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ABSTRACT 

ADAMS, S. M., D. S. VAUGHAN, S. G. HILDEBRAND, and K. D. KUMAR. 
1981. An approach t o  eco log ica l  assessment o f  power- 
p l a n t - i n t a k e  (31 6b) r e l a t e d  issues: The P r a i r i e  I s1  and 
case. ORNL/TM-7412. Oak Ridge Nat ional  Laboratory, 
Oak Ridge, Tennessee. 102 pp. 

Assessment approaches and s t r a t e g i e s  usefu l  i n  addressing impor- 

t a n t  issues i n  sec t ion  316(b) o f  t he  1972 Federal Water P o l l u t i o n  

Contro l  Ac t  a re  i l l u s t r a t e d  i n  t h i s  r e p o r t  through the  ana lys i s  and 

eva lua t i on  o f  t he  P r a i r i e  I s l a n d  Nuclear S t a t i o n  316(b) data base. 

The main issues i n  316(b) demonstrations, cool i n g  water i n t a k e  

opera t ion  and 1  ocat ion,  i n v o l v e  determin ing the  impacts of entrainment 

and impingement. Entrainment impacts were addressed by app ly ing  the  

"equ iva len t  adul t" approach and c o r r e c t i n g  f o r  i nhe ren t  b iases and by 

determin ing the  through-pl an t  s u r v i v a l  of zoopl ankton. An assessment 

of impingement impacts was made by comparing f o r  each of var ious  

species the  number of f i s h  impinged t o  est imates of popu la t ion  s ize .  

Dens i t ies  of p lankton and f i s h  were compared between t h e  i n t a k e  

area and an a l t e r n a t e  area t o  determine if the l o c a t i o n  of the present  

i n t a k e  minimizes impacts. No d e f i n i t i v e  conclus ion re1  a t i v e  t o  the  

b e s t  l o c a t i o n  o f  the  i n t a k e  cou ld  be made because of h igh  year  t o  year  

v a r i a b i l i t y  i n  t he  data and the  differential dominance o f  t r o p h i c  

groups between areas. 
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INTRODUCTION 

Sect ion 316(b) of t he  Federal Water P o l l u t i o n  Control  Act Amend- 

ments of 1972 requ i res  t h a t  t he  l oca t ion ,  design, const ruc t ion ,  and 

opera t ion  of coo l i ng  water i n t a k e  s t ruc tu res  r e f l e c t  t he  best  technol-  

ogy avai 1  ab le  f o r  min imiz ing  adverse env i  ronmental impact. Northern 

States Power Company ( t h e  "app l icant " )  has prepared a  316(b) demonstra- 

t i o n  i n  support o f  t he  i n t a k e  system f o r  t h e  P r a i r i e  I s land  Nuclear 

Generating P lant  (PINGP) located on the  M iss i ss ipp i  R iver  approximately 

65 km southeast o f  Minneapol i s /S t .  Paul , Minnesota. Oak Ridge National 

Laboratory, under a  c o n t r a c t  w i t h  t h e  Minnesota Pol1 u t i o n  Control 

Agency, conducted an independent ana lys i s  of t he  aquat ic  impacts o f  

PINGP r e l a t i v e  t o  the  l oca t ion ,  operat ion, design, and cons t ruc t i on  o f  

the  present and a l t e r n a t i v e  i n t a k e  systems (Adams e t  a1 . 1979). The 

purpose o f  t h i s  r e p o r t  i s  t o  present selected areas o f  t h i s  ana lys i s  

t h a t  i l l u s t r a t e  assessment approaches and s t ra teg ies  usefu l  i n  address- 

i n g  major 316(b) r e l a t e d  issues. 

This r e p o r t  focuses on two o f  t he  main areas of concern i n  316(b) 

documents : (1 ) environmental impacts associated w i t h  cool  i ng water 

i n t a k e  opera t ion  and ( 2 )  concerns re1 ated t o  i n take  1  ocat ion.  Impacts 

associated w i t h  coo l i ng  water i n t a k e  design and cons t ruc t i on  are, i n  

general, more generic problems and are  t rea ted  ex tens ive l y  i n  o the r  

repo r t s  (Cannon e t  a1 . 1979, Sonnichsen e t  a1 . 1975, Ray e t  a1 . 1976, 

EPA 1  976). 



SITE AND PLANT DESCRIPTION 

The P r a i r i e  I s l a n d  Nuclear Generating P lan t  i s  l oca ted  on t h e  

Minnesota shore o f  t h e  M i s s i s s i p p i  River  65 km (40 m i  ) southeast o f  

Minneapol i s  and St. Paul, Minnesota and 10  km upstream o f  Red Wing, 

Minnesota. The M i s s i s s i p p i  River  i n  the  v i c i n i t y  o f  PINGP i s  a complex 

system o f  r i v e r  lakes,  sloughs, channels, and i s lands  (Fig. 1 ) .  Major 

fea tu res  o f  t h i s  system inc lude  North and Sturgeon Lakes, j u s t  upstream 

o f  t h e  p lan t ,  and t h e  main r i v e r  channel c l o s e r  t o  the  Wisconsin 

shore. Lock and Dam No. 3, which c o n t r o l s  the  l e v e l s  of t he  Miss is -  

s i p p i  R ive r  and Sturgeon Lake, i s  2 km downstream o f  the  s i t e .  The 

eco log ica l  charac ter  o f  t h e  M iss i ss ipp i  R ive r  near PINGP i s  t y p i c a l  o f  

l a r g e  midwestern r i v e r s  and the r i v e r  i s  considered t o  the  eut roph ic  

(NUS 1976). Major f a c t o r s  a f f e c t i n g  the  r i v e r  ecology are t h e  proxim- 

i ty o f  t h e  Twin C i t i e s  (Minneapolis and St.  Paul 1, t he  1 ock and dam 

system, the  wing-dam system, barge t r a f f i c ,  and t h e  numerous s ide 

channel s  and associated 1 akes o f  t he  'Miss iss ippi  R iver  (NUS 1976). The 

r i v e r  i n  t h e  PINGP area has a dual character ;  l o t i c  i n  the  main channel 

and l e n t i c  i n  the  associated s ide  channels and lakes  (Sturgeon and 

North Lake). The p lank ton ic  communities i n  the  PINGP area are we l l  

developed due t o  t h e  impoundments and the  numerous slackwater areas 

associated w i t h  the  r i v e r  channel. The f l u s h i n g  e f f e c t  o f  t h e  r i v e r  i s  

somewhat compensated by recru i tment  from associated l e n t i c  waters (NUS 

1976). 

The food web s t r u c t u r e  o f  t h e  M iss i ss ipp i  R iver  near PINGP i s .  

i n f l uenced  by t h e  i n t e r a c t i o n  o f  both the  l o t i c  and l e n t i c  systems. 



Figure 1 .  Location o f  the P r a i r i e  Is land Nuclear Generating P l a n t  on 
the  Miss iss ipp i  River  65 km southeast o f  Minneapolis,  
Minnesota. 



The ben th i c  macroinver tebrate community depends p r i m a r i l y  on suspended 

d e t r i t u s  and plankton, and t h i s  community serves as an important  1 i n k  

i n  t h e  f i s h  food chain. The f i s h  community near PINGP i s  r e l a t i v e l y  

d iverse,  c o n s i s t i n g  o f  game f i s h  (sauger, wa l l  eye, wh i te  bass, nor thern  

p ike ,  and channel c a t f i s h  ), l a r g e  rough f i s h  (carp, carpsuckers, red-  

horse),  pan f i sh  ( rock bass and b l u e g i l l  ), minnows and dar ters ,  and 

o the rs  such as g i zza rd  shad, bullheads, and freshwater drum. Most f i s h  

i n  t h e  v i c i n i t y  o f  t he  p l a n t  p r e f e r  shal low backwaters such as Sturgeon 

Lake f ~ r  spawning and nursery areas. A few species such as sauger, 

walleye, and t h e  suckers p r e f e r  s w i f t  f lowing water f o r  spawning w h i l e  

drum t y p i c a l  l y  spawn i n  t h e  main r i v e r  channel. 

The P r a i r i e  I s land  Nuclear Generating P lant  cons is t s  o f  two pres- 

s u r i  zed-water nuc lear  steam supply and t u r b i  ne-generator systems. Each 

system i s  ra ted  a t  507 MWe n e t  i n  the  summer (May-October) and 523 MWe 

n e t  i n  t h e  w i n t e r  (November-Apri 1 1. The design waste heat  1 oad f o r  

3 tach  u n i t  i s  1150 MWe. About 20.0 m-/sec (705 c f s )  of water. i s  used 

t o  remove the waste heat  from each system r e s u l t i n g  i n  a temperature 

increase across the  condenser o f  14.8"C (24.8 F) a t  f u l l  l o a d  condi-  

t iot ls .  

Makeup water f o r  PINGP i s  drawn from t h e  M iss i ss ipp i  R iver  through 

a skimmer wa l l  loca ted a t  t he  entrance of' the  i n take  canal (Fig. 1 ). 

Th is  water, p l u s  the  water being r e c i r c u l a t e d  through the  recyc le  

canal,  i s  drawn i n t o  the  i n t a k e  s t r u c t u r e  and pumped i n t o  the  p lan t .  

The amount o f  water d i v e r t e d  from the  r i v e r  i n t o  the  p l a n t  depends on 

t h e  p l a n t  load fac to r  and the  meteorological  cond i t i ons  and va r ies  from , 

about 5.0 m3/sec (175 c f s )  t o  39.9 m3/sec (1410 c f s )  (Adams e t  a l .  



1979). Water v e l o c i t i e s  i n  f r o n t  o f  the  i n take  s t r u c t u r e  ba r  rack 

range from 0.2 t o  0.3 m/sec (0.7 t o  1.0 f t / s e c )  (Adams e t  a1 . 1979). 

The main source o f  makeup water f o r  t he  p l a n t  appears t o  be 

Sturgeon Lake ins tead  o f  t he  main r i v e r  channel. This i s  o f  eco log ica l  

s ign i f i cance  because Sturgeon Lake i s  n o t  o n l y  more b i o l o g i c a l  l y  pro-  

duc t ive  than the  main r i v e r ,  b u t  apparent ly  serves as a spawning and 

nursery area f o r  many species o f  impor tant  f i s h  (Adams e t  a l .  1979). 

Baker (1 975) f requent ly  observed a cont inuous phytoplankton bloom 

extending from Sturgeon Lake t o  the  i ntake canal, i n d i c a t i n g  channel i n g  

o f  the  blue-green r i c h  phytoplankton l a k e  surface water i n t o  the  
. , 

canal. Furthermore, he observed t h a t  t he  p r o d u c t i v i t y  r a t e s  o f  phyto.- 

p lankton a t  the  skimmer wa l l  and i n  Sturgeon Lake were about the  same, 

b u t  t h a t  i n  t h e  main channel p r o d u c t i v i t y  was considerably less.  From 

t h i s  observat ion, Baker (1  975) concluded t h a t  the  source o f  p l a n t  

makeup water i s  l a r g e l y ,  i f  n o t  e n t i r e l y ,  from Sturgeon Lake. Szluha 

(1974) performed some dye s tud ies  t h a t  a l so  i nd i ca ted  t h a t  the  source 

o f  the  p l a n t  makeup water i s  Sturgeon Lake. A 183 m wide and 3.1 m 

deep i n t a k e  channel t h a t  was dredged o u t  from the  p l a n t  i n t a k e  area t o  

the  main r i v e r  channel has been i n e f f e c t i v e  i n  p rov id ing  r i v e r  water as 

the  main source o f  makeup water (Adams e t  a l .  1979). 

OPERATIONAL IMPACTS OF THE PRESENT INTAKE SYSTEM 

ENTRAINMENT ISSUES 

Impacts r e s u l t i n g  from power p l a n t  opera t ion  i nc lude  entrainment 

and impingement. Entrainment occurs when organisms too  small t o  be 

impinged on i n t a k e  screens are  passed through the  coo l i ng  system. When 



1 arge organisms such as f i s h  cannot escape the  i n t a k e  water v e l o c i t i e s  

o f  power p lan ts ,  they become impinged upon the  i n take  screens and u l t i -  

mately  d i e  from s u f f o c a t i o n  and exhaust ion (Clark and Brownell 1973). 

Most o f  t h e  emphasis i n  t h i s  sec t i on  w i l l  be g iven t o  entrainment 

r e l a t e d  impacts i n c l u d i n g :  (1 ) es t ima t ing  the  number o f  a d u l t  f i s h  

t h a t  would have been produced had the  eggs and/or l a r v e  no t  been 

en t ra ined  and (2) c a l c u l a t i o n  o f  through-pl a n t  p lankton su rv i va l .  

ENTRAINMENT IMPACTS ON ADULT FISH 

A simple technique i s  described by Horst  (1975) f o r  es t ima t ing  the  

number o f  a d u l t  f i s h  t h a t  would have been produced had the  eggs and/or 

1 arvae n o t  been entra ined.  This methodology, which i s  a1 so described 

i n  t h e  316(b) demonstrat ion (NUS 19761, should on ly  be app l ied  when i t  

i s  n o t  poss ib le  t o  use more soph is t ica ted methods because o f  t he  l a c k  

o f  a v a i l a b l e  1 i f e - h i s t o r y  data. 

Various assumptions and conventions associated w i t h  t h i  s technique 

can l e a d  t o  a ser ious underestimate o f  the  p o t e n t i a l  l o s s  of adu l ts .  

Th is  1 oss t o  t h e  adul t popu la t ion  i s  assumed t o  be equal t o  the  number 

o f  eggs and/or l a rvae  ent ra ined t imes the  su rv i va l  from the egg o r  

l a r v a l  stage t o  the  age when the p a r t i c u l a r  f i s h  species reaches sexual 

ma tu r i t y .  It i s  assumed t h a t  the popu la t ion  i s  i n  e q u i l i b r i u m  and t h a t  

an average a d u l t  female w i l l  reproduce j u s t  enough female eggs t o  

rep lace he rse l f  (a sex r a t i o  of one-to-one i s  of ten assumed as i t  i s  a t  

P r a i r i e  I s land  1. Th is  technique does n o t  i nc lude  any compensatory 

mechanisms which might p a r t i a l l y  o f f s e t  losses over t h e  sho r t  term o r  

t h e  1 ong term (several  generat ions)  nor  depensatory mechanisms which 



could exacerbate the loss.  However, t h i s  technique a1 so imp1 i c i  t l y  

assumes tha t  a reduction in adults of one generation does not reduce 

the number of adults i n  future generations. Such a feedback mechanism 

in the real population in the absence of compensation would cause the 

impact due to  a power plant to  become more severe with time. Thus, 

1 i t t l e  insight i s  provided by this methodology into long-term ef fec ts  

on the f i sh  population, and i t  should only be used to  provide an e s t i -  

mate w i t h i n  an order of magnitude of the potential severity of an 

impact by a power plant (Goodyear 1978). 

In this section, we will discuss several sources of bias which are  

present i n  the methodology used in the 31 6(b)  demonstration (NUS 1976), 

and we will present refined estimates of the 1975 loss  expressed as 

"equivalent adults" for  f ive of the principal f i sh  species (gizzard 

shad, carp, sauger, white bass, and freshwater drum) occurring near 

PINGP. Topics considered include: estimation of daily concentration, 

gear avoidance, e f fec t  of i ndetemi nate age of entrained 1 arvae, 

par t ia l ly  identified or unidenti f ied eggs and/or 1 arvae, and the 

estimation of expected 1 i fetime fecundity. 

Estimation of daily concentration 

Pyne (1 976) has shown tha t  the maximum 1 ikelihood estimator of the 

average density, D, for  n separate samples from Poi sson-di stri buted 

organi sms, col 1 ected w i  t h  varying vol umes, i s 



where Ni i s  t h e  number o f  ichthyoplankton found i n  Vi rn3 o f  water 

s t r a i n e d  i n  t h e  it" sample. Apparently, t he  d a i l y  concent ra t ion  o f  

t h e  ichthyoplankton l i f e  stage was ca lcu la ted  i n  the  316(b) demonstra- 

t i o n  (NUS 1976) by 

whew Di Ni/Wi i s  tllr conca~tlral ion ubserved i n  each sample 

d u r i  ng a day o f  sampl i ng. I n  general n* # b' , a1 though the  i nequal i ty 

can go e i t h e r  way. Both est imators under normal i ty  assumptions a r e  

b iased (Raj 1968, problem 35); however, the b ias  f o r  D '  i s  n t imes t h e  

b i a s  f o r  D*. Furthermore, i f  one assumes t h a t  the  sampling e r r o r  f o r  

the volume i s  very small w i t h  respect  t o  the sampling e r r o r  f o r  t he  

counts and can be ignored, then both es t imators  are unbiased. However, 

i n  t h i s  case,' t h e  var iance o f  D* i s  s t i l l  l e s s  than the  variance o f  D '  , 

and thus i s  the  pre fer red.  est imator .  

