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EVALUATION O F  F I S f I  PASSAGE I ? i  TI-IE V E R T I C A L  S L O T  REGULATING 

S E C T I O N  OF THE SOUTH StlORE LADDER AT J O I I N  DAY DA?I 

I N T R O D U C T I O N  

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

, t y p e  r c g u l z t i n g  s e c t i o n s  ( F i g u r e  1) of  t h e  f i s h  l a d d e r s  h a s  

been a  s e r i o u s  p r o b l c n  a t  J o h n  Day Dam. Dur ing  t h e  s h a d  r u n  

t h e  p o o l s  o f  t h c  r e g u l a t i n g  s e c t i o n s  have  become e x t r e m e l y  

crt\r'dcd ~ q i t h  f i s h  and  many s h a d  have  d i e d  i n  t h e  l a d d e r s  

b e f o r e  spawning .  

A f t e r  t h e  f i r s t  y e a r  o f  o p e r a t i o n  t h e  C o r p s  

o f  E n g i n e e r s  m o d i f i e d  t h e  e x i s t i n g  b a f f l e s  ( e n l a r g e d  t h e  c e n t e r  

o r i f i c e s )  i n  t ! ~ e  r e g u l a t i n g  s e c t i o n  o f  t h e  n o r t h  f i s h  l n d d c r  i n  

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

z i l e v i a t c d  t h e  c o n d i r i o n ;  I l o w c \ ~ e r ,  i t  was a p p a r e n t  t h a t  ~ n a j o r  

changes  w o u l d  have  t o  be nadc  i n  t h c  r e g u l a t i n g  s e c t i o n  t o  

r e s o l v c  t h e  s h a d  p a s s a g e  p r o b l c n .  I n  1969  s t u d i c s  \<e re  

i n i t i a t e d  a t  t h e  F i s h e r i e s  E n g i n e e r i n g  K c s e a r c h  L a b o r a t o r y  

' a t  R o n n c x r i l l e  Dan t o  o b t a i n  b a s i c  i n f o r m a t i o n  on f a c t o r s  

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

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

work was c l o s e l y  c o o r d i n a t e d  l i i t h  d e s i g n  s t u d i c s  b e i n g  con-  

d u c t e d  by  t h e  Corps a t  t h e  B o r i n e v i l l e  I I y t l r a u l i c  L a b o r a t o r y  

s o  t h a t  1 : y d r ~ u l i c  c l ~ n r a c t c r i s t i c s  and f i s h  p a s s a p e  a t t r i b u t e s  

o f  new d e s i g n  c o n c e p t s  c o u l d  b c  evaluated s i n u l t a n c o u s l y .  



F i g u r e  1.--Orifice-type r e g u l a t i n g  s e c t i o n  o f  t h e  n o r t h  f i sh  
l adde r  a t  J o h n  Day Dam. A g r o u p  of shad  i s  v i s i b l e  
i n  t h e  f o r e g r o u n d  a t  the  r i g h t .  



The c o o r d i n a t e d  e f f o r t  of  E n g i n e e r s  and B i o l o g i s t s  

r e s u l t e d  i n  t h e  development  o f  a v e r t i c a l  s l o t  f i s h  l a d d e r  

( F i g u r e  2 )  t h a t  e f f e c t i v e l y  p a s s e d  shad i n  t h e  l a b o r a t o r y  and 

p r o v i d e d  a d e q n a t e  f low r e g u l a t i o n  i n  t h e  C o r p s t  model o f  t h e  

John Day f i s h  l ad t4e r .  The Corps ,  w i t h  c o n c u r r e n c e  o f  S t a t e  

'and F e d e r a l  f i s h e r y  a g e n c i e s ,  i n s t a l l e d  t h e  new s l o t - t y p e  

l a d d e r  i n  t h c  r e g u l a t i n g  s e c t i o n  o f  t h e  s o u t h  l a d d e r  a t  John  

Day Dam d u r i n g  t h e  w i n t e r  o f  1 9 7 0  ( F i g u r e  3 ) ;  and ,  a t  t h e  

r e q u e s t  o f  t h e  f i s h e r y  a g e n c i e s ,  c o n t r a c t e d  t h e  N a t i o n a l  ? i a r i n e  

F i s h e r i e s  S e r v i c e  t o  e v z l u a t e  t h e  p r o t o t y p e  i n s t a l l a t i o n  t h e  

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

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

The o b j e c t i v e  o f  t h e  e v a l u a t i o n  s t u d y  was t o  c n s c r e  

t h a t  t h e  new v e r t i c a l  s l o t  r e g u l a t i n g  s e c t i o n  ~ ~ ' o u l d  s a t i s f a c -  

t o r i l y  p a s s  s h a d  and a l l  o t h e r  s p e c i e s  o f  f i s h  t h a t  a scend  

t h e  J o h n  Day f i s h  l a d d e r s .  



P L A N  E 

F i g u r e  2.--PIa:1 vie?: o f  t h e  s l o t - t . y p e  f i s h  I -adder  t e s t e d  i n  t h e  
l a b o r x t o r y  a n d  l a t e r  i l l s t a l l e ~ l  i n  t l lc  r e g u l a t i n g  
s e c t i o n  of  t h c  s o u t h  fichway n t  John Day Dsn. Arrows 
i.nc1ic;ite r'lows 1 f o o t  i )c lo~: t  t h e  s u r f a c e  a t  nasimu12 
flol::. F r o n  Cor i~s  o f  Engineers d r n w i n e .  



Figure 3.--The new s lot - type regula t ing sec t ion  of the 
south f i s h  lsdder a t  John Day Dam. The ladder 
w a s  ghotograp3ed from weir 243 and the viewer 
is looking upstrean ( e a s t )  . 



S e v e r a l  c r i t e r i a  were  u s c d  t o  e v a l u a t e  f i s h  p a s s a g e  

i n  t h e  r e g u l a t i n g  s c c t i o n  o f  t h e  s o u t ! ~  f i s 5  l a d d e r .  These  

i n c l u d e d  t h e  ( 1 )  p r o p o r t i o n s  of f i s ! l  t h a t  c o n p l e t e d  t h e  r e g u -  

l a t i n g  s e c t i o n  d u r i n g  t e s t  p e r i o d s ,  ( 2 )  r a t e s  a t  v:hich f i s l l  

p a s s e d  t h r o u g ! ~  t h e  r e g u l a t i n g  s s c t i o n ,  ( 3 )  f r e q u e n c y  o f  f a l l -  

b a c k s  o r  c101;lnstream p a s s a g e  f rom t h e  r c g u l ~ t i n g  s e c t i o n ,  and 

( 4 )  l e a p i n g  b e h a v i o r  o f  f i s h  i n  t h e  r e g u l a t i n g  s e c t i o n .  

S i 3 i l a r  o b s e r v a t i o i l s  n a d c  i n  t h e  o v e r f a l l  s e c t i o n  of  t h e  

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

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

f i s h  per forn :ed  as w e l l  i n  t h e  r e g u l a t i n g  s c c t i o n  a s  t h e y  d i d  

i n  the ovcrflo!\r s e c t i o n  o f  t h e  l a d d e r ,  we w o ~ i l d  c o n c l u d e  t h a t  

t h e  s l o t - t y p e  r c g ~ l l a t i n g  s e c t i o n  :qas o p e r a t i n g  s a t i s f a c t o r i l y .  

F i s l i  p a s s a g c  :<as g e n e r a l l y  n o n i t o r e d  a t  t h r e e  s i t e s  

i n  t l i e  s o u t ! ~  l n d t l e r .  One s i t e  v:as J o c a t e d  a t  . t h e  u p p e r  end  o f  

t h e  r e g u l a t i n g  s e c t i o n ,  a n o t h e r  was l o c n t e r l  a t  t h e  do:\?nstrearn 

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

i n  t h e  o v e r f l o r ~  s e c t i o i l  o f  t h e  I n J d c r .  C o u n t i n g  s t a t i o n s  Icere 
- - 

e s t a b l i s h e d  a t  e a c h  o f  t h e s e  s i t e s  and  a l l  fi.s!l p a s s i n g  t h e s e  

s t a t i o n s  d u r i n g  ol l r  t e s t  p e r i o d s  were  t a l l i c d  on a r e c o r d c r  

t h a t  designated s p e c i e s ,  c i i r c c t i o n  o f  p a s s a g e  ( e i t l l e r  u p s t r e a m  



Coun t ing  S t a t i o n s  
I/ 

The o r i g i n a l  p l a n  \.:as t o  c o u n t  a t  weir e l e v a t i o n s -  

2 1 3  and 2 4 3  i n  t h e  o v e r f l o ~ l ~  s e c t i d ;  and  a t  s l o t  3 3  i n  t ! ~ c  

r e g u l a t i n g  s e c t i o n  ( F i g u r e s  3 and  5 ) .  An e x t r a  c o u n t i n g  

s t a t i o n  was added  a t  w e i r  2 4 6  s o  we c o u l d  c o u n t  t h e r e  i n  c a s e  

o u r  c o u n t i n g  3 t  r ;e i r  2 4 5  i r r t c r r u p t e d  f i s h  p a s s a g e  i n t o  t h e  

r e g u l a t i n g  s e c t i o n .  I t  was n c v e r  n c c e s s a r y  t o  c o u n t  a t  

weir 2 4 6 .  

