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INTRODUCTION 

Juven i l e  s p r i n g  chinook salmon and s t e e l h e a d  may t r a v e l  s e v e r a l  

hundred miles  downstream i n  t h e  Snake and Columbia Rivers  and encounter  up 

t o  e i g h t  h y d r o e l e c t r i c  dams dur ing  t h e i r  seasona l  migra t ion  t o  t h e  ocean 

(F igure  1) .  I n  some yea r s ,  over  95% of these  smolts  have died during 

passage through t h e  dam complex. Most l o s s e s  occur  t o  f i n g e r l i n g s  pass ing  

through the  t u r b i n e s  a t  the  dams. F inge r l i ng  bypass systems a r e  being 

developed and cons t ruc t ed  t o  reduce t he se  d a m  r e l a t e d  m o r t a l i t i e s .  

To reduce t h e  l o s s e s  of j uven i l e  salmonids from pass ing  through t h e  

t u rb ines ,  t h e  f i s h  must be d ive r t ed  from t h e  t u r b i n e  i n t akes .  The most 

e f f e c t i v e  method of ach iev ing  t h i s  has been t o  employ submersible  t r a v e l i n g  

sc r eens  (STS) t o  guide f i s h  ou 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 igure  2).  The f i s h  a r e  passed from t h e  ga t e  s l o t s  through 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  back i n t o  t he  r i v e r  below the  dam o r  t r anspo r t ed  by barge 

o r  t ruck  t o  s a f e  r e l e a s e  a r e a s  downstream. 

The t h e o r e t i c a l  f i s h  gu id ing  e f f i c i e n c y  (FGE) of t h e  STS a t  most dams 

v a r i e s  from 70 t o  80%. This  means t h a t  70% o r  more of a l l  f i n g e r l i n g s  

e n t e r i n g  t u r b i n e  i n t a k e s  a r e  t r a v e l i n g  i n  t he  water  mass i n t e r c e p t e d  and 

d i v e r t e d  by t h e  STS i n t o  t h e  g a t e  s l o t s .  Tes t s  a t  McNary and Bonnevi l le  

Dams ( f i r s t  powerhouse) determined t h a t  t he  measured FGE approached t h i s  

t h e o r e t i c a l  f i g u r e  (Krcma e t  a l .  1980 and 1982). 

Lower Gran i t e  and L i t t l e  Goose Dams a r e  t he  upstream c o l l e c t i o n  s i t e s  

f o r  smolts  t o  be' t r anspo r t ed  from t h e  Snake River. Optimizing FGE a t  t h e s e  
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Dams with fish ladders for odult onodromous fish 

Figure 1.--Main stem dams in the Columbia River Basin. 
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Figu re  2.--Cross s e c t i o n  of Uni t  4-A t u r b i n e  i n t a k e  a t  Lower G r a n i t e  Dam 
showing STS, f yke  n e t s ,  and p o s i t i o n  of o p e r a t i n g  g a t e s  when 
r a i s e d  5 f t  and 20 f t  f o r  FGE t e s t i n g .  



dams i s  v i t a l  t o  t h e  succe s s  of t h e  t r a n s p o r t a t i o n  program and/or  bypass 

mode of ope ra t i on .  T e s t s  conducted i n  1982 a t  Lower G r a n i t e  Dam, however, 

showed t h a t  t h e  average  STS FGE f o r  s p r i n g  chinook salmon was on ly  50%,  

s i g n i f i c a n t l y  below t h e  t h e o r e t i c a l  76% FGE determined from 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 .  It was appa ren t ,  t he r e f  o r e ,  t h a t  some mod i f i c a t i ons  

were r e q u i r e d  t o  r a i s e  t h e  e f f i c i e n c y  of t h e  STS t o  a n  accep t ab l e  l e v e l .  

Hydraul ic  model s t u d i e s  conducted by Engineer ing  Hydrau l ics  Inc . ,  of 

Longrnont, Colorado, i n  t h e  f a l l  of 1982 showed t h a t  t h e  major problem was 

probably due t o  d e f l e c t i o n  of a cons ide r ab l e  percen tage  of f l ow  under  t h e  

STS. The s t u d i e s  f u r t h e r  showed t h a t  t h i s  d e f l e c t i o n  cou ld  be minimized by 

i n c r e a s i n g  w a t e r  f l ow  i n t o  t h e  bulkhead s l o t  (BHS). Th is  was accomplished 

by r a i s i n g  t h e  o p e r a t i n g  g a t e  t h a t  is normal ly  s t o r e d  i n  t h e  downstream 

s l o t  o r  o p e r a t i n g  g a t e  s l o t  (OGS) and by lower ing  t h e  STS f a r t h e r  i n t o  t h e  

t u r b i n e  i n t a k e  t o  i n c r e a s e  t h e  t h r o a t  opening a t  t h e  e n t r a n c e  t o  t h e  BHS. 

The f i r s t  o b j e c t i v e  of our  1983 r e s e a r c h  program was t o  f i e l d  t e s t  t h e s e  

c o n d i t i o n s  a t  Lower G r a n i t e  Dam. 

The t u r b i n e  i n t a k e s  a t  Lower G r a n i t e  D a m  a r e  unique i n  t h a t  they  a r e  

c o n s t r u c t e d  w i t h  a conven t i ona l  BHS and a s p e c i a l  f i s h  s c r e e n  s l o t  (FSS). 

The FSS, however, were l a t e r  determined t o  be u n s a t i s f a c t o r y ,  and t h e  STS 

were p l aced  i n  t h e  BHS (Park e t  a l .  1976 and 1977). To a l l ow  f i s h  t o  e n t e r  

t h e  bypass condu i t  , t h e r e  a r e  two 8-inch d iamete r  o r i f  i c e s  l e a d i n g  from 

bo th  t h e  BHS and  t h e  FSS (Matthews e t  al .  1977). T e s t s  i n  1982 showed t h a t  

o r i f  i c e  pas sage e f f i c i e n c i e s  (OPE) f o r  chinook salmon and s t e e l h e a d  were 

unaccep tab ly  low th rough  t h e s e  8-inch diameter  o r i f i c e s  (Swan e t  a l .  1983). 

To i n s t a l l  12-inch d iamete r  o r i f i c e s  i n  t h e  BHS, l i k e  t h e r e  a r e  a t  o t h e r  

dams, w i thou t  e n l a r g i n g  t h e  bypass condui t  r e q u i r e s  t h a t  t h e  o r i f i c e s  i n  



t h e  FSS be c losed .  Consequently,  t h e  second o b j e c t i v e  of t he  1983 r e s e a r c h  

a t  Lower G r a n i t e  D a m  was t o  e v a l u a t e  t h e  b e n e f i t  of u s i n g  12-inch d iamete r  

bypass o r i f i c e s  f o r  improving OPE and t o  de te rmine  i f  c l o s u r e  of t h e  FSS 

would adve r se ly  impact  FGE. 

METHODS AND MATERIALS 

Exper imental  Equipment 

The fo l l owing  equipment o r  s e r v i c e s  were used t o  conduct t h e  r e s ea r ch :  

1. One modif ied STS, equipped w i t h  a f u l l  complement of fyke  and gap 

n e t s .  Mod i f i c a t i ons  inc luded :  

a. I n t e r n a l  s o l i d  p l a t e s  of t h e  STS were r e p l a c e d  w i t h  p e r f o r a t e d  

p l a t e  (46% open a r e a )  a t  t h e  upper  and lower ends of t h e  t r a v e l i n g  s c r e e n  

(shown from 1982 t e s t i n g  t o  s i g n i f i c a n t l y  enhance FGE f o r  chinook salmon). 

b. When t h e  STS was lowered 2 f t  i n  t h e  i n t a k e  t o  i n c r e a s e  

i n t e r c e p t i o n ,  t h e  t h r o a t  opening i n c r e a s e d  from about 36 i nches  t o  60  

i nches .  To main ta in  a c o n t i n u i t y  i n  t h e  d i s t a n c e  between t h e  upper  t r u s s  

and t h e  t r a v e l i n g  mesh s i m i l a r  t o  t h a t  of a s t a n d a r d  STS, i t  was nece s sa ry  

t o  extend t h e  t r u s s .  Also,  t h i s  t r u s s  was enc losed  i n  s h e e t  metal  t o  

reduce t u rbu l ence  and  c r e a t e  a smoother f low p a t t e r n  up i n t o  t h e  BHS. 