The annual entrainment est imate ( E )  f o r  each en t ra inab le  1 i f e  

stage of a species i s  ca l cu la ted  from t h e  d a i l y  mean dens i ty  du r ing  t h e  

j th sampling per f  od (5:) by 
J 

where 



86400 i s  the  number o f  seconds i n  a day, Q.  i s  the  average f low r a t e  
J 

3 (m /sec) a t  t he  bar  rack sampling s t a t i o n  dur ing  the  j th sampling 

periods, A. i s  the  number o f  days du r ing  the  jth sampling per iod  
J 

over which t h e  average d a i l y  concent ra t ion  and f l o w  r a t e  are  a p p l i -  

cable, and k i s  the  number o f  sampling periods. The sampling schedule 

a t  t h e  bar  rack  s t a t i o n  i n  1975 f o r  which sampling volumes were a v a i l  - 
ab le  i s  g iven i n  Table 1 f o r  day, n igh t ,  and combined samples. Table 2 

conta ins est imates o f  d a i l y  and t o t a l  l a rvae  entrainment f o r  f i v e  

important  f i s h  species us ing the  es t imator  g iven by Eq. ( 1 )  and 
* 

Eq. (3) .  Not ice t h a t  D f o r  these f i v e  species i s  l e s s  than the  
j 

t o t a l  l a rvae  ent ra ined from (Table 6.4-1, NUS 1976). Thus, 
j 

c o r r e c t i n g  t h i s  e r r o r  leads t o  a s l i g h t  lessening o f  t he  pro jec ted 

impact o f  t he  power p l a n t  on the  a d u l t  f i s h  populat ions. For f resh-  

water drum eggs, there  i s  a decrease i n  the  entrainment est imate from 

7,484,000 (Table 6.4-1, NUS 1976) t o  6,974,000, o r  about a 7% decrease 

i n  the  pro jec ted number o f  "equivalent  drum a d u l t s "  l o s t  due t o  the  

entrainment o f  drum eggs. No eggs were c o l l e c t e d  i n  the  entrainment 

samples i n  1975 f o r  t h e  remaining four important  f i s h  species (g izzard  

shad, carp, sauger, and wh i te  bass 1. 

Gear avoidance 

The problem of gear avoidance by l a rvae  and juven i l es ,  and the  

r e s u l t a n t  underest imation o f  t h e i r  abundance ,- has been po in ted o u t  i n  

the  l i t e r a t u r e  (Bjorke e t  a l .  1974, Schnack 1974, Murphy and C l u t t e r  

1972, K j e l  son 1977, K j e l  son .and Col by 1977, McGroddy and Wyman 1977). 

The use o f  on l y  n i g h t  samples i ns tead  o f  day and n i g h t  samples w i l l  



Tab le  1. N~lmber o f  samples and samplfng volumes a t  t h e  b a r  rack  s t a t i o n  i n  
1975 b y  day and n i g h t  f o r  each sampl ing da te  a t  P r a i r i e  I s l a n d  
Nuc lear  Genera t ing  P l a n t  

Day - N i g h t  T o t a l  - 

No. V O ~ . ~  No. Vo1.a No. Vo1.a 
Date (n )  ( v i )  ( n )  ( v i )  ( n )  ( v i )  

T o t a l  157 38,882.0 157 , 37,309.5 314 76,191.5 

asample volumes a r e  i n  c u b i c  mete rs  (m3). 

Tah le  2 ,  Est imates  of d a i l y  l a r v a l  c o n c e n t r a t i o n s  (#/m3) a t  t h e  b a r  rack  
s t a t i o n  i n  1975 based on day and n i g h t  samples and t h e  t o t a l  
e s t l m h t c J  nuinbti;, o r  l a i ' v a t  a ~ l d  j u v e i ~  i l e s  e111r.a i l le l l  (NE)  d l  t".d lr ' le 
!c!s.nd Nuc lear  Genera t ing  P l a n t  

Sp& i e s  

G i z z a r d  . Whi te Freshwater  
Date shad Carp Sauger bass drum A l l  species 

- 

S/ IS ,  n n . n n ~ m  n.nn717 O X  o 0.03473 
5 /21  0.00816 0.01825 0.06345 0.02248 0.00012 0.60067 
5/79 n . 1x349 n. n m s i  n ,00087 0.12985 0.00637 0.70766 
615 0.01201 0 0 0.01379 0.01513 0.05917 
6/12 0.02577 0.00155 0 0.05360 0.00515 0.09483 
b/  18 0.01181 0 0 0.00545 0.03498 0.07042 
6/26 0.36069 0.13041 0 0.00367 0.01113 0.60183 
7/2 0.02864 0.01145 0 0 0.00286 0.09164 
7/ 10 0.01247 0.U2315 0 U O.UUU55 U.12YU3 
7/17 0.00717 0.00024 o 0.00024 o.nn1SS 0.02377 
7/24 O . OOUbY U.UUUBI U U.UO014 0.01014 0.07000 
7 /31  0.00724 0 0 0 0.00875 0.06951 
8/7 0.00417 0.00030 0 0 0.00119 0.01503 ' 

8 /  14 0.00455 0 0 0 0.00341 0.02731 
8/21 0.00172 0 0 0 0.00460 * 0.01609 
9/4 0 0 0 0 0 0.00123 
.. . . . 

T o t a l  l a r v a e  and j u v e n i l e s  e n t r a i n e d :  

(Ng,): 8,785,314 3,049,684 1,374,407 4.742.391 2,140,954 49,890,336 



compensate p a r t i a l l y  f o r  the  avoidance capab i l i ty  of larvae and espe- 

c i a l l y  of juveniles.  Table 3 pa ra l l e l s  Table 2 b u t  gives nighttime 

concentrations ra ther  than day/night concentrations combined (samplings 

w i t h  s t a r t i n g  times of 2000, 0000, and 0400 hours were considered night 

samples). Note t h a t  t h i s  method does not compensate f o r  net  extrusion 

of smaller larvae,  which would have an e f f e c t  s imilar  t o  gear avoid- 

ance. Lei thiser  e t  a1 . (1979) demonstrated t h a t  for  cooling water 

ve loc i t i es  of 40 cm/s o r  l e s s ,  a 1 . 0 4  net  was only 79 t o  85% as  e f f i -  

c i en t  a s  a high volume pump, based on night samples. This s i tua t ion  

indicated t h a t  a s izable  underestimate of the entrained ichthyopl ankton 

may y e t  remain. 

The number of freshwater drum eggs entrained was based on day and 

night samples combined, and r e f l e c t s  no correction f o r  the  extrusion of 

eggs through the  net. 

Age of entrained 1 i f e  stages 

As or ig ina l ly  formulated by Horst (1 975) the  "equivalent adul t s "  

method can lead t o  a considerable underestimate of the actual impact. 

A s ign i f ican t  source of the bias from t h i s  methodology i s  the  r e s u l t  of 

the functional nature of egg and larval  survival w i t h  respect  t o  age. 

Younger eggs o r  1 arvae have a lower survival t o  adulthood than do older  

eggs o r  1 arvae, respectively. The 31 6(b)  demonstration (NUS 1976) 

d i f f e r en t i a t e s  between eggs and larvae f o r  t h i s  same reason i n  proj- 

ec t ing "equivalent adults .  " The appl i can t  has supplied the s t a f f  w i t h  

a breakdown of the  larval  entrainment data a t  the bar rack s t a t i o n  i n  

1975 on computer tape in to  four groups : protol arvae, mesol arvae, 

metalarvae, and juveniles (see NUS 1976, p .  151-152). 



Table 3. Est imates o f  d a i l y  l a r v a l  concent ra t ions  (#/m3) a t  the  bar  rack 
s t a t i o n  i n  1975 based on n i g h t  samples and t he  t o t a l  est imated 
numbers o f  l a r vae  and j u v e n i l e s  en t ra ined  (NQ) a t  P r a i r i e  I s l a n d  
Nuc 1 ear  Generat i ng P 1 an t  

S ~ e c  i e s  
. . . . - . - . . - ---. - -  - -  - -  

~i zzard whi te - ~ r e s h w a t e i -  
Date shad Carp S auger bass drum A l l  species 

T o t a l  1  arvae and j u v e n i l e s  en t ra ined  

(NR):  14,720,662 4,760,335 2,372,188 6,228,438 3,188,409 64,952,096 



Since an individual juvenile i s  more likely t o  survive t o  adult- 

hood t h a n  an individual metalarva, and since a single metalarva i s  more 

likely t o  survive t o  adulthood t h a n  a single mesolarva, and finally 

since one mesolarva i s  more likely t o  survive t o  adul thood t h a n  one 

protolarvae, then i t  i s  critical t o  know the age distribution of the 

entrained 1 arvae (and juveniles 1. Even though most 1 arvae entrained 

will usually be protolarvae, most of the potential loss t o  the adult 

population may result from the entrainment of fewer older larvae and 

juveniles (Goodyear 1978). Horst ' s  method (Horst 1975) assumes t h a t  

al l  larvae entrained have just hatched and have the whole larval stage 

ahead of them with a l l  i t s  potential sources of mortality. We will 

partially offset this serious source of bias by using the three larval 

stages (protol arva, mesolarva, and metal arva and juveni 1 es separately 

i n order t o  determine an "equivalent protol arva. " This "equivalent 

protolarva," using Horst's method (Horst 1975), will then be projected 

t o  an ''equivalent adult." Only .a more extensive breakdown of larvae by 

age will ultimately remove this source of bias, b u t  the necessary data 

(such as length-frequency information by species) i s  unavailable. This 

crude breakdown will remove a majority of the bias. 

For our five species, Table 4 shows a rough estimate of survival 

from one l i f e  stage t o  another, using a l l  of  the 1975 sampling da ta  a t  

the bar rack, skimmer wall, and recirculation canal stations for the 

five fish species. No correction was made i n  the survival estimates 

for different 1 i fe  stage durations. However, older 1 i fe  stages gener- 

ally are longer in duration than younger 1 i fe stages. This will resul t 

i n  overestimates of survival and hence underestimates of the potential 



Tab le  4. Est imated s u r v i v a l  f rom the  p r o t o l a r v a l  stage t o  t h e  
i n d i c a t e d  stage i n  1975 a t  P r a i r i e  I s l a n d  Nuclear Generat ing 
P l  ant  

Stage - ---- + -..---- ".-; . . . -  -.--. . .-.- - . * ,..-- .-"- --.a , . -..-- 
Spec i e s  Meso 1 a rva  Meta 1 arva Juven i 1 e 

G izzard  shad 

Carp 

S auger 

White bass 

Freshwater drum 

W o r e  j u v e n i l e s  than meta' larvae were caught, so s u r v i v a  l f rom 
meta l  a r va  t o  j u v e n i l e  was ,assumed equal t o  one. Th is  assumption w i  11 
reduce s l i g h t l y  t h e  f i n a l  p r e d i c t e d  impact. 

b ~ h i s  number i s  ad jus ted  f rom 0.002; see equat ions ( 9 )  through ( 1 2 )  
and assoc ia ted  t e x t :  



power p l a n t  impact. A l l  1975 sampling data was used s ince  o n l y  r e l a -  

t i v e  popu la t i on  est imates o f  t he  d i f f e r e n t  l i f e  stages a r e  needed f o r  

e s t i m a t i  ng s u r v i v a l  . A1 so, i ncreasi  ng our  data base w i l l  increase the  

p r e c i s i o n  o f  our  est imate. The i nve rse  o f  the  su rv i va l  from the  p ro to -  

l a r v a l  stage t o  one of the  l a t e r  stages g ives  the  m u l t i p l i c a t i v e  fac to r  

needed t o  conver t  t h a t  1  a t e r  stage t o  "equivalent  p ro to la rvae.  " Table 

5  g ives  t h e  est imated number of l a r v a e  en t ra ined '  by l i f e  stage and the  

t o t a l  "equ iva len t  p ro to la rvae. "  The l a s t  column i s  obta ined from the  

equat ion : 

where N i s  the number o f  "equ iva len t  p ro to la rvae"  r e s u l t i n g  from 
P 

ent ra ined p r o t o l  arvae (Ep), en t ra ined mesolarvae E m  , ent ra ined 

metalarvae (Et 1, and ent ra ined j u v e n i l e s  (Ej 1. The s u r v i v a l  t o  

these th ree  o l d e r  stages from the  p ro to la rvae  stage a re  g iven by Sm, 

St, Sj, r e s p e c t l v e l y  (Table 4).  It i s  p a r t i c u l a r l y  impor tan t  t o  

n o t i c e  t h a t  the  wh i te  bass p ro to la rvae  comprise o n l y  26.6% o f  t he  t o t a l  

est imated wh i te  bass l a r v a e  entra ined,  and f u r t h e r  t h a t  t he re  a r e  73.9% 

more mesol arvae ent ra ined than p r o t o l  arvae and p r a c t i c a l  l y  as many 

metalarvae ent ra ined (99.8%) as pro to la rvae.  Thus, a  t o t a l  o f  

6,228,000 1  arvae and j uveni 1  es wh i te  bass en t ra ined i s approximately 

equ iva len t  t o  40,080,000 p ro to la rvae  entra ined,  o r  an increase of  

644%. Hors t ' s  method was der ived under the assumption o f  e n t r a i n i n g  

young 1  arvae o r  proto larvae.  Thus t h i s  in te rmed iary  s tep o f  conver t ing  



Table  5. Entrainment by l i f e  stage a t  the bar rack s t a t i o n  i n  1975 using n igh t  samples 

Mesol arvae Meta l  arvae Juveniles "Equivalent  
Proto- proto l a rva"  
1 arvae No. No. No. (NpIa  

species (PL) ( X  10-3) (% PL) (X 10-3) (% PL) (X 10-3) (% PL) ( X  10-3) 

Gizzard 
shad 12,449 1.933 (15.5)  271 (2 .2)  67 (0 .5 )  27,940 

Carp 3,787 940 (24.8) 20 (0 .5)  14 (0 .4)  10,275 

Wh i t e  
hass 1,658 2,884 (173.9) 1.654 (99.8)  32 (1 .9)  40,080 

Freshwater 
drum. 2,141 973 (45.4)  54 (2 .5 )  ' 20 . (0 .9)  6,743 

aSee Eq. ( 4 )  and associated t e x t .  



o l d e r  l a rvae  and j u v e n i l e s  t o  pro to la rvae i s  necessary if Hors t ' s  

method i s  s t i l l  t o  be used, bu t  w i t h  these cor rec t ions .  

I d e n t i f i c a t i o n  problems 

Since some o f  t he  p a r t i a l l y  i d e n t i f i e d  ( t o  fam i l y  o r  genus l e v e l  ), 

un iden t i f i ed ,  o r  u n i d e n t i f i a b l e  eggs o r  l a rvae  might  be one o f  t h e  f i v e  

f i s h  species under study, a  means o f  d i s t r i b u t i n g  these eggs and la rvae  

among a l l  completely i d e n t i f i e d  species should be considered. Consider 

the  minnow fami ly ,  which inc ludes the  carp, and t h e  346 la rvae  i d e n t i -  

f i e d  on ly  t o  the  family 1  eve1 . Since 2003 carp 1  arvae were captured 

compared t o  4530 la rvae  belonging t o  four  o the r  i d e n t i f i e d  species 

w i t h i n  the  minnow fami ly ,  then 30.7% (100 x i;555 2003) o r  106 o f  the  346 

la rvae  i d e n t i f i e d  as minnows should be added t o  t h e  carp l a r v a l  

entrainment. The column headed " I n f l a t i o n  Factor "  i n  Table 6, repre-  

sents the  propor t iona l  increase t o  the  f i v e  f i s h  species when a l l  

p a r t i a l  l y  i d e n t i f i e d  and u n i d e n t i f i e d  l a rvae  have been p ropor t i ona te l y  

' d i s t r i bu ted .  Out o f  a  t o t a l  o f  2118 eggs caught i n  1975 a t  t he  bar  

rack s ta t i on ,  1951 were 'freshwater drum, 1  was a  mooneye, and ' 1  66 were 

u n i d e n t i f i e d .  Thus, 99.95% o f  166 (rounds t o  166) u n i d e n t i f i e d  eggs 

were added t o  the  1951 freshwater drum eggs. This r e s u l t s  i n  an 

211 7  i n f l a t i o n  f a c t o r  f o r  en t ra ined freshwater drum eggs o f  1.085 ( P  

Since 6,974,000 freshwater drum eggs were est imated t o  be ent ra ined 

dur ing  t h e  sampling per iod  based on i d e n t i f i e d  drum eggs, then t h i s  

est imate should be increased t o  7,567,000 t o  account f o r  t h e  u n i d e n t i -  

f i e d  eggs. 



Table 6. Adjustment f o r  iden t i f i ca t ion  problem in 1975 a t  the bar rack 
s ta t ion  a t  P r a i r i c  Island Nuclear Gcncrating Plant 

Species 

"Equivalent 
proto 1 arva" Total "equivalent 

(NP) Inf 1 a t  ion protol arva" (Np )  
( X  10-3)b fac to r  ( X  10-3) 

Gizzard shad 27,940 

Carp 10,275 

Sauger 4,783 

White bass 40,080 1.006 40,320 

Freshwater d rum 6,743 1.011 6,817 

acalculated as (A) x (0). 

L ~ r w i n  Tab l e 5. 



