


. . .  ... .- . . . . . . . . . .  

, 



NUREG/CR-2220 

QRNL/NUREG/TM-385/V2 
Volume I T  

D i s t r i b u t i o n  Category-RE 

Con t rac t  No. W-7405-eng-26 

THE IMPACT OF ENTRAINMENT AND IMPINGEMENT ON 
FISH POPULATIONS I N  THE HUDSON R I V E R  ESTUARY 

VOLUME I 1  

Impingement Impact Analyses, E v a l u a t i o n s  o f  A l t e r n a t i v e  Screening 
Devices, and C r i t i q u e s  of U t i l i t y  Testimony R e l a t i n g  t o  Dens i t y -  

Dependent Growth, t h e  Age-Composition o f  t h e  S t r i p e d  Bass 
Spawning Stock, and t h e  LMS Real-Time L i f e  Cyc le  Model 

L. W .  Barnthouse, W .  Van Winkle, J.  Golurnbek,l G. F. Cada, 
C. P. Goodyear,' S. W .  Chr is tensen,  J. B. Cannon,3 and D. W .  Lee 3 

ENVIRONMENTAL SCIENCES D I V I S I O N  
P u b l i c a t i o n  No. 1791 A' 

'Energy and Thermal Wastes Sec t ion ,  Water D i v i s i o n ,  U.S. Environmenta? 

* N a t i o n a l  F i s h e r i e s  Center  -- Leetown, U.S. F i s h  and W i l d l i f e  

3Energy D i v i s i o n ,  Oak Ridge N a t i o n a l  Labora to ry .  

P r o t e c t i o n  Agency, Region 11, New York 10278. 

Serv ice ,  Route 3, P.O.  Box 41, K e a r n e y s v i l l e ,  West V i r g i n i a  25430. 

Manuscr ip t  Completed - September 1981 
Date Pub l i shed  - April 1982 

Prepared f o r  
O f f i c e  o f  Nuc lear  Regu la to ry  Research 

U.S. Nuc lear  Regu la to ry  Commission 
Washington, D.C 20555 

Under In te ragency  Agreement No. DOE 40-550-75 

NRC FIN BO165 

TASK: Methods t o  Assess Impacts  on Hudson R i v e r  S t r i p e d  Bass 

OAK R I D G E  NATIONAL LABORATORY 
Oak Ridge, Tennessee 37830 

opera ted  by  
UNION CARBIDE CORPORATION 

f o r  t h e  
DEPARTMENT OF ENERGY 

3 4456 0 2 6 b 3 8 4  5 





A CK N OW L E D G E M E N T S 

iii 





FOREWORD 

On December 19, 1980, w i t h  t h e  s i g n i n g  o f  an o u t - o f - c o u r t  
s e t t l e m e n t  agreement, a th ree -yea r  a d j u d i c a t o r y  h e a r i n g  on t h e  e f f e c t s  
o f  e l e c t r i c  power genera t i on  on t h e  Hudson R i v e r  was ended. 
purpose o f  t h i s  h e a r i n g  had been t o  de termine whether s i x  c o o l i n g  
towers, r e q u i r e d  by  t h e  v a r i o u s  Envi ronmenta i  P r o t e c t i o n  Agency ( E P A )  
pe rm i t s ,  shou ld  be b u i l t  a t  t h r e e  power p l a n t s  on t h p  Hudson R i v e r  i n  
New Yosk i n  o r d e r  t o  m i t i g a t e  t h e  impacts  o f  m i t r a i n m c n t  and 
i nip  i ngernent on e s t  u a r  i ne f i s h popu 1 a t  i ons ., 
t h e  ERA hear ings ,  t h e  s e t t l e m e n t  r e s o l v e d  reglnl a t o r y  d i s p u t e s  between 
t h e  i r t i l  i t y  companies and s e v e r a l  o t h e r  f e d e r a l  agencies, i n c l u d i n g  the  
11.3. Nuc lear  Regu la to ry  Commission ( N R C )  a 

- 
[he 

In  add i t i on t o  t e m i  n a t  i rig 

S t a f f  of t h e  Envi ronmenta l  Sciences D i v i s i o n  a t  Oak Ridge N a t i o n a l  
l a b o r a t o r y  (ORNL) were asked t o  p a r t i c i p a t e  i n  the EPA hear ings  because 
of  p r e v i o u s  work on en t ra inmen t  and impingement per formed f o r  AEC, NRC, 
ERDA, and DOE i n  connec t ion  w i t h  t h e  l i c e n s i n g  o f  I n d i a n  P o i n t  U n i t s  2 
a n d  3, t h e  l a r g e s t  g e n e r a t i n g  u n i t s  on t h e  Hudson R i v e r .  ORNL S t a f f  
p repared and submi t ted ,  i n  May 1979, numerous i nd iw? :dua l  p ieces  o f  
w r i t t e n  d i r e c t  t e s t i m o n y  f o r  EPA as p a r t  o f  these hear ings .  Same o f  
these p ieces  of t e s t i m o n y  were coauthored w i t h  i n d i v i d u a l s  from t h e  
N a t i o n a l  Power P l a n t  Team of the 2il. S .  F i s h  and Wildlife Servl'ce and 
f rom EPA. The purpose o f  t h i s  three-volume r e p o r t  i s  t o  pmbl ish  t h e s e  
i n d i v i d u a l  p ieces  o f  t es t imony  involv incy URNL s t a f f  i n  a mariner t h a t  
w i l l  assure a b roader  d i s t r i b u t i o n  t o  t h e  s c i e n t i f i c  comniunity, 
government agencies, and o t h e r  i n t e r e s t e d  p a r t i e s .  

Volume I i s  concerned w i t h  t h e  e s t i m a t i o n  o f  t h e  d i r e c t  ( o r  
annual 1 en t ra inment  impact  o f  t h e  power p l a n t s  on p o p u l a t i o n s  of 
s t r i p e d  bass, w h i t e  perch, A losa spp. (b lueback h e r r i n g  and a l e w i f e ) ,  
American shad, A t l a n t i c  tomcod, and bay anchovy i n  the  Hudson R i v e r .  
Ent ra inment  impact r e s u l t s  from t h e  k i l l i n g  o f  f i s h  eggs, l a rvae ,  and 
young j u v e n i l e s  t h a t  a r e  con ta ined  i n  t h e  c o o l i n g  water  c y c l e d  thraiagh 
a power p l a n t .  A n  " E m p i r i c a l  T ranspor t  Model" i s  p recen ted  as t h e  
means o f  o b t a i n i n g  a c o n d i t i o n a l  ent.rainment rnorta1.it.y r a t e  ( ~ h i c h  
rep resen ts  t h e  f r a c t i o n  o f  a year  c l a s s  which would h~ k i l l e d  elup t o  
entr-airiment i n  t h e  absence o f  densi ty-dependent  m o r t a l i t y ) .  Most of 
Volume I i s  concerned w i t h  t h e  e s t i m a t i o n  o f  s e v e r a l  parameters 
r e q u i r e d  b y  the model: p h y s i c a l  i n p u t  parameters (e.g., power -p lan t  
w i thd rawa l  f l o w  r a t e s ) ;  t h e  l o n g i t u d i n a l  d i s t r i b u t i o n  o f  
i c h t h y o p l a n k t o n  i n  t i m e  and space; t h e  d u r a t i o n  o f  s u s c e p t i b i l i t y  o f  
t he  v u l n e r a b l e  organisms; t h e  ' "A- factors , ' '  which express t h e  r a t i o s  of  
d e n s i t i e s  of organisms i n  power p l a n t  i n t a k e s  t o  d e n s i t i e s  i n  the 
r i v e r ;  and t h e  en t ra inmen t  m o r t a l i t y  f a c t o r s ,  wh ich  express t h e  
p r o b a b i l i t y  t h a t  an organism wjll be k i l l e d  i f  i t  i s  e n t r a i n e d .  Once 
t hese  va lues  a re  ob ta ined,  t h e  model i s  used t o  e s t i m a t e  en t ra inmen t  
impact  f o r  b o t h  h i s t o r i c a l  c o n d i t i o n s  and p r o j e c t e d  c o n d i t i o n s .  



Voluiile I 1  contains four exhibits relating to impingemerit irrrpdcts 
and three critiques o f  c e r t a i n  aspects o f  the utilities' case. Ihe 
f i r s t  exiaibit is a quaniitativc evaluation of four sour 
(col Iectiotn ~ f f  i c  iency, r e i m p i  ngerirent , impi ncj~rncnt on inoperat. i v e  
screens, and impirigernerrt survival) a f f e c t i i l g  estiinates o f  the ~iirnber of 
fish killed at Hudson River power p ldn ts .  
contain, respectively, a detailed assessment o f  t h e  impact of 
impingemrnt on the Hudson River white perch population and estimates o r  
conditional inipingement mortality rates for seven Hudson R i v e r  fish 
populations. Thr fourth exhibit is an evaluation o f  t h e  engineering 
feasibility and poitmtia? biological effectiveness o f  several types o f  
modified iotake structures proposed as alternativps to cooling t o w ~ r s  
for rcducing impingemrnt impacts. The remainder of Volume I1 cnn5ists 
o f  critical evaluations o f  the utilities' empirical evidence f o r  the 
existence O F  densi ty-drpcndent  growth in young-of-the-year st i - iped bass 
and  whit^ perch, o f  t h r i r  e s t i m a t e  of the age-compositian o f  the 
striped bass spawniriy s tock  in the Hudson R i v w ,  and of their use of 
the Lawler, Mdtusky, and Skelly (LMS) Real-lime Life Cycle Modcl to 
estimate the impac t  o f  entrainment and inpingemcnt on the Hi;dson River 
strigrd bass population. 

The two following exhibits 

Volume I I I  addresses the validity of the utilities! use o f  t h e  
Ricker stock-recrui tlnent, model to extrapol ate t h e  combined 
Entrainrrieiit-.irirpingcrncnt losses o f  young f i s h  to r e d u c t i o n s  i n  the 
equilibrium population size o f  adult fish. In our testimony, a 
methodology was developed and appl ied to address a single fundarrierrtal 
question: 
striped bass  population, could t h e  utilities' estimates, based on 
curve-fitting, o f  the p a r a m e t e r  alpha (which controls the impact) be  
considered reliable? The present Volume 111 includes, in addition, an 
analysis of the efficacy of an alternative inearis of estimating alpha, 
termed the technique o f  p r i o r  estimation o f  beta (used by the  u t i l i t i e s  
in a report prepared f o r  regulatory hearings on the Cornwa?l Pi~mped 
Stoi3age Project). Our validation mcthodology should a l s o  be useful in 
evaluating inferences drawn in the literature from fits of 
stock-recruitment modols to data obtained frolil other f i s h  stocks. 

if t h e  Ricker model really did apply to the  Hudson River 
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ABS TI? ACT 

RARNTHOUSE, L. W . ,  W .  VAN WINKLE, 3. GOLUMBEK, G. F .  CADA, 
C. P. GOODYEAR, S. W .  CHRISTENSEN, J. B. CANNON, and 
D e  W .  LEE. 1982. Impingement impact analyses, 
evaluations of a1 ternat i v e  screening devices, and 
critiques o f  Utility testimony relating to 
density-dependent growth, the age-composition of the 
striped bass spawning stock, and the LMS Real-Time L i f e  
Cycle Model. Volume IT. IN The Impact of Entrainment 
and Impingement on Fish Populations in the Hudson R i v e r  
Estuary. ORNL/NUREG/TM-385/V2 and NUREG/CR-2220. Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. 

This volume includes a series of four exhibits relating ts impacts 
of impingement on fish populations, together with a collection o f  
critical evaluations of testimony prepared for the uitlities by their 
consultants. The first exhibit is  a quantitative evaluation o f  f o u r  
~oiirces o f  bias (collection efficiency, reimpingement, impingement on 
inoperative screens, and impingement survival ) affecting estimates of 
the number of f i s h  killed at Hudson River power plants. 
fellowing exhibits contain, respectively, a detailed assessment o f  t h e  
impact of impingement on the Hudson River white perch population and 
estimates o f  conditional impingement mortality rates for seven Hudson 
River f i sh  populations. The fourth exhibit is  an evaluation of the 
engineering feasibility and potential biological effectiveness nf 
several types of modified intake structures proposed as alternatives t o  
cooling towers for reducing impingement impacts. 
Volume I 1  consists o f  critical evaluations o f  the utilities' einpirical 
evidence for the existence of density-dependent growth in 
yeung-of-the-year striped bass and white perch, of their. estimate of 
t h e  age-composition of the striped bass spawning stock i n  the Hudson 
River, and of their use o f  the Lawler, Matusky, and Skelly ( L N S )  
Real-Time Life Cycle Model to estimate the impact of entrainment and 
impingement on the Hudson River striped bass population. 

The two 

The remairider of 
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SUMMARY 

The first four chapters in this volume relate to impacts of 
impirigernent on Hudson River fish populations. In Chapter I, the 
utilities8 estimates of the numbers o f  fish impinged at the Bowline, 
Lovett, Indian Point, Koseton, and Danskammer generating stations are 
evallsated. The methods used to compute the number of fish killed by 
imi?ingement at each of these plants are described, and four sources of 
h i a s  t h a t  can affect impingement estimates (collection efficiency, 
~ ~ i ~ ~ i n ~ ~ ~ e ~ t ,  impingement on inoperative travelling screens, and 
impingement survival ) are discussed . Wherever possible the magnitude: 
o f  each bias i s  estimated. Finally, plant and species-specific 
adjustment factors that can be used to scale the impingement estitiiates 
up or down t o  account for these biases are presented. 

Chapter I1  presents two independent lines o f  evidence evaluating 
irripinqernent losses of white perch at the power plants on t h e  Hudson 
R i v e r .  The first line o f  evidence involves analyzing the variation in 
~ ~ I l ~ ~ t i o n  rates among years over the periad 1972-1977. These rates 
provide estimates of year-class strength on a relative scale. The 
second Tine of evidence involves estimating the conditional martality 
rate (or- equivalently, the percent reduction in year-class strength in 
the  absence o f  compensation) due to impingement f o r  the 1974 and 1975 
white perch year classes. 

Chapter 111 presents estimates of conditional impingement 
mortality rates for the 1974 year classes of white perch, striped bassp  
alewife, blueback herring, American shad, and Atlantic tomcod, and for 
the 1975 year classes of white perch, striped bass, American shad, and 
the Atlantic tomcod. Exploitation rates for the total impingeable bay 
arrchovy papulation (adults +- juveniles) residing above river mile 12 
are presented for each month from May through October 1974 and 1975. 
Rather than single "conservative" estimates o f  impact, realistic ranges 
of probable  impacts for each species and year class are developed. The 
h i g h e s t  impingement impact estimates obtained are f o r  white perch, the 
lowest f o r  American shad. I n  addition to estimates of actual 
h7istarim1 -impacts, estimates of the impacts that would have occurred 
h a d  closed-cycle cooling systems been installed at one or more of the 
three plants (Bowline, Indian Point, and Roseton) at issue in the 
hear ings, are presented. It was found that greatly reduced impacts on 
white perch, Atlantic tomcod, and striped bass would have occurred had 
closed-cycle cooling systems been operating either at all three plants 
O Y  only  a t  Bowline and Indian Point. Closed-cycle cooling at Indian 
P o i n t  alurie would have substantially reduced the impact o f  impingement 
on white perch and Atlantic tomcod, and would have moderately reduced 
t h o  impact on striped bass.. 

Chapter I V  presents evaluations of the degree to which impingement 
and entrainment mortality at the intake screenwells of Indian Point 
Units 2 and 3, Bowline, and Roseton, can be potentially reduced by 
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b a c k f  i t t i n g  them w i t h  a l t e r n a t i v e  sc reen ing  dev ices .  Both  p h y s i c a l  and 
b e h a v i o r a l  sc reen ing  b a r r i e r s  a r e  cons ide red  The physicdl sc reen ing  
b a r r i e r s  cons ide red  are  ( 1  ) c o n v e n t i o n a l  v e r t i c a l  t r a v e l i n g  screens 
( V T S )  w i t h  m o d i f i c a t i o n s ,  ( 2 )  cen te r -F low t r a v e l i n g  screens, 
( 3 )  f lush-mounted h o r i z o n t a l  t r a v e l i n g  screens (H ' IS) ;  ( 4 )  c y l i n d r i c a l  
wedge-wire screens, and ( 5 )  r a d i a l  we1 1 i n takes .  The b e h a v o r j a l  
sc reen ing  b a r r i e r s  cons ide red  a r e  angled HTS and l o w e r  and angled 
screen d i v e r s i o n  systems. I t  i s  concl i ided t h a t  t h e w  a r e  a l t e r n a t i v e  
dev i ces  a v a i l a b l e  t h a t  c o u l d  p o t e n t i a l l y  reduce iriipirigernent and, t o  a 
l e s s e r  e x t e n t ,  ex t ra inmen t  m o r t a l i t y  a t  power p l a t i t  cool  ing-water 
i n t a k e s .  The e x t e n t  of r e d u c t i o n  ach ievab le  i n  p r a c t i c e  however, i s  
s i t e  s p e c i . f i c  and can b e s t  be determined f r o m  i n  s i t u  s t s id i cs  d u r i n g  
p l a n t  o p e r a t i o n .  

Chap te r  V p i *esents  a c r i t i c a l  e v a l u a t i o n  o f  e m p i r i c a l  " e v i d ~ c c e "  
f o r  t h e  e x i s t e n c e  o f  d e n s i t y - d e p e n d m t  growth in the i.iucison R i v e r  
s t r i p e d  bass  and w h i t e  pe rch  pop i r l a t i ons .  Cons l i l t an ts  f o r  t h e  
u t i l i t i e s  h a w ,  on s e v e r a l  occasions, r e p o r t e d  f i n d i n g  i n v e r s e  
c o r r e l a t i o n s  between growth and abundance i n  j u v e n i l e  s t r i p r d  bass and 
w h i t e  perch, and have c i t e d  these  r e s u l t s  as ev idc t lce  t h a t  
densi ty-dependent  growth, a compensatory mechanist11 capab le  of p a r t i a l l y  
o f f s e t t i n g  t h e  impact o f  power p l a n t  ent ra inment  and impingement, may 
be  o p e r d t i t i g  i n  t h e  Hudson R i v e r  striped bass and l d r S t F *  perch 
p o p u l a t i o n s .  An e v a l u a t i o n  of  t h e  d a t a  and methods o f  a n a l y s i s  iised b y  
t h e  u t i l i t i e s '  c o n s u l t a n t s  shows t h a t  i t  i s  n o t  p o s s i h l r  t o  demonstrate 
t h e  e x i s t e n c e  o r  non-ex is tence o f  densi ty-dependent g r o w t h  f ~ o m  
e x i s t i n g  d a t d .  It i s  f u r t h e r  argued  t h a t ,  even i f  t h e  e x i s t e n c e  o f  
densi ty-dependent  growth  c o u l d  be proved, knowledge o f  i t< e x i s t e n c e  
w o u l d  be use less  t o  t h e  decis ion-maker because i l s  compensatory e f r e c t s  
cannot be q u a n t i f i e d .  

Chap-t:er V I  p resen ts  a c r i t i c a l  a n a l y s i s  of t h e  u t i l i t i e s '  e s t i m a t e  
of the age-composi t ion of the  s t r . i p e d  bass spawr ing  s t o c k  i n  t h e  Hudson 
R i v e r .  
p r o d u c t i o n  a r e  used b y  t h e  u t i l i t i e s  t o  develop l ay  t imes  t h a t  
de te rm ine  t h e  p a i r i n g  of i n d i c e s  o f  s tock  and r s c r u i t m e n t  i n  ik 
Ricker- s t o c k - r e c r u i t m e n t  c u r v e - f i t t i i i g  e x e r c i s e  (Voltliile 111). 
e s t i m a t e s  o f  long-term power p l a n t  impact ob ta ined  f ro in  t h e  
c u r v e - f i t t i n g  e x e r c i s e  are h i g h l y  s e n s i t i v e  i o  the c h o i c e  o f  l a g  t i m e .  
I t  i s  concluded t h a t  t h e  u t i l i t i e s  g r e a t l y  underest imated t h e  
c o n t r i b u t i o n  of age seven and o l d e r  s t r i p e d  bass t o  t h e  spawning s tock ,  
t h e r e b y  u n d e r e s t i m a t i n g  t h e  p roper  1 ag .t ime fov- the  5 tock- recru i . t tnen i  
a n a l y s i s .  

I-MS Rcal-'Virne L i f e  Cyc le Model t o  e s t i m a t e  reductioris i n  y e a r - c l a s s  
abundance o f  s t r i p e d  bass caused b y  en t ra inmen t  and iinpirigenient. I t  i s  
concluded t h a t  t h e  Real-Time L i f e  Cyc le  Model i s  no t  a r e l i a b l e  t o o l  
for making sound f i s h e r i e s  management dec i s ions .  

Es t ima tes  o f  t h e  c o n t r i b u t i o n  o f  each age-class t o  each y e a r ' s  

Chapter V I 1  presents an e v a l u a t i o n  o f  t h e  u t i l i t i e s '  use o f  Lhe 
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CHAPTER I 

AN A N A L Y S I S  OF FACTORS THAT INFLUENCE IMPINGEMENT E S T I M A T E S  
A T  HUDSON R I V E R  POWER PLANTS 

TESTIMONY OF 

LAWRENCE W. BARNTHOUSE, Ph.D. 
ENVIRONMENTAL SCIENCES D I V I S I O N  
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1 .  INTRODUCTION 

In order t o  f a c i l i t a t e  understanding o f  my assessment of this aspect of 
the u t i l i t i e s ’  case, I begin w i t h  a brief outl ine o f  the data, methods, and 
biases involved i n  computing the number of  f i sh  impinged and ki l led by a 
pmer p l a n t .  I describe each component o f  the computational procedure and 
ident i fy  those components i n  which there is a substantive disagreement 
between my position and tha t  taken by the u t i l i t i e s  and the i r  consultants. 
These disagreements are discussed i n  detai l  Sn Section 2. 

A t  f i r s t  glance i t  seems tha t  there should  be n o  substantive 
discPgreemenLs as t o  the number o f  f i sh  t h a t  are impinged a t  Hudson R i v e r  
power plants. Al l  one has t o  do is co l lec t  and count the f i s h  t h a t  are 
washed off the travell ing screens. However, the problem i s  n o t  q u i t e  t h a t  
simple.  Only at  Indian P o i n t  are attempts made t o  co l lec t  and count a l l  
f i sh  t h a t  are washed o f f  the screens. A t  a l l  other plants the screenwash i s  
sampled once or twice a week (usually for 24 hours) ,  and the result;ing counts 
are scaled up to  arr ive a t  weekly and/or monthly estimates o f  t h e  numbers of 
f i sh  impinged. Moreover, the raw counts o f  f i sh  impinged a t  any plant are 
subject t o  several sor ts  o f  biases t h a t  can lead t o  overestimates or 
underestimates o f  the true number o f  f i s h  ki l led by impingement. F i r s t ,  no t  
a l l  impinged fish are actually collected. A certain percentage, h i g h l y  
var iA7c from plant t o  p l a n t ,  are washed off  the screens back out i n t o  the 
river., or are eaten by scavengers. Since these f i s h  are no t  collected,  they 
are n o t  included i n  the impingement counts. Second, a t  plants where impinged 
fish are sampled only periodically,  the same f ish may be impinged more than 
once, inf la t ing the impingement counts. T h i r d ,  a t  some plants fish may l-Je 
impinged on inoperative t ravel l ing screens and thus not  collected or counted, 
Finally,  for some species a t  some plants,  a substantial  f ract ion of impinged 
f i sh  may survive impingement i f  they are promptly returned to the r iver .  
All o f  these potential  biases must be considered in order t o  assess t h e  
r z l i a b i l  i ty  of impingement estimates and i n  order t o  determine whether (and 
by how much) these estimates must be adjusted. 

Since 1 believe t h a t  the impingement t o t a l s  used i n  calculating 
conditional impingement mortali ty ra tes  should r e f l ec t  impingerricnt a t  a l l  
p l an t s ,  no t  just a t  those t h a t  are the subject a f  these proceedings, I- 
evaluate the impingement estimates for  Lovett, Danskarrrner, and Albany along 
w i t h  those for  Bowline, Indian P o i n t ,  and Roseton. 

1.1 HOW IMPINGEMENT ESTIMATES A R E  CALCULATED 

A t  Indian Point Units 1, 2,  and 3,  a17 ( o r  nearly a l l )  screenwashes are 
monitor-ed and attempts are made t o  co l lec t ,  ident i fy ,  and count a17 impinged 
f i s h .  A t  a l l  other plants the screenwashes are monitored f o r  24 hours once 
or  twice a week. These sample collections are scaled up t o  monthly t o t a l s  
I n  the following way ( E x h i b i t  UT-6, p .  10.2-6): 
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Irnp i nyement sainpl es were used t o  es t  imale the to ta l  number o f  
selected species impinged monthly and annually a t  Roseton. Each 
monlh was divided into four t i m e  intervals :  day 1 t o  7 ,  day 8 to  
14,  day 15 to 21,  day 22 to l a s t  day of the nionth. For each time 
interval the to ta l  number of f i sh  collected was divided by the 
to ta l  flow in million gallons fo r  a l l  samples within tha t  interval ,  
t o  produce an impingement ra te .  
r ish per million gallons) for  the four time intervals was averaged 
t o  produce a mean monthly impingement ra te .  
sample taken within one of  the four time intervals ,  the remaining 
inlprvals were averaged t o  obtain the monthly rate .  Ihc mean 
monthly impingement r a t e  was then multiplied by the to t a l  monthly 
plant f l o w  in million gallons t o  produce an estimated to ta l  number 
of f i sh  impinged per month. The monthly t o t a l s  were surrmed t o  
obtain an annual t o t a l .  

The impinyement r a t e  (number of 

When there was no 
- 

An equivalent paragraph can be found on p. 10.2-6 of Exhibit UT-7. Similar 
methods have been used a t  Lovett (Lawler, Matrrsky, and Skelly 1976a), 
Danskamner (Lawler, Matusky, and Skelly 1974), and Albany (Lawler, Matusky, 
and Skelly 1975). 
c r i t i c a l l y  dependent on the assumption tha t  the number of Fish impinged 
d u r i n g  any period i s  d i r ec t ly  proportional t o  t h e  to ta l  intake flow dur ing  
tha t  period. The u t i l i t i e s '  consultants and I agree tha t  in r e a l i t y  th i s  i s  
n o t  always the case (Transcript pp.  4333-37). Texas Instrumcnts (1974), for  
example, did n o t  find a strong correlation between impingement counts and 
volumetric flow rates  a t  Indian Point Units 1 and 2.  Although the f a i l u r e  
of th i s  assumption necessarily reduces the precision of the resul t ing 
impingement estimates, I do not believe that. i t  introduces a bias toward 
e i ther  underestimating or overestimating the number of f i s h  impinged per 
month. 

This method o f  scaling up impingement samples is 

i . 2  BIASES THAT INFLUENCE IMPINGEMENT ESTIMATES 

Although the questionable assumption tha t  impi ngemsnt i s  prapoftional 
t o  pwer plant intake flow probably does n o t  introduce biases i n t o  the 
monthly and annual impingement estimates, four- phenomena that  do introduce 
such biases have been identified.  The u t i l i t i e s  have assumed (Exhibit UI -3 ,  
Sections 2-VI and 2 -VI I )  tha t ,  with t h e  exception of Indian Point Units 2 
and 3, these biases of fse t  one another and no adjustments o f  the impingcrnent 
estimates are necessary. I believe tha t  for  some species a t  some plants the 
biases c lear ly  do not of fse t  one another, and therefore,  some adjustments 
are necessary. 

1 . 2 . 1  Collection _I_ Efficiency 

Not a l l  impinged f i sh  are act!cally collected and counled during 
scrccnwash monitoring, fo r  reasons that  are n o t  completely understood. Some 
f i sh  are probably washed back i n t o  the r iver  by t ida l  action. Some may s l i p  
t h r o u g h  gaps between screens or may n o t  be removed froin the screens by the 
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screenwash spray. 
crabs, and ee l s .  U t i l i t y  consultants have conducted studies a t  Ind  icin P o i n t ,  
Bowline, and Roseton in order t o  estimate the fract ion of impinged F ish  t h a t  
are actually collected and counted. 
u t i 1  it-ies estimate collection eff ic iency a t  Bowline to be about 90%- 2eccnt 
data collected by LMS have convinced me tha t  in r e a l i t y  collection efficiency 
a t  Bowline i s  considerably lower, less  than 80%. No collection effjciency 
studies a t  Roseton were reported in Exhibit UT-6, b u t  s tudies performed a f t e r  
th i s  exhibit  was f i l ed  indicate t h a t  collection efficiency a t  t h i s  p l a t i t  
averages no higher t h a n  75% and i s  lower for the small f i sh  (c  13 cm i n  
I eng th) t h a t  dorni nate imp i ngernent co 11 ect  i ons. 

Others are probably scavenged from the screens by g u l l s ,  

In  Exhibit UT-7 (Table 10.2-4) the 

Far purposes of inipact assessment the uti  1 i t ies  have assumed 
(Exhibit UT-3, Sections 2-VI and 2-VII) t h a t  collection eff ic iency a t  
Indian Point Unit 3 i s  80%- 
p re 1 i mi nary co 1 1 ec t i on ef f i c i ency stud i es performed by Texas Ins trurneri ts  
(1977a),  riiore recent studies (Section 2 )  indicate a somewhat lower value 
(approximately 70%). 
extremely low, 
assessrnents (Exhibit UT-3, Sections 2-VI and 2-VII) ; more recent studies 
confirm the accuracy of th i s  value. 

Although th i s  f igure i s  consistent with 

Collection eff ic iency a t  Indian Point U n i t  2 is 
The u t i l i t i e s  have used a value o f  15% i n  the i r  impact 

1.2.2 Reimpingement _I .-.-- 

O n  days when impinged f i sh  are n o t  sampled, impinged f i sh  ara  returtiecl 
t o  the r iver .  If the p o i n t  of return i s  re la t ive ly  close t o  the intake 
s t ructure ,  some of these f i sh  may be drawn back into the intake and 
reimpinged. On days when impinged f i s h  are sampled, the f i sh  collected will 
include a l l  f i s h  impinged for the f i r s t  time on t h a t  day (subject t o  
adjustments f o r  collection e f f ic iency) ,  and also some f i s h  t h a t  have been 
impinged one or more times previously. 

Ideally, the impingement count over 24 hours should include only ( b u t  
a l l )  those f i sh  impinged f o r  the f i r s t  time. Such a count i s  an estimate o f  
the to t a l  number impinged one or more times ( i f  they had n o t  been co l lec ted ,  
a f ract ion o f  them would have been subsequently reimpinged). 
reimpinged f i sh  in e f fec t  double-counts reimpinged f i sh  and in f la tes  
estimates of the to ta l  number of fish that  are impinged. 

Including 

Studies conducted a t  Bowline by Ecological Analysts (Exhibit UP-7, 
Sec t i ons  10.3.2.2 and 10.3.3.2) indicate t h a t  with the sampling methods now 
employed a t  Bowline, approximately 10% of the f i sh  collected have been 
previously impinged. On the basis o f  studies a t  Roseton and Barrskarnrner 
(Exhibit UT-E;), I believe t h a t  reimpingement i s  negligible a t  a l l  0 t h ~ ~ '  
plants. 
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1.2.3 Impingement on I n o p e r a t i v e  Screens 

A t  Bowl ine and Koseton t h e  two genera t i ng  u n i t s  share a: common i n t a k e  
bay c o n t a i n i n g  611 c i r c u l a t o r  pumps and t r a v e l l i n g  screens. T h u s ,  when a 
screen i s  i n o p e r a t i v ?  and cannot be r o t a t e d  and washed, i t  con t inues  t o  
impinge f i s h .  By my c a l c u l a t i o n s  (based on r e s u l t s  r e p o r t e d  i n  
Sec t i on  10.2.3.1.4 o f  E x h i b i t  UT-7), a screen t h a t  i s  i n o p e r a t i v e  f o r  1 t o  
5 days impinges about 11% as many f i s h  as does a nor rna l l y  o p e r a t i n g  screen 
d u r i n g  t h e  same p e r i o d .  Accord ing t o  E x h i b i t  UT-7 (p. 10.2-12), such 
breakdowns occur red  "on many occasions f r o m  1974 th rough 1976" a t  Bowline. 

_____ 

1,2.4 Impingement S u r v i v a l  

Resu l t s  r e p o r t e d  i n  E x h i b i t s  UT-6 and UT-7 i n d i c a t e  t h a t  n o t  a l l  
impinged f i s h  a re  k i l l e d  as a d i r e c t  r e s u l t  o f  t he  inipingement exper ience.  
A l though t h e  magnitude o f  i n d i r e c t  impingement m o r t a l i t y  (e.¶. , increased 
s u s c e p t i b i l i t y  t u  d isease or v u l n e r a b i l i t y  t o  p r e d a t o r s  due t o  t h e  s t r e s s  o f  
impingement) has n o t  been es t imated,  i t  appears t h a t  under c e r t a i n  o p e r a t i n g  
c o n d i t i o n s  t h e  s u r v i v a l  o f  severa l  spec ies  (most n o t a b l y  A t l a n t i c  tomcod) 
can be  s u b s t a n t i a l .  Assuming t h a t  a l l  impinged f i s h  a re  k i l l e d  w i l l ,  i n  the 
absence o f  o f f s e t t i n g  b iases,  t end  t o  i n f l a t e  es t imates  o f  impingement 
impact. 
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2. EVALUATION OF UTILITY ESTIMATES OF THE NUMBER OF FISH ~~~I~~~~ 

I believe that  the u t i l i t i e s  have underestimated the monthly and annual 
numbers o f  d i i t e  perch, striped bass, and clupeids ki l led by impingement at. 
Hudson River power plants. My two specif ic  p o i n t s  of disagreement are: 

(1) 

( 2 )  

The u t i l i t i e s  do n o t  include f i sh  impinged a t  Danskamer, Lovett, 
o r  Albany. 

U t i l i t y  estimates o f  collection efficiency a t  Indian P o i n t  
Unit 3 ,  Bowline, and Roseton are too h i g h .  

F i s h  k i l l ed  a t  Lovett, Danskamner, or Albany are just as  dead as those k-illeci 
a t  Indian Point, Bowline, or Roseton. The impact o f  impingement a t  the th ree  
plants  a t  issue i n  these proceedings i s  an incremental impact added t o  the 
preexisting impacts caused by impingement a t  Lovett, Danskamner, and Albany, 
Neither t h e  significance t o  Hudson River f i s h  populations o f  the additional 
losses caused by impingement a t  Indian Point, Bowline, and Roseton, nor  he 
reduction i n  impact t h a t  would r e su l t  from the ins ta l la t ion  of mitigating 
measures (e.g., closed-cycle cooling), can be understood unless the impacts 
o f  a l l  s i x  plants are considered. 

k l i th  reference to  the second point of disagreement, whether the 
~ m ~ ~ ~ g ~ ~ e ~ ~  estimates calculated by the u t i l i t i e s  must be scaled up t o  
account f o r  lower estimates of collection efficiency depends upon t he  
magn 3tude a f  any offset t ing biases. O f  the three sources o f  bias ( i n  
add i t i on  t o  collection efficiency) described i n  Section 1 .2 ,  impingement 
survival i s  undoubtedly the most important. My analysts o f  the u t i l i t i e s '  
impingement survival studies indicates tha t  the survival of impinged wtmite 
perch and striped bass a t  Bowline, Roseton, Danskamer, and Albany i s  
probably h i g h  enough t o  offset  the bias due to  collection efficiency. 
A t l a n t i c  tomcod survival dur ing  the f a l l ,  winter, and early s p r i n g  a t  these 
plants appears t o  be h i g h  enough so tha t  impingement estimates for  t h i s  
species, fo r  these seasons, s h o u l d  be scaled down. Survival o f  clupeids a t  
a l l  plants,  and survival of a l l  species a t  Indian Point (where no fish are 
returned t o  the r ive r )  and Lovett appears t o  be negligible. 

The remainder o f  th i s  section consists o f  my assessments o f  the 
magnitude of each o f  the fou r  biases discussed i n  Section 1 .2  and how they 
vary amng plants and f i sh  species. 

2.1 COLLECTION EFFICIENCY 

2 . % , 1  Indian P o i n t  UniLg 

The r e su l t s  o f  a l l  collection efficiency t e s t s  carried out to date a t  
Indian P a i n t  U n i t  2 are sumnarized i n  E x h i b i t  UT-105. Tests were f i r s t  
performed a t  this u n i t  -in 1974 and 1975. The r e s u l t s  of these tests 
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iiidicated t h a t  w i L h  t h e  a i r  curtain operating, only about 15% ai- t i i c  impinged 
f i sh  were being collected and counted (Texas Instruments 1915, 1976) .  
appeared from preliminary t e s t s  in 1974 and 1975 that; collection efficiency 
increased to  about 50% when the a i r  curtain was turned o f f  (lexas 
Instruments 1976). I n  1977, af te r  a i r  curtain operation was pernancntly 
discontinued, new t e s t s  were conducted. Surprisingly, the 1911 rcsul ts  wcre 
no different  from those obtained e a r l i e r  with the a i r  curtain opes-ating. Of 
1500 t e s t  f i s h  released i n  May arid June o f  1971, only 224 (14.9%) were 
recovered (Exhibit EPA-91) .  No explanation has been offered as tn why the 
1977 resu l t s  d i f f e r  so great ly  from those obtained i n  the ea r l i e r  tes t5  with 
the a i r  curtain off .  

I t  

The 1977 experiinents involved more release dates ( 9  vs 3 )  and more f i sh  
(1500 v s  1000) than d i d  those performed i n  1974-85. Until the cause of the 
discrepancy is discovered, I believe tha t  the resu l t s  o f  the mn-e extensive 
1977 experiments should form the basis for  an estimate o f  collection 
efficiency a t  Indian Point U n i t  2. 
used by the u t i l i t i e s  i n  Exhibit UT-3. 

These resu l t s  support the value (15%) 

2.1.2 -. Indian _. . . _. .. ._ _. . ... . . Point Unit . . . .- 3 
- 
ihe estimate of col l rc t ion efficiency a t  Indian P s i n l  I ln i t  3 used i n  

the u t i l i t i e s '  calculaLions o f  conditional impingement mortality ra tcs  
(Exhibit Ul-3, Sections 2-VI and 2-VII; Exhibit UI-6, Section 10.4; 
Exhibit UT-7, Sectioti 10.4) i s  based on the resul ts  of t e s l s  conducted i n  
1976 (Exhibit UT-105, [able  1, par t  e ) .  Seven separate experimental releases 
of marked Fish were conducted d u r i n g  June, July, and August  o r  19/6. The 
percent recovery of the released f i s h  ranged from 75% t o  86%$ w i k h  a mean of 
79.3%. More extensive te5ts were conducted during 1471 (Exhibit UT-105, 
Table 1, part e ) .  These new tests involved 32 sepdrate experimental releases 
carried out on 11 days bctween March and September. The  percent recoveries 
obsei-ved d u r i n g  the 1977 t es t s  were more variable and, on t h 2  averag2, 
substant ia l ly  lower t h a n  those observed in 1976. Overall, 68,3$ (1333 o u t  
o f  1919) o f  the f i sh  released in 1377 were recovered. Pooling a l l  t h e  datd 
from both  years yields  a percent resovwy of 71-24', (1753 n u t  o f  ?469) .  
believe tha t  a collection efficiency of 78% is an appropriate adjustment 
factor, f o r  l h e  impingement estimates a t  Indian Point U n i t  3 .  

I 

2,1,3 Bowline 

R e s u l t s  of experiments designed t o  measure collection eff icicncy a t  
Bowline are presented in Iable 10.2-4 o f  E x h i b i t  U P - 7 .  The da t r :  reported i n  
th i s  tab le  were derived from eight experimental releases conducted during 
the period January 31-March 21 ,  1977. 
releases were a l l  very h i g h ,  rang ing  from 81% l o  98%, with a mean o f  89%. 
However, this  pref i led testimony r e f l ec t s  incomplete d a t a .  More complete 
data covering the period October 1976-May, 1978 indicates t h a t  collection 

The percent recaptures from these 
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This computational method allows data from a l l  the experiments t o  be used, 
not just from those i n  which 50 or more f i sh  were released. W i t h  t h i s  method 
the resu l t s  obtained from each experiment are, i n  e f f ec t ,  weighted by the 
number of f i sh  released. The r e su l t s  of my computations are presented in 
Table 1. The calculated collection efficiency i s  75.7%. If  the May 2, 1977 
resu l t s  are excluded, t h i s  value increases only s l igh t ly ,  t o  76.8%. I 
conclude on the basis of the LMS studies tha t  collection efficiency a t  
Bowline is  between '75% and 80%, or more t h a n  10% lower than is  rzported i n  
Exhibit UT-7. 

2.1.4 Roseton 

Although no collection efficiency studies are reported i n  Exhibit U1-6, 
Results covering the period such studies were conducted a t  Roseton i n  1978. 

January-March are contained in E x h i b i t  EPA-97. Of SO6 marked f i sh  released 
on 12 separate release dates, 458 were recaptured, yielding a recovery 
percentage o f  75.6%. Interestingly,  Exhibit EPA-97 contains a breakdown o f  
the release/recovery data by size-class.  
tha t  collection efficiency i s  strongly affected by the s i z e  of impinged f i sh .  
I t  is  par t icular ly  noteworthy tha t  the collection efficiency for  f i sh  less 
than 13 cm. in l e n g t h  was only 53.5%. The vast majority of impinged white 
perch, striped bass, Atlantic tomcod, alewife, blueback herring, American 
shad, and bay anchovy are less than 13 cm long. T h u s ,  collection efficiency 
fo r  the species o f  i n t e re s t  in these proceedings may be w3ll below 75%. 
f i sh  larger than 25 cm length are removed froin the  computations (very few 
impinged f ish belonging t o  the species of in te res t  are tha t  large) ,  the 
percent recovery o f  the remaining f i sh  is 71.6%. I conclude on the b a s i s  of 
the data in E x h i b i t  EPA-97 tha t  collection efficiency a t  Roseton, for  f i sh  
of species and s i ze  tha t  are of principal interest  to  these proceedings, i s  
probably no higher than 7096, and may be considerably lower. 

Table 2 o f  Exhibit EPA-97 shows 

I F  

2 . 2  REIMPINGEMENT 

2 . 2 . 1  Indian Point Units 2 and? 

Reimpingement is not a source of bias a t  Indian Point because impinged 
f i sh  are not returned to  the r iver .  

2 .2 .2  Bowline 

Section 10.3.3.2 of Exhibit UT-7 contains resu l t s  of some rather eleydnt 
experiments conducted by Ecological Analysts ( E A )  i n  order to estimate the 
reimpingement ra te  a t  Bowline. O f  part icular  in te res t  are the resu l t s  of 
the "long-term survey" (Section 10.3.3.2.2), as these resu l t s  can be used t o  
calculate the fract ion of f i sh  collected on a typical impingement sampling 
day t h a t  have been previously impinged. The experiment involved: 
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Table 1. Estimation of collection efficiency a t  the Bowline P o i n t  Generating 
S t a t i o n  

Dates Number releaseda Number recaptureda % Recaptured 

All release dates 6582 

Exc lud ing  May 2, 1977 6482 

4981 

4979 

75.7 

76.8 

aTotal number of releases and recaptures from 88 experiments conducted 
between October 1976 and May 1978 (from E x h i b i t  UT-114). 
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( a )  Inarking a l l  v h i t c  perch  i l q i i ngcd  d u r i n g  a 24-i:our rcleare per iod,  

111 l a b l e  10.3-?3 o i  t x ' i i i h i i  UT 7, EA presents d a t a  ob ta ined  from a 
sitni i a r  cxpc:imei-;i (ondi ictc (11 f 1 7  tlaru,tdty, 1971. A l t h o u g h  no c a l c u l a t i o n s  
based on t hew d a t a  ar-e i nc 1 udcd i 1-1 Fxh i h i 1. 117-l , lcss re impi  ngerncnt was 
obsr rved chri13q Lh is  ? x p e r i t w r r t  thm d u r i n g  the April, 1976 experirneirlt. I 
have u < ~ d  t i l ?  data  i n  Tabic: 10.3-23 o f  E x h i b i t  U I - 7  t o  devclop an equa t ion  
f o r  t h e  Jat1uAi-y exper iment  s im i la r -  i u  Fq. (1): 



In my opinion, E A ' S  experiments generally s u p p o r t  the conclusion, ~t ,~ i t ;ed 
an p. 1Q,2-10 o f  E x h i b i t  UT-7, t h a t  approximately 10% o f  the fish collected 
d u r i n g  a typical impingernent sample a t  Bowline have been previously 4mpiriged. 
hlowt?vf:r, t h e  resu l t s  of the January, 1977 experiment indicate t h a t  
~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~  may be a Few percent lower d u r i n g  the winter. This observation 
i s  impor tan t  because, as i s  shown i n  Tables 10.2-12 and 10.2-17 o f  E x h i b i t  
UT-7, irnpingernent ra tes  for white perch and s t r iped bass are h i g h  a t  
d u r i n g  t h e  winter. 

2 2 I 3 Roseton and Danskammer - .l..lll 

The injp1"rmgernen-t sarripli ng procedures employed a t  Roseton and Danskainner 
are similw t . ~  that  a t  Bowline: the t ravel l ing screens are washed p r i o r  to  
the beg'inusing o f  each 24-hour collection period. The f i sh  collected d u r i n g  
t h i s  prcwash are retained rather t h a n  returned t o  the r iver .  In an 
experiment designed t . ~  measure the reimpingement ra te  o f  white perch at. 
Roseton ( E x h i b i t  UT-6, Section 30.3.3.2.1), i t  was found t h a t  v i r t u a l l y  a17 
~ ~ j ~ ~ ~ t ~ ~ e ~ ~ ~ t  occurred w i t h i n  a few hours after release.  The to ta l  
reimpinyement rate o f  the white perch released i n  t h i s  experiment edas f a i r l y  
h i g h .  1 have calculated,  u s i n g  data presented i n  Table 15.3-9 o f  E x h i b i t  
U'Y-69 t h a t  0.8 9 i 4  l i v e  and dead whi te  perch released, 163 (17.8%) were 
~ ~ i ~ ~ ~ n ~ ~ ~ ~ ~  
release and on 1y one wds re impi nged more than  15 hours a f t e r  release.  The 
impi  ngernent sampling procedure employed a t  Roseton reduces the potent i a1 for  

~~~~~~~~~~~~~~~~ tn a very lw  level ( E x h i b i t  UT-6, Section 10.2.3.1.2), I t  is 
interesting t h a t  nearly a l l  the reimpinged f i sh  were released alive.  
Nnereas ? 3 * 3 %  (958 out OF 679) of the l ive fish were reimpinged, only 2 . 2 %  
(5 o u t  o f  235) o f  the dead releases were recovered. 

Experinients conducted a t  Danskamer, sumnarized i n  Section 10.2.3.1.2 
a i  E x h i b i t  UP-6, iradjcate t h a t  reimpingement a t  this plant is  as low as t h a t  
cpias~rile~~ a t  Ruseton. Unlike Bowline, where fish are returned t o  Bo~line 
Pond, f ish impinged rat Roseton, Danskamer, and a t  a l l  other Hudson R i v e r  
power p l a n t s  (except Ind'lian P o i n t ,  where none are returned),  are returned 
d i rec t ly  t o  the r iver .  Fish (especial ly  dead f i s h )  returned t o  the r iver  
can be swept  away from the vicini ty  of the p l a n t  by t ida l  flushing. T i d a l  
flushing i s  ~ n ~ ~ ~ ~ ~ ~ ~ ~ y  much weaker i n  Bowline Pond, and may not  occur a t  
a l l  when the plant is operating and imping ing  f i s h .  I believe t h a t  th i s  
accounts for the difference observed between reimpingement a t  Bawl i ne and 
reimpingement a t  Roseton and Danskamer. Reimpingement a t  other plants i s  
l i k e l y  8 ; ~  be  more simi'lar t o  Roseton and Danskamer ( i * e . $  v i r t u a l l y  no 
~ e j i ~ ~ ~ ~ ~ ~ ~ m e ~ ~ ~  thio t o  Bowline. 

Hornlever, on'ly 3 were reimpinged mre than f ive  hours a f te r  

At s~rne p l a n t s ,  rarstah7y a t  Bowline, f i s h  can be i m p i n g e d  on i n o p e r a t i v e  
trave171 iaig S G F - E ~ ~ S .  Since these f i s h  cannot be collected and counted, 
~ ~ t ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~  counts for days on whfch one or  more t ravel l ing screens are 
inoperative w i l l  be underestimates of the true number o f  f i s h  impinged. 
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2.3.1 Indian Point Units 2 and 3 

Since each t ravel l ing screen a t  Indian Point is located in a separate 
forebay, the c i rcu la tor  pump located in a forebay containing an inoperative 
screen must be shut off to prevent the clogging and eventual collapse o f  the 
screen. For th is  reason, impingement on inoperative screens is  rsot a source 
o f  bias a t  the Indian Point Plant. 

2 . 3 . 2  ____.I Bowline .. . 

Both generating units a t  Bowline draw water from a cornon intake hay 
containing s i x  travell ing screens. 
describes some experiments tha t  were conducted a t  Bowline in order t o  
estimate the magnitude o f  the bias associated with impingement on inoperative 
screens. The procedure is described on p.  10.2-14 of E x h i b i t  U'l-7: 

Section 10.2.3.1.4 o f  E x h i b i t  UT-/ 

From 29 November 1976 t o  19  January 1977, the cleaning procedure 
o f  travell ing screens a t  the Bowline Point intake was controlled 
to  simulate the condition o f  a non-operating screen, One o f  t h e  
three screens a t  U n i t  2 remained stationary for I.> 2 ,  3,  and 5 day 
periods hliR-8ile the other two screens were cleaned every fou r  hours .  
After remaining s ta t ionary for  the designated number of days, t h e  
t e s t  screen was cleaned and the total  number collected kiia~ compared 
w i t h  the to t a l  collected from a l l  screens a t  U n i t  2 d u r i n g  the t e s t  
interval (Table 10.2-5). 

The resu l t s  of the experiment are sumnarized i n  Table 10.2-5 o f  Exhibit; 
UT-7 .  
kietv.een 5 and 7% of the to t a l  number o f  f i sh  impinged a t  U n i t  2 were n o t  
recovered. The number o f  days o f  down-time d i d  not appear t o  influence the 
fract ion o f  the U n i t  2 t o t a l  impingement tha t  was impinged on the inoperative 
screen. The inoperative screen accounted for about the same fract ion o f  the  
t o t a l  impingement collection (7%) a f te r  f ive  days o f  dawn-time as a f te r  only 
ant? day. 

When one o f  the three screens at Bowline Unit 2 was inoperative, 

The bias estimated from Table 10.2-5 ( 5  to 7%) is s t r i c t l y  applicable 
only if one t h i r d  of the s ix  t ravel l ing screens a t  Bowline are inoperative. 
If  only one o f  the s ix  i s  inoperative, the bias wil l  be srnaller than t h a t  
calculated i n  Exhibit UT-7; i f  more than two are inoperative, the bias wi l l  
be larger. I have used the data i n  Table 10.2-5 t o  estimate the rnagrritude 
o f  the bias for  any number of inoperative screensg up t o  5. The numbers i n  
the C G ~ I N ~ W  headed ""NUMBER COLLECTED ON NORMAL SCREENS" are the t o t a l  number 
o f  f i s h  collected from two operating screens. D i v i d i n g  the values i n  Lh is  
column by two yields  an estimate of the number impinged by a single operatirig 
screen. I t  i s  possible to  derive estimates o f  a "relat ive collection rate  
constant'! (k) by calculating the r a t i o  o f  the nurnber. o f  f i s h  impingcd on an 
inoperative screen to  the number impinged on a normally operating screen. 
For example, on December 8-9, 6984 f i s h  were collected from the two operating 
screens and 220 were collected from the inoperative screen. On t h a t  date 
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the inoperative screen impinged 6.5% [loo x (220/3392)1 as many fish as d i d  
each operating screen. Therefore, our  estimate of I< for December 8-9 
i s  0.065, 

I computed an overall estimate of k by sumning a l l  of the normal screen 
collections and t e s t  screen collections i n  Table 10.2-5 of E x h i b i t  14'6-7. 
Since resu l t s  obtained from the 2-,  3-, and 5-day studies were similar t o  
those obtained from the l-day s tudies ,  I saw no reason t o  calculate k 
separately for each data se t .  My overall estimate of k, calculated by the 
same procedure used i n  the above example, i s  0.117. 

If  one or more screens are inoperative, the number o f  f i sh  impinged on 
these screens i s  equal t o  tne number impinged per operating screen mul t ip led  
by k times the number of inoperative screens: 

where 

I, = t o t a l  number o f  f i s h  collected from operating screens, 

Ti = t o t a l  number o f  f i s h  impinged on inoperative screens, 

no = number o f  operating screens, 

n j  = number of inoperative screens, 

k = re la t ive  collection rate  constant. 

The to t a l  number of f i s h  impinged on a l l  screens can be calculated from the 
f o l l o w i n g  equation: 

where 

IT  = estimated to t a l  impingement on a l l  screens. 

The term i n  parenthese (1 + k n i / n , )  is an adjustment factor  similar t o  
the fac tors  calculated f o r  collection efficiency. Table 2 contains my 
inoperative screen adjustment fac tors ,  calculated for 1-5 inoperative 
screens. 
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Table 2. Inoperative screen adjustment factors ,  calculated for 1 t o  S 
inoperative screens out of a to ta l  o f  5. 

I Number of inoperativescreens ._..______ 

1 2 3 4 5 

Adjustment factor  1.023 1.059 1.117 1.234 1.585 
( =  1 .f- kni/no)a 

ani  = number o f  inoperative screens 

no = number- o f  operating screens 

E x h i b i t  UT-7) = 0,117. 
k = r e l a t ive  impingement ra te  constant (calculated from Table 10.2-5 o f  
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I t  can be seen from Table 2 t h a t  unless more than two screens are 
inoperative, the bias i n  impingement estimates w i l l  be 6% or  less  for  each 
day o f  duwn-lime. Unless mu1 t i p l e  screens are inoperative for  extended 
per iod  o f  time ( i . e . ,  weeks or months) ,  biases due t o  the impingement of 
f i s h  on inoperative screens wi l l  be negligible i n  comparison t o  the e f fec ts  
o f  r e ~ m p ~ ~ ~ e ~ e n t  or collection efficiency a t  Bowline. Moreover, i t  seems 
'likely tha t  d u r i n g  an extended outage, an inoperative screen would eventually 
c l o g  completely w i t h  debris and cease imping ing  f i sh  altogether. I 
tentat ively conclude t h a t  impingement on inoperative screens is  a re la t ive ly  
~ ~ ~ i ~ p ~ r ~ ~ n t  source o f  bias  i n  the Bowline impingement estimates. 

i t  is  possible tha t  I have underestimated the magnitude of  t h i s  bias,  
for  the f o l l o w i n g  reason. Substantial numbers of f i s h  may be scavenged from 
an inoperative screen by crabs and ee l s ,  especially if the screen is n o t  
cleaned for several days. T h i s  scavenging would r e su l t  i n  the collection 
efficiency of an inoperative screen being lower than t h a t  of an operating 
screen (frequent washing reduces the opportunity for scavenging). This 
difference i n  collection e f f ic ienc ies  would, i n  turn, bias the resu l t s  o f  
the experiments described i n  this section by causing the contribution o f  the 
i noperat i  ve screen t o  the to ta l  impingement count t o  be underestimated. 

L i k e  Bowline, the two units a t  Roseton share a common intake bay, and 
thus i t  is possible f o r  f i s h  t o  be impinged on inoperative screens. The 
longest screen outage at Roseton d u r i n g  1974 was 48 hours (Muggins 1377) ,  
Outages longer t h a n  two weeks i n  duration occurred three times i n  1975 and 
four times i n  1976. Three screens (out of e ight)  were out of service between 
October 13 and November 11, 1976. A71 o f  the other extended outages involved 
single screens. W i t h  the possible exception of the October-November 1976 
outage,  1 believe that impingement on inoperative screens has had a 
negiiga'ble e f fec t  on the accuracy of Central Hudson's estimates o f  
jmpi ngement a t  Roseton. 

ZNGEMENT SURVIVAL 

I n  their  impact assessments the u t i l i t i e s  have assumed tha t  a l l  impinged 
If this i s  i n  f a c t  the case, then the impingement estimates f i s h  are k i l led .  

presented by the u t i l i t i e s  for Eawline and Roseton (and also those for  
Lovett, Danskamer, and Albany) must be scaled up t o  account for  biases due 
t o  collection efficiency. However, if survival is substant ia l ,  then no 
~ ~ ~ ~ ~ ~ ~ e i ~ t  of these estimates m a y  be necessary. 
the ~ ~ ~ ~ ~ n g ~ ~ ~ n ~  estimates may have to  be scaled down. 

l f  survival is very h i g h ,  

Impingement s u w i  Val studi es have been conducted a t  Bowl i ne, Roseton, 
Danskarraner, and Indian  Paint U n i t  3.  As f i s h  impinged a t  I n d i a n  P o i n t  were 
n o t  returned t o  the r iver  d u r i n g  any of the years f o r  which impingement d a t a  
are available,  the studies there are not  relevant t o  estimating the impact 
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of impingement duu-ing those years and are n o t  discussed here. Studies 
conducted a t  the other iirree plants have indicated tha t  under soine operatiny 
conditiolis survival O F  some species may be f a i r l y  high. Experiments a t  a l l  
t h r e e  plant+% havc shown tha t  impingement survival i s  highest when travell ing 
screens arc! rotated and washed cnnt i nuously. I-lowever, under current 
operat i ng procedures travel 1 i ng screens a t  a1 1 plants are operated 
inLermittcnt ly rathcr than continuously (operation at  Albany i s  almost 
continuous). I n  f a c t ,  i t  i s  apparently not possible t o  operate the 
trave1 ling screens conti tiuously fo r  extended periods of time. On transcript  
py .  4465-58 M r .  Hutchison describes the serious problems encountered a t  
Bowline lr;.cause of extended operation in the continuous mode. Because 
the t ravel l ing scrwns at. Rowline were not  designed for continuous rotat ion,  
breakdowns have beetl Frequent. Each o f  the six screens has been rebui l t  
twice. Current practice,  according to  Mr. Hutchison ( t r ansc r ip t  
pp. 5099-100), i s  t o  rotate  the screens conti nuausly only when impingement 
exceeds 1000 Fish per day. 
procedurcs a t  Bowline, Lovett, Roseton, Danskanmer, and Albany. 

Table 3 sumarizes  the current screenwash 

In the following sections I discuss the design o f  the impingement 
survival experiments conducted a t  Rolzrli tie, Roseton, and Danskammer and the 
resu l t s  obtained .for Atlantic tomcod, clupeids, white perch, and str iped 
bass. 

2 .4 .1  Experimental Nethods 

Sec t ions  10.3.2 of Exhibits UT-6 and UT-7 c o n t a i n  descriptions of the 
rnethndc used i n  iinpi!Igcment survival studies conducted by Ecological 
Analysts ( E A )  at Roseton and at  Bowline. Although no description o f  the 
inethnds used a t  Danskamer i s  included in Exhibit UT-6, E A ' S  1977 Progress 
Repcrt t o  Central Hudson (Ecological Analysts 1977) indicates that they ar-e 
v i r tua l ly  identical t o  the procedurzs a t  Roseton. 

In r m t  of the studies a t  Bowline impinged f ish are collected in a nylon 
mesh bag suspended iii the impingement collection p i t .  In soinc of the 
experiments a t  Bowlin?, f i s h  have been collected a t  the end of the screenwash 
discharge pipe in an e f f o r t  t o  assess whether the screenwash discharge system 
irnposes s t resses  in addition t o  those caused by the impingement experience 
i t s e l f .  A t  Roseton and Danskamner f i sh  are collected i n  a basket t h a t  f loa t s  
in the r i v e i -  at  t h e  end of the discharge pipe. 

A f t e r  collection i;he f i sh  are sorted immediately by species and are 
c lassi f ied as l ive ,  dcnd, or  stunned. The l ive and stunned f i sh  are then 
trarisferred t u  a holding f a c i l i t y  and observed for la tent  mortality. The 
holding period at. Bowline i s  96 hours; a t  Roseton and Danskamner it i s  
84 hours. Ihe USE o f  control f i sh  has been an important elemeiit in a l l  the 
irnpinyemcnt survival studies.  In  the f i r s t  such studies (conducted a t  
Roseton and Danskainiier i n  1975) ,  control f i sh  were exposed only t o  the 
holding f a c i l i t i e s -  Subsequently, cantrol f i sh  have been exposed t o  the 
en t i re  process o f  collection, holding, and observation. 
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‘Fable 3. Normal operating procedures f a r  travelling screens operating at  
f i ve  Hudson River power plants 

Screenwash Source o f  
P 1 ant Mode pressure (psi  ) i n f  ormat i on 

Bow 1 i ne Intermittent ; 
4-hour ho 1 da 

Lovett Intermittent;  
8-hour holdc 

Rosetoon Intermittent;  
2-hour ho ldd 

Dam k amer Intermittent;  
variable 
depending an 
debris load 

Albany Screens was tied 
automatically for 
3 minutes every 
15 minutes 

30/60b 

100 

1 OQ 

55-65 

84 

Attachrnent 2 t o  l e t t e r  
from K. Marcellus o f  
Cnnso l ida t ed  Edisan t o  H. 
Glucksterbl o f  EPA,  da ted  
Wovembcr 30, 1937, 
Transcript p .  5098 

LeLter from T. I-luggins 
of Central Hudson to  
Id. G1uckstev.n o f  EPA, 
dated  iYuveml-ner 29, 1971; 
Transcript p. 5098 

Letter from P. Hi4ygins 

14- Gluckstern o f  €PA, 
dated November 29, 1971; 
EA 1977 Progyess Report  t o  
Centra l  Hudson, Table 4-26 

35 CelltY’al “rludSO?l ‘CO 

Attachment 2 to letter 
f k ~ i n  K. Marcell us o f  
Coiiso 1 i dated E d i  son bo 
11, G1Uiksterl-l o f  El”> 
dated November 30, 1977 

-- ----__I---- I- -------1__---- 1- -I-._--.I. - ._ lll--llll_l 

aOperated in continuous mode when impingement exceeds 1000 f i s h  per day. 

bLow pressure (30 ps i )  wash system mounted below h igh  pressure (60 ps i )  
system. 

cGCperated i n  continuous mode during periods o f  h i g h  debris l oad ing .  

doperated i n  continuous mode during periods of h i g h  debris l o a d i n g  and 
icing (such conditions generally occur between October and Apr i l  l e  
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2.4.2 R e s u l t s  o f  t h e  ImDinaement S u r v i v a l  S t u d i e s  

l h e  r e s u l t s  of t h e  impingempnt s u r v i v a l  exper iments conducted a t  
Bowl ine by  LM5 i n  1974 and 1975 and by EA i n  1976 and 1977 a r c  described i r i  
S e c t i o n  10.3.3.1 of E x h i b i t  UT-7. S e c t i o n  10.3.3.1 o f  k x h i h i t  IJT-6 c o n t a i n s  
r e s u l t s  of s i m i l a r  exper iments conducted by  EA a t  Roseton i n  1975-76. 
A d d i t i o n a l  r e s u l t s  from E A ' S  1977 s t u d i e s  a t  Roseton, as we11 as r e s u l l s  
ob ta ined  by  EA a t  Danskammer d u r i n g  1975-77, a r e  desc r ibed  i n  E A ' S  1977 
Progress Report  t o  C e n t r a l  Hudson ( E c o l o y i c a l  Ana lys ts  1977). Many o f  thesP 
r p s u l t s  a r e  i n c o n c l u s i v e  and/or i n c o n s i s t e n t .  However, two genera l  
c o n c l u s i o n s  emerge: 

( 1 )  S u r v i v a l  i s  h i g h l y  v a r i a b l e  among species.  S u r v i v a l  of a d u l t  
A t l a n t i c  tomcod i s  u n i f o r m l y  h i g h  d u r i n g  t he  f a l l  and w i n t e r ,  and 
t h a t  of c l u p e i d s  ( p r i m a r i l y  A losa spp.) i s  u n i f o r m l y  low d u r i n g  
a1 1 seasons. S u r v i v a l  o f  wh%?-be%Fand s t r i p e d  bass i s  
i n t e r m e d i a t e .  
S u r v i v z l  o f  w h i t e  pe rch  and s t r i p e d  bass  i s  r e l a t e d  t o  screenwash 
procedures.  H ighes t  s u r v i v a l  i s  observed when screens a r e  r o t a t e d  
and washed c o n t i n u o u s l y .  Lowest s u r v i v a l  occurs  when o p e r a t i o n  i s  
i n t e r i i i i  t t e n t .  

(2) 

2.4.2.1 A t l a n t i c  torncod 

R e s u l t s  of t h e  A t : a n t i c  tomcod s u r v i v a l  5 t u d i e s  a t  Bowl ine,  Roseton, 
and Danskamtner a re  summarized i n  Tab le  4. 
tomcod c o l l e c t e d  a t  Bowl ine i n  1974 by  LMS (d iscussed be low) ,  a l l  tomcod 
s u r v i v a l  s t u d i e s  have i n v o l v e d  a d u l t  f i s h  impinged d u r i n g  t h e  f a l l ,  w i n t e r ,  
o r  e a r l y  s p r i n g .  S u r v i v a l  of these f i s h  has been h i g h  under v i r t u a l l y  a l l  
o p e r a t i n g  c o n d i t i o n s  a t  a l l  t h r e e  p l a n t s .  Low s u r v i v a l  was r e p o r t e d  i n  
s e v e r a l  exper iments a t  Rosetori  and Danskamriiw i n v o l v i n g  a f o u r - h o u r  
screenwash cycls.. Few f i s h  ( a t  most  6 )  were t e s t e d  i n  these  exper impnts,  
and thus, t h e  r e l i a b i l i t y  of t h e  r e s u l t s  i s  low. H igh  s u r v i v a l  was observed 
a t  Bowl ine under the s a m ~  c o n d i t i o n s .  
appear t o  be c o n s i s t e n t l y  h i g h e r  a t  Bowl ine than  a t  Roseton. Th is  r e s u l t  
may be p a r t i d l l y  due t o  d i f f e r e n c p s  i n  screenwash p r e s s u r e  (Tab le  3 ) .  A t  
Bow l ine  t h e  h i g h e s t  p ressu re  used i n  any of t h e  exper iments i s  60 p s i .  I n  
c o n t r a s t ,  h i g h  p ressu re  a t  Roseton means 100 p s i ,  t h e  norindl o p e r a t i r i g  
p r e s s u r e  a t  t h a t  p l a n t .  
30 p s i ,  w h i l e  a t  Roseton the  l owest  p ressu re  used i s  50 p s i .  

With t h e  e x c e p t i o n  o f  45 j u v e n i l e  

S u r v i v a l  percentages o f  a d u l t  'corncod 

Low p ressu res  used a t  Bowl ine range f r o m  10 t o  

S u r v i v a l  of impinged j u v e n i l e  A t l a n t i c  tomcod may be less t h d n  t h a t  o f  
a d u l t s .  rhesc co ld-adapted f i s h  ( E x h i b i t  FPA-198) a r e  irnpinqed p r i m a r i l y  
d u r i n g  t h e  surrmer ( t r a n s c r i p t  p. 10,803), when t h e y  may a l r e a d y  be s t r e s s e d  
because of h i g h  water  temperatures (Texas Ins t rumen ts  1977b, p -  V -75 ) .  I'he 
a d d i t i o n a l  s t r e s s  of impir,gemont may be s u f f i c i e n t  t o  cause s u b s t a n t i a l  
m o r t a l i t y .  The meaqcr evidence a v a i l a b l e  t o  d a t e  suppor t s  t h i s  hypo thes i s .  
Of t h e  45 impinged j u v e n i l e s  c o l l e c t e d  by LMS i n  June, 1974, o n l y  43% 
s u r v i v e d  f o r  96 hours i n  t h e  h o l d i n g  f d c i l i t y .  U n f o r t u n a t e l y ,  no c o n t r o l  
f i s h  were c o l l e c t e d ,  and t h e r e f o r e ,  i t  i s  n o t  p o s s i b l e  t o  say w i t h  c e r t a i n t y  
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Table 4. Sumnary o f  Atlantic tomcod impingement survival data 

Operating mode and Number o f  
Period Collection point screenwash pressure fish tested % Survivala Source 

BOWL1 NE 

November- 
December 1976 pit 

Co 1 1 ec ti on 

Uecember 1976 Discharge 
Pipe 

June 1974 Co 11 ecti on 
pit 

ROSETOM 

January-March Col1 ection 
1976 basket 

Continuous, high 
pressure 

Continuous, low 
pressure 

Intermittent, 
high pressure 

Intermittent, 
low pressure 

Cont i nuous , high 
pressure 

Continuous, low 
pressure 

I t i  termi t t ent , 
high pressure 

Intermittent, 
low pressure 

Unknown 

Continuous, high 
pressure 

Intermittent, 
2-hr hold, high 
pressure 

3 

46b 

6b 

3b 

45 

92b 

43 

100 Exhibit 7 
Table 10.3-4 

100 

100 

100 

100 

100 

100 

100 

43 

85 

77 

EXtl  i b i t 7 
Table 1 0 . 3 4  

Exhibit U7-7 
Table 10,3-14 

Exhibit UT-6 
Table  10.3-1 
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Table 4. (continued) 

~ .......... ..... . - ......... 

Operating mode and Number o f  
Period Collection point screenwash pressure f i s h  tes ted % Survivala Source 

_I ... ......... .. 

ROSETON 

F a l l  1975 Co 11 ec t i  on Conti n u o u  s, high 4 
basket pressure 

Intermit tent ,  13 
2 -h r  hold, high 
p res  s ( I  re  

0 Exhibit UT-6 
Table 10.3-3 

8 

Intermit tent ,  2 0 
4-hr hold, high 
p res  s I+! re  

November - Coll ec t i  on Continuous, 
December bask e t  low pressure 
1976 

19  84 Exhibit UT-6 
Table 10.3-5 

Continuous 67 97 
high pressure 

Intermit tent ,  13 69 
2- hr ho 1 d , 
low pressure 

2 -hr ho 1 d , 
high pressure 

4-hr hold, 
1 ow pressure 

I n t e t-m i t t e n t ,  20 90 

Intermit tent ,  2 100 

Intermit tent ,  

h i g h  pressure 
4- hr ho 1 d , 

January- Co 11  ection Continuous, 
March 1977 basket low pressure 

Continuous, 
h i g h  pressure 

1 0 

108 

120 

83 €4 1977c 
Table 4-13 

63 
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Table 4, (continued) 

Operating mode and Number o f  
Period Collection point screenwash pressure fish tested 56 Survivala Source 

I_.__. -... .- . .. . . . . 

ROSETON 

January- Co 11 ecti on Intermittent, 73 66 EA 1977C 
March 1977 basket 2- hr ho 1 d, Table 4-13 

low pressure 

Intermittent, 111 70 
2- hr ho 1 d , 
high pressure 

~~~~S~~~~~ 

F a l l  1975 Coli ecti on Intermittent , d 
basket 4-hr hold 

November- Ca 11  ecti on Cont i nuau s 
December basket 
I976 

6 

36 

0 

75 

Intermittent, 29 72 
2-hr hold 

January- Co 11 ecti on Continuous 
March 1977 basket 

242 83 

EA 1977 
Table 4-75 

EA 1977 
Table 4-27 

EA 1977 
Table 4-31 

Intermittent, 716 87 
2-hr h o l d  

. - ~  SURVIVAL OF CONTROLS EXPOSED ONLY TO COLLECTION AND HOLDING PROCEDURE 

BOWL h NE 

NOvemb W -  
Oeeernbar p i t  
1976 

Co 11 ec ti on 3 100 Exhibit. UT-7 
Table 10.34 
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Table 4. (continued) 

Operating mode and Number o f  a 
Period Collection point screenwash pressure f i sh  tes ted  % Survival Source 

ROSETON 

November- 
December basket 
1976 

Co 11 ec t i  on 

January- 
March 1977 

20 100 Ex h i b i t  UT- 6 
Table 10.3-6 

208 98 EA 1977 
page 4-25 

aPercent a l ive  a t  end o f  observation period (96 hours a t  Bowline, 84 hours a t  Roseton and 

bData col lected under the same conditions (sampling point,  operating mode, and screenwash 

CEcological Analysts 1977 Progress Report t o  Central Hudson. 

dScreenwash pressure f o r  a l l  impingement survival s tudies  a t  Danskamner i s  55-65 psi .  

Danskamner). 

pressure) are pooled. 
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whether i t  was the s t ress  o f  impingement or the stress uf c c ~ l l z t i m  and 
observation t h a t  was responsible f o r  the maa-I;al.jtyo 

2.4.2.2 Clupeids 

There have been re la t ive ly  few szudies reltst+ing to  96k w r ~ i v a l  ~f 
impinged clupeids (alewife, blueback herring, Amex- i~an s"fa.4, arid g i z m w d  
shad). 
stress. As can be seen - f ~ m  Table 5, virtually none O F  the ~~~~~~~~~~~ clarpeids 
collected and held f o r  observation a t  Bowljglc, Rosetoo, a i d  ~ ~ ~ ~ ~ . ~ ~ ~ r  have 
survived to  the end o f  the hoIdir;g perScprl. 1 do  no^ be l iwe  thak mort than 
negligible survival of these f i s h  occws a t  a n y  p ' l an t  u n d e r  currcnt modes .rf 
travell ing screen operatian. 

What data do ex is t  show tha t  these f i s h  are rxtremc::\l s w s i t i v e  to  

2.4.2.3 -_ White Perch and Striped _._- Bass ~ 

Results o f  la tent  survival  studies ~ n v a l v i r q  white perch (Table 6 )  and 
st r iped bass (Table 7 )  have shown t h a t  these species ax-e ~~~~~~1~~~~~~~~ between 
the mre hardy Atlantic tomcod and the highly sensitive clupeids bdith respes-t 
t o  the i r  resistance t o  t h e  stress of impi~iyeinent;:, Because o f  the h i g h  
var iab i l i ty  of these resu l t s ,  i t  i s  not  p o s s i b l r  t o  estiniate the fract:i,~aiad'R 
surviva'! o f  impinged w h i t e  perch and s t r iped bass with the ~ a i w  acc11rdz:y drad 
precision possible fur estimates of cul lect ian efa'icit~ii,y 01- ~~j~~~~~~~~~~~~~ 

I t  is, h~wevet-, possible t o  rrialce q i i a l i t a t i \ x e  assessments o f  seasi~nal 
v a r i a t i o n s  i n  survival and of the e f f e c t s  o f  screenwash p~s3i:~'iure'; on 
survival. 

My assessments o f  these e f fec ts  w i  'a1 apply tca both species,  we^ t ixxigt i  
i n  many cases tne  only available da ta  r e l a t e  20 4d3it.e perch, 
would  expect the responses t o  s t r e s s  o f  these two c'lasely related species t o  
be similar.  
only ser ies  of experiments t h a t  involved subs t an t i a l  numbers o f  ~ t r  nped bass, 
support t h i s  in tu i t ive  judgment. Y hiive used tbe (data i n  T a h l ~ s  6 arid 7 ta 
compare t he  percent survivals of impinged w h i t e  perch and striped bass 
collected at  Bowline under the same csrrd i t ions ('I'able 81, The ccswe1atilsn 
between the two se t s  of numbers ( r  = Q,64f i s  s t a t i s t i c a l l y  riynificai?t  at 
the 1% 1 eve 1. Moreover ne i ther spec -e' es exh I'b I ted cons i sxerrt %y In -ii gher 
survival over a l l  experimental conditions; observed white perch snrrwival was 
higher than t h a t  o f  striped bass i n  f i v e  o f  the f i f t e e n  mmparjscms, and W ~ S  
lower i n  seven. 

- A .~......_..-__ pra'ori, me  

Experiments conducted a t  EawlSnc between 1974 arid 1975, the 

Even a superf ic ia l  inspection o f  Table 8 ~;%iows t h a t  for b a t h  w h i t e  perch 
and striped bass, survival  i s  considerably h igher  %.shen t he  t i -aveJl~vag screens 
a t  Bawline are operated i n  t h e  continunus made than when the iutermitteret 
mode .is eniployed. However, Table 6 shows tililt t h i s  pattern has aeoe been 
consistently observed f o r  wh i t e  perch impiiligtad a t  Roseiron and ~~~~~~~~~~~~ 

The highest survival o f  w h i t e  perch at both af these plisrat.; has been obtained 
d u r i n g  cont inuous  operation: eight a u t  of nine observations o f  40% later14 
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Table 5. Sumnary o f  c l u p e i d  imp ingement3urv iva l  data 

Operating mode and Number o f  
Per iod C o l l e c t i o n  p o i n t  screenwash pressure f i s h  tes ted  % Su rv i va la  Source 

BOWL1 N E 

November - 
December 
1976 

November- 
December 
1976 

November 
1974 

ROSETON 

F a l l  1975 

Co 11 e c t i  on 
p i t  

Discharge 
P ipe  

Co 11 e c t i  on 
p i t  

D i s charge 
Pipe 

Co 11 e c t i o n  
basket 

Continuous, 
h i g h  pressure 

Continuous, 
low pressure  

I n t e r m i t t e n t ,  
h igh  pressure  

I n t e r m i t t e n t ,  
low pressure  

Conti  nuou s, 
h igh  pressure  

Cant i nuous, 
low pressure  

I n t e r m i t t e n t ,  
h igh  pressure 

I n t e r m i t t e n t ,  
low pressure 

Unknown 

Unknown 

Continuous, 
h i g h  pressure  

I n t e r m i t  t en t ,  
2- h r  ho 1 d ,  
h i g h  pressure  

8gb 10 E x h i b i t  UT-I 
Table 10.3-4 

51 0 

28 0 

22 0 

1 0 

9 0 

1 0 

2b 0 

60 0 

93 0 

24c 0 

59 9 5c 0 

E x h i b i t  UT-7 
Table 10.3-6 

E x h i b i t  UT-7 
Table 10.3-11 

E x h i b i t  UT-6 
Table 10.3-3 
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Table 5. (continued) 

Operating mode and Number of 
Period Collection point screenwash pressure fish tested X Survival a Source 

ROSETON 

Fall 1975 Col1 ecti on Intermittent, 38 1C 0 Exhibit UT-6 
basket 4-hr hold, Table 10.3-3 

high pressure 

6-hr ho 1 d , 
high pressure 

Intermittent, 4645c 0 

DANSKAMMER 

Fall 1975 Co 11 ecti on Continuousd 107C 1 EA 1977@ 
basket Table 4-25 

Intermit tent, 162c 0 

Intermittent, 314C 0 

Intermittent, 2436c 0 

2-hr hold 

4-hr hold 

6-hr hold 

SURVIVAL OF CONTROL FISH EXPOSED ONLY TO COLLECTION AND HOLDING PROCEDURE 

BOWLINE 

November Co 11 ecti on 
1976 pit 

40 0 Exh i b it UT- 7 
Table 10.3-5 

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

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

Qata f o r  all clupeid species are pooled. 

dScreenwash pressure for a l l  impingement survival studies at Danskamner i s  55-65 psi. 

eEco7ogical Analysts 1977 Progress Report to Central Hudson. 

Danskanmer). 

pressure) are pooled. 
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Tablc E. Suliindry o f  !bite perch inpingemwit survival data 

Operating rode and Number o f  
Pei-iod C o l l c c i i ~ i l  point scrccnwach pressure f i s h  tes teda % Survival b Source 

Bnb!?IF::: 

Jat-~i~ary- Co 11 cc t i  on Cont i nuou s, 
Dc emu ev p i t  high pressure 
1936 

Discharge 
p i p e  

Continuous, 
low ? r e s u r e  

Intermit tent ,  
h i gh pressure 

I n t erm i t ten t i) 
low pressure 

Con t i nu ou s , 
h i g h  pressure 

Coiit i nuou s, 
low pressuie 

I n t c r m i t ten t , 
hi $1 pi-:-ssure 

Interinii tent,  
lox pwssiirn 

J anu s:-y I 
Fehro ary p i t  
1377 

Co 1 1 ec t i  an ContiiiuoLls, 
high pressure 

Continuous, 
10% presslJrP 

C o n t i  ai ou s 
high pieszirrc 

Cont i i i uw  S, 
10hJ pressure  

0 i s ch 3;- p 

2483c 

3701C 

1339c 

1281C 

390c 

274c 

6 0 V  

966C 

98%c 

25 

28 

61 Ex h i b i t  UT-7 
Pable 10.3-4 

49 

26 

23 

20 Ex h i  b i  t UT-7 
Table 10.3-6 

17 

10 

9 

28 E x h i b i t  UT-7 
Table 10.3-9 

21 

29 

0 
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Table 6. (continued) 

Period Collection point 

BOWLINE 

November- 
December 
1974 

January 
1975 

April 1975 

NOVeMb W- 
December 
1974 

March- 
April 1975 

March 1975 

March- 
Apr i l  1975 

ROSETON 

F a l l  1975 

Co 11 ec t ion 
p i t  

Co 11 ec t i  on 
p i t  

Co 11 ec t i  on 
p i t  

Discharge 
Pipe 

Discharge 
pipe 

Discharge 
pipe 

Discharge 
pipe 

Col 1 ec t i on 
bask et  

Operating mode and Number o f  
screenwash pressure f i s h  tes teda  % Survival Source 

Cont i nuous, 
high pressure 

Cont  i nuous , 
high pressure 

Continuous, 
h i g h  pressure 

Continuous, 
h i g h  pressure 

Cont i nuou 5 ,  
high pressure 

Intermit tent ,  
2- hr ho 1 d ,  
h i g h  pressure 

Intermit tent ,  
4- hr ho 1 d , 
high pressure 

Continuous, 
high pressure 

Intermit tent ,  
2 - h r  ho 1 d, 
high pressure 

Intermit tent ,  
4-hr hold, 
high pressure 

543c 

51 

837c 26 

7 

35 

23 

7 

5 

0 848c 

20 1 

66 7 

239 

Exh i b it UT-7 
Table 10.3-10 

Exh i b i t  UT- 7 
Table 10.3-10 

Exhibit UT-7 
Table 10.3-10 

Exhi b i t  UT-7 
Table 10.3-11 

Exhibit UT-7 
Table 10.3-11 

Exhibit UT-7 
Table 10.3-11 

Exhibit UT-.7 
Table 10.3-11 

8 Exhibit UT-6 
Table 10.3-3 

1 

0 
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Table 5. (continued) 

__ . .______I._____ _.l________l.l__ 

Operating mode and Number o f  
Period Collection point screenwash pressure fish testeda % Survivalb Source 

....____.........__-.I.._. 
~ ____ 

ROSETON 

Intermittent, 68 4 0 
6- hr ha 1 d , 
high pressure 

April- Co 11 ecti on Continuous , 27 5 16 Exhibit UT-6 
June 1976 basket high pressure (year 1 i ng Table 10.3-2 

and adult) 

Apri 1- Coll ecti on Intermittent, 96 9 Exhibit UT-6 
June 1976 basket 2-hr ho 1 d , (year 1 i ng Table 10.3-2 

high pressure and adult) 

Intermittent, 66 0 
4-hr hold, (yearling 
high pressure and adult) 

November- Co 1 1  ecti on Con ti nuous , 285 
December basket low pressure 
1976 

Conti nuou s,  707 
high pressure 

Intermittent, 38 9 
2-hr hold, 
low pressure 

Intermittent, 344 
2- hr ho 1 d ,  
high pressure 

Intermittent, 
4- hr ho 1 d, 
low pressure 

25 

Intermittent, 70 
4- hr ho 1 d, 
high pressure 

14 Exhibit U T-6 
Table 10.3-4 

4 

8 

5 

16 

0 
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Table 6. (continued) 

Operating mode and Number o f  
Period Collection point screenwash pressure f i s h  tes teda X Survivalb Source 

KOSETON 

November- 
December 
1976 

January- 
March 11377 

Cont i nuou s, 
low pressure 

Continuous, 
h i g h  pressure 

Intermit tent ,  
2- h r  ho 1 d , 
low pressure 

Co 11 ec t i  on 
basket 2-hr ho 1 d,  

I t i  termi t t en t , 
high pressure 

Intermit tent ,  
2-hr hold, 
l o w  pressure 

Intermit tent ,  
2-hr ho i d , 
high pressure 

Co 11 e c t i  on 
basket low pressure 

Continuous , 

Continuous, 
h i g h  pressure 

Intermit tent ,  
2- hr ho 1 d ,  
low pressure 

10 40 
(year 1 i n g  ) 

(year 1 i n g )  

(year 1 i ng)  

9 0 

22 14 

9 11 Ex h i b i t UT-6 
Table 10.3-4 ( ye ar 1 i n g ) 

7 ( a d u l t )  14 

4 (adul t )  25 

15 

49 

16 

0 EA 1977d 
Table 4-14 

0 

Intermit tent ,  
2-hr hold, 
high pressure 

39 0 
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Table 5. (continued) 

Operating mode and Number of  
Period Collection point screenwash pressure f i sh  tes teda  % Survivalb Source 

ROSETON 

April- 
May 1977 basket low pressure 

Co 11 ec t i  on Cont i n u  ou s , 

Continuous, 
h i g h  pressure 

Inter  m i t t e n t , 
2 - h r  ho 1 d , 
low pressure 

Intermit tent ,  

high pressure 
2- hr ho 1 d , 

Apri 1 - Co 11 ec t i  on Intermit tent ,  
May 1977 basket 4-hr hold, 
1977 low pressure 

Intermit tent ,  
4-hr ho 1 d , 
high pressure 

Continuous, 
low pressure 

Continuous , 
high p r o -  Lasure 

Intermit tent ,  

low pressure 

Intermit ten t ,  
2-hr  hold, 
high pressure 

Intermit tent ,  
4- h r  ho 1 d , 
high pressure 

2 -h r  ho 1 d , 

229 20 EA 1977 
Table 4-17 

37 8 51 

74 20 

68 23 

144 25 EA 1977 
Table 4-17 

231 10 

15 3 6 
(year 1 i ng ) 

(year 1 i ng)  

(year 1 i n g )  

1 7 1  2 

46 22 

74 4 
(year l ing)  

26 4 
(year 1 i n g  ) 
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Table 6 .  (continued) 

Operating mode and Number o f  
Source Period Collection point screenwash pressure fish testeda 'X Survival 

Cont i nuous, 
low pressure 

Continuous, 
high pressure 

Intermittent, 
2-hr hold, 
low pressure 

Intermittent, 
2-hr hold, 
high pressure 

Apr i  1 - Co 11 ecti on Intermittent, 
May 1977 bdsket 4-hr ho 1 d, 

low pressure 

Intermittent, 
4- hr ho 1 d , 
h i gh pressure 

~ A N S K ~ ~ & K  

F a l l  1975 Co 11 ecti on Continuouse 
basket 

Intermittent, 
2-hr hold 

Intermittent, 
4-hr hold 

Intermittent, 
6-hr hold 

89 (adult) 11 

53 (adult) 8 

20 (adult) 15 

56 (adult) 11 

2 (adult) 0 

15 (adult) 18 

268 

236 

924 

137 

EA 1977 
Table 4-17 

EA 1977 
Table 4-25 
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'Table 6.  (continued) 

Operatirig mode and Number o f  
Period Collection point screenwash pressure f i sh  tes teda % Survival Source 

DANSKMMER 

Apri 1 - Co 11 e c t i  on Continuous 
May 1976 basket 

Intermit tent ,  
2-hr hold 

In termi t tent , 
4-hr ho 1 d 

November- Co 1 1  e c t  ion Continuous 
December basket 
1976 

I n t e  rill i t t e n t  , 
2 - h r  hold 

Continuous 

Intermit tent ,  
2-hr  hold 

Conti ~ U O U S  

A p r i  1 - 
May 1977 basket 

Co 1 1 ec t i on Continuous 

Intermit tent ,  
2-hr  hold 

I n t eriii i t t e n t , 
4-hr h o l d  

Continuous 

99 21 EA 1977 
(year 1 i ng 
and adul t )  

(year 1 i ng 
and adul t )  

(year 1 i ng 
and adul t )  

Table 4-25 

71 2 1  

41 0 

201 24 

258 9 

17 53 
(year l ing)  

(year l ing)  
17 6 

2 ( a d u l t )  100 

122 43 

29 25 

158 6 

248 33 
(year l ing)  

EA 1977 
Table 4-27 

EA 1977 
Table 4-34 
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Table 6. (continued) 

_l.l_.l__.... .-... - _..._...._I-. ~ 

Operating mode and Number o f  
Period Collection point screenwash pressure f i s h  testeda % Survivalb Source 
---- _I_.___.___ --I_ -̂__ __c___I_ 

DANSKAMMEH 

BOWLINE 

November - 
December 
1976 

ROSETON 

November - 
December 
1976 

Intermittent, 162 40 
2-hr hold 

Intermittent, ti2 0 
4-hr hold 

Con t i nuous 347 (adult) 45 

Intermittent, 223 ( a d u l t )  28 
2-hr hold 

Intermittent, 137 (adult) 3 
4-hr hold 

{year 1 i ng) 

(year 1 i ng) 

-. SURVIVAL OF CONTROLS EXPOSED ONLY TO COLLECTION AND HOLDING PROCEDURE 

Collection 
pit 

D i s c h ar g e 
Pipe 

Co 11 ecti on 
basket 

28 86 Exti i b it UT -7  
T a b l e  10.3-5 (year 1 i ng 

and adult) 

302 32 

134 14 E x h i b i t  LIT-7 
Tab le  10.3-7 

Exhi b i t  UT-6 53 68 
Table 10.3-6 

28 100 
(year 1 i n g 

1 (adult) 100 



1-34 

Table 6 .  (continued) 

Operating mode and Number o f  
Period Collection point screenwash pressure f i s h  tes teda  % Survivalb Source 

ROSETON 

..... 

Apr i 1 - 
May 1977 basket 

Co 11 ec t i  on 

DANSKAMMER 

November - Co 11 ect ion 
December basket 
1975 

April- 
May 1977 basket 

Co 1 1 e c t i  on 

26 45 EA 1977 
Table 4-18 

22 59 
(year l ing)  

230 ( a d u l t )  89 

11 91 

5 (adul t )  100 

EA 1977 
Table 4-28 

53 81 EA 1977 
Table 4-35 

38 79 
(year 1 i n g )  

159 ( a d u l t )  84 
........... .............. ....._.._--______. . I.._.I__ . . ..-... 

aYoung-of-the-year unless otherwise noted, . 
bPi?rcent a l ive a t  end of observation period (96 hours a t  Bowline, 84 hours a t  Roseton and 

CData col lected under the same conditions (sampling point,  operating mode, and screenwash 

dEcologica1 Analysts 1977 Progress Report t o  Central Hudson. 

escreenwash pressure f o r  a l l  impingement survival s tud ies  a t  Danskamner i s  55-65 psi. 

