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INTRODUCTION 

Migrat ing salmon and s t ee lhead  may t r a v e l  s e v e r a l  hundred m i l e s  t o  and 

f rom t h e  o c e a n  i n  t h e  r i v e r s  of t h e  w e s t e r n  U n i t e d  S t a t e s  t o  c o m p l e t e  t h e i r  

l i f e  cycles .  Numerous dams, power p l a n t s ,  and r e s e r v o i r s  l oca t ed  a long  t h e i r  

r o u t e s  have  c a u s e d  s i g n i f i c a n t  l o s s e s  of f i s h .  To r e d u c e  t h e  l o s s e s  of 

j u v e n i l e  s a l m o n i d s  p a s s i n g  t h r o u g h  t h e  power g e n e r a t i n g  t u r b i n e s ,  t h e  f i s h  

mus t  be  s c r e e n e d  f r o m  t h e  t u r b i n e  i n t a k e s .  The most  e f f e c t i v e  method of  

- achieving  t h i s  has  been t o  employ submers ib le  t r a v e l i n g  sc reens  (STS) t o  guide 

f i s h  o u t  of  t h e  t u r b i n e  i n t a k e s  i n t o  t h e  g a t e s l o t s  ( F i g u r e  1). From t h e  

g a t e s l o t  f i s h  a r e  p a s s e d  t h r o u g h  o r i f i c e s  i n t o  a  bypass  t h a t  c a r r i e s  them 

around t h e  dam i n t o  raceways where they  can be e i t h e r  r e l ea sed  below t h e  dam 

o r  t r anspor t ed  by barge o r  t r u c k  t o  s a f e  r e l e a s e  a r e a s  downstream. 

Lower Grani te  and L i t t l e  Goose Dams a r e  t h e  upstream c o l l e c t i o n  s i t e s  f o r  

smol t s  t o  be t r anspor t ed  from t h e  Snake River. Optimizing c o l l e c t i o n  a t  t h e s e  

dams i s  v i t a l  t o  t h e  s u c c e s s  of  t h e  t r a n s p o r t a t i o n  program. 

I n d i r e c t  e s t i m a t e s  o f  t h e  f i s h  c o l l e c t i o n  e f f i c i e n c i e s  (FCE) f o r  

y e a r l i n g  c h i n o o k  sa lmon  a t  Lower G r a n i t e  Dam w i t h  100% of  t h e  f l o w  p a s s i n g  

through t h e  powerhouse was only 30% (Sirns e t  a l .  1982)--s ignif icant ly l e s s  t h e  

t h e  >70% p o t e n t i a l  c o l l e c t i o n ,  a s s u m i n g  t h a t  mos t  of t h e  f i s h  g u i d e d  o u t  of  

i n t a k e s  were  u l t i m a t e l y  c o l l e c t e d  and  t h a t  STS g u i d a n c e  e f f i c i e n c y  was a t  

l e a s t  comparable t o  t h a t  measured a t  McNary and Bonneville Dams (Krcma e t  a l .  

1980 and 1982). By c o n t r a s t ,  t h e  60% FCE es t ima ted  f o r  s t ee lhead  was on ly  

s l i g h t l y  u n d e r  t h e  t h e o r e t i c a l  p o t e n t i a l .  I f  t h e  e s t i m a t e s  by S ims  a r e  

accu ra t e ,  then  t h e  reasons  f o r  t h e  low FCEs a t  Lower Grani te  Dam need t o  be 

determined and r e c t i f i e d .  

P o s s i b l e  r e a s o n s  f o r  t h e  l o w  FCEs a t  Lower G r a n i t e  Dam were :  1 )  

powerhouse ope ra t ions ,  e s p e c i a l l y  t u r b i n e  shutdown, dur ing  c r i t i c a l  per iods  of 
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LOWER GRANITE DAM 

Figure  1.--Typical t u r b i n e  i n t a k e  a t  Lower Gran i t e  Dam. 



downstream f i s h  movement; 2) f ish-guiding e f f i c i e n c i e s  (FGE) of STSs not  being 

a s  h i g h  a s  e x p e c t e d ;  o r  3) l o w e r  FGE o r  o r i f i c e  p a s s a g e  b e c a u s e  of v e r t i c a l  

b a r r i e r  s c r e e n  d e s i g n s .  The o b j e c t i v e  of  t h e  s t u d y  r e p o r t e d  h e r e i n  was t o  

i s o l a t e  t h e  cause(s)  of t h e  low FCEs a t  Lower Grani te  Dam. 

METHODS AND MATERIALS 

To accomplish t h e  o b j e c t i v e s  of t h e  s tudy,  t h e  National  Marine F i s h e r i e s  

Service (NMFS) divided i ts  re sea rch  i n t o  s i x  t a sks :  

( 1 )  Task 1--Compare FGEs of  a  s t a n d a r d  and m o d i f i e d  STS working  i n  

c o n j u n c t i o n  w i t h  a s t a n d a r d  v e r t i c a l  b a r r i e r  s c r e e n  (SVBS) and a  b a l a n c e d  

f low v e r t i c a l  b a r r i e r  s c reen  (BFVBS) (Krcma e t  a l .  1982) a t  var ious  tu rb ine  

loads .  

( 2 )  Task 2--Determine i f  o r i f i c e  p a s s a g e  e f f i c i e n c y  (OPE) f rom t h e  

g a t e w e l l  t o  t h e  c o l l e c t i o n  s y s t e m  c o u l d  b e  improved by m o d i f y i n g  b a r r i e r  

s c r e e n  design. 

(3) Task 3--Determine i f  f i s h  were s t r e s s e d  d i f f e r e n t i a l l y  by t h e  two 

types  of b a r r i e r  screens.  

( 4 )  Task 4--Assess w h e t h e r  t h e  f l o w  of  w a t e r  t h r o u g h  t h e  two t y p e s  of 

b a r r i e r  screens  caused f i s h  impingement problems. 

(5) Task 5--Assess whether FCE was a f f e c t e d  by u n i t  outage. 

(6) Task 6--Determine t h e  v e r t i c a l  d i s t r i b u t i o n  of juveni le  s a l m o n i d s  

e n t e r i n g  a  tu rb ine  i n t a k e  without  an  STS i n  place. [This  t a s k  was added a f t e r  

NMFS and U.S. Army Corps o f  E n g i n e e r s  (CofE) p e r s o n n e l  made a  p r e l i m i n a r y  

a n a l y s i s  of t h e  FGE da ta ] .  

To ensure s u f f i c i e n t  t ime during t h e  smol t  migra t ion  t o  proper ly  complete 

a l l  t h e  t a s k s ,  STS FGE, OPE, and s t r e s s  t e s t s  were conducted simultaneously. 