2. One s t a n d a r d  STS equipped w i t h  a f u l l  complement of f yke  and gap 

n e t s .  

3. Two p o r t a b l e  o r i f i c e  t r a p s .  

4. Two g a t e w e l l  d i p  n e t s  (Swan e t  a l .  1979). 

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

6. Two mobi le  c r anes .  

7. Two 12-inch d iamete r  o r i f i c e s  i n  4-A BHS. 

8. Two FSS c l o s u r e  dev ices .  



9. U.S. Army Corps of Engineers  (CofE) s e r v i c e s  

a.  P rov ided  g a n t r y  c r a n e  s e r v i c e  f o r  p r e p a r a t i o n  and performance 

of STS FGE t e s t s .  

b. D r i l l e d  o u t  t h e  two 8-inch d iamete r  o r i f i c e s  i n  4-A BHS t o  

12-inch diameter .  

c. I n s t a l l e d  a t u r b i n e  c e i l i n g  beam e x t e n s i o n  j u s t  downstream 

from t h e  4-A BHS t o  m a i n t a i n  a 13-inch gap opening when t h e  STS was lowered 

2  f t  i n t o  t h e  t u r b i n e  i n t a k e .  

d. Modif ied t h e  o p e r a t i n g  g a t e  w i t h  a s p e c i a l  h y d r a u l i c  sys tem t o  

p r o v i d e  t h e  c a p a b i l i t y  of r a i s i n g  i t  5 and  20 f t  up i n  t h e  OGS. 

Measurements and Procedures  

STS F i s h  Guiding E f f i c i e n c y  

T e s t s  were conducted i n  I n t a k e s  4-A and 4-B. The t e s t  i n t a k e  (4-A) 

was equipped w i t h  a balanced 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  (BFVBS), a 

modi f i ed  STS, and a modif ied o p e r a t i n g  g a t e  t h a t  cou ld  be r a i s e d  5  o r  

20 f t  ( F i g u r e  2) .  The c o n t r o l  i n t a k e  (4-B) was equipped 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), a s t a n d a r d  STS i n  normal o p e r a t i n g  

p o s i t i o n ,  and t h e  o p e r a t i n g  g a t e  i n  t h e  normal p o s i t i o n .  

The STS i n  4-A and 4-B were equipped w i t h  a composi te  of n e t s  f o r  

r e c o v e r i n g  a  p e r c e n t a g e  of t h e  unguided f i s h .  These n e t s  i n c l u d e d  one 

c l o s u r e  n e t  a t t a c h e d  t o  t h e  back of t h e  STS. A n e t  f rame suspended below 

t h e  STS s u p p o r t e d  a v e r t i c a l  column of f i v e  fyke n e t s .  On t h e  upper  p a r t  

of t h i s  f rame,  t h e s e  n e t s  were f l a n k e d  on each  s i d e  by a column of t h r e e  

a d d i t i o n a l  fyke  n e t s  ( F i g u r e s  2  and 3 ) .  The uppermost n e t  (one-half  fyke  

n e t )  i n  each  column was approx imate ly  3.5 by 6.5 f t ,  and t h e  lower  n e t s  

( f u l l  s i z e  fyke  n e t s )  were approx imate ly  6.5 f t  square .  A gap n e t ,  
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Figure 3.--Layout of fyke nets used to measure FGE at Lower Granite Dam. 



a t t ached  near  t he  top  of t he  STS, cap tured  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  concre te  beam t h a t  d iv ides  t h e  

OGS and BHS. 

To minimize m o r t a l i t y  of f i s h  i n  fyke n e t s ,  i n i t i a l  STS FGE 

c a l c u l a t i o n s  used e s t ima te s  of unguided f i s h  der ived  from a  one-third 

sample of t h e  f i n g e r l i n g s  pass ing  below t h e  STS. This  was accomplished by 

t r app ing  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 s h e d  the 

cen t e r  one-third of t h e  i n t a k e  no t  i n t e r c e p t e d  by t h e  STS. To minimize 

d i f f e r e n t i a l  f low cond i t i ons  t h a t  could  cause f i s h  t o  vee r  of f  and not be 

t rapped,  n e t s  were i n  p l ace  i n  t h e  remaining a r e a  of t he  i n t a k e ,  but  t h e  

cod ends of the  n e t s  were l e f t  open t o  a l low f i s h  t o  pass  on through the  

i n t ake .  To v e r i f y  t h e  v a l i d i t y  of our e s t ima te ,  we conducted some tests 

t h a t  inc luded  fyke  n e t  ca tches  from t h e  f u l l  complement of ne t s .  

The procedures  f o r  determining FGE were s i m i l a r  t o  those  used i n  

prev ious  experiments of t h i s  type (Swan e t  a l .  1983). The STS FGE t e s t s  

c o n s i s t e d  of a  s e r i e s  of test cond i t i ons  each of which had a  corresponding 

c o n t r o l  cond i t i on  f o r  d i r e c t  comparison. Gatewell  d ipne t  ca tches  provided 

t h e  number of guided f i s h ;  ca tches  from the  gap and fyke n e t s  a t t a c h e d  t o  

t h e  STS provided numbers of unguided f i s h .  Guided f i s h  inc luded  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  guided f i s h  d iv ided  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  test per iod:  

FGE = 
GW 

x  100 
GW+GN+FN+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 ca t ch  
FN = fyke  n e t  ca t ch  ( t imes 3  when f i s h i n g  only t h e  c e n t e r  

one-third of t h e  i n t a k e )  
CN = c l o s u r e  n e t  ca t ch  

Contingency t a b l e s  u t i l i z i n g  t h e  "G" 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 i g n i f i c a n c e .  



Descal ing of f i s h  was monitored a s  a  measure of f i s h  q u a l i t y  

throughout t h e  t e s t i n g .  

The fo l lowing  condi t ions  were t e s t e d  i n  1983:  

1. STS lowered 2 f t ,  ope ra t i ng  g a t e  r a i s e d  20 f t .  

2. STS a t  normal l e v e l ,  o p e r a t i n g  g a t e  r a i s e d  20 f t .  

3. STS lowered 2 f t ,  ope ra t i ng  g a t e  r a i s e d  5 f t .  

4. STS a t  normal l e v e l ,  ope ra t i ng  g a t e  r a i s e d  5 f t .  

5 .  STS lowered 2 f t ,  ope ra t i ng  g a t e  a t  normal l e v e l .  

For  t he se  t e s t s ,  t h e  sample s i z e  requirements  and number of r e p l i c a t e s  f o r  

d e s i r e d  l e v e l s  of s t a t i s t i c a l  s i g n i f i c a n c e  a r e  given i n  Appendix A. 