F i s h  \:ere c o u n t e d  a t  w e i r s  2 1 4  and 2 4 3  a s  t h e y  s v a n  

o v e r  t h e  w e i r s .  Thc o r i f i c e s  i n  t h e s e  weirs t r c re  s c r e e n e d  t o  

f o r c c  a l l  f i s h  o v e r  t h e  w e i r  c r e s t s  ( F i g u r e  6 ) .  111 t h e  i n t e r i m  

bet1:cen t e s t s ,  o r i f i c e  s c r e e n s  were opened  and l e f t  f l a t  on 

t i l e  f i s h ~ c r ~ y  f l o o r  ( F i g u r e  6 )  . 

1/ E l c v n t i o n s  used  i n  t h i s  r e p o r t  a r e  f e c t  above mean s e n  l e v e l .  - 





Figure 5.--A view of the south fish ladder at John Day Dam 
showing counting stations and the operation 
center (the small building on the roadway above 
the fishway). 



Figure 6.--The upstream s i d e  of the  south o r i f i c e  a t  weir 
e leva t ion  2 4 8  showing the  o r i f i c e  screen closed 
( top)  and opened (bottom) . The north o r i f i c e  

w a s  screened I n  t h e  sane manner. 



From t h e  b e g i n n i n g  we w e r e  c o n c e r n e d  a b o u t  t h e  poor  

v i s i b i l i t y  f o r  c o u n t i n g  a t  w e i r  214 ( F i g u r e  7 )  s o  b*e s t a t i o n e d  

an  a d d i t i o n a l  c o u n t e r  a t  t h e  C o r p s , o f  E n g i n e e r s  c o u n t i n g  s t a t i o n  

a t  e l e v a t i o n  194 t o  courl t  d u r i n g  o u r  t e s t s .  C o n d i t i o n s  a t  w e i r  

214 were b e t t e r  d u r i n g  t h e  s p r i n g  r u n  t h a n  d u r i n g  t h e  sunmer 

-.run when a c o m b i n a t i o n  o f  s m a l l  f i s h  a n d  p o o r  v i s i b i l i t y  i n  

t h e  t u r b u l e n t  o v e r f a l l  made a c c u r a t e  c o u n t i n g  and i d c n t i f i c a -  

t i o n  i m p o s s i b l e .  The t u r b u l e n t  o v e r f a l l  was c a u s e d  by t h e  

o r i f i c e  j c t  u p s t r e a m  f rom t h e ' c o u n t i n g  w e i r .  E a r l y  i n  t h e  

summer r u n  we s t o p p e d  c o u n t i n g  a t  w e i r  214 b u t  c o n t i n u e d  

c o u n t i n g  a t  t h e  Corps  s t a t i o n  d u r i n g  a l l  t h e  f i s h w a y  

e v 3 l u a . t i o n  t e s t s ,  

C o n d i t i o n s  a t  w e i r  248 ,  a l t h o u g h  v a s t l y  b e t t e r  t h a n  

w e i r  214 ,  were  n o t  up t o  e x p e c t a t i o n s .  V i s i b i l i t y  was i m p a i r e d  

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

s l l c l t c r s  and  a t  t i m e s  by l a r g e  numbers o f  l a m p r e ~ ~ s  c l i n g i n g  t o  

t h e  w a l l s  o f  t h e  f i s h  l a d d e r ,  I t  ~12s d i f f i c u l t  t o  i d e n t i f y  

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

c r o s s e d  t h e  \ \ r e i r e  C o u n t i n g  a t  t h i s  s t a t i o n  was con founded  a t  

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

from t h e  w e i r ,  F i s h  f r e q u e n t l y  d r i f t e d  back  t o  t h e  w e i r  c r e s t  

f rom t h i s  p o o l  and t h c n  2 t  t h e  v e r g e '  o f  f a l l i n g  downstream 

da i - ted  b a c k  u p s t r e a m  i n t o  t h e  p o o l ,  Even w i t h  c a r e f u l  

s u r v c i 1 l r ; n c e  o f  t h e  w e i r  c r e s t  i t  \$*as d i f f i c u l t  f o r  o b s e r v e r s  

t o  d i s f i n y , u i s l l  b c t i ~ c e ~ l  t h i s  ni3ne~r1ler and  t h c  a s c e n t  o f  a  f i s h  

from t h e  p o o l  hclow.  



Figure 7.--Overflow pools  of the south  f i s h  l a z d e r  viewed 
from below weir 214. 



Our c o u n t s  at t h e  Corps  s t a t i o n  vrere p r o b a b l y  n o r e  

a c c u r a t e  t h a n  3 t  any o t l l c r  c o u n t i n g  s t a t i o n ,  The submerged 

win do^; i n  t h e  c o u n t i n g  c h a n n e l  a f f o r d e d  t h e  o! ,servers  an 

e x c e l l e n t  v i cw  o f  t h e  f i s h  and  o u r  c o u n t e r s  c o u l d  r e l y  upon 

t h e  c s p e r i e n c e r !  Corps  c o u ~ l t e r s  t o  a s s i s t  t hen  i n  i d e n t i f y i n g  
\ 

t l i c  f i s h .  E r r o r s  \:ere n a d c ,  hov:e\-er, e v e n  u n d e r  t h e s e  i d e a l  

c o u n t i n g  c o n d i t i o n s .  C o n p n r i s o n s  o f  s i ~ u l t a n e o u s  c o u n t s  made 

by t h e  Corps c o u n t e r s  and o u r  observers i n c i i c a t e  t h a t  o u r  

c o u ~ l t e r s  nay  h a v e  n i s s e d  o r  m i s i d e n t i f i e d  soine o f  t i l e  f i s h  

t h 3 t  p a s s e d  t h e  C C I ~ I ) S  s t a t i o n ,  !'!e s u s p e c t  t h a t  sorw s m a l l  

f i s h  (s i lc l :ers ,  squn::.f  is:^ ,' c l ~ i s e l n o u t l ~ ,  e t c  .) were  n i s s e d  by  

o u r  o b s e r v e r s  b c c a u s c  t h c  b o t t o r !  o f  thi .  viev:ing r\rinclow \,:as 3 

few i ~ c h z s  abovc  t h e  b o t t c j ; ~  o f  the: ;)n.c,s;lze c h a n n e l  and  i t  was 

d i f . f i c u l t  t o  see  t h e s e  sli!nll f i s h  i f  t h c y  \ < e r e  s ~ . t i ! ~ n i n g  on 

t h e  bo t tor? .  and p a s s c d  c l o s e  t o  t!le ! :zl l  b e l o ?  t h e  b o t t o m  e d g e  

o f  tiic viinc!~:~. 

Coi ln t ing  a t  s l o t  33 was accon lp i i s l l e J  \:.it11 n s u b -  

nergecl tan!; 4 f c c t  \ i i i l c ,  G > i c i . t  l o n g  nncl 1 5 .  5 f e e t  d c e p  

1ocntc:l a J j n . c e n t  t o  t h e  s l o t  on t I lc  u p s t r c a n  s i d e .  Thc s i d e  

f a c i n g  t.lle s l o t  was inade o f  2 - i n c h  t ! l ick p l e s i g l a s s  and p r o -  

v i d e d  :I f u l l  vicw o f  t!lc 1 . 5 - f o o t  w i d e  s l o t  E r o r ~  a b o u t  0 . 5  

f o o t  R I > O V L ?  t h e  b o t t o n  t o  t h e  s u r f n c c .  T e l e v i s i o i l  cnr?.erns i n  

t? le  t m l ;  ~:hotogr:lp!lcd i.very:!~illg p a s s i ~ n g  t l i1-nu~11 t l l c  s l o t  and  

i ~ : , o i l i t o r s  (Fi,r ;ure S )  o b s c r v c r s  i d c n t i . f i c d  a~l:! c o u n t c d  f i s i ~  on '"" 



Figure  8 .--Fish swimming through t h e  count ing  s t a t i o n  a t  
s l o t  3 3  viewed on t e l e v i s i o n  s c r e e n  i n  t h e  
o p e r a t i o n s  c e n t e r .  



i n  t h e  o p e r a t i o n s  c e n t e r  on t h e  roadway above  t h e  f i s h w a y .  