Due t o  f i s h e r y  agencies  concerns about t h e  depressed numbers of spr ing  chinook 

sa lmon  i n  t h e  Snake R i v e r ,  U n i t s  4  and  5  were  used  f o r  t e s t i n g .  Fewer 
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f i n g e r l i n g s  p a s s  t h r o u g h  t h e s e  u n i t s  t h a n  t h r o u g h  U n i t s  1 ,  2 ,  and 3 ,  s o  t h e  

r e sea rch  experiment involved l e s s  impact on f i n g e r l i n g  migration. 

Experimental Equipment 

The t u r b i n e  i n t a k e s  of  Lower G r a n i t e  D a m  ( F i g u r e  1 )  a r e  b a s i c a l l y  

i d e n t i c a l  t o  those  of o the r  h y d r o e l e c t r i c  dams on t h e  lower Snake and Columbia 

R i v e r s  w i t h  t h e  e x c e p t i o n  of  a  s p e c i a l  f i s h  s c r e e n  s l o t  (FSS) c o n s t r u c t e d  

u p s t r e a m  f rom e a c h  i n t a k e  bu lkhead  s l o t  (BHS). A s p e c i a l  f i n g e r l i n g  b y p a s s  

g a l l e r y  i s  i n c o r p o r a t e d  i n t o  t h e  c o l l e c t i o n  s y s t e m  t o  r e c e i v e  f i n g e r l i n g s  

through two submerged 20.3 cm (8-inch) d iameter  o r i f i c e s  (nor th  and south)  from 

each BHS and FSS. The ope ra t ing  depth  of t h e  submerged o r i f i c e s  can va ry  from 

1.2 t o  2.3 m ( 4  t o  8  f e e t )  depend ing  on f o r e b a y  e l e v a t i o n s  (Mat thews e t  a l .  

1977). 

The f o l l o w i n g  equ ipmen t  o r  s e r v i c e s  were  used  t o  conduc t  t h e  r e q u i r e d  

r e sea rch :  

1) Two STSs, e a c h  equ ipped  w i t h  a  f y k e  n e t  f r a m e  c a p a b l e  of h o l d i n g  a  

f u l l  complement of fyke and gap nets .  

2) Two b a l a n c e d  f l o w  v e r t i c a l  b a r r i e r  s c r e e n s  (BFVBS)--two s t a n d a r d  

v e r t i c a l  b a r r i e r  screens  (SVBS) were m o d i f i e d  by a t t a c h i n g  p e r f o r a t e d  p l a t e  

w i t h  30% open a r e a  t o  t h e  downstream s i d e  of t h e  screened panels.  

3 )  Two por t ab le  o r i f i c e  t raps .  

4) A s p e c i a l  bracket  and an  underwater t e l e v i s i o n  camera. 

5) Two gatewel l  d i p  n e t s  (Swan e t  a l .  1979). 

6)  On-deck f i s h  examining f a c i l i t i e s .  

7 )  Two mobile c ranes .  

8 )  CofE se rv ices :  

a )  Gantry crane  s e r v i c e  f o r  STS FGE t e s t s .  



b) Gantry c rane  s e r v i c e  f o r  modifying t h e  VBS t o  a  BFVBS. 

c )  Modify one STS. (Remove s o l i d  p l a t e  i n  l ead ing  end).  

Measurements and Procedures 

STS F i sh  Guiding Ef f i c i ency  

T e s t s  were  conduc ted  i n  I n t a k e s  4 A  and  4B w i t h  two STSs e q u i p p e d  w i t h  

f r a m e s  f o r  a t t a c h i n g  t h e  f y k e  n e t s .  The f y k e  n e t s  i n c l u d e d  two  c l o s u r e  n e t s  

a t t a c h e d  t o  t h e  back  of  t h e  STS and  a v e r t i c a l  row of  f i v e  n e t s  a t t a c h e d  t o  

t h e  f y k e  n e t  f r a m e  ( F i g u r e  2). Four  o f  t h e s e  n e t s  were  a p p r o x i m a t e l y  6.5 f t  

square  and one n e t  was approximately 2.5 x 6.5 f t .  The gap n e t ,  a t t ached  near  

t h e  top  of t h e  STS, captured f i n g e r l i n g s  t h a t  passed through t h e  space between 

t h e  top  of t h e  STS and t h e  conc re t e  beam t h a t  d i v i d e s  t h e  opera t ing  g a t e  s l o t  

and bulkhead s l o t .  

The procedures f o r  de te rmining  FGE were s i m i l a r  t o  those  used i n  previous 

e x p e r i m e n t s  o f  t h i s  t ype .  G a t e w e l l  d i p n e t  c a t c h e s  p r o v i d e d  t h e  number o f  

guided f i s h ;  ca t ches  from t h e  gap and fyke n e t s  a t t ached  t o  t h e  STS provided 

numbers  o f  ungu ided  f i s h .  

During FGE t e s t s  f o r  eva lua t ing  t h e  BFVBS under varying t u r b i n e  loads ,  

g u i d e d  f i s h  numbers  i n c l u d e d  o n l y  f i s h  f r o m  t h e  BHS. However, d u r i n g  t h e  

s e r i e s  of FGE t e s t s  conducted f o r  t h e  modif ied STS a t  t h e  135 MW load,  guided 

f i s h  included f i s h  from both t h e  BHS and FSS. 

FGE was c a l c u l a t e d  a s  g u i d e d  f i s h  d i v i d e d  by t h e  t o t a l  number of  f i s h  

pass ing  through t h e  i n t a k e  dur ing  t h e  t e s t  per iod:  

FGE = t i w  x 100 
GWH;N+3(FN)+CN 

GW = ga tewe l l  c a t c h  (BHS + FSS when a p p l i c a b l e )  
GN = gapnet  c a t c h  
FN = fyke n e t  c a t c h  
CN = c l o s u r e  n e t  c a t c h  
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Figure  2.--STS, r e sea rch  n e t s ,  and framework used i n  FGE t e s t s  a t  Lower Grani te  
Dam shown i n  t h e  t e s t i n g  p o s i t i o n  i n  t h e  t u r b i n e  in t ake .  