Danskamner). 

pressure) are pooled. 
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Table 7. Sumnary o f  s t r iped  bass impingement survival d a t a  

Operating mode and Number o f  
Period Collection point screenwash pressure f i s h  tes ted % Surv i v d l d  Source 

BOWLINE 

January- Call e c t i  on Continuous. 
December 
1976 

p i t  h igh  press i re  

November - Discharge 
December pipe 
1976 

Continuous, 
low pressure 

Intermit tent ,  
h igh  pressure 

Intermit tent ,  
low pressure 

Continuous, 
h i g h  pressure 

Continuour, 
low pressure 

In te rmi t ten t ,  
h i g h  pressuve 

Intermit tent ,  
l ow  pressure 

November- Col1 ection Cont i nuou s, 
December p i t  h i g h  pressure 
1974 

1 B l b  

123b 

January Col1 ec t i  on Cont i nuou s ,  577b 
1975 p i t  h i g h  pressure 

Apri 1 Co 1 1 ec t i on Conti nuous, 158b 
1975 p i t  h i g h  pressure 

62 Exhibit U7 - 7 
. [ab le  10.3-4 

49 

32 

14 

40 Exh i b i t  UT-7 
Table 10.3-6 

1 4  

24 

6 

11 Exh i b i t  UT-7 
Table 10.3-12 

9 Exhibit U I - 7  
Table 113.3--12 

Exhi b i t  111-7 
Table 10.3-12 

7 1  



1-36 

Table 7. (continued) 

Operating mode and Number o f  
Period Collection point screenwash pressure fish tested % Survivala Source 

BOWL1 N E  

November - Di s ch arqe Continuous. 86b 19 Exhibit UP-7 - 
December pipe high pressure 
1974 

Table 10.3-13 

April- Discharge Continuous, 192b 61 Exhib 
May 1975 Pipe high pressure Tab 1 e 

March 1975 Discharge Intermittent, 

high pressure 
Pipe 2-hr hold, 

50 5 Exhib 
Tab 1 e 

March- Discharge 
April 1975 Pipe 

Fall 1975 Co 1 1  ec ti on 
basket 

D AN SK AMME R 

Fall 1975 Co 11 ecti on 
basket 

Intermittent, 

high pressure 
4- hr ho 1 d , 

Continuous, 
high pressure 

Intermittent, 
2-hr hold, 
high pressure 

Intermittent, 
4-hr hold, 
high pressure 

Intermittent, 
6-hr hold, 
high pressure 

Cont i nuousc 

Intermittent, 
2-hr hold 

Intermittent, 
4-hr hold 

98b 

4 

11 

5 

6 

3 

12 

26 

0 

25 

0 

0 

0 

0 

17 

0 

t UT-7 
10.3-13 

t UT-7 
10.3-13 

Exhibit UT-7 
Table 10.3-13 

Exhibit UT-6 
Table 10.3-3 

EA 1977d 
Table 4-25 
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T a b l e  7. (continued) 

______.._I _I 

Operating mode and Number of 
P e r i o d  Collection point screenwash pressure fish tested X Survivala Source 

Intermittent, 2 0 
6-hr hold 

SURUIVAL OF CONTROLS EXPOSED ONLY TO THE COLLECTION AND HOLDING PROCEDURE- 

BOWL [NE 

November- Co 11 ecti on 
December pit 
1976 

35b 20 Exh i b i t  UT-7 
Table 10.3-5 

"Percent a l i v e  at end of observation period (96 hours at Bowline, 84 hours at Roseton and 

bats co'llected under the same conditions (sampling point, operating, mode, and screenwash 

Uanskamner ) " 

pressure) are pooled. 

cSScreenwash pressure for all impingement survival studies at Danskamner i s  55-65 p s i .  

dEcoloyical Analysts 1977 Progress Report to Central Hudson. 



1-38 

Table 8. Comparison of observed percent survival of white perch and striped bass under 
i dent i cal experimental conditions , Bow li ne Point Generating Station (from 
Tables 6 and 7) 

Co 1 1 ecti on Operating mode and % Survival of % Survival of 
Period point screenwash pressure white perch s t r i ped bass 

January- Collection pit Conti nuou s, 
December high pressure 
1976 

D i  ch 

Continuous, 
low pressure 

Intermittent, 
high pressure 

Interrni ttent, 
low pressure 

Cant i nuou s, 
high pressure 

Cotit i nuous, 
low pressure 

rge pipe 

Intermittent, 
high pressure 

Intermittent, 
lo8 pressure 

November- Collection pit Continuous, 
December high pressure 
1974 

January 1975 Collection pit Continuous, 
high pressure 

April 1975 Collection pit Cont i nuou s, 
high pressure 

61 

49 

26 

23 

20 

17 

10 

9 

26 

7 

35 

62 

49 

32 

14 

40 

14 

24 

6 

11 

9 

il 
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Table 8.  (con t inued)  

Cc 1 1 e c t i  on Operating motlc arid tx: Sl> rv l k ta l  of % Survival of 
Per 1 od point screenwash pressure kitfr3te perch s t r i p e d  bass 

Navember - Discharge p i p e  Conti ncmis, 
December 1974 h i g h  pressure 

March- Discharge pipe 
May 1975 

March 1915 Discharge p ipe  

Cont i n?lo11 s ’I 
h i g h  pressure 

Intenni t t en t ,  
2 -h r  hclb, 
h i g h  pressure 

March- Discharge p i p e  I n t e r m i t t e n t ,  

h igh pre; sure 
April 1975 4-hr hold,  

~ .. . .. . . -. . . . . . . . . . . . . . . 

23 19 

0 
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s,wvival or higher.  B u t  in  many of the experiments, in  pa r t i cu la r  in  the  
April -May 19// experiments a t  Roseton, survival  o f  white perch impinged 
aui-ing in t e rmi t t en t  operation \ w i t h  a tw-hour  wash cycle has becn as high as 
g r  higher than t h a t  of f i s h  impinged during continuous operat ion.  The lowest 
w!iite perch survival  a t  b o t h  Roseton and Danskanmer has been obswved during 
in te rmi t ten t  operation with a four-hour cycle.  

- 
ine r e s u l t s  of t e s t s  designed t o  measure the e f f e c t  o f  screenwash 

prersure  on survival  have also d i f f e red  from plant  t o  p l a n t .  As was noted 
i n  oclr discussion of At lan t ic  tomcod su rv iva l ,  "low" pressure a t  Roseton 
\SO p s i )  i s  nearly as high as "high" pressure a t  Bowline (50 t o  60 p s i ) .  
Nost o f  tlie tes ts  a t  Roseton have indicated t h a t  iindcr b o t h  continuous and 
in te rmi t ten t  operation white perch survival  i s  higher a t  50 psi screeinwash 
pressure than a t  100 p s i .  EA has s t a t ed  t h i s  conclusion both in  Exhibit 
UT-6 ( p .  10.3-35) and in  the 1977 Progress Report t o  Central Hudson 
(Ecological Analysts 1377, p.  5 -1) .  i3ased on the  data in Table 6 ,  I agree 
with t h i s  conclusion. 

A t  aowline, no increase i n  survival  has been noted when screenwash 
pressure i s  reduced from the  normal 60 psi to 20 psi or l e s s .  EA found no 
s ign i f i can t  e f f e c t  of pressure on survival  under e i t h e r  continuous or 
i n t ? r a i t t e n t  t r ave l l i ng  screen operat ion.  EA offered two possible  
explanations (Exhibi t  UT-7, pp. 10.3-26-28): 

... [ h e  absence o f  an apparent e f f e c t  of screenwash pr,. assure  
has a t  l e a s t  two poss ib le  in t e rp re t a t ions .  F i r s t ,  the  damage 
incurred by the  white perch from being washed off t h e  screens 
inay be negl ig ib le  a t  screenwash pressures o f  50-60 psi and 
below. Second, the spray from the low pr2ssure system may have 
been i n s u f f i c i e n t  t o  remove f i s h  from the  screens.  As a 
r e s u l t ,  t , ie  f i s h  ma;, have been exposed t o  the  high pressure 
nozzles located j u s t  above the  low pressure system. I n  t h i s  
case pressure exposures would have been s imi la r  in  b o t h  the low 
and high pressure wash t e s t s .  

d l tmugh EA f o u n d  no s t a t i s t i c a l l y  s ign i f i can t  d i f fe rence ,  tihe 
Januarj-3ecember 1976 survival  percentages in Table 8 suggest t h a l  t h e  
1 m/-prossure screenviash system may ac tua l ly  reduce the  survival  o f  white 
?ercn and  s t r iped  bass. I n  e igh t  cases in  which i t  i s  possible  t o  compare 
rasul t s  olltained under conditions t h a t  were ident ica l  except f o r  screenwash 
pressilre ( i . ? . ,  same co l l ec t ing  loca t ion ,  screenwash schedule, and spec ie s ) ,  
, ~ i y n ? r  sdrvival  Nas 3bserv.d i n  every case among f i s h  exposed only t o  the 
n i 3 n  gressulre spray.  If screenwash pressure has no e f f e c t  on su rv iva l ,  then 
t : ie  p v b a b i l i t y  of t h i s  r e s u l t  i s  the same as the probabi l i ty  of tossing a 
c o i n  e ight  times and observing eigh "hcads." Such a r e s u l t  would be 
2xpected by chance o n l y  3.4% ( =  0.5 8 ) o f  the  time. 

Neitn2r LA nor Li4S nas evw reported designing o r  conducting experiments 
I : ]  order t o  determine d ie ther  the survival  of impinycd white perch and 
s t r iped  3 3 ; s  varies  seasonal ly .  Nonetheless, ttir data in  Tables 5 and 7 
suggest t h a t  such v a r i a t i o n  does e x i s t .  In  t e s t s  performed d u r i n g  the winter 
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of 1976 (January-March), EA observed 100% mortality o f  juvenile white perch 
under a71 operating conditions. EA 'S  explanation (Ecological Analysts 1911, 
p .  4-25) was that  these f i sh  are more susceptible to  handling and n o l d i i i g  
s t resses  when water temperatures are near freezing. I agree t h a t  since young 
white perch already are under s t ress  because of low temperatures, they s h o u l d  
be more vulnerable t o  the a d d i t i o n a l  s t ress  of  handling and  observation. 
However, f o r  the exact same reason, they s h o u l d  also be more susceptible t o  
the s t ress  of impingement. Surv iva l  o f  white perch impinged a t  aowline 
d u r i n g  t h i s  same period was also low (Table 6 ) .  Nearly 2003 irnpinged white 
perch were sampled at  the Bowl i ne col1 ecti  on p i t  d u r i  ng January-February 
1917.  A l l  were obtained while the screens were operating i n  the corlt indous 
mode, i .e. ,  the mode under w h i c h  the highest survival i s  obtained. On'ly 25% 
of the f i s h  collected when the h i g h  pressure spray was used, and on ly  21% of 
the f i sh  collected when the low pressure spray was used, survived for  as 
long as 96 hours a f te r  collection. Relatively h i g h  surv iva l  was observed 
among white perch collected a t  the Bowline discharge pipe ( h i g h  pressure 
spray), b u t  t h e  sample s ize  here was low, only 25 f i sh .  Few impinged s t r iped  
bass have been collected and observed d u r i n g  the winter. Table 10.3-4 o f  
E x h i b i t  UT-7 l i s t s  35 striped bass as having been collected i n  January and 
February o f  1976. Only 4 of these (11%) survived for 96 hours. O f  158 
striped bass collected by LMS i n  January 1975, 71% survived for  a similar 
period. The resul ts  for striped bass are contradictory and no reasonable 
conclusions can be drawn from them. The resu l t s  f o r  white perch suggest, 
a l t h o u g h  they are not  conclusive, t h a t  survival is  lower d u r i n g  the winter 
than d u r i n g  other seasons. 

I t  i s  now time t o  address the thorny question of the r e l i a b i l i t y  o f  the 
data sumnarized i n  Tables 6-8 as estimates of the survival o f  t i i o s e  w h i t e  
perch and striped bass that are i m p i n g e d ,  washed off the screens, and 
returned t o  the river rather than collected and observed. I t  I S  not poss ib le  
t o  reproduce i n  the laboratory the conditions faced by these f i s h  i n  their  
natural habitat. A stunned or otherwise weakened f i s h  i s  more vulnerable t o  
predators, and these predators  may congregate i n  the vicinity o f  the 
screenwash discharge because i t  provides an abundant supply o f  prey. 
Congregations o f  predators have, i n  f ac t ,  been observed a t  f i sh  return s i t e s  
i n  t he  Sacramento-San Jaaquin estuary (Skinner 1972, Ca I i f o rn i  a Department 
o f  F i s h  and Game et a l .  1978). Moreover, analyses o f  the stomach contents 
o f  these predators indicate t h a t  they feed heavily on released f i s h  (Skinner 
1972, C a l i f o r n i a  Department of Fish and Game e t  a l .  1978). A f ish t h a t  
survives these predators may develop f u n g a l  or bacterial infections bzcause 
o f  wounds and/or los t  scales caused by impingement. Such infections may 
not  be observable i n  the holding f a c i l i t y  because they take longer than  96 
hours t o  develop, or because they are suppressed by biocides (according to 
p. 10.3-6 o f  Exh- ib i t  UT-6, water used at  the Roseton h o l d i n g  f a c i l i t y  has 
occassionally been treated w i t h  potassium permanganate i n  order t o  reduce 
the incidence of infections).  

On the other hand,  the collection and h o l d i n g  procedure imposes stressFs 
of i t s  own t h a t  the  impinged f i sh  does not  suffer  i f  i t  i s  returned d i r .ec t . l y  
t o  the r iver .  I t  i s  for t h i s  reason t h a t  EA has attempted t o  measure the  



moita l i iy  n f  CoiitfO1 f i s h ,  expnsed only t o  co l lec t ion  and 
i.hrw p1hnt.s. 1iic coritrol surv iva l  data f o r  striped bass 
z r e  s i j i i m r j z & 3  r sspnzt ive ly ,  iri i ab les  G and 7. 

E A ' S  results ind ica te  t.i-rcit f o r  bo th  o f  these soecies  

holding, a t  a l l  
and white perch 

hand 1 i ng mort a 1 i t y 
i s  s d ) \ i a l t i a l .  
F ~ I ~ I I P  has h w l  it0 b e t i e r  than that. of t he  comparable impinged f i s h .  
Survival o f  iirrpiiigw! s t r iped bazz sampled at t h e  co l l ec t ion  a i t  i n  1976 
ratigeif f r m t  14 I c r  5%. Snrvival of  "Lie corresponding cont ro l  f i s h  was 32%. 
Survival o f  year-litry md adul t  eri9it.c pevch cont ro ls  was high (Mi%), b u t  t he re  
a r e  no i m p i t i y t d  fish w i t h  which they car: be compaiecd. White perch Survival 
a t  the Rcz!inr d i s rharge  p i p e  in 197b ranged froiri 9 t o  2Q%, 
pot id ing Corltroi surfiival was 14%. 
Darr5kzmer have f a r rd  b e t l x ~ ,  a l t h o b g h  tslortal i i y  has been f a i r l y  h i q h  among 
yohtiy-Df-ttri. year- cont ro ls .  Iii only  on^ case (Reseton, April-May 1977, 
young o f -  tnc-year,  coni i tiuUi.i$ high-Qt2ssLir-e screwwash) has inortal i ty  among 
impinged T-ish been h ighc r  t h a n  that. o f  cont ro l  f i sh .  

Ihe Survival o f  n h i t e  perch and s t r iped bass cont ro ls  a t  

The corres- 
Mh-ite perch cont ro ls  at. Roseton and 

I s  it pnss ih lc  that  3.11 o f  the c b b w ~ e d  mor ta l i t y  amoucj impinged f i s h  
i s  caurpd by co l l ec t ion  m d  har id l ing?  I do nat  be l ieve  so. I f  a l l  mor t a l i t y  
* L ,  1'9VC dLJ? i o  co 11 e c t i m  and hand 1 i tiqz then no e f f e c t s  o f  scrcennash procedure 
on surv iva l  cauld be ohzcvt.cd. I f ,  as appears t o  be t he  case, co l l ec t ion  
and h o l d i n q  cause T ihs t an l i a l  iilortal i t y ,  then E A ' S  procedure ensures t h a t  
cnritrol  f i s h  !t j l l  suffer 1111Jr*e o f  t h i s  mor ta l i ty  than \ d i l l  impinged f i s h .  
Accovviirq i o  p .  10.3-18 o f  E x h i b j t  U I - 7 ,  control f i s h  a re  held f o r  a t  l e a s t  
/ 2  lic3Ur-S h e f u r  L? use i n  illipingernerri survival  experiments. If the  holding 
sydriii i t rcsses  f i c l i ,  the:! cniiti-ois are exposed tu t h i s  s t r e s s  f o r  much 
longcsr ihiiri are  inpitrgi~d fish.  I t  mayy, however, be the c o l l e ~ t i o n  process 
i i s p l f  t h a t  i i r i g o ~ e ~  the  stress. Dt-. Jinks stdted ( t r a n s c r i p t  p. 4599) t h a t  
the lcn5tti o f  t i iw F p e n t  in  t h c  c o l l ~ c t i o n  baqket influences the surv iva l  o f  
contr-01 f i b h .  At a l l  t h ree  ylat^rts ronLi i91 f i s h  are  inser ted  i n t o  the 
c n 1 i e c t i ~ r - i  dwici i  a t  Itit: bcginnitiy of t he  sampling p e r i o d  and l e f t  t he re  f o r  
t k  t.,it.;re sampling p e r i n d  ( t r a n s c r i p t  ~ p .  4598-99). 

each cotiirul r i c h  i s  exp"'ss'd t o  Lhc s t r e s s  of co l lec t ion  f o r  twice ._I- _l_ as l o n g  
as ti le avc:-ag~ iqiiriycd f i s h .  In addi t inn ,  control f i s h  su f fe r  a stress 
tha t  i s  w l  inlpclsed a1 d l l  on i,iipir?qed f ish: :  s l r e s s  due t o  marking. TI has 
fnurici ( t ra t ;scr ibJt ;  pp. 4597-98) t h a t  marking does induce mortal i ty .  TI'S 
rllark/i;capturc populatinrr est  i~na tcs  are adjusted t o  account for t h i s  
fii[li-tality. 
survival  nT C O i i L t " u 1  f izh used i n  impingment survival  s thd ies .  

I f  impinged f i s h  a r r i v e  
13 a- l e s s  continuously ttrroughout the  sampling period, then 

FA ha< iiilt at t e m p t ~ d  t o  rlit:?iSUre the Ef fec t  o f  iiiarking on t he  

5ccause r s l t t ~ * o l  f i s h  ru f f c r  more co l l ec t ion ,  handling ( including 
markinyj, aiid h o l d i l i g  s l - ress  than do iimpinged f i s h ,  I do not believe t h a t  
the riiortality o f  tile cirritit91 Fish i s  a r e l i a b l e  measure o f  t h e  true 
sarii~litly/obserJatiiJtt m o t - i d l  i t y  strffrrcd by impinged fish. 
survival  percentages S i i i j t l I i i  n o t  be used t o  compute adjusted impingement 
survival  petl-c,-.itages ( P * C J . ,  as i s  done i n  Table 10.3-9 of Exhibit  UT-6) .  
~ a y  b:! zaiicludud t h a t  til? r e s u l t 5  tabulated iii rables 6-8 represent  over- 
eztiinates s f  the  x t i l a l  f r a c t i o n  of impinged Mhite perch and s t r iped  bass 

The control  

I t  
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that  d i e  as a d i rec t  result of be ing  impinged. 
Fraction, one t h a t  cannot be estimated a t  t h i s  time, probably die indirectly 
because o f  increased vulnerabi 1 i t y  to  predators or pathogens. 

However, an a d d i t i o n a l  

2.5 COMPARISON BETWEEN IMPINGEMENT SURVIVAL A N D  COLLECTION EFFICIENCY 

Is  the percent survival of Atlantic tomcod, clupeids, white perch, or 
str iped bass impinged and returned to the r iver  under normal operating 
conditions h i g h  enough t o  of fse t  the effects  of collection efficiency? 
believe that  for Atlantic torncod impinged a t  Bowline, Roseton, and 
Danskamner, the answer to t h i s  question is  "yes." For clupeids the answer 
i s  definitely "no," and for white perch and striped bass i t  is "probably 
yes. '' 

1 

Survival of a d u l t  Atlantic tomcod impinged d u r i n g  the f a l l  and winter 
i s  clearly h i g h  enough t o  of fse t  the e f fec ts  o f  collection efficiency. 
Except for  the anomalously low survival observed a t  Roseton and Danskamer 
i n  1975, the survival of these f ish has been very h i g h .  In experiments i n  
which 10 or more f i s h  have been collected, a t  least  70% have survived to the 
end of the observation period. F a l l  and winter impingement estimates for. 
this species must be scaled down to account for th i s  h i g h  surv iva l .  Based 
sn the scant evidence available t o  date, the survival of juvenile Atlantic 
tomcod impinged a t  Bowline, Roseton, and Danskamner dur ing  the sumner months 
appears to  be h i g h  enough to of fse t  collection efficiency, b u t  not so h i g h  
that  downward adjustments are judged t o  be required. 

The su rv iva l  of impinged clupeids a t  the three plants discussed i n  th is  
section appears t o  be vir tual ly  zero, and t h u s ,  collection efficiency i s  no t  
a t  a l l  o f f s e t .  

For white perch and striped bass my conclusions are more uncertain. 
The highest su rv iva l s  of these species at  a l l  three plants have been o b t a i n e d  
under continuous travell ing screen rotation and,  a t  least  a t  Roseton, l o w  
screenwash pressure. 
of these p l a n t s  (Table 3 ) .  A t  Roseton and Danskamner, the most relevant 
resul ts  i n  Tables 6-8 are those obtained from experiments conducted under 
intermittent screenwash w i t h  the high-pressure spray. S u r v i v a l  percentages 
under these conditions have ranged from 0 to  25% a t  Rosetan and from 0 t o  
40% a t  Danskamner. Dur ing  conditions of h i g h  debris loading or jcing, the 
travell ing screens a t  Rvsetori are rotated continuously and washed w i t h  the 
h i g h  pressure spray. 
mode have ranged from 0-51%. A t  Bowline, both intermittent and continuous 
rotation have been employed d u r i n g  normal operation. S u r v i v a l  percentages 
r a n g i n g  From 0 t o  71% have been obtained from the collection p i t  experiments, 
w i t h  most o f  the observations f a l l i n g  between 10 and 40%. The generally 
lower survivals obtained at the Bowline discharge p i p e  are largely a funct ion 
o f  sampling mortality, as evidenced by the relat ively poor survival o f  the 
discharge pipe controls. 

These are not the s tandard  operating conditions a t  any 

The su rv iva l  percentages obtained under th i s  operating 
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Given that a substantial fraction of the mortality observed anmg white 
perch and striped bass i s  caused by collection and/or observation, i t  i s  
conceivable that as many as 40% may survive the imnediate effects o f  
inipingement if returned direct ly  t o  the river.  
impingement abundance collections are made a t  least  once a week. 
days no f i s h  are returned t o  the r iver .  Moreoverg i t  i s  narmal procedure a t  
Bowline t o  ho ld  a l l  f ish impinged d u r i n g  the 24 hours preceding an 
impingement sample. I f ,  on the average, 40% of the f i sh  retiirned to  “tie 
river survive, then about 29% (40% x 5 / 7 )  of a l l  white perch and striped 
bass impinged a t  Bowline d u r i n g  a week would survive. A t  Roseton and 
Danskamner, about 34% (40% x 6 /7 )  would survive. These survival percentages 
are emugh t o  offset  the effects of collection efficiency (70 t o  75%) so 
t h a t  no adjustments of the white perch and striped bass impingement to ta l s  
need be made. 

A t  a l l  three plants 
On these 

The possibi l i ty  remains t h a t  survival of impinged striped bass and white 
perch may be lower d u r i n g  the winter, a season o f  h i g h  impingement a t  Bowline 
and Indian P o i n t  and of low impingement a t  Roseton and Danskanrner. 
also possibie tha t ,  due to  the effects of sampling mortality, the survival 
o f  these species may be higher t h a n  i s  indicated by the resul ts  o f  the 
experiments. However, b i  ases introduced into the direct  impact. assessments 
by underestimating or overestimating the survival o f  impinged white perch 
and striped bass a t  Bowl ne, Roseton, and Danskamner are l ikely t o  be small 
i n  comparison t o  biases ntroduced by errors i n  the estimates o f  population 
size and t o t a l  mortality 

I t  i s  

I t  can be seen from Table 3 that  travell ing screen operating conditions 
a t  Albany are similar t o  those a t  Bowline, Roseton, and Danskamer. 
Therefore, i t  seems reasonable t o  assume that the survival of impinged f i sh  
a t  this plant is  probably similar t o  t h a t  observed a t  the three plants where 
studies have been conducted. A t  Lovett, however, the screens are rotated 
only once every eight hours. Since reduced survival  has been observed a t  
other plants when a four-hour screenwash cycle i s  employed, i t  i s  reasonable 
t o  suppose t h a t  survival  would  be even lower w i t h  an eight-hour cycle. 
the absence of data re la t ing to  the mortality of impinged f i sh  at: Lovett, I 
assume zero survival of a l l  species at t h i s  plant, and thus, collection 
efficiency i s  not  a t  a l l  offset .  

In 
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I conclude, on the basis  o f  an analysis o f  the four potent ia l  h iascs  
discussed i n  Section 2, tha t  the impingement estimates f o r  some species a t  
some plants require adjustment. Table 9 s u m a r i z e s  my estimates by plant 
and species o f  the magnitude o f  biases associated with GO Ilectiosi eff ic iency,  
reimpingement, impingement on inoperative screens, and impingement survival.  
Any adjustment fac tors  t h a t  I believe are necessary are a l so  presented i n  
Table 9. Since the various biases ,  i n  par t icu lar  tho5e due t o  impingement 
s w v i v a ? ,  cannot be measured precisely,  I have chosen t o  adjust  the 
impingement t o t a l s  only i n  cases where there -is a c lear  imbalance between 
those biases t h a t  cause underestimates (co l lec t ion  eff ic iency and impingement 
on inoperative screens) and those t h a t  cause overestimates (reimpiriyement 
and impingement survival) .  I have applied adjustment fac tors  only i f  a 
change o f  20% or more i n  the impingement estimates would resmlt. A d j u s t i n g  
these estimates by smaller amounts is, i n  my opinion, a t t r ibu t ing  greater  
accuracy arid precision t o  the bias  measurements than they actual ly  possess. 

No estimates o f  col lect ion eff ic iency are avai lable  for  Banskarrnier, and 
no estimates of  any of the biases are  available f a r  Lovett or Albany. In 
these cases I have estimated the magnitude of the biases from the data 
obtained a t  other plants ,  primarily Roseton and Indian Point U n i t  3 ,  Like 
Roseton and Indian Point (and unlike Bowline), Danskamner, Lovett, and Albany 
wi thdraw caol ing  water d i r e c t l y  from the r i v e r .  As i t  seems most probable 
t h a t  the  s l i g h t l y  higher col lect ion eff ic iency and reimpingement observed a t  
Bowline are re la ted t o  the u n i q u e  intake configuration o f  t h a t  plant ,  we 
have assumed t h a t  the estimates of col lect ion eff ic iency a t  Roseton and 
Indian Point U n i t  3 (both about 70%) and of  reimpingement a t  Roseton 
( e s s e n t i a l l y  zero) are applicable t o  these other three plants.  The low 
col lect ion e f f ic iency  a t  Indian Point U n i t  2 it; undoubtedly caused by the 
presence of fixed screens i n  f r o n t  o f  the  t rave l l ing  screens, a configuration 
t h a t  e x i s t s  a t  no other plant on the Hudson River (except for  Indian P o i n t  
U n i t  1, which i s  n o t  presently operating).  

Travel l i  ng screen operating procedures a t  Albany appear t~ be siini lar 
to  those a t  Bowline, Roseton, and Danskamner; therefore ,  I asst.ir:ie t h a t  the 
same estimates of impingement survival are applicable. A t  Love t t  the screens 
are rotated only once every eight  hours. 
inverse re lat ionship between impingement survival and t rave l l ing  screen 
holding time, I[ assume t h a t  no f ish survive impingement a t  Lovett. Since 
f i s h  impinged a t  Indian Point are n o t  returned to the r i v e r ,  no survival i s  
possible. 

Qn the basis af the observed 

I believe t h a t  upward adjustment i s  required for  clupeid impingement 
estimates a t  a l l  p lants  and f o r  impingement estimates For a l l  species a t  
Lovett and Indian Point. My adjustment fac tor  f a r  Indian P o i n t  U n i t  3 is 
s l i g h t l y  higher than t h a t  used by the u t i l i t i e s  because my est’ fmate of 
col lect ion eff ic iency is lower. My adjustment fac tor  f o r  I n d i a n  Po in t  
U n i t  2 -is ident ical  t o  tha t  of the u t i l i t i e s -  I believe t h a t  estimates o f  
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Table 9 .  Adjustment f a c t o r s  derived f o r  impingemrnt estiiilatcs a1  Hiidson River power p l an t s  

____. .............. ... - ____ ...... .............. ~- .... .. . 
a , b  

IWJi ngrme!?!...lurfil!L A d j  _________.I__ ustrrirrit f a c t o r  

Col l cc t ion  May- Scp temher - May- September- 
Plant e f f  i c iency  Reimpingeiiresrt Augus t  A p r i  1 A u g u s t  Apri 1 

~ _ _  

ATLAN I IC TOMCOD 

Bow 1 ? ne 
Lnvett 
IP unit  2 
IP uni t  3 
Roseton 
Danskamer 
Albany 

(1974-75)  
Albany 

CLU PEADS 

(1975-76) 

0.75 
0.70 
0.15 
0.70 
0.70 
0.70 

0. /o  
0.70 

Bow 1 i ne 0.75 
Lovctt 0.70 
IP uni t  2 0.15 
IP uni t  3 0.70 
Roseton 0.70 
0 an s k alrrrier 0.70 
Albany 0.70 

W H I  iE PERCH AND SIRIPED BASS 

Bow 1 i ne 0.75 
Lovett 0.70 
IP uni t  2 0.15 
IP uni t  3 0.70 
Roseton 0.70 
Dansk a m e r  0.70 
Albany 0.70 

0.1 
0 
0 
0 
0 
0 

0 

0 

0.1 
0 
0 
0 
0 
0 
0 

0.1 
0 
0 
0 
0 
0 
0 

0.4 
0 
0 
0 
0.4 
0.4 

0.4 

0.4 

0.4 
0 
0 
0 
0.4 
0.4 
0.4 

0.7 -- 
0 1.4 
0 6.7 
0 1.4 
0.7 -- 
0.7 00 

0.7 -- 

0.7 -- 

-- 
1.4 
6 .1  
1.4 
1.4 
1 .% 
1.4 

-- 
1.4 
6.7 
1.4 

0.6 
1.4 
6.7 
i .4 
0.6 
0.6 

0.  I 

0.5 

aAdjus t rnent  f a c t o r  = ( l / c o l l e c t i o n  e f f i c i ency)  x (1 - reimpingerimt) x (1 - impingement 
surv iva l  x the f r a c t i o n  o f  days on which impinged f i s h  a re  returned t o  the  r i v e r ) .  
Bowline t h i s  f r a c t i o n  i s  equal t o  5/7, s ince  impinged f i s h  a re  co l l ec t ed  and held f o r  24 
hours p r io r  t o  each weekly impingement co l l ec t ion  (Exhib i t  U T - 7 ) .  t o r  Roseton and 
Danskamner, i t  i s  equal t o  6/7, s ince  therr j s  no 24 hour prewash p r i o r  t o  each ueek ' s  
saiiipliiig (Exhibit  UT-6). For Albany, t - h i s  f r a c t i o n  i s  equal to 5/7 f o r  the  period April 
1974-March 1975, s ince  impingement co l l ec t ions  W I ' C  made twice per week.. For the period 
April 1975-March 1976, i t  i s  equal t o  13/14, s i n c e  impingement co l l ec t ions  were made only 
once every two weeks (Lawla- et  a l .  1976b). 

For 

bAdjiistrnent f a c t o r s  are ac tua l ly  applied t o  the  irnpingirlirent estirnatcs only i f  a change o f  
20% OF iiiorc would r e s u l t ,  t h a t  i s  only adjusLnient factcjrs l e s s  t h a n  or equal t o  0.80 or 
g rea t e r  than or equal t o  1.20 are applied.  
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f a l l  and winter impingement o f  Atlantic tomcod a t  Bowline, Rosetan, 
Uanskamer, and Albany require downward adjustment because of h j g h  
s u r v i v a l .  Survival of younger tomcod impinged d u r i n g  t h e  warmer months i s  
apparently lower, and therefore, I apply no adjustment t o  imp.ingerrrent 
estimates fo r  t h e  months o f  May-August. 
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SUMMARY AND CONCLUSIONS 

This testimony presents two independent l i  nes of evidence evaluating 
impingement losses of white perch a t  the power plants on the Hudson River. 
!he f i r s t  line of evidence involves analyzing the variation i n  collection 
rate  among years over the period 1972 - 1977. The second line of evidence 
i n v o ? v e s  estimating the conditional mortality ra te  (or equivalently, the 
percent reduct - i  on i n  year-cl ass strength i n  the absence of compensation) due 
t o  i ~ ~ ~ n ~ ~ r n ~ f l t  for the 1974 and 1975 year classes. 

.- 

The collection rates  provide estimates of year-class strength on a 
re la t ive scale. 
i m ~ i ~ ~ ~ m ~ n t  losses d u r i n g  the preceding months, as well as the effect  of any 
compensatory mechanisms which m i g h t  a l t e r  survival d u r i n g  the preceding 
months. Regression analyses on collection rates  o f  impinged 
young-of-the-year white perch among years suggest t h a t  there has been no 
systematic change i n  the s ize  of the white perch population d u r i n g  the 
period 1912 - 1977. In particular,  there is l i t t l e  evidence o f  a 
s t a t i s t i c a l l y  significant downward trend. However, given the large 
var iabi l i ty  i n  collection rates used i n  these regressions, the time ser jes  
are re la t ively short ( i . e .$  5 t o  6 years),  and t h u s ,  the s t a t i s t i c a l  power 
o f  the test for a trend is not h i g h .  In addition, because of the age o f  
sexual  maturity for  females and the multiple age-class composition of the 
spawning p o p u l a t i o n  of females, and because impingement mortality increased 
appreciably s tar t ing i n  1973 and 1974, a systematic decrease i n  year-class 
strength due t o  impingement mortality would only s t a r t  t o  manifest i t s e l f  
w i t h  t he  1917 (or 1978) and subsequent year classes. 

O u r  estimates o f  percent reduction i n  year-class strength due t o  
impingement indicate that the level of impingement impact was probably 
greater than 20% fo r  the 1974 year class and was probably greater than 15% 
f o r  the 1975 year class.  
entrainment, so t h a t  the t o t a l  power plant conditional mortality ra te  i s  
obviously greater than the values presented i n  this testimony for impingement 
only. 
th-iis !eve'/ o f  impingement impact i s  n o t  acceptable from the p o i n t  of view o f  
t h e  white perch population. 

As such, they ref lect  the effect  o f  entrainment and 

These estimates do not  include consideratian of 

Given the information presently available, i t  is our judgment t h a t  

In terms of  the comparability of assumptions and values fa r  i n p u t  
parameters used i n  the u t i l i t i e s '  methodology and i n  ORNL's methodology, the 
uti l .e"tiesi  estimate o f  percent reduction due to  impingement for the 1974 
year class of 11.3% i s  best compared to  ORNL's estimate of 25.5%. Five 
reasons For t h i s  more t h a n  factor-of-two difference are discussed. The 
u t i l i t j i e s '  choice a t  every one o f  these f i v e  "decisjon po in t s "  affects the 
results i n  the same direction, namely, t o  lower the estimate of percent 
reduction. ORNL's choice a t  each of these five decision p o i n t s  is 
scizntifical ly more sound and defensible. 

I I - i i i  
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1 .  INTRODUCTION 

Oak P idge Nat i r rna l  Labora to ry  ( O R N L )  performed a preliminary evaliuatirsn 
o f  impinqement losses of white perch a t  the I n d i a n  Point Nuclear Statiofi and 
other Hudson River power plants in preparing the Final Environmental 
Statement f o r  I r i d i a n  Po in t  3 ( I J S N R C  1975).  I n  t h a t  evaluation we stated 

A 1973 field-taqging study by a c o n s u l t a n t  For the applicant 
indicates t h a t  the  September-October population estimates t o  be 
used f o r  p lan~ i l inq  purposes should be 23 million white perch f o r  
the en t i re  Hudson River, This population estimate inclrides a1 1 
a y e  groups and n o t  jus t  younq-of -the-year, b u t  the young-of-the- 
year account fo r  the majority of the white perch impinged. This 
population estimate i s  tentat ive,  it may vary by an order of 
tnagn i tude  from y e a r  t o  year, and i t  i s  based on 1973 d a t a  (whereas 
the  iriipingement estimates are based on 1971-1972 d a t a ) ;  
nevertheless, the s t a f f  f ee l s  t h a t  impingement may have a 
significant impact on the white perch population. For example, 
LhP projected total  impingement loss a t  a l l  plants with 
once-through cooling a t  the three Indian Point Units i s  4,1 
million white p w c h  per year. I f  the assumptions are macle t h a t  
these are a l l  young-of-the-year and t h a t  80% of the t o t a l  white 
perch popu ln t inn  of 73 mi 11 i o n  are young-of-the-year, then 20% to 
25% of these yoting-of-the-year white perch will be impinged. 

V-61) 

Tn response t o  the above concern, the Office of Nuclear Regulatory 
Research, 1.1. 5.. Nuclear Regulatory Commission, funded research a t  ORNL 
s tar t ing i n  May 1978 w i t h  the following objectives: 
significance o f  impingement losses on the white perch population a t  the 
Indian Point Nuclear S t a t i o n  ( a l l  un i t s ) .  To col lec t ,  compile, and ana lyze  
d a t a  arid inforination on white perch impingement losses i n  the Hudson River- 
To estiniate the impingement exploitation r a t e  b y  power s ta t ions and  the 
conditional ra te  o f  mortality due t o  impingement f o r  the Hudson River white 
perch r~opulation. 
and t o  make a determination whether the impingement losses are having a 
potentially adverse impact on populations of white perch i n  the Hudson River. 

To deterin’t;ne the 

To document i n  d f ina l  report the resu l t s  of the a n a l y s i s  

hit; report i s  organized as fo l lows:  Section 2 deals w i t h  the w h i t e  
p p r c h  impingement d a t a  -- per se, including a description o f  the d a t a  base and 
t h e  analyses o f  variations i n  t h ~  collection rates  among years, months, and 
power plantr. Section ITI  deals w i t h  white perch population d a t a ,  i n r . l z ~ d ~ n g  
estirnatrzs o f  population s i r e  and monthly natural mortality rates., 
integrates t h e  resul ts  from Sections 2 and 3 t o  estimate the conditional 
mortality ra te  and pxploitation ra te  due t o  impingement, using the OPNL 
empirical impingement model, Section 5 i s  a discussion o f  our resul ts  i n  
l i y k i t  of the u t i l i t i e s *  resul ts  and concludes w i t h  consideration o f  whether 
impingcment of white perch a t  Hudson River power plants i s  a problem. 

Sectinn IV 

11-1 
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2. WHITE PERCH IMPINGEMENT DATA 

I n  t h i s  sec t i on ,  we f i r s t  p r e s e n t  a b r i e f  d e s c r i p t i o n  of t h e  da ta  base 
on number o f  w h i t e  perch impinged ( c o l l e c t e d )  and on t h e  c o l l e c t i o n  r a t e s  a t  
each power p l a n t .  
c o l l e c t i o n  r a t e s ,  f o c u s i n g  on t h e  p a t t e r n  o f  v a r i a t i o n  among years,  months, 
and power p l a n t s .  Our a n a l y s i s  o f  t h e  v a r i a t i o n  i n  c o l l e c t i o n  r a t e  o f  
young-o f - the-year  w h i t e  perch among yea rs  addresses t h e  quest ior t  o f  whether  
t h e r e  has been 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  and sys temat ic  t r e n d  i n  t h e  s i z e  
of year  c lasses  d u r i n g  t h e  p e r i o d  1972 - 1977. Our a n a l y s i s  o f  t h e  
v a r i a t i o n  i n  c o l l e c t i o n  r a t e  among months focuses on how these v a r i a t i o n s  
depend on l o c a t i o n  o f  t h e  power p l a n t  and age o f  t h e  w h i t e  perch. F i n a l l y ,  
ou r  a n a l y s i s  of t h e  v a r i a t i o n  i n  c o l l e c t i o n  r a t e  among power p l a n t s  focuses 
on i d e n t i . f y i r i g  which power p l a n t s  have t h e  h i g h e s t  and lowest  c o l l e c t i o n  
r a t e s  and how t h e  rank ings  o f  power p l a n t s  depend on t h e  age of t h e  w h i t e  
perch impinged. 

Then, we p resen t  t h e  r e s u l t s  o f  our  analyses of these 

A.  D e s c r i p t i o n  o f  t h e  Data Base 

Data on number c o l l e c t e d  and c o l l e c t i o n  r a t e  have been compi led f o r  
w h i t e  perch  b y  month f o r  a l l  yea rs  f o r  which d a t a  were o b t a i n a b l e  f o r  each 
o f  t h e  f o l l o w i n g  power p l a n t s  (moving downr iver ) :  Albany, Danskammw, 
Roseton, I n d i a n  P o i n t  U n i t s  1, 2, and 3, Love t t ,  Bowline, and A s t o r i a .  
'Ihese d a t a  a re  p resented  i n  t h e  Appendix, Tables A-1 th rough A-9.  
C o l l e c t i o n  r a t e  i s  d e f i n e d  as t h e  number o f  impinged w h i t e  perch counted 
( I n d i a n  P o i n t )  o r  es t ima ted  ( a l l  o t h e r  power p l a n t s )  t o  be impinged a t  the  
i n t a k e  pe r  u n i t  i n t a k e  f l ow .  Except f o r  I n d i a n  Po in t ,  where c o l l e c t i o r i  
r a t e s  were ad jus ted  upward t o  c o r r e c t  f o r  l e s s  than 100% c o l l e c t i o n  
e f f i c i e n c y ,  c o l l e c t i o n  r a t e  i s  assumed t o  be approx in ia te ly  eq i r i va len t  t o  
impingement r a t e ,  which i s  d e f i n e d  as t h e  number o f  w h i t e  perch  k i l l e d  a t  
the i n t a k e  per  u n i t  i n t a k e  f l o w .  A d e t a i l e d  a n a l y s i s  o f  f a c t o r s  t h a t  
i n f l u e n c e  impingement es t ima tes  a t  Hudson R i v e r  power p l a n t s  i s  g i ven  i n  
E x h i b i t  EPA-205, i n c l u d i n g  ad jus tment  f a c t o r s .  We designated May 31 - June 
1 ( a  one-day i n t e r v a l )  as t h e  d i v i d i n g  l i n e  between 12-month o ld  
young-of-the-year and 13-month o l d  y e a r l i n g s .  

B .  V a r i a t i o n  i n  C o l l e c t i o n  Rate Among Years 

C o l l e c t i o n - r a t e  d a t a  a re  a v a i l a b l e  on a month ly  b a s i s  f o r  a p e r i o d  o f  
4 -6  years  f o r  Bowline, L o v e t t ,  I n d i a n  P o i n t  2, Roseton, and Danskammer. We 
have t r e a t e d  c o l l e c t i o n  r a t e ,  which i s  e q u i v a l e n t  t o  a ca tch  per. u n i t  e f f o r t  
(CPUE), as an approximate index o f  p o p u l a t i o n  s i z e .  
index  t o  serve  as an accu ra te  index o f  p o p u l a t i o n  s i ze ,  t h e r e  must be soiiie 
assurance t h a t  a c t u a l  v a r i a t i o n s  i n  e f f o r t  a re  measured. ldde b e l i e v e  t h a t  
d a t a  on power p l a n t  i n t a k e  f l o w  ( =  e f f o r t )  s a t i s f i e s  t h i s  c o n d i t i o n ,  s i n c e  
t h e  unce r ta in , t y  assoc ia ted  w i t h  es t ima tes  o f  i n t a k e  f l o w  i s  r e l a t i v e l y  
sma l l .  Given t h i s  assumption, we have examined t h e  t i m e  s e r i e s  of 
c o l l e c t i o n  r a t e s  over  yea rs  f o r  t rends  i n  p o p u l a t i o n  s i z e .  

I n  o rde r  f o r  a CPl lE 

The r e g r e s s i o n  
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model used was Y = a + bX, where V i s  the collection ra te  for  ~ ~ ~ ~ ~ - o ~ - t ~ e . -  
t e  perch (RATE0 i n  Appendix), X is year, a i s  the Y-axis 

grtsts an increasing trend over years i n  
icantly less than 0.0 suggests a decreasing trend i n  ~~~~~~~~o~~ 

ength may have varied, there was no systematic trend i n  

The reason for 

b i s  the slope. A slope ( b )  s ignificant greater than 8.0 
ulation s i ze ,  while 

not significantly different from 0.0 indicates t ha t ,  ~ ~ d ~ ~ ~ ~ ~ ?  

year-cl ass strength over the perfod 1972 (or  1973) - 1977. The regression 
analyslis was performed for each of the above f ive  power plants and fo r  a'].! 
f i v e  p~jder plants combined for  each month separately. 
~ ~ r f ~ r ~ ~ ~ ~  individual regressions for  each power plant and m o n t h  was t o  
examl" ne the possi b i  1 i t y  t h a t  there migh t  be consistent patterns of vari a t i  on 
a t  a power plant for certain months which were masked by averaging over 
planks or over months. The regression analysis was a l so  performed usin 
mean annual collection ra te ,  which was calculated as the average of %he 
twe lve  ~ ~ ~ t ~ l y  collection rates for  each year. I n  a l l ,  78 regressiovs were 
perfumed. Because the twelve monthly collection rates  are used t o  calculate 
t h e  mean annual collection ra te  for each year, however, this set  o f  
resressions cannot be treated rigorously as a set  of 78 s t a t i s t i c a l l y  
~~d~~~~~~~~ regressions. 

The resul ts  of these regression analyses are presented i n  T a b l e  1, 
O f  the  78 regressions, the slope (b )  di f fe rs  significantly ( P  i 0.1 

than O,Q seven times and less than 0.0 only once (Lovett, i n  March). 
judgment. the mean annual collection rates  for each of the f ive  power p l an t s  

~~~~~~.~~~ from year t o  year due to  temperature or s a l i n i t y  differences, and 
nt ly ,  t o  differences i n  the spat ia l  d i s t r i b u t i o n  of yoy white perch 
udson River, rather than due t o  real differences i n  year-class 

None o f  the slopes for the six "annua l "  regressions d i f fe rs  
antly from zero. Thus, the collection ra te  data from thes 
ants suggest that  there has been no systematic change i n  t 
e perch population d u r i n g  the period 1973 - 1977 (1972 - 1 

.O i n  only 8 cases. Of these 8 cases, the slope i s  s igni f icaf i ly  greater 

601- a l l  f ive p l a n t s  combined are l ikely to  be more rel iable  indices o f  

In our 

t i l a t i a n  s ize  than the monthly collection rates ,  which are more subject do 

Recause of the age of sexual maturity for females and the multiple 
age-class composition of the spawning population of females, and because 
impingement mortality increased appreciably s ta r t ing  i n  1973 and 1974, a 
systematic decrease i n  year-class strength due to  impingement mor ta l i ty  
would on ly  start to  manifest i t s e l f  w i t h  the 1977 (or 1978) and sutrse 
year classes. Female white perch collected i n  the Indian Point regie, 
May 1973 indicated 24% sexual maturi ty  at  age 2, 9G% a t  age 3 ,  92% a t  age 4, 

0% a t  age 5 and older (Texas Instruments, 1975a, p. VIT-22). The 
increases i n  power plant intake f l o w  occurred d u r i n g  1973-1975 

(Christensen et a l .  1976, F i g .  6 ) .  Thus ,  the year classes spawned d 
ese years were spawned by year classes that  were no t  themselves subjected 

t o  the increased levels of impingement mortality. Assuming a median age o f  
~ ~ ~ ~ ~ ~ i ~ c t ~ o n  of 4 years, only s tar t ing i n  1977 or 1978 would the ~~~~~~~~.~~~ 
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T a b l e  1. Summary o f  resu l  I s  from regress ion  ana lyses  t o  examine the time series 
o f  col1 ec t ion  r a t e s  f o r  trends i n  the Hudson River young-of-the-year 
white perch populat iona 

Mon t t r  

January 
February 
March 
Apri 1 
May 
June 
J u l y  
Augus t  
September 
October 
November 
Decelnber 

Annual 

January 
February 
March 
Apri 1 
May 
June 
J u l y  
Augus t  
September 

November 
Decem be r 

Annual 

OC t G  be r  

N rL b P 

5 0-06  
5 0.17 
5 0.21 
5 0.11 
5 0.53 
5 0.00 
5 0.05 
5 0.26 
5 0.03 
5 0.26 
5 0.16 
5 0.06 

5 0.05 

Bowl ine  

-84.5 
-95.1 
-80.6 
-75.7 
-24.0 

. - 

0.00 
-1 .oo 
13.2 

0.52 
7.42 

65.2 
81.1 

-16.1 

Roseton 

0.68 
0.49 
0.44 
0.58 
0.16 

0.71 
0.38 
0.79 
0.39 
0.51 
0.70 

0.72 

- 

4 0.83 
4 0.24 
4 0.88 
4 0.21 
4 0.37 
4 0.00 
5 0.01 
5 0.26 
5 0.42 
5 0.34 
5 0.04 
5 0.01 

4 0.49 

4.65 
4.05 

1 2 - 7  
55.7 
77.1 
0.00 
0.033 

17.8 
-59.8 
-80.8 

23.7 

14.8 

-1.67 

0.09* 
0.51 
0 .  Q6* 
0,54 
0.39 

0.85 
0.38 
0.23 

0.76 
0.87 

0.30 

- 

0.30 

5 0.60 
5 0.27 
4 0.88 
5 0.11 
5 0.37 
5 0.00 
5 0.00 
5 0.25 
5 0.02 
5 0.35 
5 0.71 
5 0.15 

4 0.67 

208. 
95.1 

-29.8 
-39.5 
-23.1 

0.00 
-0.02 
-8.09 
-0.65 
33.3 
93.6 
45.8 

29.9 

0.12 5 0.53 
0.37 5 0.44 
0.06" 5 0.12 
0.59 5 0.02 
0.27 4 0.21 

- 5 0.00 
0.99 4 0.63 
0.39 4 0.14 
0.82 5 0.04 
0.29 5 0.81 
0.07" 5 0.59 
0.52 4 0 .63 

0.18 4 0.74 

581 0. 
11539. 

-565. 
349. 

-462. 
0.00 
8.49 

93.2 
28.5 

534. 
1795 - 
5625. 

2335. 

All Five P 

6 0.25 2.23 0.31 5 0.52 1149 
6 0.27 2.26 0.29* 5 0.42 2261 

- Da n s k a mme r .. - .. ., . . 

6 0.54 13.0 0.10 5 0.21 -216 
6 0.48 121. 
6 0.08 36.0 
6 0.00 0.00 
6 0.44 -2.82 
6 0.36 -14.8 
6 0.19 -8.83 
6 0.10 25.2 
6 0.26 109. 

6 0.40 23.2 

5 0.03 -4.01 

0.13 
0.58 

0.15 
0.21 
0.39 
0.54 
0.30 
0.73 

0.18 

P 

5 0.01 
5 0.21 
5 0.00 
5 0.00 
5 0.06 
5 0.06 
5 0.84 
5 0.79 
5 0.05 

4 0.45 

0.16 
0.22 
0 . 5 9  
0.82 
0.54 

0.21 
0.63 
0.75 
0.04* 
0.13 
0.20 

0.14 

- 

a n t s  

0.17 
0.24 
0.44 

33.5 0.90 
-96.9 0.43 

0.00 - 
-0.247 0.91 
13.4 0.68 
-7.05 0.70 

108. 0.03" 
419. 0 .04" 
255. 0.73 

402 - 0.33 

The regress ion  model used was Y = a -I. bX, where Y i s  c o l l e c t i o n  r a t e  f o r  yoy w h i  e 

i s  t he  c o e f f i c i e n t  o f  deter ininat ion ( i . e . ,  t h e  f r a c t i o n  o f  v a r i a b i l i t y  i n  Y values  
accounted f o r  by X ) .  P i s  the p r o b a b i l i t y  
o f  obta in ing  a s lope  t h i s  s t e e p  ( e i t h e r  p o s i t i v e  o r  nega t ive)  i f  t he  true s lope  i s  
0.0. 

a 
perch and X i s  yea r .  N i s  t he  number o f  da ta  poin ts  ( i . e . ,  number of y e a r s ) .  r 5 

b i s  the s lope  o f  the s t r a i g h t  l i n e .  

P values  5 0.10 a r e  ind ica t ed  by an a s t e r i a k  ( * ) .  
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e f f ec t  o f  entrainment and impingement mortal i ty  have an opportunity t o  
manifest. i t s e l f  in reducing year-class strength. 

The va r i ab i l i t y  in the col lect ion r a t e  data already available can be 
used as a guideline t o  estimate how much of a reduction in population s i ze  
(and fo r  how many years) would be required in order t o  detect  i t  
s t a t i s t i c a l l y  ( i .e. ,  s t a t i s t i c a l  power of the t e s t ) .  
a s t a t i s t i c a l l y  s ign i f icant  decrease did occur, independent evidence 
indicating the same r e s u l t  would be required t o  demonstrate conclusively 
tha t  such a decrease was related t o  "overfishing" by the power plants  
(Christensen e t  a l .  1976).  

However, assuming tha t  

C .  Variation in Collection Rate Among Months 

Variations in mean col lect ion r a t e  among months are highlighted in 
Table 2 f o r  young-of-the-year white perch and in Table 3 f o r  yearling and 
older white perch. 
location, In par t icu lar ,  a t  the downriver plants (Astoria,  Bowline, Lovett, 
and Indian P o i n t ) ,  col lect ion r a t e s  of white perch of a l l  ages are  highest 
during the months of December, Januaryg and February, with the months of 
Novmber, March, and A p r i l  also being qui te  high an occasion. In contrast ,  
a t  the upriver plants (Roseton, Danskammer, and Albany) col lect ion r a t e s  of 
white perch o f  a l l  ages indicate two peaks, one in April and Flay and a 
second in September, October, and November. Collection r a t e s  of yearling 
and older white perch also tend t o  be r e l a t ive ly  h i g h  a t  a number of the 
power plants in June (Table 3 ) ,  which i n  par t  i s  an a r t i f a c t  due t o  
designating May 31 - June 1 ( a  one-day in te rva l )  as t h e  dividing l i n e  
between 12-month  old young-of-the-year and 13-month old yearlings* 

The pattern among months depends qui te  no t iceabi l i ty  on 

B. Variation in Collection Rate Among Power Plants 

Variation among power plants in the mean annual col lect ion rate i s  
surpr is ingly great (Tables 2 and 3, l a s t  column). Although data are 
available fo r  only one year a t  Astoria, and there  i s  no way t o  estimate from 
the data reported the col lect ion r a t e s  f o r  yoy and older white perch 
separately,  i t  i s  evident t ha t  r e l a t ive ly  few white perch are impinged a t  
Astoria. A t  the other geographical extreme, i t  i s  evident tha t  impingement 
o f  yoy white perch i s  r e l a t ive ly  low a t  Albany compared t o  t h e  other plants 
(Table 21, b u t  Albany ranks t h i r d  o u t  of eight power plants with respect t o  
the impingement o f  yearling and older white perch (Table 3 ) .  
Albany the impingement of yearling and older white perch i s  appreciably 
higher  in absolute numbers than f o r  yoy white perch. 

o f  yay white perch i s  higher i f 7  absolute numbers than impingement of older 
white perch. 
those for any other plant (see Table 2 ) .  
Point Unit 1 are a lso h i g h ,  impingement of f i s h  a t  Unit 1 i s  n o t  presently 

In f a c t ,  a t  

For Bowline, Lovett, Indian Point, Roseton, and Danskammer, impingement 

The values for  Indian Point Unit 2 are appreciably higher than 
Al though  the values for  Indian 



Tab:e 2. ;larict;o;, i n  nean co1;ection ra te  o f  youns-of-ths-year white perch among roonths anb erconc; power p :an tsa  

Number 
C J ~  j ea r s  

Plant Locationb 2 /1 C a x  Jme JLiIy Atrycst September October ?;ovember 3ecember Jani;ary FebrLary %rck A p r i  i May AnnLial 

As-:o i a 

Bo~ii:nt. 

Lovett 

Indiafi Point 
Unit 1 

Ind ian Point 
Unit 2 

Indian Point 
tinit 3 

Roseton 

Danskammer 

A1 banya 

East 2Sver 

37.5 

42 

43 

43 

43 

65.4 

66 

140 

1 

5 

5 

2-4 

4-6 

1-3 

4-5 

6 

2 

4.6 
( 2 )  

3415.3 2542.9 4!96.6 
( 2 )  ( 4 )  ( 1  

( 3 )  ( 2 )  ( 1 )  
7942.4 12610.4 18i01.3 

1286.7 646.0 1836.2 2973.2 
( 3 )  ( 4 )  ( 2 )  ( 1  1 

3.1 
( 3 )  

332.9 577.9 
i r t !  ( 2 )  

1 . E  
( 9 )  

248. C 
( 4 )  

315.7 111.2 
( 3 )  ( 5 )  

3219.2 
( 3 )  

(41  
5822.8 4565.6 

( 1 )  

666.5 
( 3 )  

145.6 233.5 97.5 
(4: ( 3 )  ( 7 )  

304.3 305.9 153.2 
( 4 )  ( 3 )  ( 6 )  

aBased on analysis of R4TEG values in Tables k-1 throuyh A-9 in ,4ppenc;-ix A .  The top number of each pair  of nmbers i c  the tab le  i s  the mean 
collection ra te  (nmber o f  f i s h  co l ’ ec ted  per mill ion cubic meters). 
t h a t  mean coliectior: r a t e ,  with one (I) denoting the nighest r a t e .  The mean monthly collection ra tes  are averayes aver a:; years fcr  which 
estimazes for  that  month were available;  tnese mean mnth ly  ra tes  were r m k e d  From 1 t o  12 for each power piant,  b u t  only en t r i e s  fo r  the 
foiir highest months are cj’iven iri t h i s  tab le .  
ra tes ;  these mean arin;ial rates were ranked Frmi 1 to 9 over power plants.  

The bottom number o f  each pair  ( i n  parentheses) i s  the  rankifis f o r  

The w a n  aririiial collection r a t e  fo r  each power p l a r t  i s  tne average af the 12 mean monthly 

bRiver mile (RN) or3 the hudson River, w i t h  RE 0 a t  the Battery. 

‘411 ages combined a t  Astoria. 

‘Bared 3“ R A T i O  \,a:~;es i n  T a a l e  A-1 i r ;  the >+per:d-ix only fo r  t h e  period Apr-il 1974 - ?arch i 9 i 6 .  



Table 3. Yariatior! i n  mean co l l ec t ion  r a t e  of yea r l ing  a m  o lde r  wiiite perch amoni; mcnctls 2nd aillong po1vcr p13iit.s~ 

Number 
o f  years  

Plant Location o f  data  June Ju ly  Augus t  September October November December 2awat -q  February March April May Annual 

aowl ine  

Lovett 

Indian Point 
U n i t  1 

Indian Point 
U n i t  2 

Indian Point 
U n i t  3 

Rose ton 

Dans kamar  

A1 banyC 

37.5 

42 

43 

43 

43 

65.4 

66 

140 

5 

5 

2-4 

4-6 

1-3 

4-5 

6 

2 

70 .5  
(i) 

117.9 
(4) 

65.4 
( 3 )  

55 .7  
( 3 )  

( 1 )  (41 
312.9 164.9 

14.3 
(3) 

50.5 
( 4 )  

1 3 . 2  
(4) 

127.5 162.3 784.2 
( 3 )  ( 2 1  i l l  

84.6 
( 4 )  

420.0 804.9  515.3 413.6 231.9 
( 3 )  ( 1 )  ( 2 )  ( 4 )  ( 1 )  

(4) (1  (2) ( 7 )  
45.3 1 1 7 . 2  78.6 34.4 

273.4 208.7 101.4 
( 2 )  ( 3 )  (2) 

50.9 
( 3 j  

’Based on ana lys i s  of RATE1 v a l u e s  i n  Tables A-1 througn A-9 i n  Appendix A. The top number of each pa i r  o f  nu:iibers i n  the  t ab le  i s  the mean 
co l l ec t ion  r a t e  (number o f  f i s h  co l lec ted  per mi l l i on  cubic meters ) .  
mean co : lec t ion  r a t e ,  w i t t i  one ( a )  denoting the h ighes t  r a t e .  The mean monthly c o l l e c t i o n  r a t e s  a re  averages over a l l  years  f o r  which es t imates  
f o r  t h a t  n i o n t h  were ava i l ab le ;  these  mean month!y r a t e s  were ranked from L t o  12 f o r  each power p i m t ,  bt i t  o n l y  entr ies  f o r  t he  four highest  
months are g ? v e n ,  
ranked f r m  1 to  e w e r  power p l a n t s .  

The bcttorn number of eacn p a i r  { i n  parentheses) i s  the ranking f o r  t h a t  

The i n a n  anncal col2ection r a t e  f o r  each power p l an t  i s  the  average o f  the 1 2  mean nonthiy r a t e s ;  these  icean annua l  r a t e s  w r e  

%iver mile (Kfvr) on the  Hudson R’iler, w i t h  RM 0 a t  the Battery 
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o f  m a j o r  concern, s ince t h e  u n i t  i s  no t  presently generat ing e l e c t r i c i t y .  
The c i r c u l a t i n g  pumps are generally only operated fo r  exper imental  purposes 
(e.g., t e s t i n g  o f  finc-mesh screens). Impingement o f  yoy w h i t e  perch i s  
higher a t  Bowline and L o v c t t  than a t  Rosetan and Danskamer ( lab le  21, b u t  
t h e  rankings are reversed f o r  impingement Qf year l ing  and older w h i t e  perch 
(Table 3 ) .  
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3. WHITE PERCH ABUNDANCE AND MORTALITY 

A. Abundance 

No es t ima tes  have been made o f  t h e  abso lu te  abundance of y e a r l i n g  and 
o l d e r  w h i t e  pe rch  i n  t h e  Hudson, and none of t h e  e x i s t i n g  da ta  a re  adequate 
f o r  t h i s  purpose. However, two independent es t ima tes  of t h e  abundance of  
w h i t e  perch j u v e n i l e s  a re  a v a i l a b l e .  The f i r s t ,  o r  combined year est imate,  
i s  d e r i v e d  f r o m  a combinat ion of d a t a  f r o m  t h e  Texas Ins t rumen ts  ( T I )  
l o n g i t u d i n a l  i c h t h y o p l a n k t o n  survey, fa1 1 shoals  survey, and r i v e r w i d e  beach 
s e i n e  survey. D e s c r i p t i o n s  of t hese  surveys can be found i n  t h e  M u l t i p l a n t  
Report  ( T I  19750) and t h e  F i n a l  Research Report  (FRR) ( E x h i b i t  UT-4 and 
r e v i s i o n s  and e r r a t a ) .  
c a l c u l a t e  abundances from these d a t a  was p rov ided  th rough  
a response da ted  February 27, 1978 t o  an €PA i n f o r m a t i o n  reques t  dated 
December 27, 1977. Accord ing t o  t h a t  response, Texas Ins t rumen ts  has 
c a l c u l a t e d  on a weekly b a s i s  t h e  combined gear p o p u l a t i o n  es t ima tes  f o r  the 
months of J u l y  through December 1974 and on a b i w e e k l y  b a s i s  t h e  es t ima tes  
f o r  t h e  months of J u l y  th rough  December 1975. 
i n  t h e  response dated February 27, 1978 t o  t h e  i n f o r m a t i o n  request  o f  
December 27, 1977. 

A d e t a i l e d  d e s c r i p t i o n  of t h e  method used t o  

These d a t a  a l s o  were p r o v i d e d  

The second e s t i m a t e  i s  d e r i v e d  f rom a mark/ recapture program conducted 
by  Texas Inst ruments.  D e s c r i p t i o n s  of t h e  methods used i n  d a t a  c o l l e c t i o n  
and a n a l y s i s  can be found i n  t h e  M u l t i p l a n t  Report  and t h e  FRR. 
Mark/ recapture es t ima tes  of w h i t e  perch j u v e n i l e  abundance i n  October 1974 
and i n  October 1975 a r e  presented in a supplement t o  t h e  FRK ( E x h i b i t  UT-3 
and r e v i s i o n s  and e r r a t a ) .  
r e v e a l s  s u b s t a n t i a l  d i s c r e p a n c i e s  f o r  b o t h  yea rs  (Tab le  4 ) .  The 
mark/ recapture es t ima tes  a re  f a r  l a r g e r  than t h e  corresponding CQmbix?Pd qear 
est imates,  14 t imes  as h i g h  i n  1974 and 6 t imes  as h i g h  i n  1975. We b e l i e v e  
t h a t  t h e  mark/ recapture es t ima tes  a re  t h e  more r e l i a b l e  of t h e  two s e t s  f o r  
reasons d iscussed below. 

A comparison of t h e  two s e t s  of es t ima tes  

The combined gear es t ima tes  undoubtedly  underest imate t h e  t r u e  
abundance of w h i t e  perch, s i n c e  T I  made no c o r r e c t i o n s  f o r  gear P f f i c i e n c y  
( F x h i b i t  UT-4, Sec t i ons  7.9.1.2, 7.9.1.3, and 7.9.1.4).  Tn effect., t h e y  
assumed t h a t  a l l  of t h e  gears (beach seine, e p i b e n t h i c  sled, and Tucker 
t r a w l )  c a t c h  100% of t h e  f i s h  i n  t h e i r  path.  I n  r e a l i t y ,  no gear cap tu res  
100% of t h e  organisms i n  i t s  path.  Even t h e  s m a l l e s t  l a r v a l  f i s h e s  possess 
a l i m i t e d  a b i l i t y  t o  evade cap tu re .  
I ns t rumen ts  (1978) i n d i c a t e  t h a t  t h e  e f f i c i e n c y  o f  t h e  100- foo t  beach s e i n e  
a t  c a t c h i n g  j u v e n i l e  w h i t e  perch p r o b a b l y  ranges between 7 and 25%. 
e p i b e n t h i c  s l e d  and Tucker t r a w l  were designed p r i m a r i l y  as i c h t h y o p l a n k t o n  
gear .  
mm i n  l e n g t h  by  e a r l y  August, t h e  e f f i c i e n c y  o f  t hese  gears d u r i n g  the  
p e r i o d  o f  i n t e r e s t  h e r e  (August-December) i s  p r o b a b l y  v e r y  law. Al though no 
at tempts have been made t o  q u a n t i f y  t h e  e f f i c i e n c y  o f  t h e  e p i b e n t h i c  sled 
and Tucker t r a w l ,  K j e l s o n  and Johnson (1978) have r e c e n t l y  r e p o r t e d  t h a t  t h e  
6.1-m O t t e r  t r a w l ,  which, because of i t s  l a r g e r  s ize,  i s  p r o b a b l y  more 

Recent t e s t s  conducted by Texas 

The 

Since t h e  m a j o r i t y  o f  j u v e n i l e  w h i t e  perch a r e  well i n  excess of 50 
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Table 4. Est i inates o f  wh i te  perch juveni le  abundance i n  t h e  
Hudson Rivera 

October, 1974 October, 1975 

Combined gear estimateb 1.5 x loci 5.0 x 105 

Mar k/rec ap ture e s t  i m  a t  e C  21 x 106 30 x 106 

aKegions included i n  the C O m b i i W d  gear estimates were 
RM 24-61. ( K M  38-98) in 1974 and RM 14-76 ( K M  22-122) i n  
1975. The region included in the mark/recapture estimates 
was RM 12-152 ( K M  19-243) during both years. 

sled data. 
Value for  1975 i s  mean o f  3 biweekly estimates. 

bBased on extrapolation from beach seine and epibentkic 
Value for  1974 i s  mean o f  f i v e  weekly estimates. 

CSased on f i s h  released in t h e  f a l l  and recaptured the 
f o  11 swi ng spr i  ng. 
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e f f i c i e n t  than pither o f  the above gears a t  catching juvenile f i sh ,  -is ni-:g~ 
t3190UI. 383-50% efficient I( 

An a d b i t ’ o n a l  source o f  er rar  i n  the combined gear estimates for white 
perch :s the  design o f  the sampling program i t s e l f ,  As  described 411 t 
M ~ : l t i p l a n t  Report (Section 313  the longitudinal r iver  survey, f a l l  shoals  
stwvey, and the riverwide beach seine survey are a l l  designed f o r  o p t i  
snmp’iinq s f  striped brass. A common resul t  af t h i s  design has been the 
col’eek-’on of large numbers of  samples i n  regions t h a t  contain low densit ies 
a,$ bijhiti? perch, rand the collection of Pew samples in regions containing h i g h  
dens i tdes  o f  w h i t e  perch. For example, d u r i n g  the period August 79-22, ’11994, 
34 epibenthic sled tows were conducted i n  the Tappan Zee region, 
per@tr were caught, V i r t u a l l y  a l l  o f  the white perch collected du 
p e r i o d  (5-8 o u t  Of 64)  came from Five tows collected from the shsa 
o f  the  Corns ta l l  reqion. 

3.y comparison, the markdrecapture estimates seem t o  be 
w j c w  biases a P o p u l a t i o n  estimates calculated from m ~ r ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~  
sub,jeci t o  several sor ts  o f  biases (Rickey 1975).. Three t h a t  w e  
potenhially ~ ~ ~ ~ ~ t ~ ~ a ~ t  i n  th i s  application, although p r o l c ~ ~ b l y  only 
biii$t?sy art?: differential  mortality of marked and unmarked 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ @ o ~ ~  distribution o f  marked and unmarked f i s h ,  an 
caccLirrence o f  a”lliarkedDh f i s h  3 

No w h i t e  

6f marked f i sh  suffer more mortality t h a n  ~ ~ n ~ ~ ~ a ~ ~ ~ ~  f i s k ,  either f r c m  
tile i t w s s  imposed Py h a n d l i n g  and marking  o r  because marked f i s h  a re  more 
vu;rierable t o  pt -edat~r -5  o r  disease t h a n  are unmarked f i s h ,  tnen an 
overejtimate o f  the true population s i r e  can resu l t .  T I  addressed t h i s  
problerra w i t h  experiments conducted i n  1973 (described i n  t h e  
K e p ~ r t )  and der-ived correction factors  t o  account for short-term (14 days) 
faandl i n g  morta’i i t y  o f  marked white perch. The possib-i  1 i t y  t h a t  3ong-term 
S M P V ~ ~ ~ ~ I ?  of ~ia.lr“&cmi white perch under natural conditions may be lower t han  
t h a t  3-f u n m w k e d  f i sh  has not heen evaluated by T I ,  

The Pez;erson method o f  estimating population s ize  from ~ ~ ~ ~ ~ ~ e ~ a ~ ~ ~ ~ ~ ~  
d d t d ,  the method chosen by T I ,  requires t h a t  marked f i s h  m i x  complet.ely w i t h  
t h e  ~~~~~a~~~~ pnpulation prior t o  recapture. I f  this m i x i n g  does no t  O C C U P ~  
a b i a s  can ue in t roduced  i n t o  the resul ts .  I n  particular,  i f  sampling during 
the  y.CpC:apP;ur.e per iod  i s  ~~~~~~~~~~~~ i n  regions where marked f i s h  are 
relatively abundant  i n  comparison t o  t he i r  t rue propor t ion  i n  the p a p u l a t i o n ,  
then t h e  t r u e  popu;ation s i z e  w i l l  be ~~~~r~~~~~~~~~~~ I n  the 
BZe?ort, TI c l t c d  a n s u f f i c i e n t  m i x i n g  as a reason f o r  d i s c a  d’ng estir?iates af 
the neamht?~ of kjuven/s”le wh-ite perch in the Hudson i n  the Sa 1 of 1973, 
this  case f i s  were bath marked and recaptured i n  the f a l l  ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ t  
m i x i n g  i s  probabiy not  a. problem w i t h  the f a l l  1974 and 3975 est-8”rnates5 
because f i s h  were released i n  the f a l l  and recaptured during t h e  following 
sprqnpaq. From t h e  djstributaonal d a t a  presented i n  E x h i b i t  UT-4 
(Sect:on 5.1) a r d  ft-arn the seasonal patterns of  ~~~~~~~~~~~~ d iscussed i n  
Section 6 1  o r  t h i s  repor t ,  i t  i s  evidePlrt t h a t  w j t t? pea*ch Jaevenailcs migrate 
downstream t o  averstsaw Bay and the Tappan Zee i n  the la te  fa13 and 
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o v e r w i n t e r  t h e r e  b e f o r e  r e t u r n i n g  upstream i n  t h e  s p r i n g .  
would appear t o  p r o v i d e  ample o p p o r t u n i t y  f o r  m ix ing .  

These m i g r a t i o n s  

T I  uses f i n c l i p s  t o  mark j u v e n i l e  w h i t e  perch and s t r i p e d  bass .  N a t u r a l  
loss of f i n s  i s  n o t  uncommon, and t h e  m i s t a k i n g  o f  f i s h  t h a t  have l o s t  f i n s  
f o r  marked f i s h  can cause underest imates o f  p o p u l a t i o n  s i z e .  TI has 
d iscovered seve ra l  such " f i n  anomalies." Accord-inq t o  t h e  M u l t i p l a n t  Repor t ,  
i n  1974 i t  was d i scove red  t h a t  about 0.3% o f  unmarked j u v e n i l e  w h i t e  perch 
were m i s s i n g  one o r  bo th  p e l v i c  f i n s .  Th is  f i n d i n g  n e c e s s i t a t e d  t h e  
r e c a l c u l a t i o n  ( b y  e x c l u d i n g  f i s h  marked w i t h  s i n g l e  or double p c l v i c  
f i n c l  i p s )  of mark/ recapture es t ima tes  f o r  t h e  1973 y e a r - c l a s s .  
M a r k j r e c a p t u r e  es t ima tes  of t h e  August-September, 1975 abundance of w h i t e  
perch j u v e n i l e s  ( E x h i b i t s  UT-3, UT-4) were d i sca rded  a f t e r  i t  was d iscove red  
t h a t  a mark t y p e  (ana l  f i n c l i p )  used i n  t h e  August-September, 1975 r e l e a s e  
a l s o  occurs arnong unmarked f i s h .  To t h i s  d a t e  no f i n  anomalies have been 
noted t h a t  i n v o l v e  any of t h e  f i n c l i p  types ( s i x  marks were used; f i v e  of 
these were double f i n c l i p s )  used i n  t h e  October-November, 1974 and October, 
1975 re leases .  
est imates o f  w h i t e  perch j u v e n i l e  abundance i n  October o f  1974 and 1975 a r e  
t h e  best a v a i l a b l e  es t ima tes  o f  t h e  abundance o f  t h e  1974 and 1975 
year-c lasses.  I t  i s  these es t ima tes  t h a t  a re  used i n  t h e  d i r e c t  impact 
assessment con ta ined  i n  S e c t i o n  I V .  

We p r e s e n t l y  b e l i e v e  t h a t  t h e  Peterson mark/ recapture 

B. M o r t a l i t y  

Dew (1978) has used t h e  ca tch -cu rve  method t o  c a l c u l a t e  an average 
annual m o r t a l i t y  r a t e  f o r  age ze ro  and o l d e r  w h i t e  perch (Tab le  5 ) .  
r e s u l t s  a r e  d e r i v e d  from bot tom t r a w l  d a t a  c o l l e c t e d  i n  t h e  v i c i n i t y  of t h e  
Bowl ine P o i n t  Generat ing S t a t i o n  between 1971 and 1976. We bell ieve, however, 
t h a t  age ze ro  f i s h  should n o t  have been used i n  t h i s  a n a l y s i s ,  s i n c e  t h e i r  
m o r t a l i t y  i s  p r o b a b l y  h i g h e r  than  t h a t  o f  y e a r l i n g  and o l d e r  f i s h .  Ne a l s o  
b e l i e v e  t h a t  Dew's method o f  a n a l y s i s  was n o t  t h e  most a p p r o p r i a t e  
a p p l i c a t i o n  o f  t h e  ca tch -cu rve  methodology. Dew es t ima ted  t h e  annual  
f r a c t i o n a l  m o r t a l i t y  s e p a r a t e l y  f o r  each age-class,  g roup ing  t o g e t h e r  a l l  
f i s h  of age 5 and o l d e r .  He t hen  averaged t h e  i n d i v i d u a l  es t ima tes  ( v a l u e  
f o r  A of  0.53 i n  Table 5 ) .  Robson and Chapman (1951) have desc r ibed  an 
e n t i r e l y  d i f f e r e n t  method o f  c a l c u l a t i n g  average annual  m o r t a l i t y  when a l l  
f i s h  o l d e r  than  a c e r t a i n  age a r e  grouped toge the r .  
method has been proven t o  be unbiased (whereas Dew's method has n o t )  under 
t h e  assumptions o f  t h e  catch-curve method, and s i n c e  i t s  s t a t i s t i c a l  
p r o p e r t i e s  a re  known (which i s  n o t  t h e  case w i t h  Dew's method), we b e l i e v e  
t h a t  i t  i s  s u p e r i o r  t o  Dew's method. Therefore,  we have redone Dew's 
ana lys i s ,  e x c l u d i n g  t h e  age zero f i s h  and u s i n g  t h e  method o f  Robson and 
Chapman (19611, t o  c a l c u l a t e  an annual m o r t a l i t y  r a t e  f o r  y e a r l i n g  and 
o l d e r  w h i t e  perch o f  app rox ima te l y  50% ( v a l u e  f o r  A o f  0.49 i n  Table 5 ) .  
T h i s  va lue  i s  undoubtedly  i n  e r r o r  t o  some ex ten t ,  s i n c e  t h e  catch-curve 
method i s  s e n s i t i v e  t o  f l u c t u a t i o n s  i n  yea r -c lass  s t r e n g t h  (Robsori and 
Chapman, 1961). However, i t  i s  i n  good agreement w i t h  va lues ob ta ined  by 

H i s  

As Robson and Chapman's 
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Table 5. Catch-curve estimates o f  white! perch mortality based on 
bottom trawl d a t a  from the Brswline Point v ic in i ty ,  
1971-1976 

Annual f rac t iona l  Annual instant.anesus 
mortal i ty  mortality ra te  

( A )  ( Z >  
-_-ll__--̂ l-lll ~ -I..I _ I ~ .  C.l.l-...l......l __I __- 

Original valuesa I 

(ages 0 th rough  5+)  0,5349 0.7655 

Recalculated valuesb 
(ages 1 t h r o u g h  5+) 0.4854 0.6644 

acalculated by Dew, 1978. 

bRecalculated by excluding age 0 f i s h  and using t h e  method o f  
Robson and Chapman, 1961. 
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Mallace (1971) for age I-IV white perch in the Delaware River: 
males and 58% for females. Me believe at this time that 50% i s  a reasonable 
estimate, and this is the value used in our direct impact assessment. 

54% f o r  

None of the available data appears adequate f o r  deriving reliable 
estimates of total mortality in impingeable young-of-the year w h i t e  perch. 
Using the inethod employed by TI to estimate mortality i n  juvenile striped 
bass, we attempted to calculate a mortality rate us ing  T I ' S  weekly combined 
gear- estimates o f  white perch abundance. The method involves tegver;sincj the 
n a t u r a l  logarithm of the population estimate against time (in days) f rom t h e  
end o f  July to mid-December. 
estimate o f  the daily instantaneous mortality ra te .  
obtained no useful results, because there was no discernible Jecl inc ill the 
combined gear estimates. between early August and mid-December. 
a similar analysis using data from only a single gear, the epi'benthic sled, 
and a single sampling program, the fall shoals survey, in the hope o f  
eliminating variation due t o  pooling different gears and differen!, sampling 
programs. Although the epibenthic sled samples during the fall shoals 
survey seemed like the best single source o f  data from which to derive 
estimates of total mortality, this analysis was even less successful: 
population estimates based on epibenthic sled d a b  alone increased between 
August and December, both i n  1974 and in 1975. 

The slope of the regression line is an 
U s i n g  t h i s  i i ieti iod we 

\.le p r r f o r m e d  

We have, therefore, used a range of values for young-of-thc year 
mortality i n  our direct impact assessment. As a h i g h  pstimate L,C" have used 
t h e  value o f  80% assumed i n  Exhibit U'I'-3. Given t h e  absence o f  a srasorial 
decline in the combined gear and epibenthic. sled abundance estiriiak-es, t l i i s  
value may be too high. 
among impingeable young-of-the-year i s  identical to that among yearling and 
o l d e r  fish, i.e., that the annual fractional mortality of younq-of-the-year 
h f i j t e  perch is about 50%. Since, because o f  the'?- smaller size, 
youny-of-the-year s h o u l d  be more vulnerable to predators than  are older 
white perch, this value may he t o o  low. 

Alternatively, we have assumed that the niorinlity 
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e ESTIMATION OF CONDITIONAL MORTALITY RATE 
AND EXPLOITATION RATE DUE TO IMPINGEMENT 

The emp i r i ca l  model o f  impingement impact used to estimate t h e  
c o n d i t i s n a %  rnoi-tiality rate and exploitation rate due to impingement for the 
Hudson River white perch population i s  described in Barnthouse et al. 
(1979). The model requires: 
you~g-of - the-year  in the Hudson River white perch population at t he  time 
tlqey f i r s t  become vulnerable to impingement, (2) estimates of the rate of 
e i t h e r  t o t a l  o r  natural mortality during the period of vulnerability to 
~~~~~~~~~m~~~~ and (3) inonthly estimates o f  the number of white perch impinged 
b y  year class. 

( 1 )  estimates o f  the initial number of 

For the  pi irpose of comparing alternative assumptions about the age of 
{mpjnged "ish, it i s  desirable to formulate the model in terms of natural 
rather t h a n  t o t a l  mortality, even though in practice only total mortality 
c m  be directly estimated from field data. This is not a major problem, 
however, s ince  i t  i s  possible to calculate the conditional natural mortality 
rateB g iven  the t o t a l  mortality rate and the impingement exploitation sa te  
~~~~~t~~~~~~ et a l .  19779). In addition, when natural mortality is h i g h  
re la t ive  to impingenient mortality, total mortality and natural mortality are 
nearly nurnepical'y identical. For example, the natural conditional 
mortality rate ca culated by Barnthouse et al. (1979) for impingeable 
young-of-the-year striped bass was 0.79, only slightly smaller than t 
t o t a l  mortarity rate o f  0.8. Similarly, we believe that it i s  reasonable to 
use t h e  same v a l w  (0 .5 )  as an approximation of both the natural conditional 
mor ta l i t y  ra te  and total mortality rate in yearling and older white perch, 

The estimates of initial population size and natural mortality rates 
arc gives? in Tab le  6 ,  and the bases f o r  these estimates are discussed i n  t h e  
p r e c e d i n g  section of this report (Section 3). 
number of white perch impinged by year class are given in Table 7. These 
estimates inc 'sde white perch impinged at a l l  the power plants discussed in 
S e c t i o n  2 and i n  the  Appendix, except Astoria. Although impingement data 
are not a v a i l a b l e  f o r  the Albany power plant except for the period April 
1974 - March '8976, Albany was operating continuously during the period June 
1974 t h r o u g h  December 1977, which i s  the period considered in this report i n  
estimating corditional mortality rates and exploitation rates due to 

~~~~~~~~~~~~~ f o r  the 1974 and 1975 year classes. Consequently, the number of 
@-.year and older white perch collected at Albany was approximated 
n t h  From April 1976 - December 1977, as described in Table 8-3 of 

Monthly estimates of t h e  

the  Apperidi x e 

S h e  value o f  a sexually immature fish to a population increases w i t h  
i t s  age4 hacause i t s  probability of surviving to sexual maturity increases. 
For th - is  S " E ~ I S Q ~  the impact to the population of killing a sexually immature 
f i s h  increases w i t h  its age. If, as the utilities assume, the total 
mor ta l i t y  a f  juvenile white perch between July o f  year 0 and July of year 1 
i s  80%, then a single yearling impinged in July i s  worth five juveniles 
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Table 6. Initial population sizes and mortality estimates used in the 
empirical model of impingement impact to estimate the condi- 
tional mortality r a t e  and exploitation rate due to impinge- 
ment f o r  the Hudson River white perch population 

Initial population sizea 

Year class 
Natural 
rnortalityb 1974 1975 

POctober IC L B  
BE 

(x 106) UB 

pJuly lGd L B  

BE 
(x 106) 

UB 

12 21 
21 30 
39 45 

Low 13.9 24.3 
High 16.8 29.4 

Low 24.3 34.7 
High 29.4 41.9 

Low 45.1 52.0 
High 54.5 62.9 

%E denotes t h e  best estimate of initial population size. LR and U8 
denote the lower atid upper bounds, respectively, of the 95% confidence 
interval about the best estimate. 

h.ow .. . .. .-- natural mortality: rn = 0.001899 per day for the entire period 
of vulnerability t o  impingement. 
)*ate correspsnds t.o an annual (i .e . ,  365 days) conditional mortality 
rate due to all causes of mortality other than impingement o f  0.5. 

H i  h natural mortdlit : 

yearlings. This instantaneous natural mortality rate corresponds to 
an annual (i.e., 365 days) conditional mortality rate due to all causes 
ottier than impingement of 0.8. r, =: 0.001899 per day from June 1 as 
yearlings unts’l the end of the period of vulnerability. 

white perch population on October 1, as estimated by Texas Instruments 
using mark-recapture techniques (Exhibit UT-3, p a  2-VII-2, as modified 
by errata). 

This instantaneous natural mortality 

rn = 0.004409 per day from July 16 as young- +- theyear to may --+ 3 of the following year just as they become 

c~&-tobe~ 1 denotes the s i z e  o f  the Hudson River young-of-the-year 

d P ~ ~ l ~  16 denotes the s i z e  o f  t h e  Hudson River young-of-the-year 
wh i te  perch population on July 16. It is calculated using the equation 

where values f o r  POctober 1 and rn are given elsewhere in this 
table and 46 i s  the number of days between July 16 and October 1. 
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Table 7. Monthly estimates o f  the number o f  whi te perch impinged a t  
a l l  t he  Hudson R iver  power p lan ts  combined f o r  the  1974 and 
1975 year classesa 

ll_l.__.._-.-----__ --̂I-_ __.- 

Age 
(years 1 Month 

0 6 
7 
8 
9 

2 

IO 
11 
12 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
1 
2 
3 
4 
5 

Year c lass  

1974 1975 

Number o f  years Number o f  years 
o f  vulnerabi  li& o f  v u l n e r a b i l w  

2 3 2 3 

0 
3,486 

14,887 
26,239 

112,957 
245,492 
607,434 
415.724 
270: 751 
139.751 
609;090 

91,910 

37,242 
22,126 
14,122 
19,924 
19,534 
28,005 

7,803 

9,293 
12,444 
14,103 
7,612 

3 , 0 7 0  

18,621 
11,063 
7,061 
9,962 
9,767 

14,002 
3,902 

19,039 
4,646 
6,222 
7,052 
3,806 

13,507 
6,918 
3,385 
6,896 

12,838 
6,276 

24,051 
71,505 
21,779 
24,790 
19,346 
28,182 

0 
a, 898 

97,910 
83,980 
93,888 

239 ~ 150 
348,596 
589,206 
182,891 
130,261 
11 1,820 

40,151 

27,014 
13,835 
6,770 

13,791 
25,676 
12,552 
48,102 

143,010 
43,558 
49,579 
38,692 
56,365 

13,507 
6,918 
3,385 
6,896 

12,838 
6,276 

24,051 
71,505 
21,779 
24,730 
19,346 
28,182 

35,710 
8,805 

12,662 
8,736 

17,362 
19,145 
10.890 

aMonthly values f o r  number o f  yoy whi te perch impinged were ca lcu la ted  
by sumning the  NUMBER0 values i n  Tables A-1, and A-3 through A-9 i n  
Appendix A over p w e r  p lan ts  f o r  the appropr iate month and year. 

Monthly values f o r  number o f  yea r l i ng  whi te perch impinged were calcu- 
l a ted  e i t h e r  by sumning the  NUMBER1 values over power p lan ts  f o r  the  
appropr iate month and year (2 years o f  v u l n e r a b i l i t y ,  corresponding t o  
the  assumption t h a t  100% o f  the yea r l i ng  and o lde r  wh i te  perch impinged 
were yea r l i ngs )  or by sumning the  NUMBER1 values over power p lan ts  and 
d i v i d i n g  by 2 ( 3  years o f  v u l n e r a b i l i t y ,  corresponding t o  the  assump- 
t i o n  t h a t  50% o f  the y e a r l i n g  and o lde r  wh i te  perch impinged are 
year1 i ngs). 

Monthly values f o r  number of 2-year-old whi te perch impinged were ca l -  
culated by sumning the  NUMBER1 values over power plants,  d i v i d i n g  by 2, 
dnd t abu la t i ng  the r e s u l t  f o r  the  given month, bu t  one year l a t e r  
(3-years o f  v u l n e r a b i l i t y  only, corresponding t o  the assumption t h a t  
50% of the yea r l i ng  and o lder  whi te perch impinged are 2-year olds) .  
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iil+inged 12 months e a r l i w ~  
i-hm each 7-year-old ~kl7j-t~ perch i s  w o r t h  t w o  yearlings or t e n  young-of- the- 
year. 
mch year cons t i tu tes  only abou t  10% o f  the to ta l  w h i t c  pe rch  impingement, 
i . k  impact  of k i l l i n g  these f i s h  i s  qui te  subs t an t i a l .  

I f  mortality between year 1 a1-i.d year 2 i s  5VL, 

Even though t h e  ankanibw o f  yea r1  i ng  and 01 der vhi te  perch inipinged 

As indicated i n  Table  7,  Iwo a l te rna t ive  assumptions w r e  made 
coricerTr;ny the  age o f  impin99d yearling and older white p ~ r c h .  
i t  was assumed tha t  a l l  white perch impinged t h a t  ai-e yearling5 and older 
a rc  year-lings, resu l t ing  i n  two years o f  vulnerabi l i ty  t o  impingement. 
the gttiler case, ii. was assumed t h a t  of t h e  yearl ing and n l d e p  wbitc p~:-ch 
impingcd, 50% were yearlings and 50% w w c  2-year olds,  resu l t ing  i n  tlirce 
Y P , W ~  o f  vulnerabi l i ty  t o  impingement. I t  i s  our judgmlrri t ,  based on leiiyth- 
fr-eqwncy d a t a  o f  impinged white perch a t  Bowline, Indian P o i n t ,  and Roseton 
(see Appendix, Tables A-3, A-5, 6 & 7 ,  and A-9) , tha t  lire trur aqr. 
composition o f  yearling and older white perch impiiaged (which inclurfm some 
white perch older than 2 years ) ,  r e s u l t s  in an effircti've s p l i t  between 
yearlings and 7-year olds t h a t  i s  between the t w o  assuinptims just S i M C i ? ,  
t h a t  i s ,  b ~ t w c e n  180% yearlings - OX 2-year- olds and 58% yearlings - 50% 
?-year olds-. Because o f  t he  lack o f  1978 irnpinycment data  for January - 
May, r lr l  model estimates o f  impingement impact assuming t h ~ e  years t9f 
vulncrabi l i ty  are given for  the 1975 year c lass .  

kor- OITE cas?, 

For 

b!ith th is  except ion,  estimates o f  conditional iiiort.~I Fty r a t e  aiid 
exploi ta t fan r a t e  due t o  iinpingeiiient are g i v e n  -in Tab7cl 8 f o r  the 1914 and 
1975 yem classes  f o r  combinations o f  estimates and assuiiipt1'c~ns invol v i r ly  
i n i t i a l  poplilation s ine  (low, best estimate, and h i g h ) ,  natura1 mrrtaYiity 
 lo^ and h i g h ) ,  acid number' o f  years of  vulnerabi l i ty  (2  and 3 ysars) .  

