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EVALUATION OF THE I-ON-10-SLOPE 
FISH LADDER AT I C E  HARSOR DAM - 1/ 

INTRDDUCTION 

F i s h  Passage f a c i l i t i e s  a t  I c e  Harbor Dam on t h e  

Snake River  c o n s i s t  o f  two p o o l - a n d - a v e r f a l l  f i s h  l a d d e r s :  

(1 )  a 1 -on-16-s lope  f i shway  24  f e e t  wide of conven t i ona l  

d e s i g n  and ( 2 )  a 1 -on -10 - s lope  f i shway  16 f e e t  wide u s u a l l y  

r e f e r r e d  t o  a s  t h e  Ice Harbor d e s i g n  ( f i g u r e  I ) ,  Both f i s h -  

ways r i s e  1 f o o t  between poo l s  a t t a i n i n g  a t o t a l  a s c e n t  of 

abou t  100 f e e t ,  The I c e  Harbor d e s i g n  f i shway  i s  s t e e p e r ,  

s h o r t e r ,  and more economical  t o  b u i l d  b u t ,  as a r e s u l t  of 

p r e v i o u s  l a b o r a t o r y  t e s t s ,  i s  expec ted  t o  p a s s  f i s h  a s  e f -  

f i c i e n t l y  a s  o t h e r  f i shways  now o p e r a t i n g  on t h e  Columbia 

River  system, 

The I c e  Harbor f i shway ,  des igned  by t h e  Corps of 

Engineers ,  employs t h e  r e s u l t s  of r e c e n t  fish passage  r e s e a r c h  

conducted  by t h e  Bureau of  Commercial F i s h e r i e s ,  The p r o t a -  

t y p e  f i shway  has undergone c a r e f u l  s c r u t i n y  d u r i n g  each phase  

o f  development ,  A f t e r  s u i t a b l e  h y d r a u l i c  c o n d i t i o n s  were 

e s t a b l i s h e d  by model s t u d i e s ,  t h e  f u l l  s i z e  f i shway  was 

b i o l o g i c a l l y  t e s t e d ;  f i r s t  i n  t h e  l a b o r a t o r y  and t h e n  i n  t h e  

f i e l d ,  During l a b o r a t o r y  t e s t s  m ig ran t  sa lmonids  ascended a 

s i x - p o o l  l a d d e r  under  v a r i o u s  f low c o n d i t i o n s  and wei r  c r e s t  

d e s i g n s ,  C e r t a i n  c o n d i t i o n s  were found t o  be b e s t  and some 

1/ Conducted by t h e  Bureau of  Commercial F i s h e r i e s  under - 
c o n t r a c t  (number DA-45-164-CIVENG-62-175) wi th  t h e  U , S ,  -1- 
Army Corps of Eng inee r s ,  P r e l i m i n a r y  r e p o r t  submi t t ed  
November 26, 1962, \ 

', 



Figure  1 , - - A  v i e w  o f  I c e  Harbor Dam showing t h e  
1 - o n - 1 6 - s l o p e  f i shway  on t h e  south  shore  ( r i g h t )  
and t h e  1 - o n - 1 0 - s l o p e  f i shway  on t h e  nor th  shore  
( l e f t ) ,  The cofferdam c e l l  below t h e  s p i l l w a y  
was p r e s e n t  during  a l l  f i shway  t e s t s  but has  
s i n c e  been removed, 



s l i k h t  m o d i f i c a t i o n s  were made. Tho f i n a l  r e s u l t s  of 

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

s a l m o n i d s  a s  w e l l  a s  a c o n v e n t i o n a l  1 - a n - 3 6 - s l o p e  d e s i g n  

(Thompson and  Gauley  L / ) .  F i n a l l y ,  t h e  f u l l  l e n g t h  o f  t h e  

p r o t o t y p e  f i s h w a y  was e v a l u a t e d  i n  t h e  f i e l d  u n d e r  normal  

o p e r a t i n g  c o n d i t i o n s .  

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

c o n d u c t e d  a t  I c e  H a r b ~ r  D a m  f rom May 10 t h r o u g h  O c t o b e r  5 ,  

1962.  The p r i m a r y  o b j e c t i v e  of t h e  s t u d y  was t o  d e t e r m i n e  i f  

t h e  1 - o n - 1 0 - s l o p e  l a d d e r  would s a t i s f a c t o r i l y  pass t h e  numbers 

and  s p e c i e s  o f  f i s h  it may n o r m a l l y  be e x p e c t e d  t o  accom- 

modate  a t  Ice Harbor  D a m ,  P a s s a g e  i n  t h e  1 - o n - 1 0 - s l o p e  

l a d d e r  was e v a l u a t e d  by compar ing  t h e  pe r fo rmance  o f  f i s h  

a s c e n d i n g  i t  w i t h  t h e  p e r f o r m a n c e  of f i s h  a s c e n d i n g  t h e  

c o n v e n t i o n a l  1 - o n - 1 6 - s l o p e  l a d d e r ,  

METHODS AND MATERIALS 

C r i t e r i a  employed i n  compar ing  t h e  pe r fo rmance  o f  

f i s h  i n  t h e  two l a d d e r s  i n c l u d e d :  ( 1 )  p r o p o r t i o n s  o f  f i s h  

s u c c e s s f u l l y  n e g o t i a t i n g  comparab le  s e c t i o n s  o f  t h e  two 

l a d d e r s  d u r i n g  a g i v e n  p e r i o d ,  (23  r a t e s  and p a t t e r n s  o f  

movement t h r o u g h  comparab le  t e s t  s e c t i ~ n s  (same or  similar 

number o f  p o o l s ) ,  and  ( 3 )  f a l l b a c k  a c t i v i t y  (downstream 

p a s s a g e )  w i t h i n  t h e  t e s t  a r e a ,  

2/  Thompson, C l a r k  S.  and J o s e p h  R .  Gauley .  L a b o r a t o r y  - 
E v a l u a t i o n  o f  t h e  1 - o n - 1 0 - s l o p e  I c e  Harbor  Fishway 
Des ign ,  M a n u s c r i p t ,  



I O b s e r v a t i ~ n s  were made w i t h i n  a 74-pool  t e s t  a r e a  

of each l a d d e r ,  Temporary p a r t i t i o n s  were i n s t a l l e d  l o n g i -  

t u d i n a l l y  t h r o u g h o u t  t h e  t e s t  a r e a  d i v i d i n g  each l a d d e r  i n t o  

a t e s t  and bypass  s i d e ,  Only t h e  t e s t  s i d e  was employed i n  

t h e  s t u d y ,  Count s t a t i o n s  i n s t a l l e d  a t  s e v e r a l  d i f f e r e n t  

e l e v a t i o n s  w i t h i n  t h e  t e s t  a r e a  p rov ided  means of comparing 

t h e  performance  a f  f i s h  as t h e y  ascended v a r i o u s  segments  of 

t h e  t e s t  a r e a s  i n  each l a d d e r ,  

T e s t  Area 

The t e s t  a r e a  i n  b o t h  f i s h w a y s  ex tended  from w e i r  

e l e v a t i o n s  31 359 t o  433  and occup ied  j u s t  h a l f  of t h e  d i v i -  

ded f  ishway ( f i g u r e  2 ) .  The f ishways were d i v i d e d  by a 

temporary  p a r t i t i o n  i n s t a l l e d  l o n g i t u d i n a l l y  down t h e  c e n t e r  

l i n e  th roughou t  each  t e s t  a r e a - - a  2 - inch  t i m b e r  p a r t i t i o n  i n  

t h e  1 - o n - 1 0 - s l o p e  f i s h w a y  ( f i g u r e  3) and a 1- by 2- inch 

welded f a b r i c  p a r t i t i o n  i n  t h e  1 - o n - 1 6 - s l o p e  f i s h w a y  ( f i g u r e  4 ) .  

