Juveniles 

Bay anchovy Eggs 

Y Sb 
PY se 

duven i 1 es 

PY SL 

Juven i 1 es 

5/07-6/11 
5/07-6/25 

5/07-7/09 

6/11-7/09 

5/21-6/25 

5/14-7/16 

5/14-7/23 

6/18 

-- 
3/ 26 
3/26-4/02 
5/07-9/17 

6/18-8/ 27 

7/16-8/13 
6/18-10/15 

7/02-11/12 

5/21-6/11 
4/23-6311 

4/  23-2 /02 

6/11-8/20 

5/07,5/l~.5/2l,5/28,6/04.6/11 
5/07,5/14( day only),5/21 
(day only), 5/28,6/O4,6;ll, 6/18 
6/25 
5/07,5/14(day only),5/21 
(day only), 5/28,6/04,6/l1,6/18 
6/25,7/02,7/09 

b _- 

5/21, (day only) ,5/28,6/04. 
6/11.6/18,6/25 
5/14,(day only),5/2l,(dqy only) 
5/28,6/04,6/11,6/18,6/25,7/02, 
7/03,7/16(day only) 
5/ 14, (day an 1 y ),5/21, (day on 1 y ) 
5/28,6/CM,6/11,6/18,6/25,7/Q%, 
7/09,7/ 16, ( day only), 7/23 

b 

b 
b 
b 

-- 
-- 

5/07.5/14.( day only).5/21,( day 
only), 5/28,6/@%,6/11.6/18,6/25, 
7/02,7/09.7/16, (day only), 7/23, 
7/30, (day only) ,8/06.8/13, (day 
only) .8/20,8/27, (day only) .9/03 
(day onlyl,9/17 

6/18,6/25,7/02,7/09,7/16, (day 
only), 7/23,7/30(day only)8/06 
8/13(day only),8/20,8/27(day 
only) 
7/ 16,7/23,7 / 30,8/06,0/ 13, 
6/18,6/25,7/02,7/09,7/16(day 
only),7/23.7/30( day only),8/06 
8/13(day only),8/20,8/27( day 
only), 9/03( day only) ,9/17,10/15 
7/02,7/W, 7/16( day only), 7/23 
8/06,8/13( day only), 8/20,8/27 
(day only).9/3(day only),9/17 
10/15,11/12 

b 

4/23( day only) ,5/07,5/14( day 
only), 5/21( day only), 5/28.6/04 
6/11 
4/23(day only),5/07,5/14( day 
only),5/2l(day only).5/28,6/04 
6/11,6/18,6/25,7/02 

b 

Wghttime W-factor not computed due to insufficient data. 

bU-factors not computed due to insufficient data. 
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Table B-7. Periods of occurrence o f  s t r iped  bass, white perch, Atlant ic  
tomcod, bay anchovy, and Alosa l i fe-s tages  in the Indian Point 
v i c in i ty  during 1975 and a f i c  sampling dates used i n  the 
calculation o f  W-factors 

P O Q U ~  ation Life-stage 

Striped bass Eggs 
Y S L  

P Y s l  

Juven i 1 es 

White perch Eggsb 
YSL 

PY se 

Juven i 1 es 

Atlantic tomcod Eggs 

YSL 
PY 5L 
Juveni 1 es 

Bay anchovy Eggs 

YSL 
PYSL 

A1 os a - 

Juveniles 

Period o f  
Occurrence 

5/12-6/16 

5/12-6/23 

5/21-7117 

6/ 16 -7/07 

5/21-6/16 

5/12-6/23 

5/21-7/21 

7/16-12/09 

1/23 
-- 

1/ 23 -8/ 18 

5/05-8/18 

6/ 09 - 7 / 07 

6/02-7107 

6/09-9/15 

6/09- 10/13 

Dat.es used 

5/'k2,5/21,5/27,6/02,6/O9, 6/16 

5/l2,5/2l,5/27,6/OZY6/09 ,6 f 16 
6/23 

5/21,5/27,6/02,6/09,6/16,6/23 
6/30,7/07,7/16 

--- 

a -- 

5/21,5/2? ,6/02,6/O9,6/16 

5/12,5/21, 5/27,6/02,6/O!l, 
6/16,6/23 

5/'21,5/27,6/02,6/09,6/16,S/23, 
61 30,7/Q7,7/16.7/ 21 ( day on 1 y) 

a -- 
a 
a 
a 

-- 
-- 
-- 

5/85,5/12,5/21,5/27,6/02,6/0!3 
6/16,6/23,6/30,7/07,7/l6, 7/21 
(day on ly ) ,8 / l l (dw only), 
8/18( n i ght only) 

6/09,6/16,6/23,6/30,7/07 
6/02,6/09,6/16,6/23,6/30,7/O7 
6/09,6/16,6/23,6/30,7/07,7/16 
7/21 (day only) 8/21 (day only), 
tljl8(night only),8/25(day only) 
9/15 

ii/09,6/ 16,6/23,6/30,7/07 , 7/16 
7/21( day only) ,8/ l l (day only), 
8/18(night onlyE98/25(dqy only) 
'3/15,10/13 

a 4/28-6/02 -- Eggs 
YSL 5605-6/02 5/OEI,5/12,5/21,5/27,6/02,6/09 
PY SL 5/05-7/07 5/Q5,5/'12,5/21 , 5/27,6/O2,6/09 

6/16,6/23,6/30,7/07 
Juven i 1 es 5121-10/13 _- a 

%-factors not computed due t o  insuff ic ient  data. 

b#ighttime W-factor not computed due t o  i n su f f i c i en t  data.  
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Table 5-8. Periods o f  occurrence o f  s t r i p e d  bass, w h i t e  perch, A t l a n t i c  
tomcod, bay anchovy, and Alosa l i f e -s tages  i n  the Ind ian  Point 
v i c i n i t y  dur ing 1976 and s p e c i f i c  sampling dates used in the  
ca l cu la t i on  o f  W-factors 

Period o f  
Population L i fe -s tage occurrence Dates used 

Str iped bass Eggs 

YSL 

PYSL 

Juven i 1 es 

White perch Eggs 

YSL 

PY se 

Juven i 1 cs 

At1 a n t i c  tomcod Eggs 
YSL 
PY Sh 
Juven i 1 es 

Bay anchovy Eggs 
YSL 

PYSL 

Juveniles' 

PY SL 

Juveni 1 es 

5/03-6/22 

5/10-6/29 

5/24-7/13 

7 / ~ - 8 / 0 2  

5/17-6/29 

5/03-6/22 

5/03-7/06 

7/13-11/09 

-- 
-- 

4/12-7/27 
4/12-7/27 

7 /2Q-8/ 24 
7/06-8/24 

6/22-9/14 

7/ 13 -09 / 14 

5/03-6/01 
5/03-6/15 

5/03-7/20 

6/01-10/12 

5/03,5/10,5/17(day only),5/24 
6/91,6/08,6/15,6/22 
5/10,5/17(day only),5/24,6/01 
6/08,6/15,6/22,6/29 
5/24,6/01,6/~,6/15,6/22,ii/219 
7/06 , 7/13 

5/17(day only),5/24,6/01,6/08 
6/15,6/22,6/29 
5/03,5/10,5/?7( day only) ,5/24 
6/01,6/08,6/15,6/22 
5/03,5/10,5/17( day only),5/24, 
6/01,6/08,6/?15,6/22 , 6/29,7/06 

a -- 

a 
a 

-- 
^- 

4/ 12 a 
4/12 5/03 , 5/10,5/17 , 5/24,6/01 
6/08,6/15 

7/20,7/29,8/02(day asaly),8/24 

7/05 , V13,7/2O,?/27,8/20(day 
on 1 y ) ,8/ 24 
6/22 6/29,7/@5,7 / 13,7/20 7/ 27 
8/02(day only),8/24,9/14(day 

7/13,7/20,7/27,8/24 
only)  

a *- 

5/03,5/10,5/17(day only),5/24 
6/01 6/0%,6/15 
5/03,5/10,5/17(day only),5/24 

,6/15,6/22,6/29,7/06 
7/13,7/20 

%+&factors not carnputed due t o  i n s u f f i c i e n t  data. 

bNighttirne W-factor no t  computed due t o  i n s u f f i c i e n t  data. 

COayt ime W-factor no t  computed due t o  i n s u f f i c i e n t  data. 
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13.3 Rosetonhanskawner 
-.cI-c-III 

Data co l l ec t ed  during 1975 and 1936 a t  rhe Roseton/Danskammer r i v e r  

t r ansec t  s t a t i o n s  and a t  the  Roseton and Danskanrmer in t akes  a r e  

contained on a tape prepared  by LMS. This tape was provided t o  EPA on 

October 31, 1977 ( t h i s  same tape contains  the  Bowline and Lovett r i v e r  

t ransec t  da ta  fo r  1 9 7 5 - 7 6 ) .  Abundance da ta  for  a l l  l i f e - s t ages  of 

s t r i p e d  bass ,  white perch, A t l a n t i c  tomcod, bay anchovy, and Alosa are 

ava i l ab le  for  both p l an t s  f o r  both years .  

1974 Raseton in take  and Boseton/Danskamnner r i v e r  t r ansec t  da t a  for each 

populat ion.  Like the  1974 da ta  provided for Bowline, a l l  l i f e - s t ages  

(except eggs) a r e  lumped, and therefore  most of the  da t a  could not be 

used t o  compute W-factors. The d e n s i t i e s  of s t r i p e d  bass  contained i n  

each sample co l l ec t ed  a t  the Roseton/Danskarmner r i v e r  s t a t i o n s  and a t  

the  Roseton in t ake ,  broken down by l i f e - s t age ,  a r e  contained in a tape 

provided t o  EPA on November 21, 1977  ( t h e  same tape conta ins  the 1974 

data  for Bowline and the  1976 data  for  Indian Po in t ) .  

da t a  f i l e s  from t h e  October 31 tape (which contain sample volumes but  

no l i f e - s t age  breakdowns) with the  correspor,ding f i l e s  from the  

November 21. t a p e  (which conta in  l i fe -s tage  breakdowns but no sample 

volumes) we were a b l e  to c r e a t e  a da ta  s e t  t h a t  could be used t o  compute 

1974 W-factors f o r  s t r i p e d  bass .  As explained i n  Chapter 5 ,  the  1974 

Roseton in t ake  da t a  were excluded from a l l  computations because of 

i n s u f f i c i e n t  ssnpl ing  e f f o r t .  

t r ansec t  d a t a ,  however, were used t o  compute W-factors for s t r i p e d  bass 

using the  GBG method. Tables B-9 through B--13 l i s t ,  f o r  each population 

and year ,  the  period during which each l i f e - s t age  was observed i n  the  

Roseton and Lovett  v i c i n i t i e s  and the s p e c i f i c  da t e s  used to compute 

the  W-factors. 

II_ 

The tape a l s o  conta ins  the  

By combining 

The I974 Roseton/Danskammer r i v e r  
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1 'ab l e  5-9. Per iods o f  occurrence o f  s t r i p e d  bass l i f e - s t a g e s  i n  t h e  
Roseton v i c i n i t y  dur ing  1974 and s p e c i f i c  sampling dates 
used i n  the  c a l c u l a t i o n  o f  W-factorsa 

Per iod  o f  
Populat ion L i fe -s tage  occurrence Dates used 

S t r i p e d  bass Eggs 5/07-6/04 5/07,5/21,6/04 
Y SL 5/07-7/02 5/07,5/21,6/04 , 6/18,7/02 
PY SL 6/04-7/16 6/O4,6/18,7/02,7/16 
Juven i 1 es 6/1&-7/30 ,A 

-I- -_ 

aOnly the  GBC method was used t o  compute ba-factors. 

bW-factors no t  computed due t o  i n s u f f i c i e n t  data, 
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Table B-10. Periods o f  occurrence of striped bass, white perch, Atlantic 
tomcod, and yl_ Alosa life-stages in the Roseton vicinity during 
1975 and specific sampling dates used i n  the calculation of 
W- f actors a 

Period of 
Popul a t i  on L if e -s t  age occurrence Dates used 

Striped bass Eggsb 5/19-5/29 5/22,5/29 
YSL 5 / 15 - 6/ 06 5/15,5/22,5/29,6/02,6/05 
PY SL 5122-7/17 5/22,5/29,6/02,6/05,6/09,6/19 

6/23,6/26,7/13 
Juveniles 

White perch Eggs 

Y SL 
PYSL 

Juven i 1 es 

Atlantic tomcod Eggs 

Y SL 
PY SL 

Alosa 

5105-6/23 

5/15-6/02 
5/19-7117 

6/23-8/14 

1/09-3127 

2113-3/20 
I/  89 - 4 I21 

Juveni 1 es 5/ 15 

!i/05,5/08,5/ 15,5/22,5/29 6/02 
6/05,6/09,6/19,6/23 
5/15,5/22,5/29,6/02 
5/22,5/29,6/02,6/05,6/09,6/19, 
6/23,6/26,7/17 

C -- 

Eggs 4/03 - 7/ 30 4/21,5/05,5/08,5/15,5/22,5/29 
6/02,6/85,6/09,6/19,6/23,7/17 
7/ 30 

Y SL 5 / 05 - 6/ 05 5/05,5/08,5/15,5/22,5/29,6/02 
6/05 

PY SL 5105-7/17 5/05,5/08,5/15,5/22,5/29,6/02 
6/05,6/09,6/19,6/23,7/17 

Juveni 1 es 6/02- 10/ 21 6/02,6/05,6/W, 6/19 , 6/23,7/17 
7/38,8/14,8/27,9/11,10/21 

-- 
~ N O  bay anchovy were collected by LMS i n  the Koseton/Danskamner vicinity 

bidighttirne W-factor not computed due t o  insufficient data. 

cW-factors n o t  computed due t o  insufficient data. 

i n  1975. 
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Table 5-11. Periods o f  occurrence o f  s t r i p e d  bass, wh i te  perch, A t l a n t i c  
tomcod, and Alosa life-stages i n  t he  Roseton v i c i n l ’ t y  dur ing  
1976 and s p e c i f i c  sampling dates used i n  the  c a l c u l a t i o n  o f  
W - f  ac tsrsa 

Per iod o f  
Popul a t i  on L i fe -s tage occurrence Dates used 

S t r i ped  bass Eggs 5/06-6/17 5 / 0 6 s  5/28,5/24,5/27,6/01,6/03 

Y SL 5/2Q-6/17 5/20,5/24,5/27,6/01,6/03,6/10 

PY SL 5/27-7/15 5/27,6/01,6/03,6/10,6/14,6/17 

6/10,6/14,6/17 

6/14,6/17 

5/24 7/15 
b Juveni 1 es T/15-8/12 -- 

White perch Eggs 5/03-6/24 5/0FJy5/2O,5/24,5/27,6/Q1,6/03 

Y SL 5/06 - 7 /Ol 5/06,5/20,5/24,5/27,6/01,6/03 

PYSL 5/ 03 - 7/ 22 5/06,5/20,5/24,5/27,6/01,6/03, 

Jurven i 1 es 7/01-8/26 _- 

6/10,6/14,6/17,6/24 

6/1O96/I4,6/17, 6/24 

6/10,6/14,6/17,6/24,7/P5 
b 

b 
b Y SL 3/18 -- 

PY SL 2/19-3/25 3/ia,3/25 
b Juven i 1 es 5/20-6/14 I- 

A t l a n t i c  tomcod Eggs -- 

-__I Alosa Eggs 4/01-6/ 17 4/15,5/O6,5/2O, 5/24, §/27,6/01 
6/03,6/10,6/14,6/17 

Y SL 5/03-6/14 5/06,5/20,5/24,5/27,6/01,6/03 
6/10,6/P4,6/17 

PY SI_ 5/03-8/ 12 5/06,5/20,5/24,5/27 6/01 6/03 
6/10,6/14,6/17,6/24,7/P5,7/29 
8/12 

Jkaveni 1 esG 6/17-10/14 6/17,6/24,7/15,7/29,8/12,8/26 
9/16 l0/ 14 

bay anchovy were co l lech?d by LMS i n  the  Roseton/Danskamer v i c i n i t y  
i n  1976. 

bW-factors not  computed due t o  i n s u f f i c i e n t  data. 