Estimates o f  the conditional mortali ty r a t e  due l o  impirigmrent W P  
rqppcially relevant i n  assessing t h e  e f f e c t s  o f  powr plant ~mping~meni, 
s ince t h + y  ars1 eqcivalent t o  estimates o f  the  f ract ional  ( o r  pcrc~snt) re- 
duction i n  Ihe  size  o f  a year c lass  due t~ impingement, assuaing n u  c m i p r n -  
s i t i o n  ( s w  Barnthouse e t  a l .  1979). As indicated by the values i n  TaRle 8, 
percent reduction values (obtained by multiplying Iny 100) a r r  qr-catcr (1) 
th?  sna;ler t h e  i n i t i a l  population s i r e 3  ( 2 )  w i t h  hi,!) natural m r t n l  i t y  
rates as opposed t o  low, and (3)  assuming three years o f  vulneraki l i ty  i n -  
s i  ?ad o f  twn.  Furthermore, assuming approximately compwable dcgrcrss of 
uncertainty i n  the  choices o f  low and h i g h  es t ima tes  OF i n i t i a l  puperlation 
s i ~ e ~  natural mortali ty,  a17d number o f  years o f  vulnwdbii i t y ,  i t  apprars 
t h a t  the  estiiiiates o f  percent reduction are most seiisi'cive t o  ( i .? . ,  vary 
rriust w i d e l y  dcpending on) estimates o f  i n i t i a l  population s ize ,  l c a s i  
s m s i t l ' v e  1.0 the number o f  years of vulnerabi l i ty  assmed, and intcriix,diately 
s m s i t i v e  t u  es tairnates o f  natural mortal i ty .  

The percent reduction values range f r o m  9.5 - 45% f o r  t h e  1974 year 
c lass  and f rom 7.7 - 24% f a r  the 1975 year c l a s s ,  assuming ofsly tw years of 
vulnerabili ty.  Assuming three years o f  vulnerabili  ty, the perccnt w d u c t i o n  
values range from 12-59% f o r  the 1974 year c lass .  F a -  t h e  1975 year c lass ,  
p w c e n t  reduction va? ues cannot be calculated because 1978 inip inc:,:ris?rlt da t a  

n o t  presently available.  



Table 6, Estimates o f  conditional mortali ty r a t e  and exploitation r a t e  f i n  parentheses; due t o  impicgement f w  
the  1774 aod 1375 year c l a s s ~ s  of the  Ht~dson River ;&$Le perch. population f o r  combinations s f  e s t i -  
mates and assumptions involving i n i t i a l  popu’at ion s i z e ,  cattira? mortali ty,  and number of years uf  
vulnerabilitya 

I- 

I n i t i a l  Population s i z e C  

Low Best estimate Hi qh 

Natural mor ta l i ty  rated Natural mor ta l i ty  ra ted  Natural mortali ty ra ted  

- 

-__ 

Number o f  years Year 
o f  vulnerabili tyb c lass  LOW High Low H i g h  L cw High 

2 1974 0.309 0.446 0.177 0.255 g.095 

(0.165) (0.200) (0.094) (0.114) (0.051) 

1975 0.166 0.245 O. l i6  0.172 0.077 

(0 .082 )  (0.039) (0.057) (0.069) (0.038) 

0.137 

0.061) 

0.115 

0.046) 

3 1974 0.387 0.588 0.221 0.336 0.119 0.181 

(0.172) ( 0.209 ) ( 0.099) (0,119) (0 .053 )  (0.064) 

-- -- -- -- -- -- 1975 

aro ta l  conditional impingement mortali ty r a t e  calculated using Eq. (11) {P Barnthouse e t  a l .  (1979), i . e . ,  
12 

9 = 1 - ‘7 (1 - m i ]  , except w i t h  the index i running f r o m  1 t o  24 12 years o f  vulnerabi l i ty )  or 1 t o  36 

( 3  years of vu lnerabi l i ty ) .  The individual monthly mi values were calculated in sequence using Eq. ( 2 )  and 
then Eq.  (10) in Barnthouse e t  a l ,  (1979). Total conditional impingement mortali ty ra tes  are equal t o  f rac-  
t i o sa l  (or percent) reductions in year-class strength due t o  impingement, assuming no compensation, 

Exploitation r a t e  calculated by dividing the Iota1 number o f  vrilite per& impinged in a year c l a s s  d u r i n g  the 
en t i r e  period o f  vulnerabi l i ty  by the s i t e  of the yoy population a t  the s t a r t  of the pecSod o f  vulnerabil’ity. 

i =i 

bSee Tabie 7. 



11-20 

E x p l o i t a t i o n  rates show the Same pattern o f  variation as the 
conditional mortality rates w i t h  respect t o  values used for i n i t i a l  
p o p u l a t i o n  size,  natural mortality, and number of  years of vulnerability 
(Table 8 ) ,  
c l a s s  and f rom 3 .8  - 9.9% f o r  the 1975 year c lass ,  assuming only two years 
of vulnerability. Assuming t t w e  years o f  vulnerability, the exploitation 
rates range from 5.3 - 20.9% for the 1974 year c lass ,  and,  although they 
cannot be calculated a t  this  time, they would be expected to  be lower f o r  
t h e  1975 year class.  As discussed in Barnthouse e t  a l .  (1979), because 
there are competing sources o f  mortality and each an organism can die only 
once, an exploitation rate i s  always lower than the corresponding conditional 
mortality rate.  Idowever, as stated above, i t  is the conditional mortality 
rate due t o  impingement t h a t  i s  equivalent t o  percent reduction i n  the s ize  
o f  the year class. Because o f  this equivalence, the conditional inortal i ty  
r a t e  i s  a more meaningful measure o f  impact t h a n  is the exploitation rate.  

The exploitation rates  range from 5.1 - 20,0% fw  the 1974 year 
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5. DISCUSSION 

A .  -_ Comparison With Utilities' Results 
'The utilities have estimated the conditional mortality rate and 

exploitation rate due to impingement of white perch for the 1974 year class 
(Table 9). 

Impingement impact for the 1974 year c lass  was estimated assuming 
that 90% of the July 1974-June 1975 impingement consisted of the 
1974 year class. Exploitation of this year class was calculated 
to be 4.4% at Indian Point Unit 2 and 5.9% f o r  the multiplant case 
( T a b l e  2-VII-1). These exploitation rates are equivalent to 
conditional mortality rates of 8.5% for Indian Point and 11.2% for 
multiplant with an assumed total mortality rdte o f  80%. 
(Exhibit UT-3, p. 2-VII-3) 

I n  terms of the Comparability of assumptions and input values used in 
the utilities' methodology and our  methodology, the utilities' conditional 
mortality rate of 11.3% and exploitation rate O F  5.9% in Table 9 for the 
inultip1ant case can be compared with our estimates in Table 8 (two years of 
vulnerability, best estimate of  initial population s i z e ,  and h i g h  natural 
mortality) of a conditional mortality rate of 25.5% and an exploitation rate 
o f  11.4%. The two sets o f  estimates differ by approximately a factor of 2 
for several reasons (we have not attempted to estimate how much of the 
two-fold difference i s  due to each of t he  following reasons): 

We included the Albany, Danskammer, and Lovett Steam Electric 
Generating Stations, while they did n o t .  These three plants were 
operating during the years 1974 - 1977 and were impialging white 
perch. Thus, they should be included in any evaluation of the 
impact of impingement on the Hudson River white perch population. 

We included Indian Pojnt Unit 1, which operated continuously (at 
least the circulating water pumps) from June 1974 through August. 
1975, while they did not, 
part of the period of interest and was impinging white perch, it 
a l s o  should be included i n  any evaluation o f  the impact o f  
impingement on the Hudson River white perch population. 

Since this u n i t  was operating during 

Our values reflect t w o  years of vulnerability to impingement, 
while their values reflect only one year o f  vulnerability ( i .e . ,  
they ignored impingement of yearling and older white perch from 
the 1974 year class past June 1975). 
white perch, i n  fact, are i m ~ ~ ~ ~ ~ ~  in appreciable numbers, they 
must be considered as such in any credible evaluation of the 
impact of impingement on the Hudson R i v e r  white perch population. 
There i s  no scientifically, justifiable methodological reason o r  
biological reason for not  including these yearling and older white 
perch in such an evaluation. 

Since yearling and older 
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T a b l e  9. Relevant  p a r t s  of Table 2 - V I I - 1  i n  E x h i b i t  UT.-3 

Nu mh er E x p l o i t a t i o n  C o n d i t i o n a l  
Power p l a n t  i m p i  ngeda r a t e  ( u )  m o r t a l i t y  ( m )  

Bowl ine  473,043 0.0137 0.0273 

R 3 s c Lon 52,025 0.001 5 0 .O030 

I n d i a n  P o i n t  
U n i t  2 1 ,520,317h 0.0441 0.0849 

M u l t i p l a n t  2 9 045,385 0.0594 0.1126 

a T o t a l  impingement, of which 90% are assumed t o  he 1974 year  
c l a s s .  

b Inc l r i des  948 irt ipinged a t  I n d i a n  P o i n t  U n i t  3. 
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( 4 )  We used a v a i l a b l e  d a t a  t o  e s t i m a t e  on a mon th l y  and p l a n t - s p e c i f i c  
h a s i s  t h e  p e r c e n t  o f  w h i t e  perch impinged f r o m  June 1974 - June 
9975 t h a t  were f r o m  t h e  1974 year  c l a s s ,  whereas t h e y  assurwd 90%. 
As t h e  PERCENT0 va lues  i n  Tables A-1, and A - 3  t h rough  A-9 i n d i c a t e ,  
t h e i r  assumption o f  90% young-of- the-year may be j u s t i f i e d  F o r  
L o v e t t  and f o r  t h e  t h r e e  I n d i a n  P o i n t  u n i t s .  However, t h e  
u t i l i t i e s '  assumption of 90% young-of- the-year i s  c l e a r l y  t o o  h i g h  
f o r  Albany, Bowline, Danskammer, and Roseton. 

We used t h e  methodology presented i n  Barnthouse e t  a l .  (1979),  
which p e r m i t t e d  us t o  t a k e  i n t o  account mon th l y  v a r i a t i o n s  i n  
c o l l e c t i o n  r a t e s ,  whereas t h e  u t i l i t i e s m  methodology i m p l - i c a t l y  
assumes a c o n s t a n t  v u l n e r a b i l i t y .  In  r e a l i t y ,  as d iscussed i n  
S e c t i o n  11, t h e  c o l l e c t i o n  r a t e  f l u c t u a t e s  a p p r e c i a b l y  on a monthly 
b a s i s ,  w i t h  r a t e s  b e i n g  s u b s t a n t i a l l y  h i g h e r  f r o m  December +' Ma~t 
t han  from June - November (Tables 2 and 3 ) .  ( A l s o  see Table 3 and 
assoc ia ted  t e x t  i n  Barnthouse e t  a l .  (1979) f o r  a cornpar ism u s i n g  
c o n s t a n t  versus v a r i a b l e  c o l l e c t i o n  r a t e s  t n  e s t i m a t e  t h e  
c o n d i t i o n a l  m o r t a l i t y  r a t e  due t o  impingement.) 

The u t i l i t i e s '  cho ices  a t  eve ry  - one o f  t h e  above f i v e  " d e c i s i o n  p o i n t s "  
a f f e c t  t h e  r e s u l t s  i n  t h e  same d i r e c t i o n ,  namely, t o  lower  t h e  es t ima tes  of 
impingement impact. Yet, g i v e n  t h a t  t h e  purpose o f  t h e  u t i l i t i e s 8  ana lys i s  
and o f  ou r  own a n a l y s i s  ought t o  be t o  r e a l i s t i c a l l y  and o b j e c t i v e l y  estimate 
the percen t  r e d u c t i o n  i n  t h e  s t r e n g t h  o f  t h e  1914 year  class o f  w h i t e  perch 
i n  the  Hudson R i v e r  due t o  impingement a t  power p l a n t s ,  o u r  choices d t  each 
o f  t h e  f i v e  d e c i s i o n  p o i n t s  i s  s c i e n t i f i c a l l y  more sound arid d e f e n s i b l e  f o r  
t h e  reasons we have g i ven .  

B. Is t h e r e  a problem? 

T h i s  tes t imony  p resen ts  two independent l i n e s  of evidence e v a l u a t i n g  
t h e  impingement l osses  of w h i t e  pe rch  a t  t h e  power p l a n t s  on t h e  Hudson 
R i v e r .  The f i r s t  l i n e  o f  evidence, t h e  a n a l y s i s  of t h e  v a . r i a t i o n  i n  
c o l l e c t i o n  r a t e  among years ( S e c t i o n  2 . 8 ) ,  suggests t h a t  t h e r e  i s  n o t  y e t  an 
obv ious problem, b u t  t h a t  i t  i s  t o o  soon t o  be sure.  The second l i n e  of 
evidence, t h e  es t ima tes  of c o n d i t i o n a l  m o r t a l i t y  r a t e  due t o  impingement 
( S e c t i o n  4 ) ,  suggests t h a t  t h e  l e v e l  o f  impingement impact cannot be 
assessed as acceptable from t h e  p o i n t  o f  view o f  t h e  w h i t e  perch p o p u l a t i o n .  

paragraphs. 
o l i n e s  of ev idence a re  b r i e f l y  e labo ra ted  on i n  t h e  f o l l o w i n g  t w o  

The c o l l e c t i o n  r a t e s  p r o v i d e  es t ima tes  of y e a r - c l a s s  s t r e n g t h  on a 
r e l a t i v e  sca le .  As such, t h e y  r e f l e c t  t h e  e f f e c t  o f  en t ra inmen t  and 
impingement l osses  d u r i n g  t h e  p reced ing  months, as w e l l  as t h e  e f f e c t  of any 
compensatory mechanisms which m igh t  a l t e r  s u r v i v a l  d u r i n g  the  preceding 
months.  Regression analyses on c o l l e c t i o n  r a t e s  o f  impinged young-of-,dhe- 
year  w h i t e  perch suggest t h a t  t h e r e  has been no sys temat i c  change in t h e  
s i z e  o f  t h e  w h i t e  perch p o p u l a t i o n  d u r i n g  t h e  p e r i o d  1972 - 1971 
( S e c t i o n  2.B).  I n  p a r t i c u l a r ,  t h e r e  i s  l i t t l e  evidence o f  a s t a t i s t i c a l l y  
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significant downward trend. Howevw, g i v e n  the large variability in 
collection rates used in these regressions, t h c  time series are relatively 
short (i.e., 5-6 years), and thus ,  th@ statistical power of the test for a 
trend is not high. In addition, berairse o f  t he  agF o f  sexual maturity f o r  
fernalps and the multiple age-class composition o f  the spawning population of 
females, and becausc impingerz:ent rnortdlity increased appreciably starting in 
1973 and 1914, a systematic decrease in year-class strength due to 
irnpingenient mortality would o n l y  s ta r t  t o  manifest itself w i t h  t h e  1977 
(or 1978) and subsequent year clas';es. 

The estimates o f  percent reduction in year-class str-en9t.h due to 
impingement that are presented i n  Table 8 cover a broad range, as discussed 
in Sec t ion  4. Oar analysis shows that the level of impingement impact was 
probably greater than 70% f o r  t h e  1974 year class and was probably greater. 
than 7 5 %  for t h e  7975 year class. These estimates do  not  include 
consideration o f  entrainment, so that the total power plant conditional 
mortality rate is 0bViOI.JSly greater, than the values given here f o r  
impingtlment only. Given the information presently available, it is our 
judgment that this level o f  impingement impact i s  not acceptable f r o m  the 
point of view of the white perch p o p u l a t i o n .  
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TABLE A - l  

WHITE PERCH IMPINGEMENT DATA FOR THE 
ALBANY STEAM ELECTRIC GENERATING STATION 

Apri 1 1974 - March 1975: Ref. (1) 

RATE (col lect ion r a t e )  :1 calculated from monthly data on 
average observed number o f  f ish o f  a l l  species collected per 
million gallons o f  intake flow a t  a l l  uni ts  (from Table 3, 
Column 81, Plant Av.), and ~~~t~~~ data on ~ ~ ~ ~ ~ n ~ a ~ ~  
composition by species OF the f i s h  collected ( f rom Table 4 ) *  

NUMBER (number co l lec ted) :  calculated from ~~~~~~y data  mi 
estimated number of f i s h  o f  a l l  species collected a t  a l l  
uni ts  (from Table 2, Column D, Total) and monthly da ta  on 
percentage composition by species o f  the f i s h  collected (from 
Table 4 ) .  

PERCENT0 (percent of the white perch collected tha t  were young-nf- 
the-year): 
dissecting microscope from the  ran th ly  p l o t s  i u  F ig .  10 o f  
frequency versus length intervals o f  white perch col~ected a t  
the Albany Steam Elec t r ic  Generating Stat ion f a r  each 
April th rough  November 1974. The ~ ’ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~  criteria 
specified by Texas Instruments were used as the cut-off 
length between yaung-of-the-year and y e a r l i i i g  w h i t e  perch 
(see Table  A-10 i n  t h i s  appendix). 

calculated wi th  the aid o f  graph paper and a 

April 1975 - March 1976: Ref. ( 2 )  

RATE (col lect ion r a t e )  :I calculated from monthly data on 
average observed number o f  f i sh  o f  a l l  species collected per 
million gallans o f  i n t a k e  f l ow  a t  ala uni ts  ( f rom 
Table IVC-16) and monthly data on percentage c ~ ~ ~ ~ i ~ ~ o ~  by 
species of the fish collected ( f rom Table IVC-14)s 

NUMBER (number col lected)  : calculated f rom the ~ ~ ~ n ~ } ~ l ~  collection 
rates (RATE)  described immediately above and movlthly values 
of average dai ly  plant f l o w  f a r  a l l  u n i t s  .in millions of 
gallons per day times the number of days i n  the par t icular  
month. 
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TABLE A-1 ( con t inued)  

P E R C E NTO (pe rcen t  o f  t h e  w h i t e  perch c o l  l e c t e d  t h a t  were youny-of -  
t h e - y e a r ) :  
d i s s e c t i n g  microscope from t h e  p l o t s  i n  F i g .  IVC-6 of 
r e l a t i v e  f requency versus l e n g t h  i n t e r v a l s  o f  w h i t e  pe rch  
c o l l e c t e d  a t  t h e  Albany Steam E l e c t r i c  Generat ing S t a t i o n  f o r  
each month May th rough  November 1975. The " D I V I S I O N "  
c r i t e r i a  s p e c i f i e d  by Texas Inst ruments were used as t h e  
c u t - o f f  p o i n t  between young-of- the-year and y e a r l i n g  w h i t e  
pe rch  (see Table A-10 i n  t h i s  appendix) .  

c a l c u l a t e d  w i t h  t h e  a i d  o f  graph paper and a 

RATE, NUMBER, and PERCENTO va lues were approximated as f o l l o w s  f o r  each 
month d u r i n g  1974 th rough  1977 f o r  which es t ima tes  were n o t  d i r e c t l y  
a v a i l a b l e  f r o m  Refs. ( 1 )  and ( 2 ) .  These approx imat ions were necessary i n  
o r d e r  t o  have a complete d a t a  s e t  w i t h  which t o  e s t i m a t e  e x p l o j t a t f o n  r a t e s  
and t h e  c o n d i t i o n a l  r a t e s  o f  m o r t a l i t y  due t o  impingernent (see Sec t ion  4)e 

RATE and NUMBER: approx imat ions f o r  each nianth were c a l c u l a t e d  as t h e  
average o f  t h e  two mon th l y  es t ima tes  a v a i l a b l e  f rom the p e r i o d  A p r i l  1974 
th rough  March 1976. These approx imat ions were used f o r  January-March 1974 
and A p r i l  1976 - December 1977. 

PERCENTO: f o r  May th rough  November approximdt ions \,brew c a l c u l  atehi as 
j u s t  desc r ibed  f o r  RATE and NUMBER. 
used f o r  t h e  months o f  December and January o f  a71 years.  Ihe A p r i l  1974 
va lue (no e s t i m a t e  f o r  A p r i l  1975 was a v a i l a b l e )  was used as the 
approx imat ion f o r  A p r i l  1975, 1976, and 1977 and f o r  t h e  rnonths of February 
and March o f  a l l  years.  

The approx imat ion f o r  November was a l s o  - 

RATEO = PERCENTO RAPE/100 and RATE1 = RaTE - RATEO. 

NIJMBERO = PERCENTO NUMBER/100 and NUMBER1 := NUMBER - NUM6EBO. 

RATE, NUMBER, and PERCENTO a re  d e f i n e d  above. RATEO and RP,TEI are  t h e  
c o l l e c t i o n  r a t e s  f o r  young-of - the-year  and f o r  y e a r l i n g  and o l d e r  w h i t e  
perch, r e s p e c t i v e l y .  NUMBER0 and NUMBER1 a re  number c o l l e c t e d  for 
ysung-of - the-year  and f o r  y e a r l i n g  and o l d e r  w h i t e  perch, r e s p e c t i v e l y .  

' A l l  c o l l e c t i o n  r a t e s  were conver ted  f rom number o f  w h i t e  perch 
c o l l e c t e d  p e r  m i l l i o n  g a l l o n s  t o  number o f  w h i t e  perch c o l l e c t e d  per 
m i l l i o n  c u b i c  meters by  m u l t i p l y i n g  by  264.17 g a l l o n s  p e r  c u b i c  meter.  
C o l l e c t i o n  r a t e s  were assumed t o  equal  impingement m o r t t i l  i t y  rat-es. 
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L ae 1 ev, Matu sk: 

REFERENCES FOR TABLE A - 1  

& Skei ly  Engineers. Albany Steam Electr ic  Generating 
S t a t i o n  Impingement Survey (April 1974 - March 1975). 
131-027, pri.ipSr*ed f o r  N i  agara Mohawk Power Corporation, June 1975. 

LMS Project No. 

Lawler, Matrasky & Skelly Engineers. Albany Steam Electr ic  Generating 
Station, 316(a) Demnstration Submission, NPDES Permit N Y  0005959. 
Prepared f o r  N i  agara Mohawk Power Carparatian, 1976. 
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TABLE A-2 

WHITE PERCH IMPINGEMENT DATA 
FOR THE ASTORIA GENERATING STATION (Ref. 1 ) 

RATE (collection rate):l calculated from monthly data on 
observed number of fish and crustaceans of all species 
collected per million gallons of intake flow at Units 1-5 
(from Table 12) and monthly data on the percent of the total 
number of fish and crustaceans collected that were white 
perch (calculated from data in Table 4). 

NUMBER (number collected): calculated from the collection rate 
(RATE) described immediately above and the value for f u l l  
flow through Units 1-6 in gallons per minute (from Table 1)  
times the number of minutes i n  the particular month. 

Data with which to calculate RATE and NUM8ER values were available only 
for the period January 1972 - December 1972. 
which t o  estimate PERCENTO, the percent of the white perch collected at 
Astoria that were young-of-the-year. The white perch impingement data for 
Astoria have been used only in Section 2.B on seasonal variations in 
collection rates among the different power plants. 

No data were available from 

1AI1 collection rates were converted from number of white perch 
collected per million gallons to number o f  white perch collected per 
million cubic meters by multiplying by 264.17 gallons per cubic meter. 
Collection rates were assumed to equal impingement mortality rates. 
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REFERENCE FOR TABLE A-2 

1- Quirk, Lawler and Matusky Engineers. A Study o f  Impinged Organisms a t  
the Astoria Generating Sta t ion .  QL&M Project No. 115-16, prepared f o r  
Consolidated Edison Company o f  New York, Inc., September 1973. 
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TABLE A-3 

WHITE PERCH IMPINGEMENT DATA FOR T H E  
BOWLINE POINT GENERATING STATION 

January 1973 - December 1976: Ref. (I) 

Values f o r  RATk (col lect ion r a t e l l  and NUMBER (number col lected)  were 
taken d i r e c t l y  froin data sheets in Ref. (1). 

January 1977 - December 1977: Ref. ( 2 )  

Values For RATE (col lect ion r a t e ) l  and NUMBER (number col lected)  were 
taken d i r e c t l y  from data sheets in Ref. ( 2 ) .  

PERCENTO (percent o f  the white perch collected t h a t  were young-of-the 
year) : 

January 1975 - December 1976: Calculated from monthly data on 
length-frequency in l-centimeter length intervals  o f  white perch in 
impingement col lect ions [from Tables 10.2-13 and 10.2-14 i n  Ref. (3)] .  
Tne llDIVISION'l c r i t e r i a  s p e c i f i e d  by Texas Instruments were used as the 
cut-off length b9tween young-of-the-year and yearling white perch ( see  
Table A - I O  i n  t h i s  a p p e n d i x ) .  

January 1973 ._ December 1974 and January 1977 - December 1977: 
absence of  monthly values during these t w o  pe r iods ,  estimates were 
calculated as the  average of the 1975 and 1976 PERCENTO values f o r  each 
month, 

i n  the 

RATE0 = PERCENTO RATE/ lOO and RATE1 = RATE - KATEO. 

NUMBERO = PERCENT0 NUMBER/100 and NUMBER1 = NUMBER - NUMBERO. 

R A P k ,  NUMBER, and PERCENTO are defined above. RAPE0 and RATE1 are the 
col lect ion rates f o r  young-of-the-year and f o r  yea:pling and older white 
perch, respectively.  NUMBERO and NUMBER1 are number collected for  
young-of-the-year and f a r  yearling and older w h i t e  perch, respectively. 

IA11 col lect ion r a t e s  were converted from riumber o f  w h i t e  perch collected 
per million gallons t a  number of w h i t e  perch collected per million cubic, 
meters by multiplying by 264.17 gallons per cubic meter. 
W I ~ C  assurned t o  equal imp i ngement mortal i t y  ra tes .  

Collection r a t e s  
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REFERENCES FOR TABLE A-3 

I. Letter dated March 3 ,  1978, from William J .  Cahill ,  J r .  o f  Consolidated 
Edison Company of New York, Inc. (Con Ed) t o  Robert P. Geckler o f  the 
U .  S. Nuclear Regulatory Gomission (US NKC), including a response t o  
Question X . l ,  which i s  the ident i f ica t ion  number f o r  a questian i n  
Enclosure 2 of a l e t t e r  dated July 26, 1977, from George W. Knightan 
(US NRC)  to ldilliam Cahill ,  J r .  (Con E d ) .  

2. Letter dated May 5 ,  1978, from Edward G.  Kelleher of Consolidated 
Edison Company of New York, Inc. (Con Ed) t o  Henry Gluckstern o f  the  
U .  S. Environmental Protection Agency (US EPA) ,  including a response t o  
Question A-4, which i s  the ident i f ica t ion  number .for a question i n  the  
enclosure of a l e t t e r  dated March 23, 1978, from tlenry Gluckstern 
(US EPA) t o  Kenneth L. M a r e l l u s  (Con E d ) .  

3. Ecological Analysts, Inc. Bowline P o i n t  Generating Station. Near-field 
Effects of Once-through Cooling System Operation on Hudson River 
Biota. Prepared for Orange and Rockland U t i l i t i e s ,  Inc., July 1977 
(Exhibit UT-7).  
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TABLE A-4 

WHITE PERCH IMPINGEMENT DATA FOR 
THE DANSKAMMER POINT GENERATING STATION 

RATE (col lect ion r a t e )  :I 

January 1972 - December 1976: 
ra tes  f o r  each m o n t h  were copied d i r ec t ly  from data sheets i n  
Ref. (1). 

average of the dai ly  col lect ion 

January 1977 - December 1977: 
ra tes  f a r  each month were copied dirct ' ly  from data sheets in 
Ref. ( 2 ) .  

average a f  the dai ly  collection 

NUMBER (number col lected):  

January 1972 - December 1977: 
collection ra tes  ( R A T E )  described imed ia t e ly  above and monthly 
values of actual t o t a l  plant intake flow i n  millions of gallons 
for  the par t icu lar  mon th ,  from data sheets in Ref. ( 3 )  fo r  1972 - 
1976 and from data sheets provided by the U. S. Environmental 
Protection Agency, Region 11, New York, New York fo r  1977. 

calculated from the monthly 

PERCENTO (percent of the white perch collected tha t  were youny-of-the- 
year) : 

No estimates of PERCENT0 were available for  Danskamner. Consequently, 
a l l  monthly values fo r  PERCENTO were approximated based an data from 
Roseton, which i s  adjacent t o  Danskamner. (See Table A-9 in this  
appendix. Monthly PERCENTO values tabulated for  Danskammer are exactly 
the same as those tabulated for  Roseton for  July 1973 - December 1977; 
monthly PERCENTO values for  January 1972 - Jutle 1973 w e w  calculated as 
the average o f  the 1975 and 1976 Roseton values for  each m o n t h . )  

RATEO = PERCENTO 0 RATE/100 and R A T E 1  = RATE - RATEO. 

NUMBER0 = PERCENTO NUMBER/100 and NtJMBERl = NUMBER - NUMBERO. 

IAll col lect ion r a t e s  were converted from number of white perch 
collected per million gallans t o  number of white perch collected per 
million cubic meters by multiplying by 264.17 gallons per cubic meter. 
Collection ra tes  were assumed t o  equal impingement mortali ty ra tes .  
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RATE, N U M E R ,  and PFRCENld a w  d z f i n e d  above.  RATE0 ani1 R A T E l  are the  
e o l l x t i o n  ra tes  f o r  young-of-the-year arid f o r  year l ing  and older white 
perch, respec t ive ly .  NUM8LKO and NUMBER1 arF! rliumber collected f o r  
young-af-the-year and fo r  year l i  rig and o lder  white pwch,  respec t ive ly .  
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R E F E R E N C E S  FOR TABLE A-4 

I. I-et.ter dated March 3, 1978, from lrljlliam 3. Cahill ,  J r .  of Consolidated 
Edison Company of New york, Inc. (Con Ed) t o  Robert P. Geckler o f  the  
U. S. Nuclear Regulatory Comnission ( U S  N R C ) ,  including a response to 
Question IX.1, which i s  the ident i f ica t ion  number for  a question i n  
Enclosure 2 of a l e t t e r  dated July 26, 1977, from George W. Knighton 
(US N R C )  t o  ldilliam Cahill ,  J r .  (Con Ed). 

2. Letter dated April 1 4 ,  1978, from Kenneth I_. Marcellus o f  Consolidated 
Edison Company of New York, Inc. (Con Ed) to Henry Gluckstern of the 
U. 5 .  Environmental Protection Agency (US E P A ) ,  including a response to  
Question A-5, which i s  the ident i f ica t ion  number f o r  a question in the 
enclosure o f  a l e t t e r  dated March 23, 1978, from Henry Gluckstern 
(US EPA) to Kenneth L. Marcellus (Con Ed) .  

3. Letter dated October 31, 1977, from Kenneth L. Marcellus o f  
Consolidated Edison Company of  New York, Inc. t o  Henry Gluckstern of 
the U. S .  Environmental Protection Agency, including i n  Attachment 2 a 
response t o  Question 7 (9 /27 /77)  o f  Attachment C which accompanied the  
October 12 ,  1977 EPA "Motion to  Specify Area o f  Requestars' Testimony 
I o  Be Cross-Examined During I n i t i a l  Phase of I-learing." 
I 
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TABLES A-5, A-6, A-7 

MHITE PERCH IMPINGEMENT DATA FOR 
INDIAN POINT UNITS 1, 2, AND 3 

RATE (collection ra te )  :I 

June 1372 - December 1975: 
provided i n  Ref.  (1). 

Copied direct ly  from data sheets 

January 1976 - December 1977: 
sheets provided i n  Ref. ( 2 ) .  

Copied direct ly  from d a t a  

~~~5~~ (number collected) : 

May 1972 - December 1976: 
tables in Refs. ( 3 )  - ( 6 ) .  However, if a NUMBER value i n  
these Texas Instruments (TI)  appendix tables was lower than 
the corresponding NUMBER value i n  Refs. (1) and (2), then the 
updated NUMBER value i n  'Refs. (1) and ( 2 )  was used. 
example, such substitutions were made for  Indian Point U n i t  2 
(Table A-6 i n  t h i s  appendix) f o r  a71 months o f  1973. 
general, the NUMBER values presented i n  the TI appendix 
tables are the same as or h i g h e r  than the NUMBER values 
presented i n  Refs. (1) and (Z), for the reason discussed by 
Con Edison i n  the i r  response to  Question VI.2 i n  Ref. 1. 
Thus ,  the substituted, higher values from Refs. (I)  and ( 2 )  
can s t i l l  be low, because they were selected by TI to  include 
only data that  represented known flow volumes and associated 
imp i ngemen t co 1 1 ec ti  ons . 
January 1977 - December 1977: 
sheets proveded i n  Refs. (7') and (8) .  

Copied direct ly  from appendix 

For 

In 

Copied direct ly  from data 

PERCENT0 (percent o f  the white perch collected t h a t  were young-of-the- 
year) : 

June 1935 - December 1976: Calculated from data on magnetic 
tapes provided by Consolidated Edisctn. 
were Texas Instruments 1975 Impingement Data (Record Type D >  
and Texas Instruments 1976 Impingemerit Data (Record Type D ) .  
Monthly estimates o f  PERCENT0 were calculated for each u n i t  
for which there were white perch impingement data as follows: 

?he t w o  tapes used 

Number of impinged white perch i n  Length Class 1 . 
Total number of  impinged white perch ~ 

PERCENT' 
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where the bounds on Length Class 1 are  0 m t o  DIVISION, where 
DIVISION i s  the seasanally-varying, t o t a l  body length in 
millimeters which i s  used as the cut-off length between 
young-af-the-year and yearling white perch (see Table A-10 o f  t h i s  
appendix). 

RATE0 = 'PERCENT0 RATEjI.00 and R A T E l  = RA-TE - RATEO. 

NUMBERO = PERCENT0 NUMBER/100 and NUMBER1 = NUMBER - NUMBERO. 

RATE, NUMBER,  and PERCENT0 are defined above. RATEQ and RATE1 are the  
col lect ion ra tes  f o r  young-of-the-year and f o r  yearling and older white 
perch, respectively.  NUMBERO and NUMBER1 are number collected for 
young-of-the-year and f o r  yearling and alder white perch, respectively. 

i A l l  RATE values are given i n  the or iginal  sources in u n i t s  o f  number 
o f  w h i t e  perch collected per million cubic meters, and t h u s  multiplica- 
t ion by 264.17 was not necessary. 

Collection r a t e s  were n o t  assumed t o  equal impingement mortali ty ra tes .  
Rather, the col lect ion rates  were adjusted upward t o  account for the 
calculated e f f i c i e n c i e s  o f  less than 100%. For Un i t s  1 and 2,  RATE :x 

RAPE/O.lS ( i .e . ,  15% eff ic iency)  and f o r  Unit 3, RATE = RAPE/0.70 
( i . e . ,  70% eff ic iency) .  These eff ic iency estimates are based on data 
presented i n  Ref, ( 9 )  f o r  Units 2 and 3; U n i t  1 #as assumed t o  have t h e  
saint? col lect ion eff ic iency as U n i t  2 ,  s ince Units 1 and 2 have similar  
i n tak e s t ruc tures  . 
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TABLE A-6 ( c o n t i n u e d )  
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6 
9 
10 
1 
2 
3 
4 
5 
6 
7 
8 
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TABLE A-7 (continued) 

EWPE 
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92889 

127396 
2931u 
55913 
626UO 
1 1 3 7 0  

U 756 
1 3 1 9 3  
5931 
4 3 6 3  
IS120 

J L h W T = I  P 3  

PER ZEN TO 

91.7 
97. R 
9u.u 
0. 0 

U S . 1  
84.8 
8U.5 
94.0 
99.9 
97.8 
911.11 
0.0 

1 3 . 0  
61. 9 
67.8 
90.9 
9 6 , 6  
97.2 
94.0 
9 7 . 3  
91.11 
97.8 
94.4 
0.0 

05.1 
fl4. 8 
8U.5 
9 4 . 0  
0 6 . 0  

RATE0 

35. us 
977.85 
433.20 

0.00 
2 . 5 8  
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R E F E R E N C E S  FOR TABLES A-5, ‘4-6, AND R - 7  

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

a. 

l e t t e r  dated March 3, 1978, from Idi’Iliam J. Cahill ,  J r .  o f  
Consolidated Edison Company o f  New Ynrk, Inc. (Con Ed) t o  Rober t  
P. Geckler of the U. S, Nuclear Regulatory Commission (US N R C ) ,  
i ncludirig a response t o  Question VI .3, which i s  the ident i f icat ion 
number f o r  a question i n  &inclosure 2 o f  5 letter dated July 26, 
1977, from George W .  Knighton ( U S  NRC) t o  Milliam Caiiill, Jr. (Con 
Ed). 

l e t t e r  dated May 3 ,  1978, f rom Kenneth L. Marcellus o f  Consolidated 
Eaison Company of New York, Inc. (Con Ed)  t o  Henry Gluckstern o f  
t h e  U. S .  Environmental Protection Ageccy (US E P A ) ,  incliiding a 
response t o  Question A-3, w h i c h  is t he  ident i f icat ion number f o r  a 
question i n  the enclosul-e o f  a l e t t e r  dated March 23, 1978, ft-om 
Henry Gluckstern (US FPA) to Kenneth L. Marcellus (Con Ed). 

Texas Instruii~ents, Ine. Indian P s S n t  IrnpiilgZf!llent Study Repst-t for  
t he  Period 15 June 1cJ7Z t h rough  31 December 1973. Prepared For 
Consolidated Edison Company o f  New York, Inc., December 1974. 
(Tables A-1.5 throiigh A-1.3). 

Texas Instruments, Inc. Indian Point Impingement Study Report for  
t h e  Period 7 January 1994 through 31 Cleccmber 1974. 
Consolidated Edison Company o f  Mew York, Inc., Noveniber 1375. 
(Tables 8-2 through 13-12). 

Prepared for  

Texas Instruments, Inc. Iiqd Ian Point; Impingement Study Report .for 
t he  Period 1 January 1975 t h r o u g h  31 Decerrlber 1975. 
Consolidated Edison Coriiyany o f  New York, I n c + ,  November 1916. 
(Tables W-4 and A-5) .  

Prepared f o r  

Texas Instruments, Inc. Hulsan R i v e r  Ecolog-ical Study i n  the Area 
of Indian Point. 1376 Annual Repart. Prepared f o r  Consolidated 
Edison Company o f  New York, Inc., Deceinbw 1977. (Tables A - 2  and 
A-3 ) . 
Norrthly l e t t e r s  from Eiiyenr R. McGrath of Consolidated Edison 
Compaoy o f  New ‘dork, IHC. t n  P c t c r  A. A. Berle o f  the New York 
State Department of Environmental Conservation, wh i i h  are sen t  as 
specified i n  S e c t i o n  431 Cert i f icat ion and which include da ta  
sheets giving daily f i s h  counts by species for  each u n i t  at; Indian 
Point ,  

Monthly l e t t e r s  f r o m  William J .  Cahill ,  Jt-. o f  Consolidated Edison 
Company o f  New York, Inc. t o  Jams P. O’Reilly o f  the ?I. S .  
Nuclear Regulatory Comission, which are sent as specified in 
Appendix B o f  U n i t  Nos. 1, 2 and 3 Technical Specification5 and 
which include d a t a  sheets g i v i n g  dai ly  f i s h  counts by species .for 
each u n i t  a t  Indian Point. 
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9. E x h i b i t  UT-105. Table 1. Summary o f  Collect ion Eff ic iency Tes ts  and 
Related 95% Confidence In t e rva l s  a t  Indian Point U n i t s  2 and 3, 
1974-1977. 
Adjudicatory Hearing, Docket No. C/lI-WP-77-01, introduced in to  
evidence on June 6 ,  1978. 

U .  S. Environmental Pro tec t ion  Agency, Region I1 



11-50 

TABLE A-8 

WHITE PERCH IMPINGEMENT DATA FOR THE 
LO VET T GENERATING STATION 

January 1973 - December 1976: Ref. ( I )  

Values for RAPE (col lect ion r a t e ) l  and NUMBER (number col lected)  
were taken d i r e c t l y  from data sheets in Ref. (1). 

January 1977 - December 1977: Ref. ( 2 )  

Values for  RATE (col lect ion r a t e l l  and NUMBER (number col lected)  
were taken d i r e c t l y  fram data sheets in Ref. ( 2 ) .  

PERCENTO (percent of the white perch collected t h a t  were young-of-the- 
year) : 

No estimates o f  PERCENTO were available for  Lovett. Consequently, a l l  
monthly values for PERCENT0 were approximated based on data froin Indian 
Point, which is located only 1% miles upriver and xi-oss the r iver  from 
Lovett. 

June 1975 - December 1976 

Used the average of the observed monthly values f o r  the units a t  
Indian Point for the corresponding month and year (see Tables A-5 
t o  A-7 in t h i s  appendix). 

January 1973 - May 1975 and January 1977 - December 1977 

Used the monthly approximations calculated for  Ind ian  Point (same 
f a r  a l l  un i t s  a t  Indian Point) (see Tables A-5 t o  A-7 i n  this 
appendix). 

RATE0 PERCENT0 RATE/100 and RATE1 = RATE - RATEO. 

NUM6ERO = PERCENI'O NUMBEW/100 and NUI.1RER1 = NUMBER - NUMBEKO. 

RATE, NUMBER, and PZWCENTO are  defined above. R A T E 0  and RATE1 are the 
co 11 ec t  ion ra tes  for- young-of -the-year and f o r  year 1 i ng and o 1 der wh i t e  
perch, respectively.  NUMBER0 and NUMBER1 aye number collected f o r  
young-of-the-year and f o r  yearl ing and older w h i t e  perch, respectively. 

IA11 col lect ion r a t e s  were converted from number o f  white perch 
collected per million gallons t o  number o f  white perch collected per 
million cubic meters by multiplying by 264.17 gallons per cubic meter, 
Collectlon rates  were assumed t o  equal impingement mortali ty ra tes .  
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li EFcR tNI,%S FOR TAB1.X A-8 

1. L e t t e r  dated March 3, 1978, .from I.di Iliain J .  Cahi l l ,  J r .  o f  Consolidated 
Edison Company o f  New Yorlc, Inc. (Coil Ed) t o  Robert P. Geck le r  o f  t h e  
U. S.  Nuclear Regulatory Cotlrnission (US NRC), including a wsponse t o  
Question X . l ,  whic9 .is t he  i d e n t i f i c a t i o n  numiiw f o r  a q u e s t i o n  i n  
Enclosure 2 o f  a l e t t e r  daLed Ju ly  26, 1971 from George W. Knigi-rton 
( U S  NRC) t o  William Cah i l l ,  J r .  (Con t i s ) .  

2. L e L k r  dated May 5 ,  1978 from Edward Kelle'ner o f  Consolidated Edison 
Company o f  New York, Inc. (Con Ed) t o  Henry Glucks te rn  o f  the U. S. 
Environmental Protect ion Agency (US E P A ) ,  including a response t a  
Question A-4, which i s  t h e  i d e n t i f i c a t i o n  numl,;?r f o r  s quest ion in tiit-? 
enclosure o f  a l e t t e r  dated March 23, 1378 from Iknry Giuckstern 
(LIS EPA) t o  Kennelir 1.. Marc?llus (Con Ed).  
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TABLE A-9 

WHITE PERCH IMPINGEMENT DATA FOR THE 
ROSETON GENERATING STATION 

RATE (col lect ion r a t e )  :I 

July 1973 - December 1976: average of the dai ly  collection rates  
fo r  each month were copied d i r ec t ly  from da ta  sheets i n  Ref. ( I ) *  

January 1977 - December 1377: average of the dai ly  col lect ion 
ra tes  fo r  each month were copied d i r ec t ly  Train data sheets i n  
Ref. ( 2 ) .  

NUMBER (number col lected)  : 

July 1973 - December 1976: 
Ref. ( 3 ) .  

copied d i r ec t ly  from Table 10.2-14 of 

January 1977 - December 1977: 
collection ra tes  ( R A T E )  described immediately above and monthly 
values of actual t o t a l  plant intake f l o w  in millions o f  gallons 
fo r  the par t icu lar  m o n t h  (from data sheets provided by the  U. ’5. 
Environmental Protection Agency, Region I f ,  New ‘{ark., New York) 

calculated from the  monthly 

PERCENTO (percent of the white perch collected t h a t  were young-of-t..he- 
year) : 

January 1975 - December 1976: Calculated from mwnthly data on 
length-frequency in  1-centimeter length intervals  o f  whi te  perch 
in impin ement col lect ions [from Tables 10.2-15 and 18.2-16 i n  
Ref. ( 3 ) j .  The “DIVISION” c r i t e r i a  specified 5y Texas Instruments 
were used as the cut-off length between young-of-the-year and 
yearling white perch (see Table A-10 in t h i s  appendix). 

July 1973 - December 1974 and January 1977 - December 1977: 
calculated as the average of t h e  1975 and 1976 PERCENT0 values f o r  
each month. 

RAPE0 = PERCENTO KATE/100 and RATE1 = RATE - RATEO. 

~ U ~ ~ E ~ O  = PERCENT0 e NUMBER/lQO and NUMBER1 = NUMBER - NUNBEKO, 

1All col lect ion r a t e s  were converted from number o f  white perch 
collected per million gallons t o  number of whi te  perch collected per 
million cubic meters by multiplying by 264.17 gallons per cubic  meter. 
Collection ra tes  were assumed t o  equal impingement mortali ty ra tes ,  
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TABLE A-9 (conti  nued) 

RATE, NUMBER, and PERCENT0 are defined above. RATE0 and R A T E 1  are the 
col lect ion rates  f o r  young-of-the-year and f o r  yeayling and older w h i t e  
perch, respectively.  NUt43EXI and NUMBER1 are ndmber collected for 
young-of -the-year and for yearling and older white perch, respectively.  
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TABLE A-9 (cont inued) 

Y ERR 

1 9 7 3  
1 9 7 3  
1973 
197 3 
1 9 7 3  
1 9 7 3  
1 9 7 4  
1 9 7 0  
1 9 7 8  
197U 
'8978 
3 9 7 1  
4974  
r97a 
19716 
197U 
1974 
197u 
9 9 7 5  
9975 
7975  
9975  
8 9 7 5  
1 9 1 5  
7 9 1 5  
3975  
1 9 7 5  
9935  
19'35 
1 9 7 5  
9976  
1 9 7 6  
1 9 7 6  
1U76 
1 9 7 6  
9976 
1 3 7 6  
9976 
1 9 7 6  
1976 
1 9 7 6  
1976  
9977  
1 9 7 7  
1 9 7 7  
4977 
1 9 7 7  
1Y77 
11977 
1 9 7 7  
1 9 7 7  
1 977 
1 9 7 7  
1 9 7 7  

MONTH 

7 
8 
9 

10 
1 1  
1 2  
1 
2 
3 
U 
5 
6 
7 
9 
9 

10 
11 
1 2  
1 
2 
3 
4 
5 
6 
7 
ra 
9 

10 
91 
1 2  
1 
2 
3 
U 
5 
6 
7 
8 
9 

10 
11 
1 2  

1 
2 
3 
4 
5 
6 
7 
8 
3 

1 0  
11 
1 2  

R A T  E 

9 .272  
90. U 3 0  

O28.008 
65U. 2 7 0  
197 .037  

27.527 
1. 1 6 2  
0 .000 
0.42 3 

l U 9 .  70 1 
u 4 3.637 
106,566 

0 .607  
5U. 0 2 3  
23 .617  
U3.007 

1 0 8 . 8 2 9  
1 O U .  0 3 0  

1 8 . 2 2 8  
le .  3 1  8 
l U . 9 2 6  

300.092 
164 .31  (I 

19.707 
42.928 

128. 0 1 3  
1 18.34 8 
U42.960 
615 .727  

21 .107  
19.575 
34. 7 1  2 
17 .779  

463.513 
242 .71  9 

75.07 0 

22.69 2 
28.927 

1 UO. 4 5  9 
563. 3 1 6  

63 .376  
23 .036  
13 .319  
67.178 

303 .958  
7 3 5 . 1 0 6  

20.552 
10 .620  

248.3U6 
75. 2U7 

142 .493  
l l Y . 4 8 U  
32.942 

3 .008  

N D N B E R  

9 1  

1 3 9 4  
U 5 2 2  
1 3 9 6  

0 80 
5 
0 
5 

U897  
5 2 7 2  
1 1 0 5  

1 3  
3 2 6 3  
1 I 3 1  
1 0 3 8  

1 2 3 1 3  
7 3 5 1  
1 3 3 7  
1 0 5 9  
1 3 4 7  

2 3 2 8 8  
1 4 5 4 9  

1 6 1 3  
3 9 6 5  
9 5 7  1 
7Y34 

3 3 5 4 1  
00951 

8 4 4  
1 3 3 3  
2 2 8 7  
1 1 2 9  

31 u93 
2 3 8 8 1  

6U55 
3 2 6  

2 1 0 0  
2 3 4 6  
9927  

2 3 0 0 6  
3 2 5 8  
1 6 9 6  
951 

5 1 8 3  
75486 
51 u u u  

1 3 6 4  
70ou 

2 5 9 3 8  
72U8 

1 3 1 7 6  
783U 
2 2 9 6  

980 

PERCENT0 

W .  8 
6U.2 
86 .5  
8 8 . 6  
8 5 .  3 
73.8 
66 .0  
5 3 - 0  
59.3 
s4 .0  
S8,O 

Q .  0 
U. 8 

6U.2 
86 .5  
88.6 
95.3 

59.9 
35.6 
38.5 

7.0 
1 7 . 2  

0.0 
2. e 

39.7 
17.7 
7 9 . 7  
76 .2  
66 .0  
72.0 
70.U 
79.6 
81.0 

0.0 
6 . 9  

88 .8  
95.3 
37.5 
9U.4 
31.5 
66.0 
53.0 
59 .0  
ulu.0 
58.0 
0.3 
u.8 

6U. 2 
86.5 
B8.6 
85.3 
7 3 . 8  

73. a 

9 8 - 7  

R l P E O  

0 . 4 4 5  
53.192 

3 7 0 . 2 7 1  
579.5 8 3  
168 .755  

20.315 
0. 7 6 7  
O . O D O  
0.249 

6 5 . 1 2 9  
2 39.9 '0 0 

0 . D O O  
0 . 0 3 3  

3 4 . 6 8 3  
20 .429  
38.1OU 

161.077 
76.77U 
10.918 
5 .097  
5.7U6 

23 .806  
28. L O ?  

0.000 
1.202 

50,980 
91 .957  

353.039 
469 .184  

13.931 
1u-094 
2U.137 
9 4 . 1 5 2  

375.  %a5 
239.564 

0 . 3 0 0  
0 .135  

20.151 
27. 5 6 7  

136 .9U8  
531,770 

52 .059  
15.20U 

7.057 
39.535 

1 3 3 . 7 8 0  
' 4 2 6 . 3 5 1  

0 .000  
0,510 

1 5 9 . 4 3 6  
63 .530  

125 .  La9 
101 .920  
24.31 1 

BILTEl 

8.827 
35. 2 3 8  
57 .781  
7Q. 5 3 7  
2 9 "  0 8 2  

1.212 
0 .395  
0.371 
0. 773 

9 3 . 2 1 3  
173.. 7 2 8  
l O b . 5 5 b  

0.658 
1 9 . 3 0 3  

3.188 
'1.933 

27.758 
21.256 

I .  309 
3.221 
9 . 1 7 9  

315. 2 9 6  
1 7 6 . 0 5 2  

9 3 . 7 5 7  
41 -725 
V V . u l 3 1  
2 6 . 3 9 2  
9 7 . 3 2 1  

1 4 6 . 5 4 3  
7 . 1 7 6  
5. 4 8 1  

13,275 
3 .627  

33 .357  
3" 155 

75 .870  
3.173 
2.5a2 
1. 360  
3 - 5 1  1 

3 1 . 5 8 5  
11.817 

7 . 6 3 2  
6.759 

2 7 . 5 8 3  
a70.2141 
4 O Y . 7 1 U  
LO. 5 5 2  
1 5 . 1 1 2  
88 .908  
7 3 . 5 3 3  
16 .244  
17 .564  

8 .631  

R I J R B E R O  

3.9 
629.2 
946.3 

U3Ob.  5 
1 7 02 a 6 

7 5 7 . 2  
3 . 3  
0.0 
2.9 

? 15u. 7 
9 6 3  7 "  B 

0.0 
6.5 

239a. 8 
978.3 
9 19.7 

1 0 5 0 3 "  0 
5Q25.3 

702.9 
377.3 
U03 1 

9630.7 
2511 .0  

a. 3 
108.2 

3 7 9 9 . 7  
6 0 6 3 - 7  

Lfr7 32.2 
31928 .5  

557.0 
725 .8  

1510.3 
898.7 

25509.3 
1 0 5 7 0 . 1  

0.3 
22.5 

1 R 6 U .  R 
2 2 3 5 -  1 
9678.8 

?1717.7  
2655.3 
1117 .4  

451  .o 
3 0 5 8 "  3 
7357 .8  

2 9 8  31 .5  
0.0 

Q8.2 
16560.7 

6169.5 
9015.9 
5 6 8 2 .  u 
l h 9 4 . 4  

NWM5ERI 

77 .1  

147;t 
515.5 
293.4 
226 .8  

1.7 
0.0 
2.1 

2742 .3  
2634.2 
4 4 0 5 - 0  

9.5 

350. n 

1168. 2 
152.7 
1 1 8 . 3  

aaao.0 
1926.0 

5 2 4 - 1  
682.0 
6 4 3 . 9  

12088 .0  
1613.0 
3756.8 
5 7 7  1 . 3  
17Ur9.3 
6808.8 
9 7 2 2 . 5  

287.0 
202.2 
677.0 
230.3 

598 3.7 
2 7 O , 9  

6U55.0 
303.5 
235. I 
110.3 
2 8 8 . 2  

1288.3 
602.7 
5 7 6 . 6  
400.0 

2125 .0  
9 2 3 2  " 2  

21606.  5 
196U.O 

0 5 5 .  8 
9219.3 

978.. 5 
1 I h O .  'F 
1 1 5 1 . 6  

6 0 1 . 6  

s1657.a 



11-56 

R E F E R E N C E S  FaR TABLE A-9 

1. Let te r  dated March 3, 1978, from William J .  Cahi l l ,  J r .  o f  Consolidated 
Edisoti Company o f  New York, Inc., (Con Ed) t o  Robert P. Geckler o f  t he  
U. S .  Nuclear Regulatory Cammission (US N R C ) ,  including a response t o  
Question IX.1, which i s  t h e  i d e n t i f i c a t i o n  number f o r  a queslion i n  
Enclosure 2 o f  a l e t t e r  dated July 2 6 ,  1977, from George W .  Knighton 
( U S  NRC) t o  Williaiir Cah i l l ,  J r .  (Con Ed) .  

2. Let te r  dated April 1 4 ,  1978, from Kenfiieth L. Marcellus of Consolidated 
Edison Company o f  New Ysrk, Inc. (Con Ed) t o  Henry Gluckstern of t h e  
U. S. Cnviranmental Protect ion Agency ( U S  E P A ) ,  ineltiding a response t o  
Question A-5, which i s  the idef i t i f ica t ion  number f o r  a q u e s t i o n  i n  the  
enclosure o f  a l e t t e r  dated March 23,  1978, from Henry Gluckstern 
(US €PA) t o  Kenneth L, Marczllus (Con Ed) .  

3. Ecological Analysts, Inc. Roseton Generating S ta t ion .  Near-field 
tFfects o f  Once-through Cmling  System Operation on Hudson R i v e r  Biota. 
Prepared for Central Iiudson Gas & E l e c t r i c  Corporation, Ju ly  1977. 
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95 
'35 
45 
95 
9 5 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
9 5 
95 
9% 
95 

~ ..... 

TABLE A-10. C R I T E R I A  S P E C I F I E D  BY TEXAS INSTRUMENTS 
AS THE CUT -OFF L E N G T H  METMEEN Y O U N G - O F - T H E - Y  E A R  AND 
Y E A R L I N G  I\IWITE PERCH1 

1 
~ 

7501 01 
7501 [I1 
7501 16 
7501 16 
750201 
a 5 0 2 0 1 
75021 5 
15021  5 
7 5 0 3 0  1 
I .,OdOl 
75031.5 
75031 5 
7504Ill 
750401 
75041 5 
75041 5 
7 5 Q 50 1 
750507 
75051 5 
750.51 5 
'j5UG01 

-1 b. '2 

.......... .___._ ...... .. .._........ . 

750601 29 
75061 5 50 
75061 5 50 
7 5 0 7 (3 1 50 
750701 50 
75071 5 GO 
75071 5 60 
7 5 080 5 85 
750805 8 5 
75081 8 95 
75Ui901 95 
7509 15 1 06 
751006 105 
751 020 105 
751 103 105 
751117 105 
751 201 105 
751 21 5 1 05 

.. ... 

__ 

.. . .. . 

7601 05 
7601 19 
I6  (12 02 
7602'1 6 
7 fit! 3 0 1 
76031. 5 
760405 
76841 9 
75041 13 
760503 
76051 7 
760607 
760607 
760621 
760705 
'7607 19 
7 608('lil 
76081 6 
76Q8'I 6 
760830 
760830 

76091 3 
360927 
7614927 
761 01 1 

761025 
76 1025 
76'1 'i 118 
761 108 
761 122 
761 206 
761 206 
7151 220 
761 229 

--.I--.___. 

T m 9 1 3  

m a 1  I 

4 
(mil) YCAR CLASSES 

105 
105 
1 us 
105 
105 
105 
105 
105 
7 05 
7 1)5 

50 
........................... 

so 
50 
50 
60 
60 
13 5 
85 

100 
1 QO 
7 00 
100 
100 
100 

f 00 
100 
I 011 
1 on 
100 
1 ou 
100 
100 
100 
100 

1 oa 
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This testimony presents quaqt i ta t ive  1-?stimates of t i l e  Idirect i iny(-tct o f  
impingement a t  the i3ow li ne, Lovett, I n d i m  Paint,  K O C J C ~ ~ Q ~ ,  and Dariskamer 
generating s ta t ions  on seven Hudson River f i s h  specie%: 
s t r iped bass, alewife, blueback herring, Arnclricari shad, A t l a n t i c  tomcod, siicl 
bay anchovy- Conditional imp-ingemerit mortal i ty  r a t e s  (mI) l~fere cilcwlated 
f o r  t h e  1974 year c lasses  of  w h i t e  perch, striped bas.,, alewifti, blucback 
herring, American shad, and Atlant ic  tomcod, and f w  the 1315 year cldsses 
o f  i r h i t e  pwcii, s t r iped bass, American shad, (and WiILwt:ic tomcod. liww 
rates are equivalent t o  e s t i m a t e s  o f  the Fractional r e t h i c t i r x i  i n  dai~lptlrance 
o f  each year c lass  due t o  impingement, i n  the at>sc?nce Q F  curijppris,it ion. 
Exploitation r a t e s  for the t o t a l  impingeable bay m c h o v y  popu l a t i i x i  (adcr I t 5  
f juveni les)  residing above r i v e r  mile 12 are prcsentpd F o r  e,i~11 manth f\wm 
May t h r o u g h  October, 1974 and 1975. i?ather than p r ~ s ~ i i t i n g  c 1oig1t3, 
"consc?rvative,'t e s t i m a t e s  of impact, cis t i le u t i l i t i e s  clsirn 'LO have done, w 
present what we believe are r e a l i s t i c  ranges o f  prulsahle impacts  fur edch 
species and year c l a s s .  The highest i m p i r ~ g m e n i t  irripdct estirnat,?s o b t a i n e d  
were for  white perch, the lowest for  4nerican sliad. 

wh i t e  pzr"c, 

In addition t o  estimating the impacts t h a t  have a~-,tucilly i ) t m  jiiiposed 
on these f i s h  popu la t ions,  we estiinated t i l e  iiripacts t ha1  l ~ o u  Id i-ravc o c c u r r ~ d  
had closed-cycle c o o l i n g  systems been inctalled .ai- one or  more of t h ~  thrw 
plants  (Bowline, Indian Po in t ,  and Roseton) a t  ac,si~c? in these pr'or,~wf inqsa 
For this  analysis we selected three spec ies3  white pr2rch, Ai I , " r , i t i~  tomcod, 
and s t r iped bass, and three cooliflg system configurations: closcd-c.ycle 
cool ing a t  a l l  three plants, closed-cycle c o o l i n g  at Rod1 ine orid Jiridlidn 

Point, and closcd-cycle cooling a t  Indian P o f n k  alcsnc. Wc fourid t h ~ t  
g rea t ly  reduced impacts on 311 three speci23s viould have occu r red  'rifir\ 

closed-cycle cooling systems been opevating eilther a t  a1 I t h rec  p l a n t s  OF- 
only a t  Bowline and Indian Point. Closed-cycls coaling <.it Indian P o i n t  
alone would have subs tan t ia l ly  reduced the impact, o f  impingeinmt on wh.ite 
psych and Atlant ic  tomcod, and would have rnoderdtely reduced t h e  iIiip;?ct on 
st r iped bass. 

I I I - i  i i 
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1. ANALYTICAL METHODS AND SOURCES OF INPUT DATA 

Consultants for both the utilities and EPA have used the conditional 
impingement mortality rate as a measure of impingement impact. 
reason for the usefulness of this measure is that it provides a direct 
estimate of the fractional reduction in year class abundance of vulnerable 
species, in the absence of compensation, caused by the impingement of 
juvenile fish. The properties of the conditional impingement mortality rate 
are discussed in detail by Barnthouse et al. (1979)) .  In this section we 
compare the methods and data used by Texas Instruments (TI), Lawler, Matusky 
and Skelly (LMS),  and ourselves to estimate conditional impingement 
mortality rates. In Section 2 we present our estimates o f  the input data 
(monthly impingement totals, initial numbers o f  vulnerable juveniles, and 
natural mortality rates) for six Hudson River fish species: striped bass, 
wlh-ite perch, blueback herring, alewife, American shad, and Atlantic tomcod. 
Section 3 contains our estimates of the fractional reduction in year class 
abundance due t o  impingement for all of these species in 1974, and for 
striped bass,  white perch, Atlantic tomcod, and American shad in 1975. 

The primary 

Meaningful conditional impingement mortality rates could not be 
computed for the bay anchovy, because meaningful estimates of the size o f  
this population cannot be obtained from either TI or LMS data. This species 
i s  largely restricted to the lower estuary. Within the portion of the river 
sampled by TI, the highest densities of bay anchovy are generally found in 
the Yonkers (RM 12-23) and Tappan Zee (RM 24-33) regions (Exhibit EPA-198) .  
These are the furthest downstream of TI'S 12 river regions. An unknown, but 
presumably large, fraction of this population resides below River Mile 12 
arid i s  not sampled. Fluctuations in bay anchovy abundance indices 
calculated by TI may well be due as much to the movement of fish into and 
out of the Yonkers Region as to actual changes in the numbers of bay 
anchovies. 

Since meaningful conditional impingement mortality rates could not be 
compiited for this species, we computed impingement exploitation rates for 
the total population residing above River Mile 12. 

The bay anchovy i s  the principal food species for bluefish, and is also 
f e d  on by striped bass (Exhibit EPA-198). 
are not measures of the impact of impingement on the bay anchovy population 
as a whole, they can be validly interpreted as estimates of the reduction i n  
the forage base available to piscivorous fishes inhabiting the Hudson River 
estuary above River Mile 12. 

Although our exploitation rates 

1.1 COMPARISON OF COMPUTATIONAL METHODS EMPLOYED BY T I ,  LMS, AND ORNL 

Utility consultants have used two different methods of calculating 
conditional impingement mortality rates. The method used in Exhibit UT-3 
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was or ig ina l ly  described by TI in Appendix F of the Multiplant Report (Texas 
Instruments 1975). 
in Appendices 9.1B o f  E x h i b i t s  UT-GA and UT-7A. 
are conceptually s imilar ,  there  are some s igni f icant  differences in the data 
requirements of these models and the exact manner i n  w h i c h  they are 
applied. 
employed by BRNL, we use our notation to  describe a l l  three.  Table 1 
cantains the symbols t o  be used in this discussion, t h e i r  def ini t ions,  and 
the equivalent notation used in Exhibits UT-3, UT-GAY and UT-7A. 

That used by LMS i n  Exhibits U T 4  and UT-7 i s  described 
Although the two methods 

In order to  f a c i l i t a t e  our comparison of these methods t o  t h a t  

T I ' s  method (Exhibit UT-3) requires as i n p u t  data estimates of ,the 
following: the t o t a l  number of juveniles a l ive  a t  the time they f i r s t  
become vulnerable t o  impingement ( N  ), the t o t a l  number of f i s h  impinged 
d u r i n g  the period of  vulnerabi l i ty  ? I T ) ,  and the f rac t ion  of the i n i t i a l  
number dying from a l l  causes during the period of vulnerabi l i ty  ( A ) .  
f i r s t  s tep in T I ' s  method i s  the computation of the  impingement exploitation 
r a t e  ( u ) ,  which i s  defined simply as the f rac t ion  of the i n i t i a l  number of  
vulnerable juveniles t h a t  are impinged and k i l led .  Given the exploi ta t ion 
r a t e  ( u )  and the t u t a l  f rac t iona l  mortali ty ( A ) ,  TI calculates  the 
condit.iona1 impingement mortal i ty  r a t e  (mI) by solving the following two 
equati ons : 

The 

Although LMS' method is conceptually similar t o  t h a t  of TI, LMS employs 
an approximation t h a t  eliminates the  need for  an estimate of A. Instead, 
LMS' inethod requires an estimate of the average number of juveniles a l ive  
d u r i n g  the period of vulnerabi l i ty  (N). The conditional impingement 
mortali ty r a t e  i s  given by: 

The calculation of N requires periodic estimates of population s i z e  
throughout the period of vulnerabi l i ty .  
indicating t h a t  the data used by LMS i s  of highly questionable r e l i a b i l i t y  
and i s  probably not su i tab le  for  t h i s  purpose. 

In Sectian 1 . 2  we present evidence 

The manner in which LMS' model i s  applied in Sections 10.4 o f  Exhibits 
UT-6 and UT-7 d i f f e r s  from TI'S application i n  an important way. TI uses 
the i n i t i a l  number o f  impingeable juveni les  as input data. The impingement 
t o t a l s  used by TI are those corresponding to the months d u r i n g  which these 
juveniles are vulnerable t o  impingement. For example, i n  computing a 
conditional mortali ty r a t e  for  the 1974 year c lass  of Atlant ic  tomcod, TI 
used the impingement estimates f o r  the months of May through December 1974. 
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Tab le  1. Symbols and d e f i n i t i o n s  used i n  ORNL, TI and LMS impingement 
impact models 

ORNL TI a L M S ~  
symbol symbol symbo 1 Def i n i t  i on 

-- c - -d  T o t a l  number o f  f i s h  k i l l e d  by 
impingement d u r i n g  t h e  p e r i o d  of 
v u l n e r a b i l i t y  of a g i v e n  year  c l a s s  
(ORNL and T I )  o r  d u r i n g  a g i v e n  
ca lendar  yea r  (LMS). 

IT 

Ii 

NO NO 

N i  

N 

U UE 

m i  

n qn 

n i  

A q t  

A i  

_ _  d 

Number o f  f i s h  k i l l e d  by 
impingement d u r i n g  month  i. 

I n i t i a l  p o p u l a t i o n  s i ze ,  i .e.,  
number o f  f i s h  a l i v e  a t  s t a r t  of  
p e r i o d  of v u l n e r a b i l i t y .  

Number o f  f i s h  a l i v e  a t  end o f  
month i. 

Average p o p u l a t i o n  s i z e  d u r i n g  
p e r i o d  o f  v u l n e r a b i l i t y  ( o r  
ca lendar  year ,  as used b y  LMS). 

O v e r a l l  impingement e x p l o i t a t i o n  
r a t e ,  i.e., f r a c t i o n  of i n i t i a l  
p o p u l a t i o n  t h a t  a re  k i l l e d  b y  
impingement ( =  IT&). 

E x p l o i t a t i o n  r a t e  d u r i n g  month i. 

O v e r a l l  c o n d i t i o n a l  impingement 
m o r t a l i t y  r a t e ,  i .e.,  f r a c t i o n  o f  
i n i t i a l  p o p u l a t i o n  t h a t  would be 
k i l l e d  by impingement i n  t h e  
absence o f  n a t u r a l  m o r t a l i t y .  

C o n d i t i o n a l  impingement m o r t a l i t y  
r a t e  d u r i n g  month i. 

O v e r a l l  c o n d i t i o n a l  n a t u r a l  
m o r t a l i t y  r a t e ,  i .e.,  f r a c t i o n  o f  
i n i t i a l  p o p u l a t i o n  t h a t  would d i e  
d u r i n g  t h e  p e r i o d  o f  v u l n e r a b i l i t y  
i n  t h e  absence o f  impingement. 

C o n d i t i o n a l  n a t u r a l  m o r t a l i t y  r a t e  
d u r i n g  month i. 

F r a c t i o n  o f  i n i t i a l  p o p u l a t i o n  
dy ing  f r o m  a l l  causes d u r i n g  t h e  
p e r i o d  o f  v u l n e r a b i  1 i t y .  

F r a c t i o n  o f  i n i t i a l  p o p u l a t i o n  
d y i n g  f rom a l l  causes d u r i n g  month 
i. 

0 D a i l y  r a t e  o f  t o t a l  m o r t a l i t y .  

a E x h i b i t  UT-3, S e c t i o n  2 - V I .  

b E x h i b i t s  UT-6A and UT-7A, Appendices 9.18. 

CNo symbol used f o r  t h i s  q u a n t i t y .  

dSymbols and d e f i n i t i o n s  i n  Appendices 9.1B o f  E x h i b i t s  UT-6A and 
UT-7A a r e  those  used i n  t h e  en t ra inmen t  a p p l i c a t i o n  o f  t h e  LMS model. 
The impingement a p p l i c a t i o n  ( E x h i b i t s  UT-6 and UT-7, Sec t i ons  10.4) i s  
n o t  f o r m a l l y  documented. 
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The resu l t s  of TI 'S calculations are estimates o f  the f ract ional  reduction 
in year c lass  abundance due t o  impingement. LMS' method i s  applied in an 
ent i re ly  d i f fe ren t  way. The abundance estimates are estimates for  en t i re  
populations, not just the vulnerable components of the populations. For 
example, LMS' white perch estimates for  a l l  months include adbrlt white 
perch, which are re la t ive ly  less vulnerable t o  impingement, as well as the 
highly vulnerable young-of-the-year and yearlings.  As another example, I-MS' 
estimates of blueback herring abundance for  the months o f  April t h r o u g h  June 
are estimates of the abundance of yearlings and spawning adults;  only the 
estimates for  July th rough  December include young-of-the-year. 

Even more important, LMS calculates  the cond i t ianal  mor-taj-ity ra te  not  
over the period o f  vulnerabi l i ty  o f  each year c lass ,  b u t  over the calendar 
year. This procedure confounds data re la t ing t o  the iirnpact of impingement 
on several d i f fe ren t  year classes.  For example, LMS computes a value of 
mI for  white perch in '1975 using abundance and impingement estimates for  
January-June, tha t  r e f l ec t  primarily the impact o f  power plants on the 1974 
year c lass ,  along with estimates for  July-December, t h a t  r e f l e c t  the impact 
on the 1975 year c lass .  

Because o f  t h i s  mixing o f  abundance and impingement estimates for  
different-aged f i s h ,  the "impingement cropping estimates" in Sections 10.4 
of Exhibits UT-5 and UT-7 are mt- equivalent. to  estimates of the f ract ional  
reduction in year. class abundance due t o  impingement. For t h i s  reason, we 
consider TI 'S  method of calculating conditional impingement mortali ty rates 
t o  be superior t o  LMS' . 

Both  TI. and I M S  implici t ly  assume tha t  in1 i s  constant t h r o u g h o u t  the 
period o f  vulnerabili ty.  However, the impingement ra tes  o f  most species 
exhibit  marked seasonal f luctuat ions,  as i s  c lear ly  demonstrated by the 
monthly impingement estimates contained in Section 2 of t h i s  Exhibit. 
aarnthouse e t  a l .  (15373) have shown tha t  these f luctuat ions can cause 
substant ia l  underestimates or overestimates o f  mI i f  a method tha t  assumes 
constancy of m 1  i s  employed. The ORNL Empirical Impingement Model, used 
t o  derive the estimates of mi in Section 3 ,  takes seasonal variations in 
impingement into account by assuming tha t  mI i s  constant only within each 
month. Otherwise, our method i s  essent ia l ly  identical  t o  Pi 's .  ORNL's 
Empirical Impingement Model has been described i n  de ta i l  by Barnthouse 
e t  a l .  (1979). 

Using  impingement t o t a l s  ( I i )  and conditional natural mortali ty r a t e s  
( n i )  calculated separately f o r  each m o n t h ,  we use E q .  ( 4 )  t o  calculate 
monthly values of the conditional impingement mortali ty ra te  (mi) i n  
sequence . 

u i / ( m i  + n i  - m.n.) 
( 4 )  

I 1  
m i  1 - [I - ( m i  + n i  - m i n i ) ]  
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The f i r s t  monthly exploitation ra te  (Ui) i s  calculated from No and 
I i .  
vulnerability, the i n i t i a l  population s ize  for  the second month is  
calculated from E q .  ( 5 ) :  

After E q .  ( 4 )  has been solved i te ra t ive ly  for the f i r s t  m o n t h  of 

N 1  = No(1 - m l ) ( l  - n l )  . 

The above calculations are repeated for  each successive month ,  and then the 
overall conditional impingement mortality ra te  i s  calculated as: 

k 
= 1 -  ( l - m i )  , 

i = l  mI 

where k = number of months of vulnerability. 

When natural mortality i s  high in comparison to  impingement mortality, 
as i s  the case fo r  nearly a l l  of the species considered in t h i s  Exhibit 
(white perch i s  the only exception), the to ta l  mortality ra te  ( A )  and the 
overall conditional natural  mortal i t y  ra te  ( n )  are essenti a1 l y  equal. For 
example, Barnthouse e t  a l .  (1979) computed an estimate of n for  juvenile 
striped bass based on the estimate of A presented in Section 2 - V I  of Exhibit 
UT-3. The two values differed by only about 1% ( A  = 0.80, n = 0.79), a 
t r i v i a l  difference in comparison t o  measurement error. The disparity 
between impingement mortality and natural mortality is even greater f o r  
Atlantic tomcod, blueback herring, alewife, and American shad t h a n  i t  i s  for 
striped bass, and consequently, the difference between estimates of A and n 
fo r  these species would be even smaller. In our impact estimates (Section 3 )  
we have therefore used estimates of total  mortality ( A )  derived from f i e ld  
d a t a  as estimates o f  natural mortality. The small numerical difference 
between A and n does not  imply that  impingement i s  insignificant,  because i t  
i s  n o t  the increase in the fraction dying, b u t  the decrease in the fraction 
surviving caused by impingement that  i s  impor tan t .  To i l l u s t r a t e  t h i s  point 
we will consider a hypothetical f ish population for which the conditional 
natural mortality ra te  during the period of vulnerability t o  impingement i s  
equal t o  0.9. Suppose t h a t ,  f o r  t h i s  population, the total  mortality ra te ,  
including both natural and impingement mortality, i s  equal t o  0.91. 
Numerically, the values of n and A for  our hypothetical population are 
nearly identical .  Nonetheless, the impact o f  impingement i s  not t r i v i a l l y  
small. Because n i s  equal t o  0.9, in the absence o f  any impingement 10% of 
the juveniles alive at  the beginning of the period of vulnerability would 
survive t o  the end o f  t h a t  period. However, because o f  the e f fec ts  of 
impingement (as reflected in A),  only 9% actually do survive. This decrease 
in survival from 0.1 t o  0.09 represents a def ini te ly  non-trivial 10% 
reduction in year class abundance caused by impingement. 
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A l l  t h r e e  o f  t h e  above methods a re  d e r i v e d  f rom R i c k e r ' s  (1975) t h e o r y  
o f  f i s h i n g  m o r t a l i t y ,  s p e c i f i c a l l y  h i s  "Type I 1  Fishery. "  Thus, except f o r  
t h e  u t i l i t i e s '  assumption o f  cons tan t  m I ,  we have no conceptual  q u a r r e l  
w i t h  t h e i r  a n a l y t i c a l  methods. Our c r i t i c i s m  o f  LMS' impingement impact 
assessments i s  d i r e c t e d  a t  t h e  d a t a  used by LMS and a t  t h e  way i n  which LMS' 
method i s  app l i ed ,  n o t  a t  t h e  method i t s e l f .  

1.2 SOURCES OF INPUT DATA 

The sources of impingement d a t a  and t h e  v a r i o u s  e r r o r s  assoc ia ted  w i t h  
es t ima tes  o f  t h e  number of f i s h  impinged and k i l l e d  b y  power p l a n t s  a re  
d iscussed b y  Barnthouse (1979) i n  E x h i b i t  EPA-205. Data r e l a t i n g  t o  
abundance and m o r t a l i t y  i n  v u l n e r a b l e  f i s h  species a re  a v a i l a b l e  f rom 
seve ra l  sources. The most impor tan t  o f  these are:  ( 1 )  T I ' S  mark/ recapture 
programs, ( 2 )  T I ' S  Long R i v e r  Survey and F a l l  Shoals Survey, ( 3 )  T I ' S  
R ive rw ide  Beach Seine Survey, ( 4 )  T I  I s  I n t e r r e g i o n a l  Bottom Trawl Survey, 
and ( 5 )  LMS' bot tom t r a w l  surveys i n  t h e  Bowline, L o v e t t ,  and 
Roseton/Danskammer v i c i n i t i e s .  T I  has used mark/ recapture techniques t o  
es t ima te  t h e  f a l l  abundance o f  j u v e n i l e  w h i t e  perch and s t r i p e d  bass and t h e  
w i n t e r  abundance o f  spawning A t l a n t i c  tomcod. 
combinat ions o f  t h e  Long R i v e r  Survey, F a l l  Shoals Survey, and R ive rw ide  
Beach Seine Survey d a t a  t o  e s t i m a t e  t h e  abundance of j u v e n i l e  s t r i p e d  bass, 
w h i t e  perch, A t l a n t i c  tomcod, and American shad. LMS has used i t s  Bowline, 
L o v e t t ,  and Roseton/Danskammer n e a r - f i e l d  bottom t r a w l  d a t a  t o  compute 
p o p u l a t i o n  es t ima tes  f o r  w h i t e  perch, blueback h e r r i n g ,  A t l a n t i c  tomcod, and 
bay anchovy. 

T I  has a l s o  used v a r i o u s  

A l l  o f  these es t ima tes  a re  s u b j e c t  t o  many k i n d s  o f  e r r o r s ,  and w i t h o u t  
doubt, t h e y  a re  f a r  l e s s  accu ra te  than  a re  est imates o f  t h e  numbers of f i s h  
impinged. The mark/ recapture es t ima tes  a r e  p r o b a b l y  t h e  most r e l i a b l e  s i n c e  
they  r e q u i r e  no es t ima tes  o f  gear e f f i c i e n c y .  U n f o r t u n a t e l y ,  t h e  
mark/ recapture p o p u l a t i o n  es t ima tes  f o r  s t r i p e d  bass and A t l a n t i c  tomcod a re  
n o t  useable f o r  t h e  purpose o f  impingement impact assessment (see 
d i s c u s s i o n s  i n  Appendix 5 ) .  Abundance es t ima tes  f o r  a l l  spec ies except 
w h i t e  perch must be ob ta ined  f rom one o r  seve ra l  o f  t h e  T I  and LMS f i s h  
sampl ing programs. Each s p e c i e s - s p e c i f i c  abundance es t ima te  has i t s  owr: 
unique d e f i c i e n c i e s ,  l a r g e l y  r e l a t e d  t o  l a c k  o f  correspondence between t h e  
r e g i o n s  and h a b i t a t s  sampled by T I  and LMS and t h e  r e g i o n s  and h a b i t a t s  
i n h a b i t e d  by  t h e  f i s h  themselves. These d e f i c i e n c i e s  a re  discussed on a 
species-by-species b a s i s  i n  Appendix 5. 

I n  t h i s  s e c t i o n  d i s c u s s i o n  i s  l i m i t e d  t o  genera l  d e f i c i e n c i e s  cotnm~n t o  
a l l  p o p u l a t i o n  es t ima tes  ob ta ined  f r o m  f i s h  survey da ta  and t o  t h e  
comparat ive d e f i c i e n c i e s  o f  T I ' S  and LMS' sampl ing programs. A l l  o f  t h e  
es t ima tes  d e r i v e d  f rom t h i s  t y p e  o f  d a t a  a re  computed i n  e s s e n t i a l l y  t h e  
same way: 
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(1) The number of  f i sh  caught i n  each sample is converted t o  a measure 
o f  catch-per-unit-effort, w i t h  e f fo r t  be ing  defined i n  units o f  
volume or area sampled. 
Tucker trawl) the e f for t  can be measured direct ly  by means of a 
flowmeter attached to  the gear i t s e l f .  For the beach seine and 
bottom trawl the e f for t  must be estimated indirectly. 

For some gears (TI 'S epibenthic sled and 

( 2 )  The catch/effort estimates are multiplied by the to ta l  area or 
volume of the sampled region i n  order to obtain estimates of the 
absolute number of  f ish i n  t h a t  region. 

Both steps in the above procedure are subject to  serious, even f a t a l ,  
errors.  
or bottom trawl is not  possible. TI has attempted to  estimate the average 
area swept by the 100-ft beach seine; LMS has used the physical dimensions 
o f  i ts  bottom trawl to estimate the average volume sampled d u r i n g  each 

u l .  However, neither gear maintains  a constant shape d u r i n g  sampling and 
neither gear can be deployed i n  an identical manner for  each haul. The 
actual path of a beach seine and the actual dimensions o f  the mouth opening 
of a bottom trawl undoubtedly vary considerably from sample t o  sample. 

Accurate measurement of the area or volume sampled by a beach seine 

A f a r  more important source of error is gear efficiency: the fraction 
o f  the fish i n  the p a t h  of the gear that  are actually caught. All  of the 
catchieffort  data used t o  compute abundance estimates are obtained w i t h  
sampling gear of  unknown and variable efficiency. 
a l l  o f  these gears is surely muck less than loo%, b u t  even w i t h  the aid of 
experimental t es t s ,  i t  i s  possible only to  roughly estimate how much less. 
Even worse, the efficiency of any gear varies among species and among 
size-classes o f  fish w i t h i n  each species. Efficiency can vary from day to 
day because of variations i n  cloud cover or turbidi ty  that  influence the 
ab i l i ty  of the f i sh  t o  detect the gear, and i t  can vary seasonally because 
o f  temperature-related variations i n  the f i sh ' s  ab i l i t y  t o  evade capture. 
This problem i s  not unique to TI'S and LMS' surveys and i t  does not imply 
that  their  data are useless. 
conducted w i t h  the best possible equipment by the best personnel must 
produce data tha t  suffer i n  accuracy and precision because of poorly known 
and variable gear efficiency. 
o f  error that  must be acknowledged and kept i n  mind when the data are 
i n terpreted 

The average efficiency of 

Even the best-designed collection ~ ~ o ~ ~ a m  

This problem is simply an unavoidable source 

e second step i n  the computational procedure, tha t  o f  scaling ill 
f f o r t  data t o  absolute population estimates, i s  another source 

serious error. Unlike the m r e  or less unavoidable problems related to  gear 
efficiency, the errors introduced i n  th i s  step are largely a function of the 
sampling design employed by the contractor. With  respect to  appropriateness 
of sampling design, TI'S collection programs are clearly superior t o  those 
of LMS for  the purpose of estimating the riverwide abundance of Hudson River 

TI has divided the estuary Into 12  ~ o n g i ~ u d i n a l  re 
on the basis o f  ~ o r ~ h o ~ $ ~ r i c  characterist ics such as depth, w i d t h ,  an 

i s h  species. TI samples the ent i re  length of the Hudson between River 
i l e s  1 2  and 140. 
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extent of shoals ( E x h i b i t  U I - 4 ,  Table 6.1-1). 
subdivided into "s t ra ta"  (shorezone, shoals, bottom, and channel) t h a t  
roughly correspond t o  d i s t i nc t  habitats for  f ish.  
the same locations during every sampling period, TI col lects  saniples a t  
random locations w i t h i n  each stratum and region. 
primarily t o  measure the abundance of striped bass9 and therefore the 
intensity of the sampling e f for t  w i t h i n  regions and s t r a t a  i s  determined by 
the expected d i s t r i b u t i o n  of striped bass l i f e  stages. 
the d i s t r i b u t i o n  of other species d i f fe rs  from that of striped bass, 
population estimates obtained for these other species wi l l  be less re l iab le  
than are those obtained for  striped bass. 

Each region i s  further 

Rather than sampl ing  a t  

TI 's  programs are designed 

To the extent t h a t  

TI has attempted t o  col lect  representative samples from a l l  major 
habitat types w i t h i n  the Hudson River estuary between Yonkers and Albany. 
In  contrast, LMS' sampling programs have never been designed f o r  the purpose 
of estimating the riverwide abundance and distribution o f  any fish species. 
Their purpose is the m o n i t o r i n g  o f  the re la t ive  abundance o f  various f i sh  
species i n  the imnediate v ic in i t ies  of fou r  power plants: Bowline, bovett, 
Roseton and Danskamner. LMS' samples are collected a t  a small number of 
fixed stations that ,  although they may be representative of conditiafls i n  
the vicini t ies  o f  the p l a n t s ,  may be highly unrepresentative of conditions a 
few miles up or downstream or on the other side of t h e  r iver .  LMS may be 
collecting fish from locations where the f ish are, on the average, either 
unusually abundant or unusually scarce i n  comparison t o  their  average 
abundance over the ent i re  region i n  which the p lan t s  are located. A5 long 
as the d a t a  collected are used only t o  compare the relat ive abundances of 
different species and t o  monitor seasonal and/or annual variations i n  
re la t ive abundance a t  the fixed sampling stations,  the representativeness or 
unrepresentativeness of those s ta t ions is of relatively minor importance. 
I t  i s ,  however, o f  major importance when attempts are made t o  scale up the 
resul ts  to estimates of the absolute abundance o f  fish i n  a 40-mile-long 
segment o f  the estuary. 

We will i l l u s t r a t e  t h i s  problem w i t h  a single example: LMS' estimates 
o f  white perch abundance, contained i n  Sections 10.4 of E x h i b i t s  UI-6 and 
UT-7. These estimates were obtained by: (1) calculating the average 
catch-per-unit-volume of h i t e  perch i n  the kottam trawl samples collected 
d u r i n g  each month, and ( 2 )  multiplying this value by the volume o f  water 
contained i n  the bottom ten fee t  o f  the river, from shore t o  shore, over a 
20-mile river segment ( R M  38-50 for Bowline, RM 50-70 for Roseton). 

LMS assures the reader ( E x h i b i t  UT-7, p. 10.4-3) t h a t  th is  procedure, 
necessarily underestimates the t rue abundance of white perch, because i t  
does not  include f ish residing above RM 70 and below RM 30, and a l s o  because 
i t  does not include f i sh  located more than 10 fee t  from the bottom o f  the 
r iver .  Despite these claims the estimates generated by LMS for  1975 are 
surprisingly h i g h .  
abundance o f  white perch between River Miles 30 and 70 d u r i n g  1975 was 
between 50.4 m i l l i o n  and 84 million f ish (calculated assuming, respectively, 
50 and 3096 gear eff ic iency) .  TI 's  mark/recapture program f o r  1975 indicated 

According t o  Table 10.4-1 o f  E x h i b i t  UT-7, the average 



the presence o f  only 30 million juvenile white perch i n  the entire Hudson in 
October 1975 and only 45 million in July (Exhibit UT-3, p. 2-VII-2). I f ,  as 
the utilities assume on p. 2-VII-3 of Exhibit UT-3, juveniles represent 90% 
of  the entire white perch population, then TI's data indicate that in July 
of 1975 only 50.0 million white perch were present in the entire Hudson 
River. Since July is the month of peak abundance o f  juvenile and adult 
white perch, the annual average population size would be considerably lower. 

How can a supposedly "conservative" technique generate a population 
estimate that i s  higher than that obtained using a much more reliable 
method? It i s ,  of course, possible that Tl's marklrecapture estimate is 
erroneously low. In addition to reporting a best estimate o f  the abundance 
o f  juvenile white perch in October 1975 (i.e., 30 million), T I  computed 95% 
confidence limits (21 to 45 million) around the best estimate. Under the 
assumptions o f  the Peterson marklrecapture method (the method used by TI), 
the probability that the true abundance o f  juvenile wh i te  perch in October 
1975 was less than 21 million or greater than 45 million is only 5%; the 
probability that the true abundance was greater than 45 million is on ly  
2.5%. I f ,  despite the low probability, it is assumed that the upper 95% 
confidence limit associated with PI'S estimate (45 million) represents the 
true abundance o f  juvenile white perch in October 7975, then it i s  possible 
to generate a maximum white perch population s i z e  t h a t  falls within the 
range o f  average estimates calculated by LMS. 
(Exhibit EPA-206; Table 4) used this assumption to compute an upper bound on 
the abundance o f  juvenile white perch in July 1975: 52.0 t o  62.9 million. 
If the total white perch population is 90% juveniles, then under the most 
generous possible assumptions the maximum abundance of white perch in 1975 
could have been 58 to 70 million f i s h ,  within the range o f  average 
population estimates calculated by LMS, 

Van ldinkie and Barnthouse 

It seems more likely, however, that it is LMS' estimate, rather than 
TI's, that i s  in error. If LMS were really measub-ing the number of white 
perch present in the Hudson, the monthly estimates in Table 10.4-1 would be 
highest in the late summer, when juveniles have grown to a size such that 
they can be caught by the bottom trawl. The estimates should then decline 
steadily until the following summer. The values in Table 10.4-1 o f  Exhibit 
UT-7 show no such pattern. Instead, the estimates are highest in the late 
fall, winter, and early spring. According to LMS' February 1975 estimate, 
140 to 234 million white perch were present in the Hudson between River 
Miles 30 and 70, within ten feet o f  the river bottom. 

We believe that these anomalous results can be accounted f o r  in two 
ways. First, they may be due to the non-representativeness o f  LMS' sampling 
stations. For example, two o f  LMS' three bottom trawl stations in 
Haverstraw Bay (BID and BC), a region of high white perch abundance during 
the winter months, are located i n  water 20 to 30 feet deep (Exhibit UT-7A, 
p. 10.1A-1). According to p. 10.4-4 o f  Exhibit UT-7, this is the preferred 
depth of white perch during the winter. 
to EPA on November 16, 1978 in response to an information request dated 
November 9 ,  1978, 68% o f  the Croton-Haverstraw region, which includes 

However, according t o  data provided 
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Haverstraw Bay, is less  than 20 f e e t  deep, I f ,  as LMS claims on p. 10.4-4 
o f  Exhibit UT-7, white perch prefer deeper water d u r i n g  the winter, then 
these shallow areas may contain few or no white perch. By expanding the 
catch/effor t  estimates over the e n t i r e  river bottom from shore t o  shore, LMS 
could be great ly  overestimating the actual abundance o f  white perch i n  
H av e r  straw Bay. 

Second, seasonal var ia t ions i n  gear efficiency may contribute t o  LMS' 
h i g h  winter population estimates. Although the eff ic iency o f  the  trawl may 
well be only 30 t o  50% d u r i n g  the warmer months when white perch are active,  
it surely must be much higher than t h a t  d u r i n g  the winter, when these f i s h  
are not merely sluggish, b u t  according to  Texas Instruments (19741, 
"semi -dormant." Assuming t h a t  gear e f f ic iency  is l o w  throughout the year, 
when i n  f a c t  i t  i s  h i g h  during the period when f ish are most abundant in the 
area sampled, will  tend t o  cause overestimates of the true population s ize .  

I f  the average population s izes  calculated by LMS bear any relat ionship 
t o  t he  t rue population s i z e ,  we believe t h a t  this must be due t~ sheer 
accident ra ther  than design. T I ' S  riverwide sampling programs, especial ly  
the riverwide white perch mark/recapture program, provide more r e l i a b l e  data 
on the abundance of Hudson River f ish species than do LMS' near-field 
sam?ling programs a t  Bowline, Lovett, Roseton, and Danskamer. The 
abundance and mortali ty estimates developed i n  Appendix 5 of this exhibit  
are  based e n t i r e l y  on T I ' S  data. 
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2. SUMMARY OF DATA USED TO ESTIMATE THE IMPACT 
OF IMPINGEMENT ON HUDSON R I V E R  F I S H  SPECIES 

I n  t h i s  s e c t i o n  we p resen t  t h e  d a t a  used t o  assess t h e  impact of 
impingement on seven Hudson R i v e r  f i s h  species:  w h i t e  perch, s t r i p e d  bass, 
a lew i fe ,  blueback h e r r i n g ,  American shad, A t l a n t i c  tomcod, and bay anchovy. 
The source o f  t h e  w h i t e  pe rch  d a t a  i s  t h e  tes t imony  of Van Wink le and 
Barnthouse ( E x h i b i t  EPA-206). 
sources and methods d e t a i l e d  i n  Appendices A and B of t h i s  test imony.  S ince 
t h e  purpose o f  t h e  d i r e c t  impact assessment i s  t h e  e s t i m a t i o n  o f  c o n d i t i o n a l  
impingement m o r t a l i t y  r a t e s  (mI) f o r  s p e c i f i c  yea r  c lasses  of each 
species,  o n l y  da ta  t h a t  can be used t o  compute such es t ima tes  a re  p resen ted  
here.  

A l l  o t h e r  da ta  have been e x t r a c t e d  u s i n g  

The y e a r  c lasses  f o r  which d a t a  a r e  presented h e r e  a r e  t h e  1974 and 
1975 year  c lasses  o f  w h i t e  perch, s t r i p e d  bass, American shad, A t l a n t i c  
tomcod, and bay anchovy and t h e  1974 yea r  c l a s s  of a l e w i f e  and blueback 
h e r r i n g .  
bay anchovy. For  t h i s  species t h e  d a t a  presented a re  those  r e q u i r e d  f o r  
e s t i m a t i n g  impingement e x p l o i t a t i o n  r a t e s  f o r  t h e  t o t a l  impingeable 
p o p u l a t i o n  f o r  t h e  months o f  May through October, 1974 and 1975; namely, 
Mon th l y  impingement t o t a l s  and mon th l y  es t ima tes  of t h e  t o t a l  number of 
a d u l t  and j u v e n i l e  bay anchovy p resen t  above RM 12. 

As was noted i n  Sec t i on  1, e s t i m a t i o n  of mI was n o t  p o s s i b l e  f o r  

2.1 IMPINGEMENT ESTIMATES 

Tables 2 th rough  13 c o n t a i n  t h e  impingement es t ima tes  used t o  compute 

Fo r  example, Tab le  4 c o n t a i n s  t h e  number of 

t h e  c o n d i t i o n a l  impingement m o r t a l i t y  r a t e s  (mI) and t h e  bay anchovy 
e x p l o i t a t i o n  r a t e s  ( u )  i n  S e c t i o n  3. 
b y  yea r  c l a s s  w i t h i n  species.  
s t r i p e d  bass be long ing  t o  t h e  1974 y e a r  c l a s s  t h a t  were impinged d u r i n g  each 
month between J u l y  1974 and June 1976, w h i l e  Table 5 c o n t a i n s  s i m i l a r  
numbers f o r  members of t h e  1975 y e a r  c l a s s  impinged between J u l y  1975 and 
June 1977. Except f o r  bay anchovy, t h e  es t ima tes  b e g i n  w i t h  t h e  f i r s t  month 
d u r i n g  which members o f  a g i ven  yea r  c l a s s  were impinged and end w i t h  t h e  
l a s t  month f o r  which d a t a  a r e  i n p u t  t o  t h e  E m p i r i c a l  Impingement model. For  
a l l  spec ies except A t l a n t i c  tomcod, we c u t  o f f  t h e  p e r i o d  o f  v u l n e r a b i l i t y  
o f  each y e a r  c l a s s  a f t e r  impingement r a t e s  f o r  t h a t  yea r  c l a s s  have f a l l e n  
t o  a n e g l i g i b l y  low l e v e l .  For  A t l a n t i c  tomcod, we c u t  o f f  t h e  p e r i o d  o f  
v u l n e r a b i l i t y  a t  t h e  end of t h e  spawning season ( a p p r o x i m a t e l y  t h e  end o f  
January).  The impingement of a d u l t s  a f t e r  t h e  end o f  t h e  spawning season 
has l i t t l e  o r  no e f f e c t  on t h e  r e p r o d u c t i v e  c a p a c i t y  of t h e  A t l a n t i c  tomcod 

The d a t a  a re  o rgan ized  b y  species and 

a t i o n ,  s i n c e  v e r y  few of these f i s h  s u r v i v e  t o  reproduce a second t i m e .  

ABUNDANCE AND MORTALITY ESTIMATES 

Tables 2 th rough  13 a l s o  c o n t a i n  t h e  abundance and m o r t a l i t y  es t ima tes  
oped f o r  t h e  species considered i n  t h i s  test imony.  For  a l l  species,  a t  
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Table 2. Input data  used t o  compute condi t ional  impingement mor ta l i ty  r a t e s  (m1) f o r  the  1974 white perch year 
c l  assa 

Monthly condi t ional  naturdl 
mor ta l i ty  r a t e s  ( n i )  - .......-. I n i t i a l  ... .. . . - poqulat ion s i z e  l N n )  

Monthly imp i n g m e n t . . t o & l s - m  
Year High Low High  Low 

young-of-the-{ear young-of-the-year young-of-the- ear  young-of-the-year r mortal i ty9 Month vulnerabi l i tyb vulnerabi l  itF mor t a l  i t y  mortal i tye mor ta l i ty  
and 2-year 3-year 

1974 
JUL. 
AUG 
S E P  
K T  
NOV 
OEC 

1975 
54M 
FEB 
MAR 
APR 
MI\Y 
JUN 
JUL. 
A K  
S E P  
OCT 
NOV 
DEC 

1976 
JAM 
FER 
WR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NO \I 
DEC 

1977 
3AN 
FEB 
MAR 
APR 
WY 

3,486 
14,887 
26,239 
112,957 
245,492 
607,434 

415,724 
270,751 
139,751 
609,090 
91,910 
37,242 
22,126 
14,122 
19,924 
19,534 

7,803 
28,005 

38,078 

12,444 
9,239 

14,103 
7,612 -- 
-- 
-- 
-- 
-- 
-- 
-_ 

-- -_  -- -- 
-- 

3,486 
14,887 
26,239 
112,957 
245,492 
607,343 

41 5,724 
270,751 
139,751 
609,090 
91,910 
18,621 
11,063 
7,061 
9,962 
9,767 
14,002 
3,902 

19,039 
4,646 
6.222 
7,052 
3,805 
13,507 
6,923 
3,385 
6,896 
12,838 
6,276 
24,051 

71,505 
21,779 
24,790 
19,346 
2 a , m  

0.064 
0.128 
0.124 

0.124 
0.128 

0.128 

0.128 
0.116 
0.128 
0.124 

0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.128 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 

0.028 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 

16.8~106 13 * 9x106 
(lgwer bound)h 

29.4~10 24.3~106 
( b e g  es t imate) i  

(upper bound)J 
54.5~10 45.1x106 

'From V a n  Winkle and Barnthouse 1979 (Exhibi t  E P A - 2 0 6 ) ,  Tables 6 and 7. 
bAll year l ing and older  white perch assumed t o  be year l ings.  

'One-half of year l ing and older white perch asslimed t o  be year l ings;  other  one-half assumed t o  be 2-year olds .  

dValues of n i  f o r  July 1974-May 1975 computed u s i n g  D = 0.0044; values f o r  a l l  o ther  months computed u s i n g  

'Values of n i  f o r  a l l  nmnths computed using 0 = 0.0019. 
fBack-calculated from October 1 population s i z e  using 0 = 0.0044. 
%ack-calculated f r o m  October 1 population s i z e  using 0 = 0.0019. 
hiomputed from lcwer 95% confidence l i m i t  around T I ' s  mark/recapture population est imate  (Exhibit UT-3, 

'Computed from Ti's mai-k/recaptiire population est imate  (Exhibi t  UT-3, Section 2-VII). 
jCornputed f r o m  upper 95% confidence l i m i t  around T I ' s  marklrecapture population est imate  (Exhibit UT-3. 

D = 0.0019. 

Section 2-VII). 

Section 2-VII. 
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Table 3. I npu t  data used t o  compute cond i t i ona l  impingement m o r t a l i t y  ra tes  ( m i )  f o r  the 1975 whi te  perch year 
il assd 

Monthly cond i t i ona l  na tu ra l  
m o r t a l i t y  r a t e s  ( n d  I n i t i a l  popu la t i on  s i z e  (No) 

Monthly impingement t o t a l s  ( 1 1 1  
Year High L OM High Lou 
and 2-year 3-year young-of-the- ear young-of-the-year young-of-the- ear young-of-the-year 8 morta l  i t$ m o r t a l i t y  .y m o r t a l i t y 9  Month vu Inerabi  1 i t y b  vu lnerabi  1 i t y c  m o r t a l i t y  

.- I-._. 

1975 
JUL 
A l G  
SEP 
OCT 
NO V 
OEC 

1976 
JAN 
F EB 
MAR 
APR 
M A Y  
GUN 
JUL 
RUG 
SEP 
OCT 
NO V 
OEC 

1971 
JAM 
FEB 
MAR 
APR 
M A Y  

8 
97 
83 

,898 _ _  
,Y10 -- 
,980 -- 

93, ,288 -- 
239,150 _ _  
348,596 -_ 

589,206 

130,261 

40,151 
27,014 
13,835 
6,770 

13,791 
25,616 
12,552 
118.102 

i82,agi  

i i1,azo 

143,010 -- 
43,558 -- 
49,579 -- 
38,692 -- 
56,365 -- 

0.064 0.028 
0.128 0.057 
0.124 0.055 
0.128 0.057 
0.124 0.055 
0.128 0.057 

0.128 
0.120 
0.128 
0.124 
0.128 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 

29.4~106 24.3~106 

41 .9~106  34 .7~106  

62. 9x106 52.0~106 

( lower  bound)h 

(best  e s t i m a t e ) l  

(upper bound)j 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 

aFrom Vari Winkle and Barnthouse 1979 ( E x h i b i t  EPA-206), Tables 6 and 7. 

'This case could not  be s tud ied due t o  lack of impingement datd f o r  the pe r iod  January-June 1978. 

dValues o f  n i  f o r  J u l y  1975-May 1976 computed us ing 0 = 0.0044; values f o r  a l l  o ther  months computed us ing 

eValues o f  ni f o r  a l l  months computed us ing D = 0.0019. 

fsack-cdiculated from October I populat ion s i z e  using 0 = 0.0044. 
yEdcu-calculated from October 1 populat ion s i z e  us ing D = 0.0019. 

hComputed from lower 95% confidence l i m i t  around T I ' S  rnark/recapture popu la t i on  est imate ( E x h i b i t  UT-3, 

'Computed From T l l s  mar t / recapture populat ion estimate ( E x h i b i t  UT-3, Section 2-VII). 

]Computed from upper 95% confidence l i m i t  around T I ' S  mark/recapture popu la t i on  est imate ( E x h i b i t  Ul-3, 

y e a r l i n g  and o lde r  whi te  perch assumed t o  be yea r l i ngs .  

D = 0.0019. 

Section 2-VlI). 

Sect ion 2 4 1 1 -  
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Table 4. Input data used t o  compute conditional impingement mortal i ty  r a t e s  ( m ~ )  f o r  the 1974 
s t r iped  bass year c lassa  

Monthly conditional natural  
mortal i ty  r a t e s  ( n i )  .- - .. .. .. Ini .. ._.. t . ... i a1 popul atj.on..s i z e  (No) 

Year High LOW High Low 
and Honthly impingement young-of-the- ear  young-of-the-year young-of-the-year young-of-the-year 

mortal i t y  t! mortal i t y c  mortal i tyd mortal i t y e  Month t o t a l s  ( I i )  

1974 
JUL 2,538 0.064f 0.028f 
AUG 6,792 0.128 0.057 4.08~106 3.92~106 
SEP 5,572 0.124 0.055 (lower bound) 
OCT 6,212 0.128 0.057 20.39~106 19.59~106 
MOY 5 , 107 0.124 0.055 (upper bound) 
DEC 19,899 0.128 0.057 

1975 
JAN 
FEB 
PAR 
APR 
k4Y 
JUN 

AUG 
SEP 
OCT 
MOV 
DEC 

auL 

25 , 508 
14.039 
14;815 
36,518 

774 
2,589 
2,929 

878 
552 
343 
31 8 
271 

1976 
JAW 389 
F EB 1 80 
WR 0 
AP R 0 
MAY 29 
JIM! 61 

0.128 
0.116 
0.128 
0.124 
0.128 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 0.057 
0.054 0.054 
0.057 0.057 
0.055 0.055 
0.057 0.057 
0.055 0.055 

aFro-om Appendices A and 6. 
bValues o f  n j  f o r  July 1974-May 1975 computed using D = 0.0044; values f o r  a l l  o ther  nonths 

'Values o f  n i  for a l l  mnths computed using D = O.QO19. 
dBack-calculated f r o m  August 1 population s i z e  using D = 0.0044, 
et3ack-ralculated from August 1 population s i z e  using D = 0.0019. 
f V u l w r a b i l i t y  t o  impingement assumed t o  begin on July 16. 

computed using D = 0.0019. 
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Table 5. Input data used to compute conditional impingement mortality rates ( m r )  for the 1975 
striped bass year classa 

Monthly conditional natural 
mortality rates (ni) Initial population size (No) 

Year High Low High Low 
and Monthly impingement young-of-the- ear young-of-the-year young-of-the-year young-of-the-year 

Month totals (Ii) mortality 4: mortalityc mortalityd mortalitye 

1975 
JUL 
AbG 
s EP 
oc T 
NO V 
DiC 

1976 
JAN 
FEB 
MAK 
APR 
NAY 
J U N  
JUL 
A UG 
SEP 
0CT 
NO V 
OEC 

1977 
JAN 
F EB 
MAR 
APR 
MAY 
JUN 

8,490 

5,838 
2,265 
2,251 
9.949 

a, 403 

13,005 
2,520 
4,404 
9,251 

794 
4,943 
3,723 
1,407 

G 34 
136 
217 

a9 5 

760 
498 
1 
0 

40 
13 

0. 064f 
0.128 
0.124 
0.128 
0.124 
0.128 

0.128 
0.120 
0.128 
0.124 
0,128 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 

0.028f 
0.057 5 69x106 5.46~106 
0.055 (lower bound) 
0.057 28.43~10 27.32~106 
0.055 (upper bound) 
0.057 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.032 
0.057 
0.055 
0.057 
0.055 

aFrorn Appendices A and 6. 
bYalues o f  nf for July 1975-May 1976 computed using D = 0.0044; values for all other months 

‘Values of ni for all months computed using D = 0.0019. 
%ack-calculated from August 1 population size using D = 0.0044. 
Back-calculated from August 1 population size using 0 = 0.0019. e 

fVulnerability to impingement assumed to begin on July 16. 

computed using 0 = 0.0019. 
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Table 6. Input data used to compute conditional impingement mortality rates (mI) for the 1974 alewife year 
cl assa 

- .. .. .. .- .- Monthly-mcditional natural mortality rates (ni) 

Year Highest High Intermediate Low Initial 
and Monthly impingement young-of-the- ear young-of-the-year young-of-the-year young-of-the-year Population 

Month totals (Ii) mortality g. mortal i tyC mortal i tyd mortalitye Size (No) 
. . . ... . .. .. . . . . . .. .. .. .- . . .. .. . . .. .. . . . . . . . . . ... . .- -- 

1974 
JUL 
ALG 
s EP 
OC T 
NOW 
OEC 

1975 
JAN 
FEE 
MAR 
APR 
MAY 
JUN 
JUL 
A UG 
SEP 
OCT 
NO v 
OEC 

1976 
JAN 
F EB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOW 
DEC 

1977 
JAN 
FEE 
MAR 
APR 
MAY 
JUN 

11,065 
38,338 
20,181 
49,098 
14,511 
2,091 

76 
692 
16 1 

1,174 
2,208 
4,088 
2,062 

571 
2,410 
2,170 

608 
123 

0 
34 
16 
65 

252 
95 
0 
0 
0 
0 
0 
0 

0 
0 
7 

1,380 
9,216 

897 

0.352 
0.352 
0.343 
0.352 
0.124 
0.128 

0.128 
0.116 
0. I28 
0.124 
0.128 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 

0.262 
0.262 
0.255 
0.262 
0.124 
0.128 

0.128 
0.116 
0.128 
0.124 
0.128 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 

0.128 
0.128 
0.124 
0.128 
0.124 
0.128 

0.128 
0.116 
0.128 
0.124 
0.128 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 

0.057 
0.057 4 . 0 ~ 1 0 ~  
0.055 (lower bo nd) 

0.055 (upper bound) 
0.057 

0.057 20.0x108 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

aFrom Appendices A and 8. 
bValues of ni for July-October 1974 computed assuming D = 0.0140; values o f  ni for November 1974-May 1975 

CValues of ni for July-October 1974 computed assuming D = 0.0098; valuer of ni for November 1974-May 1975 

dValues o f  ni for July 1974-May 1975 computed assuming D = 0.0044; all other values computed assuming 

eAll values of ni computed assuming D = 0.0019. 

computed assuming D = 0.0044; all other values computed assuming D = 0.0019. 

computed assuming D = 0.0044; all other values computed assuming D = 0.0019. 

D = 0.0019. 
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Table 7 .  Input data used t o  compute conditional impingement mor ta l i ty  r a t e s  (mI) fo r  the 
1974 blueback herring year c l a s sa  

Monthly conditional natural mortali ty r a t e s  ( n L  

Year High Intermediate Low I n i t i a l  
and Monthly impingement young-of-the- ear young-of-the-year young-of-the-year population 

Month t o t a l s  ( 1 1 )  mortal i t y  il mortali tyc mortalityd s i z e  (NO) 

1974 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

1975 
JAN 
F EB 
MAR 
APR 
MAY 
JUN 
J U L  
A UG 
SEP 
oc T 
NO v 
DEC 

1976 
JAN 
F EB 
MAR 
APR 
MAY 
JUN 
JUL 
ALE 
SEP 
OCT 
NOV 
OEC 

1977 
JAN 
F EB 
MAR 
APR 
MAY 
JUN 

1,903 
7,957 

66,055 
182,354 
148,688 

87 7 

208 
674 
325 

7,376 
5,640 
5,100 

754 
104 

1,401 
10,436 

0 
0 

72 
0 
0 

154 
34 
24 

910 
15 
0 
0 
0 
0 

24 
0 
0 

7 02 
12,053 
6,958 

0.262 
0.262 
0.255 
0.262 
0.124 
0.128 

0.128 
0.116 
0.128 
0.124 

0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0. 128 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 

0.128 
0.128 
0.124 
0.128 
0.124 
0.128 

0.128 
0.116 
0.128 
0.124 
0.128 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 

0.057 
0.057 29.0~106 
0.055 (lower bound) 
0.057 145.0~106 
0.055 (upper bound) 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.054 
0.057 
0.055 
0.057 
0.055 
0.057 
0.057 
0.055 
0.057 
0.055 
0.057 

0.057 
0.052 
0.057 
0.055 
0.057 
0.055 

aFrom Appendices A and B. 
bValues o f  n. f o r  July-October 1974 computed assuming 0 = 0.0098; values of ni for  

November 19$4-May 1975 computed assuming D = 0.0044; a l l  other values computed assuming 
D = 0.0019. 

computed assuming D = 0.0019. 
CValues of ni fo r  July 1974-May 1975 computed assuming 0 = 0.0044; a l l  other values 

dAll values of n i  computed assuming 0 = 0.0019. 
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Table 8. Input data used t o  compute conditional impingement mortal i ty  r a t e s  
(mI) f o r  the 1974 American shad year c lassa  

Year I n i t i  a1 
and Monthly imp i  ngemerit Monthly conditional population 

Month t o t a l s  ( I i )  natural mortal i ty  r a t e s  ( n i ) b  size (No)  

1974 
JUN 

SEF 

NQV 
DE%: 

ac T 

1975 
JAN 
F EB 
MAR 
APR 
MAY 

6.035 
7 ;256 
6,121 
4 ; 009 
8 268 
4,290 

IO9 

192 
180 

21 
157 
0 

0.128C 
0.246 
0.246 
0.239 
0.246 
0.124 
0.128 

0.128 
0.116 
0.128 
0.124 
0.128 

15.6~106 
(1 ower bound) 

78. Ox 106 
(upper bound) 

aFrom Appendices A and B. 

bVa!ues o f  ni f o r  June-October computed using D = 0.0091; a l l  other values 

'Vulnerability t o  impingement assumed t o  begin on June 16. 
computed u s i n g  D = 0.0044. 
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Table 9. Input data used t o  compute conditional impingement mortal i ty  r a t e s  
(m1)  f o r  the 1975 American shad year c lassa  

Year I n i t i a l  
and Monthly impingement Monthly conditional poperl a t i  on 

Month t o t a l s  ( I i )  natural  mortal i ty  r a t e s  (nj ) b  
I_ .-- __ 

1975 
JUN 33 
JUL 
AUG 
SEP 
OCT 3,415 
NO V 3,967 
DEC 155 

19,932 
2,869 

21,447 

1975 
JAN 
F E3 
MAR 
APR 
MAY 

17 
0 

1 7  
9 
7 

0.178C 
0.334 
0.334 
0.325 
0.334 
0.124 
0.128 

0.128 
0.120 
0.128 
0.124 
0.128 

(uppe r  bound)  

aFrom Appendices A and B. 

h a l u e s  o f  n i  f o r  June-October 1975 computed using D = 0.0131; a71 other 

CVulnerabili ty t o  impingement assumed t o  begin on June 16. 

values computed u s i n g  D = 0.0044. 
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Table IO. I n p u t  da ta  used t o  compute conditional impingement mortali ty r a t e s  
(mI) f o r  the 1974 Atlant ic  tomcod year c lassa  

Year I n i t i a l  
and Monthly impi nyement Monthly conditional popul a t i  on 

Month t o t a l s  ( I i )  natural mortal i ty  r a t e s  (ni l '  size (No) 

1974 
MAY 
JUN 
JUL 
A UG 
SEP 
OCT 
NOV 
D E C  

1975 
JAN 

89,288 
983,817 
551,678 
458,263 
288,743 

18, b17 
I, 586 

40,091 

32 273 

0.232C 
0.372 

0.372 
0.382 
0.372 
0.3132 

0.382 

199.8x106 

999 .ox105 
(1  ower bound)  

(upper bound) 

aFrom Appendices A and 6. 

'All values o f  n i  computed assuming D = 0.0155, 

CVulnerability t o  impingement assumed t o  b e g i n  on May 15. 
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Table 11. I n p u t  data used to compute conditional impingement mortality rates 
(mI) for the 1975 Atlantic tomcod year classa 

Year 

Month 1 y cond it i on a1 nat ur a1 
mortality rates (nj) 

I n i t i a l  
and Monthly impingement 1975 1974 populaiton 

Mon t k totals (Ij) mortalityb mortal i tyC size  (NO) 

1975 
MAY 5,183 0.340d 
JUN 204,346 0.519 
3 UL 105,143 0.531 
AUG 84,594 0.531 
SEP 112,804 0.519 
OC T 2,560 0.531 
NO v 3,226 0.519 
D EC 12,127 0.531 

0.232d 
0.372 
0.382 
0.382 
0.372 
0.382 
0.372 
0.382 

1976 
Jan 9,908 0.531 0.382 

86.7~106 
( 1 ower bound) 

(upper bound) 
433.5x106 

aFrom Appendices A and B. 
b A l l  values o f  ni computed assuming D = 0.0244. 
‘All values o f  ni computed assuming D = 0.0155. 
dWulnerability t o  impingement assumed t o  begin  on May 15. 
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Table 12.  Input data  used t o  compute monthly exp lo i t a t ion  rates 
f o r  bay anchovy, May-October- 1974a 

Year T O ~ ~ I  population s i z e b  
and Monthly impingement 

Month t o t a l s  ( I i ) b  bower bound Upper b B u n d 

1974 
MAY 1,259 19.9x106 99.5x106 

JUL 212,933 5 . 9 ~ 1 0 6  29.5x6106 

oc 6 27,382 7 . 6 ~ 1 0 6  38.0x106 

JUN 62,807 1 5 . 9 ~ 1 0 6  79. 5x10s 

AllG 197,326 2 3 . 3 ~  106 11 6 . 5 ~  lo6 
SEP 146,314 1 7 . 1 ~ 1 0 6  85. 5x106 

%ram Appendices A and B. 
bAdu! t s  + juveniles. 
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Table 13. Input data used t o  compute monthly exploitation r a t e s  
for  bay anchovy, May-October 1975a 

Year Total population size’ I 

and onthly impingement 
~~~~~ t o t a l s  ( I #  Lower bound 