Fecundity and r e s u l t a n t  p ro jec t i ons  

The f i n a l  source o f  b i a s  t o  be discussed i n  t h i s  sec t ion  on 

Hors t ' s  "equivalent  adu l t s "  method concerns the  fecund i ty  term. Two 

equations i n  the  316(b) demonstration (p. 243, NUS 1976) are  presented 

fo r  eggs, ' 

2 Na = SN, = F Ne , 

and f o r  la rvae,  

where Na = the  number o f  "equivalent  a d u l t s "  l o s t  due t o  the  e n t r a i n -  

ment o f  Ne eggs and N, l a rvae  (and j u v e n i l e s )  by the  power p l a n t ;  

S, Se and S, a re  the  su rv i va l  from the  egg t o  a d u l t  stage, egg t o  

la rvae stage, and la rvae  t o  a d u l t  stage, respect ive ly ;  t he  number 2 

imp l i es  a sex r a t i o  of one-to-one, and F represents a measure o f  female 

fecundi ty .  Horst de f ines  F as " the fecund i ty  o f  a breeding p a i r  du r ing  

t h e i r  1 i f e .  " However, w i thou t  c o r r e c t i n g  f o r  a d u l t  morta l  i ty, simply 

summing up the  female fecund i ty  over  t h e  mature age classes w i l l  s i g -  

n i f i c a n t l y  overest imate the  l i f e t i m e  female fecundi ty .  I n  the  316(b) 

demonstration, t h i s  very method f o r  ob ta in ing  what i s  c a l l e d  " t o t a l  

l i f e  t ime fecundi ty  of a female" i s  employed. Overest imating F w i l l  

lead t o  an underestimate of S and hence an underestimate o f  S, and 

the  number o f  "equivalent  a d u l t s "  l o s t  due t o  power p l a n t  entrainment. 

Dahlberg and Owen (1 977), i n  a response t o  t h e  Nuclear Regulatory Com- 

miss ion (NRC), note t h a t  t he  "egg product ion i n  the  average l i f e t i m e  o f  



f i s h ,  r a t he r  than maximum l i f e t ime , "  would be preferable.  They pro-  

posed t o  est imate F by ca l cu l a t i ng  an average annual female fecundi ty 

(see wal leye example on p. 9 o f  Dahl berg and Owen 1977) and t o  mu1 t i p l y  

t h i s  by the  mean generat ion.t ime. I n  order t o  present a "conservative" 

case, they subs t i t u t e  the age o f  maximum egg con t r i bu t i on  f o r  mean 

generat ion time. They suggest t h a t  t h i s  w i l l  underestimate F, and 

hence overest imate S, St and Na. I n  t h e i r  example, they have 

averaged two immature age classes i n  ca l cu l a t i ng  the mean l i f e t i m e  

fecundi ty  . We propose i nstead that ,  i n  ca l  cu l  a t i  ng the su rv i va l  from 

the egg t o  a d u l t  stage, the expected l i f e t i m e  egg product ion o f  a 

female j u s t  en te r ing  the f i r s t  mature age c lass  (Fe) be used because 

i t  i s  t h i s  female t h a t  must be replaced t o  mainta'in a s tab le  mature 

populat ion. consider ing the wal leye example o f  Dahl berg and Owen 

(1 977) and assuming, as they did, an a d u l t  annual su rv i va l  o f  0.5, then 

A 5( C D 
Survi v i  ng Eggs Per Weighted eggs 

Agr? p n r t i  on femal e per female ( B  x C) 

assuming a sex r a t i o  o f  one-to-one, the surv iva l  from egg t o  adu l t  

stage, S, i s  



I n  t h i s  case the  s t a f f ' s  est imate o f  S  i s  lower than t h a t  obta ined by 

Dahlberg and Owen's method (S = 0.0000206), and w i l l  thus y i e l d  lower 

est imates o f  "equivalent  adu l t s "  l o s t .  The s t a f f ' s  methodology can be 

shown t o  be mathematical ly equ iva lent  t o  t h a t  o f  Vaughan and S a i l a  

(1 976) such t h a t  

where Si i s  t he  annual su rv i va l  r a t e  f o r  age c l a s s  i, and a  i s  the  

f i r s t  age c lass  having sexual ly  mature females. It should be noted a t  

t h i s  t ime t h a t  f o r  the  e a r l y  mature age classes n o t  a l l  females w i l l  be 

sexual ly  mature. Hence, i f  one assumes t h a t  a l l  females i n  t h e  f i r s t  

few mature age classes are sexua l ly  mature, as has been done by both us 

and the  app l icant ,  then an overest imate o f  the  expected l i f e t i m e  fecun- 

d i t y  o f  a  female w i l l  r e s u l t ,  which, o f  course, w i l l  underestimate the  

1  oss i n  "equivalent  adul t s "  due t o  power-pl a n t  entrainment. The s t a f f  

and app l i can t  have a l so  assumed 100% e f f i c i e n c y  i n  egg f e r t i l i z a t i o n .  

I f  t h i s  e f f i c i e n c y  i s  l e s s  than 100%, then the l o s s  i n  "equivalent  

adu l t s "  w i l l  be underestimated. Table 7  was ca lcu la ted  from Eq. (7 )  

and from Vaughan and S a i l a  (1976), 

where mi ( i  = 1, ..., r )  i s  the  age-spec i f i c  fecund i ty  pe r  i n d i v i d -  

ua l ,  S. i s  t h e  p r o b a b i l i t y  of s u r v i v i n g  age c lass  j, and r i s  the  
J 

o l d e s t  age c l a s s  considered. A range of a d u l t  s u r v i v a l s  (S. ) are 
J 



Table  7 .  Est imated s u r v i v a l  t o  adulthood, S, based on age-spec i f i c  
f e c u n d i t i e s  f o r  f i v e  f i s h  species as a  f u n c t i o n  o f  a d u l t  
s u r v i v a b i l i t y ,  c a l c u l a t e d  us ing  Eqs. ( 7 )  arld (8 )  

Annual 
adu 1  t G i  r z ard White F r e ~ h w a  t.er 

s u r v i v a l  shada carpb Saugera bassa drurna 

- - - - - - - - - - 

aFecundi ty  data  ob ta ined  f rom NUS Corpo ra t i on  i n  a  l e t t e r  dated May 26, 1978. 

b~wee ,  U. B., and H. R. McCrimmon. 1966. Reproduct ive  b i o l o g y  o f  t h e  carp, 
C r i n u s  car  i o  L., i n  Lake St .  Lawrence, Ontar io .  Trans. Am. Fish.  Soc. 
& 7 3 7 2 3 +  



used i n  t h i s  table,  b u t  on l y  S = 0.5 f o r  a l l  age c lasses j w i l l  be 
j 

discussed. Note i n  Table 7 t h a t  S, t he  su rv i va l  from spawning t o  the 

f i r s t  age-cl ass having sexua l ly  mature females, decreases w i t h  i ncreas - 
i n g  a d u l t  s u r v i v a b i l i t y .  Thus, h igh  a d u l t  morta l  i t y  w i l l  increase S, 

and a1 so increase the  pred ic ted impact. 

With t h i s  new s e t  o f  est imates o f  spawning-to-adul t -s tage su rv i va l  

(assuming an a d u l t  su rv i va l  o f  0.51, a t a b l e  s i m i l a r  t o  Table 6.4-1 i n  

the  316(b) demonstration (NUS 1976) can be generated (Table 8 ) .  The 

egg stage s u r v i v a l s  are from Dahl berg and Owen ( 1  977). Data on fecun- 

d i t y  f o r  g izzard  shad, sauger, wh i te  bass, and freshwater drum were 

provided by NUS Corporation, i n  a l e t t e r  dated May 26, 1978, wh i l e  the  

carp  fecund i ty  data were found i n  Swee and McCrimmon (1966). 

Since Eq. ( 7 )  f i x e s  su rv i va l .  from spawning t o  the  f i r s t  a d u l t  age 

c l a s s  (S), egg stage su rv i va l  ( 5 , )  and l a r v a  t o  a d u l t  su rv i va l  

(S,) a re  i nve rse ly  propor t iona l  (S = Se S,). Hence, the  

g rea te r  t h e  su rv i va l  from f o r  t h e .  egg. stage, t h e  lower t h e  impact 

i e . ,  t he  smal ler  S, w i l l  be). 

An inconsistency was noted i n  comparing Table 4 w i t h  Table 8 f o r  

sauger w i  tti respect  t o  I arva'l su rv i va l  . The su rv i va l  probabi 1 i ty from 

1 arva t o  adu l t ,  S, , - based on the  lower egg s u r v i v a l  ' est imate, 

'e = 0.005, from Dahl berg and Owen ( 1  9771, was determined from the  

f o l l o w i n g  equation: 

where S = 0.0000574 (see Table 81, Se = 0.005, and S, = 0.0115. 

However, S, exceeds the su rv i va l  from p r o t o l  arva t o  metal arva, 



Table 8. C a l c u l a t i o n  o f  "equ iva len t  a d u l t s "  l o s t  due t o  the  entrainment o f  f i s h  eggs, la rvae and j u v e n i l e s  i n  
1975 a t  P r a i r i e  I s l a n d  Nuclear Generat ing P lan t  a f t e r  c o r r e c t i n g  fo r  several  sources o f  b i a s  ana 
assuming an a d u l t  annual s u r v i v a l  r a t e  o f  0.5 

Tota 1 I n i t i a l  Egg Spawning Larva t o  
"equ iva len t  age c l a s s  stage t o  a d u l t  adu 1 t "Equ iva len t  
p ro to lo rvae"  o f  m a t u r i t y b  s u r v i v a l  s u r v i v a l  s u r v i v a l  a d u l t s "  

Species (NiP ( s e ) "  ( S t ) "  (Naif 
--- 

Gizzard 28,219.000 1 0.005 0.0000050 0.0010 28,460 
shad 

Carp 11,128,000 4 0.005-0.94 0.0000060 0.0000064-0.0012 72-13.448 

Sauger 5,840,000 4 0.017-0.259 0.0000574 U.UOOZ3U-iJ.Uu34 1,341-19,714 

White 40,320,000 2 0.003-0.10 0.0000030 0.00003-0.00010 1.i91-39,691 
bass 

Freshwater drum: 
l a r v a e  + 
j u v e n i l e s  6;817,000 5 0.06-0.36 0.0000063 0.0000175-0.0001 119-712 

b ~ e t t e r  o f  May 26, 1978, f rom V. R. Kranz t o  S.  M. Adams. 

cnahlherg,  M. 0.. and B .  8 .  Owen. 1977. Response t o  'ERC Questions o f  September 26, 1977, Concerning Requested 
Changes to t h e  Technical  S p e c i f i c a t i o n s ,  Appendix tl, R e l a t i n g  td L16Sed-1;ycle O p e r a i l u ~ l s  a1 P12alr.ie Islal. ld 
Nuclear Grtrlera t . i g  P lan t .  Docket Nos. 50-282, 50-306. October 1977. 

d ~ r o m  Table 7. 

eSee Eq. (9 ) .  

f ~ e e  Eqs. ( 5 )  and (4). 

9This number i s  adjusted from 0.005; see equat ions ( 9 )  through (12) and associated t e x t .  

h ~ h i s  row conta ins  t h e  number o f  f reshwater  drum eggs en t ra lned and computes egg l u  d d u l t  s u r v i v a l  and t h e  
"equ iva len t  adu l ts "  l o s t  t o  the  p o p u l a t i o n  due t o  entrainment. 



St, a per iod o f  s h o r t e r  d u r a t i o n  wi th in  the l a r v a  t o  a d u l t  pe r iod ;  

i .e., St = 0.002, given i n  a foo tno te  t o  Table 4. T h i s  c o n f l i c t  

a r o s e  from c a l c u l a t i n g  two independent e s t i m a t e s  o f  l a r v a l  su rv iva l  , 

one of which (S t )  was a subse t  of the o t h e r  (s, 1. O ~ V ~ O U S ~ Y ,  

St ,  the su rv iva l  from p ro to l a rva  t o  meta la rva ,  must be g r e a t e r  than 

S,, the su rv iva l  from p ro to l a rva  t o  adulthood. S ince  these esti-  

mates were obta ined  independent ly  , each w i t h  cons ide rab l e  u n c e r t a i n t y  , 

an incons is tency  was pos s ib l e .  This ,  i n  f a c t ,  occurred f o r  sauger .  In 

t h i  s c a s e  the lower end o f  the egg su rv iva l  , (Se range,  a s  proposed 

by- the a p p l i c a n t ,  t o g e t h e r  w i t h  t h e  fecundi ty  a n a l y s i s ,  imp1 i ed  a 

h ighe r  l a r v a l  su rv iva l  than d id  the concen t r a t i on  d a t a  used i n  ca l cu -  

l a t i ' ng  su rv iva l  witt i in the l a r v a l  s t age .  Therefore ,  the lower bound o f  

Se needed t o  be increased ,  St needed t o  be i nc reased ,  o r  both.  

Because e s t i m a t e s  had a high degree o f  u n c e r t a i n t y ,  i t  was no t  'obvious 

w h i c h  should be ad jus t ed  t o  rectify this incons i s t ency ,  so  both es t i -  

mates were comparably ad jus t ed  according t o  the procedure descr ibed  i n  

the next  paragraph. 

S ince  the converse of  Eq. ( 9 )  i s  given by 

and i f  we assume 50% surv iva l  from the metalarva s t a g e  t o  adul thood 

( S  = 0:5 St; probably an overes t imate  o f  su rv iva l  f o r  this p e r i o d ) ,  

then 

s, = 2 S/St  . 



Thus, us ing  the  i n i t i a l  value f o r  St o f  0.002 i n  Table 4, a rev ised 

es t imate  of t he  lower bound f o r  Se would be 0.0574. To a d j u s t  both 

St and t h e  lower  bound o f  Se, t he  geometric mean o f  0.0574 and 

0.005 was ca lcu la ted  t o  be 0.01 7, and t h i s  value was then used i n  

Table 8 as t h e  new lower bound o f  Se. Furthermore, again assuming 

t h a t  Sk = 0.05 St and us ing  the  compromise est imate o f  the lower 

bound f o r  S,, then 

which i s  the  value f o r  St ( s u r v i v a l  from p ro to la rva  t o  metalarva) 

appearing i n  Table 4. 

I n  order  t o  compare our  f i n a l  r e s u l t s  w i t h  those o f  t h e  app l i can t  

[316(b) demonstration, NUS 19761, geometric means o f  the ranges i n  

est imated losses (Table 8) were ca lcu la ted,  and are  presented i n  

Table 9 w i t h  t h e  app l i can t ' s .  Only f o r  sauger and freshwater drum was 

the  s t a f f ' s  in termedia te  est imate o f  "equivalent  a d u l t "  l o s s  small e r  

than t h a t  o f  t he  a p p l i c a n t  (by a f a c t o r  o f  1.1 and 3.5, respec t i ve l y ) .  

The carp in termedla te  est imate i s  s t i l l  f a i r l y  small (984), wh i l e  the  

impact on the  abundant g izzard  shad, i n  s p i t e  o f  the  l a r g e  est imated 

l o s s  (28,460), i s  probably n o t  o f  concern. 

Populat ion est imates o f  wh i te  bass and sauger (both spo r t  f ishes ) 

i n  the  12 -m i le  P r a i r i e  I s land  Nuclear Generating P lan t  (PINGP) study 

area a re  g iven i n  Table 4.3-14 o f  t he  316(b) demonstration (NUS 1976). 

Both t h e  Petersen and t h e  Schnabel est imates are  g iven f o r  t he  two 

species, and are  est imates o f  t he  popu la t ion  numbers w i t h i n  t h e  

"ang l ing  s i z e  range" (NUS 1976). Ar i thmet ic  averages o f  these two 



t 

Table 9. A p a r t i a l  comparison o f  t he  p r e d i c t e d  l oss  i n  
"equ i va len t  adu l t s "  between Table 6.4-1 o f  t h e  316(b) 
demonstrat ion (NUS 1976) and Table 8  f o r  1975 a t  P r a i r i e  
I s 1  and Nuclear Generat ing P l  ant  

316 ( b) ORNL R a t i o  o f  
Species . es t imates  es t imates  e s t  imatesa 

Gizzard shad 

Carp 195 984b 5  .O 

S auger- 5,643 5,142b 0.9 

White bass 7  30 6,875b 9.4 

Freshwater drum: 
Larvae * j u v e n i l e s  1,022 291b 0.3 

To ta l  drum 1,033 338 . 0.3 
, . 

aRat io  = (CRNL est imates) / (316 (b)  'es t imates) .  

b ~ h e s e  es t imates  are based on- t he  geometr ic means (GM) o f  t h e  
ranges 
,g iven  i n  Table 8; i.e., 



est imates  f o r  w h i t e  bass (164,623) and sauger (419,297) w i l l  be com- 

pared w i t h  the  range o f  "equivalent  a d u l t "  losses o f  wh i te  bass 

(1,191 -39,691 age c l a s s  2 f i s h )  and sauger (1,341 -19,719 age c lass  4 

f i s h )  (Table 8) .  Tagged f i s h  ( i n c l u d i n g  wh i te  bass and sauger) were 

re leased near PINGP i n  1973, 1974, and 1975. Tagged wh i te  bass and 

sauger were recaptured v i a  angl i ng , t r a p  net,  e l  e c t r o - f  i shi  ng, g i  11 

net ,  saine, and t r a s h  basket ( l e t t e r  dated June 8, 1978, from J. L. 

Geiss, Minnesota Department o f  Natural Resources, t o  S. M. Adams, 

Oak Ridge Nat ional  Laboratory) .  Since t h e  recaptures were o f t e n  made a 

cons iderab le  d i  stance from t h e i r  re lease p o i n t  [average d is tance moved 

i n  1975 was 52.6 m i l e s  f o r  wh i te  bass and 17.6 m i l e s  f o r  sauger (NUS 

1976)], these popu la t i on  est imates may be more i n d i c a t i v e  o f  t he  popu- 

l a t i o n  s i z e  over  a much wider  range than the  12-mi le  PINGP study area. 