Screened  b a r r i e r  g a t e s  were h inged on t h e  end of t h e  

d i v i d e r  p a r t i t  i o n s  j u s t  downstream from each  t e s t  a r e a  ( f i g u r e  

2 ) ,  Gates  were a p p r o x i m a t e l y  t h e  l e n g t h  of  a  f i s h w a y  poo l  

and equipped w i t h  c o n t r o l  c a b l e s  o p e r a t e d  from small hand 

winches mounted on t s p  of  t h e  f i s h w a y ,  By swinging a d i v e r -  

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

t h e  l a d d e r  i n t o  t h e  t e s t  s i d e  o n l y ,  t h e  bypass  s i d e  o n l y ,  o r  

b o t h  s i d e a  s i m u l t a n e o u s l y ,  

3/  Weir e l e v a t i o n s  d e s i g n a t e d  a s  e l e v a t i o n  i n  f e e t  above - 
mean s e a  l e v e l ,  



ICE HARBOR FISH LADDERS 

1 1 1 1 1  
433 + EXIT 

f G A T E  

North Shore I-on- 10-Slope 

DIVIDER FENCE / H 
South Shore I-on-16-Slope b E 

Figure 2*- -Sketch of Ice Harbor f i s h  ladders shaking locaticme af crounZ sbt ionso  



Figure 3 . - -View of t h e  north shore  1 - o n - 1 0 - s l o p e  
f i s h  ladder showing t h e  timber d i v i d e r  w a l l  and 
l o c a t i o n  o f  t h e  f i v e  count s t a t i o n s  The uppermost 
count s t a t i o n  [ e l e v a t i o n  433 )  i s  b a r e l y  v i s i b l e  a t  
t h e  upper l e f t  corner  o f  t h e  photograph. 



Figure  4-,--View o f  t h e  south shore  1 - o n - 1 6 - s l o p e  
f i s h  ladder showing t h e  d i v i d e r  s c r e e n  and 
count  s t a t i o n s  f o r  weir e l e v a t i o n s  380 ( t o  
r i g h t  o f  b r i d g e )  and 3 8 1  (on t h e  b r i d g e ) ,  
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Count ing  s t a t i o n s  l o c a t e d  a t  we i r  e l e v a t i o n s  359, 

371, 380, 3 8 7 ,  and 433 i n  t h e  1 - o n - 1 0 - s l o p e  f i s h w a y  and a t  

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  

f i s h w a y  p r o v i d e d  f i s h  c o u n t s  a t  comparable  l o c a t i o n s  i n  t h e  

t e s t  a r e a ,  To e n s u r e  c ~ m p l e t e  c o u n t s  a t  e a c h  of t h e s e  s t a -  

t i o n s ,  f i s h  were f ~ r c e d  t o  c r e s s  t h e  we i r  c r e s t  by g r i l l i n g  

t h e  ~ r i f i c e s  on b o t h  s i d e s  o f  t h e  w e i r .  O r i f i c e  g r i l l s  a r e  

shown i n  f i g u r e  5 ,  -411 g r i l l s  were h inged  a t  t h e  bottom s o  

t h a t  o r i f i c e s  c o u l d  be l e f t  open between t e s t  p e r i o d s .  A t  

t h e  uppermost  c o u n t i n g  s t a t i o n  (we i r  433) ,  f i n g e r  t r a p s  

i n s t a l l e d  on t h e  w e i r  c r e s t s  d e t e r r e d  f i s h  from dropp ing  back 

i n t o  t h e  t e s t  a r e a ,  Water d e p t h  over  t h e  f i n g e r  t r a p  was 

a p p r o x i m a t e l y  6 i n c h e s .  

Timing o f  F i s h  

F i s h  p a s s a g e  th rough  segments  of t h e  f i s h w a y  was 

t imed and r e c o r d e d  f o r  i n d i v i d u a l  we i r  c r o s s i n g s  a t  e a c h  

c o u n t i n g  s t a t i c n .  T h i s  was acco:nplished by i n s t a l l i n g  a 

system of p u s h b u t t o n  s w i t c h e s  from e a c h  c o u n t  s t a t i o n  t o  

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

r e c o r d e r ,  Marks on t h e  t i m e - s c a l e d  r e c o r d e r  c h a r t  p r o v i d e d  

a permanent r e c o r d  of  f i s h  p a s s a g e  a t  each  s t a t i o n ,  

The m e t h ~ d  of c o u n t i n g  f i s h  and t i m i n g  was t h e  same 

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

f o u r  p u s h b u t t o n s  l a b e l e d  salmon up ,  salmon down, o t h e r s  up,  

and  o t h e r s  down, When a f i s h  c r o s s e d  t h e  c o u n t i n g  w e i r ,  t h e  

c o u n t e r  d e p r e s s e d  t h e  a p p r o p r i a t e  b u t t o n  ( f i g u r e  6 )  which 

a c t i v a t e d  t h e  c o r r e s p o n d i n g  r e c o r d e r  p e n ,  An ~ b s e r v e r  a t  



Figure 5 .0-Orif ice  g r i l l  on the upstream s ide  of weir 
4 3 3  in  the 1-on-16-slope fishway i s  typical  of g r i l l s  
on both s ides  of each counting weir, The f inger trap 
on the weir cres t  prevents f i s h  from dropping back 
in to  the t e s t  area. 



Figure 6 , - - A  salmon being counted over  weir 433  
In t h e  1 - o n - 1 6 - s l o p e  f i s h w a y ,  Passage o f  t h e  
f i s h  i s  recorded by p r e s s i n g  a button on t h e  
smal l  box h e l d  by t h e  c o u n t e r ,  This  a c t i o n  
marks a tape  on t h e  recorder  l o c a t e d  a t  t h e  
c o n t r o l  c e n t e r ,  
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' t he '  r e c o r d e r  ( f i g u r e  7 )  c ~ m p i l e d  a t  5 - m i n u t e  i n t e r v a l s  t h e  

number of  sa lmon and o t h e r  s p e c i e s  c r o s s i n e  e a c h  c o u n t i n g  

weir, 

A s h e l t e r e d  c o n t r o l  c e n t e r  2 t  e a c h  S i shway  housed  

t h e  r e c o r d e r  w h i l e  f i e l d  phones  p r o v i d e d  d i r e c t  communica t ion  

be tween  f i s h  c o u n t e r s  and  t h e  o b s e r v e r  a t  t h e  r e c o r d e r ,  

TEST PROCEDURE 

A b a s i c  o p e r a t i o n a l  p r o c e d u r e  was e s t a b l i s h e d  t~ 

s t a n d a r d i z e  t e s t s  be tween  t h e  two E i shways ,  The p l a n  was 

f l e x i b l e  enough,  however ,  t o  c o p e  w i t h  u n u s u a l  c o n d i t i o n s  

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

i n c l u d e  a l l  p a r t s  of t h e  s e a s o n a l  m i g r a t i o n  whenever ade- 

q u a t e  numbers o f  f i s h  were a v a i l a b l e ,  

O p e r a t i o n a l  Sequence  

The o p e r a t i o n a l  s e q u e n c e  was b a s i c a l l y  t h e  same f o r  

a l l  t e s t s  i n  b o t h  f i s h w a y s ,  Twelve t o  24  h o u r s  b e f o r e  e a c h  

t e s t  t h e  b a r r i e r  g a t e  was p ~ s i t i o n e d  t o  b l a c k  t h e  lower  end 

of  t h e  t e s t  area and  d i v e r t  a l l  f i s h  t h r o u g h  t h e  b y p a s s  s i d e  

of t h e  f i s h w a y ,  T h i s  u s u a l l y  c l e a r e d  t h e  t e s t  area ~f a l l  

b u t  n o n s a l m o n i d s ,  Each t e s t  was s t a r t e d  a t  8 : 0 0  a , n , ;  t h a t  

i s ,  t h e  r e c o r d e r  was s t a r t e d  a t  t h i s  t i n e  a n d  c o u n t e r s  

s t a r t e d  c o u n t i n g  as soon  as t h e y  a r r i v e d  a t  t h e i r  s t a t i o n s ;  

f i v e  t~ 10  m i n u t e s  l a t e r .  Approx ima te ly  30 m i n u t e s  o f  

c o u n t i n g  a t  e a c h  s t a t i o n  r e v e a l e d  t h e  rnovement ( o r  l a c k  o f  

movement) of  any  f i s h  r e m a i n i n g  i n  t h e  t e s t  s i d e  of t h e  



Figure 7 , - -  A time event recorder located a t  one of  the  
two control  centers ,  Fish counts from a l l  counting 
weirs are transmitted t o  the  recorder and appear a s  
marks on the moving tape.  Recorder tape runs a t  the 
r a t e  of  1-1/2" per minute, 
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f i shb ray ,  The b a r r i e r  g a t e  was t h e n  p o s i t i ~ n e d  t o  open t h e  

t e s t  s i d e  and b l o c k  t h e  b y p a s s  s i d e  t h u s  d i v e r t i n g  t h e  

e n t i r e  f i s h w a y  m i g r a t i o n  t h r o u z h  t h e  t e s t  area,  