To m i n i m i z e  m o r t a l i t y  of f i s h  i n  f y k e  n e t s ,  most  STS FGE c a l c u l a t i o n s  

used e s t i m a t e s  of unguided f i s h  d e r i v e d  f rom a o n e - t h i r d  sample  of t h e  

f i n g e r l i n g s  passing below the  STS. This was accomplished by trapping f i s h  i n  

a s i n g l e  v e r t i c a l  column of fyke n e t s  t h a t  f i shed  the  cen te r  one-third of the  

in take  not  in tercepted  by the  STS. Nets were i n  place i n  the  remaining a r e a  

of  t h e  i n t a k e ,  b u t  t h e  cod ends  o f  t h e  n e t s  were  l e f t  open t o  a l l o w  f i s h  t o  

pass on through t h e  intake. The f u l l  complement of n e t s  r a t h e r  than a s i n g l e  

row of n e t s  was used t o  a s s u r e  a n  a c c u r a t e  measure  of unguided f i s h .  

D i f f e r e n t i a l  f low condi t ions  due t o  the  absence of n e t s  on e i t h e r  s i d e  of the  

c e n t e r  n e t s  c o u l d  c a u s e  f i s h  t o  v e e r  o f f  and n o t  be  caught .  To v e r i f y  t h e  

v a l i d i t y  of t h i s  e s t ima te ,  we a l s o  conducted some t e s t s  t h a t  included fyke ne t  

ca tches  from the  f u l l  complement of nets .  

The sequence  of e v e n t s  f o r  c o n d u c t i n g  a t y p i c a l  STS FGE tes t  was a s  

fol lows : 

1) Unit 4 was shut  down. 

2)  The STSs wi th  a t tached fyke ne t  frames were lowered i n t o  pos i t ion  i n  

Gatewells 4A and 4B. 

3) The bypass  o r i f i c e s  i n  G a t e w e l l  4A and 4B were c l o s e d ,  and t h e  

ga tewel l  was dipped t o  remove a l l  f i s h  present  a t  t h a t  time. 

4) Unit 4 was returned t o  se rv ice  and brought t o  f u l l  load. 

5) The number of f i s h  e n t e r i n g  t h e  g a t e w e l l  was moni to red  by 

pe r iod ic  d ipnet  t ing . 
6) The t e s t  was terminated when adequate numbers of f i s h  f o r  s t a t i s t i c a l  

needs were col lec ted .  

7) The turbine  was shut  down, and a f i n a l  cleanout  d i p  was made. 

8) The STSs w i t h  a t t a c h e d  f y k e  n e t s  and f r a m e s  were b rough t  t o  t h e  

s u r f a c e ,  and t h e  f i s h  were removed f rom t h e  n e t s  f o r  i d e n t i f i c a t i o n  and 

enumeration 



9) The u n i t  was returned t o  service .  

Each t e s t  was about 2 t o  8 h long depending upon the  densi ty  of the  f i s h  run. 

The turbine  was shut  down f o r  about 2 h t o  i n s t a l l  o r  remove the  STS. 

Tests  were s t a r t e d  during the  afternoon and terminated about 2100 o r  2200 

h when adequate numbers of f i s h  had been guided i n t o  t h e  gatewell.  The number 

of guided f i s h  removed from the  ga tewel l  by d ipne t t ing  determined t h e  durat ion 

of a  t e s t .  The e x p e r i m e n t a l  d e s i g n  r e q u i r e d  s p e c i f i c  sample  s i z e s  and 

r e p l i c a t e s  t o  s a t i s f y  spec i f i ed  s t a t i s t i c a l  s ign i f i cance  l e v e l s  f o r  detec t ing 

r e l e v a n t  d i f f e r e n c e s  of a  s t a t e d  magnitude.  Th i s  c a l l e d  f o r  t h r e e  o r  more 

r e p l i c a t e s  w i t h  a g o a l  of 200 f i s h  p e r  sample  ( g a t e w e l l  c a t c h )  f o r  each  

condit ion tested.  Contingency t a b l e  procedures using the  log-likelihood 

G-tes t  were used i n  t h e  s t a t i s t i c a l  a n a l y s i s  (Sokal  and Rohlf ,  1981). The 

formulas and procedures used a r e  given i n  Appendix A. 

The number of f i s h  caugh t  and s a c r i f i c e d  i n  t h e  fyke  n e t s  v a r i e d  

depending upon the  STS FGE, e.g., i f  200 f i s h  were i n  the  gatewel l  with an FGE 

of 40X, 300 f i s h  would have passed  on th rough  t h e  i n t a k e  and 100 of t h e s e  

(assuming a one-third sample) would be caught i n  the  fyke n e t s  under each STS 

per r e p l i c a t e ;  i f  FGE was 80%,only 17 f i s h  per r e p l i c a t e  would be sacr i f iced.  

Therefore, f o r  each STS condit ion t e s t e d  the  t o t a l  number of net  caught f i s h  

would not exceed 600 f i s h  (100 x 2 STSs x 3 r e p l i c a t e s  = 600) a t  a  40% FGE and 

102 f i s h  a t  80% FGE. 

I f  t h e  FGEs d u r i n g  t h e  b a s i c  t e s t s  were n o t  a c c e p t a b l e  ( l e s s  than  75X), 

c e r t a i n  a d d i t i o n a l  m o d i f i c a t i o n s  o r  o p e r a t i n g  p rocedures  were t o  be 

i n v e s t i g a t e d :  (1 )  i f  l a r g e  numbers of f i s h  were be ing  d e f l e c t e d  under  t h e  

screen (determined from closure  ne t  da ta) ,  e l imina te  a sec t ion  of s o l i d  p l a t e  

from the  lower port ion of the  STS t o  increase  i t s  porosi ty o r  (2) improve FGE 

by operat ing the  STS a t  a  reduced turbine  load. 
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Orif i c e  F i sh  Passage E f f i c i e n c y  

OPE t e s t s  were  conduc ted  a t  t h e  same t i m e  as t h e  STS FGE t e s t s  i n  

Gatewel l s  5A and 5B. Gatewell  5A was equipped w i t h  a  BFVBS, and Gatewell  5B 

c o n t a i n e d  a SVBS f o r  c o n t r o l .  O r i f i c e  t r a p s  were  i n s t a l l e d  i n  t h e  b y p a s s  

g a l l e r y  f o r  t h e  n o r t h  o r i f  i c e  i n  each ga tewel l .  The south  o r i f i c e  remained 

c l o s e d  d u r i n g  t h e  n o r m a l  OPE t e s t s .  A minimum of  t h r e e  r e p l i c a t e s  of  24 h 

d u r a t i o n  w e r e  c o n d u c t e d  w i t h  u n i n t e r r u p t e d  f u l l y  l o a d e d  (135  MW) u n i t  

ope ra t ion  during t h e  t e s t  periods. The o r i f i c e  t r a p s  (F igure  3) were a t tended  

c o n t i n u o u s l y  d u r i n g  e a c h  24-h test .  An OPE t es t  w a s  s t a r t e d  a t  1200 h by 

