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During t h i s  p e r i o d ,  f i s h  t h a t  had p r e v i o u s l y  e n t e r e d  t h e  t es t  s i d e  

were g i v e n  time t o  p a s s  t h r o u g h  t h e  f i shway .  T h i s  p e r n i t t e d  

b e g i n n i n g  e a c h  t e s t  w i t h  r e l a t i v e l y  few f i s h  i n  t h e  t e s t  s i d e  o f  t h e  

l a d d e r .  A t  t h e  b e g i n n i n g  o f  each  t e s t ,  t h e  p o s i t i o n  o f  t h e  swinging  

g a t e  was r e v e r s e d  and a l l  f i s h  were d i v e r t e d  i n t o  t h e  t e s t  s i d e  f o r  

a p e r i o d  of f rom 2 t o  3  h o u r s .  Fo l lowing  t h i s  e n t r y  p e r i o d ,  t h e  

p o s i t i o n  of  t h e  g a t e  was a g a i n  r e v e r s e d ,  b l o c k i n g  f u r t h e r  e n t r y  i n t o  

t h e  t e s t  s i d e .  T h i s  p e r m i t t e d  t i m i n g  o f  t h e  g roup  of  f i s h  t h a t  had 

e n t e r e d  t h e  t e s t  s e c t i o n  o f  t h e  l a d d e r .  T e s t  s e c t i o n s  i n  e a c h  l a d d e r  

e x t e n d e d  from weir e l e v a t i o n  359 t o  w e i r  e l e v a t i o n  433, o r  74 p o o l s .  

F i v e  c o u n t  s t a t i o n s  were p r o v i d e d  w i t h i n  t h i s  s e c t i o n ;  c o u n t s  were 

made a t  w e i r  e l e v a t i o n s  359, 371, 380,  387, and 435 i n  t h e  l -on -10-  

s l o p e  l a d d e r  and a t  weir e l e v a t i o n s  359, 369, 380, 381, and 433 i n  

t h e  1 - o n - 1 6 - s l o p e  l a d d e r .  The submerged o r i f i c e s  a t  e a c h  o f  t h e s e  

s t a t i o n s  were b locked  by removable g r i l l s  d u r i n g  t e s t s  s o  t h a t  t h e  

f i s h  were r e q u i r e d  t o  s w i m  o v e r  t h e  weir c r e s t  where t h e y  c o u l d  b e  

c o u n t e d  by o b s e r v e r s  s t a t i o n e d  above t h e  w e i r s .  

P a s s a g e  a t  e a c h  s t a t i o n  was r e c o r d e d  on a n  e l e c t r i c a l l y  

o p e r a t e d  t i m e - e v e n t  r e c o r d e r  l o c a t e d  i n  t h e  c o n t r o l  c e n t e r ,  Each 

o b s e r v e r  was p r o v i d e d  w i t h  a s w i t c h  box c o n t a i n i n q  f o u r  p u s h b u t t o n  

s w i t c h e s ,  When a  f i s h  c r o s s e d  t h e  weir, t h e  o b s e r v e r  pushed t h e  

a p p r o p r i a t e  b u t t o n ,  which a c t i v a t e d  a pen  on t h e  r e c o r d e r .  A 

permanent  g r a p h i c  r e c o r d  on a t i m e - s c a l e d  c h a r t  was t h u s  o b t a i n e d  of 

t h e  p a s s a g e  of  e a c h  f i s h  a t  e a c h  s t a t i o n ,  The f o u r  b u t t o n s  a t  e a c h  

s t a t i o n  were employed t o  t a l l y  ( I )  t h e  u p s t r e a m  p a s s a g e  of s a l m o n i d s ,  

( 2 )  t h e  downstream p a s s a g e  o f  s a l m o n i d s ,  ( 3 )  t h e  ups t r eam p a s s a g e  

of a l l  o t h e r  s p e c i e s ,  and (4)  t h e  downstream p a s s a g e  o f  o t h e r  s p e c i e s .  