During a l l  t e s t s ,  t h e  STS was opera ted  i n  a  s c r e e n  cyc l ing  mode (4  min 

out  of every  24 min) t o  be c o n s i s t e n t  wi th  ope ra t i ons  of t h e  r e s t  of t h e  

p r o j e c t  STS, and t u r b i n e  load ing  was h e l d  cons t an t  a t  135 MW. To determine 

i f  i nc reased  impingement occurred due t o  t h e  replacement of t h e  s o l i d  p l a t e  

i n s i d e  t h e  STS w i t h  a  46% p o r o s i t y  p l a t e ,  two gap n e t  ope ra t i ng  procedures 

were used. During one test day, t h e  gap n e t  was he ld  i n  t h e  f i s h i n g  

p o s i t i o n  during t h e  e n t i r e  test t o  c o l l e c t  bo th  impinged f i s h  (when t h e  

s c r een  r o t a t e d )  and f i s h  pass ing  through t h e  gap v o l i t i o n a l l y .  On 

a l t e r n a t e  days, t he  gap n e t  was r a i s e d  i n t o  the  f i s h i n g  p o s i t i o n  only 

dur ing  t h e  "on" p o r t i o n  of t h e  s c r een  cyc l ing  mode (4  min out  of every  24 

min) cap tu r ing  p r i m a r i l y  only impinged f i s h .  The percent  gap l o s s  was 

based on t h e  gap n e t  ca t ch  and was r ep re sen t ed  as  a  percentage of t h e  t o t a l  

e s t ima ted  popu la t i on  pass ing  through t h e  i n t a k e  (guided p l u s  unguided).  

The fo l lowing  sequence of events  was t y p i c a l  f o r  conduct ing a n  STS FGE 

test: 

1.  Unit 4  was s h u t  down. 



2. The STS w i t h  a t t a c h e d  fyke  n e t  frames were lowered i n t o  p o s i t i o n  

i n  BHS 4-A and 4-B w i th  t h e  g a n t r y  crane.  

3. The bypass o r i f i c e s  i n  I n t a k e s  4-A and 4-B were c lo sed ,  and t h e  

BHS and FSS w e r e  dipped t o  remove a l l  f i s h  p r e s e n t  a t  t h a t  t i m e .  

4. The o p e r a t i n g  g a t e  was r a i s e d  ( a s  a p p r o p r i a t e )  w i t h  t h e  g a n t r y  i n  

Uni t  4-A. 

5. Uni t  4  w a s  r e t u r n e d  t o  s e r v i c e  and brought  t o  f u l l  l oad  (135 MW). 

6. The numbers of f i s h  e n t e r i n g  each  BHS were moni tored by p e r i o d i c  

d i p n e t  t i ng .  

7. The test  was t e rmina t ed  when adequate  numbers of f i s h  f o r  

s t a t i s t i c a l  needs were c o l l e c t e d  (Appendixes A and B). 

8. The t u r b i n e  was s h u t  down, and f i n a l  c l e anou t  d i p s  were made i n  

t h e  BHS and FSS i n  U n i t s  4-A and 4-B. 

9. The o p e r a t i n g  g a t e  w a s  lowered (when a p p r o p r i a t e )  t o  i t s  normal 

p o s i t i o n .  

10. The STS w i t h  a t t a c h e d  fyke n e t s  and frames were brought t o  t h e  

s u r f a c e ,  and t h e  f i s h  were removed from 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.  

11. The u n i t  was r e t u r n e d  t o  s e r v i c e .  

Each test w a s  about  2  t o  8  h  long  depending upon t h e  d e n s i t y  of t h e  f i s h  

run. The t u r b i n e  w a s  s h u t  down f o r  about  2  h  t o  i n s t a l l  t h e  STS and a g a i n  

f o r  i t s  removal. 

T e s t s  were s t a r t e d  between 1700 and 1800 h and te rmina ted  about  2100 

o r  2200 h when adequa te  numbers of f i s h  had been guided i n t o  t h e  BHS. The 

number of guided f i s h  removed from t h e  BHS by d i p n e t t i n g  determined t h e  

d u r a t i o n  of a  test. The exper imenta l  de s ign  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  s p e c i f i e d  s t a t i s t i c a l  s i g n i f i c a n c e  l e v e l s  f o r  

d e t e c t i n g  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 is  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 300 f i s h  p e r  sample (BHS c a t c h )  f o r  

each c o n d i t i o n  t e s t e d .  Contingency t a b l e  p rocedures  u s i n g  t h e  G-test  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 fo rmulas  and 

p rocedures  used a r e  g i v e n  i n  Appendix A. 

F i s h  S c r e e n  S l o t  C l o s u r e  T e s t s  

FSS c l o s u r e  d e v i c e s ,  s i m i l a r  t o  a  g a t e w e l l  d i p n e t  baske t  w i t h  plywood 

f l o o r s ,  were i n s t a l l e d  i n  FSS 4-A and 4-B. The plywood was b o l t e d  down s o  

t h a t  t h e  FSS i n  4-A would remain c l o s e d  d u r i n g  each  t e s t  whereas t h e  

plywood i n  4-B was hinged s o  t h a t  t h e  d e v i c e  i n  4-B c o u l d  be a l t e r n a t e l y  

opened o r  c l o s e d  on s u c c e s s i v e  t e s t  days. The c o n t r i b u t i o n  from t h e  FSS t o  

t h e  t o t a l  number of guided f i s h  cou ld  t h e n  be measured and c l o s u r e  of t h e  

FSS e v a l u a t e d .  

O r i f i c e  F i s h  Passage  E f f i c i e n c y  

T e s t s  were conducted t o  compare OPE th rough  12-inch and 8-inch 

d i a m e t e r  o r i f i c e s  and t o  de te rmine  i f  t h e r e  was a  b i a s  between n o r t h  and 

s o u t h  l o c a t i o n s .  To t e s t  OPE, b o t h  t h e  n o r t h  and s o u t h  o r i f i c e s  i n  BHS 4-A 

were d r i l l e d  ou t  t o  a  12-inch d i a m e t e r ,  and each  was connected t o  a  t r a p  i n  

t h e  bypass  g a l l e r y .  When t e s t i n g  two 8-inch d iamete r  o r i f  i c e s ,  p l a t e s  w i t h  

8-inch d iamete r  openings  were c e n t e r e d  over  t h e  12-inch d iamete r  o r i f i c e s  

i n  t h e  BHS. When each  o r i f i c e  was t e s t e d ,  i t  was open f o r  24 h ,  and f i s h  

p a s s i n g  i n t o  t h e  t r a p  were r o u t i n e l y  monitored.  A f t e r  24 h,  t h e  o r i f i c e  

was c l o s e d ,  and a d i p  baske t  was used  t o  remove r e s i d u a l  f i s h  from t h e  BHS. 

The OPE was measured by comparing t h e  number of f i s h  caught  i n  t h e  t r a p  t o  

t h e  t o t a l  number of f i s h  t h a t  e n t e r e d  t h e  BHS d u r i n g  t h e  p receed ing  24-h 



period. A minimum of f i v e  r e p l i c a t e s  of 24-h du ra t i on  were conducted wi th  

un in t e r rup t ed ,  f u l l y  loaded (135 MW) u n i t  opera t ion .  The OPE tests s t a r t e d  

a t  1200 h a f t e r  dipping out  t he  r e s i d u a l  f i s h  and ended 24 h l a t e r  by aga in  

d ipp ing  out  r e s i d u a l  f i s h .  Contingency t a b l e s  u t i l i z i n g  t h e  "G" 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 i gn i f i cance .  

F i sh  Qua l i t y  

Descal ing of f i s h  i n  t h e  BHS was monitored a s  a measure of f i s h  

q u a l i t y  throughout t h e  FGE and OPE t e s t i n g .  

RESULTS 

STS F i s h  Guiding E f f i c i e n c y  

Catches of s p r i n g  chinook salmon and s t e e l h e a d  during t h e  f i s h  gu id ing  

e f f i c i e n c y  tests a r e  shown i n  Appendix B. 