These popu la t ion  est imates are  1 i m i  t e d  t o  those age c lasses represented 

w i t h i n  t h e  tagged group o f  f i s h .  

The ranges i n  est imated "equivalent  a d u l t "  l o s s  f o r  wh i te  bass 

(1 ,I 91 -39,691 and sauger (5,341 -1 4,714) are  based on age c lass  2 and 

age c l a s s  4 f i s h ,  respec t i ve l y  (Table 8) .  It has been suggested t h a t  

immature wh i te  bass (age c l a s s  1 ) a re  of catchable s i z e  ( l e t t e r  dated 

A p r i l  12, 1979, from M. J. Lahtinen, Minnesota P o l l u t i o n  Control  

Admini s t r a t i o n ,  t o  S. Hi ldebrand, Oak Ridge Nat ional  Laboratory),  and 

t h a t  sauger genera l l y  e n t e r  the  s p o r t  f i s h e r y  du r ing  t h e i r  t h i r d  yea r  

of growth (age c lass  2)  ( o f f i c e  memorandum dated January 29, 1979, from 

J. L. Geiss, Minnesota Department of Natural Resources t o  

M. J.  aht tin en, Minnesota Pol 1 u t i o n  Control Admini s t r a t i o n ) .  The 

immature wh i te  bass and sauger may be inc luded i n  the  popu la t ion  e s t i -  



mates given in the previous paragraph. Assuming an annual adul t mor- 

t a l i  ty of 0.5' for white bass and sauger, the "equivalent adult" 1 oss 

for any age class can be converted to the "equivalent adult" loss for 

the previous age class by d i v i d i n g  the former "equivalent adult" loss 

by 0.5. Hence, the range in loss of white bass i s  2,382 to 79,382 age 

class 1 fish. The range in loss of sauger i s  2,682 t o  39,438 age 

class 3 f ish,  or 5,364 t o  78,876 age class 2 fish. Since the age 

class 1 white bass and age class 2 sauger are not fully recruited into 

their respective sport fisheries, we will use a geometric mean of 

losses to  age classes 1 and 2 for white bass (1,684-56,131 ) and age 

classes 2 and 3 fo'r sauger (3,79345,7741. A direct comparison of 

these ranges to  their respective population estimates (1-34% for white 

bass and 1-1 3% for sauger) represent the immediate percent loss to the 

fishery the f i r s t  year that the entrained larvae would have entered the 

fishery. These ranges would underestimate the percent loss t o  the 

fisheries for l a te r  years. 

An a1 ternate approach would be to compare the 1 oss to an age- class 

(expressed as "equivalent adults" ) to that proportion of the population 

estimate which represents that same age class. This i s  equivalent 

mathematically t o  spreading out the loss' to the age class f i r s t  enter- 

ing the fishery over a l l  age classes repesented within the fishery. In 

the' following estimates, only half of the f i r s t  fished age class (age 

class 1 for white bass and age class 2 for sauger) will be considered 

to have entered the fishery (i .e. ,  half of the f i r s t  fished age class 

will be represented in the population estimates). If we continue our 

assumption of an annual adult mortality for white bass and sauger, then 



we can represent  the  f i r s t  and second f i shed  age c lass  by 1 , t h e  t h i r d  

f i s h e d  age c l a s s  by 1 /2, t he  four th  f i shed  age c l a s s  by 1 /4, t h e  f i f t h  

f i s h e d  age c l a s s  by 1 /8, and so on. A maximum o f  seven age c lasses f o r  

wh i te  bass and n ine  age classes f o r  sauger are  assumed ( l e t t e r  dated 

May 26, 1978, from V. R. Kranz, NUS Corporat ion t o  S. M. Adams, Oak 

Ridge Nat ional  Laboratory).  D i v i d i n g  1 by the  sum o f  t h e  se r ies  pro-  

v ides a f r a c t i o n  o f  which the  popu la t ion  est imate o f  e i t h e r  wh i te  bass 

o r  sauger popu la t ion  can be reduced so as t o  represent  the  popu la t ion  

s i z e  o f  t h e  second f i s h e d  age c l a s s  (0.337 f o r  age c lass  2 f o r  wh i te  

bass, and 0.335 f o r  age c lass  3 f o r  sauger). A r a t i o  o f  t h e  "equi- 

v a l e n t  a d u l t "  l o s s  as age c lass  2 f o r  wh i te  bass t o  the  reduced popula- 

t i o n  est imate represent ing  age c l a s s  2 wh i te  bass (55,478) provides a 

range i n  the  percent  l o s s  t o  the  wh i te  bass f i s h e r y  under e q u i l i b r i u m  

cond i t i ons  (2-72%). S i m i l a r l y ,  based on age c lass  3 sauger (70,2491, 

t h i s  r a t i o  provides a range i n  percent  loss t o  the  sauger t i s h e r y  under 

e q u i l i b r i u m  cond i t i ons  (2-28%). I f  the  ac tua l  losses f o r  wh i te  bass 

and sauger are a t  t h e  h igh  end o f  t h e i r  respect ive  impact ranges, then 

a subs tan t ia l  problem may e x i s t  f o r  these two f i s h  species as a r e s u l t  

o f  t h e  present  opera t ion  o f  the P r a i r i e  I s land  Nuclear Generating Plant.  

I n  concl u d i  ng t h i  s  sec t ion  on "equi val e n t  adul ts,"  we have 

attempted t o  c o r r e c t  f o r  several sources o f  bias, i n c l u d i n g  (1 ) e s t i  - 
mat ion o f  concentrat ions,  ( 2 )  gear avoidance, ( 3 )  e f f e c t  o f  mu1 t i -aged 

la rvae,  ( 4 )  p a r t i a l l y  i d e n t i f i e d  and u n i d e n t i f i e d  eggs and/or larvae,  

and ( 5 )  es t ima t ion  o f  expected l i f e t i m e  fecundi ty .  The method f o r  

es t ima t ing  d a i l y  concentrat ions (which i s  genera l ly  p re fe r red )  leads t o  

a decrease i n  est imated losses o f  a d u l t s  due t o  the  annual entrainment 



of eggs and/or larvae in comparison to  the applicant 's  methodology. 

However, combining t h i s  method w i t h  further refinements, such as 

par t ia l ly  correcting for gear avoidance, adjusting for  par t ia l ly  

identified and unidentified eggs and/or larvae, and using the proper 

technique for  estimating expected 1 i fetime fecundity, 1 eads to  an 

increase i n  our impact estimates compared t o  those of the 316(b) 

demonstration (NUS 1 976). 

In general, the greatest  e f f ec t  (increase i n  impact. projected) 

resu l t s  from correcting for  the indeterminate age of entrained larvae 

by the power plant (PINGP). However, we have only pa r t i a l ly  corrected 

fo r  t h i  s bias by breaki ng 'down entrainment estimates in to  protol arvae, 

mesol arvae, metal arvae, and j uvenil es  ; some bias remai ns. No correc- 

tion for  the indeterminate age of entrained eggs was made ( t h i s  only 

i p p l i e s  t o  freshwater drum). ~ u r t h e n o r e ,  the technique fo r  calcu- 

1 ating the w i  thin-stage survival f o r  the four "larval " stages assumes 

tha t  the durations of these four stages are  the same. If  we assume 

tha t  the older stage's have longer durations than the e a r l i e r  stages, as 

seems l ike ly ,  then these estimated survivals are  greater than the true 

survi vnl ra tes ,  leading to an underestimate of the 1 oss . 
Two additional sources of bias may also tend t o  underestimate the 

losses as  "equivalent adults. 'I F i r s t ,  sorting efficiency has been 

assumed' to  be 100%. If  a sor te r  does not pick out a l l  of the f i sh  in a 

sample, then the estimated number of ichthyopl ankton entrained will be 

low. Second, any entrainment occurring before or  a f t e r  the sampling 

period will lead t o  an underestimate of the number of ichthyoplankton 

entrained. These two biases, as well as biases due to  gear avoidance, 



ne t  extrusion,  and w i  thin-stage morta l i ty ,  indicate  t h a t  the actual 

l o s se s  may be i n  the upper, ra ther  than the  lower, portion of the  range 

of losses  a s  "equivalent  adul ts ."  

In pa r t i cu l a r ,  we believe t ha t  the  t r ue  impact on white bass wil l  

be toward the  upper port ion of the  projected impact range, and there  i s  

a reasonable pos s ib i l i t y  t h a t  a substant ia l  impact on white bass may be 

occurring. 

ENTRAINMENT SURVIVAL OF PLANKTON 

Calculation of through-plant survival of plankton i s  an important 

consideration i n  de t emin i  ng entrainment impacts. By ignoring the  

potent ia l  through-plant survival ,  there  i s  a tendency t o  overpredict  

potential  impacts. 

Zooplankton entrainment s tudies  were conducted a t  the  Pra i r i e  

Island Nuclear Generating Plant (PINGP) and reported i n  the 316(b) 

demonstration (NUS 1 976). The fol  lowing independent analysis  of 

through-plant morta l i ty  was conducted f o r  the  purpose of recommending 

meaningful sampl i ng programs f o r  en t ra i  nment survival of ichthyo- 

plankton and zooplankton. These considerations a r e  important f o r  

fu tu re  monitoring i n  detsrmi ning the effect iveness  of proposed i ntakc 

modifications. 

Aii obvSoirs ar'ld 'impor-tant, but sonletiil~es neglected, . resul t f rlal~ 

s t a t i s t i c a l  theory i s  t h a t  the  power of a s t a t i s t i c a l  t e s t  increases a s  

t h e  sample s i ze  increases.  The power of a s t a t i s t i c a l  t e s t  i s  equal' t o  

one minus the probabi 1 i t y  of a type-I I e r r o r  (B ) , o r  one minus the  

probabi l i ty  of f a i l i n g  t o  r e j e c t  the  null hypothesis ( i n  general ,  no 



d i f f e r e n c e  o r  no e f f e c t )  when i t  i s  i n  f a c t  fa1 se. For p r e s e n t  pur-  

poses ,  the power o f  a .  s t a t i s t i c a l  test  i n d i c a t e s  t h e  a b i 1 i . t ~  of  this 

test  t o  d e t e c t  d i f f e r e n c e s  between proport i .ons,  o r  t o  d e t e c t  whether 

the propor t ion  o f  organisms k i l l e d  by en t ra inment  n a power . p l a n t  i s  

d i f f e r e n t  from zero.  

The  316(b)  demonstration (p. 144 ,  NUS 1976)  s t a t e s  t h a t  "counts  of  

organisms from t h e  i n t a k e  and d ischarge  c a n a l s  were compared using t h e  

s tuden t s  two- ta i led  t - t e s t . "  S ince  d e . t a i l s  o f  the conduct  of  this test  

a r e  no t  given,  r a t h e r  than reproducing the a p p l i c a n t ' s  ana . lys i s ,  an 

independent ana lys i  s o f  through-pl a n t  en t ra inment  mortal i t y  was pe r -  

formed. 

The fo l lowing  t e s t  i s  used f o r  d i f f e r e n c e s  i n  p ropor t i ons  ( F l e i s s  

1973, Eq. 2.5) :  . 

> .  

where Z i s  the s tandard  normal d e v i a t e ,  which can  be t e s t e d  us ing  

s tandard  normal s t a t i s t i c a l  t a b l e s ,  PI and P D  a r e  the observed pro-  

po r t i ons  a l i v e  a t  t h e  i n t a k e  and d i scha rge  s t a t i o n s ,  nI  and nD a r e  

the corresponding t o t a l  counts  a t  the i n t a k e  and d ischarge  sampling 

s t a t i o n s ,  and 



This t e s t  i s  equ iva len t  t o  t e s t i n g  the  n u l l  hypothesis Ho: fc = 0, 
D 

where f, i s  t h e  through-plant entrainment m o r t a l i t y  ( fc = 1 - 
(Barnthouse e t  a l .  1977) and i s  equ iva lent  under the n u l l  hypothesis 

(Ho: PI = * PD) t o  t h e  t e s t  -used by Ecological  Analysts, Inc. 

(1 977a, b ). The a1 t e r n a t i v e  hypothesi s HA: fc > 0 i s  equ iva lent  

t o  HA: PI, > P so t h a t  a one- ta i led  t e s t  i s  ind ica ted,  which D ' 
i n c i d e n t a l l y  increases the  power o f  t he  t e s t .  Thus, Eq. (13)  i s  used 

t o  cons ider  whether the  data are adequate t o  show t h a t  the re  i s  mor ta l -  

i ty through the  p lan t .  

I n  any s t a t i s t i c a l  t e s t  the i n v e s t i g a t o r  i n i t i a l l y  sets h i s  type I 

e r r o r  (a ), o r  p r o b a b i l i t y  o f  r e j e c t i n g  the n u l l  hypothesis (e.g., 

Ho : f, = 0 )  when t h e  n u l l  hypothe'sis i s  t rue .  However, once a 

has been chosen, i t  i s  the  sample s ize,  n, and t r u e  value o f  .fc t h a t  

determine the  power (1-8) o f  t h e  t e s t .  Tables 10-13 have been 

generated by t h e  s t a f f  f o r  f o u r  assumed values o f  f, (0.25, 0.5, 

0.75, and 1 .O) based on F l e i s s  (1973). ~ h e s e  tab les  g i ve  the  necessary 

sample s i z e  (n  = nr  = nD) f o r  de tec t i ng  as s i g n i f i c a n t l y  d i f f e r e n t  

from zero an under l y ing  value o f  fc f o r  two l e v e l s  o f  a, s i x  power 

l e v e l s  1 , and f i v e  values o f  the propor t i on  s u r v i v i n g  a t  the 

i n t a k e  (PT) .  

The v a r i a b l e  PI serves as a c o n t r o l  f o r  - t h e  v a r i a b l e  PD. The 

v a r i a b l e  PI, o r  the  f r a c t i o n  a l i v e  a t  t he  i n take  s ta t i on ,  represents 

l osses  due t o  bo th  sampling m o r t a l i t y  and t h e  presence o f  dead organ- 

isms from the r i v e r  p r i o r  t o  sampl ing.  The methodology used i n  t h i s  

r e p o r t  assumes t h a t  t h e  sampling m o r t a l i t y  and number o f  organisms 

al ready dead from the  r i v e r ,  are the  same ( j o i n t l y )  f o r  both the  i n t a k e  

and discharge sampling s ta t i ons .  



Table 10. Sample s ize,  n, r e q u i r e d  t o  d e t e c t  an under ly ing  through-plant 
m o r t a l i t y ,  f , of 0.25 u s i n g  F l e i s s '  t e s t a  fo r  d i f f e r e n c e s  i n  
p r o p o r t i o n s  t o n e - t a i l e d )  f o r  a range o f  parers,  1-6. two l e v e l s  o f  
s ign i f i cance,  a,, and a, range o f  sampling s u r v i v a l s  a t  the  in take .  
PI\ 

Sampling Power = 1 - B 
s u r v i v a l  . 

( P I )  0.990 0.950 0.900 0.800 0.700 0.500 

a f l e i s s ,  3 .  L. 1973. S t a t i s t i c a l  Methods f o r  Rates and Propor t ions .  John 
Wiley and Sons, New York. 223 pp. 

Table 11. Sample s ize,  n, requ i red  t o  d e t e c t  an under ly ing  through-plant 
m o r t a l i t y ,  f o f  0.5 us ing  F l e i s s '  t e s t a  fo r  d i f fe rences  i n  
p ropor t ions  t h e - t a i l e d )  f o r  a range o f  parers,  1-6, two l e v e l s  o f  
' s ign i f i cance,  a, and a range of sampling s u r v i v a l s  a t  the intake, 
p I 

-- - - -- 

Sampling Parer = 1 - B 
s u r v i v a l  

(PI) 0.990 0.950 0.900 0.800 0.700 0.500 

633 527 

i ao  151 

89 75 

50 43 

29 25 

a f l e i s s ,  J. L.  1973. S t a t i s t i c a l  Methods f o r  Rates and Propor t ions .  John 
Wiley and Sons, New York. 223 pp. 



Table 12. Sanple s ize,  n, requ i red  t o  d e t e c t  an under ly ing  through-plant 
m o r t a l i t y ,  f o f  0.75 us inq  F l e i s s '  t e s t a  f o r  d i f f e r e n c e s  i n  
p r o p o r t i o n s  t h e - t a i l e d )  foS a range o f  parers. 1-8, two l e v e l s  o f  
s ign i f i cance,  a,  and a range o f  sampling s u r v i v a l s  a t  the  in take .  
p I 

Sampli ng Power = 1 - B 
s u r v i v a l  

(PI) 0.990 0.950 0.900 0.800 0.700 0.500 

a f l e i s s ,  J. L. 1973. S t a t i s t i c a l  Methods f o r  Rates and Propor t ions .  John 
Wi ley  and Sons. New York. 223 pp. 

Table 13. Sample s ize ,  n, r e q u i r e d  t o  d e t e c t  an under ly ing  through-plant 
m o r t a l i t y ,  f , o f  1.0 u s i n g  F l e i s s '  t e s t a  f o r  d i f f e r e n c e s  i n  
pi;6pb.t$bnl t o n e - t a l l e d )  f o r  a range o f  parers,  1-0, k r o  l e v e l s  o f  
s ian i f icance .  rr. and a renqe of rarnplinq s u ~ v ! v a l s  a t  the intake. 
p 1 

Lamp l l ng Power = 1 - tl 
s u r v i v a l  

(PI) 0.990 0.950 0.900 0.800 0.700 0.500 

aF le iss ,  J. L. 197.3. S t a t i s t i c a l  Methods f o r  Rates and Propor t ions .  John 
Wi ley  and Sons, New York. 223 pp. 