CDaytime !&factor not  computed due t o  i n s u f f i c t e n t  data. 
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Table 8-12. Periods of occurrence of s t r i p e d  bzss, whlte perch, Atlant ic  
tomcod, and Alma l i fe -s tages  i n  the Danskamner v i c i n i t y  during 
1975 and s p e c i f i c  sampling dates used i n  the calculat ion o f  
W - f ac t o r  s a  

Period o f  
Population L i f  e- s t age occurrence Dates used 

Striped bass Eggsb 5119-6/02 5!22,5/29,6/02 

Y SL 5/15-6/05 5/15,5/22,5/29,6/02,6/05 
PY SL 5/22 -7 117 5/22,5/29,6/02,6/05,6/09,6/12 

6 /19 ,6 /23 ,6 /26 ,7 /17  
C Juven i 1 es 6/23 -- 

Whjte perch Eggs S /  05- 7/02 5/05,5/08( d a y  only),5/15,5/22 
E/29,6/82,6/05,6/09,6/19,6/23 
El/ 26 

Y SL 5/15-5/05 5/15,5/22 5 /29 ,6 /02 ,  S/O5 
PYSL 5/22-7/30 5/22,5/29,6/02,6/05,6/09,6/19, 

Juveni 1 es 6/23-8/27 ...- 
6/23,6/26,7/17,7/3O 

C 

C 

c 
A t 1  a n t i c  tomcod Eggs 1/09-3/27 -- 

Y SL 2113-2/20 -- 
c 
C 

PY SL 3127-4/21 -- 
Juven i 1 es 5/15 -- 

A l o s a  Eggs 4/21 -7/17 5/05,5/O8( day only),  5/15,5/22 
5 / 2 9 , 6 / 0 2 , 6 / 0 5 , 6 / 0 9 , 6 f l ~ , ~ / 2 ~  
6/26,7/17 

Y SL 5/05-6/05 5/05,5/l$B(day only),5/15,5/22 
5/29,6/02,6/05 

PY SL 5/05-7117 5/05,5/Q8(day only),5/15,5/22 
5/23,6/02,6/05,6/09,6/19,6/23 
6 f 26,7/17 

Juveniles 6/02-10/21 6/02,6/05,6/09,6/19,6/23,6/26 
7/17,7/3o,a/i4,9/ii,  10121 

aNo bay anchovy were col lected by LMS i n  the Roseton/Danskamer v i c i n i t y  

bNighttime W-factor not computed due t o  i n s u f f i c i e n t  data. 

cW-f actors  not computed due t o  i n s u f f i c i e n t  data.  

i n  31975. 
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Table B-13. Periods o f  occurrence o f  s t r i p e d  bass, wh i te  perch, A t l a n t i c  
tomcod, and A I O S +  l i f e -s tages  i n  the Danskamner v i c i n i t y  dur ing 
1976 and s p e c i f i c  sampling dates used i n  the  ca l cu la t i on  of 
W - f ac t o r  sa 

Period o f  
Populat ion L i fe -s tage occurrence Dates used 

St r iped bass Eggs 5/06-6/17 5/06,5/20,5/24,5/27,6/01,6/03 

Y SL 5/19-6/17 5/20,5/24,5/27,6/01,6/03,6/10 

PY SL 5/27-7/15 5/27,6/01,6/03,6/10,6/14,6/17 

Juveniles 7/15-8/12 -- 

6/10,6/14,6/17 

6/14,6/17 

6/24,7/15 
b 

White perch EglS5 5/0% 7/ 01 5/06,5/20,5/24,5/27,6/01,6/03 
6/10,6/14,6/17,6/24 

Y SL 5/06- 7/ 15 5/06,5/20,5/24,5/27,6/01,SP03 
6/10,6/14,6/17 

PY SL 5/06-7/15 5/06,5/20,5/24,5/29,6/01,6/03, 

Juveni 1 es 
6/10,6/14,6/19,6/24,7/15 

7/01-8/26 b 

b 

b 
At1 a n t i  c tomcod Eggs -- -- 

Y SL 2/19-,3/18 L- 

PY SL 2/11-4/01 3/18,3/25,4/01 
b JUVW i 1 e j  5/20-6/14 -- 

Alosa Egg5 4/01-9/01 4/01,4/15,5/06,5/20,5/24,5/27 
6/01,6/03,6/10,6/14,6/1936/24 

Y SL 5/03-6/ 14 5/06,5/20,5/24,5/27,6/01,6/03 
6/10,6/14 

PY SL 5/03 -8/05 5/06,5/20,5/24,5/27 6/01 6/03 
6/10,6/14,6/17,6/24,7/15,7/29 

Juveni 1 esC 5/20-10/14 5/20,5/24,5/27,6/01,6/03,6/10 
6/14,6/17,6/24,9/15,7/29,8/12 
8/26,9/16,10/14 

aNo bay anchovy were ca l l ec ted  by LMS i n  the  Roseton/Danskamer v i c i n i t y  

bW-factors not computed due to i n s u f f i c i e n t  data. 

CDaytime W-factor no t  computed due t o  i n s u f f i c i e n t  data. 

i n  1996. 
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APPENDIX C 

C -1 DEKIVATIONS OF COMPONENT F-FACTORS 

In Section V I I - 1  w e  introduced equations for es t imat ing  the  

immediate and l a t e n t  components of the  f - fac tor  [Eqs. (VII-4) and 

(VII-5) 1. An equation was a l s o  introduced fo r  combining these 

components (and the  i n d i r e c t  component of the entrainment mor ta l i ty  

f a c t o r )  i n  order  t o  estimate the  t o t a l  f - factor  [see Eq. (VII- l ) ] .  In  

t h i s  appendix we discuss  the  de r iva t ion  of these equat ions,  as wel l  as 

some of t h e i r  underlying assumptions. Later appendices w i l l  expand on 

the  problems concerning the  prec is ion  (Appadix  D) and b i a ses  

(Appendix E )  of an estimate. 

The der iva t ion  of Eq. (Vll-4) i s  presented in Barnthouse e t  a l e  

(1977). This equat ion es t imates  the  i m e d i a t e  component of t he  

f - fac tor .  

which were c l a s s i f i e d  as "livela and "stunned" in the  samples,  were 

t r ea t ed  as "alive." This equation assumes t h a t  sampling mor t a l i t y  is 

i d e n t i c a l  at both the in t ake  and discharge sampling s t a t i o n s .  This 

assumption would not hold i f  sampling mor t a l i t y  i s  not independent of 

p l a n t  induced entrainment mor t a l i t y .  The lack of v a l i d i t y  of t h i s  

assumption of independence would r e s u l t  i n  some overstatement of the 

f - fac tor  (Exhibi t  UT-4, p. 8.46).  

In these ca l cu la t ions  young-of-the-year f i s h  (except eggs)9 

A similar de r iva t ion  can be used for the l a t e n t  component of the  

f - fac tor  [Eq. (WII-5) 1 as follows. Define 

PI. = probab i l i t y  of an organism being i n i t i a l l y  a l i v e  i n  the 

intake.  

= probab i l i t y  of an organism a l i v e  i n  the  in take  being 

i n i t i a l l y  a l i v e  i n  the  dischargec 

c- 1 
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= p r o b a b i l i t y  of an organism a l i v e  a t  the  in t ake  or 

discharge  s t a t i o n  being i n i t i a l l y  c l a s s i f i e d  "al ive"  i n  

the  s o r t i n g  d i s h  a f t e r  c o l l e c t i o n  from t he  i n t a k e  or 

d ischarge  s t a t i o n ,  independent of plant-induced 

m o r t a l i t y  . 
PI, = p r o b a b i l i t y  of an organism i n i t i a l l y  c l a s s i f i e d  "al ive"  

i n  the  s o r t i n g  d i sh  a f t e r  c o l l e c t i o n  from the  in t ake  or  

d i scharge  s t a t i o n  surv iv ing  a f ixed holding per iod  (say 

24 hours) ,  independent of plant-induced l a t e n t  m o r t a l i t y .  

p r o b a b i l i t y  of an organism i n i t i a l l y  a l i v e  i n  the  

d ischarge  surv iv ing  a f ixed  per iod (aga in ,  say 24 hours) .  

= 
pDL 

Then the p r o b a b i l i t y  of an organism being c l a s s i f i e d  "al ive"  i n  the  

i s  
5 L S  i n t a k e  sample a f t e r  24 hours ,  

= P p I x P  X P  
p I L s  s L '  

and the  p r o b a b i l i t y  of an organism being c l a s s i f i e d  "al ive"  i n  t h e  

d ischarge  sample a f t e r  24 hours, PDLs, i s  

= Y  X P  X P  X P  X P  = P .  X P  X P  
PDLS I D S L DL 11,s D 0 L 

( C - 1 )  

assuming P 

samples  and are independent of each o the r .  Now,  the  p r o b a b i l i t y  t h a t  

an organism i s  c l a s s i f i e d  "a l ive"  a f t e r  24 hours ,  given t h a t  i t  was 

c l a s s i f i e d  "al ive"  i n i t i a l l y  i n  the inrake sample, %,I, i s  [from 

Eq.  ( C - l ) ]  

(and P ) i s  the  s a m e  f o r  both i n t a k e  and discharge S L 

The p r o b a b i l i t y  t h a t  an organism is c l a s s i f i e d  "alive." a f t e r  24 hours 

given t h a t  i t  w a s  c l a s s i f i e d  "al ive"  i n i t i a l l y  i n  the discharge sample, 
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Thus, the p r o b a b i l i t y  of  an organism su rv iv ing  24 hours ,  given 

t h a t  it survived p lan t  passage,  PDL, i s  [s ince P equa l s  I? i n  R, I E 
Eq. ( c - 4 1  

and the p r o b a b i l i t y  of 24-hour l a t e n t  mortal- i ty  given i n i t i a l  s u r v i v a l 1  

i s  fk,D’ 

Refer  t o  Appendix E for condi t ions  under which Eqs.  (VZI-4) and (C-61 

are b iased .  

Since an organism only dies once,  but can surv ive  i n  the presence 

of s e v e r a l  sources  of m o r t a l i t y ,  we w i l l  work with the p r o b a b i l i t i e s  of 

s u r v i v a l ,  r a t h e r  than m o r t a l i t y ,  when combining component e s t ima tes  i n  

c a l c u l a t i n g  an o v e r a l l  p r o b a b i l i t y  of mortality. 

between su rv iv ing  the immediate and the  latent SOUKCBS of m o r t a l i t y ,  

t h e  p r o b a b i l i t y  of su rv iv ing  both immediate (1 - f ipD)  and l a t e n t  

(1 - f 1 sources of m o r t a l i t y  i s  given by 

Assuming independence 

9, 9 

So the p r o b a b i l i t y  of an organism dying due t o  e i t h e r  itmediate or 

l a t e n t  e f f e c t s ,  fD,  i s  

S imi l a r ly ,  i f  we  assume t h a t  the  p r o b a b i l i t y  a €  susvivi.ng the i n d i r e c t  

component of entrainment  m o r t a l i t y ,  (1 - fI)$ i s  independent of the 
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d i r e c t  componen~ (immediate aad 1 atent > 
su rv iv ing  both the  d i r e c t  axid the i n d i r e c t  cemponents of entrainment 

mortality is 

then the p r o b a b i l i t y  o f  

rr* Inus, the tntal probability of being k i l l e d  as a result ~f both direct 

and ind i rec t  components s f  enhra Inment annmtality, f is 
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C.2 DEVELOPMENT OF THE COMPROMISE F-FACTQR 

In  t h i s  appendix we develop a compromise f-factor  t o  be  used i n  

the  Empirical Transport  Model ( see  Chapter VIIX) when apparent 

cont rad ic tory  r e s u l t s  were obtained f o r  c e r t a i n  ca lcu la ted  f - fac tors  

equal t o  1.0 ( see  Tables VII-2 and VII-11). 

standard normal test (Exhibi t  UT-11, p. 1-11.> ind ica ted  t h a t  the  

f - fac tor  of 1.0 w a s  s i g n i f i c a n t l y  g rea t e r  than zero ( a  = 0.051, while a 

binomial test (Siege1 1956) f a i l e d  t o  r e j e c t  the  n u l l  hypothesis t h a t  

the  f - fac tor  w a s  g r e a t e r  than zero (again,  la = 0.05). Thus, i t  w a s  

f e l t  t h a t  a compromise w a s  appropr ia te .  

A range of f i v e  p o t e n t i a l  f - fac tors  was se l ec t ed  (0.0,  0.25, 0.50, 

In  these  cases  the  

0.75, and 1.0). 

the  l a r v a l  t a b l e  da ta .  

in take  (Pi) ,  the  expected proport ion a l i v e  a t  the  discharge for  each 

of the  f i v e  p o t e n t i a l  f - f ac to r s  (f j=1, % . . ,  5) i s  given by 

The proport ion a l i v e  a t  t h r  i n t ake  was estimated from 

Given an observed proportion a l i v e  a t  the  

j’ 

P = (1  - f . >  Pi, j = 1 ,  . 
d, j J 

.., 5 . (e-11) 

From the binomial model (Siege1 1956) the  p robab i l i t y  of observing no 

survivors  i n  the  discharge sample (of fixed sample s i z e ,  nd>,  given 

t h a t  t h e  underlying proportion P survive:, i s  given by 
d , j  

- 
W j  = P r  [No survivors  i n  d ischarge]  

(c-12) 

Using the  range of f i v e  p o t e n t i a l  f - f ac to r s  ( f  = 0.0, 0.25, 
j 

0.5, 0.75, l . O ) ,  a weighted average of these f i v e  f - fac tors  (f*) was 

ca lcu la ted  a s  follows: 

5 

(C-13) 
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where w is the weighting factor from Eq. (C-12). The average 

f-factor (denoted f*) was then used as the camprcznise estimate of the 

f-factor. 

j 
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Whenever a researcher  obtains  an est imate  of il parameter, i t  is 

h p o r t a n t  t h a t  the researcher  have some idea  about the  prec is ion  of 

t h a t  estimate. The prec is ion  of ari est imate  becomes even more 

important when, as i n  t h i s  c a s e p  that estimated parameter is  input  t o  a 

model used for  pred ic t ive  purposes, s ince  v a r i a b i l i t y  i n  model input  

parameters can magni.fy the v a r i a b i l i t y  of model o ~ t t g ~ t  (Gardner et al., 

submitted; B'Neill, 1973; 0'Neil.L and Gardner, i n  press). 

A l s o ,  the  g rea t e r  t he  p rec i s i an  with  which we can estimate a 

parameter, the  g rea t e r  the chance t h a t  we w i l l  de tec t  whether the 

underlying parameter i s  d i f f e r e n t  from some spec i f i ed  value when the  

underlying parameter i s ,  i n  f ac t ,  d i f f e r e n t  from t h a t  spec i f ied  value. 