The p o s i t i o n  of t he  g a t e  i n  t he  OGS s i g n i f i c a n t l y  in f luenced  FGE 

(Table  1) .  FGE f o r  s p r i n g  chinook salmon was improved t o  an accep tab l e  74% 

(90% C.L. = - + 1%) when the  ope ra t i ng  g a t e  was r a i s e d  20 f t .  The i n c r e a s e  

was h igh ly  s i g n i f i c a n t  G = 87.22, P < 0.001. The a l r eady  accep tab l e  FGE 

f o r  s t e e l h e a d  was a l s o  improved by r a i s i n g  t h e  ope ra t i ng  g a t e  20 f t .  T e s t s  

conducted wi th  t h e  ope ra t i ng  g a t e  r a i s e d  5 f t  produced a lower than  

accep tab l e  FGE f o r  s p r i n g  chinook salmon (63%, 90% C.L. = - + 12%). Highest  

FGE f o r  s p r i n g  chinook salmon occurred e a r l y  i n  t h e  t e s t i n g  (22 A p r i l  - 

1 May) when t h e  run was composed p r imar i l y  of s p r i n g  chinook salmon. 

However, when t h e  same t e s t  cond i t i on  was repea ted  l a t e r  (9-11 May), t h e  

composition of the  run had changed t o  p r imar i l y  s t ee lhead ,  and the  

r e s u l t i n g  FGE was about 5% lower and on t h e  b o r d e r l i n e  f o r  accep tab l e  



Table 1.--Average percent f i s h  guiding e f f i c i e n c y  and 90 percent  confidence 
l i m i t s  of t h e  submersible t r a v e l i n g  screen  operated a t  two 
d i f f e r e n t  pos i t i ons  i n  conjunct ion w i t h  t h e  opera t ing  g a t e  s t o r e d  
a t  t h r e e  d i f f e r e n t  e l eva t ions  a t  Lower Grani te  Dam during 1983. 

Chinook salmon Steelhead 
No. Test 

Dates r e p l i c a t e s  condit ions Test  Control  Test  Control 

4/22-4127 6 STS lowered 2 f t *  
Gate r a i s e d  20 f t  

4129-511 3 STS s tandard  l e v e l  
Gate r a i s e d  20 f t  

5/9-5111 3 Repeat f i r s t  t e s t**  

5 12-5 14 3 STS s tandard  l e v e l  
Gate r a i s e d  5 f t  

516-518 3 STS lowered 2 f t  
Gate r a i s e d  5 f t  

5 / 1 2  1 STS lowered 2 f t  
Gate s tandard l e v e l  

* F i s h  run composed p r imar i ly  of chinook salmon. 
** Fish  run composed pr imar i ly  of s tee lhead .  



guidance.  S i m i l a r l y ,  t h e  FGE f o r  s t e e l h e a d  was h i g h e s t  when t h e  r u n  was 

p redominan t ly  of t h a t  s p e c i e s .  This  would appear  t o  i n d i c a t e  t h a t  f i s h  

behav ior  a n d / o r  d i s t r i b u t i o n  may v a r y  throughout  t h e  season.  

Lowering t h e  STS 2 f  t had l i t t l e  o r  no e f f e c t  on FGE (Tab le  1 ) .  Time 

and l a c k  of s u f f i c i e n t  s p r i n g  chinook salmon f o r  t e s t i n g  p r o h i b i t e d  more 

t h a n  one test  w i t h  t h e  modi f i ed  STS lowered 2  f t  and t h e  o p e r a t i n g  g a t e  a t  

t h e  s t a n d a r d  l e v e l .  T h i s  test r e s u l t e d  i n  t h e  l o w e s t  FGE f o r  s p r i n g  

chinook salmon (48%). 

R e s u l t s  of t h e  gap n e t  t e s t i n g  i n d i c a t e d ,  i f  a n y t h i n g ,  less 

impingement o r  gap l o s s  r e s u l t e d  from t h e  replacement  of t h e  s o l i d  p l a t e  

w i t h  a 46% p o r o s i t y  p l a t e .  Both s p r i n g  chinook salmon and s t e e l h e a d  had 

lower  gap l o s s e s  w i t h  t h e  modi f i ed  STS and  BFVBS test  c o n d i t i o n  (Tab le  2). 

Assuming t h a t  t h e  gap n e t  c a t c h  d u r i n g  t h e  p a r t - t i m e  o p e r a t i o n  c o n s i s t e d  of 

most ly  impinged f i s h ,  t h e  t e s t  s c r e e n  a l s o  reduced impingement from 1.3 t o  

0.1% f o r  s p r i n g  chinook salmon and from 0.5 t o  0.3% f o r  s t e e l h e a d .  

F i s h  Screen  S l o t  C losure  T e s t s  

The FSS c l o s u r e  t e s t  series w a s  not  s u c c e s s f u l .  Problems w i t h  t h e  

c l o s u r e  d e v i c e s  were s u s p e c t e d  when f i s h  c o n t i n u e d  t o  e n t e r  t h e  FSS. 

E f f o r t s  were made t o  make t h e  dev ices  more f i s h  t i g h t ,  b u t  f i s h  s t i l l  

c o n t i n u e d  t o  e n t e r  t h e  FSS. An underwater  i n s p e c t i o n  by NMFS scuba d i v e r s  

r e v e a l e d  t h e r e  were gaps  between t h e  Wagner Horn s c r e e n s  and t h e  FSS w a l l s  

t h a t  a l lowed f i s h  t o  s w i m  f r e e l y  t o  and from t h e  Wagner Horn c o n d u i t s  and  

t h e  FSS. Time and p r i o r i t i e s  d i d  no t  pe rmi t  f u r t h e r  work on t h i s  problem 

i n  1983. 



Table  2.--Percent gap n e t  l o s s  du r ing  FGE t e s t  a t  Lower G r a n i t e  Dam - 1983. 

Gap n e t  f i s h i n g  procedure  

Ful l - t ime Par t - t ime  

Spec ies  Tes t  Cont ro l  Tes t  Contro 1 

Chinook 1.4 2.1 0.1 1.3 

S t e e l h e a d  0.5 1.7 0.3 0.5 

The s t anda rd  e r r o r s  f o r  t h e  gap n e t  c a t ches  were 0.0116 f o r  chinook 
salmon and 0.0087 f o r  s t e e lhead .  



O r i f i c e  F i s h  Passage E f f i c i e n c y  

A s i n g l e  12-inch diameter o r i f i c e  is  s l i g h t l y  but no t  s i g n i f i c a n t l y  

more e f f e c t i v e  i n  pass ing  juven i l e  chinook salmon and s t e e l h e a d  out  of a 

BHS than  two 8-inch diameter  o r i f i c e s ,  i f  t h e  o r i f i c e  i s  l o c a t e d  p rope r ly  

(74 vs  70% f o r  chinook salmon and 52 vs  44% f o r  s t e e l h e a d )  (Table 3) .  More 

f i s h  passed through t h e  sou th  o r i f i c e  (55% f o r  chinook salmon and 52% f o r  

s t e e l h e a d ) ,  but  t he  confidence limits f o r  the  percentages over lap  50% and 

do n o t  show a f i s h  p re fe r ence  f o r  e i t h e r  o r i f i c e .  

F i s h  Qual i ty  

Qua l i t y  of t h e  f i s h  sampled throughout t h e  season,  a s  determined by 

desca l ing  measurements, remained high. Descal ing f o r  chinook salmon 

averaged 4 and 6% i n  BHS 4-A and 4-By r e spec t ive ly .  Descal ing f o r  

s t e e l h e a d  averaged 5% i n  BHS 4-A and 4% i n  BHS 4-B. 