c l ean ing  r e s i d u a l  f i s h  ou t  of Gatewel l s  5A and 5B. Dipping t h e  g a t e w e l l  c l ean  

t o  c a p t u r e  t h e  r e s i d u a l  f i s h  a f t e r  24 h t e r m i n a t e d  a t e s t .  A 72-h t e s t  

c o n s i s t e d  of  t h e  same p r o c e d u r e s  e x c e p t  t h a t  t h e  c l e a n o u t  d i p  a t  t h e  end  of  

t h e  t e s t  was made a f t e r  72 h of  o r i f i c e  o p e r a t i o n .  The OPE w a s  measu red  by 

compar ing  t h e  number of r e s i d u a l  f i s h  t o  t h e  t o t a l  number of  f i s h  c a u g h t  i n  

t h e  o r i f  i c e  t r a p  f o r  e a c h  p e r i o d .  Con t ingency  t a b l e s  u t i l i z i n g  c h i - s q u a r e  

and/or  t h e  "GI1 s t a t i s t i c  were used t o  ana lyze  t h e  d a t a  f o r  s ign i f i cance .  

S t r e s s  E f f e c t s  on F i sh  by B a r r i e r  Screens 

Descal ing of f i s h  was monitored a s  a  measure of f i s h  qua l i t y .  A f i s h  was 

considered desca led  i f  i t  was miss ing  approximately 10% o r  more of i t s  sca l e s .  

I n  a d d i t i o n ,  s a m p l e s  of 20 t o  30 f i s h  f rom G a t e s l o t s  4A, 4B, 5A, and  5B 

were t r anspor t ed  t o  t h e  l a b o r a t o r y  a t  t h e  c o l l e c t i o n  f a c i l i t y  and subjec ted  t o  

a  s e a w a t e r  c h a l l e n g e  ( P a r k  e t  a l .  1983).  These t e s t s  were  d e s i g n e d  t o  

d e t e r m i n e  i f  f i s h  were  s t r e s s e d  d i f f e r e n t i a l l y  by t h e  d i f f e r e n t  t y p e s  o f  

b a r r i e r  screens.  A l l  of t h e s e  t e s t s  were coord ina ted  wi th  o the r  NMFS s t r e s s  

s t u d i e s .  



F i g u r e  3 , - - O r i f i c e  t r a p s  and a f i s h  examina t ion  s t a t i o n  were l o c a t e d  i n  t h e  
f i n g e r l i n g  b y p a s s  g a l l e r y .  



In spec t ion  of VBS :or Impinged F i sh  

An underwater  TV camera, mounted on a  s p e c i a l  b racke t ,  was p e r i o d i c a l l y  

lowered i n t o  t h e  g a t e w e l l  t o  scan  t h e  SVBS and BFVBS f o r  evidence of impinged 

f i s h  and debr i s .  These obse rva t ions  were recorded on a  video-tape system. 

E f f e c t s  of Unit  Outage on F i sh  Co l l ec t i on  E f f i c i e n c y  

These tests were conducted t o  de te rmine  i f  a  s i g n i f i c a n t  percentage of 

t h e  f i n g e r l i n g s  i n  t h e  g a t e w e l l  swam back o u t  of t h e  g a t e w e l l s  dur ing  r o u t i n e  

s h u t  down. Two i n t e r v a l s  of down t i m e  were t e s t e d :  (1) a s h o r t  term (about 

30 min)  and  (2 )  a l o n g  t e r m  ( a b o u t  2 h). A g r o u p  o f  100  marked  f i s h  were  

r e l e a s e d  i n t o  t h e  g a t e w e l l  p r i o r  t o  t h e  shu t  down. Immediately a f t e r  t h e  u n i t  

was r e t u r n e d  t o  s e r v i c e ,  r e c o v e r i e s  of marked f i s h  were recorded from g a t e w e l l  

d i p n e t  and  o r i f  i c e  t r a p  c a t c h e s .  T e s t s  we re  c o n d u c t e d  f o r  b o t h  d a y t i m e  and  

n i g h t t i m e  cond i t i ons ,  and each  t e s t  was r e p l i c a t e d  t h r e e  t i m e s .  S t a t i s t i c a l  

ana lyses  of t h e  d a t a  were s i m i l a r  t o  t h a t  used f o r  t h e  OPE t e s t .  

V e r t i c a l  D i s t r i b u t i o n  of F i n g e r l i n g s  

Measures of v e r t i c a l  d i s t r i b u t i o n  of f i n g e r l i n g s  provided t h e  means t o  

de te rmine  t h e  p ropor t i on  of f i s h  t h a t  should have been guided by an  STS i n t o  

t h e  g a t e w e l l  by  c o m p a r i n g  t h e  f i s h i n g  d e p t h  of  t h e  STS w i t h  t h e  measu red  

v e r t i c a l  d i s t r i b u t i o n  by s p e c i e s  e n t e r i n g  t h e  t u r b i n e  i n t a k e s .  V e r t i c a l  

d i s t r i b u t i o n  t e s t s  w e r e  c o n d u c t e d  w i t h  t h e  STS removed ( F i g u r e  4) u s i n g  

s t anda rd  procedures  e s t a b l i s h e d  by NMFS i n  s i m i l a r  t e s t i n g  a t  o t h e r  dams. 

RESULTS 

STS Fish  Guiding E f f i c i e n c y  

The FGE f o r  chinook salmon was unacceptab le  and s i g n i f i c a n t l y  lower than  

measu red  f o r  s t e e l h e a d  (G=566.43, d f = l ,  P<0.001). The a v e r a g e  FGEs f o r  a l l  

t h e  test cond i t i ons  combined were 50 and 74% f o r  chinook salmon and s t ee lhead ,  

r e s p e c t  i v e l y ,  (Figure 5) (Appendix B). 
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El. 751.0 

Figure  4.--Fyke n e t  frame and n e t s  a r e  shown i n  p o s i t i o n  t o  s tudy  t h e  v e r t i c a l  
d i s t r i b u t i o n  of  j u v e n i l e  salmonids e n t e r i n g  a  t u r b i n e  i n t a k e .  



MW MW MW 
CHINOOK SALMON 

MW MW MW 
STEE LHEAD 

- F i g u r e  5.--Percent f i s h  g u i d i n g  e f f i c i e n c y  o f  t h e  s u b m e r s i b l e  t r a v e l i n g  s c r e e n  
o p e r a t e d  i n  a g a t e w e l l  w i t h  a s t a n d a r d  v e r t i c a l  b a r r i e r  s c r e e n  i n  
comparison w i t h  one equipped w i t h  a  b a l a n c e d  f low v e r t i c a l  b a r r i e r  
s c r e e n .  The symbol (H) r e p r e s e n t s  upper and lower  95% c o n f i d e n c e  
l i m i t s  ( P e r c e n t  FGE d i d  n o t  i n c l u d e  f i s h  from t h e  FSS). 