E975 
Y 80 10. 4x1Q6 52. OX 106 
N 11,303 5.7xl.06 28 * 5x106 

JUL 172,280 4.PX106 23.5~106 
AUG 

EP 
CT 

ll___l 

V-ronn Appendices A and B. 
badults -t .juveniles. 



111-24 

l e a s t  two es t ima tes  of t h e  abundance of each yea r  c l a s s  a re  presented, one a 
maximum e s t i m a t e  and t h e  o t h e r  a minimum est imate.  The minimum es t ima tes  
f o r  a l l  spec ies except w h i t e  perch a r e  p o p u l a t i o n  es t ima tes  ob ta ined  
d i r e c t l y  from T I ' s  Long R i v e r  Survey o r  beach se ine  survey d a t a  w i t h  no 
adjustments f o r  gear e f f i c i e n c y .  
a t  c a t c h i n g  j u v e n i l e  F i sh  (see d i s c u s s i o n  i n  Sec t i on  1.2), we b e l i e v e  t h a t  
t h e  t r u e  abundances, were h i g h e r  than  these minimum es t ima tes  The maximum 
es t ima tes  f o r  a l l  spec ies except  w h i t e  perch were ob ta ined  by  a d j u s t i n g  t h e  
minimum es t ima tes  t o  account f o r  gear e f f i c i e n c y ,  which was assumed t o  be 
20%. 
p robab ly  n o t  lower than  20%, and may be w e l l  h i g h e r  (see d i scuss ions  i n  
Appendix B ) ,  we b e l i e v e  t h a t  t h e  t r u e  abundances were lower than these 
maximum est imates.  

S ince none of T I ' s  gears i s  100% e f f i c i e n t  

S ince t h e  e f f i c i e n c i e s  o f  T I ' s  gears a t  c a t c h i n g  these specips a re  

The source of t h e  abundance es t ima tes  f o r  w h i t e  perch i s  T I ' s  
mark/ recapture program. 
1974 and 1975 yea r  c lasses  of t h i s  species a re  t h e  upper and lower 95% 
conf idence l i m i t s  around t h e  mark/ recapture p o p u l a t i o n  es t ima tes  presented 
i n  S e c t i o n  2-VI1 o f  E x h i b i t  UT-3. 
Computation used b y  T I  ( t h e  Peterson method), t h e  p r o b a b i l i t y  t h a t  t h e  t r u e  
abundance o f  t h e  1974 o r  1975 yea r  c l a s s  was g r e a t e r  t han  t h e  maximum 
es t ima te  o r  s m a l l e r  t han  t h e  minimum es t ima te  i s  o n l y  5%. 
t h e  upper and lower  95% conf idence l i m i t s ,  we used T I ' s  mark/ recapture 
p o p u l a t i o n  es t ima tes  themselves ( r e f e r r e d  t o  he re  as t h e  "bes t "  es t ima tes ,  
s i n c e  t h e y  a r e  t h e  most p robab le  va lues under t h e  assumptions of t h e  
mark/ recapture method) t o  compute values o f  m I  f o r  w h i t e  perch. 

M u l t i p l e  es t ima tes  o f  mon th l y  c o n d i t i o n a l  n a t u r a l  m o r t a l i t y  r a t e s  a r e  
presented i n  Tables 2 through 11 f o r  a l l  yea r  c lasses,  except  f o r  t h e  1974 
and 1975 American shad yea r  c lasses,  and t h e  1974 A t l a n t i c  tomcod yea r  
c l a s s .  S ince c o n d i t i o n a l  impingement m o r t a l i t y  r a t e s  were n o t  compirted .for 
bay anchovy, n a t u r a l  m o r t a l i t y  r a t e s  were n o t  computed f o r  t h i s  species.  

The maximum and minimum a.bundance es t ima tes  f o r  t h e  

Under t h e  assumptions of t h e  method of 

I n  a d d i t i o n  t o  

Upper and lower  bounds on young-of- the-year m o r t a l i t y  of w h i t e  perch 
were ob ta ined  from t h e  tes t imony  o f  Van Winkle and Barnthouse ( E x h i b i t  
EPA-206). S i m i l a r  es t ima tes  f o r  s t r i p e d  bass a re  developed i n  Appendix B.  
Several  s e t s  o f  es t ima tes  f o r  a l e w i f e  and blueback h e r r i n g  a re  presented i n  
Tables 6 and 7. The u n c e r t a i n t y  assoc iated w i t h  t h e  e m p i r i c a l l y  d e r i v e d  
m o r t a l i t y  es t ima tes  f o r  these two species i s  h igh.  Moreover, s i n c e  
s u b s t a n t i a l  numbers of these f i s h  a r e  impinged a t  age t h r e e ,  t h e  r e s u l t s  
ob ta ined  f rom a p p l i c a t i o n  o f  t h e  E m p i r i c a l  Impingement Model a re  u n u s u a l l y  
s e n s i t i v e  t o  t h e  va lues chosen f o r  t h i s  parameter. Some of t h e  model runs  
f o r  these two species ( p a r t i c u l a r l y  a lew i fe )  produced what appeared t o  be 
u n r e a l i s t i c a l l y  low es t ima tes  of t h e  number of f i s h  s u r v i v i n g  a t  t h e  end o f  
t h e  th ree -yea r  p e r i o d  o f  v u l n e r a b i l i t y .  I t  i s  p o s s i b l e  (and, f o r  a l e w i f e ,  
p robab le )  t h a t  t h e  e m p i r i c a l l y  d e r i v e d  m o r t a l i t y  es t ima tes  f o r  a l e w i f e  and 
blueback h e r r i n g  a re  u n r e a l i s t i c a l l y  h igh.  Therefore, s e v e r a l  model runs  
were made f o r  each of these two species u s i n g  assumed, r a t h e r  than  
e m p i r i c a l l y  der ived,  m o r t a l i t y  r a t e s .  For  bo th  species va lues o f  mI were 
computed assuming t h a t  j u v e n i l e  m o r t a l i t y  d u r i n g  t h e  e n t i r e  f i r s t  yea r  o f  
v u l n e r a b i l i t y  i s  equal  t o  t h e  upper bound f o r  t h e  n a t u r a l  m o r t a l i t y  o f  
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young-of-the-year white perch and striped bass ( E  
runs was made assuming that mortality throughout the entire per iod  of 
vulnerability is equal to the value derived by Van Winkle and Barnthouse ( D  
= 0.0019) for yearling and older white perch. Finally, e s t i m a t e s  o f  m i  
for alewife were computed using the early juvenile ~ ~ ~ u ~ ~ ~ 0 c ~ ~ ~ ~ ~ ~  m o r t a l i t y  
rate derived empirically for blueback herring. No special significance 
should be attached to the actual values assumed for mortality rat%, 
intent was to select intermediate and low values fo r  these rates i n  order t o  
obtain realistic model output. The particular estimates that .  weire used f o r  
t h i s  purpose were chosen solely for the sake o f  conven i~nce .  

~.~~~~~~ Another s e t  o f  

Our 

Table 14 contains estimates o f  alewife spawning st.nlsk s i z e  i n  1974 and 
1975 and of Atlantic tomcod spawning stuck size during the w i n t e r s  of 
1974-75 and  1975-76. These estimates were used as a check on the va1idit .y 
of the values of initial abundance and m o r t ~ ~ ~ t ~  ~~~~~~~~~ i n  Appendix 8.  
As  i s  discussed i n  more detail in Sect ion  3, the coinparison o f  model autrwt 
to the values presented in Table 14 indicated that some combiinator~s of 
initial abundance and mortality estimates produced unreal i s t i c  results when 
input t o  the Empirical Impingement Model, 

of impingeable bay anchovy (adults -I- juveniles) present above RM I 2  from 
through October o f  1974 and 1975. 
monthly exploitation rates for this species. 

Table 13 contains monthly estimates o f  t h e  minimum arid ~a~~~~~~~ number 

These esLirnates were used t o  compute? 
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Table 14. A lew i fe  and A t l a n t i c  tomcod spawning stock e s t i -  
mates used t o  assess r e l i a b i l i t y  of model ou tpu t  

Year A1 ewi f  e A t l a n t i c  tomcod 

1974 

1975 

aEstimated minimum spawning stock present i n  t h e  Hudson 

bFrom E x h i b i t  UT-4, Table 14.4-1, 
CFrom TI 1975 Year Class Report (Texas Instruments 1978), 

R iver  shorezone i n  May, computed f rom T I  Riverwick Beach 
Seine Survey data, unadjusted f o r  gear e f f i c i e n c y .  

Table B-102. 
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3. DIRECT IMPINGEMENT IMPACT ASSESSMENTS 

Ranges o f  possible values of m1 for white perch, striped bass, 
alewife, blueback herring, American shad, and Atlantic tomcod were generated 
by applying the Empirical Impingement Model t o  a l l  possible combinations of 
i n i t i  a1 abundance, natural mortality, and impingement estimates for  each 
year class. The resul ts  of these model runs are described on a 
species-by-species basis i n  Sections 3.1 t h r o u g h  3 . 6 .  Where resul ts  of some 
runs (for  alewife, blueback herring, and Atlantic tomcod) were determined to  
be unrealist ic,  we have included a discussion of the rationale for  excluding 
those resul ts .  

Our purpose i n  generating these ranges was t o  se t  probable upper and 
lower bounds  on the impact of impingement on each year class.  For a l l  
species except white perch, two conditions lead t o  h i g h  estimates o f  m y :  
low i n i t i a l  population s ize  and h i g h  natural mortality. Conversely, h i g h  
i n i t i a l  population s i ze  and low natural mortality lead t o  low estimates of 
mI. 
length af the period of vulnerability t o  impingement; these consti tute a 
t h i r d  set  o f  conditions affecting the value of mI. 
three years o f  vulnerabili ty leads to  h i g h  estimates of mI; the assumption 
of two years of vulnerabili ty leads t o  low estimates of mI. 
estimates of i n i t i a l  abundance that  are probably lower than the actual 
values w i t h  estimates of natural mortality that are probably higher than the 
actual values (and, for  white perch, w i t h  the assumption o f  three years o f  
vulnerability to impingement), we produced estimates of mI tha t  are 
probably higher than the actual impacts on these year classes.  By combining 
estimates o f  i n i t i a l  abundance t h a t  are probably higher than the actual 
values w i t h  estimates of natural mortality tha t  are probably lower t h a n  the 
actual values (and, for white perch, w i t h  the assumption of two years o f  
v u 1  nerabi 1 i t y  to impingement) , we produced estimates of m I  t h a t  are 
probably lower than the actual impacts on these year classes. We refer to  
the ranges o f  impact estimates produced i n  t h i s  way as the "maximum ranges" 
of impact on each year class. Although ue cannot rule  out the possibi l i ty  
that  the true impacts migh t  have fal len outside our ranges, we believe that  
it i s  most probable  that  the impacts that  were actually imposed on these 
year classes l i e  w i t h i n  our maximum ranges. 
estimating conditional impingement mortality ra tes  for  alewife and blueback 
herring are less adequate than those available for the other species, our 
maximum ranges for  these two clupeids are less  certain t h a n  are those for 
white perch, striped bass Atlantic tomcod and American shad .  

Section 3.7 presents the monthly exploitation rates computed for  bay 
anchovy. 
October, 1974 and 1975, were generated u s i n g  t e  m i n i m u m  and maximum total  
population estimates presented i n  Table 13. 

For white perch, two alternative assumptions were made about the 

The assumption o f  

By combining 

As the data available for 

Maximum ranges o f  exploitation ra tes  for  the months of May through 
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3.1 !*IHITE PERCH 

f a b l e  15  cor t ta i r i s  r - @ s u l t s  o f  the  12 model runs  performed f o r  t h e  1974 
w h i t e  perch year  c l a s s  and t h e  Q runs  pevformed f o r  t h e  1975 year  c lass .  
S i x  PUI-IS, corrc;ponding t o  t h e  assumption of t h r e e  yea rs  of v u l n e r a b i l i t y  t o  
impingement, c o u l d  n o t  be performed f o r  t h e  1995 year  c l a s s  due t o  t h e  l a c k  
of 1978 impingement data.  
(maximurn, minitiium, and best  cst i rnates)  and two est imates o f  
young-of- thP-year m o r t a l i t y  were used i n  combinat ion w i t h  two s e t s  of 
impingement t o t a l s  (correspond i n y  t o  assurnpt i o n s  of two years and t h r e e  
yea rs  of v u l n e r a b i l i t y ) .  
1:m es t ima tes  o f  younq-of - the-year  mor*tal i t y ,  and one s e t  o f  impingement 
es t ima tes  (corrPcponding t o  t w o  years o f  v u l n e r a b i l i t y )  were used. 

For t h e  1974 y e a r  c lass ,  t h r e e  es t ima tes  o f  No 

t o r  t h e  1975 year  c lass ,  t h r e e  es t ima tes  of No, 

B e c a t ~ s ~  o f  t h c  existrncc o f  a p p a r e n t l y  r e l i a b l e  mark/ recapture 
p o p u l a t i o n  est i rndtes and of y e a r l i n g  and a d u l t  m o r t a l i t y  es t ima tes  computed 
u s i n g  t h e  catch-curve-method ( E x h i b i t  EPA-206) t h e  d a t a  a v a i l a b l e  on t h e  
i i l i t i a l  abundance and m o r t a l i t y  o f  t h e  1974 and 1975 w h i t e  perch yea r  
c lasses  i s  v ~ i t h o u t  doubt b e t t e r  than t h a t  a v a i l a b l e  f o r  any o f  t h e  o t h e r  
s p p c i e s  considered here.  S ince no est imates o f  t h e  abundance o f  
t!ro-year-olCl and thr-ee-year-old w h i t e  perch a re  a v a i l a b l e ,  i t  was n o t  
p o s s i b l e  t o  check t h e  v a l i d i t y  of t h e  model o u t p u t  as we d i d  f o r  a l e w i f e  and 
A t l a n t i c  tomcod. For  thest- reasons, al though some o f  t h e  es t ima tes  o f  m I  
are  q u i t e  h igh ,  none c o u l d  bc excluded as be ing  u n r - e a l i s t i c a l l y  h igh.  
I~ow*dever, f o r  t h i s  species we computed a probable range, as  w e l l  as a maximum 
range, o f  impact est imates.  As was discussed i n  t h e  i n t r o d u c t i n  t o  
S e c t i o n  3, tht-ce c o n d i t i o n s  l e a d  t o  h i g h  est imates of q: 
s i n ? ,  h i g h  n a l u r a l  m o r t a l i t y ,  and t h r e e  years o f  v u l n e r a b i l i t y  t o  
imp-ingemerit. Conversely, h igh  p o p u l a t i o n  Size, low m o r t a l i t y ,  and t w o  yea rs  
of v u l n e r a b i l i t y  lead t o  low es t ima tes  of  mI. 
u n l i k e l y ,  t h a t  a l l  t h r e e  o f  t h e  c o n d i t i o n s  promot ing h i g h  impact or  a l l  
t h r e e  of t h e  c o n d i t i o n s  p romot ing  lo:, impact are t h e  c o n d i t i o n s  
corresponding mosl  c l o s e l y  l o  r e a l i t y .  For example, i t  i s  p o s s i b l e  t h a t  t h e  
true i n i t i a l  abundame o f  t h e  1974 yea r  c l a s s  was c l o s e  t o  ou r  mininiuin 
abundance e s t  irnate, t h a t  young-of-the-year m o r t a l i t y  f o r  t h i s  year  c l a s s  was 
c l o s e  t o  80% ( o u r  h i g h  m o r t a l i t y  r a t e ) ,  and t h a t  approx imate ly  h a l f  of t h e  
y e a r l i n q  and a l d e r  w h i t e  perch impinged between June 1976 and May 1977 were 
th ree -yea r -o lds  be long ing  to t h e  1974 year  c l a s s .  tiowever, i t  i s  a p r i o r i  
more l i k e i y  t h d t  sofrre of lhe e x i s t i n g  c o n d i t i o n s  were those  favori%j h i g h  
i tnpdcts w h i l e  other-s f a v s r d  low ?impacts. Of  t h e  e i g h t  p o s s i b l e  
cornhinations f o r  each yea r  c l a s s  o f  h i g h  and l o w  abundance, h i g h  and low 
m o r t a l i t y ,  and "Lm-year or  t h ree -yea r  v u l n e r a b i l i t y ,  s i x  combinat ions r e s u l t  
i n  va lues o f  1111 t h a t  a re  i n l w r n e d j a t e  hetween t h e  va lues computed f o r  t h e  
l w o  extreme combinat ions.  Therefore,  we have d e r i v e d  a probable range o f  
va lues o f  m~ for -  t h e  1934 and 1975 w h i t e  perch year  c lasses  by  exc lud ing  
t h e  es t ima tes  d e r i v e d  f r o m  t h e  f o l l o w i n g  combinat ions of i n p u t  data:  low 
i n i t i a l  abundance, h iqh  young-sf - the-year  f n o r t a l i t y ,  and t h r e e  years o f  
v u l n e r a b i l i t y ;  and h i g h  i n i t i a l  abundance, low young-of-the-year m o r t a l i t y ,  
and t w o  years of v i i l r ? e r a b i l i t y .  
p robab le  range for  each yea r  c l a s s  a re  presented i n  Sec t i on  4 ( T a b l e  2 3 ) .  

low p o p u l a t i o n  

I t  i s  p o s s i b l e ,  though 

B o t h  the rnaxiinum range o f  m~ and t h e  
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Table 15. Estimates o f  conditional impingement mortality rates ( m ~ )  for the 1974 and 1975 w h i t e  perch year classes 

- 1974 Year class 1975 year class 

Re1 ati ve Conditional Conditional 
initial Initial Final ifflpi ngemen t Initial Final impingement 

Years o f  population Natural population population mortality population population rncrtality 
vu 1 nerabi 1. ty size mortality size  NO)^ sizeb rate (mi) size (No)a sizec rate [mn) 

2 High Low 4 5 . 1 ~ 1 0 ~  11.1~106 0.095d 52.0~106 13.1~106 0.077d 

2 H i gli Hi c j t ~  54.5~106 5.8~106 0.137 62.9~106 6.8~106 0.115 

2 Best estiaate Low 24. 3x106 5 . 5 ~ 1 0 ~  0.177 34.7~106 8 .4~106  0.116 

2 Best estimate High 29.4~106 2.7~106 0.255 41.9~106 4.3~106 0.172 

? LOW LOW 13.9~106 2 . 6 ~ 1 0 ~  0.309 24.3~106 5.5~106 0.166 

2 Law High 16 .&lo6 1.1x106 0.446 29.4~106 2.7~106 0.245 

3 H I gh Low 45.1~106 5.4~106 0.119 -- -- I_ 

3 High High 54. 5x106 2.8~106 0.181 -- -- _-  
3 Best estimate Lo*, 74. 3x106 2.6~106 0.221 _ _  
3 Best estimate High 2 3 . 4 ~ 1 0 ~  1.2x106 0.336 _" -_ "- 

3 LOW LOW 13. 9x106 1.2 x106 0.386 -- -- _ -  
3 L 3 w  Hi@ 1 6 . 8 ~  lo6 0.4x106 0.588d -- -- -- 

-- -- 

-ll_----_lll__l - lll___.___ I 

aPeriod o f  vulnerability a5sumed t o  begin on July 16. 
bFor two years of vulnerability, the number o f  surviving two-year-olds on June 1, 1976; for three years o f  vulnerability, the 
number o f  surviving three-year-olds on June 1, 1977. 

'For two years o f  vulnerability, the number of surviving two-year-olds on June 1, 1977. 
dIncluded i n  maximum range o f  conditional impingement mortality rates, but excluded from probable range. 
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3 . 2  STRIPED BASS 

E i g h t  model runs were performed for striped bass, four each for  the 
7974 arid 1975 year c lasses .  
o f  the number a f  juveniles a l i v e  a f t e r  two years o f  vulnerabi l i ty  t h a t  seem 
improbably h i g h  or 1m.  TI has estimated ( E x h i b i t  UT-4, p. 7.166) t h a t  on 
the average the number o f  striped bass juveniles surviving t o  the yearling 
stage is about 1.2 ml'llian. I f  about 50% of  st r iped bass yearlings survive 
t o  two years o f  ages then even the lowest number o f  s u r v i v i n g  two-year-olds 
produced by the impingement model (430,080) is consistent w i t h  TI 's  
pop~sl  a t l  on estimate ~f year 1 i ngs a Although many o f  the runs produced 
est imates o f  two-year-old abundance f a r  higher t h a n  is consistent w i t h  T I 'S  
estimate, i t  i s  quite possible t h a t  i t  is TI'S resu l t  that  is i n  error. TI 
could not d i rec t ly  estimate the number o f  st r iped bass yearlings.  Instead, 
'TI obtained an extrapolated e s t i n a t e  assuming a juveni le  population s ize  of 
s ix  million i n  the  f a l l  and an annual t o t a l  mortali ty o f  80% (Exhibit UT-4, 
p. 7.161).  Since the actual number o f  striped bass juveniles belonging t o  
the 1974 and 1975 year c lasses  may have been much higher than six million 
and t h e i r  mortali ty may have been lower t h a n  80% (see discussion i n  
Appendix 51, TI'S estimate s f  yearling abunda ce may be substant ia l ly  lower 
than the  actual abundances of the 1974 and 1975 year classes; a t  age one. Me 
therefore cannot exclude any o f  the estimates of in1 as being 
unrea l i s t ica l ly  low or high. Table 16 contains t he  results o f  a l l  four runs 
f o r  each year c lass .  

None of the runs produced estimates of m~ or 

3 . 3  ALEWIFE 

E i g h t  separate model runs were performed f o r  t h e  1974 a l e w i f e  year 
c lass .  
developed St] Appendix B. Both of these runs produced estimates o f  t h e  
number of s u r v i v i n g  three-year-alds t h a t  seemed t o  be suspiciously low 
(40,000 t o  310,000). For this species i t  was possible t o  obtain rough 
estimates o f  the number o f  adult  alewives from TI'S Riverwide Beach Seine 
Survey da ta .  These f i s h  spawn i n  shallow water- and large numbers o f  them 
are caught i n  T I ' s  beach seine hauls during May. 
extracted Prom TI'S f i s h e r i e s  da ta  tapes f o r  1974 and 1975 (provided t o  EPA 
on October 21, 1977, following an information request dated Oetatrer 1 2 ,  
11977), 1754 adult alewives were caught by beach seine i n  May 1974, and 1865 
were caught i n  May 1975. 
estimates of the average number of adult alewives present in shorezone areas 
o f  the Hudson River i n  May o f  1974 and 1975. 
estimates i s  described jri Appendix B. According to  our calculations,  a 
m i n i m u m  o f  about 1 million adult  alewives were present i n  the Hudson River 
shsrezrsrne i n  May o f  both years (Table 14) .  An examination of t h e  numbers o f  
three-ycar-old alewives impinged d u r i n g  April-June o f  the years 1975-77 
(Table 17)  shows t h a t  the number impinged in 1977, the year i n  which members 
o f  the 1934 year c l a s s  were impinged as three-year-olds, was about the  same 
as the niiirnber impinged i n  1975 and 1976. I t  thus appears t h a t  the 1974 year 
c lass  Mas not small in comparison t o  the 1972 year c lass  (impinged as 
three-year-018s in 19'95) or the 1973 year-class (impinged as three-year-slds 

The f i r s t  two used the empirically derived estimates o f  No and D 

According t o  data 

Me used these beach seine data to compute 

The computation o f  these 



Table 16. Estimates of conditional impingement mortality rates (mI) for the 1974 and 1975 striped bass 
year classes 

1974 Year class 1975 Year class 

Re1 at i ve Conditional Conditional 
ini ti a1 Ini ti a1 Final impingement Initial Final impingement 

popu 1 at i on Natura 1 popu 1 at i on popu 1 at i on mortal i ty popu 1 at i on popu 1 at i on mortality 
H size mortality s i z e  (No) si zea rate (mI) sire (No) sizeb rate (mI) r( 

n 
1 w 
--I High Low 19.59~106 5.01~106 0.011 27.32~106 7.03~106 0.004 

High High 2 0 . 3 9 ~  lo6 2.31~106 0.018 28.43~106 3.26~106 0.007 

LOW Low 3.92~106 0.96x106 0.056 5.46~106 1.38~106 0.021 

LOW High 4.08~106 0.43~106 0.092 5.69~106 0.63~106 0.035 

aNumber o f  surviving two-year-olds on July 1, 1976. 

bNumber o f  surviving two-year-olds on July 1, 1977. 
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Table 17. Numbers o f  three-year-old alewives impinged a t  
Hudson River power plants during April,  May, 
and June, 1975 through 1977 

Month 1975 1976 1977 

Apr i 1 2205 2469 1380 

M aY 

June 

8362 8289 9216 

596 1558 89 7 
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i n  1976).  If  the 1974 year class was n o t  unusually weak, then an estimated 
number of s u r v i v i n g  three-year-olds of 40,000 t o  300,000 i s  not consistent 
w i t h  a spawning stock s ize  of one mi l l i on  or more. 

Since the early juvenile (July-October) mortality ra te  derived 
empirically for alewife ( D  = 0.0140) was h i g h  i n  comparison t o  those derived 
f o r  blueback herring ( 5  = 0.0098) and American shad ( D  = 0.0091 for 1974 and 
D = 0.0131 fo r  1975), model runs using three al ternat ive,  lower mortality 
ra tes  were performed. F i r s t ,  we used the early juvenile mortality ra te  
derived for  blueback herring (0 = 0.0098). Second, we assumed t h a t  early 
juvenile mortality of alewives i s  equal to  the mortality ra te  used for the 
months of November-May of the f i r s t  year o f  vulnerability ( D  = 0.0044). 
T h i r d ,  we assumed that  mortality d u r i n g  the ent i re  period of vulnerability 
is equal t o  the mortality rate used for  yearling and older f ish ( D  = 0.0019). 
These particular values were selected primarily for the sake o f  convenience. 
However, i t  i s  unlikely that the actual mortality of juvenile alewives is 
lower than the lowest value we used ( i . e . ,  D = 0.0019), since we have no 
reason to believe that  the mortality of these fish is lower than that  of 
juvenile striped bass. In combination w i t h  the minimum alewife i n i t i a l  
abundance estimate o f  4 million, a l l  three of these mortality rates produced 
estimates of three-year-old abundance o f  less than 500,000. In combination 
w i t h  the maximum i n i t i a l  abundance estimate of 20 m i l l i o n ,  these three 
mortality ra tes  produced estimates of three-year-old abundance ranging from 
530,QOQ t o  2.5 m i l l i o n .  Results of a l l  model runs are presented i n  Table 18. 

one-half the estimated minimum abundance of alewife spawners, as a cutoff 
p o i n t  below which model o u t p u t  i s  considered t o  be unrealist ic.  Only the 
three runs t h a t  produced estimates of three-year-old abundance i n  excess of 
500,000 were used t o  derive the range of estimates presented i n  Section 4 
(Table 2 3 ) .  
are f a r  less certain than are those for white perch and striped bass. 

We have chosen a three-year-old populaton s i ze  o f  500,000, or about 

Clearly, estimates of the impact of impingement on this species 

3.4 BLUEBACK HERRING 

Like alewives, blueback herring are vulnerable t o  impingement u n t i l  
they are three years old. Moreover, the same types of d a t a  and analytical 
methods used to derive estimates of alewife abundance and mortality were 
also used fo r  blueback herring. For these reasons estimates o f  the impact 
o f  impingement on blueback herring may be subject to the same k i n d s  of 
problems encountered in estimating mI for alewife. We therefore performed 
the same k i n d s  of model runs for  blueback herring that we d i d  for alewife. 
We f i rs t  used the empirically derived estimates developed i n  Appendix 5. We 
then performed runs assuming that  natural mortality i s  constant ( D  = 0.0044) 
~ ~ r o u ~ h o u t  the f i r s t  eleven months o f  vulnerability (July 1-May 31). 
F ina l ly ,  we performed runs assuming t h a t  the  daily natural mortality rate i s  
constant ( D  = 0.0019) throughout the ent i re  period o f  vulnerability t o  
impi ngement. 
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Table 18, Estimates of condi t ional  impingement mor t a l i t y  r a t e s  (mI) 
f o r  t h e  1974 alewife  year c l a s s  

Re1 a t i  ve Conditional 
i n i t i a l  I n i t i  a1 Final impingement 

popul  a-ti on Natural popul a t i  on popul a t i  on mortal i t y  
s i z e  mor t a l i t y  s i z e  (No) si mea ra te  ( m ~ )  

Mi gh 

IJi g h  

Mi gh 

Ili gh 

Low 

Low 

Low 

LOW 

LOW 2O.OX106 

H i  gh 20" 0x106 

Highest 20 I) 0x106 

Intermediate 20.0~106 

LOW 4 . 0 ~ 1 0 6  

Intermediate 4 . 0 ~ 1 0 6  

H i  yh 4 .0~106  

Highest 4 . 0 ~ 1 0 6  

2 . 4 8 ~  106 

1 .05~106 

0 . 5 3 ~ 1 0 ~  

0.31~106 

0 . 4 7 ~ 1 0 ~  

0.19x106 

0.09x106 

0.04~106 

0.014 

0.024 

0.043 

0.068b 

0.06@ 

0.118b 

0.213b 

0. M o b  

aNurnber of surviving three-year-olds  on Ju ly  1, 1977. 
bExcluded f r o m  maximum range of condi t ional  impingement mor t a l i t y  
ra tes  because o f  u n r e a l i s t i c a l l y  low es t imate  of f i n a l  population 
s ize .  
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The Hudson river blueback herring population is considerably larger 
t h a n  the alewife population. 
blueback herring were 55 times as abundant as juvenile alewives in 
August-November of 1975. 
do n o t  s u p p o r t  a disparity that  large, b u t  they do indicate a substantial 
difference: 
i.e., a ra t io  of about 7 t o  1. In order to compute a minimum acceptable 
three-year-old abundance estimate for blueback herring analagous t o  tha t  
derived for  alewife, we simply multiplied the alewife acceptance cr i ter ion 
(500,000) by seven. Values of m I  f o r  blueback herring obtained from model 
runs that produced estimates o f  three-year-old abundance smaller than 
3.5 million f i sh  were excluded when the maximum range of estimates For th i s  
species was compiled (Section 4,  Table 23). Al l  of the estimates are 
presented i n  Table 19. Like the resul ts  obtained for alewife, the range of 
maximum and minimum estimates of m1 for  blueback herring i s  much less 
certain t h a n  those obtained for  white perch and striped bass. 

According t o  Exhibit UT-4 ( p a  6.47) juvenile 

The  population estimates developed in Appendix B 

29 t o  145 million blueback herring vs 4 t o  20 million alewives, 

3.5 AMERICAN SHAD 

Only two model runs were performed for  each of the  two American shad 
year classes (1974 and 1975) considered in th i s  testimony. Even though the 
empirically derived estimates o f  early juvenile mortality for t h i s  species 
are nearly as high as those derived for  alewife and blueback herring, the 
highest estimates of m I  obtained were no higher than about  0.01. I t  was, 
therefore, not t h o u g h t  worthwhile t o  perform model runs u s i n g  lower natural 
mortality ra tes ,  as was done for alewife and blueback herring. ?he resul ts  
o f  the model runs for  American shad are presented in Table 20. 

3.6 ATLANTIC TOMCOD 

Table 21 contains the resul ts  of s ix  model runs f o r  Atlantic tomcod, 
two for  the 1974 year c lass  and four for  the 1975 year class.  Estimates o f  
mI for  the 1974 year class were o b t a i n e d  using the daily mortality rate 
and maximum and minimum i n i t i a l  population sizes derived direct ly  from TI'S 
1974 Long River Survey data (Appendix 5). 
tomcod surviving on February 1, 1975 ( 3 . 3  t o  17 million) were reasonably 
consistent with, although somewhat higher t h a n ,  the estimate of Atlantic 
tomcod spawning stock s ize  during the winter of 1974-1975 (Table 14) 
obtained from T I ' S  mark/recapture program (2.47 million). 

The estimated numbers o f  Atlantic 

When similar runs were performed for  the 1975 year c lass  using the 
daily mortality ra te  and maximum and minimum population sizes derived from 
TI'S 1975 Long River Survey data, unreal is t ical ly  low estimates of the 
number of f i sh  surviving to the end of the spawning season were ob ta ined .  
According t o  the model results, between 130,000 (minimum i n i t i a l  population) 
and 700,000 (maximum i n i t i a l  population) members af the 1975 year class were 
alive on February 1, 1976. However, resul ts  obtained from TI'S 
mark/recapture program (Table 14)  indicate a winter population s i ze  o f  about 
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Table 19. Estimates of conditional impingement mortal i ty  r a t e s  (mr) 
f o r  the 1974 blueback herring year c lass  

Relative Conditional 
i n i t i a l  I n i t i  a1 Final impi ngenient 

popul  a t i  on N a t  Y r a1 p o p u l  a t i  on population mortal i t y  
s i z e  mortal i ty  s i z e  (No) si zea r a t e  (MI) 

High  Low 145.0~106 18.14~106 0.005 

High I n t e r  in ed i a t  e 145 . Ox 106 7.77x106 0.008 

High High 145. Ox lo6 3 . 9 8 ~  106 0.015 

Low Low 29.Qx106 3.56~106 0,025 

Low -,.,ermedi a te  2 9 . 0 ~ 1 0 ~  1.50xlQ6 0 n @40b 

Low High  29. ox 106 0.75x106 0.015b 

aNumber o f  surviving three-year-olds on July 1, 1977. 
bExcluded from maximum range o f  conditional impingement mortal i ty  

r a t e s  because of u n r e a l i s t i c a l l y  low estimate o f  f i n a l  population 
s ize .  



Table 20. Estimates o f  conditional impingement mor ta l i ty  r a t e s  ( m I )  fo r  the 1974 and 1975 American shad 
year c lasses  

1974 Year c l a s s  1975 Year c l a s s  

Condition a1 Condi t i on a1 
H I n i t i a l  Final impingement I n i t i a l  Final impingement U 

popul a t  i on popul a;ti on mortal i ty  H 

r a t e  (mI s i z e  (No) size0 r a t e  (mI) -4 
I 
G, 

Relative i n i t i a l  
population s i z e  s i z e  (No) s i  zea 

popu 1 a t  i on popu 1 a t  i on 

High 

LOW 

78 .Ox106 8 . 6 9 ~ 1 0 ~  0.001 ao. 0x106 5.11xlO6 0.002 

15 ,6x 106 1.73~106 0.005 16.0~106 1.01x106 0.011 

aNumber o f  yearl ings a l ive  on June 1, 1975. 

bNumber o f  yearl ings a l ive  on June 1, 1976. 



Table 21. Estimates o f  condi t ional  impingement m o r t a l i t y  r a t e s  ( m q )  for the 1974 and 1975 A t l a n t i c  
tomcod year c l a s s e s  

1974 Year c l a s s  1975 Year c l a s s  

Re 1 a t  i ve Condition a1 Conditional 
Final impingement i n i  t i  a1 I n i t i a l  Final impi ngement I n i t i a l  

popul  a t  i on Natural popul a t  i on popul a t i  on mortal i t y  popu 1 a t  i on popul a t  ion m o r t a l i t y  
s i z e  mortal i t y a  s i z e  (No) s i  zeb r a t e  ( m ~ )  s i z e  (No)  sizec r a t e  ( m ~ )  

Y 
Y High Low 999 .ox106 17 .Ox106 0.010 433.5x106 7.4 x106 0.006 H 
I 
0 co High H i g h  -- -- -- 433.5x106 0.70~106 0.025d 

Low Low 199.8~106 3 . 2 6 ~  106 0.049 86. 7x106 1.4 x106 0.030 

Low High -- -- -- 86.7~106 1.3 x i 0 5  0.123d 
o r  0 . 1 3 ~ 1 0 ~  

%ow natural  mor ta l i ty  r a t e  derived from TI's 1974 Long River Survey da ta ;  h i g h  na tura l  m o r t a l i t y  r a t e  

bNurnber o f  spawners { y e a r l i n g s )  a l i v e  on February 1, 1975. 

CNtsmber o f  spawners ( y e a r l i n g s )  a l i v e  on February 1, 1976. 

dExcluded from maximum range of condi t ional  impjngement m o r t a l i t y  r a t e s  because o f  u n r e a l i s t i c a l l y  l ow 

derived from TI's 1975 Long River survey data .  

estimate o f  f i n a l  population s i z e .  



3 - 5  million. 
River Survey data was unusually h i g h  ( D  = 0.0244), we performed another two 
runs using the lower mortality rate ( D  = 0.0l.55) derived from the 1974 data. 
These runs produced estimates o f  spawning stock s ize  d u r i n g  the winter o f  
1975-76 that  are i reasonable agreement w i t h  the markirecapture population 
estimates. 
runs ranged from 1.4 million t o  7.4 million, or about one half to  two times 
the markjrecapture estimate (3.51 million). The resul ts  o f  these two runs, 
rather than the two that employed the h i g h e r  natural mortality rate,  art! 
presented i n  Table 23. S i m i l a r  resul ts  could have been obtained by applying 
the empirically derived mortality ra te  for  1975 ( D  = 0.0244) over the s p r i n g  
and sumer and applying a lower r a t e  (e.g., D = 0.0044) over the remainder 
o f  the period o f  vulnerabiljty. 

Since the daily mortality ra te  computed from the 1975 Long 

The projected January 31 population sizes obtained from the model 

3.7 BAY M C t I Q V Y  

For reasons discussed i n  Section 1, we made no attempts to  compute 
conditional ifflpin~e~ent mortality rates for bay anchovy. Instead, 
exploitation rates  for the total  impingeable population (adults -f juveniles) 
residing above RM 12 were computed for the months o f  May through October. 
These rates are presented i n  Table 22. 
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'Table 22. Estimates of bay anchovya e x p l o i t a t i o n  r a t e s  for the months o f  
May through October, 1974 and 1975 

High Low High Low 
Month abundance abundance ab u n d an ce abundance 

May 1-3x10-5 6.3~10-5 1 .5~10-6  7.7xlQ-6 

June 0.0008 0.0040 0.0004 0.0020 

J u l y  0.0072 0.0361 0.0073 0.0367 

August 0.0017 0.0085 0.0037 0 0184 

September 0.0017 0.0086 0.0014 0 0068 

0 c t o  b er 0.0007 0.0036 0.0017 0 .I 0084 

aAdu1t.s + juven i l es .  



The ranges o f  conditional impi rigenlent miar-ta’l i t y  rates c ~ ~ p ~ ~ e ~  f a r  
white perch, striped bass, alewife, blueback herring, 
Atlantic tomcod are sumnariaed i n  Table 23 ,  Beemse n 
data are available for white perch and striped bass t h a n  
species considered i n  this testirnany, impact estimates for  these two specjes 
(especially for white perch) are mre certain than are thost? for alewi fe ,  
blueback herring, American shad, and Atlantic torn~ocl,~ The least  ade 
data are available fa r  alewife and ~~~~~~a~~ herring, and conseq 
impact estimates for  these two species are the least; certain- 
them i n  our analysis because we f e l t  t h a t  the a ~ ~ j ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~  shau‘ld be 
provided w i t h  some perspective, however rough, ax t o  %he impact o f  

ement on these two species, 

The purpose o f  this discussion i s  to compare our results t o  those 
presented i n  Sections 2-VI and 2-VII oh E x h i b i t  T-3. 
i n  Section 1.1, no comparison w i t h  the LMS ~~~~~~~~~~~~~ cvopping est imates”  
contained in Sections 10.4 of Exh ib i t s  UT-6 and T-7 i s  possible ar  
appropriate. 
possible for  hour species: white perchi: s t r i ped  bass, Atlantic tomcod, and 
American shad. 
u t i l i t i e s  are listed i n  Table 23 along w i t h  our own, W i t h  the exceptjcsri of 
white perch$ the two sets  o f  est imates are i n  f a i r l y  good ~~~~~~~~~~ i n  
spite o f  the differences i n  i n p u t  data arid ~ ~ ~ a . ~ ~ ~ ~ ~ ~ ~  ~ ~ ~ , ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~  

The u t i l i t i e s ‘  estimates o f  the impact o f  ~~~~~~~~~~t on the  E97 
1975 striped bass year classes and on the 1974- Atlanta’c tomcod yaw (1: 

P a l l  between our maximum and m i n i m u m  estimatese For both %tr1*0ed bass year 
classes they f a l l  nearly at  the midpoint o f  our range. 

of t h e  u t i l i t i e s .  The reason f o r  this i s  the large dif fer .ence -in the 
estimates o f  the i n i t i a l  number o f  impingeable juvenile slmad, The u t i  
estimate o f  No can ]be computed from the explsieatiun ra te  ~~~~~~~~~ a id 
total  impingement count (10,602) presented i n  Table 2-VXI-3 o f  
i t  is 1.8 million fish. T h i s  value was obtained from the  same 
data we used, but i t  i s  an estimate only o f  the number o f  juareni 
i n  the shorezone ( E x h i b i t  UT-4, p .  14.17’). Since the American shad i s  a 
pelagic fish, i t  i s  l ike ly  tha t  the shorezone contains a relatively small 
fraction o f  the to ta l  population. We believe t h a t  our  own es t ima tes  o f  t 
abundance o f  juvenile shad are marc? r ea l i s t i c  t h a n  i s  t h a t  o f  the hstli’l-elies. 

u t i l i t i e s  is i n  our assessment o f  the impact o f  - i ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~  on white perch. 
The u t i l i t i e s 1  estimate o f  r n ~  for  the 1974 yew class  ( t h e y  preseglt no 
estimate for  the 19?5 year c lass)  i s  at the lower end o f  our  ~~i~~~ range 
of estimates and f a l l s  outside our range of ~~~~~~’~~ est imates.  
difference i s  especially surprisin 
bases. 

Far reasons d”sckissed 

Comparisons between our work and t a t  af the u t i l i t i e s  w e  

For convenience, the estimates a f  CWI ~~~~~~~~~~ by the 

Our estimates of 
for  the 1974 American shad year class alre considerably l m ? w  than t h a t  

The most s t r i k i n g  disagreement between our v.esu1G~ and those of the 

This 
i n  view of t h e  sinai%arity o f  our d;ata 

The u t i l i t i e s  estimated that  2,045,385 w h i t e  pet-ch beleaqiig’irslg t o  t he  
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Table 23. Ran es o f  estimates o f  conditianal impingement mortali ty r a t e s  
(m13 f o r  s i x  Hudson River f i s h  species 

Low High U t i l i t i e s '  
estimate estimate e s t  i ma t e Species (year c l a s s )  

White perch (1974) 
Maximum range 
Probabl e range 

0.095 
0.119 

0.588 
0.446 0.113a 

White perch (1975) 
Maximum range 
Probable range 

0.077 
0.115 

0.245 
0.245 

Striped bass (1974) 0.011 0.092 

Striped bass (1975) 

Alewife (1974) 

0.004 0.035 

0.014 

0.005 

0.043 

0.025 Blueback herring (1974) -I 

6.012C American shad (1974) 0.001 0.005 

American shad (1975) 0.002 

0,010 

0.011 

0.049 0.015d Atlantic tomcod (1974) 

Atlantic tomcod (1975) 0.006 0.030 -- 

aFrom Exhibit UT-3, Table 2-VII-1. 
'From Exhibit UT-3, Table 2-VI-2. 
'From Exhibit UT-3, Table 2-V I1 -3. 
dFrom Exhibit UT-3, Table 2-VII-2. 
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1974 year class were impinged between July 1, 1974 and June 30, 1975 
(Exhibit UT-3, Table 2-VII-1). 
impingement counts in Table 2, tha t  2.8 t o  2.9 million white perch belonging 
t o  the 1974 year class were impinged during 2 t o  3 years of vulnerability. 
The lower limit o f  our range o f  probable impacts was computed using a higher 
estimate o f  f a l l  abundance (39 million vs 21 million) and a lower estimate 
o f  young-of-the-year mortality (0  = 0.0019 vs D = 0,0044). 
Section 3.1, i f  a l l  other factors were equal, these two differences would 
resu l t  in our estimate of mI being considerably lower than t h a t  o f  the 
u t i l i t i e s .  However, in sp i t e  o f  these two differences, our minimum probable 
estimate o f  m1 i s  higher t h a n  the u t i l i t i e s '  estimate. 

Although our higher impingement total  explains part  of the discrepancy, 
the major reasons why our estimates o f  m I  for  white perch are so much 
higher t h a n  that  o f  the u t i l i t i e s  are: 

We estimate, by adding up the monthly 

As was noted in 

(1) The u t i l i t i e s  assume that  the  vulnerabili ty of f i sh  t o  impingement 
does not vary seasonally. 

( 2 )  The u t i l i t i e s  end the period o f  vulnerabili ty a t  one year. 

The value of a juvenile f ish t o  the population increases with i t s  age 
because i t s  probability of surviving to adulthood increases. For t h i s  
reason, the impact to  the population of k i l l ing  any particular juvenile 
increases with i t s  age. Tables 2 and 3 clearly show t h a t ,  although 
young-of -the-year white perch become vulnerable to impingement in July, 
re la t ively few are impinged before October. The greatest impingement occurs 
between December and April. 
year class were impinged in April, 1975, when they were nearly one year 
old. Even i f  the period o f  vulnerabili ty were limited t o  one year, the 
u t i l i t i e s '  estimate o f  mI for the 1974 white perch year class would 
underestimate the true impact because most of the impingement occurred 
toward the end of t h a t  period, when the impact of k i l l ing  each f ish is 
h i g h e r  (Barnthouse et a l .  1979). 

Over 600,000 white perch belonging t o  the 1974 

The impact o f  kil l ing a yearling or two-year-old white perch i s  even 
higher. I f ,  as the u t i l i t i e s  assume, the to ta l  mortality of juvenile white 
perch between July o f  t he  year they are spawned and July of the fallowing 
year is  80%, then a single yearling impinged i n  July is  worth f ive juveniles 
impinged 12 months ear l ie r .  
( i*e . ,  D = 0.0019, the daily mortality rate we used for  this period), then 
each 2-year-old white perch i s  worth two yearlings or ten young-of-the-year. 
Even t h o u g h  the number o f  yearling and older white perch impinged each year 
consti tutes only about 10% of to ta l  white perch impingement, the impact o f  
kil l ing these f ish i s  quite substantial .  In our opinion the u t i l i t i e s  have 
seriously underestimated the impact of impingement on the 1974 white perch 
year c lass  by fa i l ing  t o  account for  the impingement o f  yearling and older 
f ish.  

If mortality between age 1 and age 2 i s  50% 
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s. w imims  IN IMPACT DUE TO THE INSTALLATION 
OF CI.OSED-CYCLE C001.ING SYSTEMS 

I h i s  s e r t i o n  provides ;he deeision-maker w i t h  quant i ta t ive estimates o f  
thhe ecological t i e r e f i t s  t o  be gained by the  ins ta l la t ion  o f  closed-cycle 
coo l i ng  system at Irnailine, Indian Point  Units 2 and 3,  and Roseton. We 
have coqmted es t imates  o f  the  reduced impact t h a t  would have been imposed 
on t h e  1(2/4 and 1Y1S year c lasses  o f  white perch, s t r iped bass, and Atlantic 
Q.omr4 had tlosed-cycle cooling systems been operating a t  one or more O F  the 
three p lan ts  a t  issue i n  these procredings. 
cooling configii i-ations:  (1) c o o l i n g  toswerr a t  a l l  three plants ,  ( 2 )  cooling 
f t ~ w r s  a t  rji71~~7;17ta and Ind ian  Point and once-through cooling a t  Rosetona and 
( 3 )  cwlirug Lowers a t  Indian Point  and onee-through cooling a t  Bowline and 
Roseton. 

We considered three closed-cycle 

The iqu&ek-s o f  :&ile perch, s t r iped b a s s ,  and Atlantic tomcod t h a t  
wacld have been iriipr’nged, had closed-cycle cooling systems been i n  operation 
d d r i i ~ g  tI,e years 1974--17, were calculated by assuming t h a t  the number o f  
f i sh  iiiipinged a t  a particit lar  p l a n t  i s  d i r e c t l y  proportional t o  the volume 
o f  cooling ~ a t e t -  withdrawn by that: plant. A detai led description of the 
~ ~ e i h d  used 10 estimate the nuhers o f  f i s h  impinged during each month ,  
g iven  each closed-cycle coolling configuration, is contained i n  Appendix C. 

The estimates of ahnndance and mortali ty used to  estimate the impact o f  
i q j i  t-~gmetiit 3ssumi i-rq c l ~ s e d - c y c l e  cooling were the same ones used t o  
generate t h e  ranges o f  estimates o f  iq presented i n  Table 23. thus, 
except f o r  the iiiipingement d a t a ,  l l i e  i n p u t  data used t o  generate estimates 
o f  M I  assumirmg closed-cycle cooling were ident ical  t o  those used t o  
compt~te ininimum and maximum estirsintes of r n ~  for  once-through cooling 
systcisls a t  a l l  p l a n t s .  Ranges of  conditional impingement rnurtality rates 
f e r  the 1974 and 1975 year c lasses  o f  whjte  perch, striped bass, and 
- A t l a i r t i c .  tomcod, f o r  a l l  three closed-cycle configurations, are presented in 
/ a b l e  24. 

Cornparisen o f  l ab les  23 and 24 shows t h a t  the i n s t a l l a t i o n  o f  
closed-cycle c o o l i n g  wo~ild have great ly  reduced the impact OF impingement on 
a l l  three species. I f  coaling towers had existed a t  a l l  three plants 
( C m f i g u r c t i o n  11% the maxiinurn csnditional impingement rnortd7it.y ra tes  f o r  
whi%e perch w u l d  have bee0 reduced from 0.588 t o  0.150 for t he  1974 year 
c lass  and from 9.245 l o  0.04? f u r  ‘the 1975 year c lass .  The siiaximu 
o f  fiq f o r  strxiped laass I K N J ~ ~  have been reduced from 0.092 t o  0.023 f o r  the 
1974 ycar class a& from 0.035 t o  0.013 f o r  the 1975 year c lass .  
At’aarrtic tommd,  tt-rc rrrnxirnurn impacts wauld have been reduced from 0.049 t o  
U.018 foi- the 1974 year c l a s s  and f r e m  0.030 t o  0.003 f o r  the  1975 year 
clacs.  

For 

Similar reduct iuns could have been obtained g iven  closed-cycle cooling 
a t  ih\fiiIine aiad Indian P G i n t  only (Configuration 2 ) *  
striped b a s s  arsd A i l a n t i c  tomcod, assuming once-through coaling a t  Roseton, 
are v i r t u a l l y  ident ical  t o  those obta ined assuming closed-cycle cooling a t  

The ranges o f  mi for  



Table 24. Estimates of m I  for  the 1974 and 1975 year c lasses  of white 
perch, striped bass, and Atlant ic  tomcod, assuming three 
a l te rna t ive  close-cycle cooling configurations 

Configuration 

Low High Low High Low High 

l a  2b 3c 

White perch (1974) 

Maximum range 

Probab7e range 

0.027 

0.031 

0.150 

0.128 

0.030 0.177 

0.036 0.143 
0.042 

0.049 
0.237 
0.195 

White perch (1975) 

Maximum range 

Probable range 

0.013 
0.020 

0.042 

0.042 
0.019 0.061 

0.029 0.061 
0.024 

0.036 
0.078 
0.078 

Striped bass (1974) 0.003 0.023 0.003 0.024 0.010 0.081 

0.001 0.024 S t r i p e d  bass (1975) 0.013 0.001 0.013 0.003 

Atlantic tomcod (1974) 0.004 0.018 0.004 0.019 0.004 0.019 

Atlantic tomcod (1975) 0.001 0.003 0.001 0.004 0.001 0.004 

"Closed-cycle cooling a t  Bowline, Indian Point,  and Roseton. 

klosed-cycle  cooling a t  Bowline and Indian Point; once-through cooling 

CClosed-cycle cooling a t  Indian P o i n t ;  once-through cooling a t  Bowling 

a t  Roseton. 

and Roseton. 
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a l l  three plants.  
higher values o f  m1 obtained assuming Configuration 2 tham assuming 
Configuration 1. 

Only f o r  the 1975 white perch year c lass  were appreciably 

Results obtained assuming Configuration 3 indicate tha t  the 
ins ta l la t ion  o f  closed-cycle cooling a t  Indian P o i n t  Units 2 and 3 alone 
wsuld have resulted i n  substant ia l  reductions i n  the  impact o f  impingement 

i t e  perch and Atlantic tomcod. The maximum and m i n i m u m  values o f  in1 
0 t h  &ate perch year classes would have been reduced by more than 50% 

if closed-cycle cooling had been ins ta l led  a t  Indian Point alone. Similar 
reductions i n  the impact o f  impingement on the 1974 Atlantic tomcod year 
c lass  would have resulted.  A reduction i n  impact of  more than 80% would 
have been o b t a i n e d  for the 1975 Atlant ic  tomcod year c lass .  
t ~ m c o d ~  the ins ta l la t ion  of caoling towers a t  Bowline and Rosetan would have 
resulted i n  very l i t t l e  additianal reduction i n  i 

For Atlantic 

For  striped bass, the  reducticans i n  impact t ha t  would have resulted 
f r om the ins ta l la t ion  o f  cooling towers a t  Indian Po in t  alone would have 
been smaller than for the other two species. This r e su l t  is n o t  surpt-ising, 
since i t  is winter impingement a t  Bowline ( E x h i b i t  UT-4, Table 9.2-9) tha t  
has been responsible for the greatest  impingement impact on this 
population. Table 24 indiates t h d t  the ins ta l la t ion  o f  closed-cycle cooling 
a t  both Indian Point and Bowline wsuld  have reduced the impact o f  

en% on s t r iped bass by a factfir o f  2-4 in comparison t o  closed-cycle 
a t  Indian P o i n t  alone. 

Since future operating conditions a t  Lovett, Danskamer, and Indian 
Point U n i t  3 will d i f f e r  Pram those t h a t  prevailed d u r i n g  1974 and 1975, our 
resu l t s  are n o t  projections of future  impacts given elosed-cycle cooling. 
In the future,  generating loads and cool ing  water withdrawals a t  Lovett. and 
Danskamer w i  11 be reduced. Consequently, the impacts o f  impingement a t  
these two plants on fu ture  year classes o f  bite perch, s t r iped bass, and 
Atlantic tomcod (and other species as well) will be  reduced i n  comparisan t o  
the impacts inposed on the 1974 a d 1975 year classes.  These reductions i n  
impact will be offset  by increase impacts due t a  impingement. a t  Indian 
Paint U n i t  3, which d i d  not begin comnercial operation u n t i l  1976. Neither 
t h e  impact af once-through cooling a t  Indian Point  U n i t  3 nor the reductions 
i n  impact resulting from the in s t a l l a t ion  o f  cooling towers a t  Indian Poin t  
are fu l ly  refleeted i n  the results presented in Tables 23 and 24, 
our results underestimate the contribution o f  Indian Po in t  U n i t  3 t o  feature 
riverwide impingement t o t a l s ,  they probably underestimate the reductions i n  
impact tha t  would be obtained from the ins ta l la t ion  a f  closed-cycle cooling 
systems a t  one or  more o f  the three plants t ha t  are t h e  subject o f  these 
proceedings. 

Because 
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APPENDIX A 

NUMBER OF FISH IMPINGED BY SPECIES, POWER STATION, ANI) MONTH 

She purpose o f  this  appendix i s  t o  document the source o f  the 
impingement numbers i n  Tables 2-13. The appendix is organized by species 
and by power s ta t ion  w i t h i n  species. 
appendix ( i n  order) are s t r iped bass, blueback herring, alewife, American 
shad, Atlant ic  tomcod, and bay anchovy. The six power s ta t ions  considered 
( i n  order, moving upriver) are Bowline P o i n t ,  Lovett ,  Indian Point, Roseton, 
Danskatmer, and Albany. 

The s i x  species considered i n  th is  

For each species except bay anchovy, tabulations s t a r t  i n  1974 w i t h  the 
f i r s t  m o n t h  when young-of-the-year of the 1974 year c lass  of  each species 
were impinged. 
appearance of spawners i n  impingement col lect ions.  Tabulations end i n  1976 
w i t h  A p r i l  for  Atlant ic  tomcod and w i t h  May for American shad, resu l t ing  i n  
24 m ~ n ~ ~ ~ y  estimates of number o f  f ish impinged. 
e s sen t i a l ly  only  young-of-the-year are impinged,  so the 24 monthly estimates 
al low f o r  calculation o f  the conditional impingement mortali ty r a t e  for the 
1974 year c lass  and the 1975 year c lass .  

For bay anchovy tabulations s t a r t  i n  May 1974 w i t h  

For  these two species 

An exploi ta t ion r a t e  over a specified period of time, ra ther  than a 
conditional impingement mortal i ty  rate for a given year c lass ,  i s  calculated 
f o r  bay anchovy, for  reasons discussed i n  Section 1. 
anchovy end w i t h  June 1976 before impingement sharply increases due t o  
young-of-the-year i n  the  1976 year c lass  reaching impingeable s ize .  

Tabulations for  bay 

Striped bass are  impinged as young-of-the-year and as yearlings,  while 
blueback herring and alewife are impinged as young-of-the-year, yearlings 
(before they migrate t o  the ocean), and three-year o l d s  and older when they 
return t o  the Hudson to spawn. T h u s ,  fo r  these three species i t  was 
necessary t o  estimate on a monthly basis a t  each power s ta t ion  the f rac t ion  
o f  the f i s h  impinged tha t  were o f  each age. For s t r iped bass the tabulation 
is from July 1974 th rough  June 1977, which allows for calculation o f  the 
Conditional impingement mortali ty r a t e  for the 1974 year c lass  and the 1975 
year c lass .  Tabulations for blueback herr ng and alewife are for  the same 
period,  b u t  because o f  the need t o  include impingement o f  three-year o lds ,  
i t  i s  possible t o  calculate  a conditional mpingement mortal i ty  r a t e  fo r  
only the 1974 year c lass .  
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STRIPED BASS 

Bowl ine 

Number collected: values taken d i r ec t ly  from data sheets in Ref. (10) for  

-- 

July 1974 - December 1976 and from data sheets in Ref. (13)  f o r  January 
1977 - June 1977. 

FA0 ( f ract ion collected i n  age c lass  0 ) :  
calculated from monthly length-frequency d is t r ibu t ions  [Tables 10.2-18 
and 10.2-19 in Ref. (l)]. The "DIVISION" c r i t e r i a  specified by Texas 
Instruments were used as the cut-off length between young-of-the-year 
and yearling s t r iped bass (see Table A 1  in t h i s  appendix). 

January 1975 - December 1976: 

July 1974 - December 1974 and January 1977 - June 1977: 
of monthly values during these periods, estimates were calculated as 
the average of the 1975 and 1976 FA0 values fo r  each month. 

in the absence 

Lovett 

Number collected: same sources as for  Bowline. 

FA0 ( f ract ion collected in age c lass  0 ) :  
available for  Lovett. Consequently, a l l  monthly values fo r  FAQ were 
approximated based on data from Indian Point, which i s  located only 1% 
miles upriver and across the r iver  from Lovett. 

No estimates of FA0 were 

.___ Indian Point 

Number collected: July 1974 - December 1976: Copied d i rec t ly  from appendix 
tables i n  Refs. ( 5 )  - (8) .  However, if a value in these Texas 
Instruments ( T I )  appendix tables  was lower than the corresponding value 
on the data sheets in Refs. (10) and ( 1 2 ) ,  then the updated value in 
Refs. (10) and ( 1 2 )  was used. In general, the values presented in the 
TI appendix tables are the same as or h i g h e r  than the values presented 
in Refs. (10) and (12)  for  the reason discussed by Con Edison in t h e i r  
response t o  Question VI.2 in Ref. (10).  Thus ,  the subst i tuted higher 
values from Refs. (10) and ( 1 2 )  can s t i l l  be low, because they were 
selected by TI t o  include only data tha t  represented known flow volumes 
and associ ated impi ngement co 11 ect  i ons . 
January 1977 - June 1977: Copied d i r ec t ly  from data sheets provided in 
Refs. ( 1 4 )  and (15) .  



111-51 

FA0 ( f rac t ion  collected in age c l a s s  0):  
Calculated from data on magnetic tapes provided by Consolidated 
Edison. The two tapes used were Texas Instruments 1975 Impingement 
Data (Record Type D )  and Texas Instruments 1976 Impingement Data 
(iiecord Type Dj. Monthly estimates of FA0 were calculated fo r  each 
unit for  which there  were s t r iped bass impingement data as follows: 

June 1975 - December 1976: 

Number of impinged striped bass in Length Class 1 
Total number o f  impinged s t r iped bass FA0 = ¶ 

where the bounds  on Leng th  Class 1 are 0 mm t o  DIVISION, where DIVISION 
i s  the seasonally-varying, t o t a l  body length i n  millimeters which i s  
used as the cut-off length between young-of -the-year and year1 ing 
s t r iped bass (see Table A 1  of t h i s  appendix). 

July 1974 - May 1975 and January 1977 - June 1977: in the absence of 
monthly values during these two periods, estimates were cal cul ated 
using the June 1975 - December 1976 values. 

Roseton 

Number collected: July 1974 - December 1976: copied d i r ec t ly  from 
Table 10.2-9 of Ref. ( 2 ) .  January 1977 - June 1977: calculated from 
the monthly average col lect ion rates in Ref. (11) and monthly values of 
actual t o t a l  plant intake flow in mill ions of gallons for the 
par t icu lar  m o n t h  ( f rom data sheets provided by U. S. Environmental 
Protection Agency, Region 11, New York, New York). 

FA0 ( f rac t ion  collected in age c lass  0 ) :  
except based on Tables 10.2-19 and 10.2-20 in Ref. (2).  

same methodology as fo r  Sowline, 

Danskammer 

Number collected: July 1974 - June 1977: calculated from the monthly 
average col lect ion r a t e s  in Refs. (10) and (11) and monthly values of 
actual t o t a l  plant intake flow in mill ions of gallons for  the 
par t icu lar  m o n t h ,  from data sheets i n  Ref. (9)  fo r  July 1974 - December 
1976 and from data sheets provided by the U. S. Environmental 
Protection Agency, Region 11, New York, New York f o r  January-June 1977. 

avai 1 able f o r  Danskamner. Consequently, a1 1 monthly values fo r  FA0 
were approximated based on data from Roseton, which i s  adjacent t o  
Dansk amner . 

FA0 ( f ract ion collected in age c lass  0 ) :  no estimates o f  FA0 were 
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Number collected: July 1974 - March 1975 ( R e f .  3 ) :  calculated from monthly 
data on estimated number of f i s h  o f  a l l  species collected a t  a l l  uni ts  
(from Table 2 ,  Column 0, Total)  and rnsnthly data on percentage 
campasition by species of the f i s h  collected (from Table 4 ) .  

April 1975 - March 1996 (Ref. 4 ) :  calculated from monthly data on 
average observed number o f  fish o f  a l l  species collected per million 
gallons o f  intake flow a t  a l l  units (from Table IVC-16), monthly data 
an percentage composition by species of the f i s h  collected (from 
Table IVC-14), and monthly values o f  average dai ly  plant flow for  a l l  
units i n  millions o f  gallons per day times the number o f  days i n  t h e  
par t icu lar  month (from Table IVC-16). 

April 1976 - June 1977: in the absence of monthly values during this  
period, estimates were calculated for  each m o n t h  as &Ire average o f  the 
two values f o r  t h a t  par t icu lar  month w i t h i n  the period July 1974 - 
March 1976, 

FA0 ( f rac t ion  collected i n  age c lass  0 ) :  July 1974 - March 1975 (Ref. 3 ) :  
estimated from the monthly p l o t s  in Fig. 10 o f  frequency versus length 
intervals  o f  st r iped bass collected a t  the Albany Steam Electr ic  
Generating Station. 
Instruments were used as t h e  cut-off length between young--of--the-year 
and yearling s t r iped bass (see  Table A 1  i n  t h i s  a p p e n d i x ) .  

The "DIVISION" c r i t e r i a  specified by Texas 

April 1975 - March 1976 (Ref. 4 ) :  estimated from the plots  i n  
F i g .  IVC-5 o f  re la t ive  frequency versus length intervals  of s t r iped 
bass collected a t  the  Albany Steam Elec t r ic  Generating Station. 
"DIVISION" c r i t e r i a  specified by Texas Instrruments were used as the 
cut-off p o i n t  between young-af-the-year and yearling striped bass ( see  
Table A 1  in th i s  appendix). 

The 

April 1976 - June 1977: in the absence of monthly values d u r i n g  this 
period, estimates were calculated f o r  each month as the average o f  the 
two values for  t h a t  par t icu lar  month w i t h i n  the period July 1974 - 
March 1976. 
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BLUEBACK HERRING 

Bowl i ne 

Number collected: copied d i r ec t ly  from data sheets in Ref. (10) fo r  July 
1974 - December 1976 and from data sheets in Ref. (13) for  January 1977 
- June 1977. 

FA0 ( f rac t ion  collected in age class 0 ) :  
calculated from monthly length-frequency d is t r ibu t ions  [Tables 10.2-27 
and 10.2-28 in  Ref. (l)]. The seasonally varying, t o t a l  body length 
used to  discriminate between young-of-the-year and yearling blueback 
herring was estimated from these length-frequency d is t r ibu t ions .  

January 1975 - December 1976: 

July 1974 - December 1974 and January 1977 - June 1977: 
of monthly values during these two periods, estimates were calculated 
as the average of the 1975 and 1976 FA0 values fo r  each month. 

i n  t he  absence 

Lovett  

Number collected: same sources as for  Bawline. 

FA0 ( f rac t ion  collected in age c lass  0 ) :  
available for  Lovett. In addition, no values were avai lable  for  Indian 
Point. Consequently, values f r om Bowline were used. 