CONCLUSIONS AND RECOMMENDATIONS 

1. Improving FGE--Acceptable 74% FGE was measured a t  Lower Gran i t e  

Dam f o r  s p r i n g  chinook salmon when the  ope ra t i ng  g a t e  was r a i s e d  20 f t .  

When the  ope ra t i ng  g a t e  was r a i s e d  5 f t ,  lower than  accep tab l e  FGE of 63% 

f o r  s p r i n g  chinook salmon r e s u l t e d .  Lowering t h e  STS 2 f t  had l i t t l e  o r  no 

e f f e c t  on FGE. With t h e  p o s i t i v e  improvements i n  FGE r e s u l t i n g  from 

r a i s i n g  the  ope ra t i ng  g a t e  20 f t ,  we recommend t h a t  ope ra t i ng  g a t e s  be 

e i t h e r  removed o r  r a i s e d  20 f t .  We r e a l i z e  t h a t  a d d i t i o n a l  t e s t i n g  would 

be r e q u i r e d  i f  t h e  ope ra t i ng  g a t e s  were removed t o  determine t h e  impact of 

a d d i t i o n a l  f low i n t o  t he  ga t ewe l l s  on FGE and OPE. 

2. Improving OPE--A s i n g l e  12-inch diameter  o r i f i c e ,  while  about a s  

e f f e c t i v e  a s  two 8-inch o r i f i c e s ,  w i l l  not provide adequate  OPE f o r  

s t ee lhead .  Even wi th  t h e  l a r g e r  diameter  o r i f i c e s ,  a b i a s  s t i l l  appears  t o  



Table 3.--Average percent  o r i f i c e  passage e f f i c i e n c y  and 90 percent  
confidence l i m i t s  of s p r i n g  chinook salmon and s t ee lhead  through 
a  s i n g l e  12-inch diameter  o r i f i c e  compared t o  t h a t  of two 8-inch 
diameter  o r i f i c e s  (opera ted  s imul taneous ly)  over  a  24-h per iod  a t  
Lower Gran i t e  Dam - 1983. 

No. Test  
Dates r e p l i c a t e s  condi t ions  

Spr ing  
chinook Stee lhead  

( % >  ( 2  > 

5/16-5124 5 North 12" o r i f i c e  
South c losed  

5/24-61 10 6 South 12" o r i f i c e  
North c losed  

6110-6115 5 Two 8" o r i f i c e  
Operated s imul taneous ly  

North 8" o r i f i c e  
D i s t r i b u t i o n  

South 8" o r i f i c e  



e x i s t  between t h e  n o r t h  and south  o r i f i c e s .  Therefore ,  we recommend 

d r i l l i n g  two 12-inch diameter  o r i f i c e s  i n  each  BHS t o  improve OPE and f i s h  

condi t ion .  

3. Fi sh  Screen S l o t  Closure--Efforts t o  complete t h e  FSS c l o s u r e  

e v a l u a t i o n  i n  1983 were unsuccess fu l ;  o r i g i n a l  sc reens  placed i n  t h e  Wagner 

Horn t o  prevent  e n t r y  of f i n g e r l i n g s  were found t o  be inadequate .  While 

t h e  l i m i t e d  test d a t a  was unable t o  determine e f f e c t s  of FSS c l o s u r e ,  

o v e r a l l  catches i n  t h e  FSS were much sma l l e r  than  i n  t h e  BHS (Appendix B). 

Therefore ,  we f e e l  t h e r e  would be l i t t l e  impact from c l o s i n g  o f f  t h e  f i s h  

s c r een  s l o t s  and t h e i r  o r i f i c e s ,  s o  t h a t  t h e  12-inch diameter  o r i f i c e s  can 

be d r i l l e d  i n  each bulkhead s l o t  without  having t o  en l a rge  t h e  e x i s t i n g  

bypass condui t .  The unneeded s l o t s  would provide an e x c e l l e n t  weather 

proof s t o r a g e  a r e a  f o r  t h e  STS. 



ACKNOWLEDGEMENTS 

W e  wish t o  express  our app rec i a t i on  t o  D r .  Na thanie l  Matthews, a  

p a r t i c i p a n t  i n  t h e  Minori ty  P ro fe s so r  Program from Le Moyne Owen Col lege ,  

Memphis, Tennessee, f o r  h i s  a b l e  a s s i s t a n c e  i n  t h e  a n a l y s i s  of t h e  da t a  

c o l l e c t i o n  i n  t h i s  study. We a l s o  extend a  s p e c i a l  thank you t o  t h e  CofE 

personnel  a t  Lower Gran i t e  Dam f o r  t h e i r  a s s i s t a n c e  and coopera t ion  i n  

completing t h i s  study. 



LITERATURE CITED 

Krcma, Richard F., W. E. F a r r ,  and C. W. Long 
1980. Research t o  develop bar  screens  f o r  guiding juven i l e  salmonids 

out of t u r b i n e  i n t a k e s  a t  low-head dams on t h e  Columbia and Snake 
Rivers ,  1977-79. Report t o  t h e  U.S. Army Corps of Engineers,  
Cont rac ts  DACW57-79-F-0163 and DACW57-79-F-0274. (Processed)  

Krcma, Richard F., D. DeHart, M. Gessel,  C. Long, and C. W. Sims 
1982. Evalua t ion  of submersible t r a v e l i n g  screens ,  passage of 

j uven i l e  salmonids through t h e  i c e  t r a s h  sluiceway, and cycl ing  of 
ga tewel l  o r i f i c e  ope ra t ion  a t  t h e  Bonneville F i r s t  Powerhouse, 1981. 
Report t o  t h e  U.S. Army Corps of Engineers,  Contract 
DACW57-81 -F-0342. (processed)  

Matthews, Gene M., G. A. Swan, and J. R. Smith 
1977. Improved bypass and c o l l e c t i o n  system f o r  p ro tec t ion  of 

j u v e n i l e  salmon and s tee lhead  t r o u t  a t  Lower Grani te  Dam. Mar. 
Fish.  Rev. MFR 1256, Vo. 39(2):10-14. 

Park, Donn L., E. M. Dawley, R. F. Krcma, C .  W. Long, E. S l a t i c k ,  J. R. 
Smith, and G. A. Swan. 

1976. Evaluat ion of f i s h  p ro tec t ive  f a c i l i t i e s  a t  L i t t l e  Caose and 
Lower Grani te  Dams and review of o the r  s t u d i e s  r e l a t i n g  t o  
p ro tec t ion  of j uven i l e  salmonids i n  t h e  Columbia and Snake Rivers ,  
1975. Report t o  t h e  U.S. Army Corps of Engineers,  Contract 
DACW68-75-C-0111. (Processed) 

Park, Donn L. ,  J. R. Smith, E. S l a t i c k ,  G. A. Swan, E. M. Dawley, and G. 
Matt hews . 

1977. Evaluat ion of f i s h  p ro tec t ive  f a c i l i t i e s  a t  L i t t l e  Goose and 
Lower Grani te  Dams and review of n i t rogen  s t u d i e s  r e l a t i n g  t o  
p ro tec t ion  of j uven i l e  salmonids i n  t h e  Columbia and Snake Rivers ,  
1976. Report t o  t h e  U.S. Army Corps of Engineers,  Contract  
DACW68-75-C-0111. (Processed) 

Sokal, R. R. , and J. F. Rohlf.  
1981. Biometry. 2nd e d i t i o n .  Freeman and Company: San Francisco ,  

Ca l i fo rn ia ,  U.S.A. 