G e n e r a l l y ,  t e s t s  were conduc ted  s i m u l t a n e o u s l y  i n  t h e  n o r t h  

and s o u t h  l a d d e r s  o r  on a l t e r n a t e  days  i n  one of  t h e  two l a d d e r s ,  

In a few i n s t a n c e s ,  t e s t s  were conduc ted  i n  t h e  same l a d d e r  f o r  more 

t h a n  1 s u c c e s s i v e  day ,  The number of c o u n t  s t a t i o n s  employed i n  

each  l a d d e r  v a r i e d  t h r o u g h o u t  t h e  se r ies  o f  t e s t s .  Counts  were a lways  

m a i n t a i n e d  a t  weir e l e v a t i o n s  359, 380, and 4 3 3  i n  e a c h  l a d d e r ,  

Counts  a t  t h e  o t h e r  two s t a t i o n s  were u s e d  i n t e r m i t t e n t l y ,  depending  

on t h e  t y p e  of t e s t  b e i n g  conduc ted  and t h e  number of  p e r s o n n e l  

a v a i l a b l e ,  

T e s t s  were conduc ted  i n t e r m i t t e n t l y  t h r o u g h o u t  t h e  s u m e r ,  

f rom May t o  Oc tobe r .  Each ser ies  of t e s t s  was s c h e d u l e d  t o  concur  

w i t h  t h e  a r r i v a l  o f  t h e  v a r i o u s  s p e c i e s  and r a c e s  o f  sa lmonids  

e n t e r i n g  t h e  Snake R i v e r  ( f i g .  2 ) .  The number of  t e s t s  conciucted 

d u r i n g  e a c h  p o r t i o n  o f  t h e  r u n  depended upon t h e  number of f i s h  

a v a i l a b l e .  When we were u n a b l e  t o  o b t a i n  a d e q u a t e  numbers o f  f i s h  

d u r i n g  t h e  2 -  t o  3 -hour  e n t r y  p e r i o d ,  t e s t i n g  was d i s c o n t i n u e d  u n t i l  

t h e  r u n  i n c r e a s e d .  

RESULTS 

The f o l l o w i n g  b r i e f  summary of t h e  r e s u 1 . t ~  must  be  

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

s t u d y  i s  comple ted .  A t  t h i s  t i m e ,  e v a l u a t i o n  o f  t h e  pe r fo rmance  of  

f i s h  i n  t h e  two l a d d e r s  w i l l  be r e s t r i c t e d  t o  compar i sons  of  median 

p a s s a g e  t i m e s  of s a l m o n i d s  t h r o u g h  t h e  e n t i r e  74-pool  t e s t  s e c t i o n s ,  

These v a l u e s  were d e r i v e d  by s u b t r a c t i n g  t h e  t i m e  a t  which 50 p e r c e n t  

of  t h e  s a l m o n i d s  had c r o s s e d  weir 359 from t h e  t i n e  a t  which 50 

p e r c e n t  o f  t h e  s a l m o n i d s  had c r o s s e d  weir 433. These times and t h e  

number o f  f i s h  c o u n t e d  a t  t h e  two w e i r s  a r e  p r e s e n t e d  i n  t a b l e  1,  





T a b l e  1 . - -Pa s sage  t i m e s  t h r o u g h  t h e  7 4 - p o o l  t e s t  s e c t i o n  
i n  t h e  1 -on -10 -and  1 - 0 n - 1 6 - ~ 1 0 p e  l a d d e r s  a n d  numbers  
o f  f i s h  c o u n t e d  a t  t h e  l o w e r  a n d  u p p e r  c o u n t  s t a t i o n s .  