A 2 -  t o  3 -hour  e n t r y  p e r i o d  u s u a l l y  p r o v i d e d  an 

a d e q u a t e  sample  and s t i l l  l e f t  enough t i m e  f o r  a l l  f i s h  t o  

c o m p l e t e  t h e  Eishway a s c e n t  d u r i n g  t h e  t e s t  p e r i o d ,  A 

s c a r c i t y  of f i s h  d u r i n g  some t e s t s  ( e s p e c i a l l y  i n  t h e  

1 - o n - 1 0 - s l o p e  l a d d e r )  c a u s e d  low e n t r y  r a t e s ,  s o  e n t r y  p e r i o d s  

were e x t e n d e d  t o  i n c r e a s e  t h e  sample s i z e ,  The e n t r y  p e r i o d s  

and numbers of f i s h  e n t e r e d  d u r i n g  t e s t s  u s e d  f o r  t h e  

a n a l y s i s  a r e  g i v e n  i n  t a b l e s  1 and  2 ,  

Coun t ing  c ~ n t i n u e d  a t  a 1 1  s t a t i o n s  t h r o u g h o u t  t h e  

d u r a t i o n  o f  t h e  t e s t  which was u s u a l l y  t e r m i n a t e d  a round 

4 : 3 0  p,m, Dur ing  t h e  8 - h o u r  t e s t ,  c o u n t e r s  g e n e r a l l y  

worked a 50 -minu te  s h i f t  a t  one  s t r t i o n  a f t e r  which t h e y  had  

a s h o r t  r e s t  p e r i o d  and t i m e  t o  g e t  t o  t h e i r  n e x t  s t a t i o n ,  

The sequence  o f  s t a t i o n s  and c o u n t  s c h e d u l e s  were: z s s i g n e d  

a t  random t o  p r e v e n t  i n d i v i d u a l s  S r o n  b e i n g  r e g u l a r l y  

a s s i g n e d  t o  p a r t i c u l a r  s t a t i o n s ,  

S c h e d u l i n g  of T e s t s  

Tests were s c h e d u l e d  t o  c o i n c i d e  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  of  s a l m o n i d s  e n t e r i n g  t h e  Snake 

R i v e r ;  hence ,  t h e  number of  t e s t s  c o n d ~ c t e d  depended upon t h e  

number o f  f i s h  a v a i l a b l e  d u r i n g  e a c h  ? o r t i o n  of  t h e  r u n ,  

When we were u n a b l e  t o  o b t a i n  a d e q a a t e  numbers ~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 ,  D a i l y  S ishway c o u n t s  of s a l n n n  and s t e e l -  

head g r a p h e d  i n  f i z u r e  8 show t h e  s e a s o n a l  d i s t r i b u t i o n  of 

s a l m o n i d s ,  T e s t  d a y s  a r e  a l s c  i n d i c a t e d ,  





1/ 
T a b l e  1.--Net u p s t r e a m  c o u n t s  o f  s a l m o n i d s  a n d  n o n s a l m o n i d s  a t  e a c h  c o u n t i n g  s t a t i o n  - 

i n  t h e  1-on-10 s l o p e  f i s h  l a d d e r  d u r i n g  f i s h w a y  e v a l u a t i o n  t e s t s  a t  I c e  - 
H a r b o r  Dam May 1 2  t o  O c t o b e r  4 ,  1 9 6 2 .  

S t a t i o n  3 7 1  s t a t i o n  380 S t a t i o n  387 

May 1 2  
1 3  
1 6  

J u n e  2 1  
22 
2 3  
26  

3 /  27 - 
3 /  28 - 
3/  29  - 

3  0 
J u l y  2 

3 
8  

A U ~ .  8 
9  

1 5  
1 7  

S e p t .  8  
9 

10 
11 

4 /  1 2  - 
1 3  
1 4  
1 7  
1 8  
1 9  
20  
2 1  
2 5  
26  

S IVS T o t a l  S MS T o t a l  S NS T o t a l  S N S T o t a l  . -  - 

2 . 5 0  
2 .50  
5 . 2 5  
2 . 7 0  
2 .00  
2 . 0 0  
2 . 0 8  
3 . 0 0  

37 2  39 
60  o 60 

280 1188 1 4 6 8  
26  288 314 
1 4  94 1 0 8  
l g  64 8 3  

7  1 5  2 2  
1 3 7  11 1 4 8  

35 4  39 
59 o 59  

2 4 3  720  9 6 3  
22 350  372 
1 4  297  311  
2 1  1 1 6  1 3 7  

8  9  1 7  
1 3 9  1 7  1 5 6  

4 . 7 5  1 244 1 6 5  409  
3 . 0 0  
2 . 2 5  
2 . 5 0  
2- 75  
2 . 0 0  
2 . 0 8  
7  92  
3 . 0 0  
3 .00  
2 . 3 0  
2 . 5 0  
3 .00  
2 . 7 0  
2 . 5 0  
3 . 0 0  
2 .70  
3* 00  
2 . 0 0  
2 . 5 0  
3 .10  
2 . 6 0  
2 . 0 0  
2.00 

36 o 36 
57 1 58 

2 2 8  4 6 8  696  
2 5  317 342 
1 4  249 2 6 3  
26  101 1 2 7  

6  5  11 
1 4 1  1 6  1 5 7  

224 56 2 8 0  
260 1 6 3  4 2 3  

9 2  512  604  
79 1 5 1  230  
1 8  37 5  5  

6  26  3 2  
3  6  9  , 
3  1 3  1 6  

1 2  2  1 4  
67  9 7  6  
24 9  3 3  
48 1 2  6 0  
25 36 6 1  
84  37 1 2 1  
68  39 1 0 7  

1 5 4  7 0  224 
60 1 2  7  2  
22  6  28  

1 8 5  7  1 9 2  
2 9 8  2 9  327 

227  222  449 
2 7 1  395 6 6 6  

8 8  8 6 9  9 5 7  
---2/---  - --- 
--- --- --- 
--- --- --- 

3  1 4  

262 6 4 5  9 0 7  
9 3  722  8 1 5  
90 79 1 6 9  
1 9  39 58  

5 8 1 3  
3  2  5  
3  20  2 3  

11 3  1 4  
64 37 101 
26 32 58 
37 2 5  6 2  
34 3 3  67  
69 9 2  1 6 1  --- --- --- 

1 6 8  1 0 8  276  
7 1  34 1 0 5  
2 1  5  26  

1 7 2  1 8  1 9 0  
319 1 1 2  431. 
227 2 9  256  
1 0 8  9  1 1 7  
2 4 3  4 3  286  

, 70  20  g o  

30 3  3 3  
57  2  59 

248 3 1 5  5 6 3  
2 1  375  396 
1 3  246  259 
2 5  1 3 1  1 5 6  

3  o 3 
89  1 .  g o  

2 2 1  1 6 4  385 
257  646  9 0 3  

9 0  6 4 1  7 3 1  
8 9  75 1 6 4  

48 2 3  2 5  
6  6  1 2  
3  3  

35 1 36 
55 1 56 

232 34 266  
2 1  1 3 8  159 
1 5  1 3 1  l 4 , 6  
1 8  9 5  1113 

7  8 1 5  
1 3 9  7  1 4 6  

2  2  4  
6 5  5  70  
80  7 2 8  8 0 8  --- --- --- 

--- --- --- 
--- --- --- 

6 3 8  11 

--- --- --- 
101 l o  111 --- --- --- 

I - - -  --- --- 

3  9  1 2  --- --- --- 
--- --- --- 
--- --- - -  
--- --- - -  
--- --- --- --- --- --- 
--- --- --- --- --- --- 
--- --- --- --- --- --- --- --- --- 
--- --- --- 

2 2 1  42 2 6 3  
111 2 1 1 3  
226  38 264 

69  1 2  81 

2  9  11 
11 6 1 7  
65 22  8 7  --- --- --- 
36 2 5  6 1  
S O  46 6 6  --- --- --- 
52 1 2 2  1 7 4  

1 4 4  l o g  2 5 3  --- --- --- 
--- --- --- 
--- --- --- --- --- --- 

--- --- --- 
7 0  2 3  9 3  --- --- --- 

--- --- --- 

2  11 1 3  
9  5  1 4  

70  1 7  8 7  
24 27  5 1  
36  27 6 3  
2 2  34 56 
7 3  74 1 4 7  
50 1 1 6  1 6 6  

1 4 5  1 3 7  282  
62 3 1  9 3  
2 0  6 26  

1 8 3  1 9  202  
318 70 388 

234 29 2 6 3  
l o o  1 6  1 1 6  
2 2 7  1 0  237 

67  6  7 3  
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T a b l e  1- -Net  u p s t r e a m  c o u n t s  o f  s a l m o n i d s  a n d  n o n s a l r n o n i d s  a t  * e a c h  c o u n t i n g  s t a t i o n  
i n  t h e  1-on-10 s l o p e  f i s h  l a d d e r  d u r i n g  f i s h w a y  e v a l u a t i o n  t e s t s  a t  I c e  H a r b o r  
Dam May 1 2 ,  t o  O c t o b e r  4, 1 9 6 2  ( c o n t i n u e d )  

C o u n t i n g  s t a t i o n s  a r e  i d e n t i f i e d  a s  e l e v a t i o n  i n  f e e t  a b o v e  m.ean sea  l e v e l .  