Swan, George A., R. F. Krcma, and W. E. F a r r  
1979. Dipbasket f o r  c o l l e c t i n g  juven i l e  salmon and t r o u t  i n  ga tewel l s  

a t  h y d r o e l e c t r i c  dams. Jan 1979. Prog. F ish  Cult .  41(1):48-49. 

Swan, George A., R. F. Krcma, and F. Ossiander.  
1983. S tudies  t o  improve f i s h  guiding e f f i c i e n c y  of t r a v e l i n g  screens  

a t  Lower Grani te  Dam. Report t o  U.S. Army Corps of Engineers ,  
Contract  DACW68-78%-0051. (Processed)  





APPENDIX A 

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 t e s t  g roups  



T y p i c a l l y  t h e  i n fo rma t ion  needed t o  determine t he  number of 

r e p l i c a t e s  and t h e  sample s i z e s  r e q u i r e d  per  t e s t  group a r e  t h e  t rea tment  

v a r i a b i l i t y  expec ted  (which may be expressed  a s  a  d i f f e r e n c e  between 

t rea tment  means of i n t e r e s t ) ,  t h e ,  number of means ( o r  exper imenta l  

c a t e g o r i e s )  being compared, a n d  t he  a and 6 ( t h e  p r o b a b i l i t y  of t h e  type I 

e r r o r ,  a , and t h e  p r o b a b i l i t y  of t h e  type  I1 e r r o r ,  ) l e v e l s  d e s i r e d  

from t h e  s t a t i s t i c a l  t e s t .  

I n  t h e s e  exper iments ,  we have mainly chosen t o  compare exper imenta l  

u n i t s  by means of a t e s t  of s i g n i f i c a n c e .  We w i l l  be a t t emp t ing  t o  

e s t a b l i s h  t h a t  one procedure  i s  s u p e r i o r  o r  d i f f e r e n t  than  a n o t h e r  by a t  

l e a s t  some s t a t e d  amount. Consequently,  t h e  exper iments  must be l a r g e  

enough t o  reasonably  ensu re  t h a t  i f  t h e  t r u e  d i f f e r e n c e  is  equa l  t o  o r  

g r e a t e r  t han  t h e  s p e c i f i e d  amount, we have a h igh  p r o b a b i l i t y  of d e t e c t i n g  

i t ,  o r  o b t a i n i n g  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e .  The e x a c t  

c a l c u l a t i o n  of t h e  p r o b a b i l i t y  i s  r a t h e r  complicated.  The procedures  used 

prov ide  an approximat ion t h a t  i s  adequate  f o r  de s ign  purposes.  

Very o f t e n  i n  f i e l d  work, c o n d i t i o n s  may prov ide  t h e  oppo r tun i t y  f o r  

more measurements o r  f o r c e  some cu r t a i lmen t .  I n  view of f i e l d  

u n c e r t a i n t i e s ,  which may r e s u l t  i n  more o r  fewer  measurements, a l t e r n a t i v e  

s t a t i s t i c a l  a n a l y s e s  were planned. The primary s t a t i s t i c a l  a n a l y s i s  being 

c a t e g o r i c a l  d a t a  a n a l y s i s  u s ing  t h e  count da ta .  The a l t e r n a t i v e  a n a l y s i s  

being a d a t a  t r an s fo rma t ion  t o  s t a b i l i z e  t h e  v a r i a n c e  and approximate 

no rma l i t y  and t h e n  app ly  a n a l y s i s  of v a r i a n c e  type of procedures .  The 

a l t e r n a t i v e  procedure  i s  u s u a l l y  l e s s  powerful  than  a d i r e c t  c a t e g o r i c a l  

a n a l y s i s  of t h e  count d a t a ,  bu t  may be nece s sa ry  i n  some ca se s  where t h e  

requ i rements  f o r  c a t e g o r i c a l  a n a l y s i s  cannot be f u l f i l l e d .  



Occas iona l ly  w e  p l an  repea ted  measurements a s  assurance  a g a i n s t  t he  

l a c k  of un i formi ty  i n  f i e l d  cond i t i ons .  These may no t  be s t i p u l a t e d  by a  

formal  experimental  design. They have s e v e r a l  uses  i n  subsequent d a t a  

a n a l y s i s .  Repl ica ted  measurements should s t e a d i l y  decrease t h e  e r r o r  

a s s o c i a t e d  w i t h  t he  comparisons among t rea tment  groups, and they can a l s o  

be used t o  make an assessment of measurement accuracy,  e.g., t h e  c lo senes s  

among comparable measurements (Tsao and Wright 1983). This assessment i s  

e s p e c i a l l y  u s e f u l  t o  i d e n t i f y  problem a r e a s  i n  t h e  da t a  c o l l e c t i o n  system 

which may r e q u i r e  s p e c i a l  i n v e s t i g a t i o n .  

The informat ion  f o r  sample s i z e  de te rmina t ion  i s  app l i ed  f o r  t h e  

fo l lowing  cases .  The n o t a t i o n  f o r  t he  formulas i s  g iven  below. 

1. Two group comparison case: This case  i s  concerned wi th  

determining whether one cond i t i on  i s  b e t t e r  t han  ano the r  cond i t i on  

( a  one-way comparison),  o r  w i th  determining whether two 

cond i t i ons  d i f f e r  ( a  two-way comparison).' The formula used is :  

NT = (ZA + Z B ) ~  / 2 ( a r c s i n  - a r c ~ i n p ) ~ .  

This  formula i s  g iven  by Paulson and Wal l i s  (1947),  i t  i s  a l s o  

used by Cochran and Cox (1957), sample s i z e  graphs w e r e  

c a l c u l a t e d  by F e i g l  (1978),  and Lemeshow e t  a l .  (1981) showed 

t h a t  i t  provided t h e  c l o s e s t  approximation t o  an  exac t  method when 

t h e  under ly ing  propor t ions  a r e  small .  This  formula may be 

expressed  i n  d i f f e r e n t  forms, depending on t h e  d e f i n i t i o n  of ZA 

and ZB. We fo l low t h e  form used by Fe ig l .  

2. More t han  two groups o r  multinomial case: The procedures  used f o r  

o b t a i n i n g  confidence i n t e r v a l s  and sample s i z e s  fo l l ow  methods 



g i v e n  by Angers (1974) ,  B a i l e y  (1980) ,  Goodman (1965) ,  and 

M i l l e r  (1966).  

The formula  used  is :  

NM = [ ( B )  (Pi ( l -p i ) ]  / D2. 

3.  For de te rmin ing  t h e  number of r e p l i c a t e s ,  t h e  p rocedures  f o l l o w  

t h o s e  g i v e n  i n  S t e e l  and  T o r r i e  (1960) and  Cochran and Cox 

(1957).  

The formula  u s e d  is: 

R - > 2(T1 + ~ 2 ) ~  ( s 2 )  / D2. 

Th i s  fo rmula  i s  a n  approx imat ion  which depends on how w e l l  s2 

e s t i m a t e s  t h e  exper imenta l  e r r o r .  S u c c e s s i v e  approx imat ions  must 

be used  s i n c e  t h e  number of degrees  of freedom a s s o c i a t e d  w i t h  

T1 and T2 depends upon R. 

The f o l l o w i n g  n o t a t i o n  i s  used  i n  t h e  sample s i z e  fo rmulas :  

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

ZA - s t a n d a r d i z e d  normal d e v i a t e  exceeded w i t h  p r o b a b l i t y  A. 

Where A i s  1 - a / 2  f o r  t h e  two-sided c a s e  and A i s  1 - a  f o r  

t h e  one-sided case .  

ZB - s t a n d a r d i z e d  normal d e v i a t e  exceeded w i t h  p r o b a b i l i t y  B. 