Two cameras  w e r e  r e q u i r e d  t o  c o v e r  t h e  p a s s a g e  a r e a  d u r i n g  

i n t e r m e d i a t e  f l o w s  i n  t h c  s p r i n g  and  surnner;  b u t  d u r i n g  f a l l  

t e s t s ,  when t h e  f o r e b a y  r o s e  t o  e l e v a t i o n  2 6 7 ,  t h r e e  cameras  

were  r e q u i r e d .  A h o r i z o n t a l  g r i l l  j u s t  u p s t r e a m  f r o m  t h e  

s l o t  and i n  l i n e  w i t h  t h e  t o p  o f  t h e  movable  s i l l  p r e v e n t e d  

f i s h  E roa  d e s c e n d i n g  o u t  o f  camera  r a n g e .  

The t e l e v i s i o n  c a m e r a s  i n  t h e  submerged t a n k  

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

f i s h ;  a n d ,  a l t h o u g h  some e r r o r s  \ ( e r e  made by t h e  o b s e r v e r s  i n  

i d e n t i f y i n g  f i s h ,  we d o u b t  t h a t  many f i s h  p a s s e d  t h r o u g h  t h e  

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

c o l o r  on t h e  t e l e v i s i o n  n o n i t o r s  madc i-t somewhat d i f f i c u l t  

t o  d i s t i n g u i s h  be tween  s m a l l  s a l m o n i d s  a n d  " o t h e r "  s p e c i e s .  

L i p h t i n g  
I--- 

- L i g h t s  wcrc  i n s t a l l e d  above  t h e  w a t e r  s u r f a c e  a t  

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

c o u n t i n g  a r e a s .  Wei r s  2 1 4  and 2 4 8  h e r e  l i g h t e d  b y  a 500-wa t t  

i n c a n d e s c e n t  f l o o d  l a n p  o v e r  t h e  w e i r  c r e s t ,  a 2 5 0 - w ,  f l o o d  - 

l i g h t :  j u s t  be low t h e  w e i r  c r e s t ,  and  a 2 5 0 - 1 . 1 .  f l o o d  l i g h t  

o v e r  t h e  p o o l s  a b o v e  a n d  bc101.1 caclr c o u n t i n g  w e i r .  The c o u n t -  

i n g  c h z n n e l  a t  s l o t  3 3  was i l l u n i n a t e d  b y  two 1,500-w.  q u a r t z -  

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

These  lanps hzd  n c o a b i n c d  e m i s s i o n  o f  a b o u t  30 ,000  l u ~ e n s  

~r ' l l i ch  g c n e r n l l y  p r o v i d e d  ample l i g h t  f o r  t h e  TV cameras .  The 

two p o o l s  t.r-low a n d  above  t11c s l o t  1~crct cnc11 l i g h t e d  by  a 5 S O - w .  



f l o o d  l i g h t .  L i g h t s  i n  t h e  p o o l s  on e i t h e r  s i d e  o f  t h e  

c o u n t i n g  s t a t i o n s  were p r o v i d e d  s o  t h a t  f i s h  would n o t  b e  

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

t h e  l i g h t e d  c o u n t i n g  s t a t i o n s .  

The t u n n e l  c o n n e c t i n g  t h e  r e g u l a t i n g  s e c t i o n  w i t h  

' t he  f o r e b a y  was i l l u m i n a t e d  w i t h  t h r e e  500-w. q u a r t z - i o d i d e  

l i g h t s  s p a c e d  a t  ur i i form i n t e r v a l s  a l o n g  t h e  c e i l i n g .  The up -  

s t r e a m  e n d  o f  t h e  t u n n e l  w a s  i l l u m i n a t e d  w i t h  a 500-w. f l o o d  

l i g h t  mounted on t h e  u p s t r e a m  s i d e  o f  t h e  dan .  

A l l  l i g h t s  c o u l d  b e  movcd some d e g r e e  f o r  t h c  b e s t  

e f f e c t .  Most o f  t h e  l i g h t s  r e q - u i r c d  v e r y  l i t t l e  a d j u s t m e n t ,  

however ,  o n c e  t h e y  were  s e t .  A11 l i g h t s  e x c e p t  t h e  f o r e b a y  

l i g h t ,  w e r e  l c f t  on  day  a n d  n i g h t  d u r i n ~  t h e  t e s t s .  

F l o x  C o n d i t i o n s  

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

s e c t i o n  o f  . t h e  l a d d e r  b u t  f l o w  c o n d i t i o n s  i n  t h e  f l a ! ? - c o n t r o l  
-- 

( r e g u l a t i n g )  s e c t i o n  f l u c t u a t e d  v i t h  t h e  f o r e b a y  l e v e l .  V e l o c i -  

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

as i t  d r o p p e d .  A t  maximurn f o r c b a y  l e v e l  ( e l e v a t i o n  268) 
. - 

a v e r a g e  head  on w e i r s  was 0.50 f o o t ,  a t  i ~ l t e r r n e d i a t e  f o r e b a y  

l e v e l  ( e l e v a t i o n  263)  0.25 f o o t ,  and  n i n i n u m  f o r e b n y  l e v e l  

( e l e v a t i o n  257) 0.10 f o o t .  

D u r i n g  s p r i n g  a n d  sunmer  t e s t s  f o r e b a y  e l c ~ r a t i o n s  

w e r e  g e n c r a l . l y  s l  i g11t l y  above  t h e  i n t e r a c d i a t e  Leve l .  They 

r a n g e d  f rom e l e v a t i o n  2G2.0 t o  2 G 5 . 9 .  
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D u r i n g  f a 1 1  t e s t s  t h e  f o r e b a y  was g e n e r a l l y  j u s t  

b e l o w  t h e  maximum l e v e l  o f  268.  A c t u a l  l e v e l s  o n  t e s t  d a y s  

r a n g e d  f r o n  266 .7  t o  267.7.  

O p e r a t i o n  C e n t e r  

The h u b  of  t h e  e v a l u a t i o n  s t u d y  was t h e  o p e r a t i o n s  

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

s h o r e  l a d d e r .  The b u i l d i n g  was p a r t i t i o n e d  i n t o  two rooms - -  
a s e m i - d a r k e n e d  TV v i e w i n g  room w h e r e  o b s ' e r v e r s  c o u n t e d  f i s h  

on  'I'V m o n i t o r s  f o r  t h e  c o u n t i n g  s t a t i o n  a t  s l o t  3 3 ,  a n d  a d a t a  

c o l l e c t i n g  c e n t e r  w h e r e  art o b s e r v e r  r e co rc l cd  d a t a  a s  t h e  t e s t  

progressed. T e l e p l l o n c s  a t  e a c h  c o u n t i n g  s t a t i o n  p r o v i d e d  

coir ,mur, izat ion b e t w e e n  f i s h  c o u n t e r s  aild t h e  o b s e r v e r  r e c o r d -  

i r ~ g  d a t a ,  

PROCEDURE 

T e s t s  were p e r f c r r l c d  i n t e r m i t t e n t l y  d u r i n g  t h e  s t u d y .  

G c n e r z l l y  t e s t i n g  kiss 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  p e a k s  o f  

t h e  d i f f e r e n t  f i s h  r u n s  ( F i g u r e  9 ) .  C o u n t s  \,:ere u s u a l l y  made 

f o r  t\:o o r  n o r e  c o n s e c u t i v e  . d a y s  d u r i n g  a run .  C o u n t i n g  

g e n e r a l l y  bcgrin iit 11 a.m. ' ( P . s ,  t , )  a n d  c o n t i n u c d  u n t i l  d a r l i  

( S  t o  9 p . n , ) ,  On s e v e r a l  o c c z s i o n s  c o u n t i n g  was c o n t i n u c d  

t h r o u g h  t h e  n i g h t ,  Thesc c o n t i n u o u s  c o u n t s  l a s t c d  f r o n  2 4  t o  

1 1 2  h o u r s .  A 1 1  s p e c i e s  o f  f i s h  ( e x c e ' p t  l a m p r e y s )  w e r e  c o u n t c d  

a: t h e  R o n i t o r i n g  s i t e s .  On ly  t h r e e  s p e c i e s  c z e e z u r i e s  

( s n l n o n i d ~  , s l i a d ,  and  " o t h e r s " )  were u s e d ,  ho:;.cvcr, i n  

i d c ~ ~ t i f y i i ? g  t h e  f i s h  a t  e a c h  s t a t i o n ,  





- O p e r a t i o n a l  S e q u e n c e  

P r e p a r a t i o n s  For  d a i l y  t e s t s  b e g a n  a t  a b o u t  3 : 4 5  

a.m. L i g h t s  we re  t u r n e d  o n ,  o r i f i c e  g r i l l s  were c l o s e d  a t  

t h e  c o u n t i n g  weirs,  a n d  TV c a m e r a s  and  m o n i t o r s  we re  t u r n e d  
. . 