Compar isons  of  FGE b e t w e e n  g a t e w e l l s  c o n t a i n i n g  a  SVBS and a  BFVBS 

i n d i c a t e d  t h a t  t h e  e f  f e e t  o f  t h e  BFVBS on  FGE v a r i e d  d e p e n d i n g  on  t u r b i n e  

loads. The h ighes t  FGE occurred a t  100 MW f o r  chinook salmon and a t  135 MW 

f o r  s t e e l h e a d .  A s i g n i f i c a n t  i n c r e a s e  of  5  t o  10% was n o t e d  f o r  c h i n o o k  

s a l m o n  a t  100  M W  (G19.64, d f = l ,  P=0.002) and 135  M W  (G=10.00, d f = l ,  P=0.001) 

l o a d s  and  no s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  155 MW l o a d  (G-0.88, d f = l ,  

P30.35). Contrary t o  t h i s ,  t h e  s t ee lhead  FGE w i t h  t h e  BFVBS was s i g n i f i c a n t l y  

r e d u c e d  by a b o u t  10% a t  b o t h  t h e  135 and  155 M W  l o a d s  [87  v s  78% (G=18.599, 

d f = l ,  P<0.001) and  70 v s  60% (Ge44.32, d f = l ,  P<0.001), r e s p e c t i v e l y ] .  

However, l i k e  t h e  chinook salmon, s t e e l h e a d  a l s o  showed a  s i g n i f i c a n t  b e n e f i t  

i n  FGE w i t h  a  BFVBS a t  t h e  100  M W  t u r b i n e  l o a d  [70  v s  76% (G=10.46, d f = l ,  

P<O.OOl . ) I  

Changing s o l i d  p l a t e  t o  pe r fo ra t ed  p l a t e  i n  t h e  lower po r t ion  of t h e  STS 

s i g n i f i c a n t l y  improved t h e  FGE f o r  chinook salmon (G=26.76, d f = l ,  P<0.01) bu t  

s i g n i f i c a n t l y  decreased FGE f o r  s t ee lhead  (Gs215.7, df-1, P<0.001) (Table 1). 

Even though improved, t h e  FGE f o r  chinook salmon was s t i l l  unacceptable.  

Orif  i c e  Passage Ef f i c i ency  

OPE from t h e  g a t e w e l l  t o  t h e  c o l l e c t i o n  system d i d  no t  show a  c o n s i s t e n t  

p a t t e r n  d u r i n g  VBS t e s t s .  Two t i m e  p e r i o d s  (24- and  72-h) of  g a t e w e l l  

accumulat ion were t e s t e d  wi th  a  SVBS and BFVBS (Table 2). Of concern is t h e  

low OPE f o r  s t e e l h e a d  (16  t o  3 0 % ) .  A l so  c o n f u s i n g  was t h e  f a c t  t h a t  t h e  

l o w e s t  OPE o c c u r r e d  f o r  t h e  72-h t e s t  when t h e o r e t i c a l l y  t e s t s  of  t h i s  

d u r a t i o n  s h o u l d  have  r e s u l t e d  i n  t h e  h i g h e s t  OPE. With t h e s e  d a t a ,  i t  was 

d i f f i c u l t  t o  d e t e r m i n e  i f  b a r r i e r  s c r e e n  d e s i g n  made a  d i f f e r e n c e .  OPE f o r  

c h i n o o k  s a l m o n  (57 t o  66%) was a l s o  l e s s  t h a n  a c c e p t a b l e  f o r  b o t h  t y p e s  of 

b a r r i e r  s c reen  condit ions.  



Table 1.--A comparison of the  FGE f o r  chinook salmon and s tee lhead wi th  
t h e  s o l i d  p l a t e s  i n  t h e  lower p a r t  of t h e  STS replaced wi th  
perfora ted  p l a t e .  

Condition Number 
and spec ies  g u ~ ~ ~ '  unguided Total  Perc5?t FGL 

Chinook 

With s o l i d  
p l a t e  

Without 
s o l i d  p l a t e  

Steelhead 

With s o l i d  
p l a t e  

Without 
s o l i d  p l a t e  3,113 967 

11 Number guided included both BHS and FSS numbers. FSS numbers f o r  - 
t e s t s  with s o l i d  p l a t e s  (*) were est imated by using a percentage 
f a c t o r  determined from confirmed FSS ca tches  made during t e s t s  
without s o l i d  p l a t e s .  

2 1  D i f f e r e n c e s  i n  FGE, w i t h  and w i t h o u t  s o l i d  p l a t e s ,  were  s t a t i s t i c a l l y  - 
d i f f e r e n t  wi th  a p r o b a b i l i t y  of l e s s  than 0.005 f o r  both chinook salmon 
and s teelhead. 



T a b l e  2.--Percent o r i f i c e  p a s s a g e  e f f i c i e n c y  of sp r ing  chinook salmon 
and s t ee lhead  from g a t e w e l l s  w i t h  d i f f e r e n t  b a r r i e r  screen  designs,  f o r  
24- and 72-h time per iods  a t  Lower Grani te  Dam - 1982. 

OPE - -  ~- 

Chinook Steelhead 
5A 5B 5A 5B 

Time BFVBS SVB S  BFVBS SVB S  
period (X 1 (2) G-Test ( X )  ( % )  G-Tes t 

* Nonsignif icant  a t  0.05 p r o b a b i l i t y  l e v e l .  
** S i g n i f i c a n t  a t  0.001 p r o b a b i l i t y  l e v e l .  

S t r e s s  E f f e c t s  on Fish  by Bar r i e r  Screens 

Q u a l i t y  of  f i s h  h a n d l e d  r e m a i n e d  h i g h  t h r o u g h o u t  b o t h  t h e  FGE and  OPE 

t e s t s .  No s i g n i f i c a n t  d i f f e r e n c e  i n  f i s h  cond i t ion  w a s  noted f o r  f i s h  guided 

i n t o  t h e  g a t e w e l l s  equipped wi th  e i t h e r  a  BFVBS o r  SVBS. Descaling remained 

low f o r  f i s h  i n  t h e  t e s t  ga t ewe l l s ,  even f o r  t h e  72-h t e s t  condit ion.  

Fu r the r  comparison of s t r e s s  f a c t o r s  f o r  r e s i d u a l  f i s h  t h a t  were exposed 

t o  g a t e w e l l  cond i t ions  w i t h  t h e  two b a r r i e r  s c reen  types  f o r  t h e  72-h t e s t s  

showed no s i g n i f i c a n t  d i f f e r e n c e  when s u b j e c t e d  t o  a s e a w a t e r  c h a l l e n g e .  