D e n o t e s  no  c o u n t .  

T e r m i n a t e d  c o u n t  a t  e l e v a t i o n  387 b e f o r e  t e a c  was c o m p l e t e d .  

Coun t  a t  359 n o t  o b t a i n e d  d u e  t o  m e c h a n i c a l  d i f f i c u l t i e s .  



T a b l e  2.--Net  u p s t r $ a m  c o u n t s  o f  s a l m o n i d s  a n d  n o n s b l m o n i d s  a t  each c o u n t i n g  
s t a t i o n  &/ in t h e  1 -on -16  s l o p e  f i s h  l a d d e r  d u r i n g  f i s h w a y  e v a l u a t i o n  
t e s t s  i t .  I c e  fi arbor D a m  fay 1 2  t o  O c t o b e r  h ,  1 9 6 2 .  

h o u r s  

May 1 7  
1 8  
2 1  
22  

J u n e  1 9  
2 0  
24 
2  5 
2 6  
27 
28  
29 

J u l y  1 
2  
3  
9  

Aug. 2  
1 4  
1 6  
18 
20  

S e p t  8 
9  

1 0  
11 
1 2  
1 3  
1 4  
1 7  
18 
1 9  
2 0  

I::: 1:: 
I 

Number o f  s a l m o n i d s  a n d  n . o n s a l m o n i d s  (NS) ,  c o u n t e d  a t  e a c h  s t a t i o n  
S t a t i o n  4 3 3  
S NS T o t a l  

S t a t i o n  3 8 0  
NS T o t a l  NS T o t a l  

I I I 

S t a t i o n  3 8 1  
S NS T o t a l  



T a b l e  2.--Net u p s t r e a m  c o u n t s  o f  s a l m o n i d s  a n d  n o n s a l m o n i d s  a t  e a c h  c o u n t i n g  s t a t i o n  &L/ 

i n  t h e  l - o n - 1 6 - s l o p e  f i s h  l a d d e r  d u r i n g  f i s h w a y  e v a l u a t i o n  t e s t s  a t  I c e  H a r b o r  
Dam May 1 2  t o  O c t o b e r  4 ,  1 9 6 2  ( c o n t i n u e d ) .  

S e p t  25 
26 
27 
28 

O c t .  1 
2  
4 

- --- - 

L/ C o u n t i n g  s t a t i o n s  a r e  i d e n t i f i e d  a s  e l e v a t i o n  i n  f e e t  a*bove mean s e a  l e v e l .  

Number o f  s a l m o n i d s  ( S )  a n d  n o n s a l m o n i d s  (NS) c o u n t e d  a t  e a c h  s t a t i o n  
S t a t i o n  359 S t a t i o n  369 S t a t i o n  380 S t a t i o n  4 3 3  
S  NS T o t a l  S  NS T o t a l  S  NS T o t a l  S NS T o t a l  

D a t e  

2 /  More n o n s a l m o n i d s  d r o p p e d  b a c k  d o w n s t r e a m  t h a n  were c o u n t e d  u p s t r e a m .  - 
3 /  D e n o t e s  no c o u n t .  - 
4 /  Count a t  e l e v a t i o n  433 n o t  o b t a i n e d  due  t o  m e c h a n i c a l  d i f f i c u l t i e s .  - 

E n t r y  
p e r i o d  

( h o u r s )  

5 /  T e r m i n a t e d  c o u n t  a t  e l e v a t i o n  381  b e f o r e  t e s t  was c o m p l e t e d .  - 
6 /  Hole  i n  d i v i d e r  s c r e e n  i n  p o o l  e l e v a t i o n  433 ,  a l l o w i n g  f i s h  t o  e s c a p e  i n t o  b y p a s s  s i d e .  - 



YJhenever p o s s i b l e  t h e  n o r t h  and s o u t h  l a d d e r s  were 

t e s t e d  s i m u l t a n e o u s l y ,  I n  a few i n s t a n c e s ,  t e s t s  were con-  

d u c t e d  i n  t h e  same l a d d e r  f o r  more t h a n  one  s u c c e s s i v e  d a y ,  

The number QE 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  t e s t  s e r i e s ,  Counts  were a lways  

m a i n t a i n e d  a t  t h e  t h r e e  comparab le  weir e l e v a t i o n s  359,  380 ,  

and 4 3 3  i n  b o t h  l a d d e r s ,  Coun t s  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 ,  depend ing  on t h e  t y p e  of t e s t  b e i n g  c o n d u c t e d  

and t h e  number of  p e r s o n n e l  a v a i l a b l e ,  

OPERATIONAL C R I T I q U E  

Before p r e s e n t i n g  t h e  r e s u l t s  of  t h e  t e s t s ,  c e r t a i n  

f a c t o r s  which somewhat l i m i t e d  t h e  s c o p e  o f  t h e  s t u d y  and 

i n f l u e n c e d  compar i sons  o f  t h e  pe r fo r . aance  of  f i s h  i n  t h e  

l - o n - 1 0 -  and l - o n - 1 6 - s l ~ ~ e  l a d d e r s  s h o u l d  be  d i s c u s s e d ,  

These  a re  a s s o c i a t e d  p r i m a r i l y  w i t h  t h e  numbers of  f i s h  i n -  

v o l v e d  i n  t h e  t e s t s  and a c c u r a c y  of c o u n t s  i n  t h e  l - o n - 1 0 -  

and l - o n - 1 6 - s l o p e  l a d d e r s ,  

F a c t o r s  I n f l u e n c i n g  Numbers - of  F i s h  i n  Tests 

I d e a l l y ,  compar i sons  o f  t h e  e f f i c i e n c i e s  of  t h e  

l - o n - 1 0 -  and l - o n - 1 6 - s l o p e  l a d d e r s  c o u l d  b e s t  be  made i f  t h e  

numbers of f i s h ,  s p e c i e s  c o m p o s i t i o n  and  e n t r y  r a t e s  were 

s imi lar  i n  t h e  two l a d d e r s ,  U n f o r t u n a t e l y  t h e s e  c o n d i t i o n s  

were r a r e l y  e x p e r i e n c e d  t h r o u g h o u t  t h e  c o u r s e  of  t h e  s t u d y ,  

and t h e r e  was g e n e r a l l y  c o n s i d e r a b l e  v a r i a t i o n  be tween 

l z d d e r s  ( t a b l e s  1 and 2 ) ,  
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V a r i a t i o n s  i n  t h e  numbers of f i s h  w i t h i n  l a d d e r s  

d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d  ( t a b l e s  1 and 2 )  were  g e n e r a l l y  

a s s o c i a t e d  w i t h  t h e  s e a s o n a l  p a t t e r n  of t h e  r u n s ,  The c o n -  

s i s t e n t l y  l a r g e r  sample  s i z e s  i n  t h e  1 - o n - 1 6 - s l o p e  l a d d e r ,  

however ,  we re  due  t o  t h e  f a c t  t h c 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 ,  A l t h ~ u g h  u n e q u a l  u t i l i z a t i o n  of  t h e  two l a d d e r s  

had  been  a n t i c i p a t e d  when E o r n u l a t i n g  t h e  d e s i g n  f o r  t h e  