, on a t  s l o t  3 3 .  A l l  f i s h  c o u n t e r s  d r e w  a s c h e d u l e  f o r  t h e  

d a y  a n d  p r o c e e d e d  t o  t h e i r  f i r s t  s t a t i o n  w h e r e u ~ o n  t h e y  c h e c k e d  

o u t  t h e i r  c o u n t e r  s w i t c h - b u t t o n s  r i i  t h  t h e  o b s c r v e r  a t  t h e  

o p e r a t i o n s  c e n t c r .  When t h e  Cor?s  f i s h  c o u n t c r  s t a r t e d  

c o u n t i n g  ( 4  a .m. )  t h e  r e c o r d e r  o p e r a t o r  t u r n e d  on t h e  t ime-  

e v e n t  r e c o r d e r s  a n d  n o t i f i e d  a l l  c o u n t e r s  t o  comnence c o u n t i n g .  

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

o p e r a t i o n s  c e n t e r  a g a i n  t o  c h e c k  o u t  t h e  c o u n t e r  s w i t c h - b u t t o n s  

b e f o r e  l e a v i n g .  F i n a l l y ,  w e  o ~ e n c d  t h e  o r i f i c e  g r i l l s  a n d  

t u r n e d  o f f  t h e  l i g h t s ,  

C o n t i n o u s  c o u n t i n g  was m a i n t a i n e d  a t  a l l  s t a t i o n s ,  

O b s e r v e r s  we re  r o t a t e d  s o  t h a t  e a c h  c o u n t c r  h a d  a n  o p p o r t u n i t y  

t o  c o u n t  a t  e a c h  s t a t i o n  d u r i n g  t h e  t e s t ,  Each o b s e r v e r  r e -  

m a i n e d  a t  a  s t a t i o n  f o r . 4 5 - 5 0  m i n u t e s ,  s h e  rrlas t h e n  r e l i e v e d ,  

t o o k  a  1 0 - 1 5  m i n u t e  b r e a k ,  and  p r o c e e d e d  t o  a n o t h e r  s t a t i o n  t o  

r e l i e v e  t h e  c o u n t e r  t h e r e .  D u r a t i o n  o f  c o u n t i n g  p e r i o d s  a n d  

b r e a k s  v a r i e d  ~&!i th  t!le number  o f  o h s e r v e r s  a v a i 1 a b l . e  and  t h e  

number o f  c o u r ~ t i n g  s t a t i o n s  manned.  S e v e r a l  s c h e d u l e s  were  

made up t o  f i t  d i f f e r e n t  c o u n t i n g  s i t u n t i o n s .  



Record ing  F i s h  P a s s a g e  

F i s h  p a s s a g e  o b s e r v e d  a t  eac!i c o u n t i n g  s t a t i o n  was 

t a l l i e d  011 e l e c t r i c  t i n e - e v e n t  r e c o r d e r s  a t  t h e  o p e r a t i o n s  

c e n t e r .  Each o b s e r v e r  iiad a s m a l l  s i f i t c h  box w i t h  s i x  b u t t o n s  

t,o r e c o r d  t h e  ups  t r e a n  and  t iorcnstrenr  p a s s a g e  of  s a l m o n i d s  , 
s h a d ,  axid o t ! i e r s .  Each b u t t o n ,  ~:lllen d e p r e s s e d  a c t i v a t e d  a 

pen  on t h e  r e c o r d e r  which  nade  a  ark on a  t i n e - s c a l e d  c h a r t .  

Ifhen a  f i s h  swam hy a  c o u n t i n g  s t a t i o n  t i le  o b s e r v e r  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  and the.  p a s s a g e  was r e c o r d c d  on t h e  

. r e c o r d e r  c h a r t .  F i s h  c o u n t e d  a t  a 1 1  c o u n t i n g  s t a t i o l i s  were  

s i n u l t a n e o u s l y  r e c o r d e d  i n  t h i s  manner.  An o b s e r v e r  a t  t l ic  

r e c o r d e r  t a l l i e d  t h e  m r k s  e~nlle by e a c h  pen a t  3 .1  h o u r  

(6 n i n u t c )  i n t c r v n l s .  



O p e r a t i o n  o f  Corps C o u n t i n g  S t a t i o n  

Coun t ing  p r o c e d u r e s  and  o p e r a t i o n  o f  t h e  Corps  

c o u n t i n g  s t a t i o n  v a r i e d  J u r i n g  t h e  s e a s o n .  Dur ing  t h e  

s p r i n g  t e s t s  ( A p r i l  2 9  t o  biay 1 1 )  t h e  g a t e  a t  t h e  Corps '  

c o u n t i n g  s t a t i o n  was c l o s e d  ( f i s h  p a s s a g e .  b l o c k e d )  f rom 
3 

8 p.m. t o  4 a.m. and  d u r i n g  t h e  c o u n t e r ' s  r e s t  p e r i o d s  ( 1 0  

m i n u t e s  o f  e a c h  h o u r ) .  B e g i n n i n g  J u l y  1 t h e  Corps  l e f t  t h e  

c o u n t i n g  g a t e  open d u r i n g  t h e i r  c o u n t e r ' s  1 0 - m i n u t e  r e s t  

p e r i o d s  b u t  c o n t i n u e d  t o  c l o s e  t h e  g a t e  a t  n i g h t  ( 8  p.m. t o  

4 a.m.). The Corps n u l t i p l i e d  t h e i r  d a i l y  c o u n t s  by a f a c t o r  

of 1 . 2  t o  compensa te  f o r  t h e  f i s h  t h a t  p a s s e d  t h e  c o u n t i n g  

s t a . t i o n  d u r i n g  t h e i r  c o u n t e r s  a b s e n c e .  Our c o u n t e r s  c o n t i n -  

ued t o  c o u n t  d u r i n g  t h e  r e s t  p e r i o d s ,  however ,  s o  t h a t  

c o m p l e t e  c o u n t s  were  o b t a i n e d  f o r  o u r  t e s t s .  

Dur ing  t h e  s h a d  r u n  ( J u l y  9 t o  a b o u t  August 1 5 )  t h e  

g a t e  a t  . t h e  Corps c o u n t i n g  s t a t i o n  vins l e f t  open a t  n i g h t .  

The Corps  d i d  n o t  c o u n t  a t  n i g h t  2nd no f a c t o r  leas a p p l i e d  t o  

. t h e i r  d a i l y  c o u n t s  t o  c o m p e n s a t e  f o r  n i g h t  p a s s a g e .  We con-  

t i n u e d  c o u n t i n g  a t  n i g h t  on J u l y  9 and 1 0  t o  a s s e s s  n i g h t  
. - 

p a s s a g e  b u t  c o u n t e d  o n l y  u n t i l  9 p e n .  i n  t e s t s  performed 

t h e r e a f t e r ,  T h e  g a t e  \<as l e f t  open  a t  n i g h t  t o  p r e v e n t  s h a d  

t h a t  were  p a s s i n g  d o w n s t r e a n  a t  n i g h t  f r o n  b e i n g  impinged  

u p o n  t h e  c l o s c d  g a t e  and n d j a c c n t  f i s h  b a r r i e r s .  T h i s  p r a c t i c e  

had been  a d a p ~ c d  i n  p r e v i o u s  y e s r s  when t h e  z n t e s  and b n r r i e r s  

c l o g g e d  w i t h  d e a d  s h a d  n t  n i g l l t .  



Dur ing  t h e  f a l l  t e s t s  (September  9 to 1 7 )  t h e  g a t e  

at t h e  Corps s t a t i o n  was c l o s e d  a t  n i g h t  (8 p.m. to 4 a.m.) 

b u t  open d u r i n g  t h e  c o u n t e r ' s  r e s t  p e r i o d s .  



PERFORMANCE AND BEiiAVIOR OF F I S H  

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

s e c t i o n  was t o  b e  b a s e d  upon  ( 1 )  t h e  p r o p o r t i o n s  o f  f i s h  t h a t  

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

( 2 )  t h e  r a t c s  a t  wh ich  f i s h  p a s s e d  t h r o u g h  t h e  r e g u l a t i n g  

' s e c t i o n ,  ( 3 )  f r e q i l e n c y  o f  downs t r eam p a s s a g e  a t  s e i r  2 4 8 ,  and 

( 4 )  t h e  l e a p i n g  b e h a v i o r  o f  f i s h  i n  t h e  r e g u l a t i n e  s e c t i o n .  

S i m i l a r  o b s e r v a t i o n s  made i n  t h e  o v e r f l o w  s e c t i o n  o f  t h e  

l a d d e r  \ i lere t o  b e  u s e d  t o  j u d g e  w h e t h e r  t h e  r e ~ u l a t i n g  s e c t i o n  

was f u n c t i o n i n g  s a t i s f a c t o r i l y .  

P r o p o r t i o n s  o f  F i s h  C o n p l e t i n g  4 e g u l a t i n , q  and  O v c r f l o w  S e c t i o n s  -- - 
o f  L a d d e r .  