This se r ies  o f  f o u r  tab les  (Tables 10-13) i nd i ca tes  several impor- 

t a n t  po in ts .  F i rs t , ,  . improvi  ng sampl i ng' techni  ques t o  decrease the 

sampling m o r t a l i t y  a t  both the  i n t a k e  and discharge i . .  , increase 

PI) reduces the  sample s i ze  requ i red  f o r  g iven l e v e l s  o f  a and 

B . Second, increas ing the  sample . s i ze  increases the  power o f  the 

t e s t ,  i .e., reduces the  type 1.1 e r r o r  (B 1. Furthermore, i nc reas ing  

w i l l  e i t h e r  decrease the  needed sample s i ze  (n )  f o r  a g iven power, o r  

increase the  power o f  the  t e s t  (1 -s ) f o r  a g iven n. I n  ob ta in ing  a 

low B ( type I 1  e r r o r ) ,  t he  a b i l i t y  t o  de tec t  a nonzero fc i s ,  by 

d e f i n i t i o n ,  increased. This i s ,  o f  course, desi rable.  I n  o rde r  t o  

ob ta in  a 1 ower B , however, one must e i t h e r  increase the  sample s ize  

(no t  a1 ways possi b l  e l ,  o r  t o l e r a t e  a 1 arge a. 

I f  the  experiment has been completed, i n  the  sense t h a t  no more 

samples can be obtained, i t  becomes o f  i n t e r e s t  t o  determine t h e  m in i  - 
mum under ly ing  fc t h a t  can be detected, g iven the  observed sampling 

su rv i va l  a t  t he  intake,  PI, and the  sample s i z e  a t  t he  i n t a k e  and 

discharge, n. Table 14  summarizes these minimum detec tab le  t', values 

f o r  a = 0.05, f i v e  values o f  PI, and 28 values o f  n. These values 

were ca l cu la ted  based on the  f o l l o w i n g  d e r i v a t i o n  using Eq. (13)  and 

assuming n = nI = nD; i.e., 

S u b s t i t u t i n g  Eq. (14)  i n t o  Eq. (1 5)  f o r  P and g, one obta ins  



Table  14. The l w e s t  observed through-p lant  entra inment m o r t a l i t y ,  fc, 
de tec tab le  as s i g n i f i c a n t l y  g r e a t e r  than ze ro  as a  f u n c t i o n  of 
sampling s u r v i v a l  a t  t h e  i n t a k e  (PI) and sample s i z e  (n )  
w i t h  a = 0.05 

Sample Sampling s u r v i v a l  a t  t h e  i n t a k e  (P,) 
s i z e  * 

~ ( n )  0.1 0.3 0.5 0.7 0.9 

aNot s i g n i f i c a n t  f o r  any va lue  o f  f, 2 1. 

. . 



Rearrangi ng terms and mu1 t i p l y i  ng , we g e t  

and col 1 ec ti ng terms, we o b t a i  n 

Since t h i s  i s  a quadrat ic  equation i n  PD, then 

where 

and . . 

Furthermore, since PD < PI, then 



Figure 2 further illustrates the significance of Table 14 .  The 

desirable situation i s  t o  minimize the detectable fc. Two obvious 

points of interest are t h a t  the minimum detectable f, decreases with 

increasing sample size, n ,  for a given sampling survival and with 

increasing sampling survival (estimated by P I )  for a given sample 

size. Notice the rapid decline' in minimum detectable fc  correspond- 

ing t o  moderate increases i n  sample size and sampling survival when n 

and P I  are init ially small. This result 'p&nts o u t  t h a t  there are 

substantial gains in usefulness of the da ta  when sample sizes are ade- 

quate and gear (or sampling) mortality i s  reasonably low. Further 

increases i n  either sample size or survival place one on a reasonably 

level "plateau," which indicates there i s  l i t t l e  t o  be gained by 

expending further effort on sampl irig or gear development. In  general, 

i t  would be desirable t o  be able t o  detect reasonably small f C 1 s ,  b u t  

wasteful to be operating in ; level region of the graph. In the 316(b) 

demonstration (NUS 1 976), only the sample sizes for Roti fera approach 

this desirable state;  for other t axa ,  there i s  inadequate sample size 

t o  detect any b u t  substantial fc  values. 

I f  sample sizes are increased by increasing sampling duration, a 

decrease in sampling survival would probably result. Thus, a given 

sampling technique wil l  have an optimum combination of sample size and 

sampl i ng survival which wi 11 m-i n l m l  zc thc detcctabl e fc  . Furthcr- 

more, thi s optimum combination wi 11 be seasonally dependent because of 

seasonal variations i n  ambient temperature which affects the size of 

the underlying f c  t o  be estimated. Also, depending 'on the use for 

which the estimated fc i s  intended, one must decide how small a value 

of fc i t  i s  necessary t o  detect. 
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SAMPLING SURVIVAL, PI: 

Figure 2. Minimum detectable through-pl a n t  entrainment m o r t a l i t y ,  
f,, as a funct ion o f  sampling surv iva l  a t  the  i n t a k e ,  
PI, and sample s i z e ,  n, w i t h  a = 0.05. 



Tables 15 and 16 correspond t o  Table 5.3-3, respect ive ly ,  i n  the  

316(b) demonstrat ion (NUS 1976). Table 15 our  est imates o f  

fc f o r  f o u r  zooplankton ca tegor ies  a t  P r a i r i e  I s land  Nuclear Generat- 

i n g  P lan t  (PINGP) i n  1974, wh i l e  Table 16 presents corresponding data 

f o r  1975-76. These data were c o l l e c t e d  by us ing  separate a l i q u o t s  f o r  

count ing  dead versus t o t a l  organisms by ca tegor ies  i n  both t h e  i n take  

and discharge samples. Thus, i t  i s  poss ib le  f o r  t h e  est imated proba- 

b i l i  ty o f  su rv i va l  a t  t h e  i n t a k e  (PI) o r  a t  t he  discharge (PD) t o  

be negative. For  those sampling dates where t h i s  s i t u a t i o n  occurred a t  

e i t h e r  t h e  i n t a k e  o r  discharge sample, no c a l c u l a t i o n s  were made, and 

i n  Tab1 es 1 5 and 16 the  no ta t i on  NP (no t  poss ib le )  was made. When t h e  

t e s t  s t a t i s t i c  t e s t  [Eq. ( 1 3 ) ]  was no t  s i g n i f i c a n t  a t  a = 0.05. (i.e., 

Z < 1.645), NS i n  Tables 15 and 16  i n d i c a t e s  no t  s i g n i f i c a n t .  The 

values o f  fc and the  l i m i t s  o f  t he  95% two-sided conf idence i n t e r v a l s  

(Eq. 7.9 i n  F l e i s s )  a re  g iven i n  the  remaining cases. It i s  poss ib le  

t h a t  fc may n o t  be s i g n i f i c a n t  a t  a = 0.05, b u t  a 95% confidence 

i n t e r v a l  e x i s t s  t h a t  does n o t  i nc lude  0.0. This r e s u l t  can occur s ince 

t h e  t e s t  f o r  Ho: fc = 0 i s  one-sided, wh i l e  the  confidence 

i nte rva l  i s two-sided. The f o u r  ca tegor ies  o f  zoopl ankton enumerated 

a re  Copepoda, naupl ii (a 1 i f e  stage o f  zooplankton), Cladocera, and 

Ro t i f e ra .  Besides c a l c u l a t i o n s  based on data from s i n g l e  dates, e s t i  - 
mates o f  fc have a l s o  been ca lcu la ted  on a seasonal bas is  and 6ver 

a l l  dates. Note the  l a r g e  number o f  cases i n  which i t  was no t  poss ib le  

t o  es t imate  fc, espec ia l l y  i n  t h e  1975-76 sampling year (23 o u t  of 44 

d a i l y  samples o f  t he  f o u r  categor ies,  Table 16). 



Table 15. Daily, seasonal, and t o t a l  estimated through-plant entrainment 
mortality, fc ,  for four categories of zooplankton in 1 9 7 4 ~ 9 ~  

Date Copepoda Naupli i Cl adocera Rot i f  era 

Comb i ned 
( t o t a l )  0.62C 0.45C 0.37C 0.33C 

(0.54, 0.70) (0.37, 0.53) (0.15, 0.59) (0.28, 0.38) 

aNumbers in parentheses rebresent the l imits of the 95% confidence interval 
about the f C  value given imedia te ly  above them. Source: F le i s s ,  J .  L. 
1973. S t a t i s t i c a l  Methods fo r  Rates and Proportions. John Wi ley and Sons, 
New York. 223 pp. 

b ~ e t t e r  from Mark l ah t i  nen (Minnesota Pollution Control Agency) to S. 
Marshall Adams, May 30, 1978, including as enclosure the sample s izes  used to  
estimate zooplankton mortali ty due t o  plant passage a t  PINGP in 1974. 

~ N P  = not possible to calculate.  

eNS = not s ignif icant  ( a  = 0.05). 

gIncludes the dates 7/30, 8/14, and 914. 

h~nc ludes  the dates 11/21 and 12/18. 



Table 16. Dai ly,  seasonal and t o t a l  est lmated through-plant entrainment 
m o r t a l i t y ,  fc, f o r  f o u r  categor les o f  zooplankton I n  1975-76a.b 

Date Copepoda Naupli i C l  adocera Rot i f  era  

Combined 
( t n t a l )  N P n. q ~ i d  NI o . l g d  

(0.92, 1.00) (0.10, 0.19) 

aNumbers I n  parentheses represent the  l i m i t s  o f  t he  95% confidence I n t e r v a l  
about the  fC value given immediately above them. Source: r l e i s s ,  J. L. 
1973. S t a t i s t i c a l  Methods f o r  Rates and Proport ions.  John Wiley and Sons, 
New York. 223 pp. 

b ~ e t t e r  from La r r y  E. Olson (Minnesota P o l l u t i o n  Cont ro l  Agency) to 
" 

S. Marshal l  Adams, June 13, 1978, i nc lud ing  as enclosure the  sample s izes  
used t o  est imate zooplankton m o r t a l i t y  due t o  p l a n t  passage a t  PINGP i n  
1975-76. 

CNP = not  poss ib le  t o  ca lcu la te .  

d ~ i ~ n i f i c a n t  a t  a = 0.01. 

eNS = no t  s i g n i f i c a n t  ( a  = 0.05). 

f ~ n c l u d e s  the dates 6/13, 8/7 and 9/8. 

9Includes the dates 10/9, 11/5 and 12/9. 

h ~ n c l u d e s  the dates 1/12, 2/9. and 3/4. 

i ~ n c l u d e s  the dates 4/5 and 5/4. 

I 



Estimates of the sampling survival ( P I )  made fo r  the  four zoo- 

plankton categor ies  fo r  1974, 1975-76, and overall a r e  presented i n  

Table 1 7. 

. . 

Tab1 e. 17. Sampling survival , P I ,  estimated by category and year 

~ o o p l  ankton category 

Year Copepoda Naupl i i C1 adocera Rotifera 

1974 0.68 0.50 0.39 0.57 
1 975-76 0.18 0.1 4 0.004 0.31 
Overall 0.43 0.30 0.1 3 0.37 

Note t h a t  sampl ing survival was consis tent ly  lower i n  the  1975-76 

period a s  opposed t o  1974, and this was a l so  the  period when fewer 

s ign i f ican t  f C 1 s  were calculated (especia l ly  w i t h  regard t o  
. . 

Rotifera) .  Further note t h a t  the Cladocera have lower sampling sur- 

vival w i t h i n  each year than the  other  categories and t h a t  this i s  the 

one category which has no s ign i f ican t  nonzero est imates of fc  (Table 

18); In Table 18  a r e  presented the  da i ly  sample s izes  a t  the  intakes 

and discharge s t a t i ons  a t  PINGP f o r  four zooplankton categor ies  fo r  

1974 through 1976. Using the  yearly estimated sampling survivals ,  Pi 

(Table 171, and sample s izes  i n  Table 18,  one can determine the  m i n i m u m  

detectab1.e fc .  Since n I  D i n  Table 18, one can overestimate 

the  m i n i m u m  detectable fc by using the  lower of n I  o r  nD. We 

suggest t h a t  a reasonable est imate of the m i n i m u m  detectable  fc might 

be obtained by 1 e t t i  ng 



Table 18. D a i l y  sample s i zes  a t  t he  i n t ake  (I) and discharge (D) s t a t i ons  
used i n  c a l c u l a t i n g  through-plant entrainment m o r t a l i t y ,  fc, fo r  
four categor ies  o f  zooplankton i n  1974 through 1976 a t  P r a i r i e  
I s l and  Nuclear Generating P l a n t  

- - -- 

Copep oda N a u p l i i  C l  adocera Rot i f  e ra  

Date I D I D I D I D 

aFor these samples t he  number dead exceeds t he  t o t a l .  



Consider the  sampling date, :August 14, 1974, and t h e  zooplankton 

taxa, Copepoda. Sampl i n g  su rv i va l  i n  1974 i s  g iven by PI = 0.68 

(Table 17), w h i l e  the  average o f  t he  i n t a k e  and discharge sample s izes  

i s  approximately n = 99 (Table 18). Thus, r e f e r r i n g  t o  Table 14  w i t h  

n = 100 and PI = 0.7, the  minimum detectable fc i s  0.174. Since 

Table 15 f o r  t h i s  date (8-14-74) g ives  a ca l cu la ted  fc o f  0.41, i t  i s  

no t  s u r p r i s i n g  t h a t  0.41 was found 'to be s i g n i f i c a n t l y  g rea te r  than 

zero. Now consider  Cladocera on December 9, 1975, whe're n = 7 

(Table 17)  and PI = 0.004. I f  we r e f e r  t o  Table 14  w i t h  n = 10 and 

P ~ '  = 0.1 (which w i l l  underestimate the  minimum detec tab le  f ,  then 

there  i s  no poss ib le  value of fc t h a t  w i l l  r e j e c t  H o : f C  = 0, so 

t h a t  i n  Table 16  (Cl.adocera on December 9, 1975) i t  i s  n o t  s u r p r i s i n g  

t o  have NS ( =  no t  s i g n i f i c a n t ) .  

This exerc ise shows the  importance o f  having a " s u f f i c i e n t l y  

l a r g e "  sample s i ze  (perhaps n ='  500) and a t  l e a s t  moderate sampling 

su rv i va l  ( say ,  PI 2 0.5). The s t a f f  be l ieves  t h a t  these are impor- 

t a n t .  considerat ions i n  the  design o f  a meaningful sampling program f o r  

entrainment. It becomes immediately obvious t h a t  o ther  than f o r  

Rot i fe ra ,  t he  sample s izes  f o r  determining fc are genera l ly  too  small 

(Table 18). Likewise,, Table 17 i n d i c a t e s  the  sampl i n g  su rv i va l  was too  

low i n  1975-76 t o  de tec t  even moderate values of fc (e.g., 

fc 2 0.25). 

IMPINGEMENT CONSIDERATIONS 

The s i g n i f i c a n c e  of impingement losses was evaluated i n  the  316(b) 
0 

demonstration (NUS 1976) by comparing the  number' o f  f i s h  impinged t o  



the est imated popu la t ions  f o r  several species. The eva lua t i on  o f  

imp1 ngement impacts i n  t he  31 6(b)  demonstrat ion represents a reasonable 

impingement assessment based on the  q u a l i t y  and type o f  i n fo rma t ion  

a v a i l a b l e .  As i n d i c a t e d  i n  the 31 6(b)  demonstration, there  a re  several 

problems associated w i t h  e x t r a p o l a t i o n  o f  numbers impinged t o  e f f e c t s  

on popu la t ions  when these popu la t ions  a re  est imated w i t h  t r a w l i n g  and 

t a g  and re lease methods (NUS 1976). Determining the s i g n i f i c a n c e  of 

impingement impacts re1  i e s  heav i l y  on the  r e l i a b i l i t y  o f  the  est imates 

o f  f i s h  popu la t i on  s i ze .  There a re  several prnhlems associated w i t h  

e s t i m a t i o n  o f  f i s h  populat ions,  and these have been discussed i n  Adams 

e t  a l .  1979. Also, t h e  tagging study, cnnrlucted f o r  t he  316(b) demon- 

s t r a t i o n ,  was designed t o  assess the movement o f  f i s h  and n o t  t o  e s t i -  

mate popu la t i on  s i z e  (NUS 1976). 