Where B i s  1 - B . T h i s  cor responds  t o  t h e  p r o b a b i l i t y  of 

o b t a i n i n g  a s i g n i f i c a n t  r e s u l t .  Note t h a t  Z B  = -ZB1 where B1 

e q u a l s  B . Hence, (ZA + ZB) cou ld  be w r i t t e n  as (ZA - ZB') 

w i t h o u t  a l t e r i n g  t h e  v a l u e  of NT. 

P1 - p r o p o r t i o n  i n  t h e  c o n t r o l  group. 

P2 - p r o p o r t i o n  i n  t h e  t e s t  group. 



NM - s m a l l e s 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  mult inomial  parameters ,  P i  a r e  

s imul taneous ly  s a t i s f i e d .  

B - t a b u l a r  va lue  f o r  t h e  upper p e r c e n t i l e  of t h e  chi-squared 

d i s t r i b u t i o n  a t  t he  1- a/k 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  

one degree of freedom. Where k i s  the  number of p ropor t i ons  

being compared. 

P i  - expec ted  p ropor t i on  i n  each mult inomial  ca tegory ,  i = 1 ,  

2, . . a ,  k. 

D - l e v e l  of d i f f e r e n c e  i t  i s  d e s i r a b l e  t o  be ab l e  t o  d e t e c t ,  

t h i s  can be d i f f e r e n t  f o r  each t reatment  ( o r  m u l t i n o m i d )  

category.  

R - t h e  number of r e p l i c a t e s  per  t rea tment .  

T1 - t - d i s t r i b u t i o n  va lue  a s s o c i a t e d  wi th  type I e r r o r ,  a . 
T2 - t - d i s t r i b u t i o n  va lue  a s s o c i a t e d  w i t h  type I1 e r r o r ;  T2 

i s  t h e  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 h e  

power of t he  t e s t ,  1- B . 
S - es t ima ted  experimental  e r r o r ,  t h i s  i s  u s u a l l y  ob t a ined  from 

prev ious  experiments  . 
The degrees  of freedom f o r  T1 and T2 a r e  t h e  product of (L-1) 

- 1  where L i s  the  number of t reatment  groups, and R t h e  number of 

r e p l i c a t e s .  Successive approximations a r e  involved 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 i n c e  t he  number of degrees of freedom a s s o c i a t e d  w i t h  

t a b u l a t e d  p r o b a b i l i t y  d i s t r i b u t i o n  va lues  depends on sample s i z e .  
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APPENDIX B 

Catches  of s p r i n g  chinook salmon and s t e e l h e a d  d u r i n g  
f i s h  g u i d i n g  e f f i c i e n c y  tests a t  Lower G r a n i t e  Dam, 1983. 



Appendix Table B--Catches of sp r ing  chinook salmon and s t ee lhead  dur ing  f i s h  guid ing  e f f i c i e n c y  t e s t s  a t  Lower Gran i t e  
Dam comparing t e s t  and c o n t r o l  cond i t ions  a t  135 megawatt ' t u rb ine  load  i n  s p r i n g  of 1983. 

G t l  l N O O K  S A L M U N  S l  t t L H t A U  
SlS - SWS (443) MUOiFlED STS - &WS ( 4 4 )  STAIWW STS - SW (4t3.i- 

Total Total Total Total Total Tda  1 Total Total 
&p Fyke un- guided Gap Fyke un- guided Gap Fyke un- guided &p Fyke un- guided 

WS FSS net net p l & d  and un- % BHS FSS net net p lded and un- ,$ BHS FSS net net guided and un- .$ BHS FSS net net guided and un- % 
Date catch catch cat& catch (kt. 1 guided catch catch catch catch (Est. ) guided F& catch catch catch catch ( k t . )  guided F& catch catch catch catch (kt.) guided ~ ~ 3 2 ~  

TEST CON)iTION - STS LCWERU) 2 FT, OPERATliJG GAT~"RAISEII 20 FT 
4/22 1,309 35 24 293 849 2 ,19361  816 13 39 3791,059 1,86844 41 3 0 0 0 4 4 b /  1 0 0 0 1  3 1 3 b /  
4/23 5,284 183 5 512 1,529 6.9% 78 2,317 135 60 629 1,767 4,291 58 194 17 2 14 38 249 8 5  72 29 1 9 25 121j 80 
4/24 1.313 46 34 404 482 1,841 74 1,032 19 36 763 840 1,891 56 702 80 2 94 Y6 895 87 3 18 6 134 123 721 79 
4/25 513 24 2 233 278 8 1 5 6 6  377 6 13 288 328 711 54 414 47 0 69 71 5 3 8 &  372 16 2 85 89 477 81 
4/26 1,580 44 47 690 7% 2,420 67 793 63 30 938 1,074 1,930 44 656 69 3 212 224 965 75 495 118 16 293 313 9'26 66 
4/27 1.347 52 3 244 254 1,653 85 654 2d 14 334 374 1,056 65 659 72 1 166 174 905 81 370 121 3 175 183 674 73 
TOTAL llr3463841152.3874,18815,918-W-ZW1923,UIW71,767-TSm 8355 iXE5;5W-1,862TEf X69t i351,431- 
&and average 74 53 82 74 

STS STANIARD LEVEL, OPWATlffi GATE RAl SED 20 FT 
4/29 X 2  127 2 143 167 656 75 339 6 15 171 193 538 64 146 112 5 52 58 314 82 115 14 7 89 101 230 56 
4/30 668 49 2 226 240 957 75 475 33 9 444 514 1,022 50 144 81 2 46 50 305 74 138 38 1 53 65 241 75 
5/ 1 605 52 4 233 235 892 74 634 1 1  32 449 513 1,158 % 164 68 2 23 23 255 91 216 18 8 57 61 2Y5 79 
TOTAL '1,635 228 8 XF Gl7 2,505 - 1,448 %=41,220 2,718 - - 4 5 4 2 6 1  V - i z T - i m 8 7 4 -  - -  469 70 -6 199 P7 766 - 
&and average 74 55 82 70 

STS STAN)r9RD LEVEL, BERATING GATE RAISED 5 FT 
5/2 727 68 1 340 348 1 ,14370  640 68 9 569 657 1,X5 52 220 1 3 3  2 55 57 4 1 5 8 6  213 80 3 70 86 3 7 9 7 7  
5/3 675 61 17 503 591 1,327 55 506 108 24 538 634 1,248 49 174 80 1 63 69 323 79 1% 29 3 54 56 281 80 
W4 559 50 4 MD 320 9 2 9 6 6  497 16 19 345 9 3  906 57 150 76 2 47 49 2 7 5 8 2  X I  15 6 55 57 272 79 
TOTAL 1,961 179 Z?!TJTTTZ?J' 5,399- 1.643 -mi11,684 m- 4 -@5 -i%-T;mf- XHW T.179 199 3%- 
9and average 63 52 83 79 

STS LQJeRED 2 FT, BMATIff i  GATE RAISED 5 FT 
5/6 507 33 26 284 3 876 62 422 7 25 382 434 863 50 1,662 637 5 134 160 2,459 93 2,330 389 43 317 353 3,072 69 
5/7 347 24 10 132 160 531 70 245 13 16 185 211 469 55 1 5  639 16 169 185 2,350 92 1,666 267 44 282 312 2,245 86 
518 307 74 17 178 218 599 64 MO 6 16 226 254 560 55 1,251 474 15 171 189 1,914 90 1,318 153 41 a32 314 1,785 82 
TOTAL lr161131 3 i 5 X Z G % -  7 35 TT 733'899 1,8m-mm 35 - -7,102- 
Band average 64 52 92 86 