Inspec t ion  of VBS f o r  Impinged Fish  

B a r r i e r  s c r e e n s  i n  t h e  t e s t  g a t e w e l l s  were  i n s p e c t e d  by u n d e r w a t e r  

t e l e v i s i o n  w i t h  t h e  t u r b i n e  runn ing .  The s c r e e n s  a p p e a r e d  c l e a n  and  v e r y  

l i t t l e  d e b r i s  w a s  n o t e d  on e i t h e r  t y p e  of b a r r i e r  s c r e e n .  No impinged f i s h  

were  o b s e r v e d  on  e i t h e r  t h e  BFVBS o r  t h e  SVBS. F i s h  swimming f r e e l y  were 

n o t e d  i n  t h e  v i c i n i t y  of t h e  s c r e e n e d  p o r t i o n  of  t h e  b a r r i e r  s c r e e n s ,  b u t  

v i r t u a l l y  none were observed i n  t h e  a r e a  of t h e  s o l i d  panel  po r t ion  nea r  the  

t o p  o f  t h e  b a r r i e r  s c r e e n s .  The o n l y  r e a l  d i f f e r e n c e  n o t e d  was r e l a t e d  t o  



swimming a c t i v i t y  of t he  f i sh .  I n  t h e  s l o t  wi th  a  BFVBS, t h e  f i s h  appeared 

t o  be swimming l e i s u r e l y  about ,  whereas i n  t h e  s l o t  w i th  an  SVBS, more labored 

swimming was e x h i b i t e d  by f i s h  i n  t h e i r  e f f o r t s  t o  ho ld  a  p o s i t i o n  i n  t h e  

upwell ing cur rent .  

E f f e c t s  of Unit Outage on FCE 

The percentages of f i s h  e x i t i n g  t h e  g a t e w e l l  dur ing  a  u n i t  shutdown a r e  

shown i n  T a b l e  3. These  d a t a  s u g g e s t  a  p o s s i b l e  c o r r e l a t i o n  w i t h  b e h a v i o r  

n o t e d  d u r i n g  u n d e r w a t e r  t e l e v i s i o n  o b s e r v a t i o n s .  The f i s h  i n  t h e  g a t e w e l l  

w i th  t h e  SVBS appeared t o  be subjec ted  t o  prolonged head down swimming i n t o  

the  water  f lowing up i n t o  t h e  ga tewel l .  The head-down o r i e n t a t i o n  may have 

been the  cause of t he  h igher  percentage escapement from ga tewe l l s  conta in ing  

a n  SVBS. F u r t h e r  i n v e s t i g a t i o n  of t h i s  b e h a v i o r  and i t s  r e l a t i o n  t o  

escapement a f t e r  u n i t  shutdown is planned f o r  1983. 

T a b l e  3.--Percent of marked f i s h  e x i t i n g  g a t e w e l l s  f o l l o w i n g  a  30 m i n u t e  
shutdown of t h e  turb ine .  

Percent  e x i t e d  
Unit 4A Unit 4B Unit 5B 

Species ( BFVB S  (SBVS) (SVBS) 

Chinook 2 24 13 

Steelhead 0  12 6 

V e r t i c a l  D i s t r i b u t i o n  of F inge r l ings  

The r e s u l t s  of o u r  v e r t i c a l  d i s t r i b u t i o n  t e s t s  showed t h a t  7 6 %  o f  t h e  

c h i n o o k  sa lmon  and 92% of  t h e  s t e e l h e a d  were  l o c a t e d  i n  t h e  w a t e r  mass t h a t  

could p o t e n t i a l l y  be in t e rcep ted  and d i v e r t e d  i n t o  t h e  ga tewe l l  by t h e  STS 

(Table 4). This compares wi th  58 and 76% a c t u a l l y  guided i n t o  t h e  ga tewe l l s  by 



t h e  STS. The lower guidance of chinook salmon may be t h e  r e s u l t  of d e f l e c t i o n  

under t h e  STS. 

T a b l e  4 . - - D i s t r i b u t i o n  of f i n g e r l i n g s  t h a t  e n t e r e d  a  t u r b i n e  i n t a k e  
dur ing  t e s t s  w i t h  and wi thout  an  STS. 

Chinook Salmon Steelhead 
With STS Without STS With STS Without STS 

Locat i o n  % % % X 

FSS 

BHS 

In t e rcep ted  bu t  unguided 
(gap n e t  ca t ch )  2 

Net c a t c h  i n  normal 
STS ope ra t ing  zone 

Tota l  5 8 7 6 7 8 9 2 

The v e r t i c a l  d i s t r i b u t i o n  t e s t s  i nd ica t ed  t h a t  chinook salmon appeared 

t o  move deeper ,  which would tend t o  put  a  h igher  percentage of them near  t h e  

lower end of t h e  STS making them more s u s c e p t i b l e  t o  de f l ec t ion .  However, i n  

t h e  ca se  of s t ee lhead ,  t h e i r  sha l lower  d i s t r i b u t i o n  appa ren t ly  r e s u l t e d  i n  a  

g r e a t e r  p o t e n t i a l  f o r  being i n t e r c e p t e d  by t h e  STS wi th  l e s s  d e f l e c t i o n  and 

c o n s e q u e n t l y  a  h i g h e r  FGE. 

The r a t i o s  of chinook salmon and s t ee lhead  t h a t  en tered  t h e  BHS v s  FSS 

dur ing  t h e  v e r t i c a l  d i s t r i b u t i o n  t e s t s  were  g r e a t l y  d i f f e r e n t  t h a n  d u r i n g  

t h e  STS FGE t e s t s .  S i g n i f i c a n t l y  l a r g e r  numbers of s t ee lhead  en te red  t h e  FSS 

v o l i t i o n a l l y  w i t h o u t  a n  STS t h a n  d i d  c h i n o o k  s a l m o n ,  and more s t e e l h e a d  

en te red  t h e  FSS than en te red  t h e  BHS; t h e  oppos i t e  occurred when t h e  STS was 

used. The l a r g e  numbers of s t ee lhead  i n  t h e  FSS was appa ren t ly  due t o  t h e i r  

tendency t o  concen t r a t e  more toward t h e  c e i l i n g  a s  they en tered  t h e  tu rb ine  

in t akes .  