Recogni z i  ng the  i nherent problems associated w i t h  fi sh popu la t i on  

est imates, the numbers o f  f i s h  impinged du r ing  1975 a t  P r a i r i e  I s l and  

were compared t o  the  popu la t ion  est imates g iven i n  t he  316(b) demon- 

s t v a t i o r ~  (NUS 1976). Table 19 shows the  major species impinged i n  

1975, t h e  popu la t i on  est imates f o r  these species g iven i n  the  316(b) 

demonstration, and the  percent  of t he  popul a t i o n  impinged. Populat ions 

of  carp  and drum i n  t h e  M i s s i s s i p p i  R iver  and Sturgeon Lake were e s t i  - 
mated by t r a w l i n g  and impact p r o j e c t i o n s  fo r  these s p e c i ~ s  arc r e l a -  

t i v e l y  h fgh  (21.3 and 5.7% respec t i ve l y ) .  These est imates a re  probably 

u n r e a l i s t i c  because of t he  problems w i t h  t r a w l i n g  discussed i n  the  

316(b) (NUS 1976). The impact p r o j e c t i o n  f o r  channel c a t f i s h  i s  proh- 

a b l y  a1 so unreal  i s t i c  because commercial 1  andi ngs i n d i c a t e  Oa much 

l a r g e r  popu la t i on  (NUS 1976) o f  t h i s  species. Est imates f o r  g i zza rd  



Table 19. Number impinged, popu la t i on  est imates,  and percen t  o f  t he  
p o p u l a t i o n  impinged f o r  the  major species i n  the  M i s s i s s i p p i  
R i v e r  and Sturgeon Lake near t h e  P r a i r i e  I s l a n d  Nuclear 
Generat ing P l  ant  

% o f  p o p u l a t i o n  
Species Number impinged Popu la t ion  es t ima te  impinged 

- 

Gizzard shad 70,506 6 x 10 
6b 

Drum 3,789 66, 22Oc 5.7 

White bass 2,712 173,9 lod  1.6 

Carp 4 27 2,002C 21.3 

S auger 9 7 609,8rnd 0.02 

Channel c a t f i s h  6,223 22,720~ . 27.4. 

aNumber impinged d u r i n g  1975 f rom Table 2.5.1-2 o f  Gustafson e t  a l .  
(11375 ) . 

b ~ o ~ u l a t i o n  es t imate  f o r  1973 i n  Sturgeon Lake (Anderson 1975). 

CBdjecl urs 1r.dwl i i ~ y  p. 99 o'f IIUS (197G). 

d ~ a s e d  on Peterson popu la t i on  es t imate  [Table 4.3-14 o f  fiUS (1976)]. 



shad, wh i te  bass, and sauger probably represent  more r e a l i s t i c  popul a -  

t i o n  impacts. 

I n  t h e  entrainment sect ion,  entrainment losses f o r  wh i te  bass and 

sauger were est imated t o  range from 0.7 t o  24% (wh i te  bass) and 0.3 t o  

16% (sauger) o f  the  respect ive  populat ions.  Also, as i n d i c a t e d  i n  t h i s  

sect ion,  entrainment losses f o r  these species cou ld  pose a s i g n i f i c a n t  

problem i n  the aquat ic  system near PINGP if the actual  l o s s  i s  a t  the 

h i g h  end o f  these p red ic ted  ranges. Therefore, cons ider ing  an addi-  

t i o n a l  est imated impact o f  1.6% on the  wh i te  bass popu la t ion  due t o  

impingement, t h e  probab i l  i ty i s  increased t h a t  a s i g n i f i c a n t  impact on 

the  wh i te  bass popu la t i on  i s  occur r ing  due t o  operat ion o f  PINGP. 

ALTERNATIVE INTAKE LOCATIONS 

I 

The purpose o f  t h i s  sec t ion  i s  t o  determine i f  the  present  1,oca- 

t i o n  o f  the  PINGP i n t a k e  minimizes eco log ica l  impacts. We have 

addressed t h i  s S ssue by q u a n t i t a t i v e l y  comparing b i  01 ogi  c a l  data 

c o l l e c t e d  from the  PINGP i n take  area (mouth o f  Sturgeon i a k e )  t o  data 

c o l  1 ected from areas near the  ' M i  s s i  s s i  pp i  R iver  channel . Entrainment 

r e l a t e d  data compared from both areas inc lude  d e n s i t i e s  o f  phyto- 

plankton, zooplankton, i ch thyop l  ankton, and prim'ary p r o d u c t i v i t y .  Data 

compared from these two areas r e l a t e d  t o  impingement impacts i nc lude  

f i s h  ca tch -pe r -un i t -e f fo r t  and propor t ions  o f  game vs nongame species. 

Ecological  data c o l l e c t e d  a t  t he  mouth o f  Sturgeon Lake was used 

i n  t h i s  ana lys i s  i ns tead  of data c o l l e c t e d  i n  the  i n t a k e  area adjacent  

t o  t h e  p l a n t  because t h e  i n t a k e  area i s  in f luenced by r e c i r c u l a t i o n  o f  

water  from the d ischarge canal (Stone and Webster 1978, Yeh 1980) and, 



t h u s ,  may r e p r e s e n t  unnatural b io log i ca l  cond i t i ons .  Thermal a d d i t i o n s  

have been demonstrated t o  s t i m u l a t e  bi 01 og ica l  product ion when ambient 

water  temperatures  a r e  cool and t o  dep re s s  product ion du r ing  warmer 

per iods  (Talmage and Coutant 1978) .  Ecological d a t a  c o l l e c t e d  near  t h e  

mouth of  Sturgeon Lake should c l o s e l y  r ep re sen t  base1 i ne eco logica l  

cond i t i ons  near  the i n t a k e  a r e a  because the source  o f  i n t a k e  water  f o r  

PINGS i s  mainly from Sturgeon Lake (Baker 1975, Sluzha 1974).  

Phytopl ankton 

Phytoplankton d a t a  used i n  the a n a l y s i s  were c o l l e c t e d  ' by the 

u t i l  i t y  dur ing  1974-1 976 and cons i s t ed  o f  21 samples a t  each s t a t i o n  i n  

1974, 1 3  samples i n  1975, and 1 2  i n  1976. Samples were usua l ly  taken  

once each month bu t  more f r equen t ly  i n  the warmer months. Phyto- 

plankton d a t a  compared were t o t a l  d e n s i t y  expressed a s  m g / l i t e r  wet 

wt. Data expressed a s  weight i n s t e a d  o f  number a r e  used i n  the ana ly-  

si s because ecosystem e n e r g e t i c s  and t r o p h i c  re1 a t i o n s h i  ps a r e  based on 

weight o r  biomass (Wi lhm 1967).  

The temporal d i s t r i b u t i o n  of the observed d i f f e r e n c e s  i n phyto- 

plankton d e n s i t y  between Sturgeon Lake and the r i v e r  a r e  shown i n  

Fig.  3. These d i f f e r e n c e s  were c a l c u l a t e d  by s u b s t r a c t i n g  the na tu ra l  

logari thm of  the Sturgeon Lake d e n s i t i e s  from t h e  logar i thm of  the 

r i v e r  d e n s i t i e s  a t  each sampling per iod.  During 1974, d e n s i t i e s  were 

c o n s i s t e n t l y  h igher  i n  Sturgeon Lake than those  i n  the r i v e r ,  but  

dur ing  1975 and 1976 no c o n s i s t e n t  d i f f e r e n c e s  seemed t o  be e v i d e n t  

(F ig .  4 ) .  The only c o n s i s t e n t  p a t t e r n  between 1975 and 1976 i s  t h e  

Sturgeon Lake va lues  which a r e  h ighe r  than those  i n  t h e  r i v e r  du r ing  

p a r t  o f  t h e  summer and e a r l y  f a l l  of  both y c a r s .  
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Figure  3. Temporal d i s t r i b u t i o n  o f  the d i f fe rences  i n  the natura l  
logar i thms o f  Sturgeon Lake (Ds)  and the Mississippi  River  
(8,) phytoplankton d e n s i t i e s .  
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Figure 4. Temporal d i s t r i b u t i o n  of the di f ferences i n  t h e  natura l  
logarithms o f  Sturgeon Lake (Ds)  and the  Miss iss ipp i  River  
(D,) zooplankton dens i t ies .  



The observed phytoplankton densi t ies  fo r  each sampling period were 

transformed by natural logarithms to meet the assumption of normality. 

A s tudent 's  t - t e s t  was conducted to  t e s t  the hypothesis of equal den- 

s i t i e s  a t  the two s i t e s .  The estimated average difference i n  phyto- 

plankton densi t ies  between the r iver  and Sturgeon Lake for  1974-1976 i s  

shown i n  Table 20. In 1974, phytoplankton densit ies were significantly 

1 ower i n  the r iver  than those in  the mouth of Sturgeon Lake 

(Table 20). In 1975 and 1976 no s ignif icant  difference in phyto- 

plankton densi t ies  were shown to  ex i s t  between the two stations.  When 

a1 1 three years are considered together, however, density i n  the r iver  

appears t o  be s ignif icant ly lower than tha t  i n  Sturgeon Lake. 

Based on the analysis of the 1974 and combined (1 974-1 976) phyto- 

plankton data the decision relat ive to  impact minimization on phyto- 

plankton would be to  locate the intake i n  the Mississippi River instead 

of a t  the present s i t e .  Based on the 1975 and 1976 data, the conclu- 

sion would be tha t  the location of the i.ntake makes no difference in 

terms of impact minimization. 

Any true differences i n  plankton densi t ies  between s tat ions and 

years may be masked by large natural variations i n  densit ies caused by 

periodic h i g h  r iver  flows i n the ~i ss i  ss i  ppi.  phytoplankton, however, 

because of the i r  re lat ively f a s t  turnover and recovery rates ,  may be a 

be t te r  indicator of natural conditions in the r iver  than other organ- 

isms (such as zooplankton) w i t h  slower turnover rates.  For example, 

the estimated variance (g2)  between years for  phytoplankton 

(Table 20) are  very similar,  possibly indicating that  the large 

variations i n  phytoplankton densit ies,  which may have occurred due to  



Table 20. Estimated average d i f ferences i n  phytoplankton d e n s i t y  
between the M i s s i s s i p p i  R i ve r  (Dr)a and Sturgeon Lake 
(0,)b f o r  1974-1976 and all years combined 

Year 

1974-76 
1974 1975 1976 comb i ned 

t -3.57 -0.55 -1.41 -3.4 

Prob. > I t  1 0.002 0.593 0 .I89 0.002 

aDr = loge ( d e n s i t y  i n  r i v e r  + 1). 

b ~ ,  = loge  ( d e n s i t y  i n  Sturgeon Lake + 1). 

~ 3 2  = e s l  i l l idled vdr. i a r ~ c r  uT Or - DS. 



h i g h  r i v e r  f lows, cou ld  have been p a r t i a l l y  masked by the  h igh  b io log -  

i c a l  tu rnover  ra tes .  Even though phytopl ankton densi t i e s  coul d have 

been s u b s t a n t i a l l y  reduced f o r  sho r t  per iods (hours o r  days) du r ing  

h igh  r i v e r  f lows,  popu la t ions  could have recovered between the  monthly 

o r  biweekly sampling per iods.  For example, i n  1976, the  on ly  year  fo r  

which d a i l y  r i v e r  f l ows  were ava i lab le ,  h igh  r i v e r  f lows occurred from 

March 30 t o  A p r i l  10. The l a s t  phytoplankton sampl i n g  date before  t h i s  

h i g h  f l o w  was March 24 when 4.09 and 3.2 mg/l i t e r  o f  phytoplankton were 

recorded a t  Sturgeon Lake and the  r i v e r  respec t i ve l y .  River  f low 

through. l o c k  and dam no. 3 below the  p l a n t  on t h i s  date was 24,000 

cfs.  During t h e  next  sample pe r iod  on A p r i l  6, standinq crops were 

1.56 and 2.15 m g / l i t e r  respec t i ve l y  a t  a r i v e r  f l o w  o f  72,000 c f s .  On 

A p r i l  21, f o l l o w i n g  the  h i g h  flows, t h e  dens i t i es  were 13.76 and 7.34, 

respec t i ve l y ,  a t  a r i v e r  f l o w  o f  28,000 c f s .  Even though n a t u r a l l y  

i nc reas ing  water temperatures and 1 i g h t  l e v e l s  were probably respon- 

s i b l e  i n  p a r t  f o r  t he  l a r g e  observed increase i n  phytoplankton densi - 
t i e s  a f t e r  A p r i l  6, 1976, t h i s  r a p i d  recovery o f  phytoplankton could 

a l s o  be a t t r i b u t e d  t o  t h e  h igh  tu rnover  r a t e s  and reproduct ion  which i s  

c h a r a c t e r i s t i c  o f  t h i s  t r o p h i c  group. 

Primary p r o d u c t i v i t y  

Primary product ion  data were a v a i l a b l e  f o r  1974 and 1975 from the 

PINGP annual mon i to r i ng  repor ts .  I n  1974, 13  measurements were taken 

from August t o  December; and i n  1975, 15  measurements were taken from 

May-September. Data were taken i n  Sturgeon Lake and the M iss i ss ipp i  

R ive r  and are expressed as n e t  pr imary product ion rates.  



The est imated average d i f f e rence  i n  the  untransformed (data was 

n o t  transformed because the  normal i ty  assumption was met w i t h  the  

untransformed data)  data from the  two areas i s  presented i n  Tab1 e  21 . 
As was suggested by ana lys is  o f  the  phytoplankton dens i t y  data, pr imary 

p r o d u c t i v i t y  i n  Sturgeon Lake was s i g n i f i c a n t l y  h igher  (P > t = 0.02) 

than the  r i v e r  i n  1974. I n  1975, p r o d u c t i v i t y  was h igher  i n  Sturgeon 

Lake, b u t  n o t  s i g n i f i c a n t l y  (P > .  t . = 0.65). When data f o r  both years 

were combined, Sturgeon Lake exh ib i ted  a  h igher  p r o d u c t i v i t y  a t  t he  

0.03 l e v e l  (Table 21 1. 

Considering t h e  1  974 and combined 1974 and 1975 primary p roduc t i  v- 

i t y  data, t he  conclus ion would be t o  l o c a t e  the  i n t a k e  i n  t h e  r i v e r  t o  

minimize entrainment impacts on pr imary p r o d u c t i v i t y .  I f  the  1  975 data 

were considered, however, placement o f  t h e  i n t a k e  would make no d i f f e r  - 
ence i n  terms o f  min imiza t ion  o f  impact on pr imary p r o d u c t i v i t y .  

Zoopl ankton 

Zoopl ankton dens i ty  data, c o l l  ected monthly between 1974-1 976, was 

compared between Sturgeon Lake and the  r i v e r .  As i n  t h e  phytoplankton 

analys i  s, data were f i  r s t  transformed t o  natura l  1  ognr i  thms before 

t e s t i n g  f o r  poss ib le  d i f f e rences  i n  the  two areas. A p l o t  of t he  

temporal d i f f e rences  i n dens i t i es  between areas show t h a t  zoopl ankton 

dens i t i es  i n  the  r i v e r  may have been h igher  than Sturgeon Lake dur ing  

1974, b u t  i n  1976 no trends i n  the  d i f f e rences  are ev ident  (Fig. 4). 

The d i f f e rences  i n  the  dens i t i es  were h i g h l y  va r iab le  du r ing  1975, 

poss ib ly  i n d i c a t i n g  e f f e c t s  o f  h igh  pe r iod i c  r i v e r  f lows on t h e  zoo- 

p l  ankton community du r ing  t h a t  year. 



Table 21. Estimated average d i f f e r e n c e s  in primary p roduc t iv i ty  
between the  Miss i ss ippi  River (0,) a and Sturgeon 
Lake ( ~ , ) b  f o r  1974-1975 and f o r  these  yea r s  corr~bined 

- -- 

Year 

1974-75 
1974 1975 comb i nea 

d f 

t 

Prob. ]>It  

aDr = loge (pr imary p roduc t iv i ty  in  r i v e r  + 1 ) .  

bIlS = logp (pr imary p roduc t iv i ty  in Sturgeon Lake + 1). 
7 

c 2  = est imated var iance  o f  Dr = U s .  



Table 22 indicates  t h a t  i n  1974 dens i t i es  of zooplankton i n  

Sturgeon Lake were s ign i f ican t ly  higher ( P  > t = 0.02), and i n  1975 

and 1976 very 1 i t t l e  differences occurred between the  two s ta t ions .  If  

a decision based on the 1974 zooplankton data were t o  be made r e l a t i ve  

t o  intake locat ion,  then the  decision would be t h a t  the present loca- 

t ion minimizes zooplankton entrainment impacts. A decision based on 

the  1975 o r  1976 data would be t h a t  the  1 ocation makes no di f ference i n  

terms of impact minimization on zooplankton. 

In con t ras t  t o  the  phytoplankton da ta ,  the  year-to-year var ia t ion 
2 of the  zooplankton differences (2 ) f o r  the two areas  a r e  consider- 

able (phytoplankton range = 0.07, zooplankton range = 0.308) (Tables 20 

and 22), possibly indicating t h a t  the  large  var ia t ions  i n  dens i t i es  

between years  may have been due t o  r i ve r  flow var ia t ions  between 

years. For example, r i ve r  flows i n  1975 were much higher and variable 

than those i n  1974 o r  1976 (Fig. 51, probably accounting f o r  the  large  

var ia t ions  i n  differences between s t a t i ons  during 1975 (Table 22). 