1 - o n - 1 0 - s l o p e  l a d d e r  (a f a c t o r  c o n t r i b u t i n g  t o  i t s  na r rower  

w i d t h ) ,  i t  i s  p o s s i b l e  t h a t  t h e  p r o p o r t i o n  of  f i s h  u t i l i z i n g  

t h i s  l a d d e r  d u r i n g  c e r t a i n  p h a s e s  of  t h e  s t u d y  may have  been 

even  l e s s  t h a n  c o u l d  be n o r m a l l y  e x p e c t e d ,  

Dur ing  t h e  s p r i n ~  c h i n o o k  r u n  (May), a s e c t i o n  of 

co f f e rdam rernz in ing  f rom t h e  c o n s t r u c t i o n  p h a s e  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 f rom t h e  

e n t r a n c e  t o  t h e  1 - o n - 1 0 - s l o p e  l a d d e r ,  T h 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 e v e n t e d  s a n y  f i s h  f rom l o c a t i n g  t h e  

e n t r a n c e ,  Dur ing  t h e  month of May, 90 p e r c e n t  o f  t h e  t o t a l  

c h i n o o k  p a s s a g e  o v e r  t h e  dam was c c u n t e d  t h r o u g h  t h e  1-011-16- 

s l o p e  l a d d e r ,  The t e s t  on May 16 i n  t h e  1 - o n - 1 0 - s l o p e  l a d d e r  

i n v o l v i n g  280 s a l m o n i d s  was made p o s s i b l e  by s p e c i a l  a r r a n g e -  

ment w i t h  t h e  Corps  ~f E n g i n e e r s  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 c d  d u r i n g  t h e  t e s t ,  

Beg inn ing  a b o u t  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 -  

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

e n t e r e d  t h e  1 - O R - 1 0 - s l o p e  l a d d e r  d u r i n g  t h i s  p e r i o d ,  and  
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' d u r i n g  t h e  peak  passage d a y s  o f  t h e  summer ch inook  r u n ,  up  t c  

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  as t h e  e n t i r e  r i v e r  f l o w  was b e i n g  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  o f  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  sys t em 

and e n t r a n c e  t~ t h e  1 - o n - 1 6 - s l o p e  l a d d e r ,  During t h i s  p e r i o d ,  

Corps  o f  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  open ing  

s p i l l w a y  g a t z s  on t h e  n o r t h  sI iore  p r i o r  t o  and d u r i n g  t e s t s  i n  

a n  a t t e m p t  t o  a t t r a c t  n o r e  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 ,  

Al though sample  s i z e s  were s t i l l  s s a l l e r  t h a n  t h o s e  i n  t h e  

1 - o n - 1 6 - s l o p e  l a d d e r ,  t h e  n u a b e r s  of f i s h  u t i l i z i n g  t h e  l a d d e r  

were p r o b a b l y  o f  t h e  magn i tude  which may b e  e x p a c t e d  u n d e r  

normal  o p e r a t i n g  c o n d i t i o n s  i n  e n s d i n g  y e a r s ,  

Accuracy of Counts  

C o r n p a r i s ~ n s  o f  t h e  n e t  u p s t r e a m  c o u n t s  be tween s t a -  

t i o n s  w i t h i n  each  l a d d e r  f o r  v a r i o u s  t e s t s  ( t a b l e s 1  and 2 )  

r e v e a l  obv ious  d i s c r e p a n c i e s ,  I n  many i n s t a n c e s ,  c o u n t s  a t  

a g i v e n  s t a t i o n  were s r e a t e r  t h a n  c o u n t s  a t  s t a t i o n s  below 

( l o w e r  e l e v a t i o n )  t h i s  p o i n t ,  I n  t h e  c a s e  of  s a l m o n i d s ,  

c o u n t s  a t  t h e  uppermost  s t a t i o n  ( e l e v a t i o n  4 3 3 )  were s e n e r a l l y  

g r e a t e r  t h a n  c o u n t s  a t  t h e  lower s t a t i o n  ( e l e v a t i o n  359)  i n  

t h e  1 - o n - 1 6 - s l o p e  l a d d e r ,  i n d i c a t i n z  more f i s h  e x i t e d  t h a n  had 

e n t e r e d ,  Al though s i m i l a r  i n s t a n c e s  o c c u r r e d  i n  t h e  1 - o n - 1 0 -  

s l o p e  l a d d e r ,  s a l m o n i d s  c o u n t s  a t  s t a t i o n  433 were g e n e r a l l y  
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. .  lower  i f  n o t  e q u a l  t o  c o u n t s  a t  3 5 9 ,  These d i s c r e p a n c i e s  

i n  c o u n t s  may be a f t r i b u t e d  t o  s u c h  f a c t o r s  as : ( 1 )  o b s e r v e r s  

f a i l i n g  t o  see  a l l  f i s h  ? a s s i n g  ups t r eam o r  downstream 

( f a l l b a c k s )  a t  c o u n t  s t a t i o n s ,  ( 2 )  d i f f e r e n c e s  i n  a b i l i t y  of 

o b s e r v e r s  t o  d i s c e r n  be tween s p e c i e s ,  ( 3 )  r e c r u i t m e n t  o r  l o s s  

of f i s h  i n  t h e  t e s t  s i d e  r e s u l t i n g  f r o n  f i s h  j - m p i n g  o v e r  o r  

p a s s i n g  t h r o u z h  h o l e s  i n  t h e  d i v i d e r  b a r r i e r  s e p a r a t i n g  t h e  

t e s t  and b y p a s s  s i d e s ,  and ( 4 )  m i s t a k i n g  f i s h  s u r f a c i n g  i n -  

m e d i a t e l y  above t h e  c o u n t i n 2  w e i r  as  an upstream passage, A l l  

of  t h e s e  o c c u r r e n c e s  were n o t e d  t o  sone d e g r e e  $ u r i c 2  t h e  

t e s t s ,  

V i s i b i l i t y  a n d  d i s t a n c e  Erom o b s e r v e s  t o  t h e  w e i r  

c r e s t  v a r i e d  b6tween c o u n t  s t a t i c n s  and c h a n c e s  E Q ~  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  a t  o t h e r s ,  The up2e r  s t a t i o n s  

( e l e v a t i o n  433) i n  b o t h  l a d d e r s  were l o c a t e d  a t  t h e  downstream 

end of t h e  nonover f low s e c t i o n  and t h e  f l o w  o v e r  t h e  v ~ e i r  was 

smooth p r o v i d i n g  good v i s i b i l i t y ,  I t  i s  b e l i e v e d ,  t h e r e f o r e ,  

t h a t  c o a n t s  a t  t h e s e  s t a t i o n s  were  more a c c u r a t e  t h a n  a t  any  

o t h e r  s t a t i o n ,  Al though a similar smooth flew o c c u r r e d  a t  

weir e l e v a t i o n  380 j u s t  below t h e  t u r n  pool i n  t h e  1 -on-16-  

s l o p e  l a d d e r ,  l i g h t  c o n d i t i o n s  and p o s i t i o n  of t h e  o b s e r v e r  

i n  r e l a t i o n  t o  t h e  w e i r  c r e s t  were n o t  cs d s s i r a b l e  as  a t  t h e  

u p p e r  s t a t i o n ,  The r e a a i n i n z  s t a t i o n s  i n  e a c h  l a d d e r  were 

t y p i c a l l y  r o u g h  d u e  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  

u p w e l l i n g  Erom t h e  ~ r i f i c e  i n  t h e  pool  a b c v e .  
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The s t a t i o n ,  h a v i n g  t h e  most d i f f i c u l t  c o u n t i n g  

c o n d i t i o n s  and p r o b a b l y  s u s c e p t i b l e  t o  t h e  g r e a t e s t  d e g r e e  

of e r r o r ,  was j u s t  above  t h e  t u r p  ( e l e v a t i o n  381) i n  t h e  

1 - o n - 1 0 - s l o p e  l a d d e r  ( f i g u r e  4 ) .  I n  a d d i t i o n  t o  t h e  un- 

d e s i r a b l e  f l o w  c h a r a c t e r i s t i c s  p r e v i o u s l y  q e n t i o n e d ,  v i s i -  