I f  t h e  new s l o t - t y p e  r e g u l a t i n g  s e c t i o n  was operating 

s a t i s f a c t o r i l y ,  w c  s h o u l d  e x ~ e c t  t h a t .  mos t  o f  t h e  f i s h  t h a t  

p a s s e d  t h e  C o r p s  c o u n t i n g  s t a t i . o n  \$.ould c o n t i n u e  t h e i r  a s c e n t  

o f  t h e  . l a d d e r  and  be  t a l l i e d  a t  c h e  ups t rea r i l  end  o f  t i l e  l a d d e r  

( s l o t  3 3 ) .  I f  s i g n i f i c a n t  p r o p o r t i o n s  o f  f i s h  f a i l e d  t o  

c o n p l e t e  t ! ~ e  l a d d e r ,  c o n p a r i s o n s  o f  c o u n t s  a t  t h e  Corps  s t a t i o n ,  

w e i r  2 4 8  a n d  s l o t  3 3  c o u l d  11e made t o  d e t c r n i n c  i f  t h e  r e g u l a t i n g  
- 

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

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

and s l o t  3 3  i n d i c a t e  t h a t  r i ~ o s t  o f  t h e  s a l m o n i d s  t h a t  we re  c o u n t e d  

a t  t h e  C o r ~ s  c o u n t i n g  s t a c i c n  on a g i v c n  d:i\r rcac!ied t h e  u p F c r  

and o f  t ! ~ e  l a d d e r  on  t ! ~ e  snliie d a y  ( F i ; = u r e  1 0 ) .  P:lssngc c u r v e s  

a t  t h e  tv:o s t 3 t i o n s w e r e  n e a r l y  c o n s r i i c n t .  
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Althougl l  t h e  c o n f i g u r a t i o n s  o f  t h e  p a s s a g e  c u r v e s  

f o r  s h a d  a t  t h e  ~ I J O  s t a t i o n s  were s i m i l a r ,  d i f f e r e n c e s  i n  

d a i l y  c o u n t s  i n d i c a t e  t h a t  some f i s h  F a i l e d  t o  ascen id  t h e  

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

T h e r e  was l e s s  c o n f o r m i t y  i n  t h e  p a s s a g e  c u r v e s  
> 

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

" o t h e r s " .  C o m p a r i s o n s  o f  t h e  c u r v e s  ( F i g u r e  1 0 )  and  t h e  

d a i l y  c o u n t s  a t  t h e  C o r p s  s t a t i o n  and  s l o t  33  ( T a b l e  1 )  i n d i -  

c a t e  t h a t  many o f  t h e  f i s h  t h a t  w e r e  c o u n t e d  a t  t h e  Co rps  

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

t h e  l a d d e r  u n t i l  t h e  f o l l o w i n g  d a y .  

Ave rage  p r o p o r t i o n s  o f  f i s h  c o m p l e t i n g  t h e  e n t i r e  

t e s t  s e c t i o n  o f  t h e  s o u t h  l a d d e r  d u r i n g  t h e  se r ies  o f  t e s t s  

t h a t  nc re  p e r f o r m e d  on c o n s e c u t i v e  d a y s  a r e  g i v e n  i n  T a b l e  2 .  

D a i l y  c o u n t s  n a d e  on c o n s c c u t i v e  d a y s  ( T a b l e  I )  were c o a b i n e d  

( T n b l e . 3 )  t o  c o r p e n s a t e  f o r  f i s h  t h a t  r e q u i r e d  more  t h a n  onc  

d a y  t o  a s c e n d  t h e  l a d d e r .  I t  will b e  n o t e d  t h a t  i n  so r ,~c  . 

t e s t s  ~ r i o r e  s a l m o n i d s  and"c t11e r s "  wcrz t a l l i e d  a t  s l o t  33 

t h a n  w e r e  c o u n t e d  a t  t h e  C o r p s  s t a t i o n .  T h e s e  a n o m a l i e s  

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

s t a t i o n  and t h e  p r e s e n c e  o f  f i s h  i n  t h e  l a d d e r s  when t h e  s e r i e s  

o f  t e s t s  were b c g u n ,  
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Table 2.--Pro~ortions of f i sh  coz~;leting the south ladder (from t h e  Corps 
counting s ta t ion  t o  s l o t  33 ) dwing counting periods in t e s t s  
coodccted during the spring, swser, and f a l l  f i sh  runs. 

I/ Total n v x b a r  of f i s h  counted on consscutive deys. - 

Test period 

c r i n e l  t e s t s  
April 29 - 30 
1.h~ 3 - 7 
Ifay 10 - 11 

To.tn31 

S .G-~T~~~ .li..~~t~ 
-..u-r- 

J G ~ O  24 - 25 
Jcie 30 - July 2 
Julx 7 - ll 
July 1.3 - 14 . 

I 

Percentage of Corps count 
t a l l i ed  a t  s l o t  33 

ZKl-y 19 - Z.. - 
T o t e l  

Fai.1 t e s t ,  
Septenber 9 - 1'7 

_ A.11. . tes ts  
apr. 29 - Sept. 17 

Net upstream comt of f i s h  
a t  Corps of Engineers 
comting s tz t i cn  - I/ 

To ta l  

83.9 
118.3 
- 87.lt 

9'7.8 
7 

90.6 
75.8 
92.1 
86.0 

Sal- 
monids 

91.1 
. 79.1 

23& 
4 

90.6 
87.3 

100.1 
102.0 

# 

S al- 
mollids 

4., 787 
4,755 
1 ,  GOg 

11 , 142 

2,371 
4,769 

19,383 
10,562 

68.0 

Shad 

- - 
- - - 

50.0 
52.6 
64.2 
70.8 

Shed 

0 
0 
- 0 
0 

Other 
specie s 

54.7 
523.0 
--.- 4.1 
117.3 

90.7 
69.E 
31.3 
81.1 

I-h * 937 
54) Oh2 

- 76.C 
71.1 

56,512 

121,696 

Other 
species 

1,173 
226 

-- 290 
1,019 

02.: 
E4.4 

Total 

5,960 
4,981 
1,290 

12,831 

- .  17,6?.9 
31,523 

6,231 
169 8,676 13,634 

6,264 4,675 31,327 

1?,5!L5jLB.1C11102.2 -- _---- / 99.6 

7,L,62 

0 

31,523 

11,512 j 29,535 

69.3 

94.4 

6,121 

5C,374 

62,333 

203,593 





D u r i n g  t h e  e n t i r e  s e r i e s  o f  t e s t s  2 0 3 , 5 9 3  f i s h  

w e r e  c o u n t e d  a t  t h e  C o r p s  s t a t i o n  a n d  1 8 4 , 0 9 9  o r  9 0 . 4  

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

u p s t r e a l n  e n d  o f  t h e  l z d d e r  ( s - l o t  3 3 )  d u r i n g  o u r  c o u n t i n g  

p e r i o d s  ( T a b l e  P r o p o r t i o n s  c o m p l e t i n g  p a s s a g e  by  

s p e c i e s  were: 9 4 . 4  p e r c e n t  f o r  s a l m o n i d s ,  7 3 . 1  p e r c c n t  

f o r  s h a d ,  a n d  9 1 . 7  p e r c e n t  f o r  t h e  g r o u ?  d e s i g n a t e d  a s  

" o t h e r s " .  I t  s h o u l d  b c  n o t c d  t h a t  t h e s e  d a t a  a r e  b a s e d  

l a r g e l y  on 16 t o  1 7  h o u r  c o u n t s  a n d  d o  n o t  i n c l u d e  f i s h  

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

s t o p p e d  c o u n t i n g .  

C o u n t i n o u s  ( 2 4 - h o u r )  c o u n t s  w e r e  made a t  s l o t  3 3  

( a n d  a t  t h e  C o r p s  s t a t i o n  when t h e  c o u n t i n g  g a t e  was o p e n )  

d u r i n g  t h e  t e s t s  p e r f o r m e d  f r o m  J u l y  7  t o  11. The c o u n t i n g  

p e r i o d  e x t e n d e d  f r o m  4  a.m. J u l y  7  t o  S  p.m. J u l y  11. D u r i n g  

t h i s  ; ~ e r i o d  t h e r e  was a n e t  u p s t r e a m  p a s s a g e '  o f  1 9 , 3 9 3  

s a l n o n i d s ,  6 , 2 6 9  s h a d ,  a n d  4 , 6 7 5  o t h e r  s p e c i e s  a t  t h e  Corps .  

c o u ~ t i n g  s t a t i o n .  C o u n t s  a t  s l o t  3 3  i n d i c a t e d  t h a t  a l l  o f  

t h e  s a l m o n i d s ,  6 8 . 2  p e r c e n t  o f  t l i c  s h a d ,  a n d  91 .0  p e r c e n t  o f  

t h e  o t h e r  s p e c i e s  c o ~ r ~ p l e t e d  t h e i r  a s c c n t  of t h e  l a d d e r  clurir:g 

t h e  4 - d a y  p c r i o d .  

S i n c e  t h e  c o u n t s  a t  t h e  C o r p s  s t a t i o n  a n d  s l o t  33 

i n d i c a t e d  t h a t  some o f  tllc f i s h  f n i l c d  t o  c o m ; > l e t e  t h e i r  a s c c n t  

o f  t h c  s o u t h  l a d d e r ,  c o u ~ l t s  a t  w e i r  2 4 8  \(ere cxara incd  t o  



d e t e r m i n e  i f  t h e  r e g u l a t i n g  s e c t i o n  was i m p e d i n g  f i s h  p a s s a g e .  