J u n e  

- 

I 

/ Median p a s s a g e  
Coun t s  a t  l o w e r  a n d  u p p e r  1 t i m e  t h r o u g h  74- 

s t a t i o n s  o f  7 4 - p o o l  test s e c t i o n  I p o o l  t e s t  
1 s e c t i o n  

1-on-10 s l o p e  1-on-16 s l o a e  
s l o p e  s l o p e  

Date  , 
M i n u t e s  

May 1 2  37 1 4 0  
I 
I -- 

1 3  60 55  -- -- j 1 5 2  
1 6  , 1 1 4  
1 7  -- -- 562 5 50 -- 1 2 2  I I 
18 -- t -_ 7  4 -- j 1 4 2  
2 1  -- -- 9 : 1 9  -- 1 1 6 2  
2 2  -- -- 1 4  1 18 -- 
1 9  / -- -- 66  8 2  -- 
20 -- -- 1 0 8  1 5 7  I -- 
2 1  / 26 2 1  -- 9 1 
22 1 4  1 5  -- I -- 

I 
2 3  1 9  18 -- I -- 
24 -- 3-93 1 216 
25 1 3 4  1 1 4 5  
26 -- 

' 27 320 321  1 1 0  

-- -- 
1 0  3 
113 -- 
10 8 

2 8  284 1 303 1 1 1 6  1 0 4  
29  6 3  f 7 6  1 2 4  
30 - - -- 

I 
I 1 0 6  

i 
J U ~ Y  1 -- -- 58 , 56 

i 
-- / 1 0 5  

2  90 79 1 6  1 6  9  5 
3 19 1 8  2 0  j 1 6  108 j I O O  
8 5 6 -- - - 130 I -- 
9 - - 1 7  I 15 -- 80  

1 5 5  -- Augus t  ' 2  
8 
9 3  3 -- -- I 9 5  -- 

1 4  -- -- 282 1 8 3  1 4 9  
1 5  1 2  7 3  
1 6  
1 7  
18 
20 4 3  1 1 0  

: 

-- 
3 

-- 
3 

I 
-- 

9 -- 8 1 -- -- 9  5 



T a b l e  1 . - -Pas sage  times through t h e  74-pool  test s e c t i o n  i n  
t h e  l-on-10- and l -on-16-s  l o p e  l a d d e r s  and numbers 
o f  fish c o u n t e d  a t  t h e  l o w e r  and  u p p e r  c o u n t  
s t a t i o n  ( c o n t i n u e d ) ,  

i 

1/ Hole  i n  d i v i d e r  s c r e e n  J u s t  be low w e i r  433 ,  a l l o w i n g  f i s h  t o  
0 

escape  i n t o  b y p a s s  s i a e .  

1 Counts  at l o w e r  and  u p p e r  
) s t a t i o n s  o f  74 -poo l  t e s t  s e c t i o n  

D a t e  

2/ Heavy c o n c e n t r a t i o n  o f  f l o a t i n g  algae i n  f i s h  l a d d e r .  - 

Median pas  sa,ge 
t i m e  t h r o u g h  74- 

~ o o l  t e s t  
1 s e c t i o n  

1-on-10 s l o p e  1-011-16 s l o p e  
Lowerj Upper / Lower I Upper 
( 3 5 9 1 1  ( 4 3 3 )  I ( 3 5 9 )  i ( 4 3 3 )  

Sep t ember  8 
9  

10  
11 
1 2  
1 3  
1 4  
1 7  
18 
1 9  
20 
21 
25 
26 
27 

l -on-10 /  1-on-16 
s l o p e  t s l o p e  

f 
Number/of s a l m o n i d s  1 M i n u t e s  
i 
85 1 95 
77 / 105  
95  I 9 5 

3 7 
34 I 25 

8 0  -- 
118 
10 8 

84 
8 5  

1 1 3  

t i I i 

: 58 8 - - 
1 9 0  
229 

28 
2 9 

O c t o b e r  1 
2 

I 
206 ! 314 

69 
0 -  

1 6 8  

94 
8 8  
98  

1 0 4  
1/ 
i/ - 
1/ 

227 / 234 
108 i 1 0 0  
2 4 3  / 227 

70 67  
184 1 1 8 1  

100  -- 612 -- 207 i 1 9 9  
1 4 7 1  1 6 1  

i 
45  1 48 _ _  , 

32 3 
149 
626 
3 36 

8 4  -- 
154  

94 3 -- 
4 9 1  
204 
1 8  1 

94 106 
252 -- 96 -- 

1 0 6  
9 7  

3 

403  
94 

452 
34 3  

60 

8 5 3  319 ! 298  ' 
i/ . 