The f a i l u r e  to de tec t  t h i s  d i f f e rence  when i t  i n  fac t  e x i s t s  r e f e r s  t o  

the  type I1 ( 8 )  e r r o r .  

the  power of a s t a t i s t i c a l  test .  In most s t a t i s t i c a l  tests one begins 

by s e t t i n g  the type I error (or a>,  which rehers to the  p robab i l i t y  of 

f inding an apparent d i f f e rence  between the  underlying parameter 

estimated and the  hypothesized value of the parameter when the  observed 

d i f f e rence  can, i n  f a c t  be explained purely by random e r r o r  ( i e e a f  no 

real. d i f fe rence) .  Once the type 1 error i s  set ,  then usually the 

sample size w i l l  determine the  level of Ehe type 11 e r r o r  (and the  

power of the s ta t i s t i  caE test 1. 

Qne minus the  type 11, error ( 1  - f3> refers to 

For es t imates  of the f - fac tor  the hypothesis t h a t  no d i f f e rence  

e x i s t s  between the  in t ake  (P.1 and discharge (P 1 p r o b a b i l i t i e s  of 

survival implies t h a t  
1. d 
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I f  P .  is  g r e a t e r  than B then f is  g r e a t e r  then zero (but  less 

than or equal  t o  one).  Observing P .  t o  be less than  P (which 

implies  that the  power p lan t  i s  producing organisms) is  assumed t o  

occur only from random sampling e r r o r  and so f i s  set t o  zero.  

1. d '  

1 a 

The s t a t i s t i c a l  test used to  eva lua te  the  hypothesis  t h a t  f = 0 

( i . e . ,  d e t e c t  s t a r i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  between P.  and 

P 1 uses the test s t a t i s t i c  (p. 1-11, Exhibi t  UT-11): 
1 

d 

where n .  = number of organ i sm co l l ec t ed  a t  the in t ake  s t a t i o n ,  and 

n = number o f  organisms co l l ec t ed  a t  the discharge s t a t i o n .  When 

the ca l cu la t ed  z exceeds a t a b l e d  value of the standard normal devia te  

( a s  a funct ion of the t y p e  I e r r o r ) ,  then i t  is concluded t h a t  P .  i s  

g r e a t e r  than P or  t h a t  f is g r e a t e r  than zero .  

1 

a 

1 

The denominator of equat ion ( D - 2 )  w i l l  decrease i o  zero  as both 

n .  and n become very Parge, so z w i l l  become l a rge  for a f ixed  

d i f f e rence  (P.-Pd). 

P .  and P ( f  remains the  same, then as P .  approaches one ( i t s  

maxialum), the numerator of ~ q -  (D-21, ( P .  - P,), w i l l  become 

l a r g e r ,  and hence so w i l l  'E (note  in Eq. (D-2)  t h a t  t he  denominator 

will a l so  become l a r g e r ,  but at  a slower ra te  s ince  it lies wi th in  a 

square root s i g n ) .  'rhe development of t he  l a r v a l  t a b l e  has been an 

improveLs,ent i n  inc reas ing  the prec is ion  of es t imates  of  the  f - fac tor  by 

increas ing  the s a m p l i n g  s u r v i v a l  of some orgariisms at: the  in t ake  (as 

well as reducing the d i f f e r e n t i a l  saxnpliilg m o r t a l i t y  a t  the in t ake  

cornpared t o  the d ischarge  sampling s t a t i o n s ) .  However, expending mare 

e f f o r t  i n  c o l l e c t i n g  lalrval t a b l e  da t a  during per iods of higher  

concentrat ions of  yolk-sac l a rvae  and en t r a inab le  juven i l e  would have 

l e d  t o  increased sample  s i z e s  f o r  these life-stages and improved 

p rec i s ion  of the e s t h a t e d  f - f ac to r s  f o r  these  l ice-s tages .  

1 d 
Prrt - ther ,  i f  t h e r e  is a cons tan t  r a t i o  between 

1 

1 d 1 

1 
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For var ious  l i f e s t a g e s  and popula t ions  a true nonzero f - f ac to r  may 

be completely masked i n  terms of our a b i l i t y  t o  "de tec t"  it 

s t a t i s t i c a l l y .  I f  we r e f e r  t o  Tables V L I - 3  and ViT-91 we note  t h a t  the  

sample  s i z e s  i n  the  l a r v a l  t a b l e  d a t a  tend t o  be q u i t e  s m a l l  for 

yolk-sac l a rvae  and e n t r a i n a b l e  j u v e n i l e s .  Table D-1 shows the 

immediate and 24-hour l a t e n t  s u r v i v a l s  a t  tlte i n t a k e  f o r  f i v e  Hudson 

River p l a n t s  where the re  are Pow s u r v i v a l s  for bay anchovy ( i n i t i a l  and 

l a t e n t )  and fo r  c lupe ids  ( l a t e n t ) .  

Table D-2 gives the  minimum f - f ac to r  we can expect  t o  d e t e c t  for  a 

f ixed  sample s i z e  (same size i n  both i n t a k e  and d ischarge  samples) and 

proport ion a l i v e  i n  the  in t ake .  This t a b l e  c l e a r l y  i l l u s t r a t e s  t h e  

p r i n c i p l e  t h a t  i nc reas ing  sample s i z e  or  i nc reas ing  t h e  propor t ion  

a l i v e  i n  the  i n t a k e  sample  w i l l  al low us to d e t e c t  smaller nonzero 

f - f ac to r s .  The l a r v a l  t a b l e  w a s  an important s t e p  i n  inc reas ing  the  

est imated P t he  propor t ion  a l i v e  i n  the  in t ake  sample. i' 
Tables D-3 through D-6 i l l u s t r a t e  t he  sample s i z e  requi red  t o  

d e t e c t  a spec i f i ed  f - f ac to r ,  given a f ixed  l e v e l  fo r  both the type I 

and type I T  e r r o r s  and the  propor t ion  a l i v e  i n  the  i n t a k e  sample. In  

o rde r  t o  decrease e i t h e r  the  type I or type T I  e r r o r  whi le  the o the r  

remains cons t an t ,  it is necessary t o  e i t h e r  i nc rease  the  sample s i z e  o r  

i nc rease  the  proport  ion  a l i v e  i n  the  i n t  aks  sample.  

F i n a l l y ,  i f  we r e f e r  t o  Eq. ( V I h - 3 0 ) ,  we note t h a t  t he  s tandard 

e r r o r  of estimates of the f - f ac to r  will decrease wi th  inc reas ing  sample 

s i z e s  a t  e i t h e r  the  i n t a k e  or d ischarge  s t a t i o n s  or with inc reas ing  

P.. A smaller standard e r r o r  of an estimate i m p l i e s  a more p rec i se  

e s t  b a t e  . 1 
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Table D-1. Intake survivals i n i t i a l l y  and 24 hour l a ten t  (condit ioned on i n i t i a l  surv iva l )  by 
populations 2nd l i fe-stage for f i ve  Hudson River p lan ts  (from la rva l  table data 
provided on magnetic tapes to aRNL by the u t i l i t i e s  on Noveariber 16, 1977 and A p r i l  
5, 1978) 

Bowline Indian Danskamer 
Point Roseton Point (Uni t  3) Point 

Spec i es Life-stagea (1975+ 1976) (1975+1976) (1977) (1975) 

IN IT1 AL : 

Striped Bass 

White Perch 

C1 upeids 

Bay Anchovy 

Tomcod 

LATENTb (24-Hour) : 

Str iped Bass 

White Perch 

Clupeids 

Bay anchovy 

Tomcod 

Y -- 
P 0.81 
J 1.0 

Y 
P 6.58 
J 1 .o 
Y 
P 0.40 
J 

Y 
P 0.09 
J 0.57 

Y 0.82 
P 0.54 
J 

-- 

-- 
-- 
-- 

-- 

Y 0.45 
P 0.56 
J 1.0 

Y 
P 0.55 
J 1 .o 
Y 
P 0.0 
J 0.0 

Y 
P 0.02 
J 0.03 

Y 0.68 
P 0.17 
J 

-- 

-- 

-- 

_- 

0.80 
0.78 
0.93 

-- 
0.56 
0.94 

-- 
0.54 
0.64 

-- 
0.19 
0.54 

-- -- -- 

-- 
0.34 
0.95 

-- 
0.07 
0.97 

-- 
0.01 
0.02 

-- -- 
0.0 

-- 
-- 
e- 

0.77 
0.60 
0.60 

-- 
0.66 

-- 
0.34 
0.94 

-- 
0.11 
0.62 

-- -- -- 

0.70 
0.89 -- 
-- 
0.86 -- 
-- 
0.14 
0.20 

-- 
0.08 
0.13 

-- -- -- 

I 

Lovett 
(1975) Combined 

0.80 
0.81 -- 
-- 
0.57 -- 
-- 
0.33 -- 
0.13 
0.01 

0.67 
0.90 

-- 

-I 

0.25 
0.55 -- 
-- 
0.25 -- 
-- 
0.44 -.. 
-- 
0.0 -- 
0.58 
0.67 -- 

0.80 
0.70 
0.90 

-- 
0.56 
0.94 

-- 
0.48 
0.63 

0.07 
0.08 
0.57 

0.79 
0.59 -- 

0.40 
0.61 
0.94 

-- 
0.25 
0.96 

-- 
0.06 
0.03 

-- 
0.05 
0.03 

0.67 
0.29 -- 

aY = yolk-sat larvae, P = post yolk-sac larvae, J = entrainable juveni les. 

bConditioned on i n i t i a l  survival.  

(Note: -- indicates i n s u f f i c i e n t  sample s ize < 5). 
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7 'able D-2. The lowest f-factor detectable as significantly greater than 
zero u s i n g  Fleiss '  (1973) test for differences i n  propor- 
t ions (one-tailed) as a function of the proportion al ive i n  
the intake sample (Pi) and sample size ( n )  w i t h  a = 0-05 

Samp 1 e 
s ize  

Proportion al ive i n  the intake sample (Pi) 

(4 0.1 0.3 0.5 0.7 0.9 

10 a 1.000 0.864 0.667 0.493 
20 a 0.827 0'597 0.441 0.301 
30 
40 
50 
60 
70 
80 
90 
100 
300 
500 
700 
1000 
3000 

1,000 
1.000 
0,938 
0.862 
0.803 
0.754 
0.713 
0.678 
0.398 
0.309 
0.262 
0.220 
0.127 

0.676 
0.585 
0.522 
0.476 
0.440 
0.411 
0.387 
0.367 
0.210 
0.162 
0.136 
0.114 
0.065 

0,479 
0,410 
0.364 
0,330 
0 303 
0.282 
0.265 
0.251 
0.141 
0.108 
0.091 
0.076 
0.043 

0.347 
0.293 
0.258 
0.232 
0.213 
0.197 
0.184 
0.174 
0.095 
0.072 
0.061 
0.050 
0,029 

0.226 
0.186 
0.160 
0.142 
0.129 
0.118 
0.109 
0.102 
0.053 
0.039 
0.033 
0.027 
0.015 

5000 0.099 0.051 0.033 0.022 0.011 
7000 0.083 0.043 0.028 0.019 0.010 
10000 0.070 0.036 0.023 0.015 0.008 

aNo value o f  f i s  significantly greater than zero for a = 0.05. 
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Table 0-3. Sa IC size, n, required to detect an underlying difference 
(Pi>Pd) such that the entrainment mortality, f, i s  0.25 
us ing  F l e i s s '  (1973) test for differences in proportions 
(one-tailed) for a range of pokders, 1-B, two levels o f  
significance, a, and a range of sampling s u r v i v a l s  at the 
intake, Pi 

Power = 1 - B Surv i Val -.- 
at the intake 

(Pi 1 0.990 0.950 0.900 0.800 0.700 0.500 

a = 0.05: 

0.1 

0.3 

0.5 

0.7 

0.9 

ci = 0.01: 

0.1 

0.3 

0.5 

0.7 

0.9 

4183 

1134 

524 

262 

117 

5683 

15 37 

708 

3 52 

15 5 

29 21 

795 

37 0 

187 

86 

4184 

1135 

525 

263 

118 

2344 

640 

299 

153 

71 

3482 

946 

439 

2 22 

101 

1736 

477 

22 5 

117 

56 

2721 

742 

346 

176 

82 

1357 

375 

178 

94 

47 

2232 

611 

286 

147 

70 

a44 

237 

115 

63 

33 

1538 

424 

201 

105 

52 



Table D-4. Sample size, n, required to detect an underlying difference 
(PiPPd) such that the entrainment mortality, f, i s  0.5 
using Fleiss' (1973) test for differences in proportions 
(one-tailed) for a range of powers, 1-8, two levels of 
significance, a, and a range o f  sampling survivals at the 
intake, Pi 

Survival - Power = 1 - e 
at the intake 

(Pi 1 0.99Q 0.950 0.900 0.800 a. 700 Q.5QQ 

a = 0.05: 

0.1 

0.3 

0.5 

0.7 

0.9 

C( = a.01: 

0.1 

0.3 

0.5 

0.7 

0.9 

949 

266 

129 

70 

38 

1274 

3 56 

17 2 

94 

50 

676 

191 

94 

52 

29 

950 

267 

130 

72 

39 

55 1 

156 

78 

44 

25 

798 

2 25 

11 1 

62 

34 

41 8 

120 

60 

35 

20 

633 

180 

89 

58 

29 

336 

97 

49 

29 

17 

527 

151 

75 

43 

25 

223 

66 

34 

21 

13 

376 

109 

55 

32 

20 
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Table 0-5. Sample size, n, required to detect an underlying difference 
(Pi>Pd) such that the entrainment mortality, f, is 0.75 
using Fleiss' (1973) test for differences in proportions 
(one-tailed) for a range o f  pawers, 1-8, two levels o f  
significance, a, and a range o f  sampling survivals at the 
intake, Pi 

Surv i val Power = 1 - B 
at the intake 

(Pi 1 0.990 0.958 0.900 0.800 0. a00 0.500 

a = 0.05: 

0.1. 

0.3 

0.5 

0.7 

0.9 

CL = 0.01: 

0.1 

0.3 

0.5 

0.7 

0.9 

37 5 

107 

54 

31 

18 

49 7 

142 

71 

40 

23 

274 

79 

40 

24 

14 

37 7 

109 

55 

32 

19 

22 7 

66 

34 

20 

12 

320 

93 

47 

28 

17 

177 

52 

27 

17 

11 

258 

76 

39 

24 

15 

146 

44 

23 

14 

9 

21 9 

65 

34 

21 

13 

1Q3 

32 

17 

11 

8 

16 2 

49 

26 

16 

11 
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Table D-6. Sample size, n, required to detect an underlying difference 
(PiZPd) such that the entrainment mortality, f, is 1.0 
using FleissR (1973) t e s t  for differences in proportions 
(one-tailed) for a range o f  pwers,1-@, two levels of 
significance, ~ 1 ,  and a range of sampling survivals at the 
intake, Pi 

Survival Power = 1 - B 
at the intake 

( P i )  0.990 0.950 0.900 0.800 0.700 0.500 

01 = 0.05: 

0.1 

0.3 

0.5 

0.7 

0.9 

a =  0.01: I 

0.1 

8.3 

0.5 

8.7 

0.9 

183 

52 

26 

15 

8 

238 

68 

34 

19 

11 

137 

40 

21 

12 

7 

184 

54 

28 

16 

10 

116 

34 

18 

11 

7 

159 

47 

24 

15 

9 

93 

28 

15 

9 

6 

131 

39 

21 

13 

8 

79 

24 

13 

8 

6 

113 

34 

19 

12 

8 

59 

19 

11 

7 

5 

87 

27 

15 

10 

7 
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APPENDIX E 

ADDITIONAL BIASES IN ESTIMATES OF THE F-FACTOR 

The t e r m  b i a s ,  when appl ied t o  an est imate  of a parameter, r e f e r s  

to a systematic tendency to underestimate or  overestimate the  parameter. 