During 1 974 and 1 976 when r i ve r  flows were 1 ess  var iable ,  variances i n  

zooplankton were much smaller (Table 22). The l a rge r  range i n  vari - 
ances f o r  zooplankton compared t o  phytoplankton dens i t i es  may r e f l e c t ,  

i n  pa r t ,  differences i n  turnover r a t e s  of the  two groups. Zooplankton 

have much 1 onger reproductive cycles than phytopl ankton, therefore  zoo- 

plankton would have 1 ess  time than phytoplankton f o r  recovery between 

successive sampl i ng interval  s t h a t  fol 1 ow high r i ve r  flows and washouts 

of organisms (such as  may have occurred i n  1975). To place more 

re1 iab i l  i t y ,  therefore ,  on r e su l t s  re1 ated t o  analysis  of a1 t e rna t ive  

intake locat ions ,  decisions should be based on data which a r e  repre- 



Table 22. Est imated average d  i t f  erence i n  zoopl ank t on  
d e n s i t i e s  (we igh ts )  -between t h e  C i i s s i ss i pp i  
Rive,., (D,)a a ~ ~ d  S ~ U I . ( J ~ U I I  Ldke (OS)b 
f o r  1974-1976 and a l l  years  combined 

1974 1975 1976 1974-76 
comb i ned 

aDr = loge  (zooplankton d e n s i t y  i n  r i v e r  + 11, 

b ~ ,  = loge  (zooplankton d e n s i t y  i n  Sturgeon Lake + 1) .  
A 

ca2 = es t imated  var iance  o f  G 2 .  
. . 
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Figure 5: Average monthly r i v e r  flows o f  the Mississippi  River  a t  
Prescott  f o r  1974-1976 and the h i s t o r i c a l  averages for 
1950-1 965. 



s e n t a t i v e  of average r i v e r  f low years  du r ing  t h e  per iods when b i o l o g -  

i c a l  p roduct ion  i s  the  h ighes t  i i .e., A p r i l  -Ju ly  i n  most temporal 

systems 1. Low f l o w  years  may a1 so represent  "steady s t a t e "  eco log ica l  

cond i t i ons  i n  which some r e l i a b i l i t y  may be placed on i n t r e p r e t a t i o n  of 

p lank ton data; i .e., h i g h  p e r i o d i c  r i v e r  f lows do no t  occur du r ing  low 

f l o w  years  ( i n  which cases washout and d i l u t i o n  o f  p lankton are  m i n i -  

mal ), p rov id ing  f o r  meaningful data i nt rep re ta t i on .  

F i s h  data used i n  t h i  s  ana lys i s  were c o l l  ected by e l  ect roshocki  ng 

a t  Minnesota Department o f  Natural Resources s t a t i o n s  1-7 (Sturgeon 

Lake) and 2-9 (main r i v e r )  dur ing  June, August, and September o f  1974 

and 1975 (MDNR 19781.' ~ l e c t r o s h o c k i n ~ d a t a  were used i n  t h i s  analy-  

s i s  because t r a w l  and t rapne t  data were n o t  a v a i l a b l e  from the  main 

r i v e r ,  and se in ing  data i s  biased f o r  small shore-zone f i s h e s  such as 

minnows and shiners.  Sturgeon Lake s t a t i o n  1-9, nearest the  PINGP 

in take,  was n o t  used i n  t h i s  ana lys is  because of t he  poss ib le  i n f l uence  

o f  t h e  discharge canal r e c i r c u l a t i o n  water on the  i n t a k e  area (see 

phytop l  ank ton s e c t i o n  ) . Two mai n  compari sons were conducted between 

s t a t i o n s  ; catch-per-uni t - e f  f o r t  (CPUE) and propor t ions  o f  game vs non- 

game species. 

A  compari son of the  CPUE f o r  the  1  974 and 1  975 data combined i nd i  - 
cates  no s i g n i f i c a n t  d i f f e rences  (Table 23) between the  two s t a t i o n s  

(P > t = 0.37). Resul ts  o f  t h i s  comparison should be i n t e r p r e t e d  

l ~ a w  data suppl ied t o  ORNL by Minnesota Department of Natural Re- 
sources. 



Table 23. Catch-per-un i t  - e f f o r t  (number per  15-mi n sample) by 
e l  ect roshock ing i n  Sturgeon Lake ( s t a t .  1-7) and 
t h e  main r i v e r  ( s t a t .  2-9) f o r  t h r e e  months i n  1974 
and 1975 

Area 

Sturgeon Main 
Y e a r h o n t h  Lake r i v e r  ( l a k e  - r i v e r )  

1974 

June 21 

August 47 

September 28 

1975 

June' 13 

August 54 

September 34 

Mean 32.83 

t 

24 . -11 

42 +12 

13 +21 - 

29.33 . 3.5 

0.54 (5  d f )  

15.83 

Prob. > I  t 1 0.37 



w i t h  cau t ion  if they are  t o  be the  bas is  o f  decis ions r e l a t i v e  t o  

i n t a k e  l o c a t i o n s  because of (1 1 t he  small sample s izes  involved,  ( 2 )  

t he  h igh  c o e f f i c i e n t  o f  v a r i a t i o n  (450%) which i n d i c a t e s  wide v a r i -  

a b i l i t y  i n  the  data i . . ,  the standard dev ia t i on  i s  4.5 t imes the  

mean), and ( 3 )  the  problems associated w i t h  t h e  q u a n t i f i c a t i o n  o f  

e lec t roshock ing data (e.g., shocked f i s h  may s ink t o  the  bottom and be 

overlooked and bottom f i s h  may avoid the gear).  

Another comparison between s t a t i o n s  invo lved the  p ropor t i on  o f  

game vs nongame species. The species designated as game were b l u e g i l l ,  

sauger, smallmouth, white, rock bass, drum, crappie, walleye, y e l l o w  

perch, channel ca t f i sh ,  and sunfish. Nongame species were carp, carp-  

sucker, chubs, buf fa lo,  l o g  perch, redhorse, and gar. Gizzard shad, 

shiners, and minnows were labe led as forage species. 

The numbers o f  game and nongame f i s h  caught i n  1974, i n  1975, and 

f o r  t h e  years  1 974 and 1 975 combined, as we1 1 as the  r a t i o  o f  game f i s h  

t o  t h e  t o t a l  f i s h  caught a r e  g iven i n  Table 24. A chi-square t e s t  o f  

p ropor t i ons  i n d i c a t e d  t h a t  there  was no s i g n i f i c a n t  d i f f e r e n c e  between 

s t a t i o n s  2-9 and 1-7 (Table 24) f o r  1975 o r  f o r  t he  1974 and 1975 com- 

b ined data (P > t = 0.05). I n  1974, however, s t a t i o n s  2-9 had a 

s i g n i f i c a n t l y  h ighe r  p ropor t i on  o f  game f i s h  (P > t = 0.01 ) than 

s t a t i o n s  1-7 (Table 24). More smallmouth bass were caught i n  the  r i v e r  

than i n  Sturgeon Lake du r ing  1914 which accounted f o r  most of t he  

observed d i f f e r e n c e  i n  the r a t i o  o f  game t o  nongame species between the  

two s ta t i ons .  

P r i o r  t o  t h e  ana lys i s  and comparison o f  these f i s h  data, i t  was 

hypothesized t h a t  Sturgeon Lake may have a h igher  p ropor t i on  of game 



Table 24. Number o f  game and nongame f i s h  and t h e  r a t i o  of 

9 ame f i s h  t o  t o t a l  f i s h  caught a t  s t a t i o n s  1-7 
Sturgeon Lake) and 2-9 (Main R ive r )  i n  1974, 1975, 

and f o r  1974 and 1975 combined 

S t a t  i ons Game Nongame Tota l  Game/ t o t a l  X 
z a  

aHo: s t a t i o n s  1-7 = s t a t i o n s  2-9. 

b ~ i ~ n i f i c a n t  a t  0.01 leve.1. 

CNot s i g n i f i c a n t .  



f i s h  than  the r i v e r  because of i t s  apparen t  eco logica l  func t ion  a s  a 

f i s h  spawning and feed ing  a r e a .  Analysi s based on the el ec t roshocki  ng 

d a t a  (Table  24) ,  however, does no t  provide a s t a t i s t i c a l  b a s i s  f o r  con- 

c lud ing  t h a t ,  Sturgeon Lake has a higher.  CPUE o f  . f i sh  o r  t h a t  i t  has a 

h ighe r  p ropor t i on  of  game f i s h  than the r i v e r .  Due t o  the small sample 

s i z e s  involved and t h e  problems w i t h  q u a n t i f i c a t i o n  o f  e l ec t ro shock ing  

d a t a ,  the r e s u l t s  o f  t h e s e  comparisons should be i n t r e p r e t e d  w i t h  cau- 

t i o n .  Dec is ions ,  t h e r e f o r e ,  r e l a t i v e  t o  the b e s t  l o c a t i o n  o f  the 

i n t a k e  f o r  minimizing f ish impingement should be based on more r e l i a b l e  

and q u a n t i t a t i v e  d a t a  than those  a v a i l a b l e  f o r  this a n a l y s i s .  

Ichthyopl ankton 

A shor t - te rm i n tens i  ve ichthyopl  ankton survey was conducted 

between 6-1 7 June 1978 a t  t h r e e  s t a t i o n s  i n  t h e  v i c i n i t y  of  PINGS. 

S t a t i o n  I was l o c a t e d  i n  the main channel o f  t h e  Miss i ss ipp i  n o r t h e a s t  

of the p l a n t ,  s t a t i o n  11 near the main channel a t  the end o f  the 

dredged i n t a k e  iarial  , and s ta.Lsiun I I I a t  t h e  mouth of Sturgeon Lake 

s l i g h t l y  north of the p r e s e n t  i n t a k e .  Sgmples were taken between mid- 

n i g h t  and 4 a.m. on s i x  days between June 6 and 17 ,  1978. Two ob l ique  

tows and two r e p l i c a t e s  p e r  tows were taken  a t  each s t a t i o n  on each 

sampling day us ing  a 560-mesh ne t .  Eggs and .  l a r v a e  were i d e n t i f i e d  t o  

the lowest p r a c t i c a l  taxonomic l eve l  and r epo r t ed  a s  number of  eggs o r  
3 l a r v a l  s t a g e  p e r  u n i t  amount of water  sampled (no:/m ) .  

For the purpose o f  comparing the d e n s i t i e s  of  l a r v a e  between s t a -  

t i o n s ,  a1 I three of  the repor ted  l a r v a l  s t a g e s  ( p r o t o ,  mesa, meta were 

combined a s  t o t a l  l a rvae .  All taxonomic l e v e l s  were combined i n t o  t e n  



categories f o r  computational purposes. This categorization was neces- 

sary because some taxonomic un i t s  were represented by only a few i n d i -  

vidual s ,  w h i  1 e others such a s  sunfishes,  crappie,  and the centrachids 

could be systematical'ly combined i n to  one group. These categor ies  a r e  : 

1. Dorosoma cepedianum (gizzard shad) 

2. Cyprinidae (minnows and carps )  

3. Morone chrysops (white bass)  

4. Pomoxis, centrarchidae, and Lepomi s (crappie and sunfish 

5. Apl odi notus grunniens (freshwater drum) 

6. Unidentified eggs and larvae 

7. Cypri nus carpi o (common carp 

8. Catostomidae (suckers)  

9. Percidae (perch) 

1 0. Other (mainly Notopi s sp. 

Categories 5 and 8 include eggs and larvae,  while the  remainder 

a re  larvae only. 

Results of s t a t i ons  I and I 1 1  comparisons 

Table 25 shows the to ta l  number of larvae (o r  eggs) caught during 

the e n t i r e  sampling period and the  number of rep l ica tes  (maximum = 24) 

i n  which each category appeared f o r  each s ta t ion .  Gizzard shad ( 1 )  and 

drum ( 5 )  not only appeared i n  the  highest density a t  each s t a t i on  b u t  

were present i n  every sample taken. 

An analys is  of variance on the  t o t a l  larvae and eggs ( log t rans -  

formed dens i t i e s )  caught a t  s t a t i ons  I and I 1 1  f o r  a l l  dates (Tables 26 

and 27) indicates  t h a t  t o t a l  larvae a r e  s ign i f ican t ly  higher a t  



Tab le  25. T o t a l  number o f  l a r v a e  ( o r  eggs when i n d i c a t e d )  caught du r i ng  
the June 6-17 survey and t he  number o f  r e p l i c a t e s  (maximum = 24) 
i n  which each ca tego ry  appears f o r  each s t a t i o n  

Tota' l  number caught  umber o t  rep l i c a t e s  p resen t  

Ca t e q  o r y  I I I 111 I I. I 111 

1. Gizzard shad 

2. Cypr in idae  

3. White bass 

4. Sunf ish,  
c rapp ie  

5. Drum 
(eggs)  

6. U n i d e n t i f i e d  
(eggs) 

7. Carp , 

(eggs) 

8. ~ a t o s t o m i  dae 

9. Vercidae 



Table 26. Analysis of variancea fo r  a l l  larvae col lec ted  
a t  s t a t i o n s  I and 111 during June 6-17 

Source d f SS F P F 

Stat ion 1 9.832 343.17 0.0001 

Stat ion x day 5 2.913 20.34 0.0001 

Error 36 . 1.031 

Total (correc ted)  47 16.835 

Stat ion Mean 

Least-square d i f ference  = 0.905 

C r i t i c a l  a level  = 0.0001 

aAll dens i t i e s  ( X )  transformed by y = loge ( x + l ) .  

Table 27. Analysis of variancea f o r  a l l  eggs col lec ted  
a t  s t a t i o n s  I 'and 111 during June 6-17 

Source d f ss F P > F 

Stat ion , 1 0.241 26.63 0.0001 

D ay 5 2.686 59.35 0.0001 

Stat ion x day 5 1.707 37.72 0.0001 

Error 36 0.326 

Tota 1 (correc ted)  47 4.96 

Stat ion Mean 

Least-square d i f ference  = 0.142 

C r i t i c ~ l  cr level  = 0.0001 ' 

aAll dens i t i e s  ( X )  transformed by y = loge (x + 1). 



s t a t i o n  I11 (Sturgeon Lake) than a t  s t a t i o n  I ( r i v e r ) ,  wh i l e  t o t a l  eggs 

are  s i g n i f i c a n t l y  h ighe r  i n  the r i v e r .  

A comparison o f  t h e  t o t a l  l a r v a l  d e n s i t i e s  between s t a t i o n s  f o r  

each of the  s i x  sampling per iods shows t h a t  except f o r  t h e  l a s t  

sampl i n g  day (June 181, t h e  t o t a l  l a r v a l  d e n s i t i e s  were s i g n i f i c a n t l y  

h ighe r  i n  Sturgeon Lake du r ing  each sampling pe r iod  (Table 28). 

The average d e n s i t i e s  (average of . l o g  transformed data)  fo r  each 

group o f  l a rvae  were a1 so compared between s t a t i o n  I and I11 

(Table 29). Categories 1 (g izzard  shad), 3 (whi te bass), 4 (sunf ish 

and crapp ie) ,  7 (carp) ,  9 (perch),  and 1 0  ( o t h e r )  a re  s i g n i f i c a n t l y  

h ighe r  i n  Sturgeon Lake than those i n  t h e  r i v e r .  Only category 2 

( c y p r i  n idae)  was s i g n i f i c a n t l y  h igher  i n  the  r i v e r .  

Discussion 

Because o f  t he  sho r t  sampling pe r iod  of t h i s  survey (two weeks) 

and the  small number o f  l a rvae  c o l l e c t e d  f o r  most ca tegor ies  

(Table 2 5 ) ,  t h e  peak spawning pe r iod  f o r  many species may have been 

missed. The May 15- September 4, 1975 ichthyoplankton survey, which 

was conducted a t  t he  PINGP bar  rack s ta t i on ,  i n d i c a t e d  t h a t  the  peak 

1975 dens i t y  o f  most l a rvae  occurred from midto late-May, w i t h  smal ler  

secondary peaks occu r r i ng  f o r  some species i n  mid-summer (NUS 1976). 

For example, t h e  peak f o r  drum eggs was May 29 w i t h  a secondary peak on 

June 19. May 29 was a l so  the  peak l a r v a l  per iod  t h a t  year  f o r  wh i te  

bass, Percidae, emerald shiner,  g izzard  shad, crappie, and Cato- 

stomi dae. Cypri n i  dac and Lepomi s 1 arvae were the  on ly  ca tegor ies  t h a t  

peaked du r ing  Ju ly .  Eddy and Underh i l l  (1974) a l s o  i n d i c a t e  t h a t  most 



Table 28. S t a t i s t i c a l  comparison o f  t h e  average l a r v a l  d e n s i t i e s a  
between s t a t i o n s  I and 111 f o r  each sampling date 

M i s s i s s i p p i  R i v e r  Sturgeon Lake 
( s t a t i o n  I )  ( s t a t i o n  111) 

Samp 1  i ng Probabi 1  i t y  
date No. /m SE No./m SE I 111 

June 6 0.4016 0.0665 1.0453 0.0665 0.0005 

June 8 0.5199 0.0386 1.3513 0.0386 0.0001 

JU& 10 0.5256 0.0407 2.3652 0.0407 0.0001 

June 13 0.2723 0.0611 1.1684 0.0611 0.0001 

June 15 0.4908 0.0238 0.9826 0.0238 0.0001 

June 18 0.8632 0.1764 1.0638 0.1764 0.4520 

HO: S t a t i o n  I = s t a t i o n  I11 

a A l l  d e n s i t i e s  ( X )  transformed by y = loge  ( x  + 1).  