STS LCWMD 2 FT, ORRATlffi GATE RAISED 20 FT 
5/9 441 26 6 174 210 677 69 322 19 24 264 318 659 52 1,071 459 4 173 209 1,739 88 1,097 113 41 294 314 1,524 79 
5/10 324 17 6 123 147 488 70 213 1 1  16 178 210 434 52 1,217 4% 7 235 255 1,908 87 1,3X 126 39 303 323 1,765 82 
5/11 316 21 4 128 164 501 67 233 12 15 179 203 448 55 732 325 3 92 110.1,167 91 711 73 17 152 164 948 83 - - 
TOTAL 1,081 64 m --- - 768 - 42 % 6m 731 1,541- 3 , 0 2 0 * 1 , ~  17 5744,814- - T i 2  3i 749 8014,257- 
@and Average 69 53 88 8 1 

STS LWERD 2 FT,  RATI IN; MTE STWW LEva 
V12 131 6 23 125 149 286 48 141 3 13 117 129 273 53 454 168 35 129 139 761 82 637 73 22 112 124 834 85 
((he rep i l cate 1 
B Wc-mf-REfor a l l  T ~ S T  c o n d ~ ~ ~ o n s  represents t m a l  t ~ s h  gulded Into bulkhead s ~ o f ( t f f j )  and tlshscreen slot (1-55). 
!-d lnsutflciertt numbers of steelhead collected In this replicate tor statistical validity. 
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Appendix Table  B--Catches of s p r i n g  chinook salmon and s t e e l h e a d  du r ing  f i s h  gu id ing  e f f i c i e n c y  tests a t  Lower Gran i t e  
Dam comparing test and c o n t r o l  cond i t i ons  a t  135 megawatt t u r b i n e  load  i n  s p r i n g  of 1983. 

C l l  l N U U K  b A L M O N  b l t t L H t A U  
KCIm S l S  - BFWS (4-A) ST- SlS  - SWS (48,- bkUlFlED STS - kVbS ( 4 4 )  STAWPHI) STS - sws (WY- 

Total Total Total Total Total Tatal Total Total 
Qp Fyke un- gulded Gap Fyke un- gulded Q p  Fyke un- guided &p Fyke un- guided 

B-IS FSS net net g~ l ded and un- $ BHS FSS net net gJi ded and un- $ BHS FSS net net guided and un- $ BHS FSS net net guided and un- 
%d Date catch catch catch catch ( b t . )  guided F&/ catch catch catch catch (Est.) guided F& catch catch catch catch (Est.) guided F& catch catch catch catch (Est.) guided F E  - 

T c o M ~ G L C ~ @ W T F  I ,  WEHATI a FS 
4/22 1,309 35 24 299 849 2,193 61 816 13 39 3791,059 1,888 44 4 1 3 0 0  0 44 b/ 1 0 0 0 1  3 13 b/ 
4/23 5,284 183 5 5121,529 6,996 78 2,317 135 60 6291,767 4,291 58 194 17 2 14 38 2 4 9 8 5  72 29 1 9 25 1 2 6 0  
4/24 1,313 46 34 404 482 1,841 74 1,032 19 36 763 840 1,891 56 702 80 2 94 % 895 87 543 18 6 134 123 721 79 
4/25 513 24 2 233 278 815 66 377 6 13 288 328 711 54 414 47 0 69 71 538 86 372 16 2 85 89 477 81 
4/26 1,580 44 47 690 7% 2,420 67 793 63 30 9381,074 1,930 44 656 69 3 212 224 965 75 495 118 16 293 315 9% 66 
4/27 1,347 52 3 244 254 1,653 85 654 28 14 334 374 1,056 65 659 72 1 166 174 905 81 370 121 3 175 183 674 73 
TOTAL 11,346 3 8 4  773 2,3874,18815,918 - 5,989 T X  1923,3315,44211,767- - 2,666 8 6033,596- 1,862 f02 Z 697 TKm- 
&and average 74 53 82 74 

STS STAMIAPD LEVEL, OPERATING GATE RAISED 20 FT 
4/29 362 127 2 143 167 656 75 339 6 15 171 193 538 64 146 112 5 52 58 314 82 115 14 7 89 101 250 56 
4/30 668 49 2 226 240 957 75 475 33 9 444 514 1,022 50 144 81 2 46 50 305 74 138 33 1 53 65 241 7% 
5/ 1 605 52 4 233 235 892 74 634 11 32 449 513 1,158 56 164 68 2 23 23 255 91 216 18 8 57 61 3 5  79 .- 
TOTAL 1 , 6 3 5 ' 2 2 8  8 2,- 454\261 - -  - -- - - 

1,448 3 561,0641,2202,718- - -- 
9 121 131 874 469 70 16 199 766 

Grand average 74 55 82 70 

STS STANDPRD LEVEL, OPERATING GATE RAISED 5 FT 
5/2 727 68 1 340 348 1,143 70 640 68 9 569 657 1,365 52 220 1 2 55 57 415 86 213 80 3 70 86 379 77 
5/3 675 61 17 503 591 1,327 55 506 108 24 538 654 1,248 49 174 80 1 63 69 323 79 1% 29 3 54 56 281 80 
5/4 559 50 4 30) 320 929 66 497 16 19 345 393 906 57 150 76 2 47 49 275 82 233 15 6 55 57 272 79 
TOTAL W 72-m m!S-- 1,647 .T1,4521,684 f,- - 544 294 7 165 T z T G E -  - 6 0 9 - T z  T i m  199 T Z -  
Grand aver- 63 52 83 79 

STS LUERED 2 FT, WEHAT I NG GATE RA l SED 5 FT 
5/6 507 33 26 284 336 876 62 422 7 25 382 434 863 50 1,662 637 5 134 160 2,459 93 2,330 389 43 317 353 3,072 89 
5 / 1  347 24 10 132 160 531 70 245 13 16 185 211 469 55 1,526 639 16 169 185 2,350 92 1,666 267 44 282 312 2,245 86 
5/8 307,  74 17 178 218 599 64 300 6 16 226 254 560 55 1,251 4 7 4 .  15 171 189 1,914 90 1,318 153 41 '232 314 1,785 82 
TOTAL 1,161 131 37 594 714 2,OW - KT 26 5 7 7 9 3 ' 8 9 9 ~ 1 ~ 2 - -  4,439- 474 5346,723- 5,314'809, 118 881 9797,1U2- 
Band average 64 52 92 86 

STS LCWWU 2 FT, OF€WTING GATE RAISE0 20 FT 
5/9 441 26 6 174 210 677 69 322 19 24 264 318 059 52 1,071 459 4 173 209 1,739 88 1,097 113 41 294 314 1,524 79 
5/10 324 17 6 1'2.3 147 488 70 213 11 16 178 210 434 52 1,217 4% 7 235 255 1,9@ 87 1,335 126 39 303 323 1,785 82 
5/11 316 21 4 128 164 501 67 233 12 15 179 203 448 55 732 325 3 92 110.1,167 91 711 73 17 152 164 948 83 
TOTAL 3 1 425 521 1,666 -- 

-- - 
768 42 'E -621 731 1,541 - 3,020 1 , m  1 500 5744,814- - 3,144,312 97 749 13014,257- 

Grand Average 69 53 88 81 

STS LWERW 2 FT, OPERATIN3 (ATE STANIN LEVEL 

5/12 131 6 23 125 149 286 48 141 3 13 117 129 273 53 4YI 168 35 129 139 761 82 637 73 22 112 124 834 85 
( h e  rep1 icate) 

Wc-mt-FGE-for a l  I Test condltlms represents td ta l  t l s h  guided into bulkhead s lo t  m) and tishscreen s lo t  (kSS). 
4( Insuff lcient nunbers of steelhead col lected I n  th ls  rep1 icate tar stat ist ical  val ldlty.  