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

s t a t i o n  i n  r e l a t i o n  t c  t h e  w e i r  c r e s t ,  O b s e r v e r s ,  b e i n g  

p o s i t i o n e d  u p s t r e a m  from t h e  c o u n t i n s  w e i r ,  were a f f o r d e d  

o n l y  a h e a d - o n  v iew of  t h e  f i s h  as t h e y  c r o s s e d  t h e  weir 

c res t  which made i d e n t i f i c a t i o n  d i f f i c u l t .  D i f f e r e n c e s  i n  

b e h a v i o r  of f i s h  c r o s s i n g  t h i s  weir c r e a t e d  f u r t h e r  d i f  - 
f i c u l t i e s ,  Sa lmonids  f r e q u e n t l y  c r c s s e d  t h e  w e i r  n e a r e r  t h e  

w a l l  (above t h e  o r  i f  i c e )  w h i l e  nonsa lmonids  ( s u c k e r s ,  squaw - 
f i s h ,  e t c , )  c r o s s e d  u p s t x e a a  n e a r e r  t h e  d i v i d e r  s c r e e n  a t  

the o p p o s i t e  end of  t h e  w e i r  and f e l l  back downstream n e a r e r  

t h e  w a l l ,  The e f f e c t  b e i n g  t h a t  when l a s z e  numbers of non- 

s a l m o n i d s  were ? a s s i n g  u p s t r e a m ,  t h e  o b s e r v e r s  may have  been  

d i s t r a c t e d  by  t h e  c o n c e n t r a t e d  a c t i v i t y  a t  one  end of t h e  

w e i r  and d i d  n o t  o b s e r v e  a l l  u p s t r e a n  p a s s a z e  of s a l m o n i d s  I 

and downstream 2 a s s a g e  o f  nonsa lmon ids  which lnay have  o c c u r r e d  

a t  t h e  o p p o s i t e  end of  t h e  w e i r ,  

Counts  i n  t h e  1 - o n - 1 6 - s l o ~ e  l a d d e r  were p r o b a b l y  

more s u s c e 2 t i b l e  t o  e r r o r  t h a n  t h o s e  i n  t h e  1 - o n - 1 0 - s l o p e  

l a d d e r ,  One r e a s o n  f o r  t h i s  i s  t h a t  o b s e r v e r s  were r e q u i r e d  

t o  m a i n t a i n  s u r v e i l l a n c e  o v e r  a g r e a t e r  w e i r  s p a n  (12 f e e t  i n  

t h e  1 - o n - 1 6 - s l o p e  l a d d e r  comgared t o  5 f e e t  i n  t h e  1 -on-10-  

s l o p e  l a d d e r )  . 
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Another  r e a s Q n  was t h e r e  were ~ e n e r a l l y  a h i g h e r  p e r c e n t a g e  

of nonsa lmon ids  i n  t h e  t e s t s  c o n d u c t e d  i n  t h e  1 - o n - 1 6 - s l c p e  

l a d d e r  a f f o r d i n g  a g r e a t e r  c h a n c e  of l n a k i n ~  e r r o r s  i n  

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

i n  t h e  d i v i d e r  s c r e e n  i n  t h i s  l a d d e r  where it  j o i n e d  t h e  w e i r  

c r e s t s  l a r g e  enough t o  pass nonsa1:nonids i f  t h e s e  E i s I i  

a s c e n d e d  d i a g o n a l l y  a c r o s s  t h e  v e i r ,  S e v e r a l  s u c h  i n s t a n c e s  

were n o t e d  a t  s t a t i o n  380  b e f o r e  i t  and a 1 1  o t h e r s  be lcw t h i s  

p o i n t  were r e p a i r e d  j u s t  p r i o r  t o  t h e  t e s t s  i n  Sep tember ,  I t  

i s  l i k e l y  t h a t  p a s s a g e  t h r o u g h  t h e s e  zaps azy have  o c c u r r e d  

more f r e q u e n t l y  a t  t h e  c o u n t i n g  s t a t i o n s  wh2re a l l  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  d u e  t o  t h e  b l o c k e d  o r i -  

f i c e ,  NQ s a l m o n i d s  were  e v e r  n o t e d  ? a s s i n 2  t h r o u g h  t h e s e  

z a p s ,  and it  i s  d ~ u b t f u l  t h a t  nany  d i d  due  t o  t h e i r  l a r g e r  

s i z e  and  swirn3ing a t t i t u d e  ( d i r e c t l y  o v e r  and  a t  n e z r l y  r i g h t  

a n s l e s  t o  t h e  c r e s t )  a s  t h e y  c r o s s e d  t h e  w e i r ,  

F i n a l l y ,  d i f f e r e n c e s  i n  t h e  a c c u r a c y  cf t h e  o b s e r v e r s  

must  be  c o n s i d e r e d ,  None of t h e  l a d i e s  employed f o r  t h e  

s t u d y  had a n y  p r i o r  e x p e r i e n c e  c o u n t i n g  f i s h  and  had t o  be  

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

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 c  a c h i e v e  a c c u r a t e  

c o u n t s ,  however ,  s ~ m e  were  u n d ~ u b t e d l y  nore  a d e p t  t h a n  o t h e r s ,  

I t  i s  l i k e l y  t h a t  some e r r o r s  a r o s e  f r cm t h e  d i f f e r e n c e s  i n  

t h e i r  a b i l i t y  t o  a c c o u n t  f o r  and  p r o p e r l y  i d e n t i f y  e v e r y  f i s h  

t h a t  c r o s s e d  t h e  w e i r  a t  t h e  c o u n t i n g  s t a t i o n ,  I n  v i e w  of 

t h e  b r i e f  t i m e  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 s ,  even  

t h e  b e s t  o b s e r v e r s  c o u l d  u n d e r s t a n d a b l y  n a k e  e r r o r s  i n  d i s -  

c e r n i n g  be tween  s a l m o n i d s  and  n o n s a l m a n i d s  of  n e a r l y  e q u a l  s i z e ,  
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RESULTS 

I n  c o n d u c t i n 2  t h i s  s t u d y ,  i t  was assumed t h a t  any  

u n d e s i r a b l e  d e s i g n  f e a t u r e s  of  t h e  1 - o n - 1 0 - s l o i ~ e  ladder  

s e r i o u s  enough t o  p o s e  a q u e s t i o n  as  t o  ' i t s  a c c e 1 : t a b i l i t y  a s  

a s u i t a b l e  p a s s a g e  f a c i l i t y  n i ~ h t  b e  n a n i f e s t e d  by: ( 1 )  a 

s m a l l e r  p r c p s r t i o n  of s a l ~ o n i d s  c o m y l e t i n z  t h e  l a d d e r ,  ( 2 )  

u n u s u a l  p a s s a z a  p a t t e r n s  w i t h i n  t h e  l a d d e r ,  ( 3 )  s i z n i f i c a n t l y  

s l o w e r  r a t e s  o f  p a s s a z e ,  c r  ( 4 )  g r e a t e r  f a l l b a c k  a c t i v i t y  

d u r i n g  t h e  t e s t s ,  T e s t s  i n  t h e  c o n v e n t i o n a l  l - c n - . 1 6 - s l o p e  

l a d d e r  p r o v i d e d  t h e  s t a n d a r d  f o r  co!nparison,  

The s t u d y  was c o n c e r n e d  p r i m a r i l y  w i t h  t h e  p e r f o r m -  

a n c e  of s a l m o n i d s  i n  t h e  two l a d d e r s ,  O b s e r v a t i o n s  o f  t h e  

p e r f o r m a n c e  and b e h a v i o r  o f  n o n s a l n o n i d s  were c o n s i d e r e d  as 

a n  i n c i d e n t a l  phase of t h e  e x p e r i m e n t s .  

P r o n o r t i o n  of Sa lmon ids  Comgle t ing  t h e  L a d d e r s  

The d i s c r e p a n c i e s  i n  c o u n t s  be tween  s t a t i o n s  and d i f -  

f e r e n c e s  n o t e d  be tween  l a d d e r s  ; ~ r e c i u d e  s t r a i g h t f o r w a r d  com- 
> 

p a r i s o n s  of t h e  p r o p o r t i o n s  of s a l n o n i d s  c o m p l e t i n g  t h e  two 

l a d d e r s  d u r i n e  t h e  t e s t  p e r i o d s ,  I t  i s  b e l i e v e d  t h a t  w i t h  

few e x c e p t i o n s  o n l y  a s n a l l  p r o 2 o r t i o n  of  s a l m o n i d s  may have  

f a i l e d  t o  c o m p l e t e  e i t h e r  l a d d e r  d u r i n z  t h e  t e s t  p e r i o d ,  I t  

has b e e n  n o t e d  t h a t  g e n e r a l l y  n o r e  s a l m o n i d s  were c o u n t e d  o u t  

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

l a d d e r ,  and a l t h o u z h  t h i s  f r e q u e n t l y  o c c u r r e d  i n  t h e  1 - o n - 1 0 -  

s l o p e  l a d d e r ,  g e n e r a l l y  f e w e r  numbers were c o u n t e d  o u t  t h a n  

had e n t e r e d ,  P s o ~ o r t i o n s  c o n p l e t i n e  t h e  t e s t  s e c t i o n s  of  t h e  



two l a d d e r s  f o r  p a i r e d  t e s t s  based u 2 s n  t h e  c o u n t s  a t  s t a t i o n s  