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

s e c t i o n  ( p o o l s  b e t w e e n  w e i r  248  a n d  s l o t  33)  w e r e  n o t  s i g n i -  

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

s e c t i o n  ( p o o l s  b e t w e e n  t h e  Corps  s t a t i o n  a n d  s l o t  3 3 )  w e  

would c o n c l u d e  t h a t  t h e  r e g u l a t i n g  s e c t i o n  was f u n c t i o n i n g  

s a t i s f a c t o r i l y ,  

D i f f i c u l t i e s  i n  o b t a i n i n g  a c c u r a t e  c o u n t s  a t  o u r  

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

p r o p o r t i o n s  o f  f i s h  t h a ;  a s c e n d e d  t h e  two  s e c t i o n s  o f  t h e  

l a d d c r  i n  a l l  t e s t s .  A c c u r a c y  o f  c o u n t s  u n d o u b t e d l y  v a r i e d  

t h r o u g l l o u t  t h e  s ? r i l ~ g ,  suinrner and  f a l l  t e s t s  d e 7 e n d i n g  upon 

t h e  c l a r i t y  o f  t h e  w a t e r ,  number  a n d  s i z e  o f  s p e c i e s  m i s r a t i n g ,  

numbers  o f  l a m p r e y s  i n  t h e  f is l l  l a d d e r ,  e t c .  C o u n t s  i n  t h e  

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

su:nlner a n d  f a l l  t e s t s  b e c a u s e  t h e r e  we re  f e w e r  s p e c i e s  - - 

m i g r a t i n g  a n d  o b s e r v e r s  c o u l d  g e n e r a l l y  r e l y  u?on f i s h  s i z e  

t o  d i s t i n g u i s h  b c t v e e n  s a l m o n i d s  a n d  " o t h c r "  s p e c i e s .  I n  

t h c  summer and  f a l l  t e s t s  t h e r e  w e r e  many small  s a l ~ s o n i d s  

( s o c k e y e ,  j a c k  c h i n o o k ,  a n d  jack c o h o )  m i g r a t i n g  a n d  t h e s e  

were  d i f f i c u l t  t o  d i s t i n g u i s h  f r o n  s h a d  and " o t h e r "  s p e c i e s  

a t  u e i r  2 4 8  and s l o t  33  ( T a b l e  4 ) .  

C o u n t s  made d u r i n g  t h e  s p r i n g ,  s u ~ a m e r ,  and  f a l l  

t e s t s  a r e  d i s c u s s e d  i n  t h e  f o l l o w j . n g  s e c t j . o n s .  



Table 4.-Spezies composition of sslnonids counted at the Corps 
of Engineers counting station. 

Date . . 

Apri l  29 
30 

Eiay 3 
4 
5 
6 
7 
13 
U. 

June 24 
2 5 
3 0 

Jnly 1 
2 
7 
8 
9 

10 
11 
13 
u, 
1- 5 
16 
19 
20 
21 
22 
23 
24 

Sep t .  9 
10 
11 
12 
13 
3-4 
15 
16 
17 

Sockeye 
s chion 

l o  



S p r i n ?  t e s t s ,  A y r i l  29 t o  Hay 11. - -Chinook sa lmon  

n c r e  t h e  predominate s p e c i e s  o f  f i s h  m i g r a t i n g  d u r i n g  t h e  n i n e  

d a y s  o f  s p r i n g  t e s t s  ( T a b l e  4 ) .  We c o u n t e d  a t  t h e  Corps  

c o u n t i n g  s t a t i o n ,  w e i r  2 4 8 ,  s l o t  3 3 ,  and  on f o u r  d a y s  a t  

w e i r  213. Normal ly  w e  c o u n t e d  e a c h  day  from 4  a.m. t o  8 p.m. 

The g z t e  a t  t h e  Corps  s t a t i o n  was c l o s e d  ( f i s h  p a s s n g c  b l o c k e d )  

f o r  10  m i n u t e s  o f  e a c h  h o u r  ( c o u n t e r ' s  r e s t  p e r i o d )  and  a t  n i g h t .  

On Nay 5 o u r  c o u n t s  a t  w e i r  2 4 8  and  s l o t  33 were  c o n t i n u e d  

t h r o u g h  t h e  n i g h t  ( 8  p.m. t o  4 a.m.) t o  d e t e r m i n e  t h e  e x t e n t  

o f  f i s h  p a s s a g e  a t  n i g h t ,  

A c o m p a r i s o n  o f  c o u n t s  a t  w e i r  2 4 5  a n d  s l o t  33 

i n d i c a t e  t h a t  fe\< s a l m o n i d s  f a i l e d  t o  p a s s  t h r o c g h  t h e  

r c g u i a t i n g  s e c z i o n  d u r i n g  the t e s t s  ( T a b l e  1). On t h r e e  of  

t h e  t e s t  d a y s  more s a l m o n i d s  w e r e  t h l l i c d  a t  s l o t  33 t h a n  a t  

w e i r  2 4 9 ,  i n d i c a t i n g  t h a t  p o s s i b l y  some f i s h  v c r e  m i s s e d  o r  

m i s i d c n t i  f i e d  a t  w e i r  248 .  Average p r o p o r t i o n s  c o m p l e t i n g  

t h e  r e g u l a t i n g  sec:ion b a s e d  upcn  t o t a l  n u t ~ b c r s  o f  f i s h  

c o u n r e d  a t  w e i r  2 4 8  and  s l o t  3 3  d c r i n g  c o n s c c u t i v c  days  o f  

t e s t i n g  ( T s b l c  3) were  9 6 . 8 ,  101 .9  9 6 . 8  p e r c e n t  r e s p c c -  
- 

e i v e l y  ( T a l ~ l e  5 )  , P r o p o r t i o n s  completing t h e  5 5 - p o o l  segment  

a t  t h e  o v e r f l a w  l a d d e r  (Corps  s t a t i o n  t o  w e i r  235) d u r i n g  t h e s e  

t e s t s  wcre  94 .1 ,  9 7 . 3 ,  and  96 .4  p c r c c n t  r c s p c c t i v e l y .  T h e s e  

d a t a  i n d i c a t e  s z l r , ~ o n i d s  were s i i g h t  l y  n o r e  successful i r i  

~ l c g o t i n t i n g  t h e  r e g u l a t i n g  s e c t i o n  t h a n  t h e  o v e r f l o w  s e c t i o n  

o f  t h e  l a d d e r .  





R e l a t i v e l y  few *"o the rv  s p e c i e s  were  p r e s e n t  d u r i n g  

t h e  s p r i n g  t e s t s .  Thcsc  were  m o s t l y  c h i s c l n o u t h ,  s u c k e r s ,  

and  s q u a w f i s h .  A cornpar i son  o f  d a i l y  c o u n t s  a t  weir 2 4 8  and  

s l o t  3 3  ( T a b l e  1 )  i n d i c a t e  t h a t  mnny o f  t h e s e  f i s h  may have  

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

c o u n t i n g  p e r i o d s .  Combined c o u n t s  f o r  t e s t s  made on A p r i l  29 

and  3 0  i n d i c a t e  t h a t  8 S . l p e r c e n t  o f  t h e  f i s h  a s c e n d e d  t h e  

5 5 - p o o l  o v e r f l o w  s e c t i o n  o f  t h e  l a d d e r  bu.t o n l y  62 .1  p e r c e n t  

a s c e n d e d  t h e  34 -poo l  r e g u l a t i n g  s e c t i o n  o f  t h e  l a d d e r  

( T a b l e  5 ) .  