CONCLUSIONS AND RECOMMENDATIONS 

1. I m p r o v i n g  FGE--FGE f o r  c h i n o o k  s a l m o n  was c o n s i d e r a b l y  l o w e r  t h a n  

a c c e p t a b l e  ( a b o u t  50% a s  opposed t o  a  d e s i r a b l e  70%). V e r t i c a l  d i s t r i b u t i o n  

t e s t s  i n d i c a t e d  t h a t  a  p o t e n t i a l  e x i s t s  f o r  achiev ing  a n  accep tab le  l e v e l  of 

FGE. To improve  FGE a t  Lower G r a n i t e  Dam, f u r t h e r  e f f o r t s  a r e  needed  t o  

d i v e r t  and  g u i d e  more c h i n o o k  s a l m o n  f r o m  t h e  t u r b i n e  i n t a k e s .  To m i n i m i z e  

d e f l e c t i o n  of t h e  chinook salmon under t h e  screen ,  one of t h e  most promising 

p o s s i b i l i t i e s  i s  t o  i n c r e a s e  t h e  f l o w  i n t o  t h e  g a t e w e l l .  Recent  h y d r a u l i c  

model  s t u d i e s  have  shown t h a t  i n c r e a s e d  f l o w  i n t o  t h e  g a t e w e l l s  c a n  be 

accomplished by p a r t i a l l y  r a i s i n g  t h e  o p e r a t i n g  g a t e .  I n  a d d i t i o n ,  g r e a t e r  

STS i n t e r c e p t i o n  and reduced f low d e f l e c t i o n  can be achieved by lower ing  t h e  

STS i n t o  t h e  in take .  This  a l s o  i n c r e a s e s  t h e  g a t e w e l l  t h r o a t  opening and gap 

s i z e .  The n a r r o w  t h r o a t  and gap  o p e n i n g s  f o r  s c r e e n s  i n s t a l l e d  a t  Lower 

G r a n i t e  and  L i t t l e  Goose D a m s  a r e  c o n s i d e r e d  a s  p o t e n t i a l  c a u s e s  of l o w e r  

t h a n  e x p e c t e d  f i s h  g u i d a n c e .  T e s t i n g  i n  1 9 8 3  w i l l  f o c u s  o n  t h e s e  

mod i f i ca t ions  f o r  improving FGE. 

2. Improving OPE--OPE f o r  both chinook salmon and s t ee lhead  appeared t o  

be unacceptably low. Based upon e a r l i e r  s t u d i e s ,  a  l a r g e r  d iameter  o r i f i c e  i s  

recommended (one 11-inch d iameter  o r i f i c e  w i l l  pass  about t h e  same amount of 

w a t e r  a s  two  8 - inch  d i a m e t e r  o r i f i c e s ,  r e s u l t i n g  i n  a  o n e - o r i f i c e - p e r -  

g a t e w e l l  t y p e  s y s t e m ) .  To a v o i d  a n  OPE b i a s  be tween  a  n o r t h  and s o u t h  

o r i f i c e ,  f u r t h e r  s t u d i e s  a r e  needed t o  develop t h e  a b i l i t y  t o  c o n t r o l  g a t e w e l l  

f l o w s ,  wh ich  s h o u l d  e l i m i n a t e  t h e  b i a s  and  enhance  OPE. One m a j o r  

p o s s i b i l i t y  ( t o  be t e s t e d  i n  1983) is a  f u r t h e r  mod i f i ca t ion  of t h e  b a r r i e r  

s c r e e n  by r e p l a c i n g  one  of t h e  s o l i d  p a n e l s  of t h e  BFVBS w i t h  one t h a t  i s  

porous. Recent model s t u d i e s  i n d i c a t e d  t h a t  t h i s  may provide a s u b t l e  f l ow 

upward t o w a r d  t h e  v i c i n i t y  of t h e  o r i f i c e s  and  t h u s  may d i r e c t  more f i s h  t o  

t h e  o r i f  i c e s .  
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Sample s i z e s  needed t o  d e t e c t  d i f f e r e n c e s  among test groups 



Appendix A.--Sample s i zes  needed t o  de tec t  d i f f e r e n c e s  among t e s t  groups. 

The i n f o r m a t i o n  needed t o  determine t h e  number o f  r e p l i c a t e s  and t h e  

sampl e  s i  zes requ i  r ed  per t e s t  group are t h e  t rea tment  v a r i  ab i  1  i t y  expected, 

t h e  number of means ( o r  exper imenta l  c a t e g o r i e s )  be ing  compared, and t h e  

s p e c i f i e d  p r e c i s i o n  (i.e., t h e  p r o b a b i l i t y  o f  t h e  t y p e  I e r r o r ,  a, and t h e  

p r o b a b i l i t y  o f  t y p e  I1 e r r o r ,  B )  des i red  f rom t h e  s t a t i s t i c a l  t e s t .  Th is  

i n fo rma t i on  i s  a p p l i e d  us ing  t h e  f o l  1  owing sampl e  s i z e  p r e c i s i o n  formulas: 

(1 )  For  o b t a i n i n g  sample s i zes  i n  t h e  two group comparison case 

(Lemeshow e t  a1 . 1981) : 

(2 )  For  o b t a i n i n g  conf idence i n t e r v a l s  and sample s i zes  f o r  t h e  

mu1 t i n o m i a l  , more than  two group case (Angers 1974), (Goodman 

1965), ( M i  1  l e r  1966): 

(3 )  For  o b t a i n i n g  t h e  number o f  r e p l i c a t e s  (S tee l  and T o r r i e  1960): 



Where t h e  f o l l o w i n g  n o t a t i o n  i s  used: 

sample s i z e  i n  t h e  two group comparison. 

( 1 -a ) - t h  p e r c e n t i  1  e  o f  t h e  s tandard normal d i s t r i b u t i o n .  

B-th p e r c e n t i  1  e  o f  t h e  s tandard normal d i s t r i b u t i o n .  

i s  t h e  a r c s i n  t r a n s f o r m  o f  t h e  square r o o t  o f  t h e  p r o p o r t i o n  i n  t h e  

c o n t r o l  group 

i s  t h e  a r c s i n  t r ans fo rm  o f  t h e  square r o o t  o f  t h e  p r o p o r t i o n  i n  t h e  

t e s t  group. 

i n d i c a t e s  exponent ia t ion .  

sma l l es t  sample s i z e  such t h a t  t h e  s t a t i s t i c a l  p r e c i s i o n  l e v e l s  f o r  

t h e  mu l t i nom ia l  parameters, P I  are  s imu l taneous ly  s a t i s f i e d .  

tabu1 a r  val  ue f o r  t h e  upper p e r c e n t i  1  e  o f  t h e  c h i  -squared 

d i s t r - i b u t i o n  a t  t h e  spec i f i ed  s t a t i s t i c a l  p r e c i s i o n  l e v e l  w i t h  t h e  

one degree o f  freedom. 