1 2 3  z/ 
1 1 0  
10 4 

6 94 

1 8  1 

1274  
79 

620 
335 
796 
979 

I 719 
413 
6 36 
588 

-- 
525 
229 
1 8 4  

9 0  
97 

1 2 2  
1 0 6  



" Number of F i s h  i n  T e s t s  

There was c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  numbers of f i s h  

i nvo lved  i n  t h e  v a r i o u s  t e s t s  both  w i t h i n  and between l a d d e r s .  

D i f f e r e n c e s  w i t h i n  l a d d e r s  were g e n e r a l l y  a s s o c i a t e d  wi th  t h e  

s e a s o n a l  p a t t e r n  of  t h e  run .  The c o n s i s t e n t l y  l a r g e r  sampla sizes 

i n  t h e  1 -on-16-s lope  l a d d e r ,  hcwever, were dus t o  t h e  f a c t  t h a t  

g e n e r a l l y  more f i s h  u t i l i z e d  t h i s  l a d d e r .  Seve ra l  f a c t o r s  

c o n t r i b u t e d  t o  t h e  unequal  u t i l i z a t i o n  of t h e  two l a d d e r s .  During 

t h e  s p r i n g  chinook run (Yay), a  s e c t i o n  of cofferdam remaining from 

t h e  c o n s t r u c t i o n  phase  of  t h e  dam was i n s t r u m e n t a l  i n  c r e a t i n g  a 

l a r g e  eddy downstream from t h e  e n t r a n c e  t o  t h e  n o r t h - s h o r e  l a d d e r .  

Th i s  c o n d i t i o n  i s  b e l i e v e d  t o  have p r even t ed  many f i s h  from l o c a t i n g  

t h e  e n t r a n c e .  During t h e  month of  Yay, 90 p e r c e n t  of  t h e  t o t a l  

chinook passage  ove r  t h e  dam was coun ted  through t h e  s o u t h  (1-on-16- 

s l o p e )  l a d d e r .  The t e s t  on Xay 16 i n  t h e  1 -on-10-s lope  l a d d e r ,  

i n v o l v i n g  280 f i s h ,  was made p o s s i b l e  by s p e c i a l  a r rangement  wi th  

t h e  Corps of Engineers  whereby t h e  s p i l l w a y  g a t e s  were c l o s e d  f o r  a  

2-hour p e r i o d  d u r i n g  t h e  t e s t .  

Beginning about  mid-June, s p i l l w a y  d i s c h a r g e s  began 

d e c r e a s i n g ,  and i t  was p o s s i b l e  t o  a d j u s t  t h e  v a r i o u s  s p i l l w a y  g a t e s  

t o  p rov ide  a more d e s i r a b l e  e n t r a n c e  c o n d i t i o n  t o  t h e  n o r t h - s h o r e  

l a d d e r .  A l a r g e r  pe r cen t age  of sa lmonids  e n t e r e d  t h e  1 -on-10-s lope  

l a d d e r  du r ing  t h i s  p e r i o d ,  and du r ing  t h e  peak passage  days of t h e  

summer chinook run ,  up t o  260 f i s h  e n t e r e d  t h e  l a d d e r  d u r i n g  t h e  

2 -  t o  3-hour e n t r y  p e r i o d .  



There  was v i r t u a l l y  no s p i l l  d u r i n g  t h e  f a l l  ch inook and 

s t e e l h e a d  r u n s  a s  t h e  e n t i r e  r i v e r  f l o w  was b e i n 2  p a s s e d  t h r o u g h  t h e  

t u r b i n e s .  F i s h  f o l l o w i n g  t h e  main f l o w  of t h e  r i v e r  were t h u s  

a t t r a c t e d  t o  t h e  powerhouse c o l l e c t i o n  system and e n t r a n c e  t o  t h e  