When seve ra l  b i a ses  compete, it is important t o  know, i f  poss ib le ,  the  

d i r e c t i o n  of b i a s  due t o  each source and the l i k e l y  d i r e c t i o n  of net  

b ias .  It is a l s o  des i r ab le  to develop a f e e l  €or the magnitudes of 

these b iases .  

I n  t h i s  appendix we d i scuss  seve ra l  examples of  poss ib le  underlying 

conditions which could cause b i a ses  t o  QCCUI' i n  es t imates  of the  

f - factor .  

development of the  f- factor  equat ions ( see  Appendix C.1). 

the  l i k e l y  d i r e c t i o n  of each b ias .  

These b iases  s t e m  from s impl i f ing  assumptions made i n  the  

W e  suggest 

?de begin t h i s  exerc ise  by consider ing i% simple example to 

i l l u s t r a t e  how such b iases  can arise from sampling procedures. L e t  us 

suppose t h a t  the  sampling process at  the  discharge s t a t i o n  k i l l s  a l l  of 

the l i v e  organisms co l lec ted .  This supposi t ion is independent of the  

f r a c t i o n  a c t u a l l y  k i l l e d  a s  a r e s u l t  of p lan t  passage. 

Eq. (VII-4) from Section V I I - 1 ,  we note tha t  the  proportion of 

organisms a l i v e  i n  the  discharge sampling s t a t i o n  (P 

Employing 

is: 
d,D 

P = 0.0 , 
d,D 

so tha t  the  estimate of the i n i t i a l  f - factor  (figD) is given by 

o. - 1.0 , P 1 - - - - L X 1 - - -  'd D 
f i , D  ,D 'i,D 

(E-1) 

(E-2) 

Thus, the estimate of f i  equals 1.0 
,D 

i r r e s p e c t i v e  of P 

whether the t r u e  f - fac tor  (fi,D)p is 0.0, 0 . 5 ,  1.0, o r  any other  

value between 0 and 1. Only i f  the  t rue  value of the f - fac tor  i s  equal 

i,D' 
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t o  one is t h i s  e s t ima te  unbiased. However, i f  any organism surv ives  

passage through the  power p l a n t ,  then the  t r u e  f-facbror i s  less than  1, 

and OUT estimate of complete m o r t a l i t y  w i l l  o v e r s t a t e  t h e  t rue  f - fac tor .  

However, we need not  assume such an extreme s i t u a t i o n  i n  order  f o r  

an e s t h a t e  of the  f - f ac to r  t o  be biased.  

m o r t a l i t y  a t  the  d ischarge  is  not complete, bu t  is merely g r e a t e r  a t  

t h e  d ischarge  than  at t h e  i n t a k e  sampling s t a t i o n ,  then  the  estimate of 

t h e  €- fac tor  from E q .  (VII-4) w i l l  s t i l l  o v e r s t a t e  the  true f - fac tor  

(o the r  condi t ions  being equa l ) ,  except  when t he  t r u e  &factor  is  1.0. 

Syne rg i s t i c  e f f e c t s  between p l an t  passage s t r e s s e s  and d ischarge  

sampling stresses might r e s u l t  i n  t h e  occurrence of t h i s  s i t u a t i o n  ( see  

p.  8.46, Exhibi t  UT-4). On the o t h e r  hand, i f  the  sampling-induced 

m o r t a l i t y  is g r e a t e r  a t  the  in t ake  than  at the d ischarge  sampling 

s t a t i o n  (e.g., g r e a t e r  cool ing water v e l o c i t y  a t  the in t ake  as compared 

t o  the  d ischarge  sampling s t a t i o n ) ,  then the  es t imate  o f  the  f - f ac to r  

w i l l  always unde r s t a t e  the t r u e  f - f a c t o r  (o the r  condi t ions  being 

e q u a l ) ,  except  when t h e  t r u e  f-~facto~ is 0.0. 

I f  the  sampling-induced 

D i f f e r e n t i a l  c a t c h a b i l i t y  of l i v e  organisms a t  the  i n t a k e  and 

d ischarge  sampling s t a t i o n s  ( a l l  e lse  being e q u a l )  also r e s u l t s  i n  a 

b ias .  For example, i f  a l i v e  organism is more capable  of avoiding the  

sampling gear at  t h e  i n t a k e  than a t  the  d ischarge  sampling s t a t i o n ,  the  

r e s u l t a n t  es t imated f - fac tor  w i l l  unde r s t a t e  the t r u e  f - f ac to r .  

Two more condi t ions  can cause an estimate of t he  €- fac tor  t o  be 

biased.  D i f f e r e n t i a l  c a t c h a b i l i t y  i n  the  d ischarge  of plant-survivors  

as compared t o  p l an t -k i l l ed  organisms w i l l  r e s u l t  i n  a b iased  estimate 

of the  f - f ac to r .  In  p a r t i c u l a r  g r e a t e r  c a t c h a b i l i t y  of p l an t -k i l l ed  

organisms w i l l  r e s u l t  i n  an overes t imate  of t h e  t r u e  f - f ac to r  ( a l l  else 

being equal). 

behavior by l i v e  organisms. On the  o ther  hand, i f  p l an t -k i l l ed  

organisms are less s u s c e p t i b l e  t o  capture  i n  the d ischarge  than are 

l i v e  organisms then  the  est imated f-factor w i l l  underest imate  the  t r u e  

f-factor ( a l l  else being equal ) .  Organisms surv iv ing  p lan t  e f f e c t s  may 

have t h e i r  avoidance c a p a b i l i t i e s  impaired and p lan t -k i l l ed  organisms 

might s e t t l e  o r  f l o a t  t o  the su r face .  i n  this situation the l i v e  

organisms may he more s u s c e p t i b l e  t o  capture  by the  d ischarge  sampling 

This phenomena might occur as a r e s u l t  of avoidance 
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gear than plant-kil led organisms, thus r e s u l t i n g  i n  an underestimate of 

the  t rue  f-factor.  

Assuming tha t  dead organisms are entrained (which ~ g h t  r e s u l t  

from the  r ec i r cu la t ion  of  cooling w a t e r  containing sonte organisms 

previously k i l l e d  by the p l an t ) ,  d i f f e r e n t i a l  c a t c h a b i l i t y  a t  the 

in take  of dead as compared t o  l i v e  organisms w i l l  r e s u l t  i n  a biased 

f-factor ( a l l  other conditions being equal).  I n  p a r t i c u l a r ,  i f  l i v e  

organisms i n  the  r i v e r  are capable of avoiding the  in take  sampling gear 

and thus are under-represented i n  the in take  samplep but dead organisms 

i n  the r i v e r  are representa t ive ly  sampled, the  estimate of the f-factor 

w i l l  underestimate the t rue  f-factor ( a l l  other conditions being 

equal).  

river a re  more under-represented i n  the in take  sampling gear than the  

l i v e  organism but proportionately represented i n  the  discharge sample, 

then the estimate of the E-factor w i l l  overestimate the t rue  f-factor 

(all other  conditions being equal).  

On the  other hand, i f  fo r  some reason dead organisms from the  

This set of examples is not exhaustive. However, it does ind ica t e  

some of the  po ten t i a l  sources of bias present i n  almost any sampling 

program designed t o  estimate the f - fac tor .  

Considering the l a r v a l  t a b l e  da ta ,  we might expect some 

syne rg i s t i c  e f f e c t s  between sampling-induced stresses and plant-induced 

s t r e s s e s ,  leading t o  a tendency to  overes t iua te  the  f - fac tor .  However, 

t h i s  tendency is probably more than o f f s e t  by a tendency t o  

underestimate the  true f-factor when we consider: 

* Lower c a t c h a b i l i t y  of dead organisms i n  the discharge due to 

s e t t l i n g  t o  the  bottom or f l o a t i n g  to  the  surface.  

Lower c a t c h a b i l i t y  of l i v e  organisms a t  the i n t ake  as 

compared t o  dead organisms a t  the  in take  or l i v e  organisms a t  

the  discharge, because of grea te r  avoidance capab i l i t y  of 

l i v e  organisms at the  intake.  
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APPENDIX F 

THERMAE MODEL F-FACTORS FOR FOUR HISDSON RIVER POWER PLANTS 

The following f igu res  (Figs .  F-1 through F-42) i l l u s t r a t e  seasonal 

e f f e c t s  on the estimated f - fac tor  by week from Apri l  1 through August 

31. Table F-1 relates the week number appearing on the  ord ina te  ax i s  

of these f igu res  with the  corresponding da tes .  This seasonal change i n  

the  f - fac tor  is caused by seasonal changes i n  ambient r i v e r  temperature 

and p lan t  opera t ing  condi t ions ( see  d iscuss ion  i n  Sect ion VII-4). 

These f igures  (Figs .  F-1 through F-42) a r e  p l o t s  of the t o t a l  estimated 

f-factor  f o r  s t r i p e d  bass ,  including the  l a t e n t  mor t a l i t y  component. 

The p l o t s  are arranged by l i f e - s t age ,  power p l an t ,  and day versus  

n igh t .  Each p lo t  shows the t o t a l  f - fac tor  based on a lower, middle, 

and upper estimate (descr ibed i n  Section V X I - 4 ) .  

The p l o t s  were developed for these l i fe -s tages ,  namely, yolk-sac 

la rvae  (Y), post yolk-sac la rvae  (PI, and en t r a inab le  juveni les  ( J ) ,  

and for seven power p lan t  u n i t s ,  namely, Bowline Point Unit 1 (11, 

Bowline Point Unit 2 (21, Roseton Units 1 L 2 ( 3 1 ,  Indian Point Unit 2 
( 4 1 ,  Indian Point Unit 3 ( 5 ) ,  Danskammer Point U n i t  3 ( 6 ) ,  and 

Danskamner Point Unit 4 (7).  

F- 1 
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Figure P-1. Daytime total entrainment mortality of striped bass 
( S t a g e y ,  Plant-1 1. 
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Figure F-2. Nighttime total entrainment mortality of s t r i p e d  bass  
(Stagey,  plant-1). 
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Figure F-3. Daytime total entrainment mortality of s t r i p e d  bass 
(Stage-Y, Plant-2). 
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Figure F-4. Nighttime to ta l  entrainznent mortality of s t r i p e d  bass 
(Stage-Y, Plant-2) 
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Figure F-6. Nighttime total entrainment mortality of s t r i p e d  bass 
( S t a g e y ,  Plant-3). 
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Figure F-7. Daytime total entrainment mortality of striped bass 
(Stage-Y, Plant-4). 
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Figure F-9. Daytime total entrainment mortality of striped bass 
(Stage-Y, Plant-5). 
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Figure F-10. Nighttime total entrainment mortality of striped bass 
(Stage-Y, Plant-5).  
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Figure F-11. Daytime total entrainment: mortality of s t r i p e d  bass 
(Stage-Y, Plant-6). 
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Figure I?-12. Nighttime total entrainment mortality of striped bass 
(Stage-Y, Plant-6) 
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Figure F-13. Daytime total entrainment mortality of striped bass 
(Stage-Y, Plant-7). 
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Figure F-14. Nightthe total entraimnent mortality of striped bass 
(Stage-Y, Plant-7). 
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re P-15. Daytime to ta l  entrairnnaent mortality of striped bass 
(Stage-P, Plant-1). 
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Figure F-16. Nighttime total entrainment mortality of striped bass 
(Stage-P, Plant-1). 



F-18 

U ~ ---7----- I I 0 
0.0 4.0  8.0 12-0 16-81 m. 0 24- Ip 

K ISTHRTING W R I L  11  

Figure I?-17. Daytime total entrainment mortality o f  striped bass 
(Stage-P, Plant -2 ) .  
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Figure P-19. Daytime total entrainment mortality of striped bass 
(Stage-P, Plant-3). 
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Figure F-20. Nighttime to ta l  entrainment mortality of striped bass 
(Stage-P, plant-3). 
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Figure P-21. D a y t i m e  total entrainment mortality of s t r i p e d  bass 
(Stage-P, Plant-4). 
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Figure F-22. Nighttime total entrainment mortality o f  striped bass 
(Stage-P, Plant-4). 
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Figure F-23. Daytime total entrainment mortality of striped bass 
(Stage-P, Plant-5). 
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Figure F-24. Nighttime total entrainment mortality of striped bass 
(Stage-P, Plant-5). 
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Figure F-25. Daytime to ta l  entrainment mortal i ty  o f  s tr iped bass 
( Stage-P, Plant-6 1 
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Figure F-26. Nightthe total entrainment mortality of striped bass 
(Stage-P, Plant-6).  
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Figure F-27. Daytime total entrainment mortality of striped bass 
(Stage-P, Plant-7). 
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Figure F-28. Nighttime to ta l  entrainment mortality of striped bass 
(Stage-P, plant-7). 
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Figure F-29. Daytime total entrainment mortality of striped bass 
(Stage-J, Plant-1). 
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Figure P-30. Mightthe total entrainment mortality of striped bass 
(Stage-J, Plant-1). 
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Figure F-31. Daytime t o t a l  entrainment raostality of striped bass 
(Stage-J, Plant-2).  
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Figure F-32. Nighttime total entrainment mortality of s t r i p e d  bass 
(Stage-J, Plant-2). 
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Figure F-34. Nighttime total entrainment mortality of striped bass  
(Stage-J, Plant-3). 



F- 36 

Figure F-35. Daytime to ta l  entrainment mortality of striped bass 
( Stage-J, Plant-4 1. 
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Figure F-36. Nighttime total entrainment mortality of s t r i p e d  bass  
(Stage-J, Plant-4). 
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F-37. D a y t i m e  total entrainment mortality of s t r i p e d  bass 
(Stage-J, Plant-5). 



F-39 

Figure F-38. Nighttime total entrainment mortality of s t r i p e d  bass 
(Stage-J, PBant-5fi). 
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Figure F-39. Daytime total entrainment mortality of s t r i p e d  bass 
(Stage-J, Plant-6). 
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F i g u r e  F-40. Nightthe total entrainment mortality of striped bass 
( Stage- J , P l a n t  -6 1. 
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Figure P-41., B a y t i m e  total entrainment mortality of s t r i p e d  bass 
(Stage-J, Plant-7). 
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Figure F-42. Nighttime total entrainment mortality of s t r i p e d  bass 
(Stage-J, Plant-7). 



Table F-1. Week number versus date o f  the week (key t o  
ordinate axis o f  Figs.  F-1 t h rough  F-42) 

Bate 

6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 

19 

22 

rS1 1 - April 7 
April 8 - April 14 
Apr'17 15 - April 21 
April 22 - Apr i l  28 
A p r i l  29 - May 5 

ay 6 - May 12 
May 13 - May 19 
May 20 - May 26 
May 27 - June 2 

June 3 - June 9 
June 10 - June 16 
June 17 - June 23 
June 24 - June 30 

July 1 - duly 7 
July 8 - July 14 
Ju ly  15 - July 21 
July 22 - July 28 
July 29 - August 4 

aThis ttweekat contains s i x  clays, 
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APPENDICES G-L 

ETM RUM IPESULTS 
INCORPOFWTIMG POOLED f-FACaYaRS 



PREFACE TO APPENDICES G TO L 

These appendices contain tabulations of ETPl run results for 

six Hudson River fish populations incorporating pooled larval table 

f-factors: 

Appendix PopuPat Ion 

G Striped bass 
H White perch 
1 
J American shad 
K Atlantic tomcod 
L Bay anchovy 

Alosa spp.(blueback herring and alewife) 

For each population, nine tables are presented: 

Tables Contents 

1- 3 Historical flow conditions 

4-6 Projected (once-through) flow conditions 

7-9 Projected (closed-cycle) flow conditions 

Numbers in the tables are conditional entrainment mortality rate estimates 

expressed as percentages. 

for  the 1974 and/or 1975 data base year. For each year, ETM run results 

are tabulated by the W-factor estimation technique used (GBC, MU, or RDPI) 
and by immediate and 24-hr latent f-factor values. 