No estimates of FA0 were 

Indian Point 

Number collected: July 1974 - December 1976: Copied d i r ec t ly  from appendix 
tables  in Refs. ( 5 )  - (8) .  However, i f  a value in these Texas 
Instruments (TI)  appendix tables  was lower than the corresponding value 
on the data sheets in  Refs. (10) and (12), then the value in Refs. (10) 
and ( 1 2 )  was used. In general, the values presented in the TI appendix 
tables  are the same as or higher than the values presented in Refs. (10) 
and ( 1 2 )  for the reason discussed by Con Edison in t h e i r  response t o  
Question VI.2 in  Ref. (10). T h u s ,  the  subst i tuted higher values from 
Refs. (10) and ( 1 2 )  can s t i l l  be low, because they were selected by TI 
t o  include only data tha t  represented known flow volumes and associated 
impingement col lect ions.  

January 1977 - June 1377: Copied d i r ec t ly  from data sheets provided in 
Refs. (14)  and (15).  

FA0 ( f rac t ion  collected in age c lass  0)s 
available fo r  Indian Point. Consequently, values from Bowl.ine, which 
i s  the power plant c losest  to  Indian Point fo r  which FA0 values were 
available,  were used. 

No estimates o f  FA0 were 
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Roseton -.--- 

Number collected: July 1974 - December 1976: copied d i rec t ly  from 
Table 10.2-9 of Ref. ( 2 ) .  January 1977 - June 1977: calculated from 
the monthly average collection ra tes  in Ref. (11) and monthly values of 
actual t o t a l  plant intake flow in millions of gallons for  the 
par t icular  month (from data sheets provided by U. S. Environmental 
Protection Agency, Region 11, New York, New York). 

FA0 ( f ract ion collected in age class  0 ) :  same methodology as for  Bowline, 
except based on Tables 10.2-29 and 10.2-30 in Ref. ( 2 ) .  

Dan s k ammer 

Number collected: July 1974 - June 1977: calculated from the monthly 
average collection rates  in Refs. (10) and (11) and monthly values of 
actual t o t a l  plant intake flow in millions of gallons for  the 
par t icular  m o n t h ,  from data sheets in Ref. ( 9 )  f o r  July 1974 - December 
1976 and from data sheets provided by U. S. Environmental Protection 
Agency, Region 11, New York, New York fo r  January-June 1977. 

FA0 (fract ion collected in age class  0 ) :  no estimates of FA0 were 
available fo r  Danskamner. Consequently, a l l  monthly values fo r  FA0 
were approximated based on data from Roseton, which i s  adjacent t o  
Dansk amner. 

AI bany 

Number collected: July 1974 - March 1975 (Ref. 3 ) :  calculated from monthly 
data on estimated number of f i sh  of a l l  species collected a t  a l l  units 
(from Table 2 ,  Column D, Total)  and monthly data on percentage 
composition by species of the f i sh  collected (from Table 4 ) .  

April 1975 - March 1976 (Ref. 4 ) :  
average observed number of f i sh  of a l l  species collected per million 
gallons of intake flow a t  a l l  uni ts  (from Table IVC-161, monthly data 
on percentage composition by species o f  the f i sh  collected (from 
Table IVC-llS), and monthly values of average daily plant flow for  a l l  
units in millions of gallons per day times the number of days in the 
par t icular  month (from Table IVC-16). 

calculated from monthly data on 

April 1976 - June 1977: in the absence of monthly values during t h i s  
period, estimates were calculated for each month as the average o f  the 
two values f o r  tha t  par t icular  mon th  within the period July 1974 - 
March 1976. 

FWQ (fract ion collected in age class  0 ) :  estimated froin the  monthly p l o t s  
in Fig. 7 of Ref. ( 3 )  of frequency versus length intervals  o f  blueback 
herring collected a t  the Albany Steam Electr ic  Generating Station. 
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ALEWIFE 

Bowl i ne 

Number collected: copied direct ly  from data sheets i n  Ref. (10) for  July 
1974 - December 1976 and from data sheets i n  Ref. (13) for  January 1977 
- June 1977. 

FA0 (fraction collected i n  age class 0) :  January 1975 - December 1976: 
calculated from monthly length-frequency distributions [Tables 10.2-24 
and 10.2-25 i n  Ref. (1)l. 
used t o  discriminate between young-of-the-year and yearling alewife 
herring was estimated from these length-frequency distributions.  

July 1974 - December 1974 and January 1977 - June 1977: 
o f  monthly values d u r i n g  these two periods, estimates were calculated 
as the average of the 1975 and 1976 FA0 values for each month. 

The seasonally varying, to ta l  body length 

i n  the absence 

Lovett 

Number collected: same sources as for Bowline. 

FA0 (fraction collected i n  age class 0) :  
available for Lovett. In a d d i t i o n ,  no values were available for Indian 
Point. Consequently, values from Bowline were used. 

No estimates o f  FA0 were 

Indian P o i n t  

Number collected: July 1974 - December 1976: Copied direct ly  from appendix 
tables i n  Refs. ( 5 )  - (8) .  However, if a value i n  these Texas 
Instruments (TI )  appendix tables was lower than the corresponding value 

the data sheets fo r  Indian P o i n t  in Refs. (10) and (12) ,  then the 
value in Refs. (10) and (12)  was used. In general, the values 
presented i n  the TI appendix tables are the same as or higher than the 
values presented i n  Refs. (10) and (12)  for  the reason discussed by Con 
Edison i n  the i r  response t o  Question VI.2 i n  Ref. (10).  
substituted h i g h e r  values from Refs. (10) and (12)  can s t i l l  be low, 
because they were selected by TI t o  include only data that  represented 

T h u s ,  the 

nown flow volumes and associated impingement collections. 

January 1977 - June 1977: 
Refs. (14) and (15).  

Copied d i rec t ly  from data sheets provided i n  

FA0 (fraction collected i n  age class 0): 
available f o r  I n d i a n  P o i n t .  Consequently, values from Bowline, which 
i s  the power p l a n t  closest to  Indian Point for  which FA0 values were 
avai 1 ab1 e ,  were used. 

No estimates of FA0 were 
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Roseton 

Number collected: July 1974 - December 1976: copied d i rec t ly  from 
Table 10.2-25 of Ref. ( 2 ) .  January 1977 - June 1977: calculated from 
the monthly average col lect ion r a t e s  in Ref. (11) and monthly values o f  
actual t o t a l  plant intake flow in millions of gallons fo r  the 
par t icular  month (from data  sheets provided by U, S .  Environmental 
Protection Agency, Region 11, New York, New York) .  

FA0 ( f rac t ion  collected in age class  0 ) :  
except based on Tables 10,Z-26 and 10.2-27 in Ref. ( 2 ) .  

same methodology as for  Bowline, 

D ans k ammer - 

Number collected: July 1974 - June 1979: calculated from the monthly 
average collection ra tes  in Refs, (10) and (11) and monthly values o f  
actual t o t a l  plant intake f l ow  in millions o f  gallons for  the 
par t icular  month, from data sheets in Ref. ( 9 )  fo r  July 1974 - December 
1976 and from data sheets provided by U. S. Environmental Protection 
Agency, Region 11, New York, New York for  January-June 1977. 

FA0 (fract ion collected in age c lass  0 ) :  
available f o r  Danskamner. Consequently, a l l  rnonthly values for  FA0 
were approximated based on data from Roseton, which i s  adjacent t o  
Dansk amner . 

no estimates of FA0 were 

A 1  bany 

Number collected: July 1974 - March 1975 (Ref. 3 ) :  calculated from monthly 
data on estimated number of f i sh  o f  a l l  species collected a t  a l l  u n i t s  
(from Table 2 ,  Column D, Total)  and monthly data on percentage 
composition by species o f  the f i sh  collected (from Table 4 ) .  

April 1975 - March 1976 (Ref. 4 ) :  calculated from monthly data on 
average observed number o f  f i sh  o f  a l l  species collected per mill ian 
gallons o f  intake flow a t  a l l  uni ts  ( f rom Table IVC-E), monthly data 
on percentage composition by species o f  the  f i s h  collected (From 
Table IVC-14), and monthly values o f  average dai ly  plant flow for a l l  
units in millions of gallons per day times the number of days in the 
par t icular  m o n t h  (from Table IVC-16). 

April 1976 - June 1977: 
period, estimates were calculated for  each month  as the average o f  the  
two values for  t ha t  par t icu lar  mon th  within the period July 1914 - 
March 1976. 

in the absence of monthly values d u r i n g  t h i s  

FA0 (fract ion collected in age c lass  0 ) :  estimated from the monthly plots  
in Fig. 7 of Ref. (3 )  o f  frequency versus length intervals  o f  alewife 
collected a t  the Albany Steam Electr ic  Generating Station. 
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AMERICAN SHAD 

Bowline -- 

Number collected: copied direct ly  from data sheets f o r  Bowline in Ref. (I  
For June 1974 - May 1976. 

Lovett ._-- 

Number collected: copied direct ly  from data sheets for Lovetk i n  Ref. ( l o )  
f o r  June 1974 - May 1976, 

Indian Poins 

Number collected: June 1974 - May 1976: Copied direct ly  f r o m  ~ ~ ~ e ~ ~ d ~ x  
tables in Refs. ( 5 )  - ( 8 ) .  However, i f  a value in these Texas 
Instruments ( T I )  appendix tables was lower t h a n  the corresponding value 
on the data sheets in Refs. (10) and (121, then the value in Refs. (10) 
and ( 1 2 )  was used. 1n general, the values presented i n  t h e  TI appendix 
tables are the same as or h i g h e r  than the values presented in Refs.  (1 
and ( 1 2 )  for the wason for th i s  i s  discussed by Con Edison i n  t h e i r  
response t o  Question VT.2 in Ref. (li)). 
values from Refs. (10) and ( 1 2 )  can s t i l l  be low, because they were 
selected by TI t o  include only d a t a  t h a t  represented known flow volumes 
and associated impingement collections. 

T h u s ,  the substituted higher 

Roseton and Danskamer 

Number collected: copied direct ly  from da ta  sheets in Ref. (16)- 

A1 bany 

Number collected: June 1974 - March 1975 (Ref, 3): 
data on estimated number o f  f ish of a l l  species callected at  a l l  units 
(from Table 2, Column 0, Total) and monthly data on percentage 
composition by species of the fish collected (from Table 4 ) .  

April 1975 - March 1976 (Ref. 4 ) :  
average observed number of f i sh  o f  a l l  species collected per million 
gallons of intake flow a t  a71 units (from Table IVC-16), monthly data 
on percentage composition by species of the f i sh  collected ( f rom 
Table IYC-14), and monthly values of average daily plant Flow for a l l  
units in millions of gallons per day times the number o f  days in the 
particular month (from Table IVC-16), 

calculated froin ~ ~ n t h ~ ~  

calculated from monthly data on 
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April 1976 - May 1977: 
period,  estimates were calculated for each month as the average o f  the 
two values for that particular month within the period July 1974 - 
March 1976. 

in the absence o f  monthly values during this 
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ATLANTIC TOMCOD 

Bowline 

Number collected: values taken direct ly  from data sheets for Bowline in 
Kef. (10) for  May 1974 - April 1976. 

Lovett 

Number collected: values taken direct ly  from data sheets for Lovett in 
Ref. (10) fo r  May 1974 - April 1976. 

Indian Point 

Number collected: May 1974 - April 1976: Copied direct ly  from appendix 
tables i n  Refs. (5)  - (8). However, if a value in these Texas 
Instruments ( T I )  appendix tables was lower than the corresponding value 
on the data sheets in Refs. (10) and (121, then the value in Refs. (10) 
and ( 1 2 )  was used. I n  general, the values presented in the TI appendix 
tables are the same as or higher than the values presented in Refs. (10) 
and (12)  for  the reason discussed by Con Edison in the i r  response t o  
Question VI.2 in Ref. (10).  
Refs. (10) and ( 1 2 )  can s t i l l  be low, because they were selected by TI 

T h u s ,  the substituted higher values from 

t o  include only-data that  represented known 
impingement collections. 

Roseton 

Number collected: May 1974 I April 1976: copiec 
of Ref. ( 2 ) .  

flow volumes and associated 

direct ly  from Table 10.2-10 

Dans kammer 

Number collected: May 1974 - April 1976: calculated from the monthly 
average collection rates  in Ref. (10) and monthly values of actual 
total  plant intake flow in millions o f  gallons for  the particular month 
obtained from data sheets i n  Ref. ( 9 ) .  

Albany 

Number collected: April 1974 - March 1975 (Ref. 3 ) :  calculated from monthly 
data on estimated number of f i sh  of a l l  species collected at  a l l  units 
(from Table 2, Column D, Total) and monthly data on percentage 
composition by species of the f i sh  collected (from Table 4 ) .  
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A p r i l  1975 - March 1976 (Ref. 4 ) :  calculated f r o m  monthly data on 
average observed number of f i s h  o f  a11 species collected per inillion 
ga.11om of intake f l o w  a t  a l l  units ( f r o m  Table IVC-l&), monthly data 
on percentage composition by species of t h e  f i s h  collected (from 
Table I V C - 1 4 ) ,  atld nionthly values o f  average daily plant f l o w  for  a l l  
uni ts  i n  mill ions o f  gallons per day t i m e s  the  number o f  days i n  the 
par t icular  month ( f r o m  Table I V C - 1 6 ) .  

Apr.i1 1976 calculated as the  average of the 1974 and 1975 values for 
April. 
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BAY ANCHOVY 

Bowl i ne 

Number collected: copied direct ly  from data sheets for Bowline in Ref. ( l o )  
for  May I974 - June 1976. 

Lovett  

Number collected: copied direct ly  from data sheets for  Lovett  in Ref. (10) 
for  May 1974 - June 1976. 

Indian Point 

Number collected: May 1974 - June 1976: Copied direct ly  from appendix 
tables in Refs. ( 5 )  - (8) .  However, i f  a value in these Texas 
Instruments ( T I )  appendix tables  was lower than the corresponding value 
on the data sheets i n  Refs. (10) and (12),  then the value in Refs. (10) 
and ( 1 2 )  was used. In general, the values presented in the TI appendix 
tables are the same as or higher than the values presented i n  Refs. (10) 
and ( 1 2 )  f o r  the reason discussed by Con Edison in the i r  response t o  
Quest ion VI.2 in Ref. (10). T h u s ,  the substituted h igher  values from 
Refs. (10) and ( 1 2 )  can s t i l l  be low, because they were selected by TI 
t o  include only data tha t  represented known f l o w  volumes and associated 
impingement collections. 

Roseton 

Number collected: 
of Ref. ( 2 ) .  

May 1974 - June 1976: copied direct ly  from Table 10.2-13 

D an s k ammer - 

Number collected: May 1974 - June 1976: calculated from the monthly average 
collection rates i n  Ref. (10) and monthly values of actual total  plant 
intake flow i n  millions of gallons for the particular m o n t h  obtained 
from data sheets in Ref. ( 9 ) .  

Albany 

No bay anchovy are reported t o  be impinged a t  Albany (Refs. 3 and 4 ) .  
- 
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Table A-1.  "DIVISION" c r i t e r i a  specified by Texas Instruments as the cnt-off 
length between young-of-the-year and yearl ing striped bassa 

D I V I S I ON 
(niin) Y E A R  C L A S S E S ~  

b 
DA'i- t: d D I v IS I O P ~  

YEAR CLASSES D R T E ~  (mm) 

7501 01 
1501 01 
7501 16 
7501 16 
750201 
150201 
75021 5 
75021 5 
750301 
750301 
75031 5 
75031 5 
750401 
759401 
7W415 
75041 5 
750501 
750501 

140 1973-1974 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 
140 

I 75rJt;l5 140 
75051 5 140 Y 

750601 29 1974-1 975 
750501 
75061 5 
75061 5 
750707 
7 50 73'1 
75031 5 
75071 5 
750805 
750805 
75081 8 

75091 5 
751 006 
751 020 
751 103 
751117 
751 201 
751 21 5 

750x11 

29 
50  
50  
50 
50 
88 
80 

100 
1 80 
110 
110 
130 
150 
150 
150 
158 
150 
155 

7601 05 
7601 19 
760202 
76021 6 
760301 
76031 5 
760405 
76041 9 
76041 9 
760503 
..-.. 76051 ~ _____ 7 
760607 
760607 
760621 
760705 
76071 9 
760802 
76081 6 
76081 6 
160830 
760830 
76091 3 
76091 3 
760927 
760927 
961 01 1 
76101 1 
761025 
761 025 
761 108 
761 108 
761 122 
761 206 
761 206 
761 220 
761 220 

155 
155 
155 
155 
155 
155 
155 
155 
155 
155 
155 

1974 -1975 

1 

~ _ _  
50 1975-1976 
50 
50 
50 
80 
80 

100 
100 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 
125 

__ ....I_ 

aQht.ained f r o m  computer d a t a  tapes enta'tl ed Texas Instruments 1975 Impingement 

%he format f o r  DATE i s  year-month-day. 

'The seasonal ly-varying, t o t a l  body length which i s  used t o  discriminate b e t ~ e e r s  
young-of-the-year and yearl i n g  str iped bass. 

$he two year classes separated by DIVISION. 

D a t a  (Record Type E] and Texas Instrurrients 1976 Impingement D a t a  (Record ~~p~ E ) .  
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APPENDIX B 

ABUNDANCE AND M ~ R ~ A L ~ ~ ~  ESTIMATES 

r 3 i . r ~  estimates of white perch abundance and mortality are developed in a 
separate piece of testimony: "Evaluation of impingement losses o f  white 
perch at the Indian Point Nuclear Station and other Hudson River power 
p?ants i t  (Exhibit EPA-206). In this appendix we develop similar estimates 
for striped bass, blueback herring, alewife, American shad, and Atlantic 
tomcod, instead of estimating the 
initial number o f  impinqeable juveniles and the rate of mortality of these 
juveniles, the total nrrmber of juveniles and adults residing above R6Y1 12 i s  
estimated, The reason for this difference in treatment i s  discussed in 
Section 1 of the main body o f  testimony. 

The bay anchovy is treated differently: 

A l l  of t h e r e  estimates are based on data from TIIS Long River Survey 
and R i v e r w i d e  Beach Seine Survey for the years 1974 and 1975. Although the 
data bases used vary from species t o  species, the population s i z e s  and 
m o r t a l i t y  rates for a l l  species except striped bass and bay anchovy were 
computed u s i n g  a common method. T h i s  method i s  described i n  Section 81 of 
this appendix. Sections 92-85 describe the data bases and computations used 
to derive abundance and mortality estimates for each individual species. 

51. Methodology fo r  Estimating Abundance and Mortality _I of 
--- Blueback Herring, Alewife, American Shad, and Atlantic Tomcod 

The data used to compute estimates o f  initial abundance and mortality 
f o r  blueback herring, alewife, American shad,  and Atlantic tomcod are weekly 
(Long River Survey) o r  biweekly (Beach Seine Survey) estimates of the number 
of j u v e n i l e s  present between River M i l e s  12 and 156. The methods used to 
derive these estimates are described in Section 83 and B4. The purpose of  
this section i s  t o  describe the way i n  which estimates of initial abundance 
and mortality were generated from each t i m e  series of population sizes- 

Ira geriwal, i t  was not possible t o  identify a single weekly or biweekly 
p o p u l a t i o n  estimate as being the "best" estimate of the initial number of 
impingeahle juveniles. For some species in some years, significant 
impingement began before juveniles were f u l l y  recruited into the s i z e  range 
catchable by the sampling gear. 
successive estimates was so high that it was impossible t o  determine d u r i n g  
which sampling period recruitment t o  the beach seine was completed. 
Therefore, we used linear regression to calculate both the initial numbers 
of impingeable j u v e n i l e s  and the mortality rates. Our regression procedure 
was the same as that used by TI t o  estimate the daily t o t a l  mortality rate 
of  juvenile striped bass (Exhibit UT-4, p. 7.137). The procedure involves 
regressing the logarithms of the successive population estimates against the 
time elapsed, i n  days, since some conveniently chosen starting date (we 
chose as the starting date for each year c lass  the first day of its period 
of vulnerability t o  impingement). 

In other cases t h e  variability among 

The y - a x i s  intercept of the fitted 
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regression l ine i s  an estimate of the natural logarithm o f  population s i z e  
on day 0 and the slope i s  an estimate of  the dai ly  to t a l  mortali ty ra te :  

where P ( t )  = population s i z e  a t  time t, P o  = i n i t i a l  population s ize ,  and 
D = daily total  mortality ra te .  This equation i s  equivalent t o  the equation 
h a t  describes the exponential decline of abundance when the mortali ty ra te  
i s  constant: 

A problem encountered in the application o f  t h i s  method i s  that  o f  deciding 
which population estimates should be included in the regression. Early 
S ~ J K ~ T W  values derived f r o m  beach seine data are l ikely t u  be erroneously low 
because n o t  a l l  of the juveniles have grown large enough t o  be caught by 
t h i s  gear .  Late fa17 population estimates for  blueback herring, alewife and 
hnerican shad are l ikely t o  be  erroneously low because of emigration of 
juveniles froin the estuary. Because of the re la t ive ly  high va r i ab i l i t y  in 
the data, i t  i s  impossible t o  unambigously ident i fy  cutoff points fo r  the 
analysis. Therefore, we performed a ser ies  of regressions for  each species, 
using d i f fe ren t  combinations of weekly or biweekly population estimates. 
Rather than singling out one regression as providing the "best" estimates of 
logPo and D ,  we computed weighted means o f  the individual estimates. 
weighting fac tor  used was the inverse o f  the mean squared error associated 
with each regresion. 
values o f  logPo and D associated with the regressions having t h e  best f i t  
t o  the data. The t o t a l  mortali ty ra te  for  m o n t h  i ( A i )  was calculated 

The 

This procedure gives the greatest  weight to those 

from the weighted mean value o f  b by means o f  the foliowing equation: 

= 1 I e-djD 

where d i  = number of days in m o n t h  i. 

i32. Striped Bass 

from T I ' S  combined shoal ,  channel, bottom, and shorezone population 

...I- 

Estimates o f  st r iped bass abunda e and mortali ty are taken d i re  

estimates fo r  1934 and 1975 (described in Exhibit UT-4, Skction 7.9.1.4). 
All weekly standing crop values for  the period July-December fo r  b o t h  years 
w r e  provided to  €PA on February 27,  1978 (Tables D.3-1 and D.3-2) in 
response t o  an information request dated December 27, 1977. The same 
response contains a description o f  the method used t o  derive these values- 
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The u t i l i t i e s  used the combined gear population estimate for the period 
7/27 - 8/2, 1975 ( 5 . 3  m i l l i o n )  as the i r  estimate o f  the i n i t i a l  number of 
impingeable juvenile striped bass during t h a t  year. 
value as our estimate of the m i n i m u m  number of impingeable juveniles a l ive 
on A u g u s t  1, 1975. A similar estimate of the m i n i m u m  abundance of strliped 
bass juveniles on August 1, 1974 was obtained from T I ' S  combined gear 
estimate f o r  the period 7/29-812, 1974 (3.8 m i l l i o n ) .  These estimates are 
m i n i m u m  estimates because they were calculated w i t h  no adjustments for gear 
e f f i c i en cy. 

We have taken the same 

TI ' s  combined gear population estimates are derived by assuming t h a t  
each of the three gears employed (epibenthic sled,  Pucker trawl, and 
100-foot beach seine) i s  100% ef f ic ien t  a t  catching the f i sh  i n  i t s  path, 
I t  i s  undoubtedly true, however, that  the eff ic iencies  o f  a l l  o f  these gears 
are fa r  less than loo%, and most l ikely less than 50%. Recent t e s t s  
conducted by Texas Instruments (1978) have indicated t h a t  the  efficiency of  
the 100-foot beach seine a t  catching juvenile striped bass is about 40%. No 
attempts have been made t o  calculate the abso lu te  efficiency (as opposed t o  
re la t ive efficiency i n  comparison to  other gears) of the epibenthic sled or 
Tucker t rawl .  However, these are basically ichthyoplankton gears, 
to  capture eggs and larvae. Their efficiencies a t  catching the more mobile 
juveniles s h o u l d  be lower t h a n  that  o f  the beach seine, which is designed to  
capture juvenile f ish.  
j u v e n i  le  abundance estimates for  1974 and 1975 by assuming t h a t  the average 
efficiency of the three gears combined i s  20%. 

Therefore, we have generated maximum s t r i p e d  bass 

In Section 7.7.4 of E x h i b i t  UT-4, TI computed an estimate o f  D f o r  
juvenile striped bass (0.0048) based on the combined gear population 
estimates for  the period 7/26-12/31, 1975. The method used by TI to  o b t a i n  
this estimate is  discussed i n  section B 1  of t h i s  E x h i b i t .  The value o f  A 
(0.8) used in the u t i l i t i e s '  impingement impact assessment ( E x h i b i t  UT-3, 
Section 2-VI) was derived by extrapolating T I ' s  resu l t  to 365 days, 

and then round ing  o f f .  
probably an overestimate o f  the annual to ta l  mortality of juvenile striped 
bass. The data used in T i ' s  regression was collected d u r i n g  the l a t e  summer 
and early f a l l  ( E x h i b i t  UT-4, F i g .  7.7-7), a time o f  h i g h  predator act ivi ty  
and, consequently, h i g h  mortal ity. Mortal i t y  d u r i  ng the rema i rider o f  the 
period of vulnerability t o  impingement is l ikely t o  be lower. Both the food 
requirements of the predators (primarily piscivorous f i sh)  and the rates a t  
which they can capture and digest prey are undoubtedly influenced by water 
temperature. D u r i n g  the winter months mortality due t o  predation is l ikely 
to be reduced because of lower predator act ivi ty .  As the juvenile striped 
bass grow they become less vulnerable t o  predators, By la te  spip i~ ig  the 
surviving f ish are on the average more t h a n  100 mi l ong ,  nearly twice as 
l ong  as they were the previous July (50 to  60 rmm), For a s i m i l a r  r-eawn 

We believe t h a t  the u t i l i t i e s '  estimate o f  A i s  
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11's mortali ty estimate i s  l ike ly  t o  be h i g h ,  e w i i  f o r  the period diiririg 
which the abundance d a t a  were collected.  As the juveniles grow, t he i r  
a b i l i t y  t o  evadc. captu1.e b y  the gear increases. Gradual reductions in g 2 a r  
eff ic iency wil l  cause the  population estimates t o  decline mor? rapidly t h a c  
does the actual s ize  of the  p o p u l a t i o n .  

Based on the above reasoning we have used 0.8 as an uppe;. bound on the 
annual t o t a l  mortali ty r a t e  of juvenile s t r iped bass .  The corresponding 
d a i l y  mortal i ty  r a t e  i s  0.0044. The estimated t o t a l  annual  mortali ty r a t e  
of yearling and older white perch provides a reasonable lower bound on 
juveni le  stt*.iped bass mortali ty.  Data collected by LMS (Dew 1978), as 
analysed by Van Ninkle and Barnthouse (Exhibit EPA-206), indicate - t ha t  A i s  
a b o u t  0.5 for,  yearling and older w h i t e  perch. Mortality should be a t  l e a s t  
as high as t h i s  among the smaller juvenile s t r iped bass. T h i s  value 
correponds t o  a dai ly  mortali ty r a t e  of 0.0019. 
minimum and maximum abundance o f  juvenile s t r iped bass in 1974 and 1975, and  
o u r  estimates of minimurn and  maximum juvenile mortali ty during both years,  
are presented i n  Table B 1 .  We have chosen July 16, ra ther  t h a n  August 1 ,  as 
the  beginning of the period o f  vulnerabi l i ty  of st r iped bass juveniles t o  
power p l a n t  impingement. Estimates o f  July 16 abundance were obtained by 
extrapolating the Augtrs'i 1 abundance estimates backward i n  time, using the 
maximum a n d  m i n i m u m  mortali ty ra tes .  
population s i z e  are presented in Table B 1 .  

Our estimates of t h e  

The resul t ing estimates of i n i t i a l  

TI  conducts a mark/recapture prograin For juvenile s t r i p e d  bass t h a t  i s  
ident ical  t o  the white perch mark/recapture program t h a t  provided the d a t a  
used t o  compute estimates o f  white perch jiiweni l e  abundance. 
our opinion population estimates based on marking  experiments are  generally 
superior t o  estjmates obtained from fish survey d a t a ,  t h e  st r iped bass 
mark/recapture e s t i r m t e s  do n o t  appear t o  be useable f o r  impact assessment. 
According t o  the r e s u l t s  o f  the s t r iped bass marking s tudies  (Exhibit UT-4, 
T a b l e  7 . 9 - l ) ,  only about 1 million juveniles were present i n  t h e  Hudson i n  
October o f  1974 and 1975. T h i s  value seems suspiciously low. MI? have used 
the maximum str iped bass  mortali ty r a t e  and t h e  minirnurn August 1 s t r iped 
bass population sizes ( T a b l e  B 1 )  t o  compute m i n i m u m  population s izes  a t  t h e  
end of  October. T h e  r e s u l t s  indicate t h a t  a t  l eas t  2.5 mill ion juveniles 
were al ive on October 31, 1974 and  t h a t  a t  least  3.5 million were al ive on 
October 31, 1975. A f rac t ion  of st r iped bass juveniles emigrate fr.orn the 
Hudson during the f a 7 1  (Exhibit UT-4, S e c t i o n  7.5.4.4).  T I  has captured 
some o f  these f i sh  (as  year l ings)  from bays around the southwest  end of  Long 
Island and from the Hackensack River ( E x h i b i t  UT-4, Table 7 . 6 - 1 ) .  The 
rnark/recapture estimates are obtained b y  releasing marked f i s h  irr the  fa31  
and  recapturing them the following spring. I t  seems l ike ly  t h a t  the 
mark/recapture estimates f o r  juveni le  s t r iped bass  are  e s t i m a t e s  n o t  of the 
e n t i r e  year c lass  b u t  of that  f rac t ion  t h a t  remains in the Hudson. 

Although i n  

I ___ ...... 
- l.___l__. 



Table B1. Juvenile striped bass abundance and mortali ty estimates 

Maximum i n i t i a l  
population ( P o l c  August  I abundancea Daily morta’lity r a t e  ( D )  popu 1 a t  i on (PO)  b 

Minimum i n i t i a l  

Minimum Maximum Minimum Maximum 
Year Mi n imum Maximum Mi n i m u m  Maximum mortality mortali ty mortality mortality 

l - 4  

W 
r-l 

I 
cn 

1974 3 . 8 ~  106d 19.0x106 0.0019 0.0044 3 . 9 2 ~ 1 0 ~  4.08~106 19.59~106 20.39~106 

1975 5 . 3 ~ 1 0 6 ~  26.5~106 0.001 9 0,0044 5.46~106 5 . 6 9 ~ 1 0 ~  27.3~106 28.43~106 co 

aMinirnum abundance estimate divided by gear efficiency adjustment factor  (0 .2) .  

bAugust 1 abundance extrapolated backward t o  July 16 using minimum estimate o f  D. 

CAugust 1 abundance extrapolated backward t o  July 16 using maximum estimate o f  D. 

dTexas Instruments striped bass juvenile popul atian estimate for 7 / 2 9 - 5 / 2 ,  1974. 

eTexas Instruments striped bass juvenile population estimate f o r  7/27-8/2, 1975. 
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K3, Blueback Herring-LAlewife, - and American Shad 

Estimates of blueback herring, alewife, and American shad abundance and 
mortali ty were derived from TI 'S  daytime riverwide beach seine data. This 
data base was used for  two reasons. F i r s t ,  a f t e r  A u g u s t  15 the only gears 
used by TI are the beach seine, epibenthic sled, and bot tom trawl. Of 
these, only the beach seine i s  deployed i n  s t r a t a  in which these species are 
abundant. All three species are surface-oriented and are ra re ly  catnyht in 
the epibenthic sled and bottom trawl. Second, although TI conducted bo th  a 
daytime and a nighttime beach seine survey in 1974, only the daytime survey 
was conducted in 1975, 
region) was sampled only during the day in 1974. 

Moreover, the upper estuary (above the Cornwall 

Biweekly beach seine density estimates, broken down by region, for  
young-of-the-year blueback herring (1974), alewife (1974), and Aneri'can shad 
(1975) were provided t o  EPA on November 30, 1977 in response t o  an 
information request made on September 27, 1977. Similar beach seine 
densi t ies  for  American shad (1974) are contained i n  Table A-58 of TI 's  1.974 
Year Class Report (Texas Instruments 1977). 
dek7sity indices t o  absolute population estimates using the method employed 
by LMS in  Section 3-VI1 of Exhibit UT-3. LMS assumed tha t  the dens i t ies  of 
s t r iped bass juveniles in the beach seine samples, measured as f i sh  per unit 
bot tom area, are charac te r i s t ic  o f  the en t i re  area o f  the r iver .  As applied 
to  alewife, blueback herring, and American shad, the assumption i s  that  the 
catch per unit area computed from the beach seine data i s  charac te r i s t ic  o f  
the en t i re  surface area o f  the r iver .  The equation used in LMS' computations 
and t h e  t o t a l  bottom area of each of TI 's  1 2  r iver  regions were provided t o  
EPA on November 30, 1977 in response t o  an information request made an 
October 1 2 ,  1977. We have used the  same equation and areas in our  own 
computations. For the reader 's  convenience we have reproduced these areas 
i n  Table B2. 
surface area will yield s l i gh t ly  inf la ted estimates o f  abundance ( resu l t ing  
in s l i gh t ly  lower estimates o f  impact), b u t  the e r rors  t h u s  introduced are 
cer ta i la ly sma 11 in cornpar i son t o  samp 1 i ng error .  

We scaled up the biweekly 

Using the bottom area of each region as an estimate of the 

The biweekly population estimates computed from the beach seine data 
arc? presented in Tables B3 (blueback herring, alewife, and American shad; 
1974) and Table 84 (American shad; 1975). Day 0, the beginning of the 
period o f  vulnerabi l i ty  t o  impingement, was se t  a t  duly 1 for alewife and 
blueback herring and June 16 f o r  American shad. The  values o f  t, i .e . ,  the  
number o f  days s ince  day 0, assigned t o  each biweekly est imate  were computed 
from the mid-point of each period. The values are l i s t ed  in Tables B3  and 
B4, a long  w i t h  the corresponding population sizes. Four sets o f  estimates 
were used to  compute weighted mean values of logPo and D fo r  blueback 
herring and alewife: 7/13-1l./15, 7/27-11/1, 7/27-11/15, and 7/15-11/1. For 
the 1974 American shad year c lass  the periods used were 6/29-11/15, 
7/27-11/1,  7/27-11/15, and 7/13-1b/l. For the 1975 American shad year c l a s s  
the periods used were 6/15-11/15 7/27-11/15, 6/29-11/15 , and 7/13-11bEi. 
The intercepts ,  slopes, and mean squared e r rors  derived from each o f  the 
regressions, as well as the weighted mean slopes and intercepts,  arc l i s t e d  
in Tables 85-668. 
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Table 82. Method used to  estimate regional abundances o f  juvenile 
la1 ueback herring, a1 e w i f  e, h e r  i can shad and bay ~ ~ ~ ~ o ~ y  

River region (r iver  mi7es)a  Estimated total  bottom area (m2)  

7-2 (24-33) 

CH (34-38) 

IP (39-46) 

WP (47-55) 

PK (62-76) 

HP (77-85) 

K -93 1 

SG (94-106) 

CS (107-124) 

AL (125-154) 

Equation Used t o  Compute-Absolute A ~ u ~ ~ a ~ ~ e  

CPUE, = mean biweekly catch per u n i t  e f for t  i n  region r 

deployed by Texas Instruments ( =  450 m2) 
A, = estimated surface area swept by 100 f o o t  beach seine as 

 AT)^ = estimated t o t a l  b ~ t t o m  area o f  sampling reglaas r 

aRegians defined by Texas Instruments ( E x h i b i t  UT-4, Table 6.1-1). 
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Table 83. Unadjusted biweekly juvenile population estimates f o r  the 
1974 year c lasses  o f  blueback herring, alewife and American 
shad 

B1 ueback American 
Per i od herr i ng Alewife ta shad tb 

6/29-7/12 I- 
-- 5 . 9 8 ~  IO6 19 

7/13-7/26 15 .5x106 2, 31x106 18 7 . 0 5 ~  l o 6  33 

7/27 -a/g 35. 1x106 6 . 7 6 ~ 1 0 ~  32 1 0 . 9 ~ 1 0 ~  49 

8/24-9/6 11.9x l o 6  2. 11x106 60 9. 29x106 75 

9/21-10/4 6. 91x106 0 . 9 4 8 ~ 1 0 ~  88 6. O2x1O6 103 

10/5-10/18 29. 9x106 0 . 8 6 6 ~ 1 0 ~  102 6.99x l o 6  117 

10il.9-11/1 5. 76x106 1 e 04x l o 6  116 4 . 0 8 ~ 1 0 ~  131 

11/2-11/15 11.1~106 0.952~106 130 2.44~106 145 

-_..-I-_ _I.I -- 
- 

8/10-8/23 1 9 . 1 ~ 1 0 ~  0 . 9 2 8 ~ 1 0 ~  46 8. 01x106 61 

9/7-9/20 11. 9x106 1. 06x1O6 74 7 . 3 5 ~ 1 0 ~  89 

aNumber o f  days elapsed since July 1, measured from midpoint o f  

bNumber of days elapsed since June 16, measured from midpoint of 

biweekly period. 

biweekly period. 
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Table B4. Unadjusted biweekly juvenile population estimates for  the 
1975 year class o f  American shad 

Peri s d  American shad ta 

6/15-6/28 

6/29-7/12 

7/13-7/26 

7/27 -b/9 

8/10-8/23 

8/24-9/6 

9/7 -9120 

9/21-10/4 

1015-10/18 

10/19-11/1 

11/2-11/15 

6.39~10' 

5.8Ox lo6 

9"  81X1O6 

4.34x106 

13. 3x106 

7 . 6 9 ~  lo6 

6 . 0 1 ~ 1 0 ~  

4. 19x10s 

6 . 0 3 ~ 1 0 ~  

2 . 1 4 ~ 1 0 ~  

1.75x 106 

5 

19 

33 

47 

61 

75 

89 

103 

117 

131 

145 

aNumber o f  days elapsed since June 16, measured f r o m  midpoint o f  
biweekly period. 
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Table B5. Computation o f  initial abundance and mortality of impinge- 
able blueback herring, 1974 

I ncl u si  ve Mean squared 
dates a Intercept ( 1 ogPo) Slope (4) error 

7/13-11/15 17.0120 

7 / 27 -11 /1 17.4214 

7/27-11/15 17.2492 

7 13 - 11 /1 17.0902 

-0.007624 0.3196 

-0.012931 0.3878 

-0.010061 0.3457 

-0.009 168 0.3620 

Weighted Mean Intercept = 17.1843b 

Po = 29.0~106 

Weighted Mean Slope = -0.0098b 

D = 0.0098 (l/daYs) 

aFirst day of first biweekly period used in regression through las t  

bWeighti ng factor for slope and intercept derived from each regression 

day of last biweekly period. 

= (l/mean squared error). 
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Table B6. Computation of i n i t i a l  abundance and mortality o f  impinge- 
able alewife, 1974 

I ncl usi ve Mean squared 
dates a Intercept ( logPo) Slope ( - D )  error 

7/13-11/15 

7/27-11/1 

7/27-11/15 

7/13-11/1 

15.0687 

15.4074 

15.2173 

15.1698 

-0.012023 0.2940 

-0.017719 0.3657 

-0.013550 0.3323 

-0.014018 0.3248 

Weighted Mean Intercept = 15.206!jb 

Po  = 4.0~106 

Weighted Mean Slope = -0.0140b 

D = 0.0140 (l/days) 

aFirst  day of f i r s t  biweekly period used in regression through las t  

bWeighting factor for  slope and intercept derived from each regression 

day o f  l a s t  biweekly period. 

= (l/mean squared error). 
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Table B7. Computation of i n i t i a l  abundatice and mortali ty of juvenile 
American shad, 1974 

Incl u s i  ve Mean squared 
datesa Intercept (1 ogPo) Slope I-D) error  

6/29-11/15 

7/27--1l/I  

7/27 -11./15 

7/13-1111 

16 9 2026 

16.6221. 

16.8735 

16 * 2874 

-0.006584 0.1185 

-0.009322 0.0254 

0.0520 

-0.006072 0.0502 

-0.012673 

Weighted ~ e a n  Intercept = 16.5602b 

Po = 15.6x106 

Weighted Mean s lope  = -0.~091b 

D = 0.0091 (l /days) 

aFirst day of f i r s t  biweekly period used i n  regression t h r o u g h  l a s t  

he lgh t ing  factor  for  slope and intercept derived from each regression 

day o f  l a s t  biweekly period. 

= (l/mean squared error). 
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Table B8. Computation of i n i t i a l  abundance and mortality o f  juvenile 
American shad, 1975 

Incl u s i  ve Mean squared 
dates a Intercept (logPo) Slope (4) error 

6/15-11/15 

7/27 - 11/ 15 

6/29 -11 /15 

7/13-11/15 

16.1597 

16.9069 

16.3776 

16.7572 

-0.009031 0.2030 

-0.016006 0.1587 

-0.011147 0.1921 

-0.014673 0.1430 

Weighted Mean Intercept = 16.5875b 

Po = 16 .Ox106 
b Weighted Mean Slope = -0.0131 

D = 0.0131 (l/days) 

aFirst  day o f  f i r s t  biweekly period used i n  regression through l a s t  

bweighting factor for slope and intercept derived from each regression 

day o f  l a s t  biweekly period. 

= (l/mean squared e r ror ) .  
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The i n i t i a l  p o p u l a t i o n  s i z e s  ( P o )  computed .from t h e  r e g r e s s i o n s  a r e  
p r o b a b l y  underest imates o f  t h e  a c t u a l  numbers of j u v e n i l e  blueback h e r r i n g ,  
a lew i fe ,  and American shad, s ince  they  assume t h a t  t h e  beach se ine  i s  100% 
e f f i c i e n t  a t  c a t c h i n g  t h e  f i s h  i n  i t s  pdth.  They cou ld  be overest imates of 
abundance o n l y  i f  t h e  d e n s i t y  o f  these f i s h ,  measured as number per  u n i t  
s u r f a c e  area, i s  much h i g h e r  i n  t h e  shorezone than i n  deeper water.  As a 
check on t h i s  p o s s i b i l i t y ,  we have compared our  es t ima te  of Arnerican shad 
abundance on J u l y  1, 1974 t o  s i m i l a r  est imates ca l cu la . ted  by  'TI from t h e  
Long R i v e r  Survey data.  T I ' S  est imates,  conta ined i n  Tables A-57 of t h e  
1974 Year Class Report  (Texas Inst ruments 1977), a re  d e r i v e d  f rom da ta  
c o l l e c t e d  i n  s t r a t a  i n a c c e s s i b l e  t o  t h e  beach seine: t he  shoals,  bottom, 
and channel. 
f rom t h e  beach se ine  data, t h i s  c o u l d  be evidence t h a t  es t ima tes  based on 
e x t r a p o l a t i o n  o f  beach se ine  d a t a  a r e  er roneously  h igh .  I n  f a c t ,  t h e  Long 
R i v e r  Survey es t ima tes  a re  s l i g h t l y  h i g h e r  than a re  our beach se ine  
est imates.  T I ' S  e s t i m a t e  f o r  t h e  p e r i o d  J u l y  8-11, 1974 i s  117.7 m i l l i o n  
j u v e n i l e s ,  compared t o  our  J u l y  1 es t ima te  o f  13.6 m i l l i o n .  Moreover, T I  
d i d  n o t  sample t h e  e n t . i r e  r i v e r  t h a t  week. I f  t h e  Sauger t ies,  C a t s k i l l  and 
Albany r e g i o n s  had been sampled, TI's est imates would p robab ly  have been 
increased b y  seve ra l  m i l l i o n .  Thus, comparison of our  beach se ine  es t ima tes  
t o  T I ' s  es t ima tes  based on e p i b e n t h i c  s l e d  and Tucker t r a w l  data. i n d i c a t e s  
t h a t  j u v e n i l e  American shad a re  not anomalously abundant i n  t h e  shorezone. 
S i m i l a r  f i n d i n g s  a re  discussed b y  Borernan ( E x h i b i . t  Era-198). 
comparisons are n o t  p o s s i b l e  f o r  a l e w i f e  and blueback h e r r i n g ,  we assume 
t h a t  th i s  conc lus ion  ho lds  for a l l  t h r e e  o f  t hese  c l o s e l y  r e l a t e d  species.  

I f  these es t ima tes  were cons ide rab ly  lower  than those  d e r i v e d  

Since s i m i l a r  

Because no c o r r e c t i o n s  have been made f o r  gear e f f i c i e n c y ,  t h e  
unadjusted es t ima tes  of P o  ob ta ined  f rom t h e  r e g r e s s i o n s  a re  lower bounds 
on t h e  i n i t i a l  numbers of impingeable blueback h e r r i n g ,  a l e w i f e ,  and 
Arner'can shad. T I  has n o t  est imated t h e  e f f i c i e n c y  o f  t h e  100- foo t  beach 
s e i n e  a t  c a t c h i n g  these species.  K j e l s o n  (1977) found t he  e f f i c i e n c y  o f  t h e  
358 meter (1148 f t )  hau l  se ine  t o  be 41% f o r  p e l a g i c  f i s h  such as these 
c l u p e i d s .  A 21-meter (69 f t )  h a u l  se ine was found by  K j e l s o n  t o  be 56% 
e f f i c i e n t  a% c a t c h i n g  t h e  rough s i l v e r s i d e s ,  a p e l a g i c  species.  Thus, h a u l  
se ines bo th  l a r g e r  and s m a l l e r  t han  t h e  100-foot se ine  used by T I  have been 
found t o  be g r e a t e r  t han  40% e f f i c i e n t  a t  ca tch ing  p e l a g i c  f i s h .  I t  i s ,  o f  
course, p o s s i b l e  t h a t  because of d i f ferences i n  bottom morphoswetty o r  
deployment technique T I ' s  beach s e i n e  hauls  are l e s s  e f f i c i e n t  than those o f  
K j e l s o n .  I t  i s  a l s o  p o s s i b l e  t h a t  t h e  blueback h e r r i n g ,  a l e w i f e ,  and 
Amer ican shad a r e  l e s s  abundant i n  t h e  shorenone than i n  deeper water.  
Therefore,  a l though a va lue  f o r  gear e f f i c i e n c y  as h i g h  as 40% migh t  have 
been j o s t i f i a b l e ,  we chose a lower  va lue  i n  an e f f o r t  t o  pt isure t h a t  our  
maximum p o p u l a t i o n  s i z e s  are h i g h e r  than  t h e  a c t u a l  abundance5 of j u v e n i l e  
blueback h e r r i n g ,  a l e w i f e ,  and American shad. We have computed maxiinurn 
p o p u l a t f o n  s i z e s  f o r  these species by  assuming t h a t  t he  100- foot  beach 
seine, as deployed by T I ,  i s  o n l y  20% e f f i c i e n t  a t  e s t i m a t i n g  the t r u e  
number o f  f i s h  per u n i t  s u r f a c e  area w i t h i n  each r i v e r  r e g i o n .  
and maximum es t ima tes  o f  t h e  i n i t i a l  numbers of impingeable j u v e n i l e s  f a r  
each species and year  a re  t a b u l a t e d  i n  Table B9. 

The minimum 
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Table B9. Juvenile blueback herring, alewife and American shad abundance 
and mortal i t y  estimates 

I n i t i a l  population (P,) Daily mortali ty rate ( D ,  l/days)-- 

Spec i es Minimuma Maximumb Jul .l-Oct.3la Oct. 1- June 3OC 

Bl ueback 
herring (1974) 29 .Ox106 145 .0x106 0.0098 0.0844 

Alewife (1974) 4.0~106 20.0x106 0.0140 0 0044 

Arneri can 
shad (1974) 15.6~106 78. Ox 106 0.0091 0.0044 

American 
shad (1975) 16. Ox 106 8 0 . 0 ~ 1 0 ~  0.0131 0.0044 

aDerived from regressions sumnarized in Tables 85-88. 

bMinimum abundance estimate divided by gear efficiency adjustment 
f a c t  or ( 0.2 ) . 

CAssumed equal t o  maximum estimate o f  D for  juveni le  s t r iped bass. 
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The daily mortality ra te  estimates ( D )  derived for a11 three species 
are f a r  higher than tha t  derived by PI fo r  s t r iped bass (Section 52) .  If 
extrapolated for 365 days, they lead t o  estimates of t o t a l  annual mortali ty 
that  seem unrea l i s t ica l ly  h i g h  for f ish that  are large enough to  be 
impinged: 96 t o  99%. However, i t  i s  more r e a l i s t i c  t o  extrapolate the 
daily mortali ty ra tes  for  only 120 days, roughly from ear ly  July t o  ear ly  
November, the approximate period during which these f i s h  are res ident  in the 
estuary. Extrapolation f o r  120 days leads t o  estimates of mortali ty tha t  
are much more reasonable, although s t i l l  r e l a t ive ly  high: 66 to 80%. Since 
predators are a t t racted t o  the productive nursery areas of the lower 
estuary, i t  seems l ikely tha t  the mortali ty of juvenile blueback herring, 
alewife, and American shad is reduced a f t e r  the emigrate t o  tile ocean. A 
few of  these f i sh  remain in the estuary instead of emigrating, and some o f  
these are impinged the f o l l o w i n g  spring, In order to  estimate the impact of 
i m p i n g i n g  these f ish,  we have assumed tha t  they are subject to the same r a t e  
o f  t o t a l  mortali ty as t ha t  which was computed from TI'S estimate of A for  
juvenile s t r iped bass ( 0  = 0.0044). A few two-year o l d  alewife and blueback 
herring belonging t o  the 1974 year c lasses  o f  these species were impinged 
during t h e  spring o f  1976, and a f a i r l y  large number (10,000 of each 
species) were impinged, presumably as returning spawners, in 1977. In order 
t o  estimate the  t o t a l  impact of impingement an these year c lasses  over a 
three-year period of vulnerabili ty,  we assumed tha t  the daily ra te  of 
mortali ty of yearling and older alewife and blueback herring is the same as 
that  o f  yearling and older white perch ( 0  = 0.0019). 
values were chosen primarily for  convenience, i n  the  absence of data 
relating t o  the mortali ty ra tes  of these three species a f t e r  emigration from 
the estuary. Since the assumed ra t e s  are empirical estimates of mortali ty 
ra tes  i n  other fish species, they are biologically reasonable, b u t  we have 
no way of knowing how close they are t o  the actual mortali ty ra tes  of 
blueback herring, alewife, and American shad. 

These par t icular  

As a check cm the  r e l i a b i l i t y  of results obtained from the application 

These estimates 
o f  the Eiiipirical Impingement Model t o  alewife (Section 3 . 3 ) ,  we computed 
estimates of alewife spawning stock s i z e  i n  1974 and 1975. 
Mere compared t o  estimates o f  three-year-old abundance obtained from the 
model. Data from TI 'S  1974 and 1975 Riverwide Beach Seine Survey (extracted 
from TI 'S  1974 and 1975 f i she r i e s  data tapes, provided t o  EPA on October 31, 
1977) were used to derive these spawning stock estimates. The method used 
was identical  to  tha t  used t o  estimate juvenile abundance from the beach 
seine data, except tha t :  

(1) Estimates of mean CPUE were calculated on a monthly rather  than a 
biweekly basis.  
abundance o f  adult  alewives d u r i n g  May, we computed the mean CPUE, 
by region, f o r  a l l  sampling dates between May 1 and May 31. 

Since we wanted estimates o f  the mean riverwide 

( 2 )  The regional CPUE values were scaled up u s i n g  shorezone areas 
rattier t h a n  t o t a l  r iver  surface areas, since alewives spawn i n  
shallow water. The shorezone areas were obtained from Table A-2 
o f  TIIS 1974 Year Class Report (Texas Instruments 1977).  



The s~~~~~~~~~ stock estimates so obtained are presented i n  Table 14 
(Section 3 ) .  Since these estimates include only fish present i n  the 
shorezone, and since. they are not  corrected fer  gear efficiency, they 
represent m i  n -imum e s t  irnates o f  spawner abundance. 

84. - A t  1 ant ic  Tomcod 

61 ' s  Long River Survey data were used t o  compute estimates o f  Atlantic 
ahundatace and mortal i ty .  Since this species i s  mast  abundant near 

the bottoin i n  deep water (Exhibit UT-4, Section 6 . 3 , 3 ) ,  the beach seine data  
are 1 ike1.y t o  great Ty underestimate i t s  abundance. The h&ita-t;s preferred 
by the At l an t i c  tomcod are, however, sampled wi th  t h e  epibenthic sled as 
par t  of  t h e  Long Iiiver Survey, 
period April 2 9 - A i ~ y s t  15, 1974, were provided t o  EP on October 31, 1977 i n  
response t a  an ~ ~ ~ ~ r ~ ~ ~ ~ 0 ~  request dated October 12, 4977 I Simii 1 a r  
estimates f a r  the 1975 Atlantic tomcod p a r  class are tabulated i n  Table 
B-22 of Tlgs 1975 'rear Class Report (Texas Instr.umeirats 1973)"  

The m ~ ~ h o d  used t o  compute estimates o f  logPo and Ca f o r  Atlantic 
~ ~ m ~ ~ ~ d  m s  i d e n t i c a l  t o  tha t  used fo r  blueback herring d l e w i f e ,  and 
Americata shad. O w   neth had i s  also s i m i l a r  t o  that  use by the u t i l i t i e s  i n  
S e c t i o n  2-3i'Il o f  E x h i b i t  UT-3, w i t h  one except ion:  i n  a d d i t o n  t o  th 
River Survey abundaiace est imates,  the u t i  l i t j e s  included estimates a 
 an^^^^^ egg ~~~~~a~~~~ and December s awer abundance in their  regres 

~ t ~ ~ ~ ~ m ~ ~ t  D), these estimates were derived From m a ~ k ~ r ~ c a ~ ~ ~ ~ ~  data  and 
fecun i ty .  Since the biases associate wi th  ~ i ~ ~ ~ ~ ~ ~ c ~ ~ ~ ~ r ~  data are l i k e l y  
t o  b e  q u i t e  different  From those assoc ia ted  with the Long Rivet- Survey data ,  
we do not believe the two types o f  data should he used i n  the same 
Peg w s s i on .a 

taken day 0 t o  be May 15 for this species, 
estimates. were used i n  t h e  regresson analysis f o r  each year class: 
4/29-8115 and 5/15-8/?5 f o r  1974; 5ilca-8/15 and 5/19-.8/15 for 1975. The 
weekly population est imates for bo th  years and the i r  associated values o f  t 
(the riumber o f  days s ince  day 0) a r e  l is ted i n  Sable  ,310, The intercepts, 
slopes, and mean squared errors d e r i v e d  from each i nd i v idua l  regression and 
t.he 