1 -on-16-s lope  l a d d e r .  During t h i s  p e r i o d ,  Corps of  E n g i n e e r s  

p e r s o n n e l  were q u i t e  c o o p e r a t i v e  i n  opening s p i l l w a y  g a t e s  on t h e  

n o r t h  s h o r e  p r i o r  t o  and d u r i n g  t e s t s  i n  an  a t t e m p t  t o  a t t r a c t  more 

f i s h  i n t o  t h e  1 - o n - 1 0 - s l o p e  l a d d e r .  Althouqh s i m p l e  s i z e s  were s t i l l  

s m a l l e r  t h a n  t h o s e  i n  t h e  1 -on-16-s loge  l a d d e r ,  many were l a r g e  

enough t o  p r o v i d e  a  r e l i a b l e  measure of  f i s h  per formance  i n  t h e  

1 -on-10-s lope  l a d d e r .  

Accuracy of  Counts  

I t  may be n o t e d  t h a t  t h e r e  a r e  d i s c r e p a n c i e s  i n  t h e  numbers 

o f  f i s h  coun ted  a t  t h e  lower (we i r  e l e v a t i o n  359) and upper  [wei r  

e l e v a t i o n  433)  c o u n t  s t a t i o n s  i n  b o t h  l a d d e r s ;  i . e . ,  t h e r e  were more 

f i s h  coun ted  o u t  t h a n  had e n t e r e d .  T h i s  c a n  be a t t r i b u t e d  i n  p a r t  

t o  e r r o r  i n  i d e n t i f i c a t i o n  of s p e c i e s  a t  t h e  two c o u n t  s i tes .  I n  

a d d i t i o n  t o  sa l rnonids ,  g e n e r a l l y  e q u a l  o r  g r e a t e r  numbers of  o t h e r  

s p e c i e s  ( s u c k e r s ,  s q u a w f i s h ,  c a r p ,  e t c , )  were p r e s e n t  d u r i n g  t h e  

t e s t s .  Many of  t h e s e  f i s h  were as  l a r g e  a s  small. s a lmonids .  

O b s e r v e r s ,  hav ing  t o  d e c i d e  whether  t h e s e  f i s h  were sa lmonids  o r  

o t h e r  s p e c i e s  i n  t h e  b r i e f  t ime  r e q u i r e d  f o r  t h e  f i s h  t o  c r o s s  t h e  

w e i r ,  c o u l d  u n d e r s t a n d a b l y  nake  e r r o r s  i n  i d e n t i f i c a t i o n ,  V i s i b i l i t y  

and d i s t a n c e  from o b s e r v e r  t o  w e i r  v a r i e d  between coun t  s t a t i o n s ,  

and i t  i s  l i k e l y  t h a t  chances  f o r  e r r o r  were g r e a t e r  a t  some s t a t i o n s  

t h a n  o t h e r s .  The upper  s t a t i o n s  i n  b o t h  l a d d e r s  were a t  t h e  

downstream end of  t h e  nonoverf low s e c t i o n  of  t h e  l a d d e r ;  c o n s e q u e n t l y ,  

t h e  f l o w  o v e r  t h e  w e i r  was smooth and f r e e  from t u r b u l e n c e ,  Counts  



h e r e  were t h e r e f o r e  p robab ly  more a c c u r a t e  t han  a t  any o t h e r  s t a t i o n ,  

The lower s t a t i o n s  i n  each l a d d e r  were t y p i c a l l y  rough due t o  

t u r b u l e n c e ,  e n t r a i n e d  a i r ,  and t h e  upwel l ing from t h e  o r i f i c e  i n  t h e  

poo l  above. Observers  were q u i t e  c o n s c i e n t i o u s  i n  t h e i r  e f f o r t s  t o  

ach i eve  a c c u r a t e  coun t s ,  and p e r i o d i c  checks  of t h e i r  accuracy  by 

b i o l o g i s t s c o n d u c t i n g  t h e  s t u d y  i n d i c a t e d  c o u n t s  were p robab ly  a s  

a c c u r a t e  a s  cou ld  be expec t ed  under t h e s e  adve r se  c o n d i t i o n s ,  Counts 

i n  t h e  1-on-16-s lope l a d d e r  were p robab ly  s u s c e p t i b l e  t o  a  g r e a t e r  

degree  of e r r o r  t han  t hose  i n  t h e  1-on-10-s lope l adde r ,  a s  obse rve r s  

were r e q u i r e d  t o  ma in t a in  s u r v e i l l a n c e  over  a  g r e a t e r  weir  span 