Dur ing  t h c  t e s t s  t h a t  f o l l o w e d  on May 3 t o  7  a n  

a v e r a g e  o f  57.7 p e r c e n t  o f  l l o t h e r "  s p e c i e s  c o u n t e d  a t  w e i r  

2 4 8  comple t ed  p a s s a g e  t h r o u g h  t h e  r e g u l a t i n g  s e c t i o n .  A g r o s s  

d i f f e r c n c z  i n  t h e  c o u n t s  a t  t h e  Corps s t a t i o n  a n d  v:eir 2 4 8 ,  

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

t h c  o v e r f l o w  s e c t i o n  o f  t h e  1;zddcr.  T h i s  d i f f e r e n c e  was due  . 

l a r g e l y  t o  t h e  c o u n t s  on :.lay 3 2 n d  4 .  D u r i n g  t h e s e  two d a y s  

218 f i s h  were  c o u n t e d  a t  t h e  Corps  c o u n t i n g  s t a t i o n  b u t  1 9 6 s  

v e r e  t a l l i e d  a t  w e i r  248  ( T a b l e  1 ) .  I t  i s  p o s s i b l e  t h a t  t h e  

h i g h  c o u n t s  of  " o t h e r "  s p e c i e s  a t  wcir 2 4 8  may h a v e  been  due ,  

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

u p s t r c a m  p a s s a g e  and f a l l b a c k  a c t i v i t y  a t  t h c  w c i r .  I i oxevc r ,  

cou r l t s  a t  s l o t  3 3  wcrc a l s o  g r e a t e r  t h a n  t h e  c o u n t s  a t  t h e  

Corps  s t a t i o n  s o  oc have  assumed t h a t  mzny o f  t h e  " o t h e r "  

c o t ~ n t c d  a t  ru'cir 2 3 8  on :day 3 p r o b n b l y  c n t e r c d  t h e  



1 l a d d e r  o n  t h e  p r e c e e d i n g  day .  S i n c e  t e s t s  were n o t  c o n d u c t e d  

on ?Iay 2 ,  and  t h e  Corps  c o u n t e r s  d o  n o t  c o u n t  t h e s e  s p e c i e s  

t h i s  c o u l d  n o t  be v e r i f i e d ,  

D u r i n g  t h e  l a s t  two days  o f  t h e  s p r i n g  t c s t s  

(May 1 0  t o  1 1 )  more " o t h e r "  s p e c i e s  were c o u n t e d  a t  s l o t  3 3  

t h a n  a t  w e i r  2 4 8 .  P r o p o r t i o n s  c o n p l e t i n g  t h e  r e g u l a t i n g  and 

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

172 .5  p e r c e n t  and 31.4 p e r c e n t  r e s p e c t i v e l y  ( T a b l e  5 ) .  

Summcr t c s t s ,  J u n e  2 4  t o  Ju l 'y  2 5 . - - T e s t s  w e r e  con -  

d u c t e d  on  2 1  days d u r i n g  t h e  s u n n e r  t e s t s .  Anadromous s p e c i e s  

n i g r z t i n g  d u r i n g  t h i s  p e r i o d  i n c l u d e d  c h i n o o k  salmon, sockeyc  

ssl :~or?,  s h a d ,  and  s t e e l l l c a d  t r o u t  ( T a b l e  4 ) .  Our c a t e g o r y  

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

s q u z ~ t * f i s h .  Lampreys were a l s o  n i g r a t i n g  d u r i n g  tllc tes ts  b u t  

t h c s e  were n o t  t a l l i e d  a t  t h e  c o u n t i n g  s t a t i o n s .  

- .  Our p r e c e d u r e s  d u r i n g  t h e s e  t e s t s  were b a s i c a l l y  

t h e  s a n e  as thcse  employed d u r i n g  t h e  s p r i n g  t e s t s .  Counts  

were nxde  a t  t h e  Corps  s t a t i n n ,  w e i r  2 4 8 ,  and s l o t  33,  On 

f i v e  days  c o u n t s  w e r e  r r l so  natfe a t  w e i r  2 1 4 ,  C o u n t i n g  p c r i o d s  

r a n g e d  f rom 16  t o  2 4  h o u r s .  A 1 6 - h o u r  c o u n t i n s  p e r i o d  ( 4  a.n, 

t o  8 p e n . )  u s e d  f rom J u n e  24 t o  J u l y  7,  c o n t i n u o u s  c o u n t s  

( 2 4 - h o u r )  were  p c r f o r m c d  from 4 a.m, J u l y  7  t o  8 p e n .  J u l y  11, 

aild 1 7 - i l s u r  c o t l n t i n g  p c r i o d s  ( 4  2 . m .  t o  9 p e n . )  tqcrc u s e d  i n  

a l l  s u b s e q u e n t  t c s t s .  



Compar i son  o f  t h e  d a i l y  c o u n t s  a t  t h e  C o r p s  s t a t i o n ,  

w e i r  2 4 8 ,  and  s l o t  33  ( T a b l e  1) i l l u s t r a t e  t h e  v a r i o u s  d i s c r c p -  

a n c i c s  t h n t  made i t  d i f f i c u l t  t o  c o n p n r e  by s p e c i e s ,  t h e  p r o p o r -  

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

o f  t h e  s o u t h  l a d d e r .  I n  x o r e  t h a n  h a l f  of  t h e  t e s t s ,  c o u n t s  o f  

s h a d  a t  we i r  2 4 3  w e r e  g r e a t e r  t h a n  t h e  c o u n t s  a t  t h e  Co rps  

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

w e i r  2 4 8  w e r e  l o w e r  t h a n  t h e  c o u n t s  a t  s l o t  3 3 .  We b e l i e v e  

t h e  c o u n t s  a t  t h e  Co rps  s t a t i o n  2nd s l o t  35 were more a c c u r a t e  

t h a n  t h o s e  a t  w e i r  ' 2 4 5 ;  a n d  hnve  c o n c l u d e d ,  t h e r e f o r e ,  t h a t  

many o f  thc- s h a d  t h a t  x e r e  t a l l i e d  a t  i \ r c i ~  2 4 3  w e r e  n c t t ~ a l l y  

s a l m o n i d s  o r  " o t h c r "  s p e c i e s .  I f  s o ,  t?:c p r o p o r t i o n s  o f  s h a d  

t h a t  nsce;~decl t h e  r e g u i a r i n g  s e c t i o i ~  d u r i n ~  . the t e s t  p e r i o d s  

( T z b l e  S )  were p r o b a b l y  c c n s i d c r a b l y  g r e a t e r  t h a n  i s  

i n d i c a t e d  by t h e  c o u n t s .  

I f  tllc t o t a l  n u s b c r s  o f  f i s h  ( a l l  s p e c i e s  c o n b i n e d )  

c o u n t e d  n " ~ a c ! l  s t a t  i o n  ar:e c o n p n r c d  i t  i s  e v i d e n t  t h n t  s o n c  

f i s h  w e r e  m i s s e d  b y  o u r  o b s e r v e r s  a t  w e i r  2 4 8  - t o t a l  c o u n t s '  

a t  s l o t  33  vcre  f r c q u e i ? t l y  h i g h e r  t h a n  a t  w e i r  2 4 5 .  A v e r a g e  

. -. p r o p o r t i o n s  o f  f i s h  c o n p l e t i n g  t h e  r e g u l a t i n g  s e c t i o n  f o r  t h e  

f i v e  s e r i e s  o f  t o s t s  p e r f o r m e d  on c c n s e c u t i v e  days  r a n g c d  From 

S 3 . 0  To 1 2 6 , 9  p e r c c n t  ( T z b l c  5 ) .  

~ ~ l t h o u ~ ~ h  cou.nt  d i s c r e p a n c i e s  prccl .ude p r e c i s e  

mcssurc:i:cllts o f  f i s h  p z s s n g c ,  t h e  d n t a  i n d i c n t c  t h a t  t h e  f i s h  

a s c c n d c d  t ! l c  3 4 - p ~ j o l  rcgu i2 ' ; i r .g  s e c t i o n  :is l s c l l  a s  t h c y  d i t l  tllc 

55-~.100l  ovc.~*E::ll  s e c t i o n  o f  t!:c s o u t h  l n d d e r .  1)tiriilg t!ic f i v e  



s e r i e s  o f  t e s t s  1 2 7 , 5 2 9  fish ( a l l  s p e c i e s )  w e r e  t a l l i e d  a t  

t h e  Co rps  c o u n t i n g  s t a t i o n ,  1 1 5 , 6 2 1  ( 9 0 . 4  p e r c e n t  o f  t h e  

c o u n t  a t  t h e  Co rps  s t a t i o n )  w e r e  t a l l i e d  a t  we i r  2 4 8 ,  and 

1 1 2 , 5 4 2  ( 9 7 . 3  p e r c e n t  o f  t h e  c o u n t  a t  weir 2 4 8 )  w e r e  t a l l i e d  

. a t  s l o t  3 3  ( T a b l e s  3 a n d  5 ) .  