359 and 4 3 3  r a n g e d  from 8 1  t c  129  y e r c e n t  i n  t h e  1 - o n - 1 0 - s l o p e  

l a d d e r  and f rom 60 t o  150 p e r c e n t  i n  t h e  1 - o n - 1 6 - s l o p e  l a d d e r ,  

P a s s a g e  P a t t e r n s  

I f  t h e  p e r f  or-gnnce of  s a l n o n i d s  i n  t h e  1 - o n -  1 0 - s l o p e  

and 1 - o n - 1 6 - s l o p e  l a d d e r s  were cog?=srab le ,  we would e x p e c t  t h e  

f i s h  t o  d e g o n s t r a t e  s i n i l a r  p a t t e r n s  of movement i n  a s c e n d i n g  

t h e  t e s t  s e c t i o n s  of  t h e  two  LaZders ,  and t h e s c  would b e  

r e f l e c t e d  i n  t h e  p a s s o z e  p a t t e r n s  a t  t k e  c o u n t  s t a t i o n s ,  

Passclze p a t t e r n s  a t  t h s  v a r i o u s  coun t  s t a t i o n s  v i t h i n  t h e  t e s t  

s e c t i o n s  of t h e  twc l a d d e r s  a r c  p r e s e n t e d  ~ s a ~ h i c a l l y  i n  

Appendix F i g u r e s  1 t c  2 1 ,  Q n l y  p a i r e d  t e s t s  ( conduc ted  on t h e  

same cr a l t e r n a t e  d a y s )  i n v o l v i n z  l a r g e r  s a m ~ l e  s i z e s  have 

been c o n s i d e r e d ,  S ~ m e  t e s t s  i n  which o p e r a t i o n a l  d i f f i c u l t i e s  

p revented .  c b t a i n i n g  comparab le  da ta  i n  t h e  t w o  13.dders  were  

o m i t t e d ,  

I n  p r e p a r i n g  t h e  g r a p h s ,  c o u n t s  2t e a c h  s t a t i o n  were 

nrouped by 1 5 - m i n u t e  i n t e r v a l s  ' oez inn inz  w i t h  t h e  t i m e  of pas-  0 

saee of  t h e  f i r s t  f i s h  o v e r  t h e  f i r s t  s t a t i o n  ( e l e v a t i o n  3593,  

The 1 5 - m i n u t e  c o u n t s  ( e x p r e s s e d  a s  p e r c e n t a g e s  o f  t h e  t o t a l  

number c o u n t e d )  f o r  each s t a t i o n  were t h e n  p l o t t e d  s e p a r a t e l y  

o n  t h e  same time s c a l e ,  S i n c e  e n t r y  p e r i o d s  and t h e  s a t e  a t  

which  f i s h  e n t e r e d  were f r e q u e n t l y  d i f f e r e n t  i n  t h e  two 

l a d d e r s ,  e a c h  l a d d e r  was f i r s t  g r a p h e d  s e p a r a t e l y  on t h e  same 

scale ,  t h e n  t h e  1 - o n - 1 6 - s l o p e  z r a p h s  were s u p e r i ; ~ l p o s e d  upon 

t h e  1 -on -10- s lo ;>e  g r a p h  s o  t h a t  t h e  e n t r y  c u r v e s  (passaze a t  

e l e v a t i o n  359)  c o i n c i d e d .  T h i s  v z s  a c c o m p l i s h e d  i n  each 
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i n s t a n c e  by m a t c h i n g  t h e  tv!c e n t r y  c u r v e s  a t  t h e  p o i n t  a t  which 

50  p e r c e n t  of t h e  f i s h  had e n t e r e d .  The r e l a t i o n s h i p  between 

o t h e r  s t a t i o n s  was n o t  changed by t h i s  m a n i p u l a t i o n ,  I t  was 

done m e r e l y  t o  f a c i l i t a t e  t h e  compar i son  a f  p a s s a g e  p a t t e r n s  a t  

t h e  v a r i o u s  c ~ u n t  s t a t i o n s  i n  t h e  two l a d d e r s ,  

Comparisons of  t h e  gzssaEe p a t t e r n s  a t  ' the v a r i o u s  

c o u n t  s t a t i o n s  f o r  t h e s e  p a i r e d  t e s t s  i n d i c a t e  t h e  h e h a v i a r  and 

r a t e  of  p c s s a z e  o f  s a l m o n i d s  ic t h e  t w o  l a d d e r s  were q u i t e  

s imilar ,  The re  was no e v i d e n c e  %hzt  s a l m o n i d s  were b e i n g  d e -  

l a y e d  sr e x h i b i t i n 5  u n u s u a l  b e h a v i o r  p a t t c r n s  i n  e i t h e r  t h e  

1 - o n - 1 0 - s l ~ p e  o r  1 - o n - 1 6 - s l o p e  l a d d e r s ,  

C l c c s s i o n a l l y  d i f f e r e n c e s  i n  t h e  c a n f o r n a t i o n  ~f t h e  

p a s s a z e  c u r v e s  be tween s t a t i o n s  may b e  n o t e d  which i r i d i c s t e  

s a l m o n i d s  were b e i n 2  d e l a y e d ,  Two sucl: i n s t a n c e s  coulcl be  as-  

s o c i a t e d  w i t h  abnormal  c o n d i t i o n s  which o c c u r r e d  d u r i n g  t h e  

t e s t ,  The f i r s t  i s  i l l u s t r a t e d  i n  Appendix F i g u r e  1 5 ,  Note 

t h a t  p a s s a g s  of  s a l z o n i d s  o v e r  t h e  u p p e r  s t a t i o n  ( e l e v a t i o n  433)  

i n  t h e  1 - o n - 1 0 - s l o p e  l a d d e r  dro2ped  more a b r u p t l y  be tween 

h o u r s  3 and 4 t h a n  w ~ u l d  b e  e x p e c t e d  on t h e  b a s i s  o f  t h e  pas- 

sage a t  e i t h e r  s t a t i o n  359 o r  330 ,  T h i s  was n o t e d  w h i l e  t h e  

t e s t  was i n  p r o g r e s s  ss yassaze a t  t h e  u p p e r  s t a t i . c n  a c t u a l l y  

s t o p p e d  f o r  a 5 -minu te  i n t e r v a l  j u s t  b e f o r e  hou r  4 ,  Upon 

c h e c k i n g  t h e  l a d d e r ,  i t  was found t h a t  Cor2s  o f  E n g i n e e r s  

p e r s ~ n n e l  had been  removing t r a s h  Fron t h e  f o r e b a y  immedia t e ly  

i n  f r o n t  of  t h e  f i s h  l a d d e r  e x i t ,  A s k i p  had been  lowered  i n t o  

t h e  w a t e r ,  and a worker  had been r a k i n n  t h e  d e b r i s  i n t o  i t ,  

They had been working  f o r  abcrrt 20 ~ i n u t e s  and  were j u s t  com- 

p l e t i n g  t h e  j o b  when n s t e d ,  I t  i s  q u i t e  l i k e l y  t h a t  t h i s  
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d i s t u r b a n c e  was r e s p o n s i b l e  f o r  t h e  t empora ry  c e s s a t i o n  of  

p a s s a g e  n o t e d .  

P a s s a g e  a t  t h c  upper s t a t i o n  ( e l e v a t i o n  433) i n  t h e  

1 - o n - 1 6 - s l o p e  l z d d e r  was a l s o  abnormal  on t h i s  day  a s  s a l -  

monids  were b e i n g  c o u n t e d  h e r e  b e f o r e  m y  had e n t e r e d  t h e  

t e s t  s i d e  of t h e  l z d d e r ,  T h i s  was d u e  t o  a h o l e  i n  t h e  d i v i -  

d e r  s c r e e n  be tween  t h e  t e s t  and bypass  s i d e s  of  t h e  l a d d e r  i n  

p o o l  e l e v a t i o n  4 3 3  which a l l o w e d  f i s h  t~ c n t e r  and e s c a p e  from 

t h e  t e s t  s i d e ,  

The second  u n u s u a l  o c c u r r e n c 2  which seemed t 9  have 

i n f l u e n c e d  passage i n  t h e  1 - o n - 1 6 - s l o p e  ladder  t ~ c k  > l a c e  on 