Within each table, ETM run results are presented 



Appendi x G-1. 
H i st os i CQ I 

1974 1975 
P 1 ont f GBC MU GBC NU 

Roseton L 
I 

Indian Pt  2 L 
I 

Bowl ine L 
I 

Love t t L 
I 

Indian Pt  1 L 
I 

Danskommer L 
I 

0.3 
0.3 

6 . Q  
4.2 

1 . 7  
0.9 

3.7 
2.7 

2.4 
1 .7  

1.2 
0.9 

8.5 
0 . 4  

4 . 7  
3 . 4  

1.7 
0 .9  

1.2 
8.8 

1.8 
1.3 

t .6 
1.2 

2.0 3 . 4  
1 .4  2.5  

8.6 8.8 
6.1 5.6 

2.3 2.3 
I .3 1.3 

4 .8  4.3 
3 .4  3.2 

0.9 0.8 
0.6 0 . 6  

1.0 8.8 
0.7  0.5 

L = 24-hr latent f-factors 
IC = Immediate f-factors 
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Append i x 6-2. 
Histor ical  - A I  I Plants 

1974 1975 
L i f e  stage f GBC MU GBC MU 

b 8.6 I . 4  0.7 1 . %  
I 0.6  1.4 0.7 1.2 

Yo I ksac I or voe b 1.1 1.8 2.0 1.9 
I 1 . §  1.6 1.7 1 .6  

Post YO I ksac I arvae L 9.7 5.2 12.6 12.3 
P 7.1 3 . 8  9.3 9.1 

Juveni les L 3.3 3.8 4.0 3 . 8  
1 I .2 1.2 1.5 1.6 

Comb i nad L 14.5 1 1 . 1  18.4 18.2 
I 10.2 7.8 12.8 13.0 

L = 24-hr latent f-factors 
I: = Immediate f - factors 



Append i x 6-3. 
Historical - Bowline, Indian Pt 2, Roseton 

1974 1975 
L i f e  stage f GBC NU GSC NU 

E99s L 8.4 
I 8.4 

Yo 1 ksac I arvae L 0.8 
I 0.7 

Post y ~ l k ~ ~ c  larvae L 4 . 8  
I 3 .5  

Juveni les L 2.2 
I 8.9 

Comb i ned L 8.8 
I 5.3 

0 . 9  
8.9 

8.8 
0.7 

3 .0  
2.2 

2.2 
8.9 

6.8 
4.6 

0.6  
8.6 

1 .4  
1.2 

7.9 
5.8 

3.1 
1.2 

12.5 
8.6 

8.9 
8.9 

1.2 
1.8 

8.6 
6.3 

3.1 
1.2 

13.2 
9.2 

L = 24-hr latent f-factors 
I: = Immediate f-factors 
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Append i x 6-4. 
Projected 

(Once - through) 

1974 1975 
Plant f GBC MU GBC NU 

Rose ton L 3.1 4.0 2 , 1  2.8 
I 2.3 3.0 1 . 4  2.0 

Indion P i  283 I, 10.1 8.5 l a .  1 18.7 
1: 7 . 2  6 . 0  9 . 2  7 .4  

Bowl ine L 2.3 2.3 3.0 3.8 
I 1.2 I .2 i .6 1.6 

LQVe t t 1. 3.4 I . 1  4.6 1.4 
.I 2.4 0 . 7  3.3 0.9 

Rems kaarner 1, 0.9 1 . I  8.6 0.8 
I. 0.6 8.8 0 . 4  0.6 

L 2 24-kr latent f-factors 
I = Immediate f-factors 
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Append i x 6-5. 
Projected - A l l  Plants 

(Once - through) 

Population: S t t  iped bass 

I974 I975 
L i f e  stage f GBC MU 6BC 

Yo I ksac I orvoe L 2.9 
I 2.5 

Post yolksoc ~ W V Q ~  L 11.3 
I 8.4 

Juveni les L 4 .3  
I I .? 

Comb i ned L 18.4 
I 13.1 

I .6 
I .6 

2.8 
2.4 

8 . 3  
6.1 

4.3 
i .7 

16.8 
11.3 

0.9 
0.9 

2.5 
2.1 

14.2 
10.6 

5.5 
2.2 

21.7 
15.2 

1 . 4  
1 . 4  

1.9 
I .6 

9.9 
7 . 3  

5.5 
2.2 

17.6 
12.0 

L = 24-hr latent f-factor-c; 
I Immediate f-factors 
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Append i x 6-6. 
Projected - Bowline, I ~ d i ~ n  Pt 283, Roseton 

(Once - through) 

Popu I at ion : Str i ped bass --------------------------------------------------------------------- 

1974 1975 
L i f e  sfage f GBC MU GBC Nu 

L on9 L 4  8.  1.3 
1 03 l * 4  8.8 1.3 

Yo I ksoc I arvae L 2.5 2.3 2.1 I .ti 
I 2. I 2.0  1.8 1.3 

Post yolksac larvae L 8.4  7.3 18.5 8.8 
I 6.2 5 -3  7.8 6.4 

Juveni les L 3.9  3.9 5.8 5. B 
I I .5 I .5 2.8 2.8 

, 
Comb i ned L 14.9 14.1 17.4 15.8 

I 18.4 9.9 12.8 10.7 

L = 24-hr latent f - f ac to rs  
I = Immediate f-f0ctsrs 
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Append i x 6-7. 
Projected 

(Closed - cycle) 
Population: Striped bass 

f 974 1875 
Plant f GBC Mu GBC Mu 

Rose t on L 8.2 0.2 8.1 0.2 
I 0.2 8.2 0.1 8.2 

Indi an P t  283 L 2.1 I .7 2 .7  2 . 3  
I 2.1 1.7 2.7 2.3 

Bowl ine L 0.2 0 .2  0.3 0.3 
I 0.2  0 .2  0.3 0.3 

Love t t L 3.4 1.1 4.6 1 .4  
I 2.4 8.7 3.3 8.9 

Danskamrner L 0.9 I . I  8.6 0.8 
I 0.6 0.8 8.4 0.6 

L = 24-hr latent f-factors 
I = Immediate f-factors 
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Appendix 6-8 
Projected - A l l  Plants 

~Clored - cycle) 

1974 1975 
L i f e  stage f MU GBC Hu 

L 8.2 8.2 8.2 B.2 
I 8.2 8.2 8.2 8.2 

Yo 1 koac I asvoca, L 8.7 8.7 .6 8.5 
1 8.6 8.6 8.6 8.4 

Post p l k s a c  !arvoe h 4 . 4  2.1 5.7 2.5 
I 3.5 1.8 4.6 2.1 

Juven i I es L I . 4  I . 4  I .9 1.8 
I 1 . 1  I . I  1.6 1 . 4  

Comb i ned L 6.6 4 . 4  8 . 3  4 .  
1 5 .4  3 . 7  .9 4.2 

L = 24-hr latent f - factors 
6 = Immediate f-foetsrc 



G-9 

Append i x 6-9. 
Projected - Bowline, Indian P t  283, Roseton 

(Closed - cycle) 

1974 1975 
L i f e  stage f GBC MU GBC Mu 

Eggs L 8.1 8.1 0.1  8.1 
I 0. I 8 .  I 0.1 8.1 

Yo I ksac I W V O ~  L 8.2 8.2 8.2 0.1 
I 0.2 0.2 0 .2  8.1 

Post yo I ksoc I arvae L 1.2 I .B I .6 1.2 
I 1.2 i .o I .6 1.2 

Juven i I es L 1 .B 0 -9 I . 4  1.2 
1: 1.0 8 3  i . 4  1.2 

Comb i ned L 2.5 2.2 3.3 2.7 
I 2.5 2.2 3 . 3  2.7 

L = 24-hr lotent f-factors 
I = Immediate f-factors 



Append i x H-1. 
Historical 

1974 1975 
Plant f GBC MU GBC ffhl 

Rose t on L 0.6 8.6 3.7 4.2 
I 0.5 0.9 3.3 3.6 

Indion P i  2 L 3.9 4.9 4.5 3 . 3  
I 3 . 8  4 . 7  4.2 3.1 

bw1 ine L 2.5 2.5 1.9 I .3 
I 2.4 2 .4  I . 8  1 .% 

Love t t L 1.3 0 . 4  1 .4  1.4 
I 1.3 6 . 4  1 .4  1.4 

Indian Pt  1 L 1.5 1.9 0 .4  8 .3  
I 1 . 4  1.8 8.4 8 .3  

Danskammer L 1.6 t .9 1.9 3.5 
1 1.3 I .7 1.6 3 .2  

L = 24-hr latent f-factors 
1 = Immediate f-factors 

H- 1 



H- 2 

Append i x H-2. 
Historical - A I  I Plants 

Population: White perch 

1974 1975 
L i f e  stage f GBC MU GBC NU 

L 2.7 3.9 1 .8 2.5 
I 2-  7 3.9 1.0 2.5 

Yo I ksac I wvoe L 0.7 8.6 0.8 8.7 
I 0.6  0.5 0 . 7  8.6 

Post yo I ksoc I arvae L 6.2 6.0 8 - 3  7 .5  
I 6.2 6.0 8 . 3  7.5 

Juveni 1 es L I .6 1.6 3.5 3.5 
1: 1.8 1.8 2.3 2.2 

Comb i ned L 18.9 11.7 13.0 13.6 
I: 10.2 1 1 . 1  11.9 12.3 

L = 24-hr latent f-factors 
9: = Immediate f-factors 



H- 3 

Append i x ti-3. 
Historical - Boul ine, Indian P t  2, Roseton 

Populot ion: Uhi te perch 

1974 1975 
L i f e  stage f GBC MU GBC MU 

L 2.3 
I 2 . 3  

Yo I ksac I or vae L 8.5 
I 0.4 

Post yolksac larvae L 3.4 
I 3 .4  

Juven i I es L 8). 8 
E 0.5 

Comb i ned L 6.9 
I 6.6 

3.81 
3.0 

0 . 4  
0 .3  

3 . 8  
3.8 

0.8 
0.5 

7.8 
7.5 

8.9 
0.9 

0.6 
8.5 

6.0 
6.8 

2.5 
1.6 

9.6 
8.8 

1.6 
1.6 

8.6 
8.5 

4 . 5  
4.5 

2.5 
1.6 

8.7 
8.8 

L = 24-hr latent f-factors 
I = Immediate f-factors 



H- 4 

Append i x H-4. 
Projected 

(Once - through) 
Population: White perch 

1974 1975 
Plant f GBC MU GBC Mu 

Roseton L 
I 

Ind i an P t  283 L 
I 

Bowl ine L 
I 

Love t t L 
I 

Danskammer L 
I 

4.1  
3 . 7  

7.0 
6.7 

4 . 8  
4 . 6  

1.2 
1 . 1  

1.2 
t .8 

4 . 2  
3 .8  

7.2 
6.9 

4.8 
4 .6  

0 . 4  
0 . 4  

1.5 
I .3 

4.4 5.2 
3.8 4 . 6  

7 . 4  6 . 8  
6.9 6.2 

2 , l  2.1 
I .9 1.9 

I . 4  0.5 
I . 3  0.4 

I .3 2.2 
I . 1  2.0 

L = 24-hr latent f-factors 
1 = Immedicrte f-factors 



H- 5 

Append i x H-5. 
Projected - All Plants 

(Once - through) 

Population: Whi te perch 

1974 1975 
L i f e  stage f GBC MU GBC MU 

Eggs L 5.0 
I 5.8 

Yo I ksac I arvae L 1.0 
I 0 . 8  

Post yo I ksac I arvae L 9 .4  
I 9.4 

Juveni les L 2.7 
I 1.7 

Comb i ned L 17.1 
I 16.1 

6.3 
6.3 

0.9 
0.7 

8.8 
8.0 

2.7 
1.7 

16.9 
16.0 

6.8 
0.8 

I .0 
0 . 8  

10. I 
10.1 

4.5 
2.9  

15.7 
14.2 

2.8 
2.8 

0.8 
0.7 

8.5 
8.5 

4 .5  
2.9 

15.7 
14.2 

L = 24-hr latent f-factor6 
1 = Immediate f-factors 



2221 
S'EI 

P 2 
$'E 

9'1 
9'L 

6. '8 
8'8 

8' I 
8' I 

1.21 
P.61 

1p-2 
13.E 

9'8 
9'8 

6'8 
8'6 

8'0 
8'6 

S'PI 
C'SI 

P' I 
2-z 

1'1 
1'1 

L' 8 
8'8 

8' 9 
0'9 

1'Pi 
I 'SI 

b.' I 
2'2 

8'6 
8'1 

8'8 
8'81 

L'P 
8'P 

I 
-l s663 



H- 7 

Append i x H-7. 
Projected 

(Closed - cycle) 

1974 1975 
Plant f GBC MU GBC MU 

Rose t on L 0.2 8.2 8 . 3  8.3 
I 0.2 8 .2  8.3 0.3 

Indian P t  283 L 1.0 I .0 1 . 1  i .a  
I 1.0 I .B 1 . t  1 . e  

Bowl ine L 0.2 0 . 2  8.1 0. I 
I 0.2 8.2 8.1 0.1 

Love t t L I .2 8 . 4  I . 4  0 . 5  
I 1 . 1  8 . 4  I .3 0.4 

Danskammer L 1.2 1.5 1.3 2.2 
I 1.0 I .3 1 . 1  2.0 

L = 24-hr latent f-feckots 
I = Immediata f-factors 



'I- 8 

Append i x H-8. 
Projected - A l l  Plants 

(Closed - cycle1 

1974 1975 
L i f e  stage f GBC MU GBC MU 

h 8.4 8.8 0.1  1 .B 
I 8.4 0.8 8.1 1.0 

Yo I ksac I orvae L 8.2 8.1 0.2  0.1 
I 8.2 8.1 0 . 2  0.1 

Post yolksac larvoe L 2.5 1.7 2.7 1.8 
I 2.5 1.7 2.7 1.8 

Juven i I es L 0.7 8.7 I . 1  1 . 1  
I: 0. s 8.5 0.8 0.8 

Comb i ned L 3.7 3.2 4 . 1  4.8 
I 3.5 3 .  I 3.8 3 . 7  

L = 24-hr latent f - factors 
I = Immediate f-factors 



3-9 

Append i x H-9. 
Prsjected - Bowline, Indian P t  283, Roseton 

CClosed - cycle) 

Population: Whi te perch 

1974 1975 
L i f e  stage f GBC MU GBC m 

L 0 .3  0.4 8 .0  0.1 
I 0 . 3  8.4 0 . 0  0. I 

Yo I kcac I a r v w  L 0.1 0.1 8.1 0. I 
I 0.1 0.1 8.1 0.1 

Post yolksac larvae L 0.8 8.7 I .0 0.8 
I 8.8 0 .7  I .0 0.8  

Juveni les L 0.2 Q . 2  0 . 4  0 .4  
I 0 . 2  8 . 2  0.4 0.4 

Comb i ned L 1 .4  I . 4  1.4 1.3 
I 1 . 4  I . 4  1.4 1.3 

L 24-hr latent f-factors 
I = Immediate f-factors 



Append i x 1-1 . 
Hi  st or i ca I 

1974 1975 
P 1 ant f GBC HU GBC HU 

Rose ton h 8.4 0.5 3.1 4.8 
I 8.3 0.4 2.7 4 . 3  

Indian Pt  2 L 1.0 1 . 1  8.8 1.0 
I 0.9 t .0 0 . 7  8.9 

Bowl ine L 8.4 0 . 4  0.1 0 .1  
9: 8 . 3  0.3 0.1 %. 1 

Love t t L 8 . 3  8.3 8.2 0 . 3  
1 8.2 0.2 0.2 0 . 3  

Indian Pt  1 L 0.4 0 . 4  0 .1  0. I 
I 8 . 3  8 . 3  0.1 0.1 

Danskammer L 1.7 8 .9  2.8 5.7 
I 1.5 c1.8 1.7 5.6 

L = 24-hr iatent f-factors 
r = ~ [ ~ ~ ~ d i ~ l t ~  f-factors 

1-1 



1-2 

Append i x 1-2 I 
Historical - A I  I Plants 

Population: Alosa spp. 
--------------------___________________^------------------------- 