expected p r o p o r t  i on i n  each mu1 t i nomi a1 category.  

l e v e l  o f  d i f f e r e n c e  it i s  des i r eab le  t o  be ab le  t o  de tec t ,  t h i s  can 

be d i f f e r e n t  f o r  each t rea tment  ( o r  mu1 t i nomial ) category.  

t h e  number o f  rep1 i c a t e s  per t reatment .  

t - d i s t r i  b u t i o n  va l  ue assoc ia ted  w i t h  t ype  I e r r o r .  

t - d i s t r i b u t i o n  va lue assoc ia ted  w i t h  t ype  I1 e r r o r ;  T2 i s  t he  

t a b u l a t e d  t f o r  p r o b a b i l i t y  2(1-Q) where Q i s  t he  power o f  t h e  t e s t  

(1-6) . 
est imated  experiment-wi se e r r o r  mean square, usual  1  y  ob ta ined  from 

prev ious  exper iments 

The degrees of freedom f o r  T1 and T2  a re  t h e  product  o f  (K-1) (R-1) where 

K i s  t h e  number o f  t rea tment  groups, and R t h e  number o f  r e p l i c a t e s .  

Successive approx imat ions a re  i nvo l ved  i n  t h e  c a l c u l a t i o n s  f o r  p a r t s  (2 )  and 

(3 )  s ince  t h e  number o f  degrees o f  freedom assoc ia ted  w i t h  t a b u l a t e d  

probabi  1  i t y  d i s t r i b u t i o n  values depends on sample s ize.  



Appendix A . - -L i te ra tu re  C i t e d  

Angers, C. 

1974. A g raph i ca l  method t o  eva lua te  sample s i zes  f o r  t h e  mu l t i nom ia l  

d i s t r i b u t i o n .  Technomet r i  cs 16,469-471. 

Goodman, Leo A. 

1965. On s i  mu1 taneous conf idence i n t e r v a l  s  f o r  mu1 t i nomial  p ropor t ions .  

Technomet r i  cs 7, 247-254. 

Lemeshow, S., D.W. Hosmer, J.P. Stewart .  

1981. A comparison o f  sample s i z e  de te rm ina t i on  methods i n  t h e  two group 

t r i a l  where t h e  u n d e r l y i n g  d isease i s  rare.  Commun. S ta t i s t -S imu la .  

Computa. 010, 437-449. 

M i l l e r ,  Rupert  G., J r .  

1966. Simultaneous S t a t i s t i c a l  In ference.  McGraw-Hil l  Book Company: 

New York, N.Y., USA. 

S tee l ,  R.G.D., J.H. T o r r i e .  

1960. P r i n c i p l e s  and Procedures o f  S t a t i s t i c s .  McGraw-Hi 11 Book Company: 

New York, N.Y., USA. 



APPENDIX B 

Catches of sp r ing  chinook salmon and s t ee lhead  c o l l e c t e d  dur ing  f i s h  

guiding e f f i c i e n c y  t e s t s  a t  Lower Grani te  Dam i n  sp r ing  of 1982 



Appendix B.--Catches of s p r i n g  chinook salmon and s t e e l h e a d  c o l l e c t e d  dur ing  f i s h  guiding e f f i c i e n c y  t e s t s  a t  
Lower Gran i te  Dam i n  s p r i n g  of 1982. 

C H I N O O K  S A L M O N  S T E E L H E A D  
B F V B S  (44) S V B S  (43) B F V B S  (4) S B V S  (48) 

Total Tatal Total Tutal Tutal Tolal Total Total 

Gp w IJW plded Qp w IJW Ylw Qp w IJW grid GW Fyke IJW sriw 
E-6 FSS net n e t g ~ l d a d h ~ ~ ~  S H FSS net n e t g ~ l d e l 6 m  S H FSS net netgrided A m  s FSS net W g r i w  A I J W  s 

b t e ~ v b i n e  Iced otehcatch oteh oteh ( ~ r t ~ g r l d e d )  FGE catch oteh oteh catch (ErtJpided)FGE catch oteh oteh catch(EstJgrided)FGE cat& catch oteh catch (EsCJgriWFQ 

135 mqmVk =ID RATE IN STS =ID RATE IN STS =ID R A E  IN STS SLID R A E  IN STS 

4/a3 NOT T E S T E D  484 0 25 937 657 1,141 42 NOT T E S T E D  43 0 2 1 3  6 4 9 8 8  
4R1 465 0 14 216 302 767 61 514 0 51 453 516 1.m 53 119 0 0 18 18 137 87 % 0 8 14 22 118 81 

4 /2  245 0 9 65 195 440 56 250 0 11 84 247 497 50 167 0 6 2 2  70 2 3 7 7 0 1 5 7  0 9 4 21 1 7 8 R 3  

4L3 a08 0 15 125 370 578 36 174 0 16 91 2E8 442 3 309 0 7 25 78 387 80 285 0 3 12 3P SH 88 
Tutal 918 0 38 465 861 1,785 I,= 0 101 1,225 1,688 3,170 5R5 0 13 165 166 El 9B1 0 2 2 4 3 8 8 6 6 9  

a-adavea39 51 47 78 87 

135 n e p d i s  w & r f w a M  
plate - includes FSS oteh FWTRAlHI R A E  IN STS 

5/4 163 12 6 47 136 311 56 

56 NOT T E S T E D  253 13 7 55 161 438 8 
5 h  1 9  4 8 41 m a 1  55 

Tatal 577 29 21 143 424 1,033 -- 59e! 

NOT T E S T E D  

FWWJHl R A E  IN STS 
448 141 13 47 149 733 80 

1,044 305 35 133 4 8  1,761 76 
924 251 a 129 4m 1,575 75 

2,416 697 73 J09 961 4.W 

& 

4 m  66 o 1 9  n 9 2 7 1  n o o 12 34 6 6 4 8  121 o 3 23 71 192 63 83 o 5 18 9~ 141 99 
Tutal B3 0 3 74 213 4% 195 0 0 78 222 417 B 3  0 15 79 246 1.03 985 0 13 7 9 2 5 S 8 4 1  

5/1 22 0 3 8 26 4 8 4 6  52 0 1 1 0  29 8 1 6 4  317 0 18 36 124 441 R 408 0 I4 28 97 505 81 
Total 747 0 91 216 XT) 1,447 8n 0 68 276 839 1,615 1,234 0 60 m a 2,066 1,318 0 48 179 583 1,887 

a/ Rmfnt A+ fa this test mditlcn rrpresarts tatal of fish  JIM I& blW slot M) ad fi- slot (FSS). - 