(12 f e e t  i n  t h e  1-on-16 compared t o  5 f e e t  i n  t h e  1-on-10-s lope 

l a d d e r )  . 
Passage Times 

There was c o n s i d e r a b l e  v a r i a t i o n  i n  passage times i n  both  

l a d d e r s  throughout  t h e  season .  Passage t imes  th rough  t h e  74-pool 

t e s t  s e c t i o n  ranged from 67 t o  152 minutes  i n  t h e  1-on-10-s lope 

l a d d e r  and from 80 t o  168 minu tes  i n  t he  1-on-16-s lope l a d d e r  

( t a b l e  1). A comparison of passage  t imes  i n  t h e  two l a d d e r s  f o r  

s e l e c t e d  tests  i s  p r e s e n t e d  i n  f i g u r e  3 .  I n  p r e s e n t i n g  t h e s e  d a t a ,  

on ly  t e s t s  conducted on t h e  same day o r  a l t e r n a t e  days were 

cons ide red .  C e r t a i n  t e s t s  were omi t t ed  due t o  sma l l  sample s i z e s ,  

o r  t o  o p e r a t i o n a l  d i f f i c u l t i e s  o r  abnormal occur rences  du r ing  t h e  

t e s t s .  

Although passage  t imes  f o r  p a i r e d  t e s t s  i n  t h e  two l a d d e r s  

d i f f e r e d  by a s  much a s  36 minutes  ( f i g .  31, t h e r e  was no c o n s i s t e n t  

p a t t e r n  t h a t  i n d i c a t e d  passage  might  be s lower  o r  f a s t e r  i n  t h e  

1 -on-10-s lope  l a d d e r .  I n  11 i n s t a n c e s ,  passage  t imes  were g r e a t e r  

i n  t h e  1 -on-10-s lope  l a d d e r ,  and i n  10 i n s t a n c e s  t hey  were g r e a t e r  

i n  t h e  1 -on-16-s lope  l a d d e r .  
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Conclusions  

Although f i n a l  conc lus ions  from t h i s  s t udy  must be r e s e r v e d  

u n t i l  a more comgrehensive a n a l y s i s  of t h e  d a t a  h a s  been completed, 

i t  i s  obvious t h a t  a d u l t  salmonids s u c c e s s f u l l y  ascended t h e  

l -on-10-s lope  l a d d e r ,  and comparisons of passage  t imes  i n  t h e  

l -on-10-  and l -on-16-s lope  l a d d e r s  i n d i c a t e  t h a t  performance p a t t e r n s  

d i d  n o t  d i f f e r  markedly. I t  i s  recognized t h a t  many of t h e  

comparisons of passage  t imes  a r e  based upon r e l a t i v e l y  smal l  sample 

s i z e s .  Desp i t e  t h i s ,  one might expec t  t h a t  any u n d e s i r a b l e  des ign  

f e a t u r e s  i n  t h e  l -on-10-s lope  l a d d e r  s e r i o u s  enough t o  cause  passage 

problems would have been mani fes ted  i n  even t h e  smal l  samples. As 

h a s  been shown, no such problems developed.  

Although on ly  t o t a l  passage  t imes  have been cons ide red  

he re ,  f u r t h e r  a n a l y s i s  w i l l  i n c l u d e  an examinat ion of  passage r a t e s  

i n  t h e  v a r i o u s  s e c t i o n s  of  t h e  l a d d e r s  t o  determine i f  any d i f f e r e n c e s  

i n  behavior  a r e  i n  ev idence .  I n  a d d i t i o n ,  passage  r a t e s  and behavior  

of o t h e r  s p e c i e s  w i l l  be compared. 