Weekly standing crop estimates f a r  the 

~~~~~~~1~~ to the response o f  October 31, 1977 (Exhibit g 9  question 2, 

Since few juvenile Atlant ic  tomcod are impinged before rnid-May, we have 
Only two sets  o f  population 

i g h t e d  mean slopes and intercepts are 1 isted i n  Table 

Like the abundance estimates for blueback herring, a lewi fe ,  American 
shad, and s t r jped bassg "chose der-ived fo r  Atlantic tomcod assume 40% 
~ ~ l l e ~ t i ~ t a  ~~~~~~~~~~ and t h u s  are u ~ d ~ ~ ~ ~ ~ ~ ~ y  underestimates o f  the actual 
abundance of t h i s  species, As no es t ima tes  o f  the collection efficiencies of 
the epibenth ic  sled and 'Tucker trawl are ava i lab le ,  we have simply assumed 
t h a t  these gears are no less e f f i c i e n t  than the 100-foot beach seine. 
~ ~ & ~ ~ ~ . ~ ~ ~ ' ~ ~ ~  we have computed maximum abundances fo r  bat; year classes by 
a s s u m i n g  tha t  the epibentti l ic sled and Tucker 'Crawl a m  2 efficient a t  
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‘i‘ablt. BlO. Unadjusted weekly estimates of Atlantic tomcod juvenile 
abundance 

I -. -1 .-,... _-....ll-l...- 

llll_l--. 1975 -I- 

1974 
._I_ 

Period Population s i z e  t Period Population s i z e  t 
. . . . _...._ 

4/29-5/04 

5/06-5/ 1 1 

5/13-5/18 

5/23-5/29 

5/30-6/05 

6/ 12-6/17 

6/17-6/23 

6/24-6/27 

7/01-7/05 

7/08-7/ 1 1 

7/15-7/18 

7122-7/26 

7 / 29-8/02 

%/05-8/09 

8/12-%/’15 

1214.6~1 O 6  

145.5~ 1 O6 

131 .8x106 

162 .5x106 

1 10.0x106 
6 

77.9~ l o6  

166 .0x1O6 

103 .Ox 1 O6 

92.1~10~ 

207.1 x 10 

106 .ox106 

31 .%X1O6 

74.2~ 1 13 

5 2 . 5 ~  lo6 
5 3 . 2 ~ 1 0 6  

-14 

-7 

0 

1 1  

1% 

30 

36 

41 

49 

55 

62 

70 

77 

84 

91 

5/12-5/ 14 

5/  19-5/23 

5/26-5/29 

6/02-6/06 

6/09-6/14 

6/16-6/19 

6/23-6/26 

6/30-7/04 

7/07-7/ 10 

7/14-7/ 17 

7/21 -7/24 

7/28-7/31 

8/11-8/14 

6 120.5x10 

180.9~ 1 O6 

35. Ox 1 O6 

40. 9x106 

7 7 . 8 ~  1 O 6  

15.8~10~ 

17.4~10~ 

44.3~ lo6 
28.1 x106 

6 26.2~10 

16 .4x106 
6 8.6~10 
6 14.3~10 

-2 

6 

12 

20 

27 

33 

40 

4% 

54 

61 

68 

75 

89 

aProvided to EPA in a response dated October 31, 1977 (Exhibit UT-4, 
Question 2, Attach. 0) .  

k r o m  Table 6-22 of 1975 Year Class Report (Texas Instruments 1978). 

cCalculated from TI Long River Survey data. 

dNumber o f  days elapsed since May 15, measured from midpoint of sample 
period. 
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Table €311. Computation o f  i n i t i a l  abundance and mortality o f  
impi ngeable A t  1 anti c tomcod, 1974 and 1975 

I nclu s i  ve SI ope Mean squared 
datesa Intercept ( 1  ogPo) (-D l ldays)  error 

1974 
I_ 

4/29-8/15 19.3126 -0.018869 0.2996 

5/  13 -8/ 15 19.0271 -0.01 403 1 0.1281 

Weighted Mean Intercept = 19.1126b 

Po = 199.8~106 

Weighted Mean Slope = -0.0155b 

D = 0.0155 

5/i2-8/14 

5/19-8/14 

1975 

18.3190 -0.025067 

18.2332 -0.023481 

Weighted Mean Intercept = 18.2777b 

Po = Btj.7xlQ6 

Weighted Mean S lope  = -0.0244b 

D = 0.0244 

0.3212 

0.3455 

aFirst  day of f i r s t  biweekly period used in regression through l a s t  

bWeighting factor f o r  slope and intercept derived f r o m  each regression 

day o f  l a s t  biweekly period. 

= (l/mean squared e r ror ) .  
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catching juvcni le  Atlantic tomcod. 7he dai ly  mortali ty rate5 and mxi imi  
and minimum ec t ima te?  aT the abunrimccl o f  each year c lass  are Lahulated i n  
Table E l l e  

85, -. Bay . .. . . Anchovy .- 

Althuugh derived i r om T I ' S  beach seine dat.d, our  e S t i m t i . s  o f  the 
abundance o f  irnpinqcable bay anchovy wrre not computed I n  thc same way as 
were the abundance estimates for bluehack herring, alewife, and American 
shad. As was noted i n  Section 1, we have n o t  attempted t o  complrte 
cand i t  ional impingeanent mortal i ty  r a t e s  for  this  species, and therefore ,  
estimatcs o f  the i n i t i a l  i i i~mber o f  impingeable jiivcra iles arp not r r q u i r d .  
Instedd of using regression analysis t o  estimate an i n i t i a l  population s i ? ? ,  
we have simply cnlctulatcd an average population s izp (jslvrnilcs I adul ts)  
for- each mnCh fi-om Mdy t h r o u g h  O c k o i i w e  Reach se ine  density indices f o r  
the years 1974 and 2975, coiilp~ted on a biwcek:y b a s i ~ ,  were provided t o  EPA 
on June 23, 1978 in response t o  an iwforwation request made on September 27, 
1977.  
anchovy LJWC t a b d l  ated scparate?y. 
each age groldp iusing tire method clcr,criijt?d i n  SecLion B l  of t h i s  appendix, 
and then we sumed  the age groups t o  o b t a i n  an ? s t i n a t e  o f  the t o t a l  
popul  at ian for  each b i w w k l y  per iod .  Fst i i luates of the avwase population 
s i z e  for each m o n t h  were calculated as weighted means o f  t h e  biweekly 
population c5tirnat.m. The wight ing  Sactorm are i h c  number of  days Ifinithiri 
each biwekly period t h a t  f a l l  v j j t h i n  a g iven  morith. For example, the 
June 29-July 17 abundance estimate i s  given a weighting fac tor  o f  2 i n  the 
computation o f  t h ~  avcrage June p o p u l a t i o n  and a wejght inq factor  of  12  i n  
the  computation of the averagp July population, since two days o f  i i ia t  
$erioci f a l l  in June and 12 f a i l  in July. 

Densities f o r  young-of-the-ycar and f o r  yearling and older bay 
Mi. computed biweekly s t a n d i n g  crops for  

The biweekly and monthly population estimates are t abu la t ed  i n  
Table B13. As f ~ r  a l l  other abundance e s t i m a t e s  derived from beach w i n c  
data, the unadjus td  estimates i n  Table X23 are underestimates o f  the  actual 
abutidatace o f  juveizilc and adimlt bay anchovy. 
o f  the other species t reatcd i n  this  Appendix, have computed maximum bay 
anchovy popiAlation s i z e s  by assmminy a m i  nirnum gear e f f  i c i e i i c y  o f  20%. 
Howcver, i n  t h i s  c a v  t h e  maximum and minimum estimates r e f a  only Lo the 
p o r t i o n  o f  t h r !  bay aiichovy population rcsidiirg above River Mile 17. 
the other  species car1sidert.d i n  this tesiirniony, the bay anciiavy i? r e s t r i c t e d  
primarily to  t h e  lower estuary,  and an u n k n o w n  f ract ion o f  the population 
resides below the region sampled by TI. 
exploitation rates presented i n  Section 3 r tpply only t o  t h a t  p o r t i o n  of  the 
Hudson River bay anchovy p o p u l a t i o n  above RSil 12. 

Therefore, as we d i d  Far a l l  

Unlike 

T h i ? ,  of course, meanz t h a t  the 
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Table 512. Juvenile Atlant ic  tomcod abundance and mortal i ty  estimates 

I n i t i a l  population (P$. 

b Year M i  n h u m a  Maximum 
Daily mortali ty r a t e  

(0) units 
I_-- 

1974 199.8~106 999 .ox106 0,0155 

1975 86 .7~106  433.5~106 0.0244 

aDerived from regressions sumarized in Table B11. 

bi\linirnurn abundance estimate divided by gear eff ic iency adjustment 
fac tor  ( 0.2 j . 
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Table B13. Biweekly and monthly est imates  o f  the  t o t a l  abundance of 
iinpingeable bay anchovy ( juveni les  + adul t s ) ,  1974 and 1975 

ll__.l.l_ 

I 1974a 1975a 

Mi n imum Maximum b Minimum Maximum b 
abundance abundance Period abundance abundance Period 

_- l___l.-_... 

4/20-5/03 

5/04-5/17 

5/18-5/31 

6/01-6/14 

6/15 -6/28 

6/29-7/12 

7/13 -7/26 

7/27 -8/09 

8/10-8/23 

8/24-9106 

9/07-9/20 

9/21-10/04 

10 / 04 - 10 / 18 

10/19-11/01 

MayC 

June 

July 

August 

September 

October 

1 . 8 ~ 1 0 ~  

7 . 0 ~ 1 0 ~  

36. 7x106 

27. 9x106 

5. 3x106 

5. 7x106 

4 . 1 ~ 1 0 ~  

11. 3x106 

17. 9x106 

46 .2x106 

10. 9x106 

8 . 3 ~ 1 0 ~  

13. 7x106 

0 .7~106  

19. 9x106 

5. 9x10' 

15. 9x106 

23. 3x106 

23. 3xh06 

7 . 6 ~ 1 0 ~  

4/20-5/03 

5/#-5/17 

5/18-5/31 

6/01 -6/14 

' /E-6/28 

6/29-7/12 

7/13-7/26 

7/27-8/09 

8/10-8/23 

8/ 24 -9/06 

9 / 07 - 9/ 20 

9/21 -10 /04 

0.0 

3 . 4 ~ 1 0 ~  

19. 7x106 

6. 9x106 

4. 6x106 

5 . 2 ~ 1 0 ~  

2. 7x106 

9.0x106 

20.6~10' 

8 . 3 ~ 1 0 ~  

2 9 . 0 ~ 1 0 ~  

25 .3x106 

10/04-10/18 4 . 8 ~ 1 0 ~  

10/19-11/01 1.7~106 

rd ay 10.4~10' 

June 5. 7x106 

July 4. 7x106 

August  14. 1x106 

September 23 6x106 

October 6.1~106 

aCornputed from TI Riverwide Beach Seine Survey data provided t o  €PA in  
response dated June 23, 1978. 

bMinirnurn abundance estimate divided by gear e f f ic iency  adjustment fac tor  of 
0.2. 

CWeighted mean of biweekly population estimates.  Weighting f ac to r s  are  the 
number o f  days within each biweekly period tha t  f a l l  within a given'month. 
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APPENDIX C 

IMPINGEMENT ESTIMATES ASSUMING CLQSED-CYCLE COOLING 

The impingement impact estimates for seven Hudson River f i s h  species 
presented in the main part o f  this testimony represent historical estimates; 
that is, we used field and power plant data actually collected during the 
period 1974-1977 to estimate conditional impingement mortality rates (or 
exploitation rates). 
plants operating as they were during that period o f  time; namely, all units 
at all power stations used once-through cooling when they operated. 

Thus, these rates apply to the case of the power 

In this appendix we consider three configurations involving cooling 
towers. Configuration 1 i s  cooling towers at Indian Point U n i t s  2 and 3, 
Bowline Units 1 and 2, and Rosetan Units 1 and 2 .  Configuration 2 i s  
cooling towers at Indian Point Units 2 and 3 and Bowline Units 1 and 2. 
Configuration 3 i s  cooling towers only at Indian Point Units 2 and 3. For 
each o f  these three configurations, the mode of operation and all input data 
relating to the other power plants (i.e., Lovett, lndian Point Unit 1, 
Danskammer, and Albany) are assumed to be the same as for the base case of 
once-through cooling at a l l  pawer plants. 

The three species f o r  which power plant impacts are O F  greatest coricern 
were selected for this analysis of impingement impact, assuming closed-cycle 
cooling.. The three species are Atlantic tomcod, striped bass, and white 
perch. Monthly estimates of the number o f  fish impinged at each power plant 
were obtained as documented in Appendix A. Only f o r  Indian Point Units 2 
and 3, Bowline, and Roseton was it necessary t o  modify these numbers for the 
cases  involving closed-cycle cooling. The adjustment factors derived by 
Barnthouse (1979) (Exhibit EPA-205, Table 9),  which incorporate 
consideration of collection efficiency, reimpingement, and impingement 
survival, were used without modification. 

The factors used to adjust from once-through cooling t o  cooling towers 
are given in Table C-1. As indicated in footnote a of this table, implicit 
in the application of this factor is that the numbgr of fish impinged, 
assuming closed-cycle cooling scales directly i n  proportion to the ratio of  
closed-cycle to once-through intake flow. 
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Table C - 1 .  Factors used to adjust from once-through cooling to cooling 
towersa 

Total intake flow (gpm) 

Power plant Months OT cc Fact or C 

Indian Point 
Unit 2 April-Nov. 870,000 56,000 0.064368 

Dec. -March 534,000e 56,000 0.104869 

Unit 3 April-Nov. 870,000 61,000 0.0701 15 
Dec. -March 534, OOOe 61,000 0.114232 

B o w l  ined a1 1 768,000 16,000 0.020833 

R os etond a1 1 641,000 16,000f 0.02496 1 

aThe factor i s  applied as follows: 

Nijk = Factor X Nijk , 

where Nijk is the number of fish of species i impinged at power plant j 
during month k within the period 1974-1977 with once-through cooling, and 
Ni'k is the corresponding value if the power plant had been operating 
with cooling towers. 

bSource: Table 5.8.1 in Barnthouse et al. 1977. 

CCalculated as CC total intake flow/OT total intake flow. 

dunits 1 and 2 combined. 

eSource: Table V - 2  in USNRC 1975. When ambient water temperature at the 
Indian Point intakes is less than 40 F, the New York Department of 
Environmental Conservation requires tha the condenser water pumps be 
operated so as t o  result in the intake flow of new river water being 60% of 
the normal once-through condenser water flow. 
analysis we have assumed that this requirement results in 60% flow during 
the months of December through March. 
same for all months, namely, 30,000 gpm at each o f  Units 2 and 3. 

For the purposes o f  this 

Service water requirements remain the 

fSource: Table A-1 in Exhibit UT-3. Use of this value assumes that all 
service water is taken from the makeup water. 
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The purpose of this testimony i s  to evaluate %he degree to which 
impingement and entrainment mortality a t  t h e  intake screenwells of 
Indian Point Units 2 and 3, Bowline Point, and Roseton generating 
stations can be potentially reduced Ry backfitting them with 
alternative screening devices. The report entitled ""Fish Protection at 
Steam-Electric Power Plants: Alterndtive ScP-een-ing Devicet6 (Cannon 
et al. 1979) forms the basis o f  this testimony. I t  i s  a generic 
evaluation o f  intake structure devices that incorporate f i s h  protection 
concepts. As an extension o f  th i s  research activity, for the available 
data base, we have made an appraisal of the e x t e n t  to which impingement 
and entrainment losses at the power plants in q u e s t i o n  can be 
potentially mitigated. For each o f  these activities, Dr. Cada and 
Qr. Lee were lead biologist and lead engineerg respectively, and 
Dr. Cannon was project manager. 

General s i t e  data and descriptions of the exist-ing cooling-water 
intake systems at Indian Point Units 2 and 3, Roseton* and Bowline 
Point generating stations are included i n  Exhibits UT-6, UT-7, U-6-9, 
UT-17, UT-18, EPA-57. O f  interest are the orientations o f  the intake 
screenwells relative Do the Hudson River e s t ~ l a r y ~  the local bathymetry 
of the estuary, the structural and physical characteristics o f  the 
screenwells, the o p e r a t i o n a l  mode of the traveling screens, arid the 
species and life stages of Fish comaonly impinged and/or entrained a t  
these power stations. 
framework for assesstng the engineering feasibility and  potential 
biological effectiveness o f  b a c k f i t t i n g  the intake systems with 
alternative screening devices. 

These data were used to establish the general 

The intake structures of Indian Pojnt U n i t s  2 and 3 and Roseton 
are located along the shoreline of the Hudson River estuary. 
intake structure o f  Bowline Point i s  ?ocated along Bowline Pond, which 
connects to the Hudson River estuary. The screenwell o f  each o f  these 
power stations houses conventional vertical travels"ng screens ( V T S )  
with screen mesh o f  3 /8- in .  square openings.  Bar trash racks are 
located ahead o f  the traveling screens at I nd ian  Poin t  Unit 3, Roseton 
and Bowline Point ,  whereas fixed screens as well as trash racks are 
located ahead o f  the traveling screens a t  Indian Point Unit 2. The 
screen approach velocity (or f l o w  speed immediately ahead of the 
screen) for each intake system depends on t he  pimp operational mode and 
the local depth of the intake water column. A t  mean water elevation, 
the average screen approach velocity ranges from 0.54 t o  0.95 ft/sec at 
Indian Point Units 2 and 3 ,  from 0.44 t~ 0.66 ft/sec a t  Bowline Point, 
and from 0.76 t o  0.99 f t gsec  at Roseton. Except for Roseton, the lower 
values occur during the winter at reduced f low; at Roseton, the higher 
value occurs during the winter at reduced f low,  

The 
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The fish species commonly impinged (those screened out on the 
existing 2/3-1n. mesh screens) and entrained in the condenser system at 
the subject generating stations include striped bass, white perch, 
Atlantic tomcod, bay anchovy, alewife, American shad, and blueback 
herring. The impingement duration for fish impinged during screen 
rotation varies with the position of fish within the water column but 
can approach 12 min (assuming a screen travels at a speed of 
2.5 ft/min). 

These data and other pertinent data in the above referenced 
documents were used to assess the extent to which impingement and 
entrainment losses at Indian Point Units 2 and 3, Roseton, and Bowline 
Point can be potentially mitigated by application of alternative intake 
screening devices. First, various intake devices incorporating fish 
protection concepts were selected from the attached report. 
engineering evaluation was performed to determine the feasibility of 
backfitting the alternative design t o  the existing intake systems at 
the plants in question and to assess the system reliability with the 
alternative design from the standpoint of plant operation. 
accomplish this task, the following criteria were developed: 

An 

To 

1. The technology must have demonstrated performance capability 
in either a prototype or plant application that requires only 
site-specific modifications f o r  use on the Hudson River. 

2 .  The reliability of the technology should be established to the 
point that the continued performance o f  the cooling system is 
assured. 

3. The technology must be capable of being applied to a 
once-through cooling system (capacity greater than 
641,000 gpm). 

4. The technology must be capable of performing in brackish water 
with medium-to-heavy debris load. 

5. Encroachment of the intake structure into the Hudson River 
should not pose a threat to navigation. 

6. The technology should he capable of performing with daily 
variations in the river stage of 10 ft. 

7 .  The technology must have the capability for retrofitting to 
the existing intake structure. 

Second, for those alternative systems considered feasible as a result 
o f  the engineering evaluation, a biological evaluation was performed. 
The potential biological effectiveness of each system (i.e., for 
mitigating impingement and entrainment losses) was evaluated by 
consideration of the available laboratory, prototype, and/or in situ 
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data for each system within the general framework of the attached 
report. Striped bass, white perch, Atlantic tomcod, bay anchovy, 
alewife, American shad, and blueback herring were the species o f  chief 
concern for this evaluation. 
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2. SUMMARY A N D  CONCLUSIONS 

Based on the attached r epor t ,  the following alternative screening 
devices were evalua ted  in conjunction with fisk return systems for 
application to t h e  subject Hudson River power plants: 

1. conventional V T S  modified w i t h  fish buckets and auxiliary 
equ i prnent , 

7. center-flow travp?ing screens, 

3. wedgc-wire screening systems, 

4. f lush-mounted and anyled horizontal traveling screens, and 

5. diversion systems incorporating louvers and angled scwens. 

These intake deqigns p r o v i d e  protection for aquatic organisms by 
functioning p i t h e r  as physical screening devices or as  behavioral 
barriers. Modified VTS, centPr-Fjow trave? ing screens, wedge-wire 
screening systenis, and f lush-mounted horizontdl tv-dvel ing screens 
function exclusively as physical barriers; angled horizontal traveling 
screens, louver systems, and angled screen systems Sunc Lion as 
diversion devices. kxcept f o r  wedge-wii-e screening systcms, which  
consist of fixed intake screens,  t h e  distinction between the two 
conceptual designs is that the p l i y s i c d l  screening barriers require 
impingement o f  fish f o r  rmoval from the intake flow, whereas the 
diversion systems a r ~  designed t o  divert f i s h  From t h e  intake flow by 
taking aclvarjtage o f  thei;' avoidance behavior. 

2.1 ENGINEERING EVALUATION 

Wedge-wire screening systems and horizontal travel ing screens  were 
eliminated .from detailed consideration for engineering reasons. 
devices are in the developmental s tage  and are  not considered available 
technologies for app?ication to the  subject generating stations. 
F i  sh-bucket-type travel ing screens arid louver and angled screen 
diversion systems are  a l l  deemed feasible technologies f o r  hackfitting 
to the Hudson River intake systems under consideration. The 
reliability o f  t hese  technologies from the standpoint o f  plant 
operatiotn is riot expected to  deviate substantially from that o f  the 
existing intake systems. Retrofitting the centcr-flow traveling 
screens would require extensive modifications t o  the intake structure 
and could result in operational problems with respect to pump 
operation. Because this alternative would offer no real advantage over 
fish-bucket-type traveling screens w i t h  respect to biological 
effectiveness, a detailed w a l u a t . i o n  o f  center-flow screens is not 
presented herein. 

These 
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2.2 BIOLOGICAL EVALUATION 

The extent to which losses of impingeable life stages of striped 
bass, white perch, Atlantic tomcod, bay anchovy, alewife, American 
shad, and blueback herring can be mitigated at the subject power 
facilities with the application of alternative intake screening devices 
i s  presently not amenable to quantitative determination. However, 
little or no reduction in losses of entrainable life stages would be 
expected. 

We have determined that a screen mesh opening no greater than 15.7 
to 19.7 mil (0.4 to 0.5 mm) is necessary to prevent the entrainment o f  
most Hudson River ichthyoplankton. It has not been shown that the 
survival rates of ichthyoplankton (of the species under consideration) 
impinged on these fine-mesh screens would exceed those for organisms 
that are entrained in the cooling system proper. The survival rates of 
impingeable life stages, however, are expected to be enhanced with the 
incorporation of the fish-bucket-type system. The degree of increased 
survival would depend on impingement survival at the existing intakes 
as well as the species-specific factors. Impinged young-of-the-year 
white perch and striped bass would be expected to survive at higher 
rates, but, based on the studies reviewed, the survival o f  Atlantic 
tomcod and the more fragile species (such as American shad, bay 
anchovy, alewife, and blueback herring) would probably not be greatly 
affected by the incorporation of a fish-bucket-type system. 

For the louver and angled screen diversion systems, most of the 
available data base for the species of concern is limited to laboratory 
studies and West Coast water diversion projects. Neither of these 
systems i s  presently operating at power plant intakes, although some 
are under construction. Much of the testing was performed for a narrow 
range of environmental and hydraulic conditions, which did not properly 
simulate the entire range of conditions likely to be encountered at the 
sites under consideration. Although some success in diverting larvae 
has been reported, these diversion systems would probably not reduce 
entrainment losses o f  small larvae and fish eggs. Impingeable life 
stages of the subject species are expected to be diverted, but 
quantification of the extent of diversion and subsequent survival rates 
is not currently possible. 

The following capital cost estimates for installation of various 
alternative screening systems at Bowline Point and Indian Point Unit 2 
were provided by the Utilities: 

Bowline Point - based on completion of construction on 7/1/81 

Angled screen diversion system $7,632,000 
(ref. 7 )  

Fish-bucket-type screening system $1,743,000 
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Indian Point Unit 2 - Based on completion of construction on 
12/1/78 (ref. 8)  

Angled screen diversion system $4,985,000 

Fish-bucket-type screening system $1,955,000 

The capital costs of backfitting the Indian Point Unit 3 
screenwell with these systems are estimated by the utilities t o  be 
comparable to those f o r  Indian Point Unit 2 (Exhibit UP-19), and the 
capital costs f o r  backfitting a t  Roseton are judged by the utilities to 
be of the same order of magnitude as those f o r  Bowline Point (Exhibit 
UT-16). 



3. MODIFICATION WITH FISH-BUCKET-TYPE TRAVELING SCREENS 

A general description of the various modifications to conventional 
VTS currently available for possible mitigation of impingement and 
entrainment losses i s  given in Sect. 3 * 1  o f  the attached report. For 
the intake systems in question, we have considered ( 1 )  the at~tachment 
of fish buckets beneath each screen panel, (2) incorporation o f  a 
dual-spray wash system for a sequential wash of the screening unit 
[first, the low-pressure spray (less than 30 psi) for removal of fish; 
second, the conventional high-pressure spray for debris], ( 3 )  general 
upgrading of the screening unit f o r  continuous operation at screen 
travel speeds of 2.5 to 10 f t / m i n  for extended periods, and 
(4) incorporation of a sluiceway system for the return OF fish to t6e 
Hudson R i v e r .  
impingement losses. l o  mitigate entrainment losses, incorporation o f  
fine-mesh screens in conjunction with these modifications i s  considered. 

These modifications are considered for mitigation of 

The capital costs for backfitting fish-bucket-type screening 
systems at Indian Point Unit 2 and Bowline Point (Glasser 1978) were 
estimated by the utilities at $1,955,000 and $1,743,000 respectively. 
These costs are based om completion of construction on 12/1/78 f o r  
Indian Point Unit 2 and 7/1/81 for Bowline Point. The cos ts  of 
backfitting this system at Indian Point Unit 3 are estimated by the 
utilities to be comparable to those for Indian Point Unit 2, and the 
costs of for backfitting at Roseton are judged by the utilities t o  be 
of the same order o f  magnitude as those far Bowline Point 
(Exhibit UT-16).  
energy requirements for this alternative screening system are not 
known, but we would expect them to be much greater than those for the 
existing intake systems. 

The operation and maintenance (O&M) costs and the 

Modifications designed to reduce impingement mortality, such as 
specified above, have been retrofitted to existing intake str+uctures 
and are presently i n  operation at the Surry Power Station, Salem 
Generating Station, and Hanford Generating Project. We have not 
identified any site or plant design features that would preclude 
application of this alternative screening system to the Hudson R i v e r  
power plants. These modifications would not alter the intake flow 
significantly, and, hence, no significant effect on the operation of 
the circulating-water system would be expected. 
VTS with such modifications do not have an extensive operating history, 
predictions o f  system reliability that might affect plant cannot be 
made with certainty. Qf c h i e f  concern is the increased maintenance 
schedule (or screen downtime) required for continuous operation for 
extended periods and the use of fine-mesh screens ( e . g . ,  0.5-rnm 
openings) which would result i n  increased screen clogging. T 
o f  clogging and the manner i n  which it affects system reliability can 
be determined only from in situ studies. 

Because conventional 



IV-% 

In conclusion, we believe that from an engineering perspective 
such modifications to the existing intakes of the subject plants are 
feasible. Based on the experience at plants currently using modified 
traveling screens, some system development dfter rnak-iing these 
modifications may be required to ensure reliable performance. 

3.2 BIOLOGICAL EVALUATION 

Entrainment mitigation. When addressing the entrainment 
mitigative potential of conventional VTS with modifications as 
described above, two aspects must be considered: (1) the maximum 
aperture size of the screen mesh that will effectively filter out 
( impinge) the ichthyoplankton which would otherwise be entrained, and 
(2) the postimpingement survival of these fish eggs and larvae, as 
compared to their postentrainment survival. 

The first factor has been discussed at length in Sect. 3.1.2 o f  
the attached report. In general, it appears that mesh sizes no greater 
than 15.7 t o  19.7 mil (0.4 to 0.5 mm) are necessary to prevent 
entrainment of the majority of fish eggs and larvae of the Hudson River 
species under consideration. The other factor, postimpingement 
survival of ichthyoplankton, has been examined for a few species of 
Hudson River fish. 
of intake velocities including those encountered at the intake systems 
in question, postimpingement survival has been shown to be inversely 
related to both impingement duration and approach velocity (Cannon 
e t  al. 1979, Sect. 3.1.2). Tomljanovich e% al. (1977) found in 
laboratory tests, for example, that mean 4%-hr post test survivals o f  
striped bass larvae were 10% after impingement for  8 min and less than 
1% after impingement for 16 min. Similarly, the survival of threadfin 
shad larvae ranged from 93% after an impingement o f  1 rnin to 20% after 
an impingement of 16 rnin. 

In studies o f  the impingement concept, with a range 

Thus, survival of ichthyoplankton impinged on fine-mesh screens is 
species-specific but can be low under conditions of typical intake 
velocities (0.5 to 1.5 ft/sec) and relatively short impingement 
durations (16 min or less). 
modification must be judged by comparing the survival of 
ichthyoplankton entrained in the condenser system (having passed 
through the conventional 3/8-in. mesh screens) to that. of 
ichthyoplankton impinged on the fine-mesh screens. Since i t  has not 
been demonstrated that postimpingement survival of Hudson River 
ichthyoplankton would be greater than postentrainment survival at these 
plants ,  fine-mesh screens are not considered effective devices for 
m i  tigating entrainment losses at these power plants. 

power plants in question to reduce only impingement losses would not 
include replacement of the existing 3/%-in. screen mesh with a finer 
mesh. Modified intake systems have b e m  the focus of impingement 
survival studies at both the Surry Power Station and the Salem Nuclear 
Generating Station. 

The mitigative effectiveness of this 

Impingement mitigation. Modifications of traveling screens at the 



IV-9 

The fish-bucket-type traveling screens at the Surry Power Station 
have been in operation since 1974 and were the focus of an 18-month 
impingement survival study (Cannon et a l .  1979) e Among the estuarine 
species impinged at this power plant and also present in the Hudson 
River are blueback herring, American shad, alewife, bay anchovy, white 
perch, and striped bass. Although average immediate survival among 
these species ranged from 82% for bay anchovies t o  greater than 99% for 
white perch and striped bass, critical factors such as long-term 
survival, efficiency o f  low-pressure sprays in removing fish, and 
relative proportion of stunned, b u t  living, fish, were not reported. 
During the initial monitoring phase o f  modified VTS at the Salem plant 
(April 18 to May 12, 19771, it was found that the low-pressure spray 
wash did not remove many of the impinged fish from the screening unit, 
thereby exposing these fish to the high-pressure spray wash (Cannon 
et al. 1979, Sect. 3.1.2). The percentage of bay anchovies collected 
alive and undamaged from the fish sluice trough during this period 
ranged from 0 to 80 (weighted mean: 33%).  Living undamaged white 
perch and blueback herring accounted for a mean of 73 and 5Q% 
respective?y of the total numbers of these two specjes collected in the 
samples. No latent mortality studies were reported, and survival 
studies of fish collected in the high-pressure spray wash sluiceway 
were not performed (Appendix, Sect. 3.1.2) 

Impingement survival studies were conducted at the Danskammer 
Paint, Bowline Point, and Roseton generating stations and have been 
summarized elsewhere (Cannon et al. 1979, Sect. 3.1.2; 
Exhibit EPA-205). The results, in which postimpingement survival was 
compared at different modes of operation (continuous vs intermittent) 
and washwater pressures, were often inconsistent. Continuous rotation 
generally resulted in better survival among white perch at Bowline 
Point and Danskammer Point, but not at Roseton. Low-pressure 
screenwash sprays occasionally resulted in better initial survival of 
impinged white perch, but often latent survivals between the two spray 
wash pressures were not significantly different. 
observed that postimpingement survival in the laboratory was relatively 
high for Atlantic tomcod and low for clupeids. No consistent 
relationships were found between the latent survival of these fish and 
either screen operational modes or washwater pressures tested. 

modifications to conventional VTS can be species and site specific, 
even within the same river systems. 
be made with more species under a variety of seasonal conditions t o  
quantify the mitigative potential of these modifications. 

body by means of a sluicing system, 
considerations of this type o f  fish return system are outlined in 
Cannon et al. (19731, Sect, 3 . 7 . 3 .  
account for the potential presences of predators a t  the fish release 
sites, tidal influences on reimpingement, or thermal plume entrapment), 
additional mortality would probably be small. 

It was generally 

T h u s ,  the extent of increased survival resulting from these 

Further comparisons will need to 

Fish washed off modified VTS could be returned to the source water 
Important design and operation 

If properly designed (e.g., to 
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4. CENTER-FLOW TRAVELING SCREENS 

Center-flow traveling screens are currently in operation at the 
Barney M. Davis Steam Power Station in Corpus Christi, Texas, and have 
been recently installed at the LaSalle County Generating Station near 
Joliet, Illinois. The Barney M. Davis station is the only power plant 
in the United States that uses traveling screens with 19.7-mil (0.5-mm) 
clear openings. 

A detailed description of the center-flow screening system i s  
given in Sect. 3.2 of Cannon et al. (1979). 
center-flow screening unit with the following modifications for fish 
protection: (1) sealing the bottom half o f  each screen basket to form 
a watertight bucket, and (2) making provisions for the removal of fish 
f rom the screening unit ahead of the high-pressure spray wash. 
fish return system for this system would be essentially identical to 
that for the fish-bucket-type traveling screens (Sect. 3.2). 

We considered the standard 

The 

To date, center-flow traveling screens have not been retrofitted 
to screenbays designed for conventional VTS. Extensive structural 
modifications would be necessary to retrofit the intake systems in 
question. Additional structural modifications in the pump well may be 
necessary to accommodate nonuniformities in the flow generated by the 
screening unit. 

Monthly impingement samples from the center-flow screens at the 
Barney M. Davis Power Station were taken during 1977 (Cannon et al. 
1979, Sect. 3.2.2). Out of a total of 9707 fish collected in these 
screenwash samples, 86% were classified by the utility as living and 
undamaged. Although most of the fish impinged were species not found 
in the Hudson River, 2741 bay anchovies were collected over the 
twelve-month period. 
had a mean standard length of 1.1 in. (29 mm), ranged from 4 to 98% and 
averaged 31% over all samples. Latent mortalities were not examined. 
A lack of comparability in both species assemblages and environmental 
conditions between the Laguna Madre of the Gulf o f  Mexico and the 
Hudson River severely limits any quantitative prediction of 
entrainment- and impingement-mitigating potential of center-flow 
screens at Hudson River power plants. 

Immediate mortalities among bay anchovies, which 

A detailed biological evaluation of eenter-flow screens is 
included in Sect. 3.2.2 of Cannon et al. (1979). Like conventional 
VTS, these screens must impinge fish to remove them from the intake 
flow. 
would conceptually provide a similar potential for protection of f i s h  
as do fish-bucket-type screens. 

For this reason, we are of the opinion that center-flow screens 
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5. WEDGE-WIRE SCREENING SYSTEMS 

Wedge-wire screens represent a fixed screen design that is 
presently being considered for application to power plant intakes. One 
power plant system currently uses the wedge-wire screen, and several 
power plants will use wedge-wire screens in 1979. A description of 
this system is given in Sect. 3.4 of Cannon et al. (1979).  

I t  is our opinion that the wedge-wire screening concept for 
once-through cooling systems i s  currently in the developmental stage. 
The application of such an intake system in the Hudson River where the 
debris loading i s  medium to heavy would require site-specific studies. 
Extensive research and development would be necessary to determine the 
engineering feasibility and potential biological effectiveness of 
incorporating wedge-wire screening systems at the Hudson River power 
plants. 
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6 .  HORIZONTAL 'IRAVELING SCREENS 

A detailed account of the development of horizontal traveling 
screens ( H T S )  i s  given in Sect. 3.3 o f  Cannon e t  al. (1979). This  
alternative intake technology is considered to be in a developmental 
stage. As yet, H I S  have not been employed at cooling-water intakes. 
Poor mechanical reliability has bem the primary concern in the 
prototype tests e However recent, improvements in the design concept 
have the potential of providing acceptable mechanical performance f o r  
future applications. Because of limited testing, the biological 
effectiveness o f  the HTS under a variety o f  species- and site-specific 
conditions is unknown. 
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7. LOUVER AND ANGLED SCREEN DIVERSION SYSTEMS 

Louver and angled screen diversion systems are behavioral barriers 
and, as such, are most effective if fish are able to perceive and react 
to the guiding stimulus associated with them (Cannon et al. 1979, 
Sect. 3.5). Currently, such fish diversion systems are in operation at 
several hydroelectric and pumping installations. These systems have 
not as yet been used at power plant cooling-water intakes; however, a 
louver system i s  under construction at the San Onofre Nuclear 
Generating Station Units 2 and 3, and angled screen systems are under 
construction at Nine Mile Point Nuclear Station Unit 2 and Oswego Steam 
Station Unit 6. 
installed in onshore screenwells that receive water from offshore 
intakes a 

The diversion systems at these plants are being 

Conceptual intake modifications have been developed that would 
allow the retrofitting of angled screen diversion systems at Bowline 
Foint (Exhibit EPA-57)  and Indian Point Unit 2 (Exhibit UT-17). The 
utilities estimated that the capital costs of constructing these 
systems would be $7,632,000 for Bowline Point (Glasser 1978) and 
$4,985,000 for Indian Point Unit 2 (Burke 1978). 
on completion o f  construction on 12/1/78 for Indian Point Unit 2 and 
7/1/81 f o r  Bowline Point. 
Indian Point Unit 2 (Exhibit UT-19), and the costs for backfitting at 
Rosetan are judged by the utilities t o  be of the same order of 
magnitude as those for Elowline Point (Exhibit UT-16). 

These costs are based 

The costs of backfitting this system at 

7.1 ENGINEERING EVALUATION 

Design concepts have been proposed that would allow the 
retrofitting of louver and angled screen diversion systems to the 
intake structures of Bowline Point (Exhibit EPA-57) and Indian Point 
Unit 2 (Exhibit UT-9) .  It is our belief that such systems can be 
installed at all of the subject Hudson River power plants without 
affecting the reliability of the intake screening system to any great 
extent. The O&M characteristics of these systems would also be 
expected to be similar to those of the existing intake systems. 
not evident, however, that the required hydraulic conditions or those 
that were achieved in the Indian Point flume study (Exhibit Uf-18) 
could be duplicated i n  the field. Because of tidal fluctuations in the 
Hudson River, the velocity of the approach flow to the diversion device 
would change periodically, and a uniform approach flow may not be 
maintained. Prototype laboratory studies would be required to 
investigate this potential problem. 

It is 
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7.2 BIOLOGICAL. EVALUATION 

Entraintnent - . - ~ - ~  m i t h a t i o n .  Louver arid angled screeti d i v e r s i o n  
systems designed f o r  f i s h  p r o t e c t i o n  as behav io ra l  and n o t  pi~ysica'i 
sc reen ing  dev i ces  would p r o b a b l y  n o t  reduce ent ra inment  losses o f  f i s h  
eggs or sma l l  l a rvae .  However, Sk inner  (1974) r e p o r t e d  some succcss i n  
d i v e r t i n g  s t r i p e d  bass l a r v a e  w i t h  l ouve rs  a t  a l a r g e  water  d i v e r s i o n  
project i n  C a l i f o r n i a ;  d i v e r s i o n  e f f i c i e n c i e s  f o r  f i s h  less t h a n  0.4 
i n .  (10 mm) l o n g  were under 35%. Sates and Vinsonhale (1956) achieved 
a 90% e f f i c i e n c y  i n  d i v e r t i n g  s t r i p e d  bass w i t h  a mean standard l e n g t h  
of 0.7 i n .  (16.6 mm) [some i n d i v i d u a l s  as smal l  as 0.3 t o  0.5 i n .  ( 8  t o  
12 mm)] a t  a C a l i f o r n i a  water p r o j e c t .  
conducted* The d i v e r s i o n  o f  F i s h  l a r v a e  w i t h  angled screens has no t  
been repo r ted .  Since i t  has n o t  been demon-strated t h a t  d i v e r s i o n  and 
subsequent s u r v i v a l  o f  Hudson R i v e r  i ch thyop lank ton  a t  l o u v e r s  or  
angled screens ~ o i i l d  exceed past -ent ra inment  s u r v i v a l ,  t hese  dev ices 
a r e  n o t  cons idered p r o v i n g  means o f  m i t i g a t i n g  ent ra inment  losses a t  
t h e  lludson R i v e r  power p l a n t s ,  

No s u r v i v a l  s t u d i e s  were 

Impingenient m i t i g a t i o n .  __._.- Louver systetns have been t e s t e d  
concern ing t h e i r  a b i l i t y  t o  d i v e r t  a v a r i e t y  o f  impingeable f i s h .  
Var ious l a b o r a t o r y  and f i e l d  s t u d i e s  i n  which these  f i s h  were d i v e r t e d  
a re  d iscussed i n  Sect. 3.5 of t h e  Appendix. The success fu l  d i v e r s i o n  
of s t r i p e d  bass a t  l a r g e  water  d i v e r s i o n  f a c i l i t i e s  on t h e  blest Coast 
was r e p o r t e d  by  Bates and Vinsonhaler  (1956) and Skinner  (1974). No 
s u r v i v a l  s t u d i e s  were conducted i n  these t e s t s .  However, t hese  s t r i p e d  
bass s t u d i e s  occurred between May and September --  months when water 
temperature and f i s h  swimming speed, a c r i t i c a l  parameter i n  d i v e r s i o n  
dev i ce  design, a re  r e l a t i v e l y  h igh .  Impingement r a t e r  o f  s t r i p e d  bass 
(and whi'te pe rch )  on t h e  Hudson R i v e r  a r e  h i g h e s t  d u r i n g  t h e  c o l d e r  
months, when f i s h  swimming speed i s  reduced. Thei-efore, d i v e r s i o n  
e f f i c i e n c i e s  determined by  t h e  West Coast s t u d i e s  may n o t  be 
r-epr-esentative of those t h a t  may be att.ained a t  the  I-ludson R i v e r  power 
p la r r t s ,  
f o r  Cake O n t a r i o  alewives, a t  t e s t  temperatures f r o m  about 11°C - 25°C. 

D i v e r s i o n  e f f i c i e n c i e s  rang ing  from 50 t o  98% were r e p o r t e d  

I n  t h e  I n d i a n  P o i n t  f l ume  s t ~ d y  ( E x h i b i t  UT-18) l o u v e r  d i v e r s i o n  
e f f i c i e n c y  t e s t s  were conducted w i t h  Hudson R i v e r  w h i t e  perch, s t r i p e d  
bass, A t l a n t i c  tomcod, and ka tche ry - r?a red  s t r i p e d  bass. D i v e r s i o n  
e f f i c i e n c i e s  f o r  r i v e r - c o l l e c t e d  s t r i p e d  bass ranged f r o m  63 t o  97% a t  
or above 13°C b u t  dropped t o  56% i n  t h e  s i n g l e  t e s t  conducted a t  
5.2"C. Only tomcod ( 2  t e s t s  t o t a l )  and ha tche ry - rea red  bass (which a r e  
l a r g e r  than n a t i v e  bass) were t e s t e d  a t  water temperature below 6.2"C. 
E f f i c i e n c i e s  i n  these t e s t s  ranged fr-om 80 t o  99%* 

The impingement-reducing p o t e n t i a l  of angled screens has been 
mamined f o r  seve ra l  spec ies of Hudson R i v e r  f i s h .  D i v e r s i o n  
e f f i c i e n c i e s  i n  excess o f  90% were ob ta ined  i n  a l l  angled screen t e s t s  
i n  the I n d i a n  P o i n t  f l ume  s tudy  ( E x h i b i t  UT-18), b u t  o n l y  tomcod 
( 2  t e s t s  t o t a l )  and ha tche ry - rea red  s t r i p e d  bass were t e s t e d  a t  water 
temperat,urer below 11.3"C. 
ob ta ined  i n  f l ume s t u d i e s  (Stone and Webster 1977) u t i l i z i n g  a lewives 
and t e s t  temperatures o f  3.9"C or  g r e a t e r .  

S i m i l a r l y ,  h i g h  d i v e r s i o n  e f f i c i e n c i e s  w e r e  
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Fishes bypassed by angled screens and collected with a lift basket 
device were held for one week to observe latent mortality 
(Exhibit UT-18). 
reported simply as mortality of test fishes minus the mortality of 
control fishes, a method which underestimates the true differential 
mortality when control survival is less than 100%. The more 
appropriate means of expressing the mortality due to diversion and 
collection in this flume system is to divide the difference between the 
test and control mortalities by the control survival. This correction 
for mortality among control fishes has the effect of increasing the 
differential mortality and decreasing the total efficiency of the 
system [dfveersion efficiency multiplied by (1 - differential 
mortality)]. 
Point studies (Exhibit UT-18), and thus neither parameter is affected 
substantially by the correction. On the other hand, high alewife 
control mortalities (Stone and Webster 1977) result in corrected 
differential mortalities greater than those reported. The consequent 
total system efficiencies, which take mortality into account, are 
significantly lower than the observed diversion efficiencies. 

Mortality attributable to the flume system was 

Control mortalities were generally low in the Indian 

In summary, both louvers and angled screened have been used to 
divert certain Hudson River fish species in laboratory flume studies. 
However, these tests, conducted over a limited range of environmental 
conditions, examined the behavioral responses o f  only a few species 
impinged at Roseton, Bowline Point, and Indian Point Units 2 and 3 .  
For example, blueback herring and bay anchovy were not studied, and 
white perch and Atlantic tomcod were not tested at water temperatures 
coincident with peak impingement times in the Hudson River (winter and 
summer months respectively). The presence o f  debris and high fish 
densities in the screenwell could result in diversion efficiencies 
smaller than those suggested by the laboratory tests, which did not 
adequately consider these factors. 
experimental results to actual power plant installations could be 
affected by the size of the louvers and angled screens. The Stone and 
Webster f lume studies (Exhibit UT-18, Stone and Webster 1977) uti1 ized 
single screens less than 13 ft long, and conceptual intake designs 
consist of a line of louvers or angled screens up to 128 ft long (Bares 
and Vinsonhaler 1956). It does not seem likely that fish could 
maintain their position ahead of the louvers or screens long enough to 
be diverted into a single bypass; thus, multiple bypasses would 
probably be necessary. Because of these considerations, quantification 
of the impingement-reducing potential o f  angled screens and louvers, as 
compared to the existing intake systems, is not possible. 

The use of louvers or angled screens to divert fish into a bypass 
would require a fish return system utilizing pumps or elevator 
baskets. Laboratory and in situ studies of collection efficiency and 
mortality are discussed in Sect. 3.7 of Cannon et al. (1979). Design 
considerations for the location of fish release sites are discussed in 
Sect. 3.7.3 o f  Cannon et al. ( 1 9 7 9 ) .  Properly designed fish return 
systems would probably result in low additional mortality. 

The extrapolation of these 
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SUMMARY 

In  E x h i b i t s  UT-3, UT-4, UT-6, UT-7, UT-49, and UT-50, consultants for  
the ut i l i t ies  have reported f i n d i n g  inverse correlations between growth and 
abundance i n  juvenile striped bass and white perch. 
cited these resul ts  as evidence tha t  density-dependent growth, a 
compensatory mechanism capable o f  par t ia l ly  offset t ing the impact of  power 
plant entrainment and impingement, may be operating i n  the Hudson River 
striped bass and white perch populations. 
u t i l i t i e s '  past and present attempts to demonstrate the existence of 
density-dependent growth, I find t h a t  the u t i l i t i e s  have fai led to  
demonstrate either the existence or the importance of this phenomenon i n  any 
Hudson River f i sh  population. 

The  correlations between striped bass growth and density presented 
i n  Exhibits UT-3, UT-4, UT-6, UT-7, and UT-50 have a l l  been 
invalidated because the avai labi l i ty  of new data or the u t i l i t i e s '  
reevaluation of o l d  data destroyed the correlations that they 
or i g i na 11 y rep or ted . 

The u t i l i t i e s  have 

Based on my examination of the 

The f o l l o w i n g  are my six major conclusions: 

(1) 

( 2 )  The growth data fa r  striped bass and white perch employed i n  
E x h i b i t  UT-50, and the density data for  striped bass employed i n  
E x h i b i t  UT-49, contain unevaluated biases t h a t  can obscure t rue 
re1 ationsh ips  and introduce spurious correlations e 

In both Exhibits U T 4 9  and UT-50 the correlation that  i s  set  f o r t h  
as empirical evidence o f  density-dependent growth is obtained from 
a multiple regression i n  which an environmental variable has been 
included. Since such variables can be defined i n  an enormous 
variety of  ways, the i r  use vastly increases the probability of 
f i n d i n g  correlations t h a t  are " s t a t i s t i ca l ly  significant' '  ( b u t  
biologically spurious) , if one searches hard enough. 

Skelly) has developed i t s  own measures o f  the growth and density 
o f  juvenile striped bass and white perch i n  the Hudson River. The 
two sets  o f  indices are, w i t h  one exception (white perch growth), 
e i ther  uncorrelated or negatively correlated w i t h  each other. 

(3) 

( 4 )  Each consultant (Texas Instruments, and Law'ler, Matusky, and 

( 5 )  Causal relationships between growth and density cannot be 
demonstrated from mere correlations,  even i f  those correlations,  
unlike those reported by the u t i l i t i e s '  consultants, withstand 
c r i t i ca l  scrutiny. In my opinion the u t i l i t i e s '  zealous and 
uncrit ical  search for such correlations, their  fa i lure  t o  examine 
the v a l i d i t y  of the i r  data and analytical methods, and the i r  
fa i lure  to  consider a l ternat ive explanations ( i  .e., hypotheses 
other than density-dependent growth)  for  their  resul ts  consti tute 
an improper application of the sc i en t i f i c  method.  

V - i i i  



( 6 )  Even i f  the ex is tence o f  density-dependent growth could be proved, 
knowledge o f  i t s  ex is tence would be useless for p r e d i c t i v e  
purposes because i t s  compensatory e f f e c t s  cannot be quant i f ied .  
Therefore, I argue t h a t  the  u t i l i t i e s '  c la ims regard ing the 
r e a l i t y  o f  density-dependent growth, even i f  they were v a l i d  
(which they are not ) ,  are i r r e l e v a n t  t o  a r a t i o n a l  impact 
assessment. They should be ignored by the  decision-maker. 

V- iv 
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1. SUMMARY OF UTILITIES' ARGUMENTS 

The rationale for  the u t i l i t i e s '  various attempts to demonstrate the 
existence of density-dependent growth i n  the Hudson River striped bass and 
white perch populations is clearly set  f o r t h  on page 10.37 of E x h i b i t  UT-4: 

Compensatory mechanisms, which allow a population to  persist 
i n  the presence of exploitation by man, have been observed i n  many 
animal popul  at  i ons . A1 though a compi 1 a t i  on of compensatory 
responses by fish populations appears i n  Section 10.3, 
identification and evidence of the existence of one or  more 
compensatory mechanisms i n  the Hudson River striped bass 
population i s  desirable as a rational basis for estimating i t s  
Compensatory reserve. As Ricker (1975: 277) points o u t ,  "An 
observed correlation gains vastly i n  acceptability if  the implied 
biological process can be demonstrated to  occur, even if  only 
qual i ta t ively,"  i.e.,  the demonstration o f  Compensatory processes 
i n  t h i s  population makes estimation of compensatory reserve more 
acceptable. 

As a means o f  demonstrating the existence of specif ic  compensatory mechanisms 
i n  Hudson River fish populations and just i fying the i r  attempts to  quantify 
compensation, the u t i l i t i e s  argue that:  

described i n  the above quote. 
(1) Density-dependent growth is a compensatory process of the type 

( 2 )  Inverse relationships between density and growth can be 
empirically demonstrated i n  two Hudson River f i sh  populations, 
namely striped bass and white perch. 

Descriptions of how density-dependent growth is thought by the 
u t i l i t i e s  to  operate as a compensatory mechanism can be found i n  Exhibits 
UT-3 ( p .  2-IV-52) and UT-49 ( p .  8). According to  the hypothesis set  for th  
i n  these exhibits,  young f ish compete strongly w i t h  each other for  limited 
food resources. As the density of f i sh  increases, t he i r  ra te  o f  growth 
decreases because less food  is available to  each f ish.  T h i s  decreased 
growth leads t o  increased mortality because the f ish remain vulnerable t o  
size-selective predators for an extended period o f  time. 
density of f i sh  decreases (e.g., because o f  the operation of power plants) ,  
the food available t o  each f i s h  increases, result ing i n  increased growth, 
reduced vulnerabili ty t o  predators, and decreased mortality. 

In analyses contained i n  E x h i b i t s  UT-3, UT-4, UT-6, UT-7, UT-49, and 
UT-50 the u t i l i t i e s  have attempted t o  show that  the growth o f  juvenile 
striped bass and white perch ( E x h i b i t s  UT-6, UT-7, and UT-50 on ly )  i s  
inversely re1 ated t o  the i r  abundance. The u t i  1 i t i  es have nowhere attempted 
to  show t h a t  the mortali ty of juvenile striped bass or white perch i s  a 
function o f  size.  

Conversely, as the 
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2. INTRODUCTION TO MY ANALYSIS 

I do not  dispute the existence o f  density-dependent grobvth as a 
phenomenon i n  some f ish populations under some circumstances. Bevertsn and 
Holt (1957) have argued t h a t  density-dependent growth is the most important  
an3  easily observable compensatory mechanism i n  f i sh  t h a t  have survived ._1__1- 

-I. their  f i rs t  year o f  l i f e .  
between density and growth i n  young-of-the-year f i sh  is more limited. In  
addition t o  the results reported by the u t i l i t i e s ,  significant inverse 
correlations between first-year growth and density have been reported for 
two other anadromous f i sh  populations i n  the eastern United States: 
American shad i n  the Connecticut River (Marcy and Jacobson, 197'6) and white 
perch i n  the Patuxent River (Mansueti, 1961). 
density-dependent growth  have been documented i n  t r o u t  (LeCren, 1965) and i n  
sockeye salmon (Johnson, 1965 1. 

Information pertaining t o  functional relatianships 

'The compensatory effects o f  

Because the existence of intraspecific competition, resulting in 
density-dependent growth, has been documented i n  a variety of fish species, 
the possibi l i ty  t h a t  i t  is occurring i n  Hudson River f i sh  p o p u l a t i o n s  a t  
certain densities i n  some years i n  some places cannot be denied out  o f  
hand.  However, no one has ever argued that growth and density are inversely 
correlated over a l l  densities i n  a l l  f i s h  popula t ions .  My c r i t i ca l  analysis 
of the u t i l i t i e s '  many attempts t o  f i n d  density-dependent growth i n  the 
Hudson f a i l s  t o  sustain the u t i l i t i e s '  contention t h a t  they have demonstrated 
either the existence or the importance of th i s  phenomenon i n  Hudson River 
striped bass or white perch. 
presented i n  the u t i l i t i e s '  exhibits do n o t  support  their  conclusions 

nonexistence o f  density-dependent growth  is o f  l i t t l e  or no use to  the 
decision-maker. My testimony consists of four  parts: 

A history of the many attempts by Texas Instruments and Lawler, 
Matusky, and Skei ly t o  demonstrate inverse correlations between 
density and growth i n  striped bass and white perch (Section 3 ) .  

In addition to demonstrating t h a t  the resul ts  

arized i n  Section I ) ,  I show t h a t  mere knowledge o f  the existence or 

(1) 

(2)  Critical  examinations of the two most recent o f  these attempts, 
Exhibits UT-49 and UT-SO (Section 4 ) .  

( 3 )  A discussian o f  the sc ien t i f ic  method and the distinction between 
correlation and causation (Section 5) .  

( 4 )  A demonstration that  even if density-dependent growth occurs i n  
the Hudson River striped bass and white  perch populations, i t s  
compensatory effects  cannot be estimated (Section 6 1 ., 
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3, A BRIEF HISTORY OF ME SEARCH FOR BENSITY-DEPENDENT GR 

Be3ti-r Texas Instruments (TI) and Lawler, Matusky, and Sk.lly (LlVa.5) have 
made several attempts t o  demonstrate t ha t  the g r o w t h  of juvenile s t r iped 
bass and whlie perch in the Hudson River is inversely related to their  

urndance. All o f  TI ' s  analyses are based on beach seine data collected by 
New York University, Raytheon, and TI beginning i n  1965. LMS's analyses are  
derived From bot tom trawl data collected by LMS in the Bowline, bove t t ,  and 
Roseton-Banskammer v i c i n i t i e s  beginning in 1971. In t h i s  Section I wi l l  
b r i e f ly  t race  the his tory o f  these attempts. Special a t tent ion will  be p a i d  
t o  the  way in which the generation of new data and the discovery o f  errors 
i n  e x i s t i n g  data have forced TI and LMS t o  abandon old analyses and develop 
new ones. 

The f i r s t  attempt t o  demonstrate density-dependent growth in Hudson 
River f i s h  populations appeared in TI's Multiplant Report (Texas 
Instruments, 1975). TI developed a juvenile abundance i n d e x  based on beac 
seine data collected in the-Indian Point v ic in i ty .  The data base and method 
o f  calculation are described in section V of the Multiplant Report. 
estimates o f  growth used by TI were computed as the mean length of  f i sh  
captured i n  August minus the mean length of f i s h  captured in July. TI found 
t h a t  f o r  s t r iped bass, growth and abundance were negatively correlated 
( r  = -0.719, P < 0.05). When the effects o f  temperature, measured as 
"minimal daily mean centigrade surface-water temperature in June" 
(9.  VIIX-101, were removed by means of pa r t i a l  correlat ion,  the negative 
relat ionship became even stronger ( r  = -0.866, p = 0.0117). Interest ingly,  
no re la t ionship between density and growth was found i n  white perch, eixher 
with or without the inclusion o f  a temperature variable.  TI concluded 

e VIII-14) t ha t  "growth o f  individual young-of-the-year s t r iped bass was 
shown t o  be negatively density-dependent in the Hudson River population" and 
t ha t  "neither simple nor pa r t i a l  correlat ion analysis revealed a consistent 
re la t ionship between individual growth and density o f  young-of -the-year 
white perch in the Hudson River." 

The 

Exhibit UT-4 contains an analysis of density-dependent growth i n  
st r iped bass (p .  10.38) t h a t  i s  very similar t o  the one presented i n  t h e  
Multiplant Report. The growth and abundance data used for  t h i s  analysis 
were apparently the same as those used in the e a r l i e r  report, with two 
exceptions. A comparison of Figure 10.5-1 of Exhibit UT-4 ( F i g .  1) 
Figure VIII-4 (Fig. 2 )  o f  the  Multiplant Report reveals tha t  the or i  
analysis was updated i n  Exhibit UT-4 by incorporating data collected in 
9975. Moreover, the posit ions of several data points,  those f o r  1969, 1970, 
and 1974, are considerably d i f fe ren t  i n  the l a t e r  report. The correlat ion 
between growth  and abundance c i ted  in Exhibit UT-4 ( r  = -0.85, P < 0.01) a's 

gher than t h a t  c i ted in the Multiplant Report, 
I TQ,38) that  ' ' this re la t ionship most probably was the resu l t  of 

in t raspec i f ic  competition among juveniles,  which causes numerically 
larger-than-average year c lasses  o f  st r iped bass t o  experience a small 
increment o f  growth during the ear ly  juvenile s tage than numerically s 
year classes." 

Exhibit 4 concludes 
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Both  Exhibit UT-4 and the Multiplant Report concluded t h a t  density- 
dependent growth  had been found in striped bass in the Hudson River. 
However, the analyses upon which th i s  conclusion was based have since 
been shown t o  be invalid by the u t i l i t i e s  themselves. 
page 2-VII1-30 of Exhibit UT-3 i n  i t s  entirety:  

I here quote 

Examination of the raw d a t a  inputs t o  the negative correlation 
between the juvenile striped bass abundance index and  the 
growth index, based upon beach seine samples taken a t  Indian 
Point standard s ta t ions ( F i g .  10.5.1 o f  the F R R ) ,  revealed 
som? errors which required several changes: ( a )  the abundance 
index for  1973 had n o t  included a l l  f ish collected, 
Therefore, the revised CPUA value increased considerably 
(from 78.8 to  103,4) a n d ,  as a resul t ,  altered the original 
negative correlation of r = -0.85; ( b )  the index o f  growth 
used in the original correlation presented in the FRR was 
derived by subtrac.ting the mean total  length o f  a l l  f i sh  
collected during July from the mean total  length of a l l  f ish 
collected during A u g u s t .  However, since few young striped 
bass were collected in beach seines prior t o  mid-July, i t  was 
determined t h a t  a better estimate of changes in mean to ta l  
length between July and A u g u s t  would be  the mean total  length 
of f i sh  caught  d u r i n g  the l a s t  half o f  July. This 
modificat,ion revised the indices o f  growth  and also altered 
the correlation between abundance and growth; ( c )  the 
ahtidance and growth indices f o r  each year 1965-68 (Indian 
P o i n t  region) were based on a small data base, less t h a n  f ive  
samples per year. When the revised data were used i n  a 
reassessment of the relationship between juvenile striped 
bass abundance and an index of growth, a significant negative 
corre 1 a t  i on such as was presented ear 1 i er i ts Sccti on 10.5 e 1 
of the FRK no longer emerged. The null hypothesis o f  a zero 
correlation cannot be rejected. This, of course, cannot be 
taken as a positive indication t h a t  density and growth are 
not viegat i ve 1 y corre 1 ated . 

In addit-ion t o  reporting the errors discovered in 11's data and 
methodology, Exhibit UT-3 presented a new "demonstration" o f  density- 
dependent growth in striped bass. This new analysis was based on bottom 
trawl data collected by LMS in the B o w l i i l e ,  Lovett, and Roseton-Danskammer 
v ic in i t ies  from 1971 through 1975. Rather than the simple regression of 
growth on density employed by I I ,  LMS used a multiple regression analysis 
~ h i ~ l i  a1 so incorporated freshwater flow. 
as mean catch-per-unit-effort in trawl samples collected during September, 
October, and November of each year. The growth variable used by LMS was the  
mean length of striped bass collected in October. As a measure of flow, LMS 
calculated the mean June-July Hudson River flow measured a t  Green Island, 
Plew York. LMS found t h a t  when th i s  flow variable was included in the 
analysis, a s t a t i s t i c a l l y  signi Ficant relationship between growth and 
density appeared. 
presence of density-dependent growth in juvenile striped bass (p .  2 - I V - 5 2 )  e 

LMS computed striped bass density 

LMS concluded that th i s  relationship suggests the 
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Exhibits U T 4  and UT-7 contain a similar analysis of density-dependent 
growth  in white perch (analyses in these two Exhibits are ident ical) .  
only differences between this white perch analysis and the striped bass 
analysis in Exhibit UT-3 are: 

The 

(1) Mean length was calculated from f i sh  collected in November rather 
t h a n  in October, and 

( 2 )  Data from 1976 are included in the analysis. 

As w i t h  s tr iped bass,  a significant negative relationship between density 
and growth  was found, when the effects  o f  freshwater f l o w  were taken into 
account. LMS concluded (Exhibit UT-7, p .  10.1-217; Exhibit UT-6, 
p.  10.1-153): "Thus, i t  i s  possible t h a t ,  when significant environmental 
variables are accounted fo r ,  a density-dependent, compensatory relationship 
exis ts  between growth and density for white perch." 

Interestingly, b o t h  Exhibits UT-6 and UT-7, as originally Filed, 
contained a figure ( F i g .  10.1-33 of Exhibit UT-6; Fig. 10.1-48 o f  
Exhibit UT-7) on which were plotted the striped bass density and length 
values f o r  the years 1971 t h r o u g h  1976 (Fig. 3 ) -  I t  was apparent from th i s  
f igure that  b o t h  the density a t h e  length o f  juvenile striped bass in 1976 
were the lowest i n  the en t i re  period o f  record. Following a data request by 
EPA (dated September 27, 1977) ,  the striped bass length and density values 
for 1976 were provided in a response dated October 1 7 ,  1977. 
performed the multiple regression incorporating data from a l l  the years 
1971-76, I found no significant relationship. The par t ia l  correlation 
coefficient of growth on density (fixing flow) f e l l  from the significant 
value of -0.99 excluding 1976 t o  a far-from-significant -0.26 w i t h  1976 
included. 
November 9,  1977 by similar figures from which the 1976 d a t a  point had been 
deleted (Fig. 4 ) .  

On February 14,  1978 a new exhibit ,  Exhibit UT-50, containing yet 
another analysis o f  density-dependent growth in striped bass and white 
perch, was submitted by LMS. This analysis, although similar in concept t o  
the analyses in Exhibits UT-3, UT-6, and UT-7, differed with respect t o  the 
density and flow variables used in the multiple regression. The logarithm 
of density (logD), rather t h a n  density i t s e l f ,  was used as an index of 
abundance. Moreover, in the new analysis the original flow variable ( i * e . $  
mean June-July flow) was replaced by a variable ( F 7 )  described as the "'first: 
principal component score of the monthly mean flows for  the months February 
to  August, inclusive" (Exhibit UT-50, p. 5 ) .  For  b o t h  str iped bass and 
white perch, for  the years 1971-1976, LMS found significant negative 
relationships between length and logD, once variations due t o  flow ( in  the 
form o f  F7) were taken into account. This time no claim was made tha t  the 
existence o f  density-dependent growth  had been demonstrated, only t h a t  96% 
o f  the annual variation in striped bass length and 92% o f  the annual 
variation i n  white perch length had been explained by the regressions, 
res t ra in t  by LMS was admirable and was certainly ju s t i f i ed ,  since as i s  

When I 

The original figures in Exhibits UT-6 and UT-7 were replaced on 

Th is  
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discussed in Section I V ,  when the 1977 data (contained in Exhibit EPA-85) 
are added t o  the analysis, the relationships between growth, logB, and 67 
disappears for  striped bass e 

Qualified claims that density-dependent growth "may" have been found in 
striped bass were made by TI  in Exhibit UT-49, f i l ed  on February 14, 1978. 
Unlike T I ' S  previous analyses, t h i s  one used riverwide beach seine d a t a ,  
rather than data from the Indian Point vicinity alone. 
Exhibits UT-3, UT-6, UT-7, and UT-50, employed multiple regression in an 
attempt t o  remcve environmental effects  and t o  reveal a relationship between 
growth and density. Rather than flow, TI used temperature, specifically the 
rate  o f  Hudson River temperature increase between 16 
"degree r i s e  per day") as the environmental variable. 
negative relationships between density and two measures of growth ( ident i f ied 
as "incremental growth'' and "re1 ative g rowth" ) ,  once temperature effects  
were accounted fo r ,  PI concluded: "The inverse re1 ationship between 
population density and growth f o r  juvenile striped bass, with temperature 
effects  on growth taken i n t o  consideration, offers empirical support for a 
coinperasatory mechanism in Hudson River striped bass'' (Exhibit UI-49, p. 8) .  

Exhibit UT-49, l ike 

and 20 6 (ternred 
TI found significant 

Section V - C  of T I ' S  1975 Year-Class Report (Texas Instruments 197%) 
contains some recent resul ts  relating t o  density-dependent growth in white 
perch. The methods used in the analysis described in the 1975 year-class 
report were similar, although not  identical ,  t o  those used in Exhibit UT-49. 
A riverwide beach seine density index, analogous t o  that  employed for  
striped bass in Exhibit UT-49, was used as a measure o f  white perch 
abundance. However, an ent i re ly  different measure of growth was employed. 
Rather t h a n  the incremental growth and relat ive growth i nd ices  used in 
Exhibit UT-49, in the 1975 Year Class Report white perch growth was measured 
as the "daily instantaneous growth rate" during July and A u g u s t .  
d i f ferent  environmental variables were employed, In addition t o  temperature 
( t h i s  time measured as the mean Hudson River temperature during dilly and 
Auqust), a measure o f  freshwater flow was used. 
fro111 regressions involving abundance, growth, and either temperature or f l o w  
were no different from the resul ts  reported i n  ttie Multiplant Report: no 
relationship between the growth and abundance of juvenile white perch was 
observed. 

'Two 

The resul ts  obtained by TI 

'thus, beginning in 1975, TI has on three occasions claimed t o  have 
found i nverse re1 at i  onsh i ps between density and growth in j uven  i 1 e s t r i  ped 
bass. In ttie Multiplant Repart and in Exhibit UT-4 TI made the s t ro r l gw  
claim t h a t  the existence o f  density-dependent growth in juvenile s t r i p e d  
bass had been demonstrated ( t h i s  claim i s  qualified with the word "probably" 
i n  Exhibit UT-4). Neither those analyses nor those claims (even Nith 
qualifications) have withstood scrutiny. In Exhibit UT-49, TI makes the 
more circumspect claim t h a t  density-dependent growth  in juvenile striped 
bass ''may" have been faund. On two occasions, f i r s t  i n  the Multiplant 
Report and then again in the 1975 Year Class Report, TI reported finding no 
relationship between density and growth in juvenile white perch. 



Beginning i n  1977, LMS has made two attempts t o  f i n d  density-dependent 
growth i n  s tr iped bass. 
and UT-7, f a i l e d  because the 1976 striped bass data destroyed the correlation 
t h a t  had been f o u n d  when only the years 1971-75 were considered. 
shown i n  Section 4 of my testimony, LMS' second attempt, described i n  
E x h i b i t  UP-50, f a i l s  when the 1977 striped bass data are added to  the 
analysis. Al though t o  date neither o f  LMS' analyses of density-dependent 
growth i n  white perch has been invalidated by the addition o f  new data, I 
show i n  section 4.5 that  both may be based on an invalid measure o f  whi te  
perch abundance. 

The f i r s t  attempt, reported i n  Exhibits UT-3, UT- 

As will be 
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4. A CRITICAL EXAMINATION OF EXHIBITS UT-49 AND IJT-50 

4.1 INTRODUCTION 

In  this Section I c r i t i c a l l y  examine the two most recent analyses o f  
density-dependent growth i n  Hudson River f ish populations, those contained 
in Exhibits U T 4 9  and UT-50. For the moment I have set  aside -&he question 
o f  whether e i ther  exhibit shows the existence af  a causal relationship 
between density and growth, That topic is taken up i n  Section 5. Mere we 
are concerned only w i t h  s t a t i s t i ca l  carrelation: Have the u t i l i t i e s  
demonstrated the existence o f  negative Correlations (whatever the cause) 
between growth and abundance i n  juvenile striped bass and white perch? I 
believe t h a t  they have not. In  my evaluation o f  Exhibits IJT-48 and UT-50 I 
discuss three basic methodological problems ei.minon t o  b o t h  exhibits: 

(1) The raw data  used i n  b o t h  exhibits contain unevaluated biases t h a t  
can obscure t rue relationships and introduce S ~ I W ~ O L J S  correlations. 

( 2 )  The enarrnous variety of ways i n  w h i c h  variables can be defined 
vastly increases the probablil i ty of f i n d i n g  a "significant" 
correlation, if one searches hard  enough. 

Correlations derived from one set  o f  data cannot be accepted u n t . i l  
they have survived the a d d i t i o n  of new data .  

( 3 )  

Finally, I present a comparison o f  the LMS and TI growth and density indices 
f o r  striped bass and white perch t h a t  throws considerable doubt on the 
validity of most o f  the indices ( a l l  b u t  the g r o w t h  indices for white perch) 
employed by bo th  consultants. 

4.2 BIASES CAUSED BY THE ADJUSTMENT OF DATA 

The authors o f  both exhibits were forced t o  "adjust't some o f  their  d a t a  
because of  differences i n  Sam l e  collection and/or processing methods among 
years. 
rather than by thsir collection. According t o  E x h i b i t  UT-5Q ( p .  3 ) ,  a f t e r  
collection a l l  f i sh  were identified t o  species and then counted. The t o t a l  
catch of each species was weighed. However, du r ing  tine years 1974-76 6 

(1974-75 for white perch), no f ish were measured a t  this time and none were 
aged. Instead, a l l  samples collected on a given date were pooled, 
regardless of station or gear type, and random f ish were drawn from the pool 
f o r  measurement. Ideally, i n  order t o  perform the analysis presented i n  
E x h i b i t  UT-SO, the d a t a  used s h o u l d  be ( a )  the numbers of young-of-the-year 
f ish in the t rawl  samples, and ( b )  the lengths of these same f ish.  However, 
because o f  the pool ing  procedure, these d a t a  could not  be obtained f o r  
striped bass caught i n  1974-76 nor f o r  white perch caught i n  1974-75. 
was forced t o  estimate the numbers of young-of-the-year striped bass and 
white perch i n  the bottom trawl samples u s i n g  regression equations presented 
on p.. 2 o f  E x h i b i t  UT-50. There was, however, no way f o r  LMS t o  estimate 

I n  LMSI case t h e  prob  P ems were caused hy the h a n d l i n g  of samples 

LA.$ 
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the average length of the f ish caught in the bottom trawl, 
adjusted the data collected i n  the years when the fish were not pooled prior 
t o  measurement. 
the mean length of f ish collected w i t h  each gear was weighted according t o  
i t s  contribution t o  the t o t a l  catch. T h i s  procedure i s  equivalent to  
pooling the f i s h  prior t o  measurement. 

Instead, L 

LMS used a w e i g h t i n g  scheme (Exhibit UT-50, p. 4) i n  which 

The p o o l i n g  procedure would introduce 1-0 biases i n t o  LNS) analysis i f  
( a )  the average lengths o f  f i sh  collected w i t h  eac gear were the same, or 
( b )  the d i s t r i b u t i o n  of the to ta l  catch among the various gears were the 
same f r m  year t o  year. B u t  Tables 1 and 2 of  Exhibit UT-50 and Tables 1 
and 2 o f  E x h i b i t  EPA-85 clearly demonstrate t h a t  neither of these conditions 
i s  met. Striped bass and white perch caught by seine i n  tl~wline Pond are on 
the average smaller than are f ish caught by bottom trawl i n  the river.  
contribution o f  fish from Bowline Pond t o  the total  striped bass catch 
varied from 0% i n  1976 t o  17.1% i n  1974. 
perch was 0.6% (1971) t o  28.6% (1977).  Beach seine samples were collected 
only i n  Bowline Pond p r io r  t o  1975, In 1975-77, beach seine samples were 
collected i n  the river as well and accaunted for  a substantial fraction o f  
the to ta l  catch of striped bass: 
1977. F i s h  caught by beach seine i n  the r iver  are a lso smaller than those 
caught w i t h  the bottom trawl (Tables I and 2 of E x h i b i t  EPA-85). 
noted i n  Table 1 o f  Exhibit EPA-85, the weighted mean 'length of str iped bass 
i n  1977 f a l l s  from 76.1 w i t h  the river seine samples excluded t o  72-0 w i t h  
a l l  gears included. T h i s  4.1 rnn difference i s  nearly one t h i r d  as large as 
the difference (12.6 mm) between the largest  and the smallest mean striped 
bass lengths reported i n  E x h i b i t  EPA-85 (Tab le  31% 

The 

The ~ ~ ~ r ~ ~ ~ ~ ~ ~ i ~ ~  range for  white 

33% i n  1975 and 49% i n  both 1976 and 

As is 

There i s  no way t a  assess the effects  on ! A S ' S  results o f  the poo'ling 
of f ish collected w i t h  different gears., 
procedure on the striped bass mean lengths ca'lcu'laked for  1975 and 1976 may 
have been especially large because of the substantial contribution of f i sh  
caught i n  the r iver  seine samples t o  the catch i n  ti-iose years. The mean 
lengths o f  the fish actually caught w i t h  the bottom trawl may have been 
considerably higher than the mean lengths used i n  the regression. I t  i s  
possible t h a t  errors introduced by the pooling procedure are simply 
obscuring the true relationship between density and growth and thus making 
density-dependent growth more d i f f i c u l t  t o  detect. I t  i s  also possible, 
however, t h a t  these errors are introducing a spurious ~ ~ r ~ ~ l ~ ~ i ~ n  and t h a t  
i n  r ea l i t y  no relationship between density, growth, and F7 exis ts .  

I n  the case o f  E x h i b i t  UT-49 the problem is not w i t h  the length 
measurements b u t  w i t h  the abundance data. Specifically, the beach seine 
sampling program that provides the data base for T I ' S  analysis was 
significantly more restr ic ted d u r i n g  the years 1969-1972 than d u r i n g  the 
other eight years for which data were available. 
sampling was conducted i n  1971) sampling was restr ic ted to  t he  I r id ian  Point 
vicinity.  T I ' S  analysis, however, employs a riverwide index o f  abundance 
(we have seen i n  Section 3 that  TI could f i n d  no evidence of 
dens i ty-dependent growth i n  juveni 1 e striped bass when the data was 

The effects  o f  the pool ing  

In these three years (no 
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res t r ic ted t o  the  Indian P o i n t  v ic ini ty) .  TI, therefore, used d a t a  
collected in 1973-75 t o  construct an "adjustment factor' '  for converting the 
Indian Point indices t o  pseudo-riverwide indices. As is explained in Table 3 
of Exhibit UT-49, the adjustment factor was obtained by examining the r a t io  
o f  riverwide density t o  Indian Point density during the years 1973-75. The 
adjustment factor was computed as the geometric mean of the three individual 
ra t ios ,  and then applied t o  the density indices fo r  1969-72. Unfortunately, 
there is  so much variation in the r a t io  of riverwide densitylIndian Point 
density during 1973-75 t h a t  very l i t t l e  confidence can be placed in the 
adjustment factor calculated by T I .  
T I ' S  adjustment factor to adjust the Indian Point density indices presented 
in footnote (1) t o  Table 3 of Exhibit UT-49 (Table 1 of this  Exhibit). For 
1974 the pseudo-riverwide index calculated with TI'S adjustment Factor i s  
reasonably close t o  the actual riverwide index, b u t  for bo th  1973 and 1975 
the deviations are quite substantial .  
higher than the actual index; for 1975 i t  is nearly 59% lower. I conclude 
from this exercise t h a t  the striped bass density indices used by TI for  
1969-72 could easily be half as  high or twice as high as the values t h a t  
would have been obtained i f  a true riverwide sampling program had been 
conducted in those years. 

To demonstrate t h i s  point I have used 

For 1973 the pseudo-index is  over 60% 

I have performed the same regression analyses presented in Tables 6 and 
7 o f  Exhibit UT-49, b u t  excluding the years 1969-72. As i s  shown in Table 2, 
regardless of whether the incremental growth index or the  re la t ive  growth 
index i s  used, no significant relationship is obtained. Density and 
temperature together explain only 14-15% of the variance in growth. 

The 1969 data are particularly suspect. Not only was the sampling 
restr ic ted t o  the Indian Point vicinity,  b u t  the sampling effor t  (Table 3 
o f  Exhibit UT-49) was unusually low. The total  area swept in 1969 
(60,325 f t 2 )  was less than one t h i r d  t h a t  swept in 1972, the year o f  the 
second lowest e f fo r t ,  one twentieth of the mean annual e f for t  f o r  the ent i re  
period of record (1,166,516 f t 2 ) ,  and one s ix t ie th  o f  the highest sampling 
e f for t .  As can be seen from Figs. 5 and 6 ,  the  1969 d a t a  point is an 
extremely important one. 
and the growth indices the lowest, o f  the ent i re  period of record. If the 
1969 points are removed from Figs. 5 and 6 ,  no relationship between density 
and growth is  apparent t o  the eye. When the 1969 data are deleted from the 
multiple regression ( t h i s  time retaining 1970 and 19721, the significant 
correlation between density and growth (e i ther  incremental ar re la t ive)  
disappears (Table 2 ) .  

The density index fa r  t h i s  year is the highest, 

4.3 

and 
de f 
v ar 
de f 

SELECTION OF ENVIRONMENTAL VARIABLES 

A second, and perhaps more serious, problem w i t h  b o t h  Exhibits UT-49 
UT-50 concerns the enormous variety of ways in which variables may be 
ned. 
ables, i .e.,  flow and temperature. There i s  no obviously "righttb way t o  
ne these variables, as l i t t l e  i s  k n o w n  about the mechanisms t h r o u g h  

The problem i s  particularly severe i n  the case o f  the environmental 
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Table 1. Comparison of TI 'S  actual and pseudo-riverwide density indices for 
juvenile striped bass 

Actual riverwide Pseudo-riverwide 
Year index i ndexa % differenceb 

1973 

1974 

1975 

28.60 

9.5Q 

18.30 

46.53 

10.76 

10.08 

+63% 

+13% 

-45% 

aIndian Point density index (Exhibit UT-49, Table 3 ,  footnote 1) multiplied 
by adjustment factor (0.45). Adjustment factor i s  geometric mean of 
individual ratios (riverwide index/Indian Point index) for the years 
1973-75. 

b1OO x (pseudo-index - actual index)/actual index. 
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‘Cable 2. Reca~cu1atiirn o f  the  regressions described in Tables 6 and 7 sf 
E x h i b i t  ilT--49, excluding the ymrs 1969-92 and excluding 19G9 only 

Excluding 1969-72 

I n c r enien t a 1 Gr owt h I t i  d c x a 

Growth - 19,438 -” Q.10O densityb d- 12.318 temperatureC 

R 2  = 0,14 F = 0,42 P = 0.68 (NS) 

Relative Growtti Intlexd 

Growth = 0.397 - 0.004 d e n s i t y  i- 0.559 temperature 

R2 = 0.15 F = 0.43 P = 0.68 ( N S )  

.- Excluding ..... .li 1969 __ . or-11-y .. 

Incremental Growth Index 

Growth = ?/.4111 .~ 0.193 dens i t y  + 13,937 temperature 

R2 = 0.39 F = 2.26 P 2 0.18 (NS) 

Re 1 a t  i ve Growth Index 

G ~ o ~ t h  = 0,340 - 0.006 dens i ty  + 0.690 temperature 

R2 = 0.30 F = 1.49 P = 0.29 (MS) 

atlean l e n g t h  o f  juvenile striped bass caught i n  las t  half o f  August  - mean 
length o f  juvenile striped bass caught i n  last h a l f  o f  July. 

idle beach seine density index for  striped bass. 

~ D ~ x J R ~  i - ise day, 16-20°C. 

dIncrementa1 Growth Indexlmeaaa length o f  juveniles caught i n  last half 
of July. 
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3c 1967 

* * l  '3% 31 1973 

w 1968 w 1966 

I I I I I 1 I 1.0 5.0 H3.0 S.0 20.0 25.0 30.0 35.0 rl 

DENS I TY KPUE) 

Figure 5. Plot o f  striped bass density versus incremental growth, 1965-76 
(data f rom E x h i b i t  UT-49). 
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H 1975 

Figure 6. P l o t  o f  s t r i p e d  bass dens i t y  versus relat ive growth, 1965-76 
(da ta  from E x h i b i t  UY-49). 
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which temperature and flow m i g h t  influence abundance and growth of striped 
bass or white perch. E x h i b i t  UT-58 l ists  10 different ways of defining 
freshwater flow. E x h i b i t  UT-49 l i s t s  no less than 17 separate water 
temperature variables. With so many variables t o  choose from, one can simply 
t ry  each of them i n  a regression and then select  t h a t  which yields the best 
f i t .  Mr. Dew of LMS t e s t i f i ed  ( t ranscr ip t  pp. 4167-68) that  he d i d  n o t  
select  the flow variable F7 by this  means. However, i t  is  clear from p. 6 
of Exh ib i t  UT-49 (quoted below) that  TI d i d  i n  f ac t  t r y  out a l l  17 
temperature variables and d i d  select, variables for *further analysis based on 
the strength of the i r  correlation w i t h  the g rowth  indices: 

Except for  degree r i s e  per day, 16-20°C, no other water 
temperature index was strongly correlated w i t h  incremental growth 
(Table S ) ,  so th i s  temperature index was the only temperature 
index used i n  the analysis of population density effects on 
i ncremen t a l  growth. 

Degree r i se  per day, 16-20°C was also used i n  the analysis of 
density versus re lat ive growth, b u t  several other water temperature 
indices were also relat ively s t rongly  associated w i t h  re la t ive  
growth (Table 5 ) .  A biological rationale for further selecting 
temperature indices was lacking; therefore, mean daily temperature 
f o r  the interval 16 May - 31 Augus t  was selected as a second 
temperature index f o r  incremental growth, since the correlation 
coefficient was among the highest ( r  = -0.59) and the probability 
value was the lowest ( p  = 0.056). 

W i t h  17 temperature variables to choose from, i t  is not  surprising t h a t  TI 
found two w i t h  reasonably h i g h  correlations. 

Although LMS may not  have used TI ' s  "search-and-select" method t o  
choose a flow variable, i t  i s  doubtful t h a t  LMS would have ceased i ts  
attempts to  demonstrate a relationship between growth ,  abundance, and flow 
had the use of F7 fa i led  t o  produce a good correlation. I t  must be 
remembered that  F7 was developed only af ter  the 1976 striped bass data 
forced LMS t o  abandon the flow variable used i n  E x h i b i t  UT-3. In addition, 
LMS has clear ly  stated ( E x h i b i t  50, p.  7 )  that  different or even additional 
variables may be used i n  future analyses: 

Although we are now using F7 as a t h i r d  variable i n  order t o  remove 
more of the variance observed i n  mean length at  the end o f  each 
growing season, this does not mean that  the search for more 
comprehensive and even additional variables wi l l  no t  continue as 
additional data and degrees of freedom become available. 

The newly-available 1977 striped bass data (discussed i n  Section 4.4) may 
well provide the stimulus for this search t o  continue. 
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4.4 THE EFFECT OF 1977 DATA ON THE REGRESSIONS 
PRESENTED IN EXHIBIT UT-50 

Given the ease with which density, growth, flow, and temperature 
variables can be constructed, the mere finding of a s t a t i s t i c a l l y  significant 
relationship atnong some set  o f  such variables cannot be taken as proof t h a t  
a relationship between density, g r o w t h ,  and temperature or flow actually 
exists.  The regressions presented in Exhibits UT-49 and UT-50 a t  best 
indicate t h a t  such relationships may_ exis t .  Further testing i s  required 
before they can be accepted as fac t .  One way of testing the validity of 
correlations i s  to  add new d a t a  t o  the analysis. Far example, i t  has 
already been shavm that  when the 1976 striped bass data are incorporated in 
the analysis presented in Exhihit UT-3, the inverse relationship between 
growth  and density reported there disappears. 

I have found that when the 1977 striped bass d a t a  are incorporated into 
the analysis presented in Exhibit UT-50, the "significant" correlation 
between growth and density again disappears. Parenthetically, i t  shoiild be 
noted that  the 1979 striped bass entry in Table 3 of Exhibit EPA-85 (prepared 
under the auspices of Dr. McFadden as a supplement t o  Exhibit UT-50, 
following a request For additional information, Transcript pp.  3855-57)  i s  
incorrect. According t o  Table 1 of the same exhibit, the length index for 
1977 that  appears i n  Table 3 i s  t h a t  calculated by excluding f i sh  caught by 
beach seine in the r iver .  The value calculated with f ish from a l l  gears and 
s ta t ions (72.0 m as opposed to  76.1 mn) i s  the value t h a t  i s  consistent 
w i t h  t he  data from other years and i s  the one that should be used. As i s  
shown in Table 3 ,  when t h e  multiple regression i s  performed using data from 
a l l  of the years 1971-77, the correlation vir tual ly  disappears. 
s t a t i s t i c  for the multiple regression model f a l l s  from 36.74 t o  0.78, a 
value t h a t  woulsl he exceeded by chance 50% of the time if there were, in 
fac t ,  no relationship amng the three variables. The par t ia l  correlation 
between length and density, fixing flow, i s ,  although s l igh t ly  positive, 
essen t i a1 1 y zero. 

The F 

As the 1977 riverwide beach seine data are not yet available, i t  i s  n o t  
yet possible to tes t  the correlations reported in Exhibit UT-49 in the above 
way. Interestingly, the white perch analysis i n  Exhibit UT-50 i s  n u t  
invalidated by t h e  incorporation of the 1977 d a t a .  As is shown in Table 4, 
the multiple regression equation and the par t ia l  correlation between length 
and density remain s t a t i s t i c a l l y  significant at  the 5% level. 
there are three reasons why i t  is not legitimate to  infer from th is  resul t  
t h a t  the growth  of juvenile white perch i s  density-dependent: 

However, 

(1) The existence of t he  correlation does not imply that growth and 
density are in fact caslsally related. This paint will be 
discussed in Section 5. 

(2) TI has reported no evidence for the existence of density-dependent 
growth  in white perch. Bo th  in the Multiplant Report and in the 
1975 Year Class Report TI reported looking for b u t  finding no 
relationship between density and growth in juvenile white perch. 
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Table 3. Recalculation o f  the striped bass regression presented i n  Exhibit 
UT-50, incorporating the 1977 data (from Exhibit EPA-85) 

Year Length index Dens i ty  i ndex F1 ow index 

1971 

1972 

E973 

1974 

1975 

1936 

1977 

75.6 

68 .O 

84.6 

78.6 

83.3 

72.0 

72 .Oa 

length = 78.08 + 0.43 

R2 = 0.28 

p a r t  !a7 correlation coeffic 

194.1 

31.2 

22.7 

84.1 

50.2 

4.4 

8.5 

log(density) - 1.57 f l o w  

F = 0.78 P = 0.52 (NS) 

0.9836 

4.3248 

1.6497 

0.8988 

1.0978 

5.1556 

0.3097 

ent, length on log(density),  f i x , , i g  f l o w  = 0.09 

P = 0.86 (NS) 

aEntry i n  Table 3 o f  Exhibit EPA-85 (76.1) i s  incorrect. Correct value 
obtained f r o m  footnote t o  Table 1 (Exhibit EPA-85). 
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Table 4. Reca lcu la t ion  o f  t he  whi te  perch regress ion  presented i n  E x h i b i t  
UT-50, i nco rpo ra t i ng  t h e  1977 data (from E x h i b i t  EPA-85) 

Year Length index Densi ty  index F1 ow index 

1971 66.9 213.5 0.9836 

1972 57.1 117.5 4.3248 

1973 76.5 38.8 1.6497 

1974 69.3 100.4 0.8988 

1975 75.7 53.0 1.0978 

1976 67.2 45.3 5.1556 

1977 74.5 30.1 0.3099 

leng th  = 99.95 + 6.07 l ag (dens i t y )  - 2.27 f l o w  

R2 = 0.81 F = 8.49 P = 0.04 ( s i g n i f i c a n t  a t  a = 0.05) 

p a r t i a l  c o r r e l a t i o n  coe f f i c i en t ,  leng th  on l og (dens i t y ) ,  f i x i n g  flow = 0.82 

P = 0.05 ( s i g n i f i c a n t  a t  cy. = 0.05) 
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( 3 )  Serious doubt ex is t s  as t o  the val idi ty  of LMS' density index as a 
measure of white perch abundance. T h i s  point will be pursued i n  
Section 4.5. 

4.5 COMPARISON OF GROWTH AND DENSITY INDICES USED IN EXHIBIT UT-49 
AND IN THE 1975 YEAR CLASS REPORT TO THOSE USED IN EXHIBIT UT-50 

A second, and more powerful, way t o  t e s t  the val idi ty  of the analyses 
i n  E x h i b i t s  UT-49 and UT-5Q i s  t o  compare them to each other. 
t o  describe the relationship between the growth and abundance o f  juvenile 
striped bass i n  the Hudson River. Since LMS and TI are studying the same 
population, the growth indices and abundance indices used by these two 
consultants should be posit ively correlated w i t h  each other. 
t h a t  this is not  the case. 

Bo th  purpor t  

I have found 

Table 5 presents a comparison of TI ' s  incremental and relat ive growth 
indices t o  LMS' growth index over the years 1972-76 ( the only years included 
i n  both data se t s ) .  Both correlations are vir tual ly  zero. 

Comparison of the two density indices i s  somewhat more complicated. 
Whereas TI ' s  index is based on riverwide sampling, LMS's is based solely on 
data collected a t  three fixed s ta t ions i n  Haverstraw Bay. LMS has argued i n  
Exhibit UT40 (pp. 1-2) that  juvenile striped bass may be closely associated 
w i t h  a re la t ively narrow band of water having some preferred sa l in i ty .  I f  
this i s  t rue,  then the movement of t h i s  band o f  preferred sa l in i ty ,  which is  
governed by freshwater flow, may cause striped bass t o  move i n t o  or out of 
the area sampled by LMS. T h u s ,  freshwater flow may influence LMS' density 
index by influencing the distribution o f  striped bass i n  addition t o ,  or 
instead of,  the i r  abundance. On t ranscr ipt  pp. 4145-4146 Dr. Lawler 
confirmed t h a t  t h i s  was the reason for  including flow i n  the regression 
analysis. Therefore, I performed two comparisons. I f i r s t  compared the LMS 
and TI density indices as they appear i n  Exhibits UT-49 and EPA-85, Second, 
on the assumption that  flow influences striped bass d i s t r i b u t i o n  rather than 
abundance, I used LMS' data to  derive an adjusted density index i n  which the 
effects  of flow (as  measured by F7)  on density have been removed. 
accomplish th i s  I simply performed a linear regression of density on F7 and 
used the residuals as my adjusted index (Table 6 ) .  

To 

Table 7 presents my comparison of TI ' s  riverwide beach seine index t o  
the unadjusted and adjusted LMS bottom trawl indices. There is  v i r tua l ly  no 
correlation between TI 's  index and the LMS unadjusted index. The TI index 
and the adjusted LMS index are, i n  f ac t ,  s ignif icant ly  correlated, b u t  the 
correlation is negative! 

Similar comparisons are possible between the growth and density indices 
for  white perch contained i n  E x h i b i t  UT40 and the corresponding indices 
contained i n  TI 's  1975 Year Class Report. 
for  white perch contain only four,  rather than f ive,  cornon years (1972-751, 
conclusions drawn from these comparisons are necessarily more tentative than 
are those drawn f o r  str iped bass. Nonetheless, the resu l t s  are re la t ively 

Since the LMS and TI data se t s  
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Table 5. Correlations between TI and LMS striped bass growth i nd i ces  over 
the  period 1972-76 

LMS T I  i ncrernental TI r e l a t i v e  
Year growth ( m ) a  growth ( m ) b  grswthb  

1372 68 -0 21.2 

1973 84.6 21.8 

1974 78.6 32.1 

I975 83 -3 25 “ 2  

1976 72.0 25 -1 

LMS vs TI incremental growth 

TI = 19.74 + 0.04 LMS 

r2 = 0.03 F = 0.08 P = 0.80 (NS)  

LMS v s  T I  re la t ive  growth 

TI = 0,830 - 0.004 LMS 

r2  = 0.05 F = 0.15 P = 0.73 (NS) 

0.46 

0.52 

0.50 

0.52 

0.76 

a E x h i b i t  EPA-85, Table 3. 

b E x h i b i t  UT-49, Table 4. 
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Table 6 .  Adjustment of LMS st r iped bass density index t o  remove ef fec ts  o f  
f low 

Year Density i ndex F1 ow index 

1972 31.2 4.3248 

1973 22.7 1.6497 

1974 84.1 0.8988 

1975 50.2 1.0978 

1976 4.4 5.1556 

Regression o f  density index on flow 

density = 68.8759 - 11.5627 flow 

r2 = 0.56 F = 3.89 P = 0.14 ( N S )  

1972 31.2000 18.8697 12 a 3303 

1973 22.7000 49.8010 -27 * 1010 

1974 84.1000 58.4834 25.6166 

1975 50.2000 56.1824 -5.9824 

1976 4.4000 9.2635 -4.8635 
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Table 7. Correlations between LMS and TI striped bass density indices 

LMS LMS 71 
Year unadjusted densitya adjusted densityb densityc 

1972 31.2 12.330 9.7 

1973 22.7 -27.101 28 .Q 

1974 84.1 25.617 9.5 

1975 50 .2 -5.982 18.3 

S.976 4.4 -4.863 11.3 

LMS (unadjusted) v s  PI: 

LMS = 53.74 - 0.98 TI 

r* = 0.07 F = 0.23 P = 0.67 (NS) 

LMS (adjusted) v s  TI 

LMS = 33.46 - 2.16 TI 

r 2  = 0.78 F = 1051 P = 0.05 (significant at a = 0.05) 

r = - .88 

~ 

aExhibit EPA-85, Table 3. 

bThis  e x h i b i t ,  Table 6. 

CExhibit UT-49, Table 3. 



V-27 

unambiguous. They indicate that  the white perch density indices, although 
perhaps n o t  the growth indices, are as questionable as are the striped bass 
dens i t y  i nd i ces . 

Table 8 contains a comparison between the LMS and TI growth indices for  
young-of-the-year white perch, for  the years 1972 t h r o u g h  1975. The two 
indices are i n  fac t  positively correlated ( r  = + 0.91), a l t h o u g h  the 