September  25 ,  About 1 - 1 / 2  h o u r s  a f t e r  t h e  t e s t  began, o b s e r -  

v e r s  r e p o r t e d  t h e  w a t e r  a t  t h e  u p p e r  end of t h e  1 - o n - 1 6 - s l o p e  

l a d d e r  was t u r n i n g  g r e e n ,  A c h e c k  o f  t h e  f o r e b a y  i n  t h e  

v i c i n i t y  ~f t h e  f i s h  l a d d e r  e x i t  r e v e a l e d  a n  a lgae  bloom was 

a p p a r e n t l y  o c c u r r i n g ,  V i s i b i l i t y  i n  t h e  Ladder became p r o -  

g r e s s i v e l y  worse  d u r i n g  t h e  n e x t  t w ~  h c u r s ,  t h e n  began i m -  

p r o v i n g ,  and two h o u r s  l a t e r  c o n d i t i o n s  were back t o  n o r m a l ,  

S e c c h i  d i s c  r e a d i n g s  d ropped  from a p p r o x i s a t e l y  6 f e e t  t o  

1 .5  f e e t  t h e n  b a c k  t o  6  f e e t  d u r i n g  t h e  4 -hour  p e r i o d ,  I t  

i s  b e l i e v e d  t h a t  t h i s  d e n s e  c o n c e n t r a t i o n  of  a l z a e ,  o c c u r r i n g  

d u r i n g  t h e  t e s t  p e r i o d ,  was r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e s  

be tween  t h e  z e n e r a l  c o n f o r m a t i o n  of t h e  psssase c u r v e s  a t  

e l e v a t i o n s  380 and 433 i n  t h e  1 - o n - 1 6 - s l o p e  l a d d e r  (Appendix 

F i g u r e  1 6 ) .  A p p a r e n t l y  mos t  of t h e  s a l m o n i d s  had c r o s s e d  t h e  

c o u n t  s t a t i ~ n  a t  e l e v a t i o n  380 b e f o r e  becoming i n f l u e n c e d  by  

t h e  a l z a e  c o n d i t i o n ,  ---.-- - - - - - -- -- .. - --- -- - 



1 7  

It may a l s o  b e  n o t e d  t h a t  p3ssa;e t h r o u g h  t h i s  

s e c t i o n  ( e l e v a t i ~ n  380 t o  4333 was c o n s i d e r a b l y  s lower  i n  the  

1 - o n - 1 6 - s l o p e  l a d d e r  t h a n  i n  t h e  l - ~ n - l O - s 9 0 ~ e  l a d d e r .  

S t r a n g e l y  enoueh,  t h e  a l g a e  b l e ~ m  was l c c s l i z e d  t o  t h e  s o u t h  

s h o r e  and was o n l y  b a r e l y  p e r c e ? t i b l e  i n  the 1 - o n - 1 0 - s l o p e  

l a d d e r ,  T h i s  ?henonenon p r o v i d e s  a ~ c o d  example of  t h e  d i f -  

f e r e n c e s  which  m i g h t  have  c o n s i s r e n t l y  ? r e v a i l e d  had s a l m o n i d s  

been  s i g n i f i c a n t l y  slcwer i n  one l s d d z r  t k a n  i n  t h e  o t h e r ,  

Rate of P a s s a z e  

The p r e c e d i n z  z r a y h i c  i i l u s t r a t i c a s  of  passaze p a t -  

t e r n s  i n  t h e  two l a d d e r s  i n d i c a t e d  t h a t  sa lmonids  were a s -  

c e n d i n z  t h e  two l a d d e r s  a t  a p p r a x i m a t e l y  t h e  sane r a t e ,  T h i s  

r e l a t i o n s h i p  was f u r t h e r  i n spec ted .  by cornparin2 Tassaze times 

t h r o u s h  comparab le  s e c t i o n s  of t h e  l a d d e r s ,  

S i n c e  i t  was i m p o s s i b l e  t o  t i m e  i n d i v i d u a l  s a l n o n i d s  

as t h e y  a scended  t h e  t e s t  s e c t i o n s  i n  t h z  t w o  l a d d e r s ,  passage 

times must  be  based  upon t h e  g o u p  p e r f o r a a n c e  of t h e  f i s h  i n  

e a c h  t e s t ,  A measure  based upon t h e  t imc  a t  which 5 0  p e r c e n t  

o f  t h e  f i s h  had  ~ a s s e d  e a c h  s t a t i o n  h a s  been employed,  The  

e l a p s e d  time between any two s t a t i o n s  was computed by s u b -  

t r a c t i n g  t h e  time a t  which t h e  ned i an  f i s h  had c r o s s e d  t h e  

lower s t a t i o n  from t h e  t i m e  a t  which t h e  9 u d i z n  f i s h  had 

c r o s s e d  t h e  u 7 p e r  s t a t i c n ,  The n e d i a n  f i s l r  was b a s s d  u7on t h e  

t o t a l  nu3ber  of f i s h  c o u n t e d  a t  e a c h  s t a t i o n ,  

To f a c i l i t a t s  t h e  c o q p a r i s o n  be t i f eec  s e c t i o n s  i n -  

v o l v i n g  u n e q u a l  n u n b e r s  of  p o o l s  t h e  aSovc e l a 3 s e d  t i m e s  were 

c o n v e r t e d  t o  a v e r a z e  p ~ o l  t i n e s  b y  d i v i d i n z  t h e  v a l u e s  by t h e  

number of p o ~ l s  be tween  t h e  s t a t i o n s ,  



t 

Comparable  s e c t i o n s , - - R s t e s  af > a s s a g e  t h r o u z h  compsr -  

a b l e  s e c t i o n s  ( e l e v a t i o n  359 t o  380 and  380 t c  433) f o r  

p a i r e d  tes ts  i n  t h e  two l a d d e r s  a r e  g i v e n  i n  T a b l e  3 ,  I n  

p a i r i n g  t e s t s ,  o n l y  t h o s e  which were c o n d u c t e d  an t h e  same 

day o r  a l t e r n a t e  days  i n  t h e  two l a d d c r s  were c o n s i d e r e d ,  

P a i r e d  t e s t s  i n v o l v i n g  l e s s  t h a n  10  s a l m o n i d s  i n  e i t h e r  

l a d d e r  were  o m i t t e d  a s  were t h o s e  i n  which  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  u n u s u a l  o c c u r r e n c e s  y r e v e n t e d  o b t a i n i n 2  c o 3 p a r -  

a b l e  d a t a  i n  t h e  two l a d d e r s ,  Sa lmonids  i n  t e s t s  c o n d u c t e d  

from May 16 t~ J u l y  3 were p r e d o m i n a ~ t l y c h i n o o k  salmon 

w h i l e  t h o s e  i n  t e s t s  f r o a  A u ~ : ~ s t  14  t o  O c t o b e r  3 were p r e -  

d o m i n a n t l y  s t e e l h e a d  t r o u t  ( b a s e d  upon c o u n t s  made by Corps  

o f  E n g i n e e r s ,  T a b l e  4 ) .  

T h e r e  was c o n s i d e r a b l e  v a r i a t i o n  i n  2 ~ 0 1  t i m e s  b e -  

tween  and w i t h i n  l a d d e r s ,  D i f l e r e n c e s  be tween  l a d d e r s  f o r  

i n d i v i d u a l  p a i r e d  t e s t s  r anged  Erom O , 1 1  t o  2.45 m i n u t e s  p e r  

p o o l  i n  t h e  f i r s t  2 1 - p ~ o l  s e c t i o n  ( e l e v a t i o n  3 5 9  t o  380)  and 

from 0.08 t o  0.62 m i n u t e s  p a p s o l  i n  i h z  n e x t  5 3 - p o o l  s e c -  

t i o n  ( e l e v a t i ~ n  380 t~ 4 3 3 ) .  The above  v a l u e s  e x p r e s s e d  i n  

e l a p s e d  times a r e  f rom 2 . 3  t o  5 1 , 4  m i n u t e s  and from 0 , 8  t~ 

33.0 m i n u t e s  r e s p e c t i v e l y ,  

Al though t h e  n a t u r e  cf  t h e  d i f f e r e n c e s  be tween  

l a d d e r s  v a r i e d  be tween  t e s t s ,  a v e r a z e  p o o l  t i m e s  i n  t h e  

1 -on -10  s l o p e  l a d d e r  g e n e r a l l y  were less t h a n  i n  t h e  1 - o n - 1 6 -  

s l o ~ e  l a d d e r  i n  t h e  f i r s t  21 p o o l s  anL  z r e a t e r  t h a n  i n  t h e  

1 - o n - 1 6 - s l ~ p c  l a d d e r  i n  t h e  n e x t  53 p o o l s ,  Average p o o l  

t i m e s  w i t h i n  t h e  f i r s t  21 -poo l  s e c t i o n  were c o n s i s t e n t l y  
















































