1974 I975 
L i f e  stage f GBC MU GBC HU 

L 0.8 8.1 8.3 6.2  
I 8.8 8. a 8 . 3  6.2 

Yo I ksac 1 o r w e  L 81.1  8.1 0.1 8 .2  
I 0.1 8.1 8.1 8 .2  

Post yolksac larvae L 1.5 1.3 2.7 2.3 
I 1.5 1.3 2.7 2.3 

Juveni les L 2.5 2. li 3.1 3 . 0  
I 1.9 1.6 2 . 3  2.2 

Comb i ned L 4 . 1  3.5 6.1 11.2 
I 3.5 3 .8  5 . 4  18.6 

L = 24-hr latent f-factors 
1 = Immediate f-factors 



I- 3 

Append i x 1-3. 
Historical - buI ine, Indian P t  2, Roseton 

1974 1975 
L i f e  stoge f GBC MU GBC NU 

E99s L 0.0 8.0 0.2 2.0 
I 0.0 0.0 0.2 2.0 

Yo I ksac I arvae L 8.0 0.0 0.1 Q. 1 
I 0.8 0.8 0.1 0.  I 

Post yo 1 ksac I arvoe L 0.7 0 .7  1.9 1.5 
I 0.7 0.6 1.9 1.5 

Juveni les L 1 . 1  1.3 1.8 2 .4  
I 8.8 1 .8 1.4 1.8 

Comb i ned L 1.8 2.8 4.0 5.9 
I 1.5 1.7 3.5 5.3 

L = 24-hr latent f-factors 
I = Immediate f-factors 



1-4 

Append i x 1-4. 
Projected 

(Once - through) 

Population: A t o m  spp. 

1974 1975 
PI ant f GBC MU MU 

Rose ton I 3 .1  4 . 3  3 . 4  6.4 
E 2.7 3.5 2.9 5.6 

Indian P t  283 b 1.9 2.1 I .3 1.5 
I I .6 1.8 1 . 1  1 .4  

Bwa) ine L 8.5 0.5 0.1 8.1 
I 8 . 4  0.4 0.1 8. i 

Love t t L 8.3 8.2 PI .2 0. I 
I 8.2 8.2 8. f 8.1 

b = 24-hr labent f - f ~ c t o r s  
1 = Immediate f - f ac to rs  



1-5 

Append i x 1-5. 
Projected - AI i Plants 

COnce - through) 

Population: AIQSU spp.  

1974 1975 
L i f e  stage f GBC MU 6BC 

L 0.8 0.1 8 . 3  4.9 
I 8.8 0 .  I 0.3 4.9 

YO I ksac I arvue L e. t 0 .  t 0 .  li 8.1 
I 0.1 8.1 8.1 e. 1 

Post yolksot larvae L 2.6 2. 2.7 2.1 
I 2.6 2.8 2.7 2.1 

Juveni les L 4 . 3  5.6 3.2 4.5 
I 3.2 4.2 2 . 4  3.4 

Comb i ned L 6.9 7.6 6 . 2  1 1 . 1  
I 5.9 6.3 5.4 10.1 

L = 24-hr latent f-factors 
I = Immediate f - factors 



1-6 

Append i x 1-6. 
Projected - Bowl ino, Indian P t  283, Roseton 

(Once: - thrcw 

1974 1975 
Life stage f MU GBC Mu 

E9W L 8.0 0.8 8.2 2.1 
I .8 0.8 8.2 2.1 

Yo I ksac I arvcse L 8. f 8.1  0.1 0.1 
I 8. I 8 .  I 8.1 0.  f 

Post yolksac larvae L 2.1 I .6 2.2 1.7 
I 2. t 1.6 2.2 1 .7  

Juveni les L 3 .3  5.1 2.3 4 . 1  
I 2.5 3.9 1.7 3.1 

Comb i ned L 5.4 6 . 8  4.7 7.9 
I 4.6 5.6 4.2 7.8 

L = 24-hr latent f- factorb: 
I = Immediate f-factors 



1-7 

Appendix 1-7. 
Projected 

(Closed - cycle) 

1974 1975 
Plant f GBC MU GBC Mu 

Rose ton L 0.1 0 .1  0.1 0.2 
I 0.1 0 .  I 0.  I 0.2 

Indian Pt  283 L 0 .2  0.2 0.1 0.2 
I 0 .2  0.2 8 .  I 8.2 

Bout ine L 0.0 0 . 0  0 . 0  0.0 
I 0.0 0 . 0  Q .o 0.0 

Love t t L 0.2  0.2 8.2 0.1 
I 8.2  8 . 2  0.1 8.1 

Donskammer L 1.3 8.7 1.4 3 . 6  
I 1 . 1  0.6 1.2 3.6 

L = 24-hr latent f - factors 
I = Immediate f - factors 



1-8 

Projected - A l l  Plants 
(Closed - cycle) 

Population: Alasa spp. 

1974 1975 
L i f e  stage f GBC HU GBC MU 

L 0.8 9 .B 8.1 3.1 
I 0.8 8.0 0 . 1  3.1 

Yo I ksac I arvm L 0.8 8.0 B .0  0.8 
9 8.0 8.0 8.8 0.81 

Post yolksac larvae L 8.7 8.5 8.7 0.5 
1 8. 7 "5 8.7 8.S 

duvmi I s  L 1 . 1  8.7 1 .$ 8.5 
I .9  8.6 8.8 0.4 

Comb i ne$ L 1.9 I .3 I .8  4 . 2  
I 1.6 1 . 1  1.6 4 . 1  

L = 24-hr latent f-factors 
I: = Immediate f-factors 



Append i x 1-9. 
Projected - Bowline, Indian P t  283, Roseton 

CClosed - cycle) 

0 974 1975 
L i f e  stage f GBC #U GBC w 

Eggs L 0.0 
I 8.0 

Yo I kcac I o r v m  L 0.0 
I 8.8 

Post yolksac larvae L 8.1 
I 0.1 

Juveni les L 8.1 
I 0.1 

bmb i ned L 0.3 
I 0.3 

0.0 
8.0 

0.0 
0.0 

0.1 
8.1 

8.2 
8.2 

8.3 
0.3 

8 -0  
@I .8 

0.0 
8.8 

8.2 
0.2 

0.1 
8. I 

8,3 
8 .3  

B. 1 
0.1 

8.0 
8.8 

8.1 
0. I 

0.1 
8.1 

8.4 
0.4 

L = 24-hr latent f-factors 
I = Immediate f-factors 



Append i x d- I . 
Hi stor i co I 

Plant f 1974 

Rose ton L 
I 

Indian Pt 2 L 
I 

Bowl ine L 
I 

Lovet t L 
I 

Indian Pi 1 L 
I 

Donskonmer L 
I 

0.7 
0.6 

4.9 
3.7 

3.2 
2 .4  

I .5 
1 . 1  

1.8 
t .3 

2.4 
1.9 

L = 24-hr lotent f-factors 
I = Inmediato f-factors 

J-1 



J- 2 

Append i x J-2. 
Historical - All P l a t s  

L i f e  stage f 1974 

Yo 1 ksac I arvae L 
I 

Post yolksoc larvae L 
I 

duveni les L 
1: 

Comb i ne$ L 
I" 

0 . 0  
8.0 

8.1 
0.1 

0.5 
8 .5  

13.8 
10.0 

13.6 
18.6 

k 24-hr latent $-factors 
ediote f-factors 



J- 3 

Append i x d-3. 
Histor ical - B o w 1  ine, Indian Pt 2, Roseton 

Life stage f 1974 

L 
I 

Yo I ksac I arvae L 
I 

Post yo I ksac I arvae L 
I 

Juveni les L 
I 

Comb i ned L 
I 

8.0 
0.0 

0.0 
0.0 

0 . 2  
0.2 

8.3 
6.4 

8.6 
6.6 

L = 24-hr latent f-factors 
I = Immediate f-factors 



J- 4 

Append i x J-4. 
Projected 

(Once - through) 

Plant f 1974 

Rose ion L 
I 

Indi an Pt  283 L 
I 

Bowl ine L 
I 

Love t t L 
I 

Danskammer L 
I 

5.9 
4.2  

9.8 
6.9 

4.3 
3.2 

1 . 4  
I .8 

I .9 
I .5 

L = 24-hr latent f-factors 
I Immediate f-factors 



J- 5 

Append i x J-5. 
Projected - Al l  Plants 

(Once - through) 

L i f e  stage f 1974 

EBBS L 
I 

Yo I ksac I orvae L 
I 

Post yo lksoc I arvae L 
I 

Juven i I es L 
I 

Comb i ned L 
I 

0.1 
8.1 

0 . 2  
6 . 2  

8.9 
8.9 

19.5 
15.1 

28.5 
16.1 

L = 24-hr latent f-factors 
1 = Immediate f-factors 



J- 6 

Append i x J-6. 
Projected - Bouline, Indian Pt 283, Roseton 

(Once - through) 

Life stage f 1974 

E89s L 
I 

Yo I ksoc I arvcie L 
I 

Post yolksac larvae L 
I 

0.1 
0.1 

0.2 
0 . 2  

0 . 7  
0 .7  

Juveni les L 17.1 
I 13.2 

Comb i pled L 
I 

17.9 
1 4 . 1  

L = 24-hr latent f-factors 
I = Immediate f-factors 



J- 7 

Append i x J-7. 
Projected 

(Closed - cycle) 

Roseton L 
I 

Indian Pt 283 L 
I 

Bow I i ne L 
I 

L ~ ~ e t t  i 
I 

Danskannter L 
I 

0 . 2  
8.2 

8.7 
0.7  

0 .  f 
0.1 

I . 4  
I .0 

1.9 
1 .§ 

L = 24-hr latwl f-factorl;. 
I = Immediate f-factors 



J- 8 

Append i x J-8, 
Projected - Ai l  Plants 

(Closed - cycle) 

Life stage f 1974 

L 
I 

Yo 1 ksac I o r w e  L 
I 

Post yolksac larvae L 
I 

Juveni les b 
I 

Comb i ned L 
I 

0.0 
0.0 

0 .1  
8 .1  

8.2 
8.2 

3 .8  
3.1 

4 . 1  
3 .4 

b = 24-ht lotent f-factors 
I = Immediate f-factors 



J-9 

Append i x J-9. 
Projected - Bowline, Indion Pt 2b3, Roseton 

CClored - cycle) 
Poplotion: Anrericon shod 

L 
I 

Yo I ksoc I arvoe L 
I 

Post yolksac larvae L 
I 

Juveni ies L 
I 

Comb i md L 
I 

0.0 
8 .0  

0.0 
8.0 

8.0 
0.0 

0.9 
8.9 

0 3  
0.9 

L = 24-hr latent f-factors 
I = Immediate f - f c l C h 6  



Append i x I(- 1 I 
Historical 

Plant .F 
1975 

GSC HU 

Rose ton L 
I 

Indian P t  2 L 
I 

Bou.1 ine L 
I 

Love t t L 
I 

Indion Pt  1 L 
I 

Danskammer L 
I 

0.2 cd.2 
0.2 0 . 2  

2.1 5.9 
2.1 5.0 

2.0 2.8 
2.0 2.6 

0.5 6.5 
8.5 8.5 

0.4 0 . 7  
0.4 0 . 7  

0.1 0.1 
0.1 0.1 

L = 24-hr latent f-foctors 
I = Immediate f-factors 

K- 1 



K- 2 

Append i x K-2 
Historical - A I  I Plants 

Popu I at i on : A t  I ant i c tomcod 

L i f e  stage e 
1975 

GBC NU 

L 
I 

Yo I ksac I arvoe L 
I: 

Post yolksas larvae h 
1 

Juven i I es L 
1 

Comb i ned L 
I 

0.0 
8.8 

8.5 
8.5 

3 .4  
3 .4  

1 .4  
1 . 4  

5.2 
5.2 

0.8 
0 . 8  

0 . 4  
0 .4  

3.6 
3 . 6  

4 . 6  
4 . 6  

8 .4  
8.4 

L = 24-hr latent f-factors 
I = Immediate f-factors 



K- 3 

Appendix K-3. 
Historical - Bowline, Indian P t  2, Roseton 

L i f e  stage f 
1975 

GBC NU 

L 
I 

Yo 1 ksoc I crvoe L 
I 

Post yo I ksac I arvae L 
I 

Juveni les L 
I 

Comb i ned L 
I 

8.0 0.8 
0.8 0,0 

8 .3  0 . 3  
0.3 0 .3  

2.9 2.9 
2.9 2.9 

1 . 1  4.1 
1 . 1  4 .1  

4.3 7.1 
4 .3  7.1 

L = 24-hr latent f-factors 
I = Imediate f-factors 



Plont f 
t 975 

6BC MN 

Roseton L 
I 

Indian P t  283 L 
I 

Bowl ina L 
I 

Love t t b 
I 

Dons kom mer L 
I 

8.2 0.2 
8.2 8.2 

4.8 5,7 
4.8 547 

1 . 1  1 . 1  
I . 1  1 . 1  

0.6  0.4 
8.6 8.4 

0.8 8.1 
8.0 8.1 

L = 24-hr latent f-factors 
P = Immediate f-factors 



K- 5 

Append i x K-5. 
Projected - A11 Plants 

(Once - through) 

Population: Atlunt i c  tomcod 

L i f e  stage f 
1875 

GBC H11 

b 
I 

Yo 1 ksac I orvoe L 
I 

Post yolksac larvae L 
I 

duven i I es L 
I 

Comb i ned L 
I 

0.0 8.0 
0.0 8.0 

I .I 1 . 1  
1 . 1  1 . 1  

4.0 3.1 
4.0 3.1 

I .7 3 3  
I .7 3 3  

6.6 7.3 
6.6 7,3 

L = 24-hr latent f-factors 
I = Immediate f-foetws 



K- 6 

Append i x K-6. 
Projected - Bowline, Indian Pt 283, Roseton 

(Once - through) 

Population: A t  lant i c  tomcod 

L i f e  stage f 
1975 

GBC w 

L 
I 

YO I kcac I arvm L 
I 

Post yolksac larvae L 
I 

Juven i I es L 
I 

Comb i ned L 
I 

0.8 
8 .a 
8.9 
8.9 

3.6 
3.6 

I .6 
I .6 

6.8 
6.8 

0.0 
0.8 

0.9 
0.9 

2 .9  
2.9 

3,3 
3,3 

7,p1 
7,0 

L = 24-hr latent f-factors 
I = Immediate f-factors 



K- 7 

Append i x K-7. 
Pro j ect ed 

(Closed - cycle) 
Population: Atlantic tomcod 

Plant f 
1975 

GBC Mu 

Rose ton L 
I 

Indian Pt 283 L 
I 

Sou'l ine L 
I 

Love t t 1 
I 

Donrkanmer L 
I 

6.0 0.0 
0.0 8.8 

I .6 147 
1.6 1,7 

1.6 1.6 
I .6 1.6 

8.6 . 4  
8.6 8.4 

8.0 0.8 
8.0 8. B 

L = 24-hr latent f-factors 
I = Immediate f-factors 



K- 8 

Append i x K-8 
Projected - A I  I Plants 

Kissed - cycle) 