relationship f a l l s  short o f  s t a t i s t i ca l  significance a t  the 5% level 
( P  = 0.09). As I d i d  for striped bass, I computed a se t  o f  adjusted LMS 
density indices by performing a linear regression of white perch density on 
flow (Table 9) .  Table 10 contains my comparisons o f  T I ’ s  beach seine index 
t o  the unadjusted and adjusted LMS bottom trawl indices. 
reveals a positive relationship. T I ‘ S  index i s  negatively correlated w i t h  
b o t h  LMS indices; the relationship between the TI index and the unadjusted 
LMS index is close to being s t a t i s t i c a l l y  significant at  the 5% level 

Neither comparison 

(1” = -u.92, P z. 0.Q8). 

The f i n d i n g  o f  s t rong  positive correlations between the sets  of growth 
and abundance indices developed by LMS and TI would have provided strong 
support for the resul ts  and conclusions presented i n  E x h i b i t s  UT-49 and 
UT-50. The general absence of such correlations ( the positive correlation 
between the growth indices for white perch is the sole exception) casts 
serious doubt on the validity of the analyses contained i n  both exhibits. 
Based ~ a p  the resul ts  presented i n  Tables 5-10, i t  appears that  a t  least  one 
o f  the two striped bass growth indices i s  an i n v a l i d  measure o f  growth i n  
yaung-of-the-year striped bass, and that  a t  least  one of the two density 
indices is an i n v a l i d  measure o f  striped bass year class strength. 
Similarly, at  least  one o f  the two density indices for white perch i s  
probably an invalid measure of white perch year c lass  strength. Since the 

i t e  perch growth index contained i n  Exhibit UT-50 is positively correlated 
i t h  the corresponding index contained i n  TI ’s  1975 Year Class Report, i t  is 
o s s i b l e  t h a t  bo th  are valid measures of the growth o f  youn 

white perch. However, the results reported i n  E x h i b i t  UT-5 
inverse relationship between white perch growth and density) cannot be v a l i d  
unless both the growth and density indices are v a l i d .  
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Table 8. Correlation between TI and LMS white perch 
growth indices over t h e  period 1972-75 

Year 
LMS 

growth ( m ) a  
TI 

growth (mm/day)b 
- - 

1972 57.1 0.034 

1973 76.5 0.0222 

1974 69 -3 0.0204 

1975 75.7 0.0177 

TI = -0.04453 f 0.00086 LMS 

r2 = 0.83 F = 9.64 P = 0.09 

aExhibit €PA 85, Table  3. 

b1975 Year C1 ass Report (Texas Instruments 1978a), 
Table 8-116. 
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Table 9. Adjus tmen t  o f  LMS whi te  perch density i ndex  t~ re ve effects of 
flow 

Year Densi ty index (C6’UE)a F1 ow i ndexa 

1972 

1973 “ 8000 

1974 100 I 4000 

1975 53. 0000 

109.3570 

72.7273 

62 * 4454 

65.1703 

8 B 1.43 

-33.9273 

37,9546 

-12.. 1783 

aExhibit EPA-85, Tab le  3 .  
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Table 10. Correlations between LMS and T i  white perch density indices 

Year 

LMS LMS TI 
u n  ad j u s t ed adjusted density 

density (CPUE)a density (CPUE)b ( C P U E ) C  

1972 117.5 8 9 a43 

1973 38.8 -33.927 

1974 100.4 37.955 

1975 53.0 -13" 170 

LMS (unadjusted) vs TI 

LMS = 124.81 - 3.31 Y1 

r2 = 0.85 F = 11.32 P = 0.08 

LMS ( a d j u s t e d )  v s  T i  

LMS 30.86 - 2.16 PI 

r* = 0.54 F = 2.37 P = 0.26 

4.3 

20.1 

6.8 

26 .O 

aExhib-i-t EPA-85, Table 3. 

hThis E x h i b i t ,  Table 9.  

C19Y5 Year C1 ass Report (Texas Instruments 1978a),  Tab1 e B-116. 
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5. A DISCOURSE ON THE SCIENTIFIC METHOD AND ME DISTINCTION 
BETWEEN CORRELATION AND CAUSATION 

As was shown i n  Section 3, consultants for the u t i l i t i e s  have on f ive 
separate occasions reported T i  n d i n g  negative correlations between growth  an 
density i n  Hudson River striped bass. On four of these occasions ( the 
exception i s  E x h i b i t  UT-50) they have claimed that  they had found empirical 
support for the hypothesis tha t  growth i n  Hudson River striped bass i s  an 
inverse function of density. I dispute this claim not only on the basis o f  
my examination o f  the i n d i v i d u a l  data bases and regression analyses, b u t  on 
basic methodological g r o u n d s  as well. 

In the f i r s t  place, the mere existence of a correlation implies 
absolutely n o t h i n g  about causal mechanisms. This  simple fac t  was admitted 
by Dr. McFadden on t ranscr ipt  page 4162. Inverse correlations between 
density and growth could be produced by many processes that have n o t h i n g  
whatever t o  do w i t h  density-dependent growth. For example, the LMS bottom 
trawl d a t a  used i n  E x h i b i t s  3, 6 ,  7 ,  and 50 are collected d u r i n g  September- 
December of every year. The time of spawning of both striped bass and white 
perch, however, varies from year t o  year. I t  is possible t h a t  variations i n  
the t i m i n g  o f  the spawning season could produce an inverse correlation 
between the density and length of juveniles i n  the f a l l .  In years i n  which 
spawning occurs early,  the young f ish have an opportunity t o  feed longer and 
grow larger before they are sampled. However, the f i sh  are also exposed t o  
predation and other sources o f  mortality for a longer period of time, and 
t h u s  their  abundance i n  the fa17 may be lower. Conversely, when spawning 
occurs unusually la te ,  juveniles feed and grow for a shorter time before 
they are sampled by LMS and therefore they may be smaller. 
are exposed t o  mortality f o r  a shorter period they may be more abundant. If 
th i s ,  rather t h a n  density-dependent growth, were the explanation for the 
observed negative correlation, then the imposi t ion of power-plant mortality 
would cause no compensatory increase i n  growth of the survivors. 

B u t  since they 

The above example i s  only one of many possible a l ternat ive explanations 
An imaginative biologist could undoubtedly for the resul ts  obtained by LMS. 

formulate similar explanations for the correlation reported by TI i n  
E x h i b i t  UT-49. I t  simply i s  n o t  possible to demonstrate a causal 
relationship between the growth and abundance of  striped bass and/or white 
perch from observational data of the type collected by LMS and TI. 
Dr. McFadden himself has convincingly documented this point. PlcFadden 
(1963) examined the way i n  which the e f fec ts  of measurement errors,  
unmeasured variables, and correlations among variables combine t o  distort 
observational data and hide actual causal relationships.  Starting from an 
equation relating the egg production of a laboratory f l o u r  beetle (Triboliurn 
confusum) population t o  temperature and t o  the density of a d u l t  beetles, he 
constructed a 50-year time series of simulated ' 'field data." He introduced 
random environmental fluctuations and sampling errors into th i s  data i n  
order t o  reproduce t h e  low degree of precision tha t  i s  typically encountered 
i n  f i e ld  studies. When he analysed the time-series i n  an attempt t o  
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"discoveri1 the i ~ l a t i o i ~ h i p  between Lemgerature, de:isity and egg production, 

Thr.is, t i l e  t r u e  causal i c l a t i o n s h i p c  could n o t  be determined f r o m  the 
simulated "oisservat ions. " 

hh-L  t ic ;  addeis found t h d t  i t  was r9ot passihlP t o  recover the original equation. 

The r e 1 a t i m s h i p Y  i f  any, between the growth and density o f  juvenile 
f i s h  irrhabiting a complex estidarine environment ms.est surely be a t  l e a s t  as 
complex as the re lat ionship betweee; temperature, density, and egg production 
in laboratory flouv- b e e l l e  ynpulations. I t  i s  therefore absurd t o  suggest., 
in t h e  absence o f  any G u t  the  most rudimentary knowledge o f  the b i o t i c  and 
ab io t ic  deterrnina1it.s o f  the  grmantt-8 of juvenilf? s t r iped bass and white perch, 
tha t  t h e  existence o f  a causal re la t ionship between growth and density can 
be inferred froni a correlat ion derived f r m  six ( E x h i b i t  UT-50) t o  eleven 
( E x h i b i t  UT--49) years o f  observational data .  No such in fe rence could be 
drawn even i f  t h e  c o r w l a t i o n s  presented i n  these two exhibi ts  had withstood 
the c r i t i c a l  examination descx-ibed in Section 4 o f  t h i s  testimony. 

Ihe u t i l i t i e s '  consultants might claim tha t ,  although they have not 
proven t h a t  the growth o f  juvenile s t r iped bass andlor  white perch is 
density-oegendent, they have found ""ernpit-ical suppor t t i  f o r  t h i s  hypothesis. 
I f ind this argumenl to be equally absurd. The essence o f  the s c i e n t i f i c  
method, as dgsrrihed by Karl Popper (1934), i s  n o t  the proving o f  
hypothescs, br i t  t he  fa l s i fy ing  o f  hypotheses. Having proposed an hypothesis 
(e.?.,  that. t kc  growth o f  juveni le  striped bass is an inverse function of 
their  abundance), a s c i e n t i s t  does not stubbornly defend i t  by searching for  
data that suppor ts  his  hypothesis, explaining away contradictory data and 
ignoring all t e r n a t i v e  hypotheses- Instead, he at tacks his hypothesis by 
designing and condzactttig r i g o r o u s  l e s l r  i r l tendod t o  prove i t  wrong. An 
hypothesis earns our  be l ie f  not when we have searched for and found some 
evidence t u  suppor t  i t ,  but. dmi WP have rigorously t r i e d  t o  disprove i t  and 
Sailed.  

Judged by Popper's standard, the .____ u t i l i t i e s '  pers i s ten t ,  uncr i t ical  
- attempts t o  demntpstrate __ .- the  __ e x i  
River 1__--.- f i s h  - M d - a t i o n s  a re  a bizarre  perv-er-kjon o f  the  sc-i-e-nJi~-~c method. 
Neither i'I nor LMS has evei- d iccussed  any possible interpretat ion of t h e i r  
results other than the hypothesis o f  density-dependent growth. LMS has 
e i ther imp i i ed t h a t  the existence of dens ity-dependent g%-cawth has been 
dencmatrated, (e,g., "Information on behavior i n  the f i r s t  year of l i f e  
suggests strongly t h a t  g rowth  r a t P  i ncrmses as population decreases" 
(Exhibit 3,  p .  2 - I Y - 5 1 ) )  or s t a t k d  t h a t  i t  i s  "possible"  t h a t  
dens ity-dependgrit growth  exisLs ( E x h i b i t  UT-6, p .  10.1-153; Exhibit UT-7, 
p. 18.1-217). %I has consis tent ly  claimed t h a t  the existence of 
dens i t y - d ~ p e n d e n t  growth has beer] demonstrated (Mu1 t i p 1  ant Report, 
p.  VIII-I$), '1probably44 has been demongt ra ted  ( E x h i b i t  UT.-4, p .  10,38) or 
sirnay" have been demonstrated (Fxhibit  \JT-4!?> p .  8).  Even when reporting the 
lack o f  a s ignif icant  correlat ion betceen density and growth, TI was careful 
t o  remind the rsader tha t  

ns-e af--dsnsi ty-dependent @owth i n  Hudson I- 

"This, of coiirse: cannot be taken as a posi t ive indication t h a t  
dens i ty  and growkh arc not negalively correlated" (Exhibit UT-3, 
g. 2-VlII-30jn 
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Both TI and LMS have been remarkably uncritical o f  their own data and 
methods. Nowhere in any of the utilities' exhibits is it possible to find a 
discussion of biases in the growth or density indices that might make them 
unsuitable as measures of growth or abundance. 
discussion of sampling error and how it might influence the results of the 
analyses. Nowhere are any attempts made to compare LMS' indices to T I ' S  as 
a check on their reliability. When one analysis is abandoned because o f  
uncooperative new data or  a reevaluation of old data, it i s  simply replaced 
by a new analysis, using new variables, yielding the same result: 
inverse correlation between growth and density is "discoveredM and cited as 
providing empirical support for the existence of density-dependent growth. 

The correlations offered by LMS and TI are the starting point, not the 
end point, o f  a valid scientific analysis o f  the relationship between growth 
and abundance in Hudson River striped bass and white perch. 
and the indices derived from the data must be critically examined. 
mechanisms through which flow or temperature could influence the growth and 
abundance indices in a way consistent with the results must be formulated 
and then critically examined. 
be considered, and rigorous tests must be devised by which as many as 
possible of  the compet ing hypotheses (including that of density-dependent 
growth) can be falsified. 
be used as a basis for still more rigorous testing. Only when the 
hypothesis that increases in striped bass or white perch abundance cause 
growth to decrease has survived vigorous and repeated attempts to disprove 
it can it properly be said that empirical support has been found for it. 

biometry textbook by Sokal and Rohlf) that the mere search for environmental 
variables that "remove" variance in the growth index, thus revealing the 
relationship between density and growth, is "analogous to the fundamental 
process of science.'' Mr. Dew repeats and expands upon this assertion on 
transcript p. 4148. I emphatically disagree (as does Dr. Rohlf, on p. 4 
Exhibit EPA-208), and I close this section with a quote of my own (Popper, 
1934: p. 281, emphasis is Popper's): 

Nowhere is there a 

an 

The raw data 
Causal 

Alternative explanations for the results must 

Additional data, when it becomes available, must 

In Exhibit UT-50 (p. 7) LMS suggests (with a quote from the well-known 

The wrong view of science betrays itself in the craving to be 
right; for it is not his possession of knowledge, of irrefutable 
truth, that makes the man of science, but his persistent and 
recklessly critical west for truth. 
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6. A DEMONSTRATION THAT THE COMPENSATORY EFFECTS OF DENSITY-DEPENDENT 
GROWTH, ASSUMING THAT I T  DOES OCCUR, CANNOT BE ESTIMATED 

If density-dependent growth e x i s t s ,  are i t s  e f fec ts  siufficierit t o  
protect populations from impact? 
answered from the data presented by the u t i l i t i e s ,  even if-Jh-s---t?t? 
described i n  Exhibits ._ .. . .. .-.- ..-- UT-49 and UT-50 are  accepted as f a c t .  Suppose, f a r  
the moment, t h a t  the regression equations presented i n  these two E x h i b i t s  
accurately describe the  re lat ionship between growth and abundance i n  Hudson 
River s t r iped bass and white perch. I have used these equations t o  predict  
the change in length o f  juvenile s t r iped bass and white perch t h a t  would 
r e s u l t  from reductions i n  abundance o f  20% and 50%. As base values I chose 
the median values of density ( E x h i b i t  EPA-85, Table 3; Exhibit UT-49, 
Table 3), flow (Exhibit EPA-85, Table 3 ) 3  and temperature ( p .  1. of 

i t t e n  notes submitted by Dr. Klauda o f  TI on December 16, 1977, 
i ranscr ipt  pp. 1092-93) presented by LMS and TI .  

I believe t h a t  th i s  question cannot be 

- 

From the regression equations in Tables 5 and 7 o f  Exhibit 49, I 
calculated the  expected incremental and r e l a t i v e  growth o f  striped bass a t  
densi t ies  equal t o  1.0, 0.8, and 0.5 times the base value. I then used the 
r e s u l t s  t o  calculate  the expected length a t  the end o f  A u g u s t  o f  a s t r iped 
bass t h a t  was 46.8 mm, long (the median value in Table 4 o f  E x h i b i t  UT-49) 
i n  July. Similarly,  from the regression equations i n  Tables  3 and 4 OF 
Exhibit UT-50, I calculated the expected end-of-season length of st r iped 
bass and white perch a t  densi t ies  O F  1.0, 0.8, and 0.5 times the base 
values. The r e s u l t s  of these calculat ions are presented i n  Table 11. The 
equations in both Exhibits UT-49 and UT-50 predict  that a 20% reduction in 
s t r iped bass density would r e s u l t  in a r e l a t i v e  increase in s t r iped bass 
length of less  than 1.5%. A 50% reduction in density would r e s u l t  in less 
than a 5% re la t ive  increase in s t r iped bass length. For white perch, the 
changes predicted by Exhibit UT-50 are s l i g h t l y  larger :  
reduction and 8.4% f o r  a 50% reduction. 

2.8% f o r  a 20% 

Given the small changes in length (2-4 m f o r  st r iped bass and 6 m f o r  
white perch, assuming a 50% reduction) t h a t  would r e s u l t  from even large 
reductions i n  abundance, i t  i s  tempting t o  conclude t h a t  compensation due t o  
density-dependent growth could not  possibly o f f s e t  any substant ia l  power 
p l an t  impacts. B u t  depending on the exact  re lat ionship between s i z e  and 
mortali ty,  a small increase i n  the length o f  a f i s h  could r e s u l t  i n  e i t h e r  a 
negligible or a substant ia l  increase i n  i t s  probabili ty o f  survival.  I f  a 
1% increase i n  the s ize  Q F  a f i s h  increased i t s  daily probabili ty o f  
sirrvival by 1% ( i . e . ,  from s t o  1.01 s ) ,  i t s  probablity o f  urviving through 
the next month would be increased by a factor  o f  1.35 (1.0130). I f  i t s  
daily probabili ty of survival were increased by only 0.1$, i t  would b e  only 
1.03 times as l ike ly  t o  survive through the next month. No data ex is t s  
pertaining to  the size-mortali ty re la t ionship in e i t h e r  s t r iped bass or 
white perch (Dr. Lauer o f  Ecological Analysts suggests, on t ranscr ip t  
pp. 8782-84, tha t  larvae growing a t  d i f f e r e n t  ra te r  may in fact. have $kc 
same survival r a t e ) .  Therefore, i t  i s  not possible to  estimate the amount 
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Table 11. Increase i n  s t r i ped  bass and white perch growth caused by 20% and by 50% 
cropping, assuming t h a t  regression equations i n  Exhibits UT-49 and UT-50 
a re  val id  

STRIPED BASS ( E x h i b i t  UT-49) 

Median degree r i s e lday  16-20 C: 
Median densi ty  l a s t  half  o f  July (CPUE): 
Median length o f  f i s h  (mn) :  
Incremental growth: 

T = 0.308 
0 = 10.5 

LJ = 46.8 
G = 16.469 - 0.345 D + 26.885 T 

Re1 a t  i ve growth : G = 0.323 - 0.009 D + 0.818 T 

G1. OD - L1.OD G0.80 -- LO. 80 G0.5D L0.5D 

Incremental growth 21.1 67.9a 21.9 68.7a 22.9 69.4a 
Relative growth 0.48 69.3b 0.50 70.2b 0.53 71.6b 

- % change r e l a t i v e  t o  base case Il .00)- 

0.5D 
I_ 

0.8D 

Incremental growth +1.2% 
Relat ive growth +1.3% 

+2.7% 
t3.3% 

STRIPED BASS (Exhibi t  UT-50)- 

Median flow index :  F = 1.6497 
Median f a l l  densi ty  ( C P U E ) :  D = 50.2 
Length:  L = 109.344 - 5.3667 log(0)  - 5.5077 F 

L 1 .  OD L.Q..dD u 
Length 79.2 80.4 83.0 

X change r e l a t i v e  t o  base case (1.001 

0.5D 

Length +1.5% +4.8% 

- 0.8D - 

WHITE PERCH {Exhibit UT-50) 

Median flow index: F = 1.6497 
Median f a l l  densi ty  ( C P U E ) :  D = 100.4 
Length:  L = 111.935 - 8.132 log(D) - 2.3264 F 

L1.OD L0.8D LO. 5D 

Length 68.8 70.7 74.6 

Length 

% change r e l a t i v e  t o  base case (1.OD) 

0.5D - 0.80 - 
+2.8% +8.4% 

a L = L J  t G ( incremental) .  

b L = LJ + LJ x G ( r e l a t i v e ) .  
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o f  power plant mortality t ha t  m igh t  be o f f s e t  by density-dependent growth. 
Given the difficulty of estimating mortality rates for  whole populations, 
dnd the l ow precision o f  the results that are generally obtained, I doubt 
that useful s i z e - s p e c i f i c  mortality rates can ever be obtained. 
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7 "  CONCLUSIQNS 

I conclude that  u t i l i t y  E x h i b i t s  UT-3, UT-4, UT-7, UT-49, and UT-50 do 
not dermnstrate i n  any s c i e n t i f i c a l l y  val id  manner the r e a l i t y  of density- 
dependent growth as a compensatory mechafiism regularly operating i n  juveni le  
striped bass and/or white perch. 

I f i n d  the u t i l i t i e s '  past and present arguments for  the existence of 
density-dependent growth i n  s t r iped bass t o  be t o t a l l y  unconvi ncing. On 
f i v e  occasions beginning i n  I975 u t i l i t y  consultants have attempted t o  
demonstrate inverse cor re la t ions  between growth and abundance i n  s t r iped 
bass. Four o f  the f i v e  attempts have since been invalidated because e i t h e r  
the a v a i l a b i l i t y  o f  new data or a reevaluation of the old data destroyed the 
correlat ions t h a t  were or ig ina l ly  reported. A l t h o u g h  LMS has twice reported 
f i nd i ng s im-i 1 ar i nverse corre 1 a t i  anta between growth and abundance i n  wh i t e  
perch, TI has twice reported looking f o r  b u t  f i n d i n g  no such correlat ions.  

An examination o f  the t w  most recent analyses, those presented i n  
E x h i b i t s  UT-@ and UI-50, reveals serious de f i c ienc ies  i n  both,  The 'length 
da ta  used by LMS ( E x h i b i t  UT-50) contains unevaluated biases caused by the 
p o o l i n g  o f  f i s h  collected from di f fe ren t  s ta t ions  w i t h  d i f fe ren t  gears. 
Tl's "riverwide" density indices far  the years 1969-72 ( E x h i b i t  UT-49) are  
i n  a c t u a l i t y  Indian P o i n t  v i c i n i t y  indices t h a t  have been converted t o  
pseuds-riverwi de indices u s i n g  a highly questionable "'ad justment fac tor .  '' 
The cor re la t ions  found by TI are c r i t i c a l l y  dependent on the 1369 data,  
which, i n  addition t o  being "adjusted," were obtained from an extremely 
'limited sampling program. I t  i s  quite  poss ib le  that  the r e s u l t s  reported i n  
b o t h  exhib i t s  are  no more than a r t i f a c t s  introduced by the pooling and 
adjustment procedures 

In both exhibits the correlat ion t h a t  i s  set  for th  as empirical 
evidence o f  density-dependent gi-owth is obtained from a mu1 t i p l e  regressian 
i n  whch an environmental var iable  (temperature i n  Exhibit UT-49, freshwater 
f l o w  i n  E x h i b i t  UT-50) has been included. In each case,  the par t icu lar  
var iable  selected was chosen from a large number o f  a l t e r n a t i v e  formulations 
a t  least  par t ly  because a good f i t  could be obtained w i t h  i t .  I b2lieve 
t h a t ,  aside from any problems w i t h  the growth and density indices, r e s u l t s  
derived i n  this way cannot be accepted as empirical support f o r  the r e a l i t y  
of  density-dependent growth. 

My comparisons of the T I  and LMS growth and abundance indices f o r  
strrlipeci bass and M i t e  perch a re  the strongest evidence t h a t  the correlat ions 
presented j n  Exhibits UT-49 and UT-50 are spurious. Both sets o f  indices 
purport t o  be measures of the abundance and growth a f  juveni le  striped bass 
and white perch i n  the Hudson River. However, when the LMS and TI indices 
for  the same years are  compared, i n  only one case (white perch growth) i s  
there a posi t ive correlat ion between LMS's indices and those o f  T I .  ?he 
measure o f  st r iped bass growth employed by LMS i n  E x h i b i t  UT-50 i s  
uncorrelated w i t h  the corresponding measure employed by TI i n  E x h i b i t  UT-49. 
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Depending on whether or n o t  LMS's bot tom trawl density indices for striped 
bass and white perch are adjusted t o  remove the effects  of flow, they are 
e i ther  uncor-related or- nega t iveb  correlated w i t h  TI'S beach seine density 
indices. These resul ts  c l e a r 3  show t h a t  a t  least  one of the two striped 
bass growth indices i s  an i n v a l i d  measure of the growth o f  juvenile striped 
bass. They also show t h a t  ei ther LMS's bottom trawl indices, T I ' S  beach 
seine indices, or b o t h  are i n v a l i d  as measures of the abundance of juvenile 
striped bass and white perch. 

I do not believe that  the u t i l i t i e s '  zealous search for correlations 
t h a t  support the hypothesis o f  density-dependent g r o w t h  is  a proper 
application of the sc ien t i f ic  method. Causal relationships between growth 
and density cannot be demonstrated from mere correlations, even if those 
correlations, unlike those reported by LMS and TI,  withstand c r i t i ca l  
scrutiny. More important, a proper sc ien t i f ic  analysis must include a 
c r i t i ca l  examination of the growth and density indices in order t o  determine 
whether they really measure growth and density. The u t i l i t i e s '  consultants 
have clearly failed to perform such an examination. 
explanations fo r  the observed correlations must be considered, and 
independent t e s t s  of these explanations must be devised. The u t i l i t i e s '  
consultants have never reported considering any hypothesis other than 
density-dependent growth as a possible explanation for the correlations they 
nave f o u n d ,  los t ,  and f o u n d  again.  

A1 ternative 

Finally, I conclude t h a t  the existence or  non-existence of 
density-dependent growth i s  ent i re ly  irrelevant t o  a rational assessmefit of 
the impact O F  pwer p l a n t s  on the Hudson River striped bass and white perch 
populations. I do not dispute t h e  existence o f  some form (ar  forms) o f  
compensatory mechanisms in these populations under certain conditions. Once 
this  i s  conceded, the mere demonstration t h a t  some particular mechanism 
exists or does rmt exis t  is useless for predictive purposes. Studies o f  
density-dependent growth  would be useful if it were possible t o  quantify i ts  
compensatory effects.  B u t ,  as T have shown, these effects  cannot be 
quantified (they could be ei ther  substantial or  negligible) i n  the absence 
o f  precise quantitative information on the relationship between s ize  and 
mortality in juvenile f i sh .  No such information now exis ts  and I daubt that  
i t  can ever be obtained. 
contribute t o  a r a t i o n a l  impact assessment should be considered by the 
decision-maker. Therefore, I believe tha t  a l l  arguments for the existence 
of density-dependent growth are irrelevant and should be ignored. 

In my opinion, only those facts  t h a t  can 
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Page 2-VIII-1 o f  Exhibit UT-3 states, 

"During 1976, Hudson River striped bass o f  spawning 
age were sampled more intensively than ever before 
in order to obtain estimates o f  age cnmgssition, 
sex ratio, age at sexual maturity, fpcuaadity, egg 
product ion, arid other f ac to r s  I' 

Page 2-VIII-3 o f  Exhibit UT-3 states ,  

"The most important iinmediate application o f  the 
1976 d a t a  i s  to indicate t h e  most realistfc t i m e  
1 ags between parental spawning arid spawnjng by 
progeny generations a s  a b a s i s  for t h e  
stock-recruitment analyses in Section 2- IV.  The 
relevant statistics are the percentages o f  annua l  
egg production contributed hy each q e  group. 
These are calculated here: from estimates o f  age 
composition, sex ratio, age at maturity, and 
fecundity. 

The utilitiesa choices of l a g  times, wh.9^ch determine the pairing o f  

Section 2-IV-I3 o f  €xtiibi t LIP-3) 
indices of stock and recruitment i n  the uti 1 i t - s ~ ~ ~  R i c k e r  s tock-  
recruitment curve-fitting e x e r c i s e  (e.q. 
are very important in the context o f  their method o f  paswer p l a n t  impact 
assessment. Different time lags result i n  different estimates o f  alpha, 
a parameter OS the Ricker model. A l p h a  i s  a l so  one of t h e  two  parameters 
of the utilities' equilibrium reduction quation (the other being the 
power plant total conditional mortality ra te;  Sect ion 2-V o f  Exhibit 
UT-3). '  The equilibrium reduction equation i s  used by the utilities t o  
predict long-term poww plant impact  on the s t r - jped  bass population, as  
we17 as on other f i s h  populations of the Hudson R i v e r ,  and is derived 
from the Ricker stock-recruitment model (Section 2 - V I  and T-VII of 
Exhibit UT-3 ) .  The sensitivity of the utilities$ long-term impact 
prediction t o  changes in the value o f  alpha i s  shown i n  F i g u r e  T-V-1 of 
Exhibit UT-3.  For example, on page 2-ICV-28 of Exhibit UT-3, it i s  
indicated that going from a l a g  time o f  5 years to 6 year's, the estimate 
of alpha decreases f r o m  5.4 to 2.7. At a t u t a l  conditional mortality 
rate of 0.2, for example, the long-term population reduction increases 
from 13 to 22 percent as alpha goes from 5.4 to 2.7. 

I n  addition, the choice o f  I t iy  t i m e s  and the ~ ~ ~ r P ~ ~ o n ~ ~ n ~  es t ima tes  
of alpha contained i n  Exhibit UT-58 a l s o  depend on the utilitiesb 
determination o f  female age cornposi t ion i n  1976* Thus, t h e  validity s f  
their choice of lag times i n  E x h ~ b - E t  IJT-58 a l s o  depen 5 on the v a l i d - i t y  
o f  their age composition analysis- The f a r s t  puurpnse a f  t h i s  testimony 
i s  to determine the validity o f  t h a t  analysis- I f  the analysis i s  found 
invalid, the second purpose of this testimony is  t o  present a more v a l i d  
age composition determination, but only if such a determination is 
warranted b y  the d a t a .  

V I - 1  



VI-? 

2. D E S C R I P T I O N  OF THE UTILITTES' AGE C O M P O S I T I O N  ANALYSIS 

S e c t i o n  2 -V I I I -C  o f  E x h i b i t  UT-3 (pages 2 - V I I I - 7  t o  2 - V I I I - 9 ) ,  which 
i s  e n t i t l e d  "Sex R a t i o  And Age Composition," desc r ibes  t h e  methodology 
and r e s u l t s  o f  t h e  u t i l i t i e s '  1976 a d u l t  s t r i p e d  bass sampl ing program as 
i t  p e r t a i n s  t o  age composi t ion.  The d e s c r i p t i o n  r e g a r d i n g  methodology i s  
b r i e f .  Page 2 - V I I I - 7  s t a t e s ,  

"F i sh  were c o l l e c t e d  w i t h  haul  seines and w i t h  
g i l l  nets .  The hau l  se ine  data, which a re  
r e l a t i v e l y  unbiased, were used bo th  d i r e c t l y  t o  
e s t i m a t e  sex r a t i o  and age composi t ion,  and t o  
c o r r e c t  f o r  t h e  s i s e - s e l e c t i v e  g i l l  n e t  data...". 

Page 2 - V I I I - 8  s t a t e s ,  

"Age composi t ion d a t a  based on h a u l  se ine  catches 
p resen t  a p a t t e r n  d i f f e r e n t  f rom combined gear 
( a d j u s t e d  g i l l  n e t  d a t a ) .  . . ' I .  

With possession o f  o n l y  t h e  u t i l i t i e s '  t es t imony  f i l e d  on J u l y  11, 
1977, i n  p a r t i c u l a r  E x h i b i t  UT-3, EPA and i t s  c o n s u l t a n t s  had i n  t h e i r  
possession t.he f o l l o w i n g  knowledge: 
age composi t ion ( 1 )  f r o m  catches of unknown numbers of s t r i p e d  bass, made 
by a hau l  s e i n e  o f  unknown s i z e ( s ) ,  deployed i n  an unknown r e g i o n ( s )  of 
t h e  Hudson R ive r ,  and ( 2 )  f r o m  catches o f  unknown numbers o f  s t r i p e d  
bass, made b y  an unknown number of g i l l  nets,  o f  unknown mesh s i z e ( s ) ,  
deployed i n  an unknown l o c a t i o n ( s )  i n  t h e  r i v e r ,  w i t h  t h e  added f a c t  
( 3 )  t h a t  these g i l l  n e t  catches were ad jus ted  i n  some unknown manner b y  
t h e  catches o f  t h e  h a u l  seine(s). 

t h e  u t i l i t i e s  had made es t ima tes  of 

However, Mr. McLaren, t h e  u t i l i t i e s '  p r i m a r y  w i tness  w i t h  r e s p e c t  t o  
t h e  sub jec t ,  t e s t i f i e d  t h a t  t h e  methodology f o r  de te rm in ing  age 
compos i t i on  was v e r y  complex ( T r .  2823). Because of i t s  comp lex i t y ,  we 
b e l i e v e  t h a t  i f  t h e  u t i l i t i e s  adhered t o  sound s c i e n t i f i c  p r a c t i c e ,  a 
separa te  r e p o r t  o r  appendix would have been prepared and f i l e d  w i t h  
E x h i b i t  UP-3. 

A d e t a i l e d  and accu ra te  d e s c r i p t i o n  o f  t h e  u t i l i t i e s '  sampl ing 
program, dat.a a n a l y s i s  and a n a l y s i s  r a t i o n a l e  was ob ta ined  b y  A p r i l  20, 
1978, app rox ima te l y  8 months a f t e r  E x h i b i t  UT-3 was f i l e d  ( J u l y  11, 
1977). The h i s t o r y  which l e d  t o  t h e  o b t a i n i n g  o f  t h e  d e t a i l e d  and 
accu ra te  d e s c r i p t i o n  i s  s e t  f o r t h  below: 

1. U t i l i t y  response, dated August 23, 1977, f r o m  Or. M a r c e l l u s  t o  
Henry Gluckstern,  t o  Q u e s t i o n  2 of a June 28, 1977 l e t t e r  f rom Henry 
G lucks te rn  t o  D r .  Marce l l us .  

T h i s  response, i n  p r o v i d i n g  d a t a  d e f i n i n g  t h e  age composi t ion of t h e  
s t r i p e d  bass spawning s tock  i n  t h e  Hudson River ,  i n d i c a t e d  t h a t  age 
composi t ion was determir ied eve ry  two weeks above and below RM 38. The 
mean o f  t hese  b iweek ly  and r e g i o n a l  de te rm ina t ions  was i n c l u d e d  i n  t h e  
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test imony, and represented t h e  u t i l i t i e s '  bes t  e s t i m a t e  o f  t h e  age 
composi t ion o f  t h e  s t r i p e d  bass p o p u l a t i o n  (Table 2-VIII-4 of E x h i b i t  
UT-3). A r e f e r e n c e  was then made f o r  t h e  f i r s t  t i m e  t o  what would be 
l a t e r  known as t h e  "4 f i s h  minimum ru le . ' I  The u t i l i t i e s  i n d i c a t e d  t h a t  
they  r e q u i r e d  t h a t  a minimum o f  4 f i s h  w i t h i n  an age group had t o  have 
been c o l l e c t e d  w i t h i n  a p a r t i c u l a r  r e g i o n  and t i m e  i n t e r v a l  b e f o r e  a sex 
r a t i o  was determined. I f  t h e r e  were fewer than 4 f i s h  c o l l e c t e d  w i t h i n  
an age group, these f i s h  were n o t  inc luded i n  t h e  age composi t ion 
ana lys is .  As w i l l  be shown below, t h e  u t i l i t i e s '  statement i n  t h i s  
response, r e g a r d i n g  t h e  o p e r a t i o n  o f  t h e  "4  f i s h  minimum r u l e , "  was 
erroneous. 

2. U t i l i t y  s u b m i t t a l  of  September 26, 1977, i n  response t o  
ques t ions  posed b y  €PA and i t s  c o n s u l t a n t s  a t  t h e  f i r s t  t e c h n i c a l  meet ing 
between EPA's t e c h n i c a l  c o n s u l t a n t s  and t h e  u t i l i t i e s '  t e c h n i c a l  
c o n s u l t a n t s  a t  P e e k s k i l l ,  New Vork on September 26-27, 1977. I n  t h i s  
submission, t h e  methodologies used t o  determine age composi t ion f r o m  haul  
se ine  catches a lone and f rom g i l l  n e t  catches ad jus ted  b y  haul  se ine  
catches were presented by t h e  u t i l i t i e s '  c o n s u l t a n t s .  The two methods, 
as descr ibed i n  t h i s  submission, a re  g iven below: 

( a )  a p r o p o r t i o n  o f  f i s h  which were caught by a 900- foot  haul  s e i n e  
were aged arid sexed. 
increments f r o m  200-1120). The f i s h  which were bo th  sexed and aged 
(Ns+A) were then used t o  e s t i m a t e  t h e  number of f i s h  from t h e  t o t a l  
c a t c h  which would have f a l l e n  i n t o  each l e n g t h  group. F i n a l l y ,  t h e  
number o f  f i s h  o f  each age and sex which were p r o j e c t e d  t o  be i n  each 
l e n g t h  group were summed across a l l  l e n g t h  groups t o  determine t h e  t o t a l  
number of f i s h  i n  each age and sex group. 

These f i s h  were s o r t e d  i n t o  l e n g t h  groups (20 mm 

( b )  g i l l  n e t  catches were ad jus ted  f o r  l e n g t h - s e l e c t i v i t y  u s i n g  da ta  
f rom a 900- foo t  hau l  se ine.  All  samples below RM 38 were d i v i d e d  i n t o  6 
b iweek ly  per iods .  The catches above RM 38 were v e r y  smal l  and v a r i a b l e  
and were n o t  used. For each t i m e  per iod ,  a l l  f i s h  were s o r t e d  i n t o  200 
mm l e n g t h  increments ( s t a r t i n g  w i t h  200 m m ) .  
females o f  each age was c a l c u l a t e d  f o r  each l e n g t h  group. The l e n g t h  
composi t ion observed i n  t h e  900-foot hau l  se ine  c a t c h  was used t o  we igh t  
t h e  catches. F i n a l l y ,  t h e  number of f i s h  o f  each age and sex were summed 
across a l l  l e n g t h  groups i n  o r d e r  t o  determine t h e  p r o p o r t i o n  of each age 
and sex i n  t h e  p o p u l a t i o n  sampled. These p r o p o r t i o n s  were determined f o r  
each b iweek ly  t i m e  p e r i o d  and an e s t i m a t e  of t h e  mean and s tandard e r r o r  
o f  t h e  p r o p o r t i o n s  were obta ined f o r  each per iod .  
i n d i c a t e d  t h a t  i f  t h e r e  were fewer than 4 f i s h  of a p a r t i c u l a r  age in a 
l e n g t h  increment,  then these f i s h  were n o t  inc luded i n  t h e  a n a l y s i s  
because smal l  samples, accord ing t o  t h e  u t i l i t i e s ,  b i a s  t h e  data.  Thus, 
p a r t  o f  t h e  g i l l  n e t  ca tch  was n o t  used because i t  f e l l  i n t o  groups of 
fewer  than 4 f i s h .  

The p r o p o r t i o n  of males and 

It was f u r t h e r  

The i n f o r m a t i o n  i n  t h i s  u t i l i t y  submission conta ined f o u r  e r r o r s :  
( 1 )  t h e  r e f e r e n c e  t o  f i s h  caught above RM 38 n o t  be ing  i n c l u d e d  i n  t h e  
adjustment o f  t h e  g i l l  n e t  d a t a  w i t h  t h e  h a u l  s e i n e  d a t a  was i n c o r r e c t ;  
these f i s h  were, i n  f a c t ,  inc luded:  ( 2 )  i n  t h e  adjustment procedure, 
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3 .  RATIONALE WITH RESPECT TO THE UTILITIES' AGE 
COMPOSITION ANALYSIS 

A. Importance of the "4 Fish Minimum Rule" 

On pages 2-VIII-8 to 2-VIII-9 of Exhibit UT-3, the utilities state, 

"Estimates of age composition based on combined 
gear (adjusted gill net) samples were preferred 
over estimates based on haul seine data. Gill nets 
were deployed in larger numbers and in more areas 
than the haul seine, which could be deployed 
effectively only at a few sample sites." 

Since this statement contains the only rationale given by the 
utilities in their prefiled testimony for preferring the adjusted gill 
net data over the haul seine data alone, EPA incorrectly assumed that it 
was the only basis for preferring the adjusted data over the haul seine 
data, and preceeded accordingly until commencement of cross-examination 
on this topic {March 9, 1978). However, as will be apparent from the 
discussion i n  subsection ( B )  below, this was not the only reason which 
the utilities gave on cross-examination for preferring the adjusted gill 
net data over the haul seine data. 

As described in the previous section, the haul seine length-frequency 
distribution was used in the gill net adjustment procedure. Since age, 
sex, and length are directly related (page 2-VIII-7 o f  Exhibit 3 ) ,  we 
expected that the age composition resulting from the haul seine catch 
alone and the age composition resulting from the adjustment procedure 
would have been almost identical. This result was expected since (1) 
both data sets depend on the length-frequency distribution o f  the haul 
seine catch and (2) age, sex, and length are related. However, based on 
the haul seine age composition, the median age of reproduction i s  
approximately 9 (Mctaren Tr. 3936), whereas the median age of 
reproduction associated with the adjusted gill net data age composition 
i s  approximately 6 (Table 2-VIII-5 of Exhibit UT-3). This unexpected 
result was a consequence of the application of the "4 fish minimum rule,"I 
which had the effect o f  excluding older fish from the age composition 
analysis. 
applying the "4 fish minimum rule" as it pertained to the determination 
o f  age composition, particularly female age composition. As described in 
the previous section, the "4 fish minimum rule" was the requirement that 
i n  each biweekly and regional determination of age composition, at least 
4 aged and sexed fish be present in a 20 mm length increment. €PA, i n  
preparing for cross-examination, had observed that application of this 
rule resulted in the rejection of many older fish from the age 
composition analysis. As it turned out, based on a May 10, 1978 letter 
from Dr. Marcellus to Henry Gluckstern, 135 out o f  the 144 fish (93.8 
percent) of 690 mm or greater, which were aged and sexed, were never 
reflected in the age composition analysis. These fish correspond 
approximately to fish of age 7 and over (McLaren TR-5212). 
was due to the appliction o f  the "4 fish minimum rule.'' 

€PA questioned the utilities regarding the validity of 

This result 
The rejection of 
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these o l d e r  f i s h  r e s u l t e d  i n  a s u b s t a n t i a l  rediuct ion i n  t h e  c a l c u l a t e d  
p r o p o r t i o n s  o f  o l d e r  females i n  t h e  popu la t i on .  Table 2 - V I I I - 4  o f  
E x h i b i t  UP-3 i n d i c a t e s  t h a t  between 8 and 9 pe rcen t  o f  t h e  t o t a l  number 
of females a re  seven and o l d e r .  When no "4 f i s h  minimum r u l e "  i s  
appl ied,  t h e  percentage increases t o  23 percent  ( E x h i b i t  EPA-218). The 
r e d u c t i o n  i n  t h e  p r o p o r t i o n  o f  o l d e r  f i s h  caused by t h e  u t i l i t i e s '  
a p p l i c a t i o n  o f  t h e  r u l e  r e s u l t e d  i n  a s u b s t a n t i a l  r e d u c t i o n  i n  c a l c u l a t e d  
egg p r o d u c t i o n  by  o l d e r  f i s h ,  and a much lower median age of r e p r o d u c t i o n  
i n  t h e  u t i l i t i e s '  ana lys i s .  Table 2 - V I I I - 5  o f  E x h i b i t  UT-3 s p e c i f i e s  t h e  
p r o p o r t i o n s  of female s t r i p e d  bass by age when t h e  u t i l i t i e s '  "4 f i s h  
minimum r u l e "  was app l i ed .  From t h i s  Table, a median age o f  r e p r o d u c t i o n  
of approx imate ly  6.2 i s  obta ined.  From Table 111-4 o f  t h e  tes t imony  o f  
F l e t c h e r  and D e r i s o  ( E x h i b i t  EPA-218), a median age o f  approx imate ly  9 i s  
ob ta ined  when no minimum f i s h  r u l e  i s  appl ied,  which i s  almost i d e n t i c a l  
t o  t h e  median age r e s u l t i n g  f rom o n l y  t h e  haul  se ine  c a t c h  data, as EPW 
expected o r i g i n a l l y .  

On page 2-IV-4 o f  E x h i b i t  UT-3, t h e  u t i l i t i e s  s t a t e  t h a t  t h e  l a g  
t i m e  corresponds t o  t h e  average age a t  which females spawn. 
and M r .  Croom t e s t i f i e d  t h a t  average age of r e p r o d u c t i o n  was t h e  
p r e f e r r e d  c r i t e r i o n  t o  use when choosing l a g  t imes ( T r .  2519-20). 
a l a g  o f  9 yea rs  between spawners and r e c r u i t s ,  an a lpha  va lue  of 1.64 i s  
ob ta ined  when t h e  R i c k e r  model i s  f i t  t o  t h e  u t i l i t i e s '  c a t c h  pe r  u n i t  
e f f o r t  i n d i c e s  used t o  generate t h e  a lpha va lues on page 2-IV-28 o f  
E x h i b i t  UT-3. For  a t o t a l  c o n d i t i o n a l  m o r t a l i t y  r a t e  o f  0.2, the  
p r e d i c t e d  e q u i l i b r i u m  r e d u c t i o n  i n  t h e  s t r i p e d  bass p o p u l a t i o n  would be 
45 percent ,  Thus, t h e  v a l i d i t y  or l ack  t h e r e o f  o f  t h e  "4 f i s h  minimum 
r u l e "  i s  ex t reme ly  impor tan t  i n  t h e  c o n t e x t  of t h e  u t i l i t i e s '  approach t o  
power p l a n t  impact assessment. 

D r .  Savidge 

Using 

B .  U t i l i t y  R a t i o n a l e  f o r  t h e  "4 F i s h  Minimum Rule'& as i t  
P e r t a i n s  t o  t h e  De te rm ina t ion  o f  Age Composit ion 

D u r i n g  t h e  cross-examinat ion of March 9, 1978, t h e  u t i l i t i e s  
t e s t i f i e d  (McLaren T r .  2841-42, 2861-62) t h a t  t h e  "4 f i s h  minimum r u l e "  
was based on t h e  b e l i e f  t h a t  4 aged and sexed f i s h  in a 20 mm l e n g t h  
group was t h e  minimum sample s i z e  needed t o  o b t a i n  an accu ra te  sex 
r a t i o .  When asked by  EPA counsel  if t h e  a p p l i c a t i o n  o f  t h e  "4  f i s h  
minimum r u l e "  caused a b i a s  i n  t h e  r e s u l t i n g  age composi t ion 
d e t e r m i n a t i o n  a g a i n s t  o l d e r  f i s h ,  t h e  u t i l i t i e s  t e s t i f i e d  (McLaren 
T r .  2887), 

... we a re  aware of a b i a s  caused by t h e  e x c l u s i o n  
c r i t e r i a  f" '4  f i s h  minimum r u l e " ] ,  b u t  we a re  a l s o  
aware of  o t h e r  b iases  t h a t  would o f f s e t  t h i s  b ias ,  
we be 1 i eve. '' 

T h e  p r i m a r y  " o f f s e t t i n g  b i a s "  r e f e r r e d  t o  by M r .  McLaren was t h e  
u t i l i t i e s '  b e l i e f  t h a t  t h e  hau l  se ine  ca tch  underest imated t h e  numbers o f  
3, 4 ,  and 5 yea r  o l d  s t r i p e d  bass i n  t h e  p o p u l a t i o n  (McLaren T r .  5273) .  
T h i s  was based on t h e  u t i l i t i e s '  c o n t e n t i o n  t h a t  (1 )  t hese  younger age 
groups were b e s t  rep resen ted  i n  t h e  r i v e r  d u r i n g  March and A p r i l  (McLaren 



V I - 7  

T r .  5177), but a large proportion of them left the population by the 
wleldle o f  the sampling season (McLaren Tr. 2888); and (2) the haul seine 
catch was taken primarily during a short time interval corresponding to 
the middle or just past the middle o f  the sampling season (McLaren T r .  
2889). The utilities argued that, as a consequence, the length-frequency 
distribution of the haul seine catch (hereafter referred to as the h a u l  
seine lfd), which reflects the proportion in each 20 mm length increment, 
underestimated those 20 rnm length increments in which the 3 ,  4, and 
5 year olds fell. The utilities testified that these included length 
increments up to 530 mm (McLaren Tr. 5177). Since the haul seine l f d  was 
assumed to reflect the lfd of the Hudson River striped bass population dn 
the utilities' computational scheme, the utilities contended that i f  all 
the older fish (defined here as fish of 690 rnm or greater length) which 
were excluded by the "4 fish minimum rule" had not been excluded, t he  
resulting age composition would have underestimated the number of 3, 4, 
and 5 year old striped bass, and consequently would have overestimated 
the older age groups. 

In addition, the utilities argued that the age composition resulting 
from the application of no "four fish minimum rule," and the consequent 
inclusions of the excluded older fish, would have been inconsistent wi th  
natural mortality rates determined for the striped bass  population in 
California (McLaren Tr. 5452-4). 
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4. VALIDITY OF THE UTILITIES' AGE C O M P O S I T I O N  ANALYSIS 

A.  A n a l y s i s  o f  t h e  U t i l i t i e s '  " O f f s e t t i n g  B ias "  Argument I_ 

I n  t h e  p rev ious  sec t i on ,  we Showed t h a t  t h e  e f f e c t  o f  t h e  "4 f i s h  
minimum r u l e "  was t o  reduce s i g n i f i c a n t l y  t h e  c a l c u l a t e d  p r o p o r t i o n  o f  
f i s h  7 yea rs  o l d  and o l d e r  which would have r e s u l t e d  f rom t h e  hau l  s e i n e  
ca tch  d a t a  a lone o r  f rom t h e  ad jus ted  g i l l  n e t  da ta  w i t h o u t  a p p l i c a t i o n  
o f  a tninimiim f i s h  r u l e .  This,  i n  tu rn ,  s i g n i f i c a n t l y  reduced t h e  
c a l c u l a t e d  egg c o n t r i b u t i o n  o f  these o l d e r  f i s h  i n  t h e  u t i l i t i e s '  
a n a l y s i s .  We a l s o  i n d i c a t e d  t h a t  t h e  u t i l i t i e s  s t a t e d  t h a t  t h i s  e f f e c t  
of t h e  " 4  f i s h  minimum r u l e "  was j u s t i f i e d ,  s ince  t h e  h a u l  se ine  ca tch  
and i t s  r e s u l t i n g  l f d  underest imated t h e  numbers of 3, 4, and 5 year  o l d s  
i n  t h e  s t r i p e d  bass popu la t i on ,  and thereby, overest imated t h e  
p r o p o r t i o n s  of t h e  o l d e r  f i s h  i n  t h e  popu la t i on .  However, under 
cross-examinat ion,  t h e  u t i 1  i t i e s  t e s t i f i e d  t h a t  no e f f o r t  was made t o  
q u a n t i f y  t h e  c la imed under rep resen ta t i on  of these younger f i s h  in t h e  
haul  se ine  c a t c h  because t h e  necessary i n f o r m a t i o n  d i d  no t  e x i s t  (McLaren 
T r .  5179, 5182). On page 2 - V I I I - 9  o f  E x h i b i t  UT-3, t h e  u t i l i t i e s  s t a t e :  

" G i l l  n e t s  were s t r o n g l y  b iased aga ins t  c a t c h i n g  
these  l a r g e  f i s h ,  a f a c t  which t h e  s e l e c t i v i t y  
c o r r e c t i o n  procedure [ad justment  o f  t h e  g i l l  n e t  
da ta ]  c o u l d  n o t  comp le te l y  o f f s e t . "  

I n  summary, we understand t h e  u t i l i t i e s  t o  b e l i e v e  t h a t  t h e  age 
compos i t i on  r e s u l t i n g  f rom t h e  a p p l i c a t i o n  of t h e  "4 f i s h  tiiinimurn r u l e ' #  
underest imates t h e  p r o p o r t i o n  o f  o l d e r  f i s h ,  and t h a t  t h e  age composi t ion,  
based on e i t h e r  the h a u l  se ine  ca tch  alone, or on t h e  ad jus ted  g i l l  n e t  
da ta  w i t h o u t  a minimum f i s h  r u l e ,  overest imates t h e  p r o p o r t i o n s  o f  these 
o l d e r  f i s h .  However, t h e y  m a i n t a i n  t h a t  t h e  magnitude o f  t h e  
underest imate o r  ove res t ima te  cannot be q u a n t i f i e d  f r o m  t h e  a v a i l a b l e  
i n fo rma t ion .  
age of r e p r o d u c t i o n  l i e s  somewhere between 6.2 and 9 .  

Consequently, %he u t i l i t i e s  appear t o  c l a i m  t h a t  t h e  median 

If, as the  u t i l i t i e s  have argued, f i s h  of ages 3, 4, and 5 were b e s t  
represented i n  t h e  months o f  March and A p r i l  (McLaren Tr .  5177)  and began 
t o  leave t h e  p o p u l a t i o n  i n  s i g n i f i c a n t  numbers ( r e l a t i v e  t o  o l d e r  f i s h )  
between Apr . i l  and May (McLaren Tr'. 5177) ,  t hen  a v a i l a b l e  g i l l  n e t  and 
h a u l  se ine  l f d  over t i m e  should r e f l e c t  t h i s  phenomenon. 

E x h i b i t  AG-120 and AG-121 c o n t a i n  Tables o f  t h e  I f d  f o r  t h e  g i l l  
n e t s  whose c a t c h  was used i n  t h e  age composi t ion a n a l y s i s .  These Tables 
were p r o v i d e d  by  t h e  u t i l i t i e s .  The t a b l e s  of AG-120 were p rov ided  i n  a 
l e t t e r  o f  June 2, 1978 from G. S .  Pete r  Bergen t o  Paul Shemin. The 
t a b l e s  o f  AG-121 were p rov ided  d u r i n g  cross-examinat ion (T r .  5264) The 
l f d  a re  broken down by  gear and t i m e  p e r i o d  i n  E x h i b i t  AG-120, and by  
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t h e  movement o f  t h e  5.0 i n c h  g i l l  n e t  i n t o  t h e  p r i m a r y  spawning grounds 
d u r i n g  t h e  p r i m a r y  spawning p e r i o d .  

However, Iher-e i s  another way t o  t e s t  t h e  u t i l i t i e s '  c o n t e n t i o n  
r e g a r d i n g  t h e  movement o f  t h e  3, 4, and 5 year  o l d s .  The r e g i o n  sampled 
b y  t h e  5.6 i n c h  g i l l  n e t  i n  March and A p r i l  (RM 26-42) encompassed the 
area sampled by t h e  hau l  se ine ( R M  33-39; Marce l l us  1978). Therefore,  if 
t h e  u t i l i t i e s '  c la ims  a r e  c o r r e c t ,  ( 1 )  t h e  p r o p o r t i o n  o f  f i s h  caught o f  
l eng ths  l e s s  than  o r  equal  t o  530 mm by  t h e  5.0 i n c h  g i l l  n e t  should have 
been r e l a t i v e l y  t h e  same i n  March and A p r i l  and ( 2 )  t h e  h a u l  se ine  l f d  
should have r e f l e c t e d  a decreas ing p r o p o r t i o n  o f  f i s h  b e i n g  caught up t o  
530 rnm fr*oi-fl t h e  A p r i l  p e r i o d  t o  t h e  May pe r iod .  
c o n t a i n e d i n  E x h i b i t  AG-120 i n d i c a t e s  almost no change i n  t h e  p r o p o r t i o n  
o f  f i s h  of l e n g t h s  up t o  530 mm caught by t h e  5.0 i n c h  g i l l  n e t  between 
March and A p r i l .  Du r ing  t h e  March 8 - A p r i l  4 pe r iod ,  t h i s  p r o p o r t i o n  was 
0.63. Dur ing  t h e  A p r i l  5-May 2, t h i s  p r o p o r t i o n  increased t o  0.68. T h i s  
r e s u l t  i s  f u r t h e r  s u b s t a n t i a t e d  by  ana lyz ing  t h e  l f d  d a t a  con ta ined  i n  
E x h i b i t  AG-121.  
compare p r o p o r t i o n s  corresponding t o  RM 34-42 i n  a fash ion  analogous t o  
t h e  p r o p o r t i o n s  g i ven  above f o r  RM 26-42. The m i l e p o i n t s  corresponding 
t o  RM 34-42 c o i n c i d e  f a i r l y  c l o s e l y  t o  t h e  m i l e p o i n t s  sampled b y  t h e  h a u l  
s e i n e  (RM 33-39). The c a l c u l a t e d  p r o p o r t i o n s  f o r  t h e  March 8 - A p r i l  4 and 
A p r i l  5-May t i m e  p e r i o d s  corresponding t o  RM 34-42 a re  0.62 and 0.68, 
r e s p e c t i v e l y ,  and a re  almost i d e n t i c a l  t o  t h e  c a l c u l a t e d  p r o p o r t i o n s  
corresponding t o  RM 26-42. 

.4 r e v i e w  of t h e  l f d  d a t a  

By combining t h e  d a t a  on these two e x h i b i t s ,  one can 

From E x h i b i t  AG-120, t h e  p r o p o r t i o n  o f  f i s h  caught by  t h e  hau l  se ine  
up t o  a l e n g t h  of 530 mm was 6.72 d u r i n g  t h e  4/ 5 - 5/2 p e r i o d  and 0.73 
d u r i n g  t h e  5/2 - 5/30 p e r i o d .  
p e r i o d s  of t i m e  d u r i n g  which t h ~  h a u l  se ine  caught a l l  i t s  f i s h .  I n  
a d d i t i o n ,  a more d e t a i l e d  breakdown of t h e  hau l  s e i n e  l f d  through t ime* 
i n d i  a ted no d i s c e r n a b l e  t r e n d  i n  t h e  p r o p o r t i o n s  o f  f i s h  caught i n  t h e  
s i z e  range dominated by t h e  3, 4, and 5 year  o l d s  (up t o  530 mm). 
r e s u  t s  a re  s e t  f o r t h  below: 

These two p e r i o d s  correspond t o  t h e  

These 

R a t i o  of t o t a l  number of f i s h  
_I <530 mm caught by  t h e  900 f t .  

T o t a l  number of f i s h  caught h a u l  se ine  t o  t h e  t o t a l  number 
i n  t i m e  p e r i o d  by t h e  900 o f  f i s h  0% a l l  l eng ths  caught 

Time Per-iod f o o t  h a u l  se ine  by  t h e  900 f t .  h a u l  se ine  

4/5 - 4/21 
4/28 - 4/30 
5/05 - 5/07 
5/10 - 5/17 
5/25 - 5/28 

44 
67 
62 
90 
75 

0.82 
0.69 
0.81 
0.63 
0.79 

*The i n f o r m a t i o n  r e q u i r e d  t o  develop t h e  more d e t a i l e d  breakdown was 
supp l i ed  by D r .  Webster Van Winkle o f  t h e  Oak Ridge N a t i o n a l  L a b o r a t o r y  
f r o m  a magnet ic tape  t r a n s m i t t e d  t o  h im  by  D r .  Kenneth M a r c e l l u s  on 
October 7, 1977. 
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Therefore,  based on t h e  l f d  of t h e  5.0 i n c h  g i l l  n e t ,  t h e r e  appeared 
t o  be no n e t  movement of t h e  3, 4, and 5 y e a r  o l d s  r e l a t i v e  t o  t h e  o l d e r  
age groups f r o m  March 8 t o  May 2 i n  t h e  s t r e t c h  of r i v e r  i n  which t h e  
h a u l  s e i n e  was deployed. 
seine, t h e r e  appeared t o  be no d i s c e r n i b l e  decrease i n  t h e  p r o p o r t i o n  o f  
f i s h  caught  i n  t h e  s i z e  range assoc ia ted  w i t h  t h e  3, 4, and 5 yea r  o l d  
s t r i p e d  bass from A p r i l  5 t o  May 28. I n  a d d i t i o n ,  t h e  5.0 i n c h  g i l l  n e t  
c a t c h  i n d i c a t e d  t h a t  t h e  p r o p o r t i o n  of 3, 4, and 5 y e a r  o l d s  was t h e  same 
i n  March as i n  A p r i l  between Rkl 26-42. Therefore,  we conclude t h a t  t h e  
p r o p o r t i o n  of 3, 4, and 5 y e a r  o l d s  caught by  t h e  h a u l  s e i n e  would n o t  
have been expected t o  be any g r e a t e r  if i t  had caught f i s h  between March 
8 and A p r i l  4 and/or i f  i t  had caught  more f i s h  i n  A p r i l  t han  i t  a c t u a l l y  
d i d  catch.  Therefore, based on t h e  a v a i l a b l e  hau l  s e i n e  l f d  i n f o r m a t i o n ,  
t h e r e  appears t o  be no v a l i d  suppor t  f o r  t h e  u t i l i t i e s t  c o n t e n t i o n  t h a  
t h e  3, 4, and 5 yea r  o l d s  l e f t  i n  any g r e a t e r  p r o p o r t i o n  than  t h e  o l d e r  
age groups i n  May, and based on t h e  a v a i l a b l e  h a u l  s e i n e  and g i l l  n e t  
I f d ,  t h e r e  appears t o  be no v a l i d  suppor t  f o r  t h e  u t i l i t i e s '  c o n t e n t i o n  
t h a t  t h e  h a u l  s e i n e  1 f d  underest imated t h e  p r o p o r t i o n  3, 4, and 5 y e a r  
o lds .  However, o t h e r  a v a i l a b l e  i n f o r m a t i o n  (d i scussed  below) does 
i n d i c a t e  t h a t  t h e  3 y e a r  o l d s  appeared t o  be underest imated by  t h P  g i l l  
ne ts .  

Based on t h e  f i s h  caught by t h e  900 f o o t  hau l  

B .  Consis tency Between t h e  U t i l i t i e s '  C a l c u l a t e d  Age Composi t ion 
and I n f o r m a t i o n  on N a t u r a l  M o r t a l i t y  and Year-Class S t r e n g t h  

t h a t  t h e  age compos i t i on  based on t h e  hau l  s e i n e  l f d  w i t h o u t  a p p l i c a t i o n  
of t h e  "4 f i s h  minimum r u l e "  was u n r e a l i s t i c  because i t  r e s u l t e d  i n  a 
c a l c u l a t e d  t o t a l  m o r t a l i t y  r a t e  o f  o n l y  20 pe rcen t  f o r  female s t r i p e d  
bass, It was f e l t  t h a t  such a m o r t a l i t y  r a t e  " . . . f e l l  q u i t e  o u t s i d e  t h e  
normal range"  (McLaren T r .  5453). We agree. However, t h e  same r e s u l t  
can be o b t a i n e d  f rom t h e  age compos i t i on  r e s u l t i n g  f r o m  a p p l i c a t i o n  o f  
t h e  "'4 f i s h  minimum r u l e . "  These "un rea l  i s t i c a l l y "  low c a l c u l a t e d  
m o r t a l i t y  r a t e s  a re  due t o  t h e  i n c l u s i o n  of 3 y e a r  o l d  f i s h  i n  t h e  
m o r t a l i t y  d e t e r m i n a t i o n .  I f  t h e y  were n o t  inc luded,  a more " r e a l i s t i c "  
( i n  t h e  u t i l i t i e s '  v iew)  t o t a l  m o r t a l i t y  r a t e  of app rox ima te l y  30 pe rcen t  
would be o b t a i n e d  from bo th  s e t s  of age composi t ions.  

I n  t h e  p rev ious  s e c t i o n ,  we i n d i c a t e d  t h a t  t h e  u t i l i t i e s  b e l i e v e d  

The 3 y e a r  o l d s  caught i n  1976 come f r o m  t h e  1973 yea r -c lass .  
J u v e n i l e  abundance d a t a  i n d i c a t e s  t h a t  t h i s  y e a r - c l a s s  was l a r g e ,  
s i g n i f i c a n t l y  l a r g e r  than  t h e  1972 year-c lass,  from which t h e  4 yea r  o l d  
f i s h  caught i n  1976 come ( T a b l e  2-VIII-9 and page 2 - V I I I - 2 0  o f  E x h i b i t  
UT-3; page 7.170 of E x h i b i t  UT-4). Therefore, t h e  age compos i t i on  
d e r i v e d  b y  t h e  u t i l i t i e s  should r e f l e c t  t h i s  f a c t .  It does no t .  The 
p r o p o r t i o n  of  3 y e a r  o l d s  of b o t h  sexes i s  l e s s  than  t h e  p r o p o r t i o n  of 4 
yea r  o l d s  of bo th  sexes (Tab le  2 - V I I I - 4  of E x h i b i t  UT-3). 
f a c t ,  t h e  p r o p o r t i o n  o f  3 year  o l d s  of bo th  sexes i s  a l s o  less t han  t h e  
p r o p o r t i a n  of 5 y e a r  o l d s  o f  b o t h  sexes. The age compos i t i on  r e s u l t i n g  
f r o m  t h e  adjustment  procedure w i t h o u t  a p p l i c a t i o n  of a minimum f i s h  r u l e  
a l s o  appears t o  underes t ima te  t h e  p r o p o r t i o n  of t h r e e  yea r  o lds ,  a l t hough  
n o t  as much f o r  males as t h e  u t i l i t i e s '  c a l c u l a t e d  age compos i t i on  does. 
Wi thout  a p p l i c a t i o n  o f  t h e  minimum f i s h  r u l e ,  t h e  p r o p o r t i o n  o f  3 y e a r  

As a m a t t e r  o f  
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old males i s  the highest proportion by age for this sex. 110wever9 
Figure 2-VIII-2 of Exhibit 3 (i .e. , haul seine age composition) indicates 
that the 3 year o lds  caught by the haul seine accounted for 40 percent o f  
the catch, with the proportion o f  males and the proportjon of femalcr,  of 
age 3 each being at least approximately twice as gv-eat as t h e  proportion 
of males or females o f  any other age. 
information concerning the strength o f  the 1973 year-class. 
seine age composit ion also results in "realistic" calculated total 
mortality rates (approximately 4? percent for males and 30 percect for  
females) even with the -inclusion of the 3 year o l d  age class. It, 
therefore, appears that the gill net catches, which were used fn thc 
assignment of ages and sexes within the 70 mm 1er;gti.i increnwnts of the 
haul seine catch in the adjustment procedure, underestimated the 
proportion of 3 year olds in the population. This underestimation was 
probably due t o  the movement o f  the gill nets  up i n t o  the primary 
spawning grounds in May (RM 47-60), where  on^ would not expect t o  find 
the almost totally immature 3 year o l d  age group. lhis underestimation 
most probably led to an underestimate of the prboportion o f  3 year olds 
during May in the biweekly age compositions f o r  the region above R N  38. 
The haul seines, on the other hand, were drployed below the pi irnary 
spawning  grounds ( R M  33-39) where one would have expeetcd t o  find a 
greater proportion o f  3 year olds. 

This result i s  consistent with the 
The haul 

c 

The effect o f  the underestimation o f  3 year olds in the adjusted 
gill net data age composition on egg production by age is small. A very 
small percentage of 3 year old females arc mature (Table 7-VIII-1 o f  
Exhibit UT-31, and their fecundity is relabively low compared t o  the 
o l d m  age groups (Table 2-VIII-5 o f  Exhibit UI-3). As a result they 
contribute very little t o  the egg production of the population. 
the fact that their numbers were underestimated in 1976 by the gill nets 
has little effect on the calculated distribution o f  egg production by 
age, or on the median age of reproduction, derived from the aye 
composition of the adjusted gill net data with or without the application 
of the "'9 fish minimum rule." 

As such, 

A knowledge of year-class size can also be used to show that the 
"4 fish minimum rule," by excluding 135 out o f  the 144 f i s h  of lecgths  
690 rnm or greater which w e w  aged and sexed, significantly underestimated 
the nuiiiber of 7 years olds. The 7 year o l d s  caught in 1976 a r ~  survivors 
of the 1969 year-class which appeared to be a large year class, t h e  
second largest year class i n  the period f o r  which juvenile abundance 
estimates are available (Table 2-VIII-9 of Exhibit UT-3 and page 7.188 of 
Exhibit UT-4). 
year-class than that of 1970, from which the 6 year olds caught in 1976 
came (Table 2-VIII-9 o f  Exhibit LJ l -3 ) ,  although no significant difference 
between the sires of the ~ L B O  year-classes were found (page 2-VIII-10 of 
Exhibit UT-3). Iiowcvw, the utilities' calculated age composition (labie 
2-YIII-4 o f  Exhibit UT-3) showed that the proportion of 7 year old Indlcc; 
was 0.015, compared to 0.079 for 6 year old rnaies. For- 6 and 7 year old 
females, the numbers were 0.077 and 0.022, respectively. Even given 
equal year-class strengths in 1969 and 1970, t h i s  indicates a total 
yearly survival from age 6 to age 7 of about 19 percent for- males and 29 
percent for females. Given the utilities' estimates of fishing mortality 

Juvenile abundance data indicate that i t  was a larger 
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of 12-18 percent per year (McLaren Tr. 5453),  a natural mortality of 
between 64-78 percent must have occurred between ages 6 and 7 to be 
consistent with the utilities' calculated proportions by sex for the 6 
and 7 year olds. If the 1969 year-class was larger than the 1970 
year-class, at some information indicates, the indicated range of natural 
mortality rate would be even higher (ice*, the relative proportions by 
age are the result o f  mortality and relative year-class size). Such a 
range of natural mortality is unrealistically high, particularly for age 
6 females. The age cornposition derived from the adjusted gill net data 
without the application of a minimum fish rule indicated a more realistic 
range of natural mortlity of 46-50 percent for males and 16-22 percent 
for females, between years 6 and 7, given equal year-class strength in 
1969 and 1970. If the 1969 year-class was greater than the 1970 
year-class, then the indicated natural mortality rates would be higher 
(possible unrealistically high for males depending upon the relative 
sizes of the 1969 and 1970 year-classes). 

It. is interesting to note that the haul seine age composition 
(Figure 2-VIII-2 o f  Exhibit UT-3) indicates that the proportion of 7 year 
olds (males and females combined) was higher than the proportion of 6 
year- olds (approximately 0.08 to 0.06). 
the information concerning the sizes of the 1969 and 1970 year-class. 

This is consistent with some of 

In conclusion, based on (1) length-frequency distribution data 
available over time far both the 5.0 inch gill net used in the 1976 adult 
striped bass sampling program and the 900 foot haul seine; and 
(2) information available on year-class size in 1969, 1970, 1972 and 
1973, the age composition derived from the combined gill net and haul 
seine data adjusted to the length-frequency distribution of the haul 
seine catch without application of any minimum sample sire o f  aged and 
sexed fish in a 20 mm length increment i s  more valid than the age 
composition derived with the same data, but with application of the 
"4 fish minimum rule." However, it does not appear to be as valid as the 
age composition resulting from the haul seine catch alone. 

C. Validity of the "4 Fish Minimum Rule" --- With Respect 
to the Determination of Age-Specific Sex Ratros 

- 

In Section III-€3, we indicated that the utilities based the "4 fish 
minimum rule" on their belief that 4 aged and sexed fish in a 20 mm 
length increment was the minimum sample size needed to obtain accurate 
age-specific sex ratios when working under the assumption of a 1:l sex 
ratio. 
composition of the Hudson River striped bass population) indicates that 
age-specific sex ratios were not calculated within 20 mm length 
increments, but were calculated after the number- of fish of each age and 
sex was summed across all length increments (McLaren Pr. 5354; McLaren 
Tr. 5356) 

A review of EPA-90 (utility methodology used to determine age 

If age-specific sex ratios were not calculated within length 
increments, then why was the "4 fish minimum rule" applied to length 
increments? When asked this question during cross-examination, 
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M r .  McLaren t e s t i f i e d  t h a t  t he  "4  f i s h  minimum r u l e "  was a p p l i e d  w i t h i n  
t h e  70 mm l e n g t h  increments because t h e  aged and sexed f i s h  f r o m  t h e  
combined g i l l  n e t  and h a u l  s e i n e  c a t c h  i n  each 20 mm l e n g t h  increment 
were used t o  c a t e g o r i z e  t h e  ages and sexes o f  f i s h  i n  each corresponding 
h a u l  se ine  l e n g t h  increment, and were then  weighted by  t h e  p r o p o r t i o n  o f  
each l e n g t h  increment i n  t h e  h a u l  se ine  l f d  i n  t h e  u t i l i t i e s '  
computat ional  scheme (McLaren T r .  5358). Therefore,  M r .  McLaren 
t e s t i f i e d ,  a minimum f i s h  r u l e  w i t h i n  l e n g t h  increments was needed t o  
a c c u r a t e l y  ca tegor i ze ,  b y  sex and age, each 20 mm l e n g t h  increment of t h e  
haul  se ine  ca tch  (Mclaren T r .  5360). But then, t h e r e  i s  no b a s i s  f o r  t h e  
number 4 i n  t h e  "4 f i s h  minimum r u l e . ' '  The "4  f i s h  minimum r u l e "  would 
o n l y  bc? v a l i d  i f  a g e - s p e c i f i c  sex r a t i o s  were c a l c u l a t e d  w i t h i n  l e n g t h  
increments.  When asked why t h e  u t i l i t i e s  d i d  n o t  abandon t h e  "4 f i s h  
minimum r u l e , "  M r .  McLaren t e s t i f i e d  t h a t  i t s  abandonment would have l e f t  
t h c  u t i l i t i e s  w i t h  an u n r e a l i s t i c  age composi t ion,  i n  t h a t  i t  would have 
overest imated t h e  number o f  o l d e r  f i s h  i n  t h e  popu la t i on ,  and would have 
been c o n s i s t e n t  w i t h  u n r e a l i s t i c a l l y  low n a t u r a l  m o r t a l i t y  r a t e s  (McLaren 
T r .  5367). However, M r .  Mclaren d i d  n o t  know t h e  e x t e n t  o f  t h e  a l l e g e d  
o v e r e s t i m a t i o n  o f  o l d e r  f i s h  (McLaren T r .  5179, 5182) and we have 
demonstrated t h a t  t h e  age composi t ion which r e s u l t s  f r o m  abandonment o f  
t h e  "4  f i s h  minimum r u l e "  i s  more " r e a l i s t i c "  i n  M r .  Mc la ren ' s  sense t h a t  
t h e  u t i l i t i e s '  c a l c u l a t e d  age composi t ion i n  t h a t  i t  i s  more c o n s i s t e n t  
w i t h  a v a i l a b l e  i n f o r m a t i o n  on yea r -c lass  s t r e n g t h  and n a t u r a l  m o r t a l i t y .  

We, t h e r e f o r e ,  conclude t h a t  t h e r e  i s  no v a l i d  b a s i s  f o r  t h e  ''4 f i s h  
minimum r u l e "  as i t  was a p p l i e d  by  t h e  u t i l i t i e s .  I t s  e f fect ,  however, 
i s  t o  g i v e  t h e  u t i l i t i e s  a c a l c u l a t e d  female age composi t ion which 
r e s u l t s  i n  an a g e - s p e c i f i c  egg p r o d u c t i o n  d i s t r i b u t i o n  and median age o f  
r e p r o d u c t i o n  more c o n s i s t e n t  w i t h  t h e i r  preconceived n o t i o n  concern ing 
agc composi t ion and egg p roduc t i on .  
t h e  da ta  f r o m  t h e i r  1976 a d u l t  s t r i p e d  bass sampl ing program, t h e y  
hypothes ized t h a t  5 and 6 year  o l d  f i s h  dominated t h e  spawning stock,  
i.e., t h a t  t h e y  were t h e  dominant egg producers (Page 10.43 o f  E x h i b i t  
UI-4, Page 2-IV-4 of E x h i b i t  UT-3, and McFadden T r .  2387). A comparison 
of Table 111-4 o f  t h e  tes t imony  o f  F l e t c h e r  and Der i so  ( E x h i b i t  EPA-218) 
and Table 2 - V I I I - 5  o f  E x h i b i t  UT-3 i n d i c a t e s  t h a t  a p p l i a t i o n  of t h e  " 4  
f i s h  minimum r u l e "  i n  t h e  adjustment procedure increases t h e  c a l c u l a t e d  
egg c o n t r i b u t i o n  o f  t h e  5 and 6 year  o l d s  a t  t h e  expense of t h e  10 and 12 
year o l d s .  T h i s  r e s u l t  a l l ows  one b e t t e r  t o  j u s t i f y ,  u s i n g  t h e  
u t i l i t i e s '  l o g i c ,  t h e  i n c l u s i o n  o f  age 5 when s e l e c t i n g  v a r i o u s  l a g  
t imes. I n c l u s i o n  of age 5 i n  a l a g  t i m e  a n a l y s i s  r e s u l t s  i n  t h e  
g e n e r a t i o n  o f  h i g h e r  a lpha va lues than  would be generated w i t h o u t  i t s  
i n c l u d s i o n  (Page 2-IV-28 o f  E x h i b i t  UT-3 and Table 1 o f  E x h i b i t  UT-58). 
Based on t h e  age composi t ion r e s u l t i n g  f r o m  no minimum f i s h  r u l e  (Tab le  
111-4 o f  E x h i b i t  EPA-218), i f  one were t o  choose a l a g  t i m e  based on 
v a r i o i i s  o f  t h e  u t i l i t i e s '  egg c o n t r i b u t i o n  c r i t e r i a  (see McFadden T r .  
7390) one would, f o r  a s i n g l e  age, choose age 7; f o r  two consecu t i ve  
a g w ,  choose ages 6 and 7, and, f o r  consecu t i ve  ages, choose ages 10, 11, 
and 12. 
and would n o t  appear i n  any o f  t h e  l a g  t imes.  

Before t h e  u t i l i t i e s  had a v a i l a b l e  

I n  t h i s  case, age 5 i s  b u t  a minor c o n t r i b u t o r  (6.10 p p r c s n t ) ,  
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5. CONCLUSIONS 

1. Based on the length frequency distribution data for March and 
April from the 5.0 inch gill net, it appears that there is no evidence 
for greater movement of 3, 4, and 5 year old striped bass out o f  the 
region of the Hudson River between either milepoints 26 and 42 or 
mjlepoints 34 and 42 than there is for the older age groups. 

2. Based on the length-frequency distribution data in April and May 
from the 900 foot haul seine, there appears to be no discernible decline 
in the proportions of 3, 4, and 5 year olds being caught between 
milepoints 33 and 39 (the region in which the haul seine was deployed). 

3 .  Based on ( 1 )  and (2) above, it appears that, if the haul seine 
had caught more fish in March and more fish in April than it actually did 
catch, and this catch were included in the determination of the 
length-frequency distribution, this new length-frequency distribution 
would be very similar to the actual computed haul seine length-frequency 
distribution. 

4. Based on ( l ) ,  ( 2 ) ,  and (3) above, the utilities' contention that 
the haul seine catch underestimated 3, 4, and 5 year-old striped bass 
cannot be supported. 

5. Based on information concerning year-class size in 1972 and 
1973, it appears that the age composition resulting from the adjustment 
procedure, either with or without application of the "4 fish minimum 
rule," underestimates the number of 3 year olds in the population. 
However, this underestimation will have very little effect on estimates 
of the relative egg contribution of the older classes (4 and above) and 
the median age of reproduction, because the 3 year old females contribute 
relatively very few eggs because of their low percent maturity and 
relatively low fecundity. However, based on the above information 
concerning year-class size, it appears that the 900 foot haul seine did 
not noticeably underestimate the number of three year olds in the 
papulation. 

6. Based on information concerning year-class size in 1969 and 

This was 

1970, it appears that the utilities' derived age composition 
(Table 2-VIII-4 of Exhibit UT-3) indicates an unrealistically small 
proportion o f  7 year old fish relative to 6 year old fish. 
probably the result o f  the exclusion of a large number of 7 year old f 
relative to 6 year old fish through application of the "4 fish minimum 
rule." The age composition resulting from application of no minimum f 

sh 

sh 
rule, or the age composition resulting from the haul seine catch alone, 
is more consistent with respect t o  the information concerning year-class 
strength 

7. Based on (4) and (6) above, it appears that the age composition 
derived from (1) the adjusted gill net data without application of a 
minimum fish rule of sexed and aged fish in a 20 mm length increment, or 
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(2) the 900 foot haul seine catch alone, is more valid than the age 
composition derived from the adjusted gill net data with application of 
the "4 fish minimum rule", and is, therefore, more valid for the stated 
purposes of the utilities (determining lag times to use  in 
stock-recruitment curve fits). Using the median age o f  reproduction as 
the criterion for selecting an appropriate lag time, the above conclusion 
would result in the choice of a lag time of 9 years, and a resu'!ting 
alpha value of 1.64. With a total conditional mortality rate of 0.2, f o r  
example, the utilities' equilibrium reduction equation would predict a 45 
percent reduction in the striped bass population. 

8. There appears to he no valid basis f o r  t he  utilities' selection 
This conclusion is based of the "4  fish minimum rule" as they apply it. 

on the following: 

(a) the "4 fish minimum rule" was applied to all aged and sexed fish 

( b )  its purpose was to allow the utilities t o  determine accurate 

in 20 mm length increments; 

age-specific sex ratios; 

( c )  sex ratios were not calculated within length increments; even if 
they were, the "4  fish minimum rule", as applied to all aged and sexed 
fish in a 20 mm length increment, rather than to specific ages in a 20 mm 
length increment, would still be applied invalidly; 

( d )  the actual application o f  the "4  fish minimum rule" appears to 
have been to attempt to ensure a sufficient sample size to accurately 
categorize the ages and sexes o f  fish in the 20 rnm length increments o f  
the haul seine catch; as such, no rational basis has been provided by the 
utilities for the selection o f  the number 4 in the "4  fish minimum rule;" 

(e) based on (4) above, the effect that the "4 fish minimum rule" 
had, namely, the exclusion of 93.8 percent of the aged and sexed fish of 
lengths of 690 mm and greater, was not "offset'b by an underestimate of 
ages 3, 4, and 5 in the haul seine catch. 

9 .  The effect of the "4  fish minimum rule" appears t o  be the 
generation of an age composition and egg production distribution by age 
which allows one to select a lag time which includes age 5; this 
selection results in the generation of higher alpha values than would be 
generated without its inclusion, and consequently smaller predictions of 
power plant impact using the utilities' impact assessment methodology. 
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1. SUMMARY AND CONCLUSIONS 

The total entrainment conditional mortality rate predicted by the 
2-dimensional, real-time, life-cycle model (RTLC) for the Hudson River 
striped bass population for "1974 conditions" at Bowline Point, Roseton arid 
Indian Point Units 2 and 3 is underestimated by approximately 24%. 
causes of this underestimate are: 

The 

( 1 )  The generation of longitudinal spatial distributions of ysl and 
pysl by the RTLC results in an underestimate o f  power plant impact 
of approximately 10% for ysl and 25-30% for pysl (Section 9 ) .  

(2) Juvenile I entrainment at Bowline Point i s  underestimated 
(Section 8). 

It i s  difficult to quantify the underestimate of' juvenile I entrainment at 
Bowline Point. If an entrainment rate equal to that of 1975 i s  assumed f o r  
1974, then consideration of the above two effects results i n  an ME value 
of 0.060 for 1974 conditions, which is 24% greater than the M E  value o f  
0.0492 predicted by the RTLC. 

The total entrainment conditional mortality rate predicted by the RTLC 

The causes of this underestimate 
for "1975 conditions'' at Bowline Point, Roseton and Indian Point Units 2 and 
3 i s  underestimated by approximately 23%. 
are: 

(1) The generation of longitudinal spatial distributions o f  ysl arid 
pysl by the RTLC results in an underestimate o f  power plant impact 
of approximately 25-30% for pysl (Section 9). 

(2) Juvenile I entrainment at Bowline Point is underestimated 
(Section 8). 

Again, it i s  difficult to quantify the underestimate of juvenile entrainment 
at Bowline Point in 1975. If the entrainment rate at Bowline Point utilized 
by the utilities in their 1975 RTLC prediction o f  ME is assumed to be 
one-half of the true value, then accounting for only the above two factors 
results in an ME value of approximately 0.0967, which i s  23% greater than 
the ME value of 0.0783 predicted by the RTLC. 

The RTLC does not accurately predict the longitudinal spatial 
distribution of ysl or pysl in 1974 or o f  pysl i n  1975 for purposes o f  
accurately predicting power plant impact. Consequently, we cannot 
have confidence in the ability of the RTLC to accurately predict the 
longitudinal spatial distributions of ysl and p y s l  and the associated ME 
values in any other year (Section 9) .  The RTLC tends to move the ysl and 
pysl t o o  far downstream, such that an unrealistically high percentage o f  
these two life stages is predicted to be in Regions 1 and 2, which are below 

VI 1-1 
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t h e  r e g i o n s  c o n t a i n i n g  t h e  power p l a n t s .  l h i s  t end rncy  r e s u l t s  i r i  an 
underes t ima te  o f  t o t a l  power p l a n t  impact f o r  y s l  and pysl  ( S e c t i o n  9 ) .  The 
RTLC p r e d i c t s  p a t t e r n s  o f  movement f o r  y s l  and p y s l  i n  t h e  TI regicms 
c o n t a i n i n g  t h e  power p l a n t s  Lhdt, f o r  the most p a r t ,  do n o t  agree w i t h  t h e  
p a t t e r n s  o f  niovement i n d i c a t e d  b y  t h e  T I  f i e l d  d a t a  ( S e c t i o n  9 ) .  

The ent ra inment  and impingement c o n d i t i o n a l  m o r t a l i t y  r a t e s  p r e d i c t e d  
by t h e  RTCL a re  t o  a g r e a t  e x t e n t  c o n s i s t e n t  w i t h  env i ronmenta l  and 
b i o l o g i c a l  c o n d i t i o n s  p resen t  i n  t h e  Hudson R i v e r  i n  1974 o r  1975 o n l y .  
I h e r c f o r e ,  a p p l i c a t i o n  o f  these c o n d i t i o n a l  m o r t a l i t y  r a t e s  t o  yea rs  o t h e r  
t h a n  1974 o r  1975 i s  n o t  v a l i d ,  un less  thesc  years can be s h o w  t o  have had 
almost i d e n t i c a l  env i ronmenta l  and b i o l o g i c a l  condi  t - ions t o  thosp  n f  1994 o r  
1975 ( S e c t i o n  3 ) .  

Given t h e  v a l i d i t y  o f  t h e  u t i l i t i e s '  arguments conct i rn ing 
densi ty-dependent growth, t h e  p r e d i c t i o n  o f  MT by t h e  RT1.C i s  
underest imated. ' h e  underest imate,  i n  t h i s  case, i s  t h e  r e s u l t  of a 
densi ty-dependent-caused decrease i n  t h e  l i f e  s t a g e  d t i r a t i o n s  f o r  y s l  and 
p y s l  i n p u t  t o  t h e  RTLC (Sec t ion  5 j .  T h i s  decrease i s  a r e s u l t  o f  an 
i nc rease  i n  l a r v a l  growth r a t e  due t o  power p l a n t  o p e r a t i o n  ( i .e . ,  t h e  
compensatory response o f  densi ty-dependent growth due t o  r e d u c t i o n  i n  l a r v a l  
d e n s i t y ) ,  which t h e  u t i l i t i e s  c l a i m  occurred i n  bo th  1974 and 1975. 

Given t h r  v a l  i d i t y  o f  t h e  methodology employed by  t h e  u t i  1 i t i e s  t o  
p r e d i c t  long-term, power p l a n t  impacts on t h e  s t r i p e d  bass popu la t i on ,  and 
g i ven  t h e  methodology they  employ t o  q u a n t i f y  t h e  "a(wunt  o f  cmipt jnsat ion' '  
i n  t h e  s t r i p e d  bass  popu la t i on ,  t h e  o p e r a t i o n  o f  L o v e t t  U n i t s  4 and 5 and 
Danskarnmer Point  U n i t  4 should be r e f l e c t e d  i n  t h e  t o t a l  c o n d i t i o n a l  
m o r t a l i t y  r a t e  p r e d i c t e d  by t h c  RTLC ( S e c t i o n  6 ) .  Because i t  i s  not ,  the 
long- term r e d u c t i o n  i n  t h e  e q u i l i b r i u m  s t r i p e d  bass p o p u l a t i o n  i s  
underest imated. 

The r e s i i l t s  o f  t h e  s t o c h a s t i c  m o d e l l i n g  approach a re  i n v a l i d  beca ise  
( S e c t i o n  4 ) :  

( 1 )  They arc! based oi l  an i n v a l i d  t o o l  f o r  p r e d i c t i n g  long- term power 
p l a n t  impact. 

(2) They a re  based on a va lue  o f  a lpha which i s  an a r t i f a c t  of the  
methodology used t o  d e r i v e  i t  ( f i t t i n g  t h e  R i c k e r  Model t o  s t r i p e d  
bass c a t c h  pe r  e f f o r t  i n d i c e s ) .  

( 3 )  They a re  based on an i n v a l i d  assumptiun t h a t  t h e  one-dimensional 
t r a n s p o r t  model and RTLC g i v e  v e r y  s i m i l a r  p r e d i c t i o n s  of 
c o n d i t i o n a l  ent ra inment  i n o r t a l i t y  r a t e s  f o r  l a r v a e  under vavy inq  
env i ronmenta l  and b i o l o g i c a l  condit. ions. 

The RT1.I: has c e r t a i n  p r o p e r t i e s  which a re  i n c o n s i s t e n t  w i t h  b i o l o g i c a l  
p r i n c i p l e s  o r  w i t h  tes t imony  presented by o t h e r  u t i l i t i e s '  cons l i l t an ts ,  
i n c l u d i n g  those c o n s u l t a n t s  who developed t h e  RTLC ( S e c t i o n  7 ) .  
p r o p e r t i e s  are:  

Thc5,c 
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independence between egg production and early life stage survival; 

incorporation o f  a compensatory function (Beverton-Halt mortality 
rate function) (i) which is inconsistent with the Ricker Model, but 
( i i )  which i s  consistent with a stock-recruitment model rejected by 
a utilities' consultant who served as a member of the panel o f  
expert witnesses on the RJLC. 

application o f  compensation after year-class strength has been set; 

variation of freshwater flow in the stochastic modelling approach, 
while keeping stage durations and early life stage survivals 
constant, when the utilities believe that these three processes are 
related in the real world. 

Based on the above, it i s  our opinion that the RTLC i s  not a reliable 
too I for making sound fisheries management decisions. 
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2. INTRODUCTION AND PURPOSE 

On page 3-1-1 o f  Exhibit UT-3 (hereafter denoted simply UT-3), it is 
stated that the Striped Bass Real-time Life Cycle Model (hereafter denoted 
RTLC) " ... provides quantitative short and long-range predictions ... o f  ... impact on the striped bass population." The impacts referred to are 
power plant entrainment and impingement. On page 3-11-1 o f  UT-3, it is 
stated that the RTLC is used to predict the reduction in the equilibrium 
striped bass spawning stock. 
evaluate the ability o f  the RTLC to accurately provide short-range 
predictions of power plant entrainment and impingement impacts under various 
environmental and biological conditions. (Short-ranqe predictions are 
defined as entrainment, impingement, and total conditional mortality rates.) 

One purpose of our testimony is to critically 

Long-term predictons of impact will not be addressed, owing to the fact 
that the RTLC is not utilized to independently predict such impact. The R T L C  
predicts a total conditional mortality rate, M (Englert, Tr. 9441); the 
equilibrium reduction equation, i .e., the ERE [Equation 3-V-2 on page 3-V-7 
of UT-3), then predicts the long-ranqe reduction in the equilibrium striped 
bass population associated with MT (pages 3-VTII-1 and 2 o f  UT--3). 
Finally, the RTLC, through a specific calibration procedure, is made to 
generate the long-range reduction predicted by the ERE ( p .  3-V-8 of UT-3). 
Therefore, the ERE w i l l  be critically evaluated in other EPA testimony with 
respect to its ability to accurately predict long-range reductions in the 
striped bass population. 

A second purpose of our testimony is to critically evaluate certain 
features of  the RTLC with respect to their being consistent with known 
biological principles arid other testimony submitted by the utilities. 

A third purpose o f  our testimony is to critically evaluate certain 
analyses presented in Part 3 of UT-3 which purport to support values 
assigned to specific RTLC input parameters and/or which purport to support 
RTLC results. 



VII-5 

3 .  EMPIRICAL NATURE OF THE RTLC 

The Empirical Transport Model (ETM) and the Empirical Impingement Model 
(EIM) have been uti 1 ized by €PA to determine entrainment and impingement 
conditional mortality rates (ME and MI, respectively) for specific 
Hudson River fish populations, including striped bass. The word ”empirical” 
i s  included in the title of these two models because the conditional 
mortality rates which have been estimated by the above models are f o r  the 
years 1974 and 1975, in that various input parameters have been evaluated 
based on data collected in 1974 or 1975 (e.g., impingement rates and 
w-ratios). 
the environmental and biological conditions existing in each o f  these two 
years (e.g., Hudson River freshwater and tidal flows and temporal and spatial 
distribution of young-of-the-year (yoy) 1 ife stages), and (2) biological and 
environmental conditions (and the data reflecting these conditions) vary 
f ~ n  year  to year, EPA makes no claims regarding the validity of the 
estimates of conditional mortality rates for years other than 1974 or 1975. 
In fact, EPA would object to anyone claiming that these rates are valid for 
any other year. 

Because ( 1 )  much of the input data to these two models reflects 

The RTLC has been used t o  estimate power plant entrainment and 
impingement conditional mortality rates f o r  striped bass. 
have been presented in Table 3-VIII-1 o f  UT-3, as revised. It will be noted 
tifidt two sets o f  estimates of ME and MI have been given, one for 1974 
and one f o r  1975. As was the case with the ETM and EIbl, these estimates 
were based on data collected under environmental and biological conditions 
existing in the Hudson River in 1974 and 1975, respectively. Therefore, as 
a’s the case with the ETM and EIN, the RTLC i s  also an empirical model, in 
that most o f  its input parameters have been evaluated from data collected in 
1974 or 1975. 
two years. 

Such estimates 

Thus, its estimates of MF and MI are valid only for these 

To show that the RTLC i s ,  i n  fact, an empirical model, one need only 
( a )  isalate those input parameters which principally determine ME and MI, 
( b )  show that the values assigned to those parameters are, for the most part, 
based on data collected in 1974 o r  1975, and (c) show that such data reflect 
khe biological and environmental conditions existing in 1974 or 1975, 
conditions which can be expected to vary from year to year. 
parameters to the RTLC which principally determine ME and MI are listed 
i n  Table 1 .  We wil l  first examine what data each of the input parameters  
are  based on. Ne will then examine these data to see if they reflect the 
biolacgical and environmental conditions existing in 1974 or 1975 and i f  such 
data can be expected to vary from year to year. 

Phose input 

A. 

S t a r t i n g  with the input parameters which determine ME for eggs, 
yolk-sac larvae ( y s l ) ,  and post yolk-sac larvae (pysl), I t e m s  A . 1  through 
A.5.a o f  Table 1 determine the temporal and spatial distributions of these 
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Table 1. RTLC iriput parameters which p r i n c i p a l l y  determine the 
entrainment and impingement condi t iona l  mui-tal i t y  r a t e s  

A. ME (eggs,  yolk-sac l a rvae ,  pos t  yolk-sac l a rvae )  

1. 

2. 

3. 

4. 

tj. 

6 .  

B. ME 

1. 

2. 

3.  

C. MI 

1. 

2. 

3.  

temporal and s p a t i a l  egg d i s t r i b u t i o n  

t i d a l  flaw s imula t ion  of RTLC* 

l a rva l  inigration 

s t age  du ra t ions  

composite f - f a c t o r  

a. w-r a t  i os * 
b. fc*  

c. fq* 

d .  r e c i r c u l a t i o n  r a t i o *  

power p l an t  in take  flow r a t e s  

( j u v e n i l e  I )  

numbers k i l l e d  by entrainment 

na tura l  surv iva l  through the pysl s t a g e  

na tu ra l  su rv iva l  through the j u v e n i l e  I s t a g e  

numbers k i l l e d  by impingement 

natural  su rv iva l  through the juven i l e  I s t age  

na tura l  surv iva l  through the juven i l e  I1 and j u v e n i l e  I11 s t ages  

*Tidal flow and Items 5.a - 5.d a re  not pa r t  o f  t he  i n p u t  da ta  f i l e ,  and 
t h e r e f o r e ,  they cannot be s t x i c t l y  c l a s s i f i e d  as  RTLC i n p u t  parameters.  
However, t i d a l  f law i s  based on da ta  input  t o  t h e  RTLC, and Items 5.a - 
5 . d  a r e  the components of a RTLC i n p u t  parameter.  
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The values assigned to Items R.2 and B.3 o f  Table i determine the 
juvenile 1 standing crop which is vulnerable t o  entrainment. These values 
were determined from the LMS calibration procedure. Through the calibration 
procedure, values for natural survival through the pysl stage f o r  1974 and 
for 1975 were chosen w h i c h  resull-.ed i n  the RTLC generating pysl standing 
crop estimates over time comparable to the PI riverwide estimates in each a f  
the two years. Juvenile I natural siirvival was obtained through the 
calibration procedure by choosiiig a value f o r  natural survival in bath 1974 

ich resulted in the RPLC generating a peak juvenile I1 standing 
crop in t h e  fall comparable to the peak riverwide standing crop estimates 
f o r  juveniles in the  Fall in each o f  these ymrs.  Consequently, Items 3.2 
and 8.3 are empirical input parameters in that they are based an data 
collected in 1974 and 1975. 

C. 

MI depends on three input parameters. Item C.I. o f  Table 1 is based 
on the numbers impinged per unit volume o f  power plant intake water in 1974 
or 1975 and on average projected power plant flows for the periad 1976 - 
20i3. 
flows hold. Items C.2 and C.3 of Table 1 determine the juvenile 11 and 
juvenile 111 standing crops which are vulnerable t o  impingement. These 
input parameters wera estimated through the LMS calibration procedure. 
estimation o f  natural survival rate for  juvenile 1 ' s  has already been 
discussed. Natural survival rates for juvenile 11's and juvenile 111's were 
chosen by LMS which resulted in the RTLC generating a peak standing crop of 
f a l l  juveniles comparable t o  the peak standing crop o f  f a l l  juveniles 
estimated by TI in I974 and 1975 and a standing crop o f  l-year olds of 
1.2 million. The 1.2 million figure was based on 1975 survival estimates of 
juveniles from fall t o  spring, and i t  represents an estimate of the 1976 
standing crop of l-year olds. 
l-year o lds  t o  the 1914 year class, since no reliable survival estimates for 
the 1974 juvenile I1 and juvenile 111 stages were available. Based on the 
above, it is apparent that Mi for 1974 and 1975 depends to a very great 
extent on data collected in both 1974 and 1975. 

Again, previous comments with respect to the projected power plant 

The 

LMS applied this standing crop estimate of 

Concl us i ons -..-.._..I.̂ . ____ 

It can be seeng based upon the above discussion, that there are 
numeratis input parameters upon id) i ch the entr.ainrnent and impingement 
conditional mortality rates depend. 
parameters in Table 1, average projected power plant flows for t h e  period 
1976 - 2013, is not either entirely or partially dependent on data specific 
t o  1974 or 1975, An indirect niethod o f  determining i f  the data upon which 
ME and MI depend varies from year to year, and i f  it does3 t o  what 
degree? is 'c.0 compare the RTLC predictions of ME and My f o r  the years 
1374 and 1975- 

The value of only one o f  the input 

T h e  magnitude o f  the  changes i n  ME and MI in these two 



years can be used as an index o f  t a g n i t u d e  of the changes 
data. The large varr’at ion between 1934 - specific da ta  a 
specific data i s  apparent hen c ~ ~ ~ ~ r ~ ~ ~ n ~  o f  WE and MI for each o f  
these years are made (Table 21, 

Table 2, Comparison o f  RTLC predic I values under 1 
and 1975 e ~ v ~ r ~ n ~ ~ ~ t a ~  an 

Year 

Conditional nnsrtalit 1374 1975 

0.0492 0 /. 0783 -59% 

0. 0.0361 

O.lI44 0.1116 62.4 

The percent change i n  ME ~ e % ~ ~ e ~  1974 and 1975 was -59 
I f  t h  percent change i n  MI between 1974 and 1975 was +47%. 

MI values were assumed for P 75, tha t  assumption would have been shown t o  
be invalid when the 1975 estimates of ME and MI were made. 
t h a t  one cannot assume t h a t  1974 or 1975 M E  or MI values are v a l i d  For 
any other year, 

The p o i n t  i s  

One m i g h t  note t h a  the to ta l  conditional mortality ra tes  i n  I974 a 
1975 were similar (0.11 i n  1974 versus 0.1116 i n  1975). This simi 
was obviously due t o  t h  large change of similar magnitude, b u t  o f  z1 

n, in ME and MI. 
er years. I t  is quite conceivable, fo r  example, tha t  values similar t o  

the 1974 ME and 1975 M values could occur i n  a single year o r  t ha t  

year. Based on these two combinations of ME and MI values, MT could 
range from 0.0835 - 0.1415. The p o i n t  i s  that  inserting ei ther  the 1934 or 
1975 MT value into the E R E  i 11 give accurate long-range impact estimates 
only by chance alone, even iven the assumption that  the E R E  is a v a l i b  tool 
f o r  impact assessment. 

Hohlf?Ver4 one Cannot re ly  on such good fortune f o p  

values similar t o  the 4 974 MI and 1975 ME values could occw i n  a single 
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4, STOCHASTIC MODELING APPROACH PRESENTED IN SECTION 3-VI OF UT-3 

The "Stochastic Modeling Approach" presented in Section 3-VI of UT-3 
suffers from two main deficiencies from our perspective: (1) the "typeat of 
results presented and (2) the use o f  the one-dimensional transport model to 
generate the results. 

A .  Type of Results Presented 

Figure 3-VIII-1, opposite page 3-VIII-6 of UT-3, depicts the temporal 
variation o f  the Hudson River adult striped bass population for the period 
1974 - 2016 based on the stochastic modelling approach. 
one-dimensional transport model (T-Model ) with compensation operating 
(calibration o f  the T-Model to the EKE, with an alpha value of 4.0) to 
generate these results. Once "equilibrium" was attained, the population 
fluctuated between approximately 2.19 million and 2.34 million. Given a 
non-impacted population of 2.43 million, the percent reduction fluctuated 
between 3.6% and 9.7% (page 3-VIII-5 of UT-3). 

"variation in the adult striped bass population with the operation o f  
compensation" IS inappropriate. The validity o f  the results depends in part 
on the validity o f  the calibration o f  the compensation function of the 
T-Model to the ERE with an alpha value of 4.0 (or with any other alpha 
value). S f  the Ricker model (arid the ERE derived from it) is not a valid 
t a o l  f o r  determining the amount of compensation operating in the striped 
bass population and the degree of power plant impact, then the results 
presented in Section 3-VI of UT-3 are also invalid. Based on testimony 
presented elsewhere (Exhibits EPA-213, 214, and m),  these results are, 
indeed, invalid. We contend that results which depicted fluctuations in 
larval entrainment conditional mortality rates, as predicted by the RTLC, 
should have been presented. This contention is based on the facts that 
( 7 )  the variables chosen for stochastic variation principally affect larval 
entrainment, and (2) that the T-model and RTLC are not interchangeable. 
These two points are discussed below. 

LMS utilized its 

Tt is OUT opinion that the presentation of the results i n  the form of 

R.. Use o f  the T-Model and Choice o f  Larval Conditional Mortality Rate 

On page 3-VI-13, it i s  stated that ( 1 )  the RTLC and the T-Model were 
used in tandem in order to avoid unnecessary computer costs by the 
utili'ties; (2) that the parameter values of the T-Model were adjusted so 
that predictions o f  impact from the model agreed with those o f  the RTLC 
after 40 years; and (3) that the stochastic sequence of (a) freshwater 
f lows, ( b )  spatial and temporal egg distributions, and ( c )  the w-ratios of  
eggs and larvae were input t o  the T-Model to provide the results depicted i n  
Figure 3-VIII-1. In response to an EPA Region I1  question pertaining to t h e  
above adjustment procedure (August 18, 1978 letter from Dr. Kenneth Marcellds 
to Henry Gluckstern), it was indicated that no adjustment was done and that 
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give2 i n p u t  parameter values based on 1974 data, the RTLC and 'r-Model 