Table 29. S t a t i s t i c a l  comparison o f  the  l a r v a l  dens i t i es  
(1ogs)a between s t a t i o n  I ( r i v e r )  and 
s t a t i o n  I11 (Sturgeon Lake) f o r  each o f  t he  
ten  ca tegor ies  of f i s h  

Category 
o f  f i s h  I I I1 a 

b  
I- IIIC 

1 n  
a ~ v e r a g e  of the  logged d e n s i t i e s  = - l o g  (xi + I ) ,  

j = l  
where x i  = observed dens i ty  ( N o . )  and n  = number 
o f  samples (24) . .  

b ~ r o b a b i l i t ~  [ I t 1  > 01; HO: S t a t i o n  I = s t a t i o n  111. 

c+ = R ive r  s i g n i f i c a n t l y  h igher  than Sturgeon Lake. 
- = R ive r  s i g n i f i c a n t l y  lower than Sturgeon Lake. 
0 = No s i g n i f i c a n t  d i f f e r e n c e  between r i v e r  and lake. 



of these groups spawn i n  Minnesota waters du r ing  the  spr ing  ( l a t e  A p r i l  

t o  e a r l y  June 1. 

The spawning' peaks of two important  game species, wal leye and 

sauger, were probably missed dur ing  the  1  978 sampl i ng. During the  1  975 

bar  rack survey, S t izos ted ion spp. l a rvae  had t h e i r  h ighes t  d e n s i t i e s  

dur ing  'the l a s t  two, weeks o f  May (NUS 1976). According t o  Eddy and 

Underh i l l  (1 974) sauger spawn i n  A p r i l  and May i n  shal low water and 

wa'lleye spawn s h o r t l y  a f t e r  the  sp r ing  thaw, a1 so i n  sha l .10~  water. 

- .  Because the  peak spawning per iods  o f  some species may 'have n o t  

been inc luded i n  the  1978 survey, f i n a l  decis ions r e l a t i v e  t o  placement 

o f .  the  in take,  should be based on' a  more extensive data base. This i s  

p a r t i c u l a r l y  t r u e  of sauger and wal leye (perc idae) and the  sunf ish  and 

crappie (group . 4 ) .  Data f o r  g izzard  shad, cypr in idae,  wh i te  bass, 

drum, and. carp appears s u f f i c i e n t ,  however, f o r  making some t e n t a t i v e  

concl u s i  ons. 

O f  the above groups, on l y  g izzard  shad, wh i te  bass, and carp 

1 arvae were s i  gni  f i c a n t l y  h igher  i n  Sturgeon Lake. Cypri n i  dae were 

s i g n i f i c a n t l y  h igher  i n  the  r i v e r ,  wh i l e  no s i g n i f i c a n t  d i f f e r e n c e  

between the  r i v e r  and Sturgeon Lake were i nd i ca ted  f o r  drum eggs and 

la rvae  and sucker larvae.  According t o  Eddy and Underh i l l  (1974) a l l  

o f  t he  above species spawn i n  shal low water. R iver  hab i ta t s ,  such as 

those occur r ing  i n  the  main channel o f  t he  M iss i ss ipp i  near t h e  p lan t ,  

do n o t  appear t o  be favorable spawning h a b i t a t s  f o r  t he  above groups. 

It would appear, therefore,  from t h e  ana lys is  and i n t e r p r e t a t i o n  

of these data, t h a t  t o  minimize impacts t o  g izzard  shad, wh i te  bass, 

and carp, t he  i n take  should be loca ted  i n  the r i v e r .  For drum and 



suckers, t h e  l o c a t i o n  would make no d i f f e r e n c e  i n  terms o f  impact m i n i -  

m i z a t i o n  whi le,  f o r  t h e  cyp r in ids ,  placement o f  t he  i n t a k e  i n  an area 

o t h e r  than the  r i v e r  i s  p re ferab le .  Placement o f  t he  i n take  i n  the  

r i v e r  may a l so  tend t o  favo r  impact min imiza t ion  on the  sunfishes, 

crappie,  and percidae. 

Concern f o r  impact min imiza t ion  t o  the  g i  zzard shad popu la t ion  

does n o t  seem e c o l o g i c a l l y  j u s t i f i e d  because o f  t h e  abundance and pro-  

l i f i c  na ture  o f  t h i s  species. .As s ta ted  by Eddy and Underh i l l  (1374), 

i f  g i zza rd  shad were n o t  preyed upon, these h i g h l y  p r o l i f i c  f i s h  would 

r a p i d l y  become very abundant. S i m i l a r i l y ,  carp  and the  c y p r i n i d s  are  

ub iqu i tous  and pro1 i f i c  f ishes ; therefore, recommendations t o  re loca te  

t h e  i n t a k e  f o r  t h e  b e n e f i t  of these species does n o t  seem j u s t i f i e d .  

There does appear, however, t o  be a  p o t e n t i a l  problem w i t h  wh i te  

bass. The previous sec t i on  r e l a t e d  t o  PINGP entrainment impacts, p r o j -  

ec ted t h a t  1  t o  24% o f  the  wh i te  bass popu la t ion  i n  the area near PINGP 

may be a f f e c t e d  due t o  l a r v a l  entrainment through the  e x i s t i n g  i n take  

system. I f  t h i s  represents a  s i g n i f i c a n t  e f f e c t  on t h i s  popu la t ion  o f  

game f i s h ,  then a  dec is ion  t o  re loca te  the  i n t a k e  t o  minimize impacts 

on t h i s  species warrants considerat ion.  

Resul ts  o f  s t a t i o n s  I, 11, I 1 1  comparisons 

The t o t a l  eggs, t o t a l  larvae,  and la rvae  o f .  a1 1  t e n  categor ies 

were compared between s ta t i ons  I, 11, and I 1 1  us ing  Duncan's m u l t i p l e  

range t e s t  a t  an alpha ) l e v e l  of 0.05. Table 30 i n d i c a t e s  t h a t  

f o r  t o t a l  eggs, s t a t i o n s  I 1  and I 1 1  a re  n o t  s i g n i f i c a n t l y  d i f f e r e n t ;  

however, s t a t i o n  I ( r i v e r )  i s  s i g n i f i c a n t l y  h igher  than both I 1  and 



Table 30. Analysis o f  vari'ance and Duncan's M u l t i p l e  Range Test f o r  
a l l  eggs c o l l e c t e d  a t  s ta t ions  I, 11, and I11 during 
June 6-17, 1978 

Source d  f SS F P > F  

Sta t ion  

Day 

S t a t i o n  x day 10 2.6557 36.18 0.001 

Error  54 0.3964 

Tota l  (corrected)  7 1 7.0078 

Duncan's M u l t i p l e  Range Test ( a =  0.05) 

S t a t i o n  (Mean) 

I (0.4977 ) I1 (0.4032) I I1 (0.3560) 



I 11. Conversely, f o r  t o t a l  1  arvae, s t a t i o n  I 1 1  i s  s i g n i f i c a n t l y  h igher  

than e i t h e r  s t a t i o n s  I o r  I 1  which are  s i m i l a r  (Table 31 ). 

The average d e n s i t i e s  ( log- t ransformed) o f  each category o f  1  arvae 

were a1 so compared between s t a t i o n s  I t o  I 1 1  (Table 32). Gizzard shad, 

wh i te  bass, sun f i sh  and crappie,  percidae, and o the r  l a r v a e  a t  s t a t i o n s  

I and I 1  were no t  s i g n i f i c a n t l y  d i f f e r e n t ,  b u t  both s t a t i o n s  were 

s i g n i f i c a n t l y  1  ower than s t a t i o n  111. The d e n s i t i e s  o f  cyp r in idae  and 

catostomidae a t  s t a t i o n  I 1  were n o t  d i f f e r e n t  from those a t  s t a t i o n  I 1 1  

b u t  were s i g n i f i c a n t l y  lower than t h a t  a t  s t a t i o n  I. Drum l a r v a e  a t  

s t a t i o n  I 1  were s i g n i f i c a n t l y  lower than those a t  both s t a t i o n s  I and 

111, and carp l a r v a e  a t  s t a t i o n  I 1  were lower than I 1 1  b u t  h igher  than 

those a t  I. For  t h e  species o f  concern (wh i te  bass, perches, sun- 

f i shes ,  and g i zza rd  shad), d e n s i t i e s  a t  s t a t i o n  I 1  are s i m i l a r  t o  those 

a t  s t a t i o n  I b u t  s i g n i f i c a n t l y  lower than those a t  s t a t i o n  111. I n  

terms of impact m in im iza t i on  f o r  these species, there fore ,  i t  would 

make no d i f f e r e n c e  i f  the  i n t a k e  were l oca ted  i n  the  area o f  s t a t i o n  I 

o r  I I. When cons ide r ing  f reshwater  drum, however, s t a t i o n  11 would, be 

t h e  p re fe rab le  l o c a t i o n  of the  i n t a k e  because drum l a r v a e  a re  s i g n i f i -  

c a n t l y  lower  here  than a t  e i t h e r  s t a t i o n  I o r  111. 

Summary 

A shor t - te rm ich thyop lank ton  survey i n  the  area o f  PINGP i n d i c a t e s  

t h a t  t he  t o t a l  number o f  l a r v a e  c o l l e c t e d  i n  Sturgeon Lake was s i g n i f i  - 
c a n t l y  h igher  than t h a t  i n  t he  r i v e r .  Gizzard shad, w h i t e  bass, pe r -  

cidae, sunfish, and carp  l a r v a e  were s i g n i f i c a n t l y  h igher  i n  t h e  lake,  

w h i l e  t he  cyp r in idae  ( n o t  i n c l u d i n g  ca rp )  were s i g n i f i c a n t l y  h igher  i n  



Table 31. Ana lys is  o f  va r iance  and Duncan's M u l t i p l e  Range Test f o r  
a l l  l a r v a e  c o l l e c t e d  a t  s t a t i o n s  1-111 du r i ng  June 6-17, 1978 

Source d f SS F P >  F 

S t a t i o n  2 14.2767 318.55 0.001 

D  ay 5 2.1682 19.34 0.001 

S t a t i o n  x day 10 4.0433 18.04 0.001 

E r r o r  54 1.2101 

T o t a l  ( c o r r e c t e d )  7 1 4.6983 

Duncan's M u l t i p l e  Range Test ( a  = 0.05) 

S t a t i o n  (Mean) 
( 



Table 32. Duncan's M u l t i p l e  Range Test ( a = 0.05) f o r  t he  l a r v a l  
d e n s i t i e s  ( l o g  t ransform) o f  10 categor ies o f  f i s h  a t  
s t a t i o n s  I, 11, and 111. Underl ined s t a t i o n s  are no t  
s i g n i f i c a n t l y  d i f f e r e n t .  

- CdLt!y~r.y_ , I . - 

o f  f i s h  
. "  - .  . -  - 

S t a t i o n  (mean) 



the river.  There was no difference for  drum eggs and larvae and for 

Catastomidae larvae between the two areas. Total egg densi t ies  a t  

s ta t ion I1 were not d i f fe rent  from those a t  s ta t ion 111, b u t  total  

larval densi t ies  a t  s ta t ion I11 were higher than those a t  I1 or  I. A t  

s ta t ion ' 11, gizzard shad, white bass, sunfish, and percidae densit ies 

were not d i f fe rent  from those a t  s ta t ion I.  

Relocation of the present intake does not seem jus t i f ied  for  the 

purpose of minimizing impacts t o  gizzard shad or  carp. Relocation of 

the intake i n  the main r iver ,  however, would probably minimize impacts 

on the white bass population. 

Because the peak spawning periods of some species (par t icular ly of 

sauger and walleye) were probably not included i n  short term 1978 sur- 

vey, final decisions relat ive to  the placement of the intake would be 

more re1 iabl e i f  based on data from' a complete spawning season. 

A1 ternative 1 ocation summary 

Table 33 summarizes the resu l t s  of the preceding section and i n d i  - 
cates the possible best locations of the intake for  minimizing impinge- 

ment and entrainment impacts. There i s  no conclusive evidence which 

demonstrates the best location for  the intake. Decisions concerning 

intake 1 ocation could vary depending upon the trophic group considered, 

the year, o r  the manner i n  which data are  analyzed. Decisions based on 

individual year analysis may be different  when several years a re  con- 

sidered. 

The f i sh  electroshocking data were judged inadequate for  the p u r -  

pose of making rel iable  decisions re la t ive  to  intake locations, and the 



Tab le  33. Summary o f  r e s u l t s  r e l a t i v e  t o  t he  bes t  l o c a t i o n a  of t h e  
i n t a k e  f o r  m in im iz i ng  impacts t o  va r i ous  t r o p h i c  groups 

. -. - Year data analyzed -- -- A -- 

P d r a m ~  t c r  

Phy top lank ton  d e n s i t y  R i v e r  ND ND R i v e r  

P r ima ry .  p roduc t i on  R i v e r  I4 D  - - R i v e r  

Zooplankton d e n s i t y  Lake ND ND ND 

F i s h  CPUE - - - - - - IJD 

Game vs nongame CPUE R i v e r  ND - - ND 

I c h t h y o p l  ank ton' d,ens i t y  

(1) t o t a l  eggs 
( 2 )  t o t a l  l a r v a e  
( 3 )  va r i ous  ca tego r i es  

(see l a b l e  29) 

I-ake 
R i v e r  

aK iver  = placement o f  i n t a k e  i n  r i v e r  ~n i r i im izes  impacts; Lake = 
p l  acement i n  1  ake. min imizes impacts; NCI = no d i f f e r e n c e  between 1 ake 
and r i v e r .  



ana lys i s  and i n t e r p r e t a t i o n  o f  t he  p lank ton  data are  complicated by 

h igh  v a r i a b i l i t y  a t t r i b u t e d  t o  p e r i o d i c  h igh  r i v e r  f lows. A short - term 

i n t e n s i v e  ichthyoplankton survey has i n d i c a t e d  t h a t  wh i te  bass i s  t he  

on ly  species f o r  which r e l o c a t i o n  o f  t he  i n t a k e  seems j u s t i f i e d .  A 

complete season o f  spawning data f o r  t he  major f i s h  species as we l l  as 

r e l i a b l e  est imates o f  j u v e n i l e  and a d u l t  popu la t ions  near PINGP, how- 

ever, would be des i rab le  i f  t h i s  o p t i o n  were s e r i o u s l y  considered. 

SUMMARY 

. This r e p o r t  has addressed two o f  the  main, i ssues  i n  316(b) demon- 

s t r a t i o n s  : environmental impacts .associated w i t h  c o o l i n g  water i n t a k e  

opera t ion  and l oca t i on .  . We have co'nducted an independent ana lys i s  and 

eva lua t ion  o f  the  P r a i r i e  I s l and  Nuclear Power .P lan t  31 6(b)  data base 

t o  i 11 u s t r a t e  assessment ,approaches and s t r a t e g i e s  usefu l  i n  addressing 

these major 316(b,) issues. 

P r i n c i p a l  causes o f  eco log ica l  impacts o f  power-pl an t  opera t ion  

a re  entrainment and impingement. 'Two major  aspects o f . e n t r a i n m e n t ,  

p r e d i c t i o n s  o f  impact on a d u l t  f i s h  and entrainment su rv i va l  o f  

plankton, were addressed i n  t h i s  repo r t .  By us ing  the  "equ iva len t  

a d u l t s "  technique and c o r r e c t i n g  f o r  many o f  the  i nhe ren t  biases, t he  

range o f  losses  t o  a d u l t  stocks due t o  entrainment o f  l a r v a e  o f  sauger 

and wh i te  bass. was est imated t o  be 2 t o  28% and 2 t o  72%, respec- 

t i v e l y .  The t r u e  impacts are  probably i n  t he  upper p o r t i o n  o f  these 

p ro jec ted  ranges. The c r i t i c a l  va r i ab les  r e l a t e d  t o  p rec i se  d e t e m i n a -  

t i o n s  of through-plant  m o r t a l i t y  o f  l a r v a e  a re  sample s i z e  (number o f  



i n d i v i d u a l  s  o f  a  species c o l l e c t e d  a t  e i t h e r  i n t a k e  o r  discharge) and 

s u r v i v a l  i n  the  i n t a k e  sample. 

An assessment of impingement impacts was made by comparing f o r  

each o f  var ious  species t h e  f i s h  impinged t o  est imates o f  popu la t ion  

s ize.  Th is  method i s  probably very imprecise, however, because of the  

problems invo lved  i n  o b t a i n i n g  popu la t ion  estimates. 

A reasonabl e  approach f o r  eval u a t i  ng the  eco log ica l  e f fec ts  o f  

i n t a k e  1  oca t ion  i s  t o  compare t h e  s t r u c t u r e  and p r o d u c t i v i t y  of b io log -  

i c a l  communities i n  t h e  i n t a k e  area and o the r  aquat ic  areas near the  

p l a n t .  I n  t h i s  study, t h i s  was accomplished by s t a t i s t i c a l l y  comparing 

d e n s i t i e s  o f  p lank ton and f i s h  between t h e  i n take  area (Mouth o f  

Sturgeon Lake ) and the  l e s s  product ive  M iss i ss ipp i  R iver  channel . 
Based on t h i s  comparison, there  was no conclus ive evidence demonstrat- 

i n g  t h e  bes t  l o c a t i o n  o f  t h e  i n t a k e  f o r  min imiz ing eco log ica l  impacts. 

Decis ions concerni ng i ntake 1  ocat ions  cou ld  vary depending on the  

t r o p h i c  group considered and t h e  yea r  f o r  which data a re  analyzed. 

B i o l  og ica l  parameters can vary s i g n i f i c a n t l y  from year  t o  year;  there-  

fo re ,  decis ions r e l a t i v e  t o  i n t a k e  l o c a t i o n  should be based on data 

which are  representa t ive  o f  average years and data which a r e  c o l l e c t e d  

du r ing  per iods o f  h ighest  b i o l o g i c a l  a c t i v i t y  and product ion. 
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