L i f e  stage f 
1975 

L 
1 

Post yolksac larvae L 
1 

Juvsn i I es L 
1 

Comb i ned L 
I 

8.8 0.0 
8 .  8.8 

1.5 1.5 
1.5 1.5 

8.7 8.5 
.a 0.5 

2 . 4  2.4 
2 . 4  2.4 

h 24-hr lotent f-factors 
1 = Immediate f-factors 



K- 9 

Appendix K-9. 
Projected - Bowline, Indian P t  283, Roseton 

(Closed - cycle) 

L i f e  stage f 
1975 

GBC Mu 

L 
I 

Yo I ksac I or vae L 
I 

Post yolksac larvae L 
I 

Juven i I es L 
I 

Comb i ned L 
I 

0.0 O.Q 
8.0 0 .8  

t .3 1.3 
I .3 1.3 

0.3 0.2 
8.3 0.2 

0.2 0,3 
0.2 8 1 8 3  

I .8  I. ,9 
I .8 1,9 

L 24-hr lalent f-factors 
I = Immediate f-factors 



Append i x 1-1 . 
Histor icaf 

Popu I at i on : Bay mchovy 

I974 1975 
Plant f GBC HU GBC NU 

Rose tun L 0.5 8.5 2.1 2.1 
I 0.4 0 .4  1.6 1.6 

Indian Pt 2 L 14.3 53.7 11.2 24.3 
I 12.1 4 4 . 7  9.7 20.3 

Bowl ine L 2s. 4 25.4 14.9 14.9 
I 20.3 20.3 12.5 12.5 

Lovet t L 24.0 15.4 10.6 12.5 
I 19.0 13.5 8.6 11.9 

Indion P t  1 L 6.0 28.5 1.2 2.5 
I 5.0 22.5 1.0 2.8 

Donskaemer L 0.5 0.5 1.0 1 .€I 
1: 8.3 0 . 3  0.7 8.7 

L = 24-hr lotent f-foctors 
I = Immediate f-factors 

L- 1 



L- 2 

Append i x 1-2. 
Historical - AI I Plants 

1974 1975 
L i f e  stage f GBC flu NU 

L 0 .0  0 .1  8 . 0  8.2 
1 0.8 8.1 0.8 8.2 

Yo I ksac I arvae L 0.4 2 .2  0 .3 5.5 
I 0.4 2.2 0 . 3  5 . 5  

Post yolksoc larvae L 20.1 26.8 18.5 24.8 
I 18.7 24.2 17.2 22.3 

Juven i I ec L 42.3 69.2 19.5 24.5 
I 33.4 58.6 14.9 19.0 

Comb i ned L 54.1 77.8 34.8 46.8 
I 46.8 69.4 29.8 40.7 

L = 24-hr latent f-factors 
I = Inmediate f-factors 



L- 3 

Appendix L-3. 
Historical - Bowline, Indian Pt  2, Rosetm 

P o p  I at i on : Bay mchovy 

1974 1975 
L i f e  stage f GBC MU GBC nu 

E98S L 0.0 0.0 0.0 0.1 
I 8.8 0.0 8.0 8.1 

YO I kSaC I WVQe L 0.3 8.3 8.2 8.2 
I 0 .3  0 .3  8.2 8.2 

Post yolksoc larvae L 13.8 15.9 14.8 17.5 
I 12.7 14.7 13.7 15.2 

h e n  i 1 es L 25.8 58.3 12.7 22.9 
I 19.7 47.9 9.5 17.6 

Comb i ned L 36.2 65.1 25.9 36.6 
I 30.1 55.7 22. I 31.1 

L =; 24-kr latent f-factors 
i aka: e-factors 



L- 4 

Append i x L-4. 
Pr Q j ected 

(Once - through) 

Popu I at i on : Bay anchovy 

1974 1975 
Plant f GBC HU GBC Mu 

Rose ton L 1.3 I . 3  2.7 2"  I 
I 0.9 0.9 2.1 2" 1 

Indian P t  283 L 33.7 65.7 21.8 39.1 
I 28.4 56.7 19.1 33.5 

Bowl ine L 28.9 28.9 19.8 19.41 
I 23.3 23.3 15.3 15.3 

Love t t L 22.3 14.3 18.1 13.4 
I 17.6 12.6 8.2 12.5 

Danskanmer L 8 . 3  8 . 3  8.7 0.7 
I 8.3 8.3 8 .6  8.6 

L = 24-hr latent f-factors 
I = Inmediote f-factors 



L- 5 

Appendix L-5. 
Projected - A 1 1  PIonts 

<Once - through) 

1974 1975 
L i f e  stage f GBC MU GBC 

L 0.0 0 .2  8- 1 0 . 3  
I 0.8 0.2 0. I 0.3 

Yo I ksac I arvoa L 8.3 2 .1  8.7 5.8 
I 0.3 2.1 8.7 5.8 

Post ~ Q ~ ~ S Q C  larvae L 25.3 30.9 22.6 27.7 
I 23.5 28.9 21.0 25.9 

Juveni les L 50.5 68.3 27.4 37.8 
I 40.5 57.6 21 . I  29.9 

Comb i ned L 63.1 78.6 44.3 57.8 
I 54.7 70.6 38.2 51.2 

L = 24-hr latent f-factors 
I = Immediate f-factors 



L- 6 

Append i x b-6. 
Projected - Bowline, Indian P t  283, Wsseton 

(Once - through1 

1974 1 975 
L i f e  stage e GBC MU 

1 8.8 Q. 1 . I  8.2 
1 8.8 B .  1 e .  8 0.2 

Yo I ksoc I QrVm L Q . 3  8.2 Q.6 0.6 
1 8 . 3  8.2 8.6 0.6  

Post yolksac larvae L 22.2 25.3 28.8 22.9 
I 2ca.7 23.5 18.6 21.3 

Juven i I es L 39.5 66.8 22.1 6.5 
56.1 16.8 28.9 

Comb i ned b 53.8 75.3 38,1 5 1 . 4  
I 45 .4  66.6 32.7 4 4 . 4  



L- 7 

Appendix 1-7. 
Pro j ect ed 

CClored - cycle) 

I974 I975 
Plant f GBC MI1 GBC Htl 

Rose t on L 0.0 0.0 0.1 0.1 
I 8.0 0 .a Q. 1 0.1 

Indi on Pt 2b3 L 2.7 7.2 
I 2.7 7.2 

BQWI ine L 8.8 0.8 
I 0.8 0.8 

Love t t L 22.3 14.3 
I 17.6 12.6 

Donskasrmtr L 0.3 0.3 
I 0.3 E? .3 

I .6 
1.6 

0.5 
0.5 

18.1 
8 . 2  

8.7 
8.6 

3.4 
3.4  

0.5 
0.5 

13.4 
12.5 

0.7 
0.6 

L = 24-hr latent f-factors 
I Immediate f-factors 



L- 8 

Appendix L-8. 
Projected - A l l  Plants 

(Closed - cycle) 

1974 1975 
L i f e  stage f GBC MU GBC w 

L 0.8 8.1 
I 0.8 8.1 

Yo I ksoc I QTVOB L 0.8 I .9 
I 0.61 1.9 

Post yolksac larvae L 5 .4  9.6 
I 5.1 9.8 

Juven i I es L 20.9 1 1 . 1  
1 16.3 9.9 

Comb i ned L 25.2 21.3 
I 28.6 19.6 

8.8 
8.0 

0.1 
0.1 

4.6 
4.4 

8.3 
6 . 4  

12.7 
18.6 

8.1 
8.1 

5.4 
5.4 

8.1 
7.6 

4.7 
4.1 

17.3 
16.3 

L = 24-hr latent f-factars 
P =: PmnediaQe f-factors 



L-9 

Appendix L-9. 
Projected - Bowline, Indian P t  283, Roseton 

(Closed - cycle) 

I974 1975 
L i f e  stage f GBC MU GK Mu 

L 0.0 0.0 0.0 0.0 
I 0.0 0 .@ 0.0 0.6 

Yo I ksoc I ar vm L 0.8 8.0 0.0 0.0 
I 0.8 8.0 0 .0  0.8 

Post yo I ksac I arvae L 1.3 I .6 I . 2  1 . 4  
I 1.3 I .6 1.2 1 . 4  

Juven i I es L 2.2 6.4 I .fa 2.5 
I 2.2  6 .4  1.0 2.5 

Comb i ned L 3.5 7.9 
I 3.5 1.9 

2.2 3.9 
2.2 3.9 

L = 24-hr latent f-factors 
I = Inmedi ate f-factors 



APPENDICES M-0 

ETM RUN RESULTS 
INCORPORATING THERMAL MODEL f-FACTORS 



ese appendices ~ ~ n t a i n  tabulations sf ET24 run results incorporating 

projeceed once-through power plant flow corrditioms and t h e m 1  model f- 

factors f o r  three Hudson River f i s h  populations: 

PQpUkatiQn 

Striped bass 
mite perch 
Alosa spp. (blueback herring and 
alewife) 

For each population, three tables are presented, each representing a 

different  level aP component thermal model f-factors used in t h e  ETM runs: 

Contents  

?xinus one staakgnrd error 

1_1_ 

Table 
1 Component thema% modef f-factors 

2 Component themal  model f-fa.cb,ors 

3 C a m p ~ ~ ~ e n t  thermal model f-  fnctsrs 
plus  one standard error 

run results are presented fo r  the 1974 and 1935 data base years 

in each table .  For each data base year, the E nm rfxwlts tabxllated 

G and MU W-factors, and immediate and 24-hr Patent f-factors. 



Append i x H- 1 . 1  
Projected 

(Once - through9 

Str iped bass - LOUER f-factor vu I ues 

1974 1975 
P I ant f GBC NU GBC HU 

Roseton L 1.3 1.9 1.11 t -6  
I 1 .B 1.5 0.7 1 . 1  

Indian Pt 2&3 L 7.8 6.5 10.2 8.3 
I 5.6 4 .? 7 .3  6.0 

Bowl ine L 1 . 1  1 . 1  1.5 f .5 
I 0.5 0.5 0.7 8.7 

Lovet t L 3.4 0.6 4.6 8.8 
I 2.8 8.5 3.8 8.6 

Oanskammer L 8 .3  8.5 8.2 8.4 
I 8 "2 8.3 8.1 0.2 

I L = 24-hr latent f-factors 
1 = Immediate f-factors 

M- 1 



M- 2 

1974 75 
f NU 

L 1.4  1.7 1.2 1 .s 
I 1 . 4  1.7 1.2 1.5 

Y 0 I kCBC I (LBr V(PQ b 1.5 1 . 4  1.5 1 . 1  
1 1.5 I .4  1.5 1 . 1  

9.8 5.7 12.8 7.2 
6.3 3.  -5  4.7 

Jarvan i I 8s 1, 2. 2. 2. 2. 
I 8). 81. 1 .  1 .  

L 13. 16. 
1 9. 12, 

L = 24-IT latent f-factors 
i a b  f-factors 



Projected - Bowl ine, Indian PI 2 
~Qnce - t~~~~~ 

B 97s 
Li fe  stage f 6BG esc 

L 1 .  1.6 1 . 1  1.4 
I 1.3 1.6 1 . 1  1.4 

Yo I ksac I Q W O ~  L f .2 1 "i 1.2 
I t "2  t . I  t 2 

Post yolksac larvae L 6.0 5.1 8. .5 
1 3.9 3.3 5.2 4 .3  

uveni les L .9 1 .  2.7 2. 
6 .$ 8, 1.3 1 .  

C o d  i ned L tE4.8 9.3 12.5 1 3 . 1  
I 7. 6.6 -6  7.7 



Append i x H-2.1 
Projected 

(Once - throu 

1974 1975 
Plant f GBC HU 

Rose t CB b 
x 
L 
I 

Bow II i ne L 
I 

Love t t b 
I 

Danskamer L 
I 

2, I 
1 .s 

11.6 
8.2 

2.8 
0.8 

4 . 4  
3 .6 

8.6 
8.3 

2.9 
2.1 

9.6 
6.8 

2.0 
8.8 

1.8 
$3  

0-9  
8.4 

1.7 
1 . 1  

15.3 
1 1  .8 

2.7 
1 . 1  

.a 
4.9 

8 .4  
0 "  1 

2 .4  
1.6 

12.6 
9.8 

2.7 
1 . 1  

1.3 
8.9 

8 3  
8.2 



X
 



M- 6 

L 1.3 
I 1.3 

Post yolksac larvae h 
a 

Juveni les L 4 . 1  
E I .7 

1.6 
1.6 

1. 
1 .s 

7 13 
5 ..@ 

4-1 
1.7 

14.18 
9.5 

2.8 
1.7 

11.4 
8.0 

5.7 
2 - 7  

19.1 
13.0 

1 . 4  
1 . 4  

1.5 
1.3 

9 .4  
6.6 

5.7 
2.7 

17. 
11.5 



SLP iped bass - UPPER f-factor vaiues 

Roseton L 
I. 

Indian Pt  283 L 
I 

awl ins L 
1 

Lavet t L 
I 

95.5- t2.9 
11.2 a9 2 2  

3.1 3 ..i 
I . 3  1 :3 

2B.6 17.1 
15.2 12.5 

4.2 4.2 
I .9 1 .  

7.4 1.8 
6.8 i - 2  

Dmskammer L 1 . 1  1.6 .e 1 . 1  
I 8.7 9 .  . 4  8.7 

L 24-hr latent f-factors 
I = Immediate f-factors 



M- 8 

Y 8 I ksoc II ah Plae L 3.5 3.2 3.4 2.6 
1 2.7 2.5 2.7 2.8 

6 Iarves B 15.7 .7 13.6 
1 12, .@ 



M- 9 

Append i x H-3.3 
Projected - Bowline, Indian P t  283, R~mton 

ante- through) 

f 974 1975 
Life st5ge f 6K Mu GBC 

L 1.3 1.6 1 . l  1.4 
I 1 .  1.6 1 " I  I . 4  

Yo I ksac 1 ar vae E 2.8 2 -5 2.8 2.1 
I 2.2 1.9 2.2 1.6 

Post yolksac lorvoe L f 1 . 1  9.5 94.8 1 2 3  
I 8. f 6.9 11.8 9.1 

Juveni les L 6.9 6.9 9.4 9.4 
I 3.3 3 -3  5.8 5.8 

Comb i ned L 20.6 19.1 25.9 23.3 
P 14.2 13-1 18.2 86.2 

E = 24-hr latent f-foclors 
I = Immediate Q-factors 



Ps o j  eck e 
03nce - through) 

1974 1975 
PImt f H 

Woa;.a?ton L 2. t 2. !. 
1 B .8 2. 1 .  

L .5 7. 6 .  
I . 3  6. 5 .  

L 4. f 4 .1  
3 4.  4 .  

L W d t  L 6.3 - 3  
I 8.3 .3 



N- 2 

(Ones - through> 

1974 1975 
Life stage f H 

L 5.5 
1 5.5 

Yo I kscec I wvae L fa .  7 
I 8.7 

Comb i ned L 15. 
1 14.5 

7.3 
7.3 

8.6 

7.5 
7.5 

8.1  

15.4 
14. 