predicted very similar t o t a l  conditional mortali ty ra tes  (Mp) o f  0.11.44 and 
0.1123, respectively. In addition, d u r i n g  cross-examination of the 
i&i l i t i e s '  d i r e c t  case, i t  was indicated t h a t ,  given i n p u t  parameter values 
based on the 1975 data base, the WTbC and P-Model predicted FIT values o f  
U.1116 and 0.1102, respectively (Englert  Tr. 10,042). I t   as then concluded 
t h a t  the closeness of the M y  values predicted by the two models provided 
j u s t i f i c a t i o n  f o r  using the T-Model i n  the s tochast ic  inodeling aydpr-sach 
(Englert Tr. 10,182). 

because o f  the cost-saving involved. However, we do not believe t h a t  the: 
closeness of t he  My values predicted by the two models is  an appropriate 
c r i te r ion  f o r  jus t i fy ing  the use o f  the T-Model i n  l ieu o f  the RTIX. As 
painted out under cross-examination, the three s tochas t ica l ly  varied sets of 
parameters (see above) a f f e c t  pr incipal ly  the conditional mortali ty r a t e  o f  
the egg and larval stages (Englert Tr. 10,183). In order t u  val idly use the  
P-Model i n  l ieu o f  the RTLC, i t  must be shown t h a t  the eyg and larval 
conditional mortali ty r a t e s  predicted b y  the two models are Peasonably close 

We do not object t o  the decision o f  not r u n n i n g  the RTLC for SO years 

under changing envirhmental '  and biolo$cal condtisns. 
underlined c r i te r ion  is  obvious, s ince the  s tochast ic  model runs are  made 

The need for the  

under varying environmental and biological conditions. Unfortunately, only 
two years are avai lable  f o r  comparison purposes, 1974 and 1975. 
l i s t s  the ME values f o r  eggs, the ME values f a r  the  combined ysl and 
pysl stages,  and the N values f o r  the combined egg  and larval stages f o r  
1974 and 1975. 
from Dr. Kenneth Marcellus t u  Henry Gluckstern; the  1975 values were g iven 
t s  EPA d u r i n g  cross-examination on the RTLC. 

each o ther ) ;  f o r  1975, the agreement is not as good, w i t h  the T-Model 
prediction being 16% greater  than t h e  RTLC prediction. 
i s  reasonably good. However, upon fur ther  inspection, i t  is apparent t h a t  
the variation i n  ME for  eggs-larvae t h a t  occurs between the two years f a r  
each w d e l  is due t o  the var ia t ion i n  M E  for the larval stage. For each 
model, ME f o r  eggs remains subs tan t ia l ly  the same ( l e s s  than a 15% change). 
T h i s  result is t o  be expected, s ince the egg stage, because o f  i t s  short 
stage duration, is  much less suscept ible  than the  larval stage t o  changes in 
power plant impact under varying conditions. Therefore, changing 
ewironmental and biological conditions w i  11 cause re la t ive ly  l i t t l e  change 
i n  ME for eggs. 
RTLC increases twofold between 1974 and 1975; f o r  the T-Model, i t  increases 
almost faurfald.  W i t h  respect t o  a comparison between models, the  KTLC, i n  
1974, predicts a M E  value f o r  larvae over tidice t h a t  predicted by the  
T-Model, whereas i n  1975, the two models predict  values much c laser  t o  each 
other ( w i t h i n  16%). 

Table 3 

The 19 5 4 values are  contained i n  a November 24, 1978 l e t t e r  

For 1974, the agreement f o r  egg-larvae i s  extremely good ( w i t h i n  2% of 

S t i l l ,  the  agreement 

For the  larval stage,  however, the  ME predicted by the 
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Table 3. Egg and larval conditional mortali ty r a t e s  ( M  ) 

and 1975 due t o  the operation of Bowline, Roseton, 
and Indian Point Units 2 and 3 u s i n g  average 
projected intake f l o w  r a t e s  for  the 
Period 1976 - 2013. 

predicted by the RTLC and the T-Model for  197 s 

Year Life stage RTLC T-Model Percent changea 

1974 egg 0.0105 0.0234 -123% 

1 arvae 0.0231 0.0108 +5 3% 

egg-1 arvae 0.0333 0.0339 -1.8% 

1975 egg 0.0092 0.0256 -178% 

1 arvae 0.0488 0.0422 14% 

egg-larvae 0.0576 0.0657 - 16% 

WE (RTLC) - ME jT-model) 

ME (RTLC)  x 100 apercent change = 
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Based on the above, it appears that (1) the stochastic variation o f  the 
three parameters tested affects changes principally in ME for larvae, and 
(2) the RI'LC and T-Model predictions are not in reasonably close agreement 
for ME values for larvae under varying environmental and biological 
____1_1 conditions. 
t w o  years, and within these two years more than just freshwater flow, 
w-ratios, and temporal and spatial egg distributions were varying. However, 
these three sets of parameters are important in determining the vulnerability 
o f  eggs and larvae to power plant impact. It is, therefore, our opinion 
that results generated by the T-Model in the stochastic modeling approach 
cannot b e  validly used in lieu o f  the RTLC. 

Granted, this conclusion i s  based on-% comparison between only 

We, therefore, conclude that the analyses and conclusions presented in 
Section 3-VI o f  UT-3 do not adequately characterize the variability in power 
plant impact which can be expected t o  occur over the lifetime o f  Bowline 
P o i n t ,  Roseton, and Indian Point Units 2 and 3. 



I n  Section 2 ,  we stated t h a t  the RTLC predicted a t o t a l  power plant 
conditional msvtal ' i ty  ra te  (F91). 
r a t e ,  Mq- should n o t  re f lec t  density-dewndent processes. 
affected by the density of  the " " ysy "  i n  a compensatory manner, then power 
p l a n t  inpact, a s  represented by Mg, would  be underestimated. 

By definition of a conditional mortality 
I f  MT were 

Assuming for  the purpose of discussion only, the va1i r l i t .y  of the 
u t i l i t i e s '  arguments concerning compensation, it i s  our opinion t h a t  ME. 
as predicted by the R P L C ,  i s  affected by t h e  density o f  larvae, so t h a t  ME 
increases with increasing l a r v a l  density and decreases with decreasing 
larval density. Therefore, MT i s  also affected by the d e n s i t y  o f  larvae, 
a n d  power p l a n t  impact, ils represented by PIT, i s  already par t ia l ly  offset  
by cornpensat ion % 

The bases for  t h i s  statewmt are: 

( ' 1 )  The RPLC was calibrated t o  specific f i e l d  d a t a  i n  1974 and 1975 
(see Section 1111, and the u t i l i t i e s  claim t h a t  compensation was 
operative during the time the f i e ld  d a t a  were collected 
( p a g e  3-VIT-3 o f  IJT-3) a 

( 2 )  The ca l  i b r a t  i o n  procedure was used t o  cfeterni i ne apprapri ate values 
For  natural survival and stage duration t o  be input t o  the RTLC for  
y s ?  and p s y l .  Stage durations for  ys l  and psyl were chosen so as  
to rpsult  i n  the RTLC and t h i e  f i e ld  d a t a  having peak standing crops 
of  these t w o  life stages a t  the same time, o r  a s  near t o  the same 
t i m e  as possible. 

( 3 )  Under cross-examination, the u t i l i t i e s '  wl'tnesses agreed with E P A  
counsel t h a t  stage durations were dependent upon growth ra te ,  a t  
least  i n  p a r t  (Dew I r .  9073).  

( 4 )  As st.ated on page 2-IV-52 of UT-3, i t  i s  the helief of the u t i l i t i e s  
t h a t  ' l a  ..density-dependent g r o w t h  takes p l x e  i n  t h e  very early 
stages of the f i r s t  year of l i fe . '<  

( 5 )  Under cross-examination, a utilities' w i t n e s s  stated t h a t  the 
conditional mortality r a t e  predicted by the R T L C  depends in p a r t  on 
the stage durations chosen f o r  ys l  a n d  pysl (Englert Tr. 9872).  

I f  we denote D = density of l a rvae ,  SD =: d u r a t i o n  of the larval l i f e  
S t a g P ,  G = l a r v a l  growth  ra te ,  and M = larval conditional mortality ra te ,  
then we c a n  e s t ab l i sh  the follnwing relationships ( w i t h  a positive 
relationship denoted by r 5 0 and a negative relationship denoted by r -: 0 ) :  
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( 2 )  G = f 2  ( D ) ;  r < 0 

( 3 )  M = f 3  (SD) ;  'r" > 0 

From these three relationships, the fo l lowing  conclusions may be drawn: 

( 4 )  SD = f 4  ( D ) ;  r > 0 (from the f i r s t  two relationships),  and 

( 5 )  M :p f g  ( D ) ;  r > 0. 

Therefore, given tile u t i l i t i e s 1  claims regarding density-dependent growth, 
l a rva l  conditional mortality rate i s  a function of larval density. When 
l a rva l  density i s  h i g h ,  larval growth ra te  decreases, larval stage duration 
increases, and larval conditional mortality ra te  increases. Conversely, 
when l a rva l  density is low, larval growth ra te  increases, larval stage 
d u r a t i o n  decreases, and l a r v a l  conditional mortality ra te  decreases. 
Therefore, assuming the val idi ty  o f  the u t i l i t i e s '  positions regarding the 
relationship between growth rate and density, MT, as predicted by the 
RTLC, w i l l  be underestimated. 

This underestimation occurs because the power plants which operated i n  
1974 and 1975 reduced l a r v a l  density, thus causing an assumed increase i n  
growth rate.  
decrease i n  the l a r v a l  stage durations. The decreased larval stage 
durations were reflected i n  the f i e ld  data via shortened time periods 
between the peak standing crops o f  eggs, ysl and pysl. The larval stage 
durations i n p u t  t o  the RTLC were based on these shortened time periods, 
througli the LMS calibration procedure. Therefore, the 1 arval  stage 
durations i n p u t  to  the RTLC were less than those which would have been i n p u t  
i n  the absence o f  the assumed density-dependent growth response to  po 
p l a n t  impact. 
the operation o f  the assunled presence o f  the compensatory mechanism o f  
density-dependent growth .  The amount o f  underestimation wi l l  depend on the 
amount by which the assumed density-dependent growth has reduced MT. 

This  assumed increase in  larval growth r a t e  resulted i n  a 

Therefore, Mq. as predicted by the RPLC has been reduced by 
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6.  INCLUSION OF THE IMPACTS OF LQVETT 
Ui'lITS 4 AND 5 AND ~ A ~ S K A ~ M E ~  UNIT 4 

The total conditional mortality rates predicted by the RTLC and 
presented in Part 3 of UT-3 reflect the impact of Bowline, Roseton, and 
Indian Point Units 2 and 3 only. 
Hudson River have been included in the utilitiesi impact predictions. The 
reason for this omission i s  cited on page 3-11-1 of UT-3: it i s  the 
utilities' stated b2lief that Indian Point Unit 1 and the entire Lovett and 
Danskamner facilities have operated for a sufficiently long time ' I . . .  so 
that their impact is  reflected in the . e *  stock-recru itment curves generated 
from data covering the period the plants have been operating a . r . . ' '  

No other power plants operating on the 

An extensive amount o f  cross-examination was done with respect to 
investigating the validity o f  not including those units o f  bevett and 
Danskamner which are expected to continue to operate wsll into the 1990's 
(Tr. 9372-9406). As a result of this extensive cross-examination, it: was 
the position of Dr. Englert o f  LMS that the non-inclusion of Lovett Units 4 
and 5 and Danskamner Unit 4 was appropriate. His reason, however-, was not 
the reason stated on page 3-11-1 o f  UT-3, but rather the utilities' belief 
that the value o f  alpha chosen for the long-range estimates o f  inpact was 
conservatively low. 

Under the assumption that the ERE i s  a valid tool for power plant 
impact assessment, it is our opinion that the impacts o f  Lovett U n i t s  4 and 
5 and Danskamer Unit 4 should have been included in the estimation of MT. 
To reiterate and expand upon what was brought out under cross-examination, 
the three bases for our opinion are as follows: 

(1) Any alpha value used in the ERE is supposed to represent, 
according to the utilities, the amount of "compensatory reserve" i n  the 
Hudson River striped bass population available to partially offset any new 
sources of density-independent mortality (sources that are not reflected in 
the alpha value). Alpha i s  theoretically supposed to reflect a l l  the 
density-independent mortality that has already been imposed (and i s  still 
being imposed) on the Hudson River striped bass population over the period 
of time encompassed by the spawner-recruit data pairs. 

depending on the Ricker model utilized by the utilities (e.g., 5-year-lag 
model, mu1 tiple-age-spawner model, and "eggs-on-eggs" model 1 and on the  time 
period considered (e.g., 1950-1975 versus 1955-1975). 

in 1966, 1967, and 1969, respectively. Therefore, the density-independent 
mortality associated with each of these units would have been most reflected 
i n  the alpha value derived from the 5-year-lag model utilizing d a t a  f m m  
1955-1975, and least reflected in the multiple-age-spawner ur "eggs-on-eggs" 

(2 )  The number o f  spawner-recruit data pairs varies from 14 t o  21, 

(3)  Lovett Unit 4, Danskamer Unit 4, and Lovett Unit 5 began operating 
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inode1 o f  E x h i b i t  UT-513, 
data p a i r s  w h i c h  re f lec t  t h e  impact  o f  each o f  thhe tbrree u n i t s  are g iven i n  
Table  a. 

The rraaxirniiin and minimum fractions o f  syaw-ier-recruit 

The following exarnple i l l u s t r a t c s  what i s  f ieant by t h e  iiimbev o f  d a t a  
pa i r s  p h i  ch ref lect  d t f ~ r ~  i ty-i  ndependent mortal  ityyf 
operation iti 7956. Therefore, i t  f i r s t  imposed density-independent 
mortality on the  year class spawned in 1966. 
model, t h i s  mortality i s  reflected in the 1971 recruit  index and the 
corresponding 1966-1971 spawner-recruit data p a i r .  Likewise, the rnortalily 
associated w i t h  iovett  Unit 4 i s  reflected in t h e  1972 through 1975 recrui t  
indices and t h e  corresponding fou r  spawner-recruit data pairs used i n  the 
regression analysis. How~w=,  because L o v s t t  Unit 4 started operating in 
1966, it. d i d  not impact the 1965 or prior y m -  classes.  i here for r ,  t h e  
density-indepEndent InorLality requiting f r o m  the opera t ion  o f  this  u n i t  i s  
not reflpcted i n  a o j  o f  the eleven spawner-recruit d a t a  p a i r s  prior t o  1960 
that are used in t h e  5-year-lsg model. 

L o g e t t  Unit 4 started 

Utilizing the 5 - y e a r - l a g  

Based on the above discussion, i t  i s  quite apparent t h a t ,  except for 
Lovett Unit 4 and Danskarimer Unit Q f o r  t h e  5-year-lag model, very l i t t l e  of 
the der~siif;y-indepcndcnt rnor-tal i t y  from Lavett Units 4 and 5 and Danskammer 
Unit 4 i s  reflected i n  any of the  a l p h a  values derived from the Rieker 
spawner-recruit model rpgressions- Even f o r  the 5-yea r - ly  model 69 and 
15% o f  t h e  spwwr-recru i t  da t a  pairs do n o t  ref1Pct t h e  impact o f  Lovett 
Un i t  4 and Panskalrsner Unit 4, respectively. 

As indicated above, i t  was argued (Engiert, 'Ir. 9405) t h a t  the a l p h a  
value used i n  the  ERE t u  predic t  t h e  long-term reductions in the striped bass 
papulation p ~ e s e n t e d  in 'Table 3-VIII-1 ( a l p h a  = 4.0) i s  "... suff ic ient ly  
conservative to reflect  the  operation of these eaylier power plants . ' '  
i s  meant is  t h a t  t h e  u t i l i t i e s  be7ieve t h a t  an a l p h a  value of 4.0 
underestimates t h e  "amount of compensatory wservf" in the striped bass 
population. The u t i  1 i t i  E, t h e r e f o r e ,  have adrnitted t h a t  they  have used a 
value for alpha in the E R E  which they believe t o  he incarr-il.::t ( t o o  low). 
They also admit that  the value For MT wbich they use in t h e  E R E  i s  
incorrect ( t o o  small 1, since, given their E R E  methodology they should have 
included Lovett h i t s  4 and 5 and Danskamer Unit. 4 i n  the estimate o f  
M-r. 
Love t t  Un i t s  4 and 5 and Danskamer U n i t  4 i n  t i i e i c  estimation of M7 and 
input this  Mg into t h e  ERE t o  obtain a long-term impact  prediction. 
they should (1) indicate why they feel  the long-term impact prediction i s  
unrealist ically high, i f  they choose t o  use an alpha value o f  4.0, or ( 2 )  do 
away w i t h  t h e  need for explanations by uti l iz ing an a l p h a  value t hey  believe 
to  be correct, assuming t h a t  there i s  a correct alpha value. 

What 

If the u t i l i t i e s  choose t o  use t h e  EKE,  then they should include 

T h e n ,  
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Table 4. Fraction o f  spawner-recruit data pa i r s  from 1355 - 1975 which r e f l e c t  the impact 
o f  Lovett Units 4 and 5 and Danskamner Unit 4 

Number o f  
data pa i r s  

in regression __ 

Mu 1 t i p  1 e 
Year 

operation 
Unit s t a r t e d  5-year l a g  age 

Number o f  
data pa i r s  

wh i ch r e f  1 ec t  
density-independent a 

mor ta l i ty  . Fraction ~ 

5-year 1 dg age 5-year lag a3e 

__-_ 
Mu 1 ti p l e  Mu T t i p 1 e 

Lovett h i t  4 1966 16 1 7  3 1 0.31 0.06 

Uanskamner Unit 4 1967 16 17 4 0 0.25 0.00 

Lovett Unit 5 1969 16 1 7  2 0 0.13 0.00 
-_ _-_---__i_______ __c______ _lll 

acalculated as the number of data pa i r s  which r e f l e c t  density-independent rllortali t y  divided 
by the number o f  data pa i r s  i n  the regression f o r  the pa r t i cu la r  model o f  i n t e r e s t .  
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7. PROPERTIES OF THE RTLC WHICH ARE INCONSISTENT 
WITH OTHER TESTIMONY BY THE UTILITIES 

Because the purpose of the RTLC is to predict a total conditional 
mortality rate, MT, for input to the ERE, those model parameters which 
most affect MT have been of major concern to both the utilities and EPA. 
However, it should not be forgotten that the RTLC is a biological model, in 
that it describes the aging (which incorporates the concepts o f  growth and 
mortality) and movement of fish during their first year of life. Therefore, 
we believe that it i s  appropriate t o  study the biological features o f  the 
RTLC, even if certain o f  these biological features do not affect the value 
o f  MT predicted by the RTLC, in order to see i f  these features are 
consistent with known biological phenomena and/or with certain biological 
concepts supported in other testimony submitted by the utilities. 

There are at least four properties o f  the RTLC which are inconsistent 
with known biological phenomena and/or with other testimony submitted by the 
utilities. These properties are: 

(1) In the RTLC model runs with Compensation operative, the utilities 
use the Beverton-Holt natural mortality rate equation (B-H equation). Phis 
equation, which is given on page 3-V-6 o f  UT-3 (Eq. 3-V-1), defines the 
natural mortality as a function o f  "yoy" density at any point in time. 
Natural mortality rates using this equation are individually calculated for 
ysl, pysl, juvenile I ' s ,  juvenile 1 1 ' s  and juvenile 111's. It is the only 
equation in the RTLC which is actually used to determine density-dependent 
mortality. During cross-examination, it was stated that the 
stock-recruitment model derived from the B-H equation would be the 
Beverton-Holt stock-recruitment model (Lawler Tr. 10,120). In testimony 
presented in Part 2 of UT-3 (page 2-IV-70), the utilities stated that the 
single stage Beverton-Hol t stock-recruitment model (the model which results 
from integration of the B-H equation used in the RTLC) was not consistent 
with the known biology of the Hudson River striped bass population. If the 
utilities argued that their use o f  the B-H equation in the RTLC does not 
affect the predictions of impact, they would be correct. Ne believe, 
however, that choosing an equation representing ''y~y~~ natural mortality, and 
utilizing it in combination with the RTLC in a way which is cantradictory to 
one's views on the nature of the stock-recruitment relationship existing in 
the Hudson River striped bass population, indicates a total lack of concern 
For consistency in scientific logic. 

( a )  As indicated above, the B-H equation is applied to each early life 
stage subsequent t o  the egg stage. We infer from the way in which the 
utilities use the B-H equation that they believe that density-dependent 
mortality is occurring during each of these life stages equally. This 
latter point is inferred from the utilities' use of a single KO/KE ratio f o r  
all life stages after eggs, where the value of KO/KE (KO and KE are two 
parameters o f  the B-H equation) is a measuve of the amount o f  coinpensation 
(page 3-V-8 o f  UT-3). In Section 2-VIII-G o f  UT-3, it was stated that the  
July - August striped bass juvenile abundance index is a valid measure of 
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year-class strength (page 2-VIII-19 of UT-3) .  ".." the July - August index should represent subsequent population 
abundance levels, including the period of recruitment to the fishery'' 
(page 2-VIII-19 of UT-3). If these statements are true, then the primary 
density-dependent mortality must have occurred prior to the time that the 
data for this index were collected. Therefore, based on the testimony 
presented in Section 2-VIII-G, density-dependent mortality should not be 
applied to the juvenile I1 and juvenile I11 stages. In other words, it i s  
the position of the utilities that impingement i s  mitigated very little, if 
a t  all, by density-dependent effects. 

( 3 )  During cross-examination (Englert Tr. 9701-2), it was stated that 
egg production in the RTLC affected larval and juvenile life stage durations 
very little. In an earlier section of this testimony, it was pointed out 
that it was the utilities' belief that stage duration and growth rate were 
negatively correlated (Section 5 )  and that growth and density of the very 
early life stages were negatively correlated (Section 5 ) .  As a matter of 
fact, this latter relationship was the basis for the section in Part 2 of 
UT-3 entitled "The Ricker Model Modified to Reflect Density-Dependent 
Growth'' (2-IV-7(c)), wherein the utilities claimed that stock density 
(equivalent to egg production in this case) and the growth rate of larvae and 
early juveniles were negatively related. Thus, once again, it appears that a 
property o f  the RTLC i s  inconsistent with testimony presented in other 
biological areas by the utilities, since, based on Section 2-IV-7(c) of UT-3, 
egg production and stage durations should be positively related through the 
effect of egg production on growth rate. 
respect to the RTLC (Englert Tr. 9701), the consultant for the utilities who 
supervised the development and application of the RTLC, when asked if egg 
production and stage durations are independent of each other, answered, "Are 
you asking this as a general biological question or as to how it's handled 
in the model?" Obviously, the witness readily perceived that there i s  a 
lack of correspondence between real-world biological phenomena and the RTLC. 

It was also stated that 

During cross-examination with 

(4) In the stochastic modeling approach presented in UT-3 and 
discussed in some detail already in this testimony (Section 41, freshwater 
flow, w-ratios, and temporal and spatial egg distributions were varied 
stochastically. No other model input parameters were varied. In UT-50, a 
relationship between growth, freshwater flow and density was presented for 
''yoy" striped bass; it is the utilities' belief that freshwater flow during 
the period of February through August affects the growth rate of "yoy" 
striped bass. It has also been their testimony that l'yoy" growth rate and 
"yay" survival are related (Lawler Tr. 10,208). Therefore, based on UI-50, 
it follows that freshwater flow and "yoy" survival are related. 
it has been the utilities' testimony, as previously shown (Section V of this 
testimony) that stage duration and growth rate are related. 
can be inferred that freshwater flow and stage duration are related. 
Consequently, the stochastic model ing approach, by varying freshwater flow, 
whi le  at the same time keeping all the 'lyoy" life stage durations and 
s u r v i v a l  rates constant, is inconsistent with other testimony presented on 
behalf of the utilities. 

In addition,, 

Therefore, it 

A l s o ,  assuming the validity of the utilities' 
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beliefs concerning the interaction between "yoy" growth rate, "yoy" survival 
and freshwater flow, there i s  here yet an additional reason to conclude that 
the results of the stochastic modeling approach (Section 5) are invalid. 

Bas.ed on the above four inconsistencies, it appears thdt certain 
properties of the RTLC contradict specific biological phenomena wh ch the 
utilities' own consultants contend to be true. I n  fact, it should be noted 
that ( 1 )  the mechanism of density-dependent growth, t he  relationsh p hetween 
egg production and growth rate, and the relationship between stock and 
recruitment which the utilities espouse, and (2) the properties of the RTLC 
which contradict these utility-espoused biological phenomena, have been 
presented by the same consultant (Dr. Lawler) . 
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A, Bowl ine P o i n t  .+. 
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g r e a t e s t  abundance. T h i s  conc lus ion  i s  inade s t r o n g e r  when i t  i s  r e a l i z e d  
t h a t  Bowl ine P o i n t  i s  l o c a t e d  i n  an area o f  t h e  r i v e r  ( R M  34-38) which 
con ta ined  approx ima te l y  23% o f  t h e  r i v e r  s tand ing  c rop  o f  j u v e n i l e  1 ' s  
d u r i n g  t h e  e n t i r e  p e r i o d  when t h i s  l i f e  s tage was p resen t  ( E x h i b i t  EPA-200, 
Table 111-1). 

I n  a d d i t i o n ,  t,here i s  evidence which suggests t h a t  use o f  a 0.5 meter 
p lank ton  n e t  i n  1974. underest imated t h e  abundance o f  j u v e n i l e  1 ' s  i n  t h e  
Bowl ine P o i n t  d ischarge.  S tud ies  dorie a t  Bowl ine P o i n t  i n  1975 by 
E c o l o g i c a l  Ana lys ts  ( E A I )  i n d i c a t e d  t h a t  abundance o f  s t r i p e d  bass l a r v a e  
c o l l e c t e d  by  t h e  l a r v a l  pump wa(; s i g n i f i c a n t l y  h i g h e r  than  abundance o f  
s t r i p e d  bass l a r v a e  c o l l e c t e d  by t h e  0.5-mcter p l a n k t o n  ne t .  I n  addi ton,  
these s t u d i e s  i n d i c a t e d  t h a t  the d i f f e r e n c e  i n  e f f i c i e n c y  of t h e  pump and 
net. was g r e a t e r  as the  s i z e  o f  t h e  l a r v a e  increased. However, i n  these  
s t u d i e s ,  t h e  pump sampled t h e  discharge, whereas t h e  n e t  sampled t h e  
i n t a k e .  The i n t a k e  v e l o c i t y  was more than an o rde r  o f  magnitude lower  t h a n  
t h e  d i scha rge  v e l o c i t y .  
would have been h i g h e r  a t  t h e  g r e a t e r  d i scha rge  v e l o c i t y .  I t  i s  n o t  known, 
however, if t h e  0.5-meter p l a n k t o n  n e t  would have been as e f f i c i e n t  as t h e  
l a r v a l  pump a t  c a p t u r i n g  the  l a r g e r  j u v e n i l e  1 ' s  a t  t h e  h i g h e r  d i scha rge  
v e l o c i t i e s .  L e i t h i s e r  e t  a l .  (1979) have found t h a t  a t  v e l o c i t i e s  up t o  
(1-0 cm/sec, a l a r v a l  pump i s  more e f f i c i e r i t  a t  c a p t u r i n g  l a r v a e  o f  5-mm t o t a l  
l e n g t h  or  g r e a t e r  t han  i s  a 0.5-meter p l a n k t o n  n e t .  They a l s o  found no 
c o r r e l a t i o n  between e f f i c i e n c y  and v e l o c i t y ,  which t h e y  i n d i c a t e d  c o u l d  have 
been due t o  t h e  "... smal l  ratige o f  v e l o c i t i e s  t e s t e d  . . . . I '  Based on t h e  
above s t u d i e s ,  i n d i c a t i o n s  are t h a t  t h e  0.5-meter p l a n k t o n  n e t  may he a l e s s  
e f f i c i e n t  t o o l  f o r  sampl ing j u v e n i l e  1 ' s  than t h e  l a r v a l  pump. Given t h a t  a 
0.5-meter p l a n k t o n  n e t  was used a t  Bowl ine P o i n t  i n  1974 t o  determine 
j u v e n i l e  I entra inment ,  t h e r e  i s  an a d d i t i o n a l  reason t o  b e l i e v e  t h a t  
j u v e n i l e  I entra inment  was underest imated a t  Bowl ine P o i n t .  

One would expect t h a t  t h e  e f f i c i e n c y  of t h e  n e t  

b. P r o b a b i l i t y  . ... . . .. .- .. o f  c a p t u r i n g  ze ro  j u v e n i l e :  1 ' s  a t  t h e  Bowl ine P o i n t  

t h e  s t a t e d  purpose o f  which i s  t o  determine the  p r o b a b i l i t y  o f  c a p t u r i n g  
ze ro  j u v e n i l e  1 ' s  i n  a s p e c i f i c  number of samples. The reason f o r  t h i s  
ana lys i s ,  as t e s t i f i e d  t o  by  D r .  E n g l e r t  ( T r .  10,856), i s  t o  show t h a t  
sari ipl ing e f f o r t  a t  Bowl ine P o i n t  was s u f f i c i e n t  so t h a t  one c o u l d  have 
conf idence t h a t  t h e  c a p t u r e  of zero j u v e n i l e  1 ' s  i n  1974 a t  Bowl ine P o i n t  
was i n d i c a t i v e  o f  t h e  t r u e  c o n c e n t r a t i o n  o f  organisms en- t ra ined.  I n  o t h e r  
Pdords, t h e  purpose of the a n a l y s i s  was t o  a t tempt  t o  suppor t  t h e  i m p l a u s i b l e  
c o n t e n t i o n  on t h e  p a r t  o f  the  u t i l i t i e s  t h a t  Bowline P o i n t  d i d  n o t  e n t r a i n  
any j u v e n i l e  1 ' s  i n  1974. The p r o b a b i l i t y  d i s t r i b u t i o n  which t h e  u t . i l i t i e s  
chose f o r  t h e  a n a l y s i s  was t h e  Poisson d i s t r i b u t i o n .  The r e s u l t s  of t h e  
a n a l y s i s  i n d i c a t e d  t h a t  i f  t h e  t r u e  c o n c e n t r a t i o n  o f  j u v e n i l e  1 ' s  was 1 p e r  
1000 in3, t hen  t h e  p r o b a b i l i t y  of c a p t u r i n g  zero organisms i n  18 samples i s  
7%. The u t i l i t i e s  then  concluded t h a t  " . . . there i s  l i t t l e  chance t h e  
measi.red ze ro  j u v e n i l e  c o n c e n t r a t i o n  a t  Bowl ine i s  n o t  close t o  t h e  a c t u a l  
ca r i cen t ra t i on "  (page 3-IV-68 of U T - 3 ) .  However, these r e s u l t s  a re  c o n t i n g e n t  
upori bo th  t h e  u n d e r l y i n g  d i s t r i b i i t  ior i  be ing  Poisson and t h e  assumption . that  
each o f  t h e  18 samples had an eql;al p r o b a b i l i t y  o f  c a p t u r i n g  j u v e n i l c  1 ' s .  

D ischarge i n  1974. I n  secti.on..'3~.I~..o~..-UT~3, an a<glycis i s  prei<i-fed, 
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In our testimony, we have shown t h a t  any rsf the 18 Sam i m  taken prior 
t o  July I, 1974 had close t a zero ~~~~~~~~~~~~~ o f  c t u r i n g  juw$!ni"e I"* 
These samples9 therefore, s a u l d  n o t  have been inclu 
analysis. Secondly, d u r i n g  ~ r ~ ~ $ - e ~ ~ ~ i ~ a ~ ~ ~ ~  o f  the 
that the actual distributio was n o t  ~~o~~~ and t h a t  t h  
d i s t r i b u t i o n  could jus t  as e l l  be the actual uaderlyi 
Tr. 9548). Mr. Weiss t e s t i  ied that  there was no expl ic i t  agreement i n  the 
l i t e ra ture  as t o  which distribution was the correct one ( 
Based on the cross-examination and the re-direct testirnon 
u t i l i t i e s  (Weiss, Tr. 9547, Tr .  10, 8581, a principle reas 
Poisson d i s t r i b u t i o n  was chosen was because i t  i s  a one-parameter 
distribution, w i t h  the parameter (sample volurne) being known. Ther 
the probability determinations could be made. On the other hand,  L 
negative binomial d i s t r i b u t i o n  is a two-parameter dis t r ibut ion,  wit 
one parame ter known. 

During cross-examination of the u t i l i t i e s ,  a probability anal 
presented by Mr. Weiss based on the negative binomial d i s t r i b u t i o  
underlying d i s t r i b u t i o n  (EPA E x h i b i t  156). As mentioned, the negative 
binomial dis t r ibut ion is  a two-parameter d i s t r i b u t i o n ,  w i t h  one parameter 
b e i n g  the mean concentration. 
number o f  ways. I n  EPA 156, i t  was defined as the number of patches 
sample, with a patch signifying a "globule" of organisms (Weiss, Tr. 
A review o f  EPA-156 indicates that  for a given mean concentration of 
juvenile 1 ' s  (e i ther  1 or  10 per 1000 m31:  

The second parameter can be defined i n  a 

[ I )  The probability o f  f i n d i n g  zero organisms i n  a l l  18 samples 
increases as the average number o f  patches per sample decreases 
from 0.95 t o  0.01. 

( 2 )  The number of  juvenile 1 ' s  contained i n  a patch (average patc 
s i ze )  increases as the average number o f  patches per sample 
decreases from 0.95 t o  0.01. 

( 3 )  The product of the average number of patches per sample and t 
average patch s ize  equals the mean sample concentration o f  
juvenile I ~ S  (e i ther  1 or 10 per 1000 m3). 

Based on the above, if i n  a system being sampled there are 100 juvenile 
I ' s 3  the mean sample concentration i s  1 per 1000 m3, and the sample volunie 
i s  100 m3, t h e n :  

(1) Given an average number of patches per sample o f  0.01, there w?%l 
be 1 patch i n  the system containing a l l  100 juvenile I ' ss .  

( 2 )  Given an average number of patches per sample of 1. , there wi l l  
100 patches i n  the system, each containing 1 juvenile I ,  

( 3 )  The probability o f  not  sampling, i n  a l l  18 samples, the 1 patch 
100 organisms will  be much higher than the probability o f  not 
sampling, i n  a l l  18 samples, 1 or more o f  the 100 patches a f  I 
juvenile I each. 



ihlis laqt  co i i c f ks io r l  i< intlait jvely obvious; the likelihood o f  a fixed 
;~uii~Llet' G f  s a m p l ~ s  riot capt-ut-ing any jiivpnilc 1 's  increases as t h e  number o f  
"juvenile I patches" i n  t h e  systt deci-saws. Ihe s i t u a t i o n  i s  analagous t o  
f i r lc i i i ig  one b i g  needle i n  a hiiystxk VC: -S~IS  f i n d i n g  many smaller needles in 
t he  Same haystack, g i v e n  a fixed number of a t h i p t s ,  

- 

Ihe u t i i i t i e s  also testified t h a t :  

(1) Yhr  n e g a t i v e  iainolnial d i s t r i b u t i o n  approaches the Poisson 
d i s t r i b b t f m  as t h e  ;xif iber n f  p a i t  hec per saiilpfe approaches 0.95 
(01- 1.00) (Weiss, Tr. 9834). 

( 2 )  Tkr Poissoti i;fstl*-ibiPLion q i v e s  the smallest probabili ty o f  f ind- ing 
ze:.-o organisms in a l l  18 s a i i r p 1 ~ 1 ~  xhen tire m a n  concentration has 
any va l i i e  greater than z c x  (Wciss, Ir. 9834), which i s  corisistent 
w i t h  the  int l i i t ive conclusion made above. 

Based @si thr above, il can be cnncliided t h a t  the Pofsson d i s t r i b u t i o n  
better r e p r e s m t ~  a system \vi th rnmy patcites o f  few organism,  whereas the 
negative biiaoiwial dist,r i b u t i o n  b e l t e r  represents a system conta in ing  few 
patches o f  many organ isms each. 

I f  juveni le  J ' s  tend& t o  concentrate in a s m l l  niaiiiber of patches in 
tile tiear-fSP!c! samplir ig 2 i - a  i n  1914 and 1975, w3m-e t h e  sampling Far. 
de te rm in ing  t h c  fitisbPi* n f  jcrvenile 1 ' s  enlt*airrcd was conducted, then t h e  
negative binomial d istrihut.Iot-r i s  i r w r f !  appropriate than the Poisson 
dis t r ibu t ion .  If t h i s  is  t r - ~ ~ p ,  then not  f i n d i n g  any juvenile 1 ' s  i n  Lhe 
assumed f ewer  than 18 r e l i a b l e  samples taker. a t  Bowline Poitit dur-s'i-ia the 
tiiiie t h a t  juveni le  1 ' s  w e i ~  present i n  t h e  a-ea i s  not  that. i i i i i i ~ i ~ a l ,  given a 
non.zet-o mean concentration iri the Boidlinc Poi1-k sampling area. For 
example, EP4 156 i n d i c a t e s  thai; i f  tbr 100 j u v e n i l e  1 ' s  ce discussed before 
were located i n  4 patches of 75 orgacisms pern pa 1, t h r n  the p r o b a b i l i t y  o f  
capturing 7ef@ jiivetlile 1 ' s  i t 7  18 samples i s  48. (Wciss, 'Cr. 9829). I f  
o n l y  10 samples hart a f i n i t e  p r o b a b i l i t y  o f  capturing juvenile X's a t  
Bsuline Point (assuming t h c t  45X o f  thc 18 r e l i a b l e  sarnples were taken prior 
t o  July 11, t h e  p r o l ~ a b i l i t y  o f  captrrt-ing z w v  organisms i n  a l l  10 samples is 
67.5%, 
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c .  ~ _ _ I _ _  Conclusions. Given that in 1974 ( 1 )  sampling for juvenile I 
entrainment at Bowline Point did not include the entire period of abundance 
of this life stage, (2) the 0.5-meter plankton net is a very inefficient 
tool fo r  capturing juvenile I's, and (3) the very good possibility that t h e  
relative frequency distribution of juvenile I counts more closely followed a 
negative binomial distribution than a Poisson distribution, there i s  every 
reason to believe that the estimated entrainment o f  zero juvenile 1 ' s  at 
Bowline Point i s  an underestimate. The amount of the underestimate i s  very 
difficult to quantify. However, it should be noted that 4 juvenile 1's were 
collected by the larva? pump deployed in the Bowline Point discharge in 
1975. 
entrainment of 55,091 juvenile 1 ' s  was estimated by the utilities. Given 
that ( 1 )  the 55,091 estimate for Bowline consisted of approximately 
one-third of the juvenile 1 ' s  entrained at all three plants in 15475 and 
(2) ME predicted by the RTLC for the juvenile I stage at all three plants 
in 1975 was 0.0221, ME for juvenile 1 ' s  at Bowline Point was approximately 
0.0074 in 1975. It is quite conceivable that (I) by using the larval pump 
in 1974, and (2) by taking a greater number o f  reliable samples during the 
period o f  juvenile I abundance at Bowline Point in 1974, that 4 or more 
juvenile 1 ' s  would have been collected. Given that the fractions of 
juvenile 1 ' s  in the Croton-Haverstraw region in 1974 and 1975 were simjlar- 
(0.23 verses 0.27; Exhibit EPA-200), the above possibility moves from " q u i t e  
conceivable" to very probable. 

Based on these 4 juvenile striped bass collected, an average annual 

2. 1975 Results 

On page 3-TV-67 o f  UT-3, it is stated that starting on June 23 sampling 
effort used to capture juvenile 1 ' s  was reduced at Bowline Point. 
Dr. Englert testified that the reduction in effort coincided with reduction 
i n  entrainment, but that the actual number of samples taken was not markedly 
reduced until July 14 (Englert, Tr. 10,682-3). In 1975, juvenile 1 ' s  were 
in the Croton-Haverstraw region during the period June 15 t o  approximately 
August I 5  (based on epibenthic sled, tucker trawl, and beach seine data), 
with 'low abundance during the period of June 15-July 5 and with peak 
abundance during the week of July 22-26 (Table 6.2-4 of Exhibit U T 4  and 
Fig. 3-V11-20 o f  UT-3) .  

Based on what was learned from the results of 1974, i t  appears 
incomprehensible for the utilities' consultant to have decreased the number 
of days sampled per week starting on June 23 and to have further decreased 
the number of samples taken starting on July 14 by about a factor of 4 
(Englert T r .  10,682-3). O f  the 182 samples taken during the entire sampling 
period, 132 (72.5%) were taken prior to any appreciable abundance o f  
juvenile 1's (Englert, Tr. 10,682-3). It would appear that juvenile I 
sampling should have been started in earnest on June 15 t o  determine 
juvenile I entrainment at Bowline Point, and it should have been concentrated 
particularly on the period of greatest abundance, July 5-August 2 
(Figure 3-VII-20 of UT-3). 
sampling effort after June 23 i s  that the sampling effort which was 

The only logical explanation for a decease i n  
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decreased had as i t s  p r i m a r y  purpose n o t  t h e  c a p t u r i n g  o f  j u v e n i l e  I ' s ,  b u t  
t h e  c a p t u r i n g  o f  y s l  and p y s l .  The s i g n i f i c a n t  d e c l i n e  o f  p y s l  abundance 
c o i n c i d e d  w i t h  t h e  week o f  June 15-22 (Table 6.2-3 o f  E x h i b i t  LIT-4). 

Based on t h e  above, i t  appears t h a t  j u v e n i l e  I entra inment  a t  Bowl ine 
P o i n t  was underest imated i n  1975, perhaps markedly, p a r t i c u l a r l y  when i t  i s  
no ted  t h a t  RM 34-38 conta ined approx imate ly  27% of t h e  s tand ing  c rop  o f  
j u v e n i l e  1 ' s  ( E x h i b i t  EPA-200). 

I n  1975, as a l ready  mentioned i n  Sec t i on  8.A.l.c, f o u r  j u v e n i l e  1 ' s  
were c o l l e c t e d  i n  t h e  discharge, 
annual ent ra inment  o f  55,091 j u v e n i l e  1 ' s .  Therefore,  underes t ima t ing  t h e  
numbers caught by  4 f i s h  would mean t h a t  t h e  c o n d i t i o n a l  m o r t a l i t y  r a t e  
p r e d i c t e d  by t h e  RTLC a t  Bowl ine P o i n t  under 1975 c o n d i t i o n s  was 
underest imated by  100% and should have been approx ima te l y  0.0148, r a t h e r  
t h a n  0.0074 (See Sec t ion  8.A.l.c of t h i s  tes t imony ) .  

From these data, LMS es t ima ted  an average 

Reduct ion i n  sampl ing e f f o r t  by LMS i n  1975, when j u v e n i l e  1 ' s  were 
s t i l l  i n  t h e  Bowl ine P o i n t  area i n  app rec iab le  abundance and had n o t  even 
a t t a i n e d  t h e i r  maximum abundance, may have caused a marked underes t ima t ion  
i n  t h e  c o n d i t i o n a l  m o r t a l i t y  r a t e  of j u v e n i l e  1 ' s  a t  t h i s  p l a n t  i n  1975. 

B .  I n d i a n  P o i n t  

I n  bo th  1974 and 1975, sampl ing was conducted i n  t h e  I n d i a n  P o i n t  
d ischarge canal  u s i n g  a 0.5-meter p l a n k t o n  ne t .  
d i s c u s s i o n  f o r  Bowl ine Po in t ,  use o f  t h i s  sampl ing gear may have r e s u l t e d  i n  
an underes t ima t ion  i n  t h e  numbers o f  j u v e n i l e  1 ' s  caught i n  bo th  years,  and 
thus, i n  t h e  j u v e n i l e  I entra inment  c o n d i t i o n a l  m o r t a l i t y  r a t e  i n  bo th  years.  

Rased on t h e  above 

C. Roseton 

I n  1974, sampl ing was conducted a t  t h e  d ischarge u s i n g  a 0.5-meter. 
p lank ton  ne t .  
t h i s  sampl ing gear may have r e s u l t e d  i n  an underes t ima t ion  i n  t h e  numbers of  
j u v e n i l e  1 ' s  caught i n  1974 and, thus,  i n  t h e  j u v e n i l e  I entra inment  
c o n d i t i o n a l  m o r t a l i t y  r a t e .  Consider ing t h a t  t h e  u t i l i t i e s  est imated zero 
j u v e n i l e  1 ' s  e n t r a i n e d  i n  1974, t h e  l i k e l i h o o d  t h a t  an underest imate 
occu r red  appears p l a u s i b l e .  

Based on t h e  above d i scuss ion  f o r  Bowl ine P o i n t ,  t h e  use of  
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9.  SPATIAL DISTRIBUTION ANALYSIS - YSL AND PYSL 

A. Importance 

ysl and pys? was stated during cross-examination and redirect examination 
a number of times (Englert, Tr. 9979-81; Englert, Tr. 10,124; Englert, 
Tr. 10,855). Spatial distribution is one o f  the important factors which 
determine vulnerability to entrainment, and therefore, entrainment 
conditional mortality rate. The importance o f  spatial distribution was made 
clear in a discussion between EPA Counsel and Dr. Lawler, one of the 
utilities' expert witnesses (Lawler, Tr. 10,152-6). Dr. Lawler stated that, 
given the methodology used in the RTLC to predict the number of ysl and pysl 
killed by entrainment (f-factor approach), the RTLC would not accurately 
predict entrainment impact, if the spatial distribution predicted by the 
RTLG was different than the spatial distribution indicated by the actual 
field data. It should be pointed out that in 1974 the ysl and pysl stages 
contributed almost 50% to the total entrainment conditional mortality rate 
(0.0231 of 0.0492; see Tables 2 and 3), while in 1975 these two stages 
contributed a little over 60% (0.0488 of 0.0783; see Tables 2 and 3). 
Therefore, it i s  crucial that the RTLC predict accurately the spatial 
distributions of the larval stages, particularly in the power plant 
segments, in order to accurately predict entrainment conditional mortality 
rates - 

The importance of the spatial distributions predicted by the RTLG for 

The spatial distributions as predicted by the RTLC for the ysl and pysl 
stages over time are primarily determined by three factors: the spatial 
distribution of the egg stage, the ysl and pysl vertical migration 
preferences, and the hydrodynamic simulation of the tidal flow of the Hudson 
River. Values for the first two factors are input data to the RTLC. The 
tidal flow regime (both in time and space) predicted by the RTLC i s  the 
principal means of longitudinal transport in the model for the egg, ysl and 
pysl stages. By comparing the ysl and pysl longitudinal spatial 
distributions predicted by the RTLC with those indicated by the field data, 
the validity of the hydrodynamic simulation, and thus the accuracy o f  the 
ME predictions, can be ascertained. 
model's accuracy can be determined is to compare model predictions of an 
event to the observed event itself (Englert, Tr. 9417). Comparison of egg 
spatial distributions will not be made owing to (1) the short duration of 
the egg stage (2-3 days), and (2) the fact that the weekly spatial 
distributions of eggs determined from the field data are directly input t o  
the RTLC. 
distributions almost identical to those based on the field data. 

In most cases, the only way that a 

As a result, the RTLC most certainly generates egg spatial 

B. Field Data and Model Runs Chosen 

Since the purpose o f  comparing the longitudinal spatia 
i s  to determine the accuracy of the hydrodynamic simulation 
of the RTLC predictions of ME for ysl and pysl, we chose to 

distributions 
and the accuracy 
examine the 
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s p a t i a l  d i s t r i b u t i o n s  generated by  t h e  RTLC when i t  was r u n  w i t h  ( 1 )  no power 
p l a n t s  o p e r a t i n g  and no compensation under "1974 cond i t i ons , "  and ( 2 )  no 
power p l a r i t s  o p e r a t i n g  and no compensation under "1975 c o n d i t i o n s . "  These 
two runs  w i l l  be des ignated as t h e  " e q u i l i b r i u m  year "  runs  f o r  1974 and 
1975. These a re  t h e  two s e t s  of s p a t i a l  d i s t r i b u t i o n s  t h a t  t h e  power p l a n t s  
a re  a p p l i e d  t o  and t h a t ,  t h e r e f o r e ,  a re  p e r t i n e n t  t o  t h e  d e t e r m i n a t i o n  o f  
ME 

The f i e l d  d a t a  chosen f o r  t h e  comparison were those  c o l l e c t e d  by Texas 
Inst ruments i n  i t s  r i v e r w i d e  i ch thyop lank ton  sampling p r o g r a m  o f  1974 and 
1975. 

C .  Time P e r i o d  and R i v e r  Segmentatian 

Since T I  developed weekly d e n s i t y  est imates f o r  y s l  and p y s l  i n  12 r i v e r  
reg ions,  and s i n c e  t h e  RTLC ou tpu ts  numbers o f  y s l  and p y s l  i n  each o f  t hese  
r i v e r  reg ions ,  we compared corresponding weekly RTLC and " T I "  s p a t i a l  
d i s t r i b u t i o n s  over  t h e  e n t i r e  12 reg ions .  Table 5 c o n t a i n s  t h e  m i l e  p o i n t s  
assoc ia ted  w i t h  each of t h e  12 T I  reg ions .  P a r t i c u l a r  emphasis was g i v e n  t o  
t h e  r e g i o n s  c o n t a i n i n g  t h e  power p l a n t s .  
abundance o f  y s l  and p y s l  was r e l a t i v e l y  h i g h  were chosen f o r  comparison, 
s ince  d u r i n g  t h i s  t i m e  ( 1 )  almost a l l  t h e  ent ra inment  occurs., and ( 2 )  t h e  
f i e l d  d a t a  a r e  more accurate.  
abundance i n  terms O F  t h e  RTLC. A week o f  r e l a t i v e l y  h i g h  abundance i s  any 
model week, which a t  any t i m e  d u r i n g  t h e  s i m u l a t i o n  d u r i n g  t h a t  week has a 
r i v e r w i d e  s tand ing  c rop  of t h e  p a r t i c u l a r  l i f e  s tage under a n a l y s i s  which i s  
g r e a t e r  t han  o r  equal t o  10% o f  t h e  r i v e r w i d e  peak s t a n d i n g  c rop  of t h a t  l i f e  
stage, as p r e d i c t e d  by  t h e  RTLC. Al though t h e  weeks chosen were based on t h e  
RTLC, these  weeks were e q u a l l y  a p p r o p r i a t e  t o  t h e  f i e l d  d a h .  As a m a t t e r  of 
f ac t ,  when t h e  T I  weekly s tand ing  c rop  es t ima tes  (see Subsect ion 0.1 below) 
were t o t a l e d  over  t h e  e n t i r e  p e r i o d  o f  l i f e  s tage abundance i n  t h e  r i v e r ,  
t h e  weeks of r e l a t i v e l y  h i g h  abundance, as d e f i n e d  above, accounted f o r  97% 
o r  more o f  the t o t a l .  

Only those weeks d u r i n g  which 

We have d e f i n e d  a week o f  r e l a t i v e l y  h i g h  

D.  Method o f  C a l c u l a t i o n  of S p a t i a l  D i s t r i b u t i o n  

1. - T I  F i e l d  Data 

The methodology used t o  c a l c u l a t e  t h e  f r a c t i o n  o f  t h e  s tand ing  c r o p  o f  
y s l  and p y s l  i n  each of t h e  12 T I  sampl ing r e g i o n s  f o r  each week of 
abundance d u r i n g  t h e  yea rs  1974 and 1975 i s  presented by  E x h i b i t  EPA-200. 
The f r a c t i o n s  c a l c u l a t e d  a re  based e n t i r e l y  on T I ' S  de te rm ina t ions  of 
r e g i o n a l  c o n c e n t r a t i o n s  over  t i m e  and space and T I ' S  es t ima tes  o f  t h e  
volumes of t h e  i n d i v i d u a l  reg ions .  No adjustments were made t o  t h e  data.  
These weekly f r a c t i o n s  were c a l c u l a t e d  and p rov ided  by  D r .  J. Boreinan and 
were used i n  t h e  comparison w i t h  t h e  RTLC p r e d i c t i o n s .  
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T a b l e  5. Milepoints corresponding t o  TI regions and location o f  power 
p 1 ants 

Region 

Number Name Milepoint Power plant 

1 Yonkers 

2 Tappan Zee 

14-23 

24-33 

3 Croton -Haver straw 34 - 38 

4 I n d i a n  Point 39-46 

5 West Point 47-55 

b Cornwa 11 56-61 

7 Poughkeepsi e 62-76 

8 Hyde Park 77-85 

9 Kingston 86-93 

10 Saugerti es 94-106 

11 Catski71 107-124 

12 Albany 125-140 

Bowline Point 

Indian Paint 

Rsset on 
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2. RTLC 

For  each week of r e l a t i v e l y  h i g h  abundance, we c a l c u l a t e d  t h e  f r a c t i o n s  
o f  the s tand ing  c rop  i n  t h e  12 71 reg ions .  These f r a c t i o n s  correspond t o  
t h e  average weekly r e g i o n a l  s tand ing  c r o p  r e l a t i v e  t o  t h e  average weekly 
s tand ing  c rop  summed over  a l l  r eg ions .  
I t  should be noted t h a t  Region 3 c o n t a i n s  Bowl ine Po in t ,  Region 4 c o n t a i n s  
I n d i a n  P o i n t  and Region 7 c o n t a i n s  Roseton (Region 1 i s  t h e  most downstream 
r e g i o n  and Region 12 i s  t h e  most upstream r e g i o n ) .  

These f r a c t i o n s  appear i n  Tables 6-9. 

E .  

CMS designed t h e  R T L C  o u t p u t  f o r  s p a t i a l  d i s t r i b u t i o n  t o  be c o n s i s t e n t  
w i t h  t h e  T I  sampl ing reg ions  i n  o r d e r  t o  f a c i l i t a t e  comparisons o f  t h e  RTLC 
p r e d i c t i o n s  t o  'TI 'S f i e l d  data.  However, be fo re  comparing t h e  observed 
( T I  f i e l d  d a t a )  and p r e d i c t e d  (RTLC) s p a t i a l  d i s t r i b u t i o n s ,  we had t o  be 
convinced t h a t  t he  two s e t s  o f  s p a t i a l  d i s t r i b u t i o n s  we chose t o  compare 
were, indeed, comparable, p a r t i c u l a r l y  i n  t h e  reg ions  c o n t a i n i n g  t h e  power 
p l a n t s .  C e r t d i n  p r o p e r t i e s  o f  e i t h e r  t h e  f i e l d  d a t a  o r  t h e  RTLC s p a t i a l  
d i s t r i b u t i o n s  tend  t o  cause d i f f e r e n c e s  i n  t h e  two s e t s  o f  d i s t r i b u t i o n s  
which would r x i s t  independent o f  t h e  accuracy o f  t h e  RTLC s i m u l a t i o n .  
t-lowevw, based on t h e  d i s c u s s i o n  presented immediate ly  below i n  subsect ions 
E . l  t h rough  E.4, t h e  t o t a l  magnitude o f  t h e  e f f e c t s  o f  these p r o p e r t i e s  i s  
smal l  enough so t h a t  t h e  two s e t s  o f  s p a t i a l  d i s t r i b u t i o n s  can be compared 
f o r  purposes o f  examining t h e  accuracy of t h e  RTLC s i m u l a t i o n .  

1. D e p l e t i o n  i n  Power P l a n t  Regions 

When comparing t h e  s p a t i a l  d i s t r i b u t i o n s  p r e d i c t e d  by t h e  RTLC i n  t h e  
" e q u i l i b r i u m "  year  t o  t h e  T I  f i e l d  data,  i t  must be noted t h a t  t h e  s p a t i a l  
d i s t r i b u t i o n s  based on t h e  f i e l d  d a t a  i n  1974 and 1975 a r e  af fected by t h e  
power p l a n t s '  w i thd rawa l  o f  ysl  and p y s l .  However, based on t h e  ETM's 
maximum p r e d i c t e d  MF va lue  f o r  a c t u a l  power p l a n t  o p e r a t i n g  c o n d i t i o n s  i n  
19711 a:id 1975 through t h e  pysl stage ( E x h i b i t  EPA-200, S e c t i o n  8 ) ,  we 
b e l i e v e  t h a t  t h e  observed s p a t i a l  d i s t r i b u t i o n s  o f  y s l  were af fected v e r y  
l i t t l e  by power p l a n t  ope ra t i on .  On t h e  o t h e r  hand, t h e  f r a c t i o n  s tand ing  
crop o f  pysl i n  t h e  I n d i a n  P o i n t  r e g i o n  i n  bo th  1974 and 1975 may have been 
a f f e c t e d  by t h e  o p e r a t i o n  o f  I n d i a n  P o i n t  and  L o v e t t .  I t  should be p o i n t e d  
o u t  t h a t  t h e  w i tbd rawa l  of y s l  and p y s l  by  t h e  power p l a n t s  would tend  t o  
underest imate t h e  f r a c t i o n  o f  these two l i f e  stages i n  t h e  r e g i o n s  
c o n t a i n i n g  t h e  power p l a n t s ,  owing t o  a d e p l e t i o n  e f f e c t .  Therefore,  t h e  
f i e l d  d a t a  s l i g h t l y  underest imated t h e  f r a c t i o n  of y s l  and p y s l  i n  t h e  
regions c o n t a i n i n g  t h e  power p l a n t s ,  and as a r e s u l t ,  t h e  f i e l d  d a t a  
s l i g h t l y  underest imated t h e  v u l n e r a b i l i t y  o f  these two l i f e  stages t o  
ent ra inment .  
d i s t r i b u t i o n s  o f  t h e  RTLC corresponding t o  ( 1 )  t h e  " e q u i l i b r i u m "  year,  and 

T h i s  d e p l e t i o n  e f f e c t  can be v e r i f i e d  by comparing t h e  s p a t i a l  
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Table 6 .  Frac t i on  o f  the standing crop (FSCi,j) o f  yolk-sac larvae 
predicted by the RTLC by week and by river region for  1974 

Week, i (Week 1 star ts  April 29)" -- 
TI river All  weeks 
region, j 2 3 4 5 6 7 $F'scj) 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0 

0.001 

0.007 

0.128 

0.694 

0.455 

0.014 

0 

0 

0 

0 

I) 

0.001 

0.O04 

0.032 

0 * 240 

0.516 

0.157 

0.039 

0.008 

0.003 

0.001 

0 

0 

0.018 

0.029 

0.109 

0.270 

0.317 

Q. 111 

0.064 

0.022 

0.027 

0.019 

0.012 

u .003 

I os7 

0 0 075 

0.149 

0 e 241 

0,155 

0 0 064 

0.061 

0.041 

0.051 

0 * 033 

0 " 007 

0.11 

0.121 

0.122 

. I74  

O18140 

0 e 033 

0.085 

0.072 

8,051 

0 0 011 

0.851 

0.108 

0.235 

0 1) 269 

Q * 092 

0 * 063 

0.034 

0.023 

a 12 
j =1 

FSCi,j = 1.000 for  each week. 
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Table 7.  F r a c t i o n  o f  t h e  s tand ing  crop (FSCi,j) of pos t  yo lk -sac  l a r v a e  
p r e d i c t e d  by t h e  RTLC by week and by r i v e r  r e g i o n  f o r  1974 

I---- Ideek,L-L!& 1 s t a r t s  April 29)a I 

TI r i v e r  Allweeks 
reg ion,  j 5 G 7 8 9 10 11 ( F S C j  1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I1 

12 

0.038 

0,035 

0.048 

0.201 

0.363 

0.189 

0.111 

0.009 

0.003 

0.002 

0.001 

0 

0.086 

0.075 

0.076 

0.213 

0.266 

0. I38 

0.092 

0.019 

0.013 

0.013 

0.008 

0.002 

0.150 

0.124 

0,099 

0.182 

0.169 

0.087 

0 . m  

0.025 

0.028 

0.034 

0.025 

0 t 006 

0.163 

0.133 

0.093 

0.155 

0.146 

0.083 

0.088 

0.036 

0.032 

0.036 

0.029 

0.006 

0.186 

0.149 

0.091 

0.141 

0.128 

0.073 

0,087 

0.~138 

0.032 

0 038 

0.031 

Q e 007 

0.217 

0.172 

0.093 

0.125 

0.099 

0.050 

0.073 

0.038 

0.036 

0.047 

0.041 

0.009 

0.177 

0,140 

0.072 

0 e 099 

0.096 

0.063 

0. I16 

0 060 

0.052 

0 e 063 

0.051 

0 c 011 

0.140 

0.115 

0.086 

0.193 

0.189 

0.101 

0.085 

0.028 

0 e 025 

0.029 

0.023 

0.005 

a 
*L FSCi,j = 1.000 f o r  each week. 

j =1 
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Table 8. Fraction o f  the standing crop (FSCi + )  o f  
yolk-sac larvae predicted by the KTe? by week 
and by river region for 1375 

Week, i (Week 1 s t a r t s  May 
TI r iver  All weeks 
region, j 2 3 4 5 ( EX j 1 

1 0.009 0.007 0.018 0.034 0,011 

2 0.010 0.013 0.029 0.031 0.017 

3 0,045 0.058 0.081 0.040 0*Q61 

4 0.323 0.266 0.248 0.200 0 e 271 

5 0.378 0.352 0.295 0.327 0.342 

6 0.114 0.137 0.157 0.209 0.140 

7 0.069 0,110 0.115 0.134 0,104 

8 0.022 0.025 0.023 0.014 0.023 

9 0.012 0.011 0.008 0.004 0.010 

10 0.008 0.010 0.010 0.003 0,OI.O 

11 0.005 0.008 0.013 0.004 0.009 

1 2  0.001 0.002 0.003 0.001 a. 002 

a i2 FSCilj = 1.000 for each week. 
j =1 
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Tab le  9.  Fractian o f  the s t a n d i n g  crop (FSCi  .) o f  post 
yolk-sac larvae predicted by the R T L t  by week and by 
r iver  region for 1975 

Week, i (Week 1 starts May l l)a 
'TI r ive r  AI 1 weeks 

r e g i o n ,  j 4 5 6 7 8 ( F S C j )  

1 

2 

3 

4 

5 

G 

7 

8 

9 

I0 

11 

12 

0.035 

0.039 

0.066 

0.229 

0.293 

0.148 

0.133 

0.026 

0.012 

0.011 

0.008 

0.002 

0.056 

0.052 

0.069 

0.219 

0.255 

0.143 

0.147 

0.028 

0.010 

0.010 

0.009 

0.002 

0.082 

0.071 

0.075 

0 I )  206 

0.235 

0.136 

0.137 

0.028 

0.0lO 

0.009 

0 e 008 

0.002 

0.113 

0.094 

0.081 

0.180 

0.20% 

0, I23 

0.144 

0.028 

0.011 

0 c 009 

0. 008 

0.002 

0.139 

0. I13 

0.082 

0.163 

0. 194 

0. 114 

0.128 

0.027 

0.013 

0.013 

0.011 

0.002 

0.072 

0 "  065 

0.073 

0.20% 

0.248 

0.137 

0.139 

0.027 

0,011 

0.010 

0 .J 0198 

0 (a02 

a k2 F S C ~ , ~  =: 1.000 for each week. 
j =I 



(2) the case of pawer plants operating with composite f-factors o f  1.0 far 
e ysl and pysl stages. 

2. --- River Regions vs Model Segments 

In the RTLC, the power plants withdraw the organisms, not in 
concentrations corresponding t o  the T I  river regions, b u t  in concentrations 
corresponding to smaller model segments within the regions. 
belleve that the regional fractions are still valid for use in determining 
the accuracy o f  the RTLC’s prediction o f  ME. 

However, we 

Indian Point, for example, i s  in Region 4, which extends from milepoint 
39 to milepoint 46. Howeverp Indian Point withdraws organisms at a 
concentration associated with the model segment extending from milepoint 
42 ta milepoint 44. The standing crop in Region 4 is determined as follows 
(this method applies to all other regions as well): 
any model segment at any time t i s  determined by first taking the product o f  
the  upper layer segment concentration and the corresponding upper layer 
volume, and then adding this product t o  the product o f  the lower layer 
concentration and lower layer volume. The total standing crops in model 
segments 21, 22 and 23 and two-thirds of the standing crop in Segment 20, as 
calculated above, are then allocated t o  Region 4, since all of Segments 21, 
22 and 23 are located in Region 4, while two-thirds o f  Segment 20 (based on 
lengitudinal length) i s  located in Region 4. Thus, based on length, Segment 
21 contributes 25% to the standing crop af Region 4, 
data  indicate that 20% o f  the standing crop of ysl in Week 2, for examplep 
is located in Region 4, and the RTLC predicted IO%, this discrepancy 
strongly indicates that the concentrations of organisms in Segments 20-23 
are all underestimated by the RTtCI It would be difficult, in this example, 
t o  imagine the concentration in Seginent 21, which contains Indian Point, not 

were ~ n ~ ~ ~ ~ ~ t ~ m ~ ~ e ~ *  

the standing crop in 

Therefore, if the f ie ld  

underestimated, while the concentrations in Segments 20, 22 and 23 

h?is type o f  conclusion i s  even more true Cor the region containing 
l ine Point (Region 3 ) .  Region 3 is only 5 miles in length (whereas 
i o n  4 is 8 miles in length) and includes all of Segments 24 ~ 5 ~ w l i ~ ~  

Point) and 25 and 1/2 of Segment 26. Therefore, based on length, ~~~~~~t 24 
contributes 40% to the standing cpop o f  Region 3.  

Howeverp. for Region I (whSch includes all of Segments 9-13, 2 
ment 8, and 50% of Segme t 14), Segm2rr.t; 12 (Roseton) ~ ~ n ~ r ~ ~ ~ ~ ~  
length, ~ ~ ~ ~ ~ x ~ ~ a t ~ ~ ~  13 to the standing crop o f  Region 7. Th 

Region 7 ,  there i s  a greate possibility that differences  bet^^^^ the RTLC 
and T I  estimates s f  fractional standing crops may not denote real 
differences i n egrnent 12. W O W E V ~ P ~  i f  the differences i n  fraction s t a n  

f i e l d  data and the RThG redicted values are ~ ~ ~ ~ t a ~ t i a  
e t h a t  the RJ’LC predictica 
a l l  t he  otke’p ~~~~$~~~ CBI 
consistent w’th the f je ld  
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3. A l l o c a t i o n  o f  S t a n d i n g  Crops t o  Regions ._. . 

A c t u a l  " T I "  r e g i o n a l  volumes a r e  n o t  used i n  t h e  RTLC t o  compute 
s ta r i d ing  c r o p s  i n  t h e  T I  r e g i o n s ;  r a t h e r ,  t h e  volumes o f  t h e  29 model 
segments a r e  u t i l i z e d .  I n  a d d i t i o n ,  as no ted  above, i f  t w o - t h i r d s  o f  a 
segment's l e n g t h  i s  i n  a r e g i o n ,  t h e n  t w o - t h i r d s  o f  t h e  segn ien t ' s  s t a n d i n g  
c r o p  i s  a l l o c a t e d  t,o t h e  r e g i o n .  
r e g i o n a l  volumes a r e  t h e  sum o f  t h e  segment volumes wh ich  t h e y  c o n t a i n ,  and 
( 2 )  t h e  - f r a c t i o n  o f  a segment 's s t a n d i n g  c r o p  i n  a Reg ion  i s  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  f r x t i o n  o f  t h e  segment 's  l e n g t h  i n  a r e g i o n .  Except  
f o r  Regions 1 and 12, b o t h  t h e s e  assumptions a r e  reasonab le .  Fo r  Region 12, 
assumption 1 i s  n o t  v a l i d ,  s i n c e  Reg ion  12 ex tends  t o  m i l e p o i n t  140, well 
beyond t h e  RTLC boundary  o f  m i l e p o i n t  130. However, s i n c e  Region 12 
c o n t a i n s  an i n s i g n i f i c a n t  f r a c t i o n  o f  y s l  and p y s l  ( l e s s  t h a n  0.1% based on  
b o t h  t h e  RTLC p r e d i c t i o n s  and on T I ' S  f i e l d  e s t i m a t e s ) ,  t h e  v i o l a t i o n  of 
assumption ( 1 )  w i l l  have no e f f e c t  on t h e  c o m p a r a b i l i t y  between t h e  RTLC and 
" T I "  s p a t i a l  d i s t r i b u t i o n s .  Region 1 v i o l a t e s  b o t h  assumptions, s i n c e  i t  i s  
a l l o c a t e d  a l l  o f  Segment 2 9 ' s  s t a n d i n g  c rop ,  b u t  o n l y  ex tends  down t o  
m i l e p o i n t  14, whereas Segment 29 ex tends  t o  m ' r l e p o i n t  10. A co rnpar i sm 
between t h e  volrimes o f  Segments 28 p l u s  29 arid Reg ion  1 ( p a r t  o f  Segment 28 
i s  i n  Region 1 )  i n d i c a t e s  t h a t  t h e  s t a n d i n g  c r o p  i n  Region 1, as p r e d i c t e d  
b y  t h e  RTLC, may be o v e r e s t i m a t e d  b y  as  much a5 30% due t o  LMS e f f e c t i v e l y  
a l l o c a t i n g  a l l  o f  Segment 2 9 ' s  volume t o  Region 1. However., t h i s  
o v e r e s t i m a t e  of s t a n d i n g  c r o p  s h o u l d  n o t  a f f e c t  t h e  v a l i d i t y  o f  t h e  r e s u l t s  
of t h e  s p a t i a l  d i s t r i b u t i o n  a n a l y s i s  p resen ted  here ,  s i n c e  t h e  r e l a t i v e  
r e g i o n a l  volumes w i l l  r ema in  e s s e n t i a l l y  t h e  same. 

I t i s ,  t h e r e f o r e ,  assumed t h a t  ( 1 )  t h e  

4. Compensation 

The u t i l i t i e s '  c l a i m  t h a t  t h e  T I  f i e l d  d a t a  r e f l e c t  t h e  o p e r a t i o n  of 
compensat ion.  However, t h e  KTLC model r u n s  chosen for  t h i s  a n a l y s i s  do n o t  
have compensat ion o p e r a t i v e .  T h i s  d i f f e r e n c e  does n o t  c r e a t e  a problem, 
s i n c e  i n  r u n n i n g  t h e  RTLC w i t h  compensation, LMS de te rm ines  t h e  amount of  
compensat ion from t h e  t o t a l  r i v e r w i d e  c o n c e n t r a t i o n  of  each l i f e  s tage.  
There fore ,  t h e r e  a r e  no segment o r  r e g i o n a l  d i f f e r e n c e s  i n  n a t u r a l  m o r t a l i t y  
w i t h i n  l i f e  stages, and t h e  r e l a t i v e  s p a t i a l  d i s t r i b u t i o n s  p r e d i c t e d  b y  t h e  
RTLC w i t h  compensat ion o p e r a t i v e  o r  n o t  o p e r a t i v e  a r e  i d m t i c a l .  O f  course ,  
t h e  a c t u a l  f i e l d  d a t a  may, i n  f a c t ,  r e f l e c t  5ome s p a t i a l  d i f f e r e n c e s  i n  
n a t u r a l  m o r t a l i t y  w i t h i n  t h e  ysl and/or p y s l  s tages  i n  1974 and/or 1975. 
However, t h e r e  i s  no way o f  q u a n t i f y i n g  t h e  magn i tude o f  such an e f f e c t  on 
t h e  s p a t i a l  d i s t r i b u t i o n s  of t h e  y s l  o r  p y s l  stdges, i f  such an e f f e c t ,  
indeed, e x i s t e d .  We can o n l y  assume t h a t  t h e  e f f e c t ,  i f  i t  e x i s t e d ,  wou ld  
have had l i t t l e  impact  on t h e  s p a t i a l  d i s t r i b u t i o n s .  

F.  A n a l y s i s  

The method used i n  t h i s  t e s t i m o n y  t o  q u a n t i f y  t h e  e f f e c t  t h a t  
d i f f e r e n c e s  i n  t h e  s p a t i a l  d i s t r i b u t i o n s  p r e d i c t e d  b y  t h e  RPI-C and observed 
t o  e x i s t  i n  t h e  r i v e r  i n  1974 and 1975 had on t h e  RPLC p r e d i c t e d  va lues  o f  
ME i s  g i v e n  below. 
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For a given composite f-factor, the number of ysl or pysl entrained in 
Week i will depend on the fraction of the weekly standing crop present in 
Week i in the regions containing the power plants, on the fraction of the 
total standing crop (over a l l  weeks) of ysl or pysl present in Week i, and 
on the power plant flow rates. Let us define the following terms: 

fraction o f  the standing crop of ysl (or pysl) in Week i 
in Region j .  

fraction of the total standing crop of ysl (or pysl) 
present during all the weeks o f  relatively high 
abundance, which was present i n  Week i. 

power plant intake f l o w  in Week i in Region j. 

= index of impact in Week i of relatively high 
FSCi,j Wi Q j , j  ( 1 )  

abundance o f  a power plant located in Region j. 

f: P i , j  
1 
= index of impact of a power plant located in Region j over 
all the weeks of relatively high abundance. 

C P j  (3) 
J 
= index of impact of all power plants (i*e., over all regions) 
over all weeks of relative?y high abundance. 

Tables 6-9 present 
for 1974 and 1975. 

all FSCi,j values predicted by the RTLC for ysl and pysl 
Corresponding values based on the TI field data were derived 

by the methods specified in Exhibit EPA-200. Tables 10 and 11 present the W i  
values for both the RTLC and TI temporal distributions for ys l  and pysl in 1974 
and 1975. A review of Tables 10 and 11 shows, that for the most part, the weeks 
of high W j  values for the RTLC simulations and the TI field data coincide. 
However, the field data indicate a shorter time period of high standing crops, 
particularly in 1975 when 94% of the ysl standing crop and 94% o f  the pysl 
standing crop were present in a two-week period. Therefore, the index of power 
plant impact may be affected somewhat by differences in temporal distributions, 
particularly in 1975. 

for the RTLC predictions and the TI field data. 
labelled ' I %  Difference" were calculated as f o l  lows: 

Tables 12 and 13 present P j  and P values for ysl and pysl for 1974 and 1975 
The numbers in the column 

P .  (RTLC) - P j  (TI) 
% Difference = ' Pj- ( T I )  x 100 
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Table 10. Fraction o f  the t o t a l  standing crop 
(over a l l  weeks of r e l a t ive ly  h igh  
abundance and a l l  rivet- regions) o f  
yolk-sac larvae and post yolk-sac 
larvae present d u r i n g  each week o f  
r e l a t ive ly  high abundance i n  1974 
as calculated from RTLC predictions 
and from T I  f i e l d  data 

a W .i ... 

Life stage Week, i RTLC TI 

5 

6 

7 

a 
9 

10 

11 

0.03 

0.15 

0.34 

0.32 

0.14 

0.02 

0.08 

0.21 

0.27 

8.21 

0.14 

0.07 

0.02 

0.01 

0.01 

0.15 

0.44 

0.19 

0.20 

0.06 

0.10 

0.30 

0.38 

0.13 

0.02 

0.01 

aFor each l i f e  s tage for t h e  RTLC predictions 
and f o r  the TI , f i e l d  data,  

i 
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Table 11. Fraction o f  the t o t a l  standing crop 
(over a l l  weeks of r e l a t ive ly  h i g h  
abundance and a l l  river regions) o f  
yolk-sac larvae and post yolk-sac 
larvae present d u r i n g  each week o f  
r e l a t ive ly  h i g h  abundance i n  1975 
as calculated f r o m  RTLC predictions 
and from TI f i e l d  data 

M i a  

Life stage Week RTLC TI 

0.21 

8.49 

0.26 

0.04 

8.25 

0.30 

0.22 

0.14 

Q.Q9 

0.05 

0.52 

0.42 

0.01 

0.52 

0.42 

0.03 

Q.02 

0.01 

aFor each l i f e  stage fo r  the RTLG predictions 
and fo r  the TI f i e l d  data, c bli = 1.00. 

i 
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Table 12. Ind-ices o f  impact for  ysl and pysl i n  1974 based on RTLC 
and TI s p a t i a l  d i s t r i b u t i o n s  

p p  

Life stage P lan t  RTLC T I  % Di f ferenceb 

Y S l  Bowline Pa in t  

I nd ian  Po in t  

R Q W t  on 

TotalC 

Bowline Point  

I nd ian  Po in t  

Wasetorl 

T ~ t a  1 

0.0753 0.0657 

0.2939 0.1454 

6.0419 0.2487 

0.4111 0.4598 

0.0794 0.0608 

0.2358 0.3246 

0.0623 0.1364 

0.3775 0.5218 

f 15% 

+ 102% 

- 83% 

- 11% 

f 31% 

- 27% 

- 54% 

- 28% 

See Eqs. (1) and (2 ) .  

P .  (RTI-C) - P .  (PI) 
% Di f fe rence = J P.  (TI) x 100. See Eq. (4 ) .  

J 
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Table 13.  Indices o f  impact f o r  ysl and pysl in 1975 based on RTLC 
and TI spa t ia l  d i s t r i b u t i o n s  

p.ia 

L i f e  stage $1 ant RTLC TI % D i f f e r e n c e b  

Y S l  aowlr’ne Point 

Indian Point 

Roseton 

T o t a l c  

PYSl Bowline Point 

Indian Point 

Roseton 

T a t a l c  

0.0437 

0.3416 

0.0690 

0.4543 

0.0668 

0.2839 

0. LO19 

0.4525 

0.0792 

0 e 2943 

0. 0861 

0.4596 

0.0861 

0,4347 

0.1005 

0.6213 

- 45% 

f 16% 

- 20% 

- 1% 

- 22% 

- 35% 

f 1% 

- 27% 

’Pj  T C P i , j  = C FSCi,j W i  Qi,j* See Eqs. (1) and ( 2 ) .  
i i 
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A rev iew  of t h e  P va lues i n  Tables 12 and 13 (colnrtiri headed " P l a n t "  and 
revs headed " l o L d l i l )  shows t h a l  i n  t h r e e  o u t  of t h e  f o u r  cases  ( y s l  for. 
1374; p y s l  for 1974 and 1975), t h c  RTLC p r e d i c t s  l o n g i t u d i n a l  s p a t i a l  
d i s t r i b u t i o n s  which r e s u l t  i n  an underest imat ion o f  power p l a n t  impact. She 
underes t ima t ion  i s  on t h c  o rde r  o f  10% f o r  y s l  i n  1374 and 25-30% f o r  p y s l  
i n  1974 and 1975. 

Af ter -  analyTing the r e s u l t s  presented i n  Tables 6-13, i t  i s  apparent 
t h a t  t h e  discrepar icy between the  RTLC-based P j  va lues and t h e  T i - b a s e d  
P,j values i s  a consequence o f  t h e  RTLC t r a n s p o r t i n g  t o o  f d r  downr iver  t h e  
y s l  and p y s l  stdges i n  1974 and t h e  pysl stage i n  1975. A iiiore d e t a i  
d iscwssion f o l  lows: 

1. 1974 

a. g. A rev iew  of Tables 12 and 13 shows t h a t  t h e  RlLC grea t  
overest imated ( a l l  d i scuss ions  i n  t h i s  s e c t i o n  r e f e r  t o  under - o r  ove r  
- est imates of impact as a f u n c t i o n  of l o n g i t u d i n a l  s p a t i a l  d i s t r i b u t i o n s  
o n l y )  the impact o f  I n d i a n  P o i n t ,  g r e a t l y  underest imdted t h e  impact o f  
Roseton, and s l i g h t l y  overest imated t h e  ililpact, o f  Bowl ine P o i n t .  
I n t e r e s t i n g l y ,  based on t h e  RTLC P j  values, Roseton had t h e  l e a s t  impact 
o f  t h e  t h r e e  p l a n t s ,  w h i l e  based on t h e  T I  P j  values, i t  had t h e  g r e a t e s t  
impact. From 'Table 6, we see t h a t  t h e  RTI..C p r e d i c t e d  5.3% (ove r  a l l  weeks) 
o f  t h e  ysl s tand ing  crop i n  t h e  r e g i o n  c o n t a i n i n g  Roseton; i n  c o n t r a s t ,  t h e  
T I  f i e l d  d a t a  i n d i c a t e d  35.33 ( E x h i b i t  EPA-200,  Table 111-1). I n  a d d i t i o n ,  
based on Table 6, the RTLC p r e d i c t e d  70.8% (over  a l l  weeks) of thi: s tand ing  
c rop  below m i l e p o i n t  56; i n  c o n t r a s t ,  t h e  T I  f i e l d  da ta  i n d i c a t e d  o n l y  34.7% 
( E x h i b i t  EPA-200, Table 111-1). T h i s  excess ive downr iver  t r a n s p o r t  by  t h e  
RTI-C, besides causing an underes t ima t ion  i n  Region 3 ,  r e s u l t e d  i n  an F S C .  
va lue o f  23.53 i n  t h e  r e g i o n  c o n t a i n i n g  I n d i a n  P o i n t  (Tab le  6 ) ,  whereas h e  
F i e l d  d a t a  i n d i c a t e d  o n l y  11% ( E x h i b i t  EPA-200, Table 111-1). Al though t h e  
% Di f ference betweer: t h e  RTLC and T I  P va lues i s  n o t  l a r g e  (-11%; see 
Table 12) ,  t h e  c l o s e  agreement. i s  a r e s u l t  o f  t h e  f o r t u i t o u s  c i rcumstance of 
two l a r g e  e r r o r s  ( %  D i f f e r e n c e  values o f  I n d i a n  P o i n t  and Roseton) a1rriost 
c a n c e l l i n g  each o the r .  

b .  p y s l .  A r e v i e w  of Table 12 i n d i c a t e s  poor  agreement between t h e  
R l L C  and T I  P j  va lues f o r  a l l  t h r e e  p l a n t s .  
r e s u l t e d  i n  an underest imate of  impact a t  I n d i a n  P o i n t  and RosPtotT and an 
ove res t ima te  o f  iinpact at Bowl ine P o i n t .  A rev iew  o f  l a b l e  7 i n d i c a t e s  t h a t  
t h e  RTLC p r e d i c t e d  25.5% o f  t h e  s tand ing  c rop  o f  p y s l  (ave r  a l l  weeks) i n  
t h e  two most downstream reg ion$ .  T h ~ s  i -esu l t  i s  c o n t r a r y  t o  t h e  f i e l d  data,  
which showed o n l y  3.9% ( E x h i b i t  EPA-200, Table 111-1) i l l  these two r c q i o n s .  
T h e  u n r e a l i s t i c  downstream t r a n s p o r t  of p y s l  by t h e  KTLC was even more 
pronounced i n  t h e  most dowrastrearn r e g i o n  (Region 1 ) .  '11 found only 0.1% 
( E x h i b i t  EPA-200, Table 111-1) o f  t h e  s tand ing  c rop  i n  Region 1, whereas t h e  
R l L C  p r e d i c t e d  14.0%. As a r e s u l t ,  t h e  f r a c t i o n  of p y s l  l o c a t e d  i n  t h e  
regioFss c o n t a i n i n g  I n d i a n  P o i n t  and Roseton was g r e a t l y  underestimated; t h e  
sitrii o f  t h e  F S C j  va lues f o r  t hese  two r e g i o n s  was 0.258 f o r  t h e  R T L C  and 
0.425 f o r  ' ' T i "  ( E x h i b i t  EPA-200, Table 111-1). 

The RTLC s p d t i a l  d i s t r i b u t i o n  

ed 

Y 
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2. 1975 

a. JYJ. Except for Bowline Point, the RTLC and "TI" Pj values agree 
Considering that Indian Point accounted for 70 to 75% o f  the fairly well. 

total P value, the close agreement takes on added importance. 

A review o f  the two sets of spatial distributions in Regions 4 and 7 
reveals the reason for the close agreement. During the peak periods of ysl 
abundance, Weeks 3 and 4 (May 25 and June 1), the fractions of the standing 
crop contained in Region 4 were, for the RTLC, 0.266 and 0.248, respectively 
(Table 8). The corresponding TI values were 0.208 and 0.252. For Region 7, 
the RTLC predicted values were 0.110 and 0.115 for Weeks 3 and 4, 
respectively (Table 8). 
0.114. The close agreement between the RTLC and TI values in these two 
weeks is depicted in Figures 8 and 9 (see Section 9.F.3, which starts on the 
next page). The reason for the close agreement was mostly likely due to the 
short stage duration for yolk-sac larvae of 8 days in 1975 as opposed to 15 
days i n  1974. The hydrodynamic simulation had less time to generate 
disparities between the RTLC predictions and the observed (TI) spatial 
distributions. 

The corresponding TI values were 0.139 and 

b .  pysl. The RTLC and TI Pj values for Roseton were within 1% of 
each other; this is excellent agreement. However, a review of the two sets 
of spatial distributions and Figure 12 indicates that the close agreement i s  
not due to agreement between the two sets of spatial distributions o v e r  the 
time of greatest abundance, as was the case with Indian Point above. 
Agreement appears to have been caused by offsetting over- and under-estimates 
of the RTLC fractional standing crops in Region 7, in that the underestimate 
in the FSCi,j value during Week 4 was balanced by the overestimates during 
Weeks 5, 6, and 7. 

With respect to Indian Point (Region 4), agreement between Pj values 
i s  poor. The RTLC markedly underestimated the index of impact, as i s  shown 
by the % Difference value of -35% (Table 13). 
value for Indian Point accounts for 60-70% of the total P value, this 
estimate takes on added importance. 
distributions and Figure 1 1  reveals the reason f o r  the RTLC's 
underestimation of the index of impact. 
value of 0.30 for the RTLC and 0.42 for "TI" (Table ll), the FSCi 
for Region 4 were 0.219 for the RTLC (Table 9) and 0.584 for TI. ' i s  was the 
case i n  1974, the RTLC transported an unrealistically high fraction o f  pysl 
into the two most downstream segments (13.7% for the RTLC versus 2.7% for 
TI). This problem is even more pronounced in Region 1, the most downstream 
segment, where the RTLC predicted 7.2% (Table 9) and TI indicated 0.5% 
(Exhibit EPA-200, Table 111-1). 

Considering that the P j  

A review of the two sets of spatial 

During Week 5, which had a W j  
values 

Based on the above discussion, we conclude that the RTLC hydrodynamic 
simulation o f  the tidal flow of the Hudson River was unable to accurately 
predict the longitudinal spatial distribution over time of the ysl and pysl 
stages in 1974 and of the pysl stage in 1975. Consequently, we cannot have 
confidence that the RTLC would be able to accurately predict the 
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l o n g i t u d i n a l  s p a t i a l  d i s t r i b u t i o n  o f  these two l i f e  stages i n  any o t h e r  
yea rs .  These conclus ions,  i n  t u r n ,  reduce ou r  con f idence  t h a t  t h e  RTLC can 
be r e l i e d  upon t o  a c c u r a t e l y  p r e d i c t  power p l a n t  impacts f o r  1974, 1975, o r  
any o t h e r  years,  s i n c e  as p o i n t e d  o u t  i n  Sec t i on  9.A, p r e d i c t i o n  of power 
plant. impact depends on s p a t i a l  d i s t r i b u t i o n s .  

3. 

Ihe p rev ious  d i s c u s s i o n  was concerned p r i m a r i l y  w i t h  a comparison of 

Graph ica l  Comparisons o f  P a t t e r n s  of Movement - 

t h e  RTLC- and T I -  based f r a c t i o n  s tand ing  crops o f  y s l  and p y s l  i n  t h e  t h r e e  
power p l a n t  r e g i o n s  over  t ime.  
( 1 )  t o  a s c e r t a i n  t h e  a b i l i t y  of t h e  RTLC t o  a c c u r a t e l y  p r e d i c t  y s l  and p y s l  
l o n g i t u d i n a l  s p a t i a l  d i s t r i b u t i o n s ,  and ( 2 )  t o  a s c e r t a i n  if t h e  RTLC 
underest imated or overest imated t h e  f r a c t i o n  s tand ing  c rop  i n  t h e  t h r e e  
power p l a n t  r e g i o n s  and power p l a n t  impacts. 

The dua l  purpose o f  t h e  comparison was 

A d d i t i o n a l  i n s i g h t  can he gained w i t h  r e s p e c t  t o  t h e  a b i l i t y  o f  t h e  
RTLC t o  a c c u r a t e l y  s i m u l a t e  t h e  movement of y s l  and p y s l  by s t u d y i n g  t h e  
changes i n  t h e  f r a c t i o n  s tand ing  c r o p  over  t i m e  i n  t h e  r e g i o n s  c o n t a i n i n g  
t h e  power p l a n t s .  F igu res  1-12 d e p i c t  t h e  temporal  changes i n  f r a c t i o n  
s tand ing  c rop  ( i .e . ,  p a t t e r n s  o f  movement) f o r  y s l  and p y s l  as p r e d i c t e d  b y  
t h e  RTLC and as observed i n  t h e  f i e l d  over  t h e  t i m e  of g r e a t e s t  abundance 
f o r  t h e  r e g i o n s  c o n t a i n i n g  t h e  power p l a n t s .  
reasonably  good agreement between t h e  RTLC p r e d i c t i o n s  and t h e  observed 
p a t t e r n s  o f  movement, i f  t h e  RTLC a c c u r a t e l y  s imu la ted  t h e  movement o f  t hese  
two l i f e  stages. For  example, one would expect t h a t  i f  t h e  f i e l d  d a t a  
showed a s u b s t a n t i a l  i nc rease  o r  decrease irt f r a c t i o n  s tand ing  c rop  of y s l  
d u r i n g  one week, t hen  t h e  RTLC would p r e d i c t  t h i s  s u b s t a n t i a l  i nc rease  o r  
decrease as w e l l .  A rev iew  o f  F igu res  1-12 i n d i c a t e s  poor agreement between 
t h e  RTLC p r e d i c t e d  p a t t e r n s  of movement and t h e  a c t u a l  observed p a t t e r n s  of 
movement. I n  o r d e r  t o  q u a n t i f y  t h e  e x t e n t  o f  disagreement, one o r  t h e  o t h e r  
of t h e  f o l l o w i n g  two c r i t e r i a  was app l i ed .  F i r s t ,  i f  i n  go ing  f r o m  Week i 
t o  Week i+l, t h e  change was i n  one d i r e c t i o n  ( i .e . ,  an i nc rease  o r  a 
decrease) f o r  t h e  RTLC p r e d i c t i o n s  b u t  i n  t h e  o p p o s i t e  d i r e c t i o n  f o r  t he  T I  
f i e l d  data,  t he  p a r t i c u l a r  comparison was t a l l i e d  as a case of 
d isagreement.  Second, i f  i n  go ing  f rom Week i t o  Meek i + l ,  t h e  change was 
i n  t h e  same d i r e c t i o n  f o r  t h e  RTLC p r e d i c t i o n s  and T I  f i e l d  data,  t h e  
f o l l o w i n g  two-pa r t  c r i t e r i o n  f o r  disagreement was app l i ed .  The f i r s t  p a r t  
of t h e  c r i t e r i o n  i s  t h a t  f o r  t h e  t i m e  s e r i e s  ( t h a t  i s  t h e  RTLC p r e d i c t i o n s  
01” the observed T I  f i e l d  d a t a )  hav ing  t h e  s m a l l e r  r e l a t i v e  change of 
f r a c t i o n a l  s tand ing  c r o p  between Week i and Meek i+l, t h e  pe rcen t  change had 
t o  be l e s s  than  25%. The second p a r t  o f  t h e  c r i t e r i o n  i s  t h a t  f o r  t h e  t i m e  
s e r i e s  hav ing  t h e  l a r g e r  r e l a t i v e  changeg t h e  change had t o  be a f a c t o r  of 
two  o r  more, t h a t  i s  a 100% o r  more i nc rease  or a 50% o r  more decrease. 
Both p a r t s  of t h i s  second c r i t e r i o n  had t o  be s a t i s f i e d  i n  o rde r  f o r  t h e  
cornparison t o  be t a l l i e d  as a case o f  disagreement. 

One would expect t o  f i n d  
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Figure 1. Comparison o f  observed (TI )  and predicted ( R T L C )  temporal 
changes i n  fraction standing crop (FSCj * )  o f  ysl  d u r i n g  the 
weeks o f  re lat ively high abundance i n  1434 i n  Region 3.  
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changes in f rac t ion  standing crop (FSCj  * )  o f  ysl during the 
weeks o f  re la t ive ly  high abundance in 1 d 4  in Region 4. 
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Figure 3. Comparison o f  observed ( T I )  and predicted (RTLG) temporal 
changes i n  f rac t ion  standing crop (FSCi * )  o f  ysl  dur ing  t h e  
weeks o f  r e l a t i v e l y  high abundance i n  1 4 j 4  i n  Region 7. 
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Figure 4. Comparison o f  observed ( T I )  and predicted ( R T L C )  temporal changes 
in f rac t ion  standing crop (FSC. . )  o f  pysl d u r i n g  t h e  weeks o f  
r e l a t i v e l y  h i g h  abundance i n  1474 in Regian 3 .  



VII-51 

e3 

H 
Q 
z 
4 

cn 

= 0.5  

t- 0 . 4  

0.7 1 
” 

- 

n 
0 

0 
u Q.6 1 

“ I  0.3 

ORNL-DWG 82-7332ESD 

REGION 4 

S?AGE - POST YOLK SAC 
YEAR 1974 
WEEK I = =  APRIL 29 

T I  
RPLC 

-- ---- 

WEEK 
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F i g u r e  6. Comparison o f  o b s e r v e d  (TI) and p r e d i c t e d  (RTLC) t e m p o r a l  changes 
in f r a c t i o n  s t a n d i n g  c r o p  ( F S C i , ' )  o f  p y s l  d u r i n g  t h e  weeks o f  
r e l a t i v e l y  h i g h  a b u n d a n c e  i n  1971 i n  Region 7. 
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Comparison o f  o b s e r v e d  (TI) and p r e d i c t e d  (RTLC) t e m p o r a l  
changes i n  f r a c t i o n  s t a n d i n g  crop (FSCj * )  o f  ysl  d u r i n g  t h e  
weeks o f  re lat ively h i g h  abundance  i n  1495 i n  Region 3.  
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changes in fraction standing crop (FSCj  * )  o f  ysl during the 
weeks o f  re lat ively h igh  abundance i n  14% in Region 7. 
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Compar ison  o f  o b s e r v e d  (TI )  and p r e d i c t e d  (RTLC) t e m p o r a l  c h a n g e s  
i n  f r a c t i o n  s t a n d i n g  c r o p  (FSCj  * )  of p y s l  d u r i n g  t h e  weeks of 
r e l a t i v e l y  h i g h  a b u n d a n c e  i n  19?! i n  R e g i o n  7. 
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For each o f  the three power p l a n t  regions, we compared the observed 
( T I )  and predicted (RTLC) values o f  FSCi , j  for each weekly period presented 
i n  Figures 1-12, and we applied the two c r i t e r i a  presented above to determine 
agreement or disagreement between the observed and predicted patterns of 
movement, 
of the three regions), there were 12  cases o f  agreement and 27 cases o f  
disagreement. In other words, the RTLC had a success ra te  o f  31%. A more 
deta 41 ed discuss ion fol7 ows. 

We found t h a t  aut of the 39 weekly comparisons (23  weeks f a r  each 

a. YSL-1974. (1) Figure 1 (Region 3 - Bowline Point) indicates 
that  & r i n g  Weekx 4 and 5 (these two weeks contributed approximately 60% o f  
the to ta l  s t a n d i n g  crop; see Table IO), the RTLC predicted an increase i n  
the fraction standing crop from 0.109 t o  0.149, whereas TI indicated a 
marked decline (0.396 to  (9.074). Figure 2 (Region 4 - Indian Point )  
indicates that  d u r i n g  baeeks 6 and 7,  the RTLC predicted a decrease i n  the 
fraction standing crop from 0.174 t o  0.085, whereas TI showed a marked 
increase from U.018 t o  0.371. However, d u r i n g  Weeks 4 and 5, the weeks of 
greatest abundance, the two curves agree rather well. ( 3 )  Figure 3 
(Region 7 - Roseton) indicates a complete lack o f  agreement between the 
patterns of movement predicted by the RTLC and the patterns o f  movement 
indicated t o  have actually occurred (TI) d u r i n g  Weeks 4 and 6 .  
d u r i n g  Week 5 there i s  f a i r  agreement. 

( 2 )  

However, 

b. PYX-1974. There -is very poor agreement i n  the observed and 
predicted patterns o f  movement i n  Region 3 (Figure 4). For Region 4 
(Figure 51, there i s  good agreement dur ing  weeks 7 and 8, b u t  poor agreement 
d u r i n g  Weeks 5 and 6 .  For Region 7 (Figure ti), the agreement i s  poor d u r i n g  
tleeks 6 and 8 and good d u r i n g  Weeks 5 and 7. 

c. YSL and PYSL-1975. A complete lack of agreement i n  patterns of 
movement i s  apparent for ysl  i n  Region 7 i n  1975 and for  pysl i n  Regions 3 
and 4 i n  1975 (Figures 9 ,  10, and 11). There was f a i r l y  good agreement for  
ysl .in Region 3 (F igure  7 ) .  However, fo r  ysl i n  Region 4 (Figure 81, the 
RTLC predicted a decline i n  fraction s t a n d i n g  crop from 0.266 t o  0.200 
d u r i n g  Weeks 4 and 5,  the weeks o f  greatest  abundance, while TI observed dn 
increase from 0.208 t o  0.505. I n  addition, f o r  pysl i n  Region 7 d u r i n g  
Week 4 (F igu re  121,  the week o f  greatest  abundance (see Table l l),  the RTLC 
predicted a s l igh t  increase i n  the fraction standing crop (0.133 to  O. i47 j ,  
whereas the actual f i e ld  da ta  indicated a drast ic  decline (0.243 t o  0.018). 

‘The reasons for  the lack of agreement between the RTLC and the PI f i e l d  
data  w i t h  respect t o  the longitudinal spat ia l  dis t r ibut ions o f  ysl and pysf 
in 1974 and 1975 may include the f o l l o  

(1) Possibly inaccurate estimates from the extrapolation techn-ique, 
which were used ta determine net non-tidal f lows ( a n  i n p u t  parameter t o  the 
KTLC hydrodynamic equations) for  freshwater flows less  t h a n  10,000 cfs  
(T r .  9595-7; Tr .  9607-13), may have resulted i n  inaccurate determinations of 
t ida l  flows. 
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(2) The ysl and pysl are treated as passive particles in solution, 
that do not have the ability t o  move under their own power in the 
longitudinal direction (Tr. 9626-51 ). 

( 3 )  The utilities' consultant adopted the following three 
conventions: (a) use of single values for all model segments for the 
fraction of eggs in the upper layer and lower layer, when, in fact, f ie ld  
data indicated substantial variability from region t o  region (Tr. 9939-44); 
(b) use of a single value for all model segments for the migration 
preference of ysl, wheng in fact, field data indicated substantial 
variability from region to region (Tr. 9339-44); and (c) use of a single 
value for all model segments for the migration preference of pysl, when, i n  
fact, field data indicated substantial variability from region to region 
(Tr. 9939-44). 

Items 3(a), (b), and ( c )  determine the fractions of eggs, ysl and pysl 
susceptible to the different upper-layer and lower-layer tidal flows. 
Therefore, using the same values over the entire river length may have 
caused, in part, the inaccurate RTLC predictions of ysl and pysl 
longitudinal spatial distributions. 
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10. COMPARISON OF ME P R E D I C T I O N S  BY THE RTLC AND ETM 

I n  S e c t i o n  9 a method was developed t o  p r e d i c t  t h e  e f f e c t  t h a t  
d i f f e rences  between t h e  observed ( T I )  s p a t i a l  d i s t r i b u t i o n s  and t h e  s p a t i a l  
d i s t r i b u t i o n s  p r e d i c t e d  by  t h e  RTLC have on t h e  p r e d i c t i o n  o f  power p l a n t  
i n p a c t .  S ince t h e  E m p i r i c a l  T ranspor t  Model (ETM) uses t h e  observed ( T I )  
s p a t i a ?  d i s t r i b u t i o n s  o f  y s l  and p y s l  i n  i t s  ME p r e d i c t i o n s ,  t h e  
a v a i l a b i l i t y  o f  power p l a n t  c o n d i t i o n a l  m o r t a l i t y  r a t e s  f o r  t h e  y s l  and p y s l  
s tages generated by  t h e  ETM and RTLC under i d e n t i c a l  p l a n t  o p e r a t i n g  
c o n d i t i o n s  ( i .e. ,  f - f a c t o r s  and power p l a n t  i n t a k e  f l o w s  i d e n t i c a l  t o  those  
used t o  generate t h e  ME va lues i n  Tab le  3 - V I I I - 1  o f  UT-3) and i d e n t i c a l  
ys l  and p y s l  s tage  d u r a t i o n s  a f f o r d e d  us t h e  o p p o r t u n i t y  t o  t e s t  t h e  
v a l i d i t y  o f  t h e  approach used i n  S e c t i o n  9. 

We f i r s t  c a l c u l a t e d  P .  va lues f o r  t h e  y s l  and p y s l  l o n g i t u d i n a l  
s p a t i a l  d i s t r i b u t i o n s  i n p u j  t o  t h e  ETM. 
t h e  P j  and P va lues o f  t h e  ETM and RTLC were then  c a l c u l a t e d  f o r  each l i f e  
s t a g e  f o r  b o t h  1974 and 1975. These % Di f ferences were t h e n  compared t o  t h e  
corresponding % D i f f e rences  c a l c u l a t e d  f o r  t h e  c o n d i t i o n a l  m o r t a l i t y  r a t e s  
p r e d i c t e d  by  t h e  RTLC and ETM f o r  each l i f e  s tage and year .  
d i f f e rences  between t h e  c o n d i t i o n a l  m o r t a l i t y  r a t e s  p r e d i c t e d  b y  t h e  RTLC and 
ETM should be  p r i n c i p a l l y  due t o  d i f f e r e n c e s  between t h e  two models i n  t h e  
l o n g i t u d i n a l  s p a t i a l  d i s t r i b u t i o n s  o f  t h e  y s l  and p y s l ,  t h e  two s e t s  o f  % *  
D i f f e r e n c e  va lues shou ld  be f a i r l y  c lose,  if t h e  methodology of Sec t i on  9 i s  
v a l i d .  

Values f o r  % D i f f e rences  between 

Since any 

Tables 14 and 15 p resen t  t h e  r e s u l t s  of t h i s  a n a l y s i s .  The s p a t i a l  

The d i f f e r e n c e s  i n  t h e  P a  (Pk) 
d i s t r i b u t i o n s  i n p u t  t o  t h e  ETM a r e  i d e n t i c a l  t o  t h e  TI-based d i s t r i b u t i o n s  
analyzed i n  S e c t i o n  9 of t h i s  test imony.  
va lues between Tables 12 and 13 and Tables 14 and 15 a r e  t h e  r e s u l g  o f  t h e  
power p l a n t s  w i thd raw ing  water  i n  more than  one T I  r e g i o n  i n  t h e  ETM 
computat ional  scheme ( E x h i b i t  EPA-200). Table 16 s p e c i f i e s  t h e  r e g i o n s  of  
wa te r  w i thd rawa l  and t h e  f r a c t i o n s  of water  wi thdrawn from each T I  r e g i o n .  
T h i s  m o d i f i c a t i o n  n e c e s s i t a t e d  a r e v i s i o n  t o  Eqs. ( 1 )  and ( 2 )  f o r  P j  i n  
Sec t i on  9. 
whereas what i s  needed he re  i s  an index of impact f o r  a power p l a n t ,  denoted 
by  t h e  s u b s c r i p t  k. 

P j  was def ined i n  Eq. ( 2 )  as an index o f  impact f o r  Region j, 

The express ion f o r  P k  i s :  

= f: [i Fsci,j 'i Oi,k fj,k] ' 
1 

where FSC*, j  and W i  were p r e v i o u s l y  def ined (see S e c t i o n  9. F o f  t h i s  
t e s t i m o n y j ,  and where Q i , k  i s  t h e  i n t a k e  f l o w  i n  Week i a t  power p l a n t  k ,  
and fj,.k i s  t h e  f r a c t i o n  of i n t a k e  water  t h a t  power p l a n t  k wi thdraws f r o m  
T I  Reglon j. 
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Table 14. Coinparison o f  RTLC and ETM w i t h  respect  t o  ind ices  o f  
impact and ME values f o r  yolk-sac la rvae and post  
yo lk-sac la rvae f o r  1974 

L i f e  s tage P1 ant  RTLCa ETMb % D i f fe rencec  
p j  pk 

Y S l  Bowline P o i n t  0.0753 0.0487 f 54.6% 

Ind ian  P o i n t  0.2939 0.1357 + 116.6% 

Roseton 0.0419 0.2230 - 81.2% 

Tota ld  0.4111 0.4074 -t 0.9% 

Bowline Po in t  0.0794 0.1119 - 29% 

Ind ian  Po in t  0.2358 0.2487 - 5.2% 

Roseton 0.0623 0.1234 - 49.5% 

Tota 1 0.3775 0.4840 - 22.0% 

COMPARISON OF ME VALUES 

.._______I  ME^ 
Life .. ._ stage RTLC_---- ETM % D i f fe rencef  

Y S l  0.0091 0.0084 f 8.3% 

P Y S l  0.0141 0,0180 - 21.7% 

aValues f r o m  Table 12. 

See Eq. ( 5 ) .  

P .  (RTLC) - Pk (ETM) 
'% D i f fe rence = P;-(;ETM) x 100. 

dTotai = P = E: P j  f o r  RTLC and P = C Pk f o r  ETM. 
j k 

f o r  a l l  t h ree  p l a n t s .  

M, (RTLC) - ME (ETM) 
x 100. ME (ETM>- f %  D i f fe rence = 
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Table 15. Comparison o f  RTLC and ETM w i t h  respect t o  i nd i ces  o f  
impact and ME values f o r  yolk-sac larvae and pos t  
yolk-sac larvae fo r  1975 

L i f e  s tage P I  a n t  

y‘. 1 Bowline Poin t  0.0437 B.1001 - 60.0% 

I n d i a n  Poinit 0.3416 0.2463 -t- 35.7% 

Roseton 0.OG9i) 0.0833 - 17.2% 

T o t  a 1 0.4543 0.4297 i- 5.7% 

Bowline Po in t  0.0668 0,1554 - 5’7 -0% 

I n d i a n  Poin t  0.2839 a.3418 - 16.9% 

Rose ton 0,1019 0.0948 - 1.5% 

Tota ld  0.4526 0.5920 - 23.5% 

COMPARISON 0F M E  VALUES 

IdE 
e 

L i f e  stage RTLL--..-.__ ETM % Differencef 

YSl U.BQ62 0.0068 - 8.8% 

PYSl  0.0429 0.0630 ” 31.9% 
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Table 16. Fraction o f  intake flow withdrawn i n  TI r i v e r  regions by 
Bowline Point, Indian Point, and Roseton i n  the ETM 
computational scheme 

a 
f j , k  -_ 

Plant, k j . :  2 3 4 5 6 7 
____I_---.- .- I-- 

Bowline Point 0.271 0.358 0.371 

Indian Point 

Roseton 

0.298 0.562 0.140 

0.273 Q.727 

a j  = number of TI r i v e r  region; see Table 5. 
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R e s u l t s  

The % D i f f e rences  c a l c u l a t e d  f o r  t h e  y s l  s tage u s i n g  t h e  RTLC and 
ETM 1974 and 1975 P va lues  i n d i c a t e  t h a t  t h e  RTLC and ETM should p r e d i c t  
v e r y  s i m i l a r  ME values ( %  D i f fe rence  va lues of +0.9% i n  1974 and +5.7% i n  
1975; see Tables 14 and 15).  Comparison of  t h e  % D i f f e r e n c e s  c a l c u l a t e d  f o r  
t h e  y s l  M E  values p r e d i c t e d  b y  t h e  two models suppor t  t h i s  p r e d i c t i o n  
( %  D i f f e r e n c e  va lues of + 8.3% i n  1974 and - 8.8% i n  1975). It should be 
noted, again, t h a t  t h e  good agreement between t h e  two models i n  p r e d i c t i n g  
t o t a l  power p l a n t  impact w i t h  r e s p e c t  t o  t h e  y s l  s tage i n  1974 i s  t h e  
f o r t u i t o u s  r e s u l t  o f  o f f s e t t i n g  i naccu rac ies  i n  t h e  RTLC p r e d i c t i o n  o f  y s l  
l o n g i t u d i n a l  s p a t i a l  d i s t r i b u t i o n ,  as r e f l e c t e d  by  t h e  % D i f f e rences  o f  t h e  
i n d i v i d u a l  p l a n t  va lues f o r  P j  i n  Table 12 (see Sec t ion  9 fo r  a d e t a i l e d  
d i s c u s s i o n ) .  

The % D i f f e rences  f o r  t h e  p y s l  s tage t o t a l  P va lues i n d i c a t e  t h a t  t h e  
ETM - generated index of impact i s  22.0% g r e a t e r  t han  t h e  corresponding 
RTLC - generated index o f  impact i n  1974 (Tab le  14) and 23.5% g r e a t e r  i n  
1975 ( T a b l e  15).  The % D i f f e r e n c e s  c a l c u l a t e d  f o r  t h e  RTLC and ETM 
generated ME va lues show t h e  same p a t t e r n  ( X  D i f f e r e n c e  = -21.7% i n  '1974 
and -31.9% i n  1975), i n d i c a t i n g  t h a t  t h e  index o f  impact and ME are  
p o s i t i v e l y  r e l a t e d  w i t h i n  l i f e  stages, as would be expected. 

8ased on t h e  r e s u l t s  i n  t h i s  sec t i on ,  t h e  v a l i d i t y  of u t i l i z i n g  P j  
values as done i n  S e c t i o n  9 t o  compare t h e  two s e t s  o f  l o n q i t u d i n a l  s p a t i a l  
d i s t r i b u t i o n s  and t h e i r  e f f e c t  on power p l a n t  impact p r e d i c t i o n s  has been 
demonstrated. 

I n  a d d i t i o n ,  t h e  r e s u l t s  of Sec t i ons  9 and 10 i n d i c a t e  q u i t e  s t r o n g l y  
t h a t  d i f f e r e n c e s  i n  p r e d i c t i o n s  o f  impact between t h e  RTLC and ETM f o r  y s l  
and p y s l  a r e  due p r i m a r i l y  t o  t h e  g e n e r a t i o n  of l o n g i t u d i n a l  s p a t i a l  
d i s t r i b u t i o n s  b y  t h e  RTLC which d i f f e r  f r o m  t h e  observed d i s t r i b u t i o n s .  
S ince  t h e  observed d i s t r i b u t i o n s  a r e  considered t h e  c o r r e c t  d i s t r i b u t i o n s ,  
t h e  ETM g i v e s  a more v a l i d  p r e d i c t i o n  than  t h e  RTLC o f  M E  f o r  ysl and p y s l .  
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