8.9 
L3.9 

8 - 6  
8.6 

-9.7 
7.7 

1.7 
8.2 

18.7 
9.3 

2.6 
2.6 

0.6 
0.6 

6.5 
6 .§ 

1.9 
.2 

1 

I akent e-factor 6 

i ate $-factors 



M- 3 

f 1975 
f c flu C NU 

L 5.4 6. 8.8 f .6 
I 5.4 6.9 8.8 I .6 

YS I &Sac I L .6 9.6 8.5 8.5 
P .6 8.6 0.5 8.5 

L 14.1 .$ 9.6 
9 13-6 14.2 8.5 8.4 



N- 4 

19-14 
P lent f c n 

Rose ton I, 3 .  3. 2. 3 .  
f 2. 2. 1 .  2. 

L 11.2 11.3 18.8 9.1 
9 10. 18, 9*1  8.2 

b 4.3 4.3 1.3 1.3 
a: 4.1 4 . 1  8. - 9  



N- 5 

tb 

actor values 

h 5.5 7. 2. 
1 5 5  7. 2 .  

ask yasksec larvae e 1 1  .a 
I 11.7 

Juven i I ea L - 7  .7 
I .5 -5  

e 18.9 15. 
1 19.8 12. 

L =  
I =  i at@ f-fac tars 

I Q tent 4-f actor s 



N- 6 

Append i x M-2 3 
Projected - ine, Indian P t  2&3, 

L 5.4 
1 !is 4 

Yolksac Iwvcae b - 9  
I @.a 

PSSB yolksac larvae L 18.9 
f 1e.9 

Juven i I %I I, 1.4  
I 0 . 3  

b m b  i ned L 17.7 
1 16-7 

8.9 
8.8 

1 . 4  
8.3 

18.0 
17.8 

8, 
8. 

e. 9 
0.8 

9.  
9 3  

3.0 
0.7 

13.8 
1 1  . J  

1.6 
1 .  

8 .6  
8 .  

13.5 
1 1 .  

L = 24-kr latent f-4 
ediats f-factws 



N- 7 

Projected 
(Once - through1 

1974 1975 
P 1 ant f GBC Mu GBC NU 

oseton L 4.2 4 .4  4.3 4.8 
I 3-5 3.7  3.8 3.6 

Indian Pt 2h3 L 13.7 13.5 12.8 11.7 
I 13.1 12.9 11.6 18.5 

Bow1 ine L 4.5 4.5 1.8 1.8 
I 4 .2  4.2 1.2 1.2 

Lovet t L 1.5 8.5 I .6  8.6 
I I .5 0.5 1.5 8.5 

DarookclrnfflW L 8.8 1 .! 1.8 2.8 
I 0.5 0.8 8.6 1.5 

L 24-hr latent f-factors 
I = Immediate f-factors 



N- 8 

Append i x N-3.2 
Projected - A I  I PI 

Khce - througlsa 

Eaw L 5.5 7.3 0,Q 2.6 
I .5 7.3 8,9 2 .6  

Yo I ksac 1 (IKVQI L 1.5 1.4 1.5 1.3 
I 1.2 1 . 1  1 . 1  1 .$ 

Pssk yolksac larvae L 14. 12.7 13.1 1 1 . 1  
I: 14.  12.7 13.1 1 1 . 1  

Juveni Ies L 2.9 2*9  6 .  I 6.1 
.I 1.3 1.3 2.7 2.7 

Comb i ned L 23.1 22.5 28.3 19.9 
I 21.5 21.0 17. f 16.6 

L = 24-hr latent, f-factors 
1 = Imediat 



N- 9 

Append i x N-3.3 
Projected - Bowline, Indim P t  283, Roseton 

(Once - through1 

White perch - WE!? f-factor values 

1974 1975 
L i f e  stage f (;86 HU GBC nu 

L 5.4 6.9 8.8 1.6 
I 5.4 6.9 8. 1.6 

Yolksac larvae L 1.3 1.3 f . 3  1.3 
I 1 .Q 1.0 1.8 1 .a  

P o d  yolksac larvae L 13.5 12.2 11.9 
I 13.5 12.2 01.9 10.6 

veni lee L 2.4 2.4 5.1 5.1 
I 1J 1 . I  2.2 2.2 

Comb i ned L 21.2 21.2 18.1 17.5 
I 19.8 19.9 95.4 14.8 

L = 24-hr latent f-factors 
I = Imnediate f-factors 



Appendix 0-1. f 
Pro j ec ked 

COnce - through) 

1974 f 975 
P I ant f GBC tlU GBC ffu 

Roseton 1, 1.7 2 .2  1.9 3.7 
1 1.7 2.2 1.9 3.7 

8.S 0 .6  
8.9 8.9 0.5 8.6 

Indim Pt  283 e 8.9 .9 
1 

L . 2  8.2 0.8 8.111 
I: . 2  Q.2 8.8 Q.Q 

L Q V d t  L . I  8.1 8.8 8 .  a 
a 8. I 8.1 .8 0 .  t 

mmw L 0 3  ar.5 8.8 3.8 
I 8.7 0.5 8.8 3 .8  

0-1 



k
 



0- 3 

Projected - Bowline, Indian Pt 2 
Ohce -- through) 

I974 I975 
L i f e  stogre f e MU GBC nu 

L 
I: 

Yo I ksac I mvae L 8.8 
I 0.8 

Post yolksac larvas L 8. 
I 8.9 

&tomb i ned L 2. 
I 2.8 

.,6 
0 .-6 

3.3 
3.3 

. I  
8.1 

8.8 
8 ..a 
0-9 
8-9 

1.3 
1.3 

2.4 
2.4 

1.6 
1.6 

0.1 
8-1 

8 -5 
8.6  

2. li 
2.1 

4 .3  
4 .3  

L = 24-hr latent f-factors 
I = Immediate f-factors 



0- 4 

pendix 0-2.1 
Pr a j  ec t e$ 

197 I975 
P D ant -f 

Wolseton b 2.6 3 .7  2. 5.2 
a 2.8 2.6 2.2 4 . 1  

P t  28 L 1 .  2. 1.2 I . 4  
a 1 . 4  1.6 1 .  1.2 

w l  ine L 8.4 . I  . I  
a 6.3 . 1  . I  

Lovet t L -2 8.2 8. I . I  
1 - 1  8.. 1 8.1 . I  

b I .2 .7 1 .  4 .B  
I 8 .  6.6 I .B 3 .  



0- 5 

Append i x 0-2.2 
Projected - I Plants 

(Once - through) 

Aioca spp. - MIDDLE f-factor values 

1974 1975 
L i f e  stage f (;Bc nu GBC Plu 

L 8.Q 0.1 8.2 
I 8.8 8.1 8.2 ' 

4.9 
4 - 9  

Yo I ksac I arvae L 0.1 8.1 0. t . I  
I 0.1 8.1 8.1 8.1 

Post y0iks;ac larvae L 1.8 1 .s 1.9 1.6 
I 1.8 i .5 1.9 1.6 

Juven i les L 4 . 4  5 .4 3.2 4.3 
I 2.8 3.5 2. I 2.6 

Comb i ned L 6.2 6.9 5.3 
I 4.7 5.1 4.2 9. ad 

L = 24-hr latent f-factors 
I = Inmediate f-factors 



f-factor values 

L i f e  sta f 

cse L 1.4  1.2 1.5 1.3 
1 1 . 4  1 .%I 1 .s  1.3 

duveni les b 3,4 4 .  2 - 4  3 .  
f 2.2 3.2 1.5 2 .5  

I, 4. 6. 4 .  
a: 3. 4 . 4  3.2 5.3 

L = 24hr latent f-f 
edi a h  f-factors 



0-7 

1974 1975 
Plant f BC 

ROE@tOrp L 
I 

Indian Bt 283 I.. 
I 

Soul iste L 
1 

Lovet t L 
I 

L 
I 

2. 
2.3 

2.4 
2.8 

.2  

. 2  

1 . 4  
1 . 1  

4 . 1  

- 7  
2.2 

.5 
0.4 

2 
.2 

.[Q 

.7  

3.1 5.7 
2.5 4.5 

1.8 2. I 
t .6 1.9 

. 1  . I  

. I  . I  

. f  8.1 

. I  8.1 

1.5 4.1 
1 . 1  3.9 

atent f-factors 
I = Immediate f-PcxAors 



0- 8 

19741 197 
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APPENDIX P 

INCORPORATION OF SUBLETHAL EFFECTS AND INDIRECT MORTALITY IN 

MODELING POPULATION-LEVEL IMPACTS OF POWER-PLANT ENTRAINMENT 

This testimony i s  submitted by Dr. Webster Van Winkle and Dr. Sigurd 

W. Christensen. The objectives of the testimony are (1) to summarize the 

principal findings and conclusions contained in a report prepared for the 

U.S. Nuclear Regulatory Commission entitled "Incorporation of Sublethal 

Effects and Indirect Mortality in Modeling Population-Level Impacts of a 

Stress, with an Example Involving Power-plant Entrainment and Striped 

Bass" (ORNLINUREGITM-228); ( 2 )  to review the utilities' position with 

respect to the incorporation of sublethal effects and indirect mortality 

in estimating the cropping factor (f ) and in modeling population-level 

impacts of entrainment; and (3) to present an alternative to the 

utilities' position, which better reflects the results of research in the 

area of sublethal effects and indirect mortality, and which has been used 

in EPA's direct testimony in estimating f for all species and in 

modeling the population-level impacts of entrainment on the Hudson River 

American shad, Atlantic tomcod, bay anchovy, striped bass, and white 

perch populations. 

c 

c 

PRINCIPAL FINDINGS AND CONCLUSIONS FROM ORN'L/NUREG/TM-288 

ORNL/NUREG/TM-288 w a s  prepared jointly by Drs. Van Winkle and 

Christensen. The experiments on sublethal effects of heat shock on 

feeding of striped bass larvae were performed jointly by Drs. Van Winkle 

and Christensen, with the assistance of Dr. J. Samuel Suffern, at Oak 

Ridge National Laboratory during May and June of 1977. 

indicates the following: 

ORNL/NUREG/TM-288 

(1) When direct mortality due to entrainment is less than loo%, it 

is important to estimate indirect mortality. 

(2 )  An equation is derived for the conditional mortality rate due 

to a stress, with power plant entralnment as the example, that 

incorporates both direct and indirect mortality. 

P-1 
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(3) Preliminary experiments to test for sublethal effects of heat 

shock on the feeding of striped bass (Morone - saxatilis) larvae suggest 
that striped bass larvae are less likely to feed following heat shocks of 

the type used in these experiments. However, the results also suggest 

that once they do  start feeding, the amount eaten is not substantially 

influenced by the preceding heat shock. 

( 4 )  Although the results from these experiments are preliminary, 

the methodology of estimating a conditional mortality rate from such 

results is clear, as are some of the problems of extrapolating from 

sublethal effects to indirect mortality. 

(5) A conceptual framework is diagramed for considering 

interactions between stressed individuals at one trophic level with those 

at the next lower and higher trophic levels, particularly with reference 

to power plant entrainment as the soiirce o f  stress. The diagram requires 

modification in going from uncontrolled field studies to controlled 

experimental studies designed to test hypotheses and estimate conditional 

mortality rates associated with a stress. 

( 6 )  The use of application factors in modeling population-level 

impacts is recommended, based on the same rationale that justifies the 

use of application factors in setting effluent and water-quality 

standards. 

REVIEW OF UTILITIES ’ POSITION 

The utilities’ dlrect case with respect to consideration of 

sublethal effects and indirect mortality in estimating cropping factors 

(fc) and in modeling population-level impacts of entrainment is almost 

nonexistent. This is evident from an examination of the following two 

documents, which are the two most logical and appropriate documents in 

which this topic should be considered. 

(1) Exhibit UT-11, entitled “Surv-kva% of Entrained Ichthyoplankton 

and Macroinvertebrates at Hudson River Power Plants.“ There is no 

mention of sublethal effects or iodireca: mortality due to entrainment €or 

any species in this recent (July 1977) report by Ecological Analysts. 
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( 2 )  Exhibit UT-3,  Section 3-IV-D-2-d, entitled "Entrainment 

mortality, the f factor." It is indicated (p. 3-IV-58) that hatching 

success of striped bass eggs collected at the discharge stations was 

significantly lower than at the intake stations at Indian Point Jn 1974, 

but not in 1975. This indirect mortality is included in estimating f 

far striped bass eggs for 1974. However, there is no mention of indirect 

entrainment mortality for striped bass larvae and early juveniles. By 

omission the implications are that indirect entrainment mortality for 

these life stages is negligible, and that thus, it can be ignored in 

modeling population-level Impacts of entrainment using the real-tfme 

life-cycle model. 

C 

c 

In summary, with the one exception of considering hatching success 

of striped bass eggs in 1974, the utilities' direct case completely 

ignores sublethal effects and indirect mortality in estimating f and 

in modeling population-level impacts of entrainment. 
C 

During EPA's cross examination of the utilities' panel of expert 

witnesses an the cropping factor, consisting of  Drs. Englert, Jinks, 

Lauer, and O'CConnor, the folkowing points were established: 

(1) If entrained organisms have a competitive disadvantage in 

feeding, if they then become smaller than their congeners (i.e-, other 

young-of-the-year organisms of the same age and species), and if 

consequently, they have a lower surv.dval than their congeners, then a 

measure of power plant mortality which was limited to direct mortality 

would understate actual power plant-induced mortality. (Transcript 

p .  8788) 

(2 )  Accelerated rates of predation on entrained organisms, if they 

OCCUF, represent an indirect effect of entrainment that would not occur 

but for the power plant. (Transcript p .  8791) 

( 3 )  If there is a tendency of entrained organisms to have a higher 

susceptibility to bacterial, fungal, and parasitic diseases, and if those 

effects either take longer than 96 hours to show up, or require reentry 

into the river environment to occur, then whatever the magnitude of that 

effect, it would not be reflected by the utilities' assessment of the 

mortality caused by the power plants. (Transcript p .  8794) 
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( 4 )  If organisms subject to entrainment were more vulnerable in the 

sense of survival potential to certaini environmental stresses (e.g., 

pollutants (Transcript p .  8796), oxygen (Transcript p. 8797), temperature 

(Transcript p. 8800), and salinity (Transcript p .  8800), then the 

utilities' method of calculating entrainment mortality caused by the 

power plant would fail to reflect this source of mortality, whatever its 

magnitude. (Transcript p. 8 9 9 5 )  

EPA'S POSITION 

Based on the information in ORNL/NU€WG/TM-288 and a careful review 

of recent open-literature publications dealing with sublethal effects and 

indirect mortality due to environmental stresses Coutant et al., 1979; 

Deacutis, 1978; Ginn et al., 1978 , E P A ' s  position with respect to 

including indirect mortality in estimating the cropping factor (f ) and 

in modeling papulation-level impacts of entrainment is as follows: 
C 

(1) The conditional rate 0f indirect entrainment mortality (m ) I 
is almost certainly greater than 0.0. The question is, how much greater 

than 0.0 is it? 

(2) A s  indicated in numerous other places in EPA's direct case, 

when faced with uncertainty we feel that the most scientifically 

justifiable course of action is to select a range of values, based on 

professional judgment, which has: a reasonably high probability of 

including the true value of a parameter. 

( 3 )  For all entrainable life stages of all species at all power 

plants, we have assumed that rn is proportional to m that is, 

m 

Item (2) above, we have selected the following values of - k: 

estimate = 0.0;  upper estimate = 0.2; and b e s t  estimate = 0.1. The best 

estimate value of 0.1 means that m is assumed to be 102 of 

I D3 
= k %, where k is the  proportionality constant. In keeping with 

1 
lower 

%- I 
( 4 )  These calculated values for m have been used in models to 1 

estimate the conditional mortality rate due to entrainment (m ) and 

entrainment and impingement combined (m ) and to estimate long-term 

population-level impacts of power plant operation. 

E: 

T 
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