D u r i n g  t h e  summer t e s t s  p c r i o d i c  i n s p c c t i c n s  o f  t h c  

n o r t h  a n d  s o u t h  s h o r e  f i s h  l a d d e r s  Icere  nade t o  d e t e r n i n e  i f  

ve c o u l d  d e t e c t  any  d i f f c r e n c e s  i n  t h c  c o n c e n t r a t i o n s  o f  s h a d  

i n  t h e  p c o l s  o f  t h e  two t y p o s  o f  r e g u . l a t i n g  s e c t i o n s .  I n  

t l i c s c  i n s p e c t  i o n s  1Y.e a l w a y s  o b s e ~ v e d  more  shnc! i n  t h e  o r i f i c e -  

t y p e  r e g u l a t i n g  p o o l s  o f  t h e  n o r t h  l z d d c r  t h n n  Ice  d i d  i n  tlie 

s l o t - t y p c  r e g u l a t i n g  p o o l s  c?f t h e  s o u t h  l n d d c r ,  S i n c e  a b o u t  

e q u s l  numbers  of s l ind a s c e n d e d  t h e  t:.!o l a d d e r s  d u r i n g  t h e  

s e a s o n  ( a p p r o x i m a t e l y  5 2 , 9 3 0  w e r e  c o u n t e d  i n  t h e  n o r t h  l a d d e r  

a n d  5 0 , 5 0 0  were c ~ u i l t c d  i n  t h e  s o u t h  ladder), i t  a p p e ~ ? . r s  t h a t  

the s l o t - t y p e  b a f f l e s  i n  tllc r e g u l a t i x g  s c c t i o n  o f  t h e  s o u t h  

L a d d e r  p n s s c d  s h a d  n o r c  e f f e c t i v e l y  ?!Inn t h e  o r i f i c e - t y p e  

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

Sonc  s h a d  w e r e  o b s e r v e d  i n  t h e  p o o l s  o f  t h e  n o r t h  
. - 

r e g u l a t i n g  s e c t i o n  ~11e ; l  t e s t i n g  r c s u n e d  i n  S c p t c n b c r ,  b u t  

none  n e r c  s e e n  i n  t h e  sou t i 1  r c g u l a t i n :  s e c t i o n .  



F a l l  t e s t s ,  S e p t e m b e r  9 t o  17 . - -Ch inook  sa lmon ,  

s t c c l h e a d  t r o u t  and  coho  snlrzon,  c o m p r i s e d  t h e  s a l n o n i d  s p c c i c s  

t e s t e d  d u r i n g  n i n e  days  o f  t h e  f z l ?  r u n  ( T a b l c  4 ) .  "Otller" 

s p c c i c s  i n c l u d e d  s u c k e r s ,  c h i s e l m o u t h ,  s h i n e r s ,  and c a r p .  A 

1 6 - h o u r  t c s t  p e r i o d  was u s e d  i n  t h e s e e t e s t s .  C o u n t i n g  began  

a t  4:00 a.m. and  t e r n i n a t e d  a t  S:00 p.m. The c o u n t i n g  g a t e  a t  

t h e  Corps s t a t i o n  r ema ined  open  t h r o u g h o u t  t h e  day  b u t  was 
G- 

c l o s e d  a t  n i g h t .  

Coun t s  i n d i c a t e  t h a t  many o f  t h e  f i s h  t h a t  p a s s e d  

w e i r  2 4 8  w e r e  n o t  s e e n  b y  t h e  o b s e r v e r s ,  Dur ing  t h c  9 - d a y  

t c s t  p e r i o d  53;G09 f i s h  wcre  c o u n t e d  a t  s l o t  33  b u t  o n l y  

54,848 were  t c l l l i c d  a t  w e i r  2 4 5  (Trible  1) .  The c o u n t s  a l s o  

i n d i c a t e  t h a t  sorie o f  t h e  s a l m o n i d s  t h a t  p n s s c d  s i o t  3 3  

were  p r o b a b l y  l n i s i d e n t i  f i c d  and c o u n t e d  a s  " o t h e r "  s p e c i e s  - 
6 , 5 3 3  " o t h e r "  species wcre c o u n t c d  a t  s l o t  3 3  b u t  on1.y 6 , 4 2 1  

were coli l l ted at: t h e  Corps  s t a t i o n .  T h e r e  were  nany  j a c k  c h i n o o k  

and  coho  s n l n o n  a s c e n d i n g  t!le l a d d e r  d u r i n g  t h e s e  t e s t s  

( T a b l c  4 )  and  i t  i s  q u i t e  p o s s i b l e  t h a t  nnny o f  t h e s e  s m a l l .  

f i s h  wcrc  i d e n t i f i e d  a s  "o t i l c r "  s p e c i e s  a t  s l o t  3 3  and  w e i r  2 4 5 .  

Average  p r o p o r t i o n s  of  s n l n o n i d s  and "o t l l e r "  s p c c i c s  

p a s s i n g  t l ~ r c u g l l  t h e  r e g u l a t i n g  s e c t i o n  d u r i n g  t h c  9-day  se r i e s  

of  t e s t s  \&:ere 97 .3  2nd 2 S G . G  p e r c e n t  r e s p e c t i v e l y  ( T a b l e  5 ) .  

P r o p o r t i o n s  o f  s n l n o n i d s  and "o t l l c r "  s p e c i e s  completin!;  t h e  

5 5 - p o o l  overfl .o\ir  s e c t i o n  r:cre 91 .  S and 4 6 . 4  p e r c e n t  r e s p e c t i v e l y .  



. h 

*~ * . 
:I c o m p a r i s o n  o f  t h e  combined  c o u n t s  o f  a l l  s p e c i e s  a t  e a c h  

s t a t i o n  ( t o t a l  c o l u m n s ,  T a b l e  5 )  i n d i c a t e  t h a t  f i s h  

a s c c n d e d  t h e  r e g u l a t i n g  s e c t i o n  as w e l l  a s  t h e y  d i d  t h e  

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

t h e  t w o  s e c t i o n s  d u r i n g  t!le t e s t  p e r i o d s  w e r e  1 0 7 . 6  p e r c e n t  

a n d  8 7 . 2  p e r c e n t  respectively. 
0 

P a s s a g e  P a t t e r n s  a n d  R a t e s  o f  P a s s a g e  

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

o v e r f l o w  s e c t i o n s  o f  t h e  l a d d e r  \(ere f u r t h c r  e x a m i n e d  by  

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

p a t t e r n s  a t  t h e  C o r p s ,  w e i r  2 4 8 ,  a n d  s l o t  33  c o u n t i n g  s t a t i c n s .  

G r a n h i c  c o n n a r i s o n s  o f  ? a s s a g e  n a t t e r n s .  - - G r a p h i c  - 
c o l n p a r i s o n s  w e r e  made by ? l o t t i n e  t h e  d a i l y  c o u n t s  a t  t h e  

C o r p s  s t a t i o n ,  w e i r  2 4 8 ,  anc1 s l o t  3 3  a t  3 0 - n i ~ u t e  i n t e r v a l s .  

T e s t s  made on  c o n s e c u t i v e  d a y s  were  c o c ~ b i l i e d  and  3 0 - 1 i l i n u t c  

c o u n t s  were e x 7 r e s s e d  a s  p e r c e n t a g e s  o f  t h e  combined  d a i l y  
. -- 

c o u n t s .  ( F i g u r e s  1 1 - 1 9 ) .  C o m p a r i s o n s  o f  p a s s a g e  p a t t e r n s  f o r  

t h e  t h r e e  c o u n t  s t a t i o n s  i n d i c a t e  t h a t  s a l m o n i d s ,  s h a d ,  a n d .  

o t h e r  s ? e c i e s  a s c e n d e d  t h e  r e g u l a t i n g  s c c t i o n  o f  t h e  l a d d c r  

a s  w e l l  a s  t h e y  d i d  t h e  o v e r f l o w  s e c t i o n .  P a s s a g e  c u r v e s  f o r  
. - 

s a l ~ n o n i d s  w e r e  g e n e r a l l y  q u i t e  s i m i l a r  a t  a l l  t h r e e  s t a t i o n s .  

. P a s s a g e  c u r v e s  f o r  s h a d  a t  weir  2 4 8  a n d  s l o t  3 3  were s i m i l a r  

b u t  d i f f c r e d  somewhat  f r o m  t h o s e  a t  t h e  C o r p s  s t a t i o n  ( F i g u r e s  
I 

1 6 - 1 3 ) .  The c u r v e s  i n d i c a t e  t h a t  s h a d  e n t e r e d  t h e  l a d d e r  l a t e r  
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SALMONIDS S H A D  OTHER S PECIES 
I 0  g 

I S l o t  33 Slot 35 Slot 33 
n =  13,409 n = 4,277 n = 4,256 

5 - 

0 1-7 

W e i r  240 Weir 249 Wzir 248 
I- n = 2,885 
Z 

C E S t ~ t i c n  CE Sfc!ion 
n = 13,383 n = 4,675 

0 
4Af4 8 12 ~ F P J  8 12 lbP:l 8 I2  BPirl 12 ;AM 8 12 4PM 8 12 - I I & O E  (P.S.T.)  

F i ? u r e  1 6  . - - P z s s n g e  p a t t c r n s  o f  s a l m n n i d s ,  shad,  anrl o t h e r  s p e c i c s  a t  t l l r c e  c o u n t i n g  
s t n t i r ? n s  i n  tlic s o u t h  . f i s h  lnddc:  d u r i n g  t e s t s  from J u l y  7 t o  11. Counts f o r  
t l l c  fi tre J a y s  (Api;,cr?dix t n b l c s  i?-15 t o  A-19) v e r c  cornbincd and p c r c c n t a s e s  o f  
t? ic  t o t 3 1  i l u ~ n b e ~ s  c?F f i s h  co!~nte l !  i t t  each s t a t i o n  ( n )  wcre plot tcc!  a t  3 0 - m i n u t e  
i n t e r v a l s .  Count i .11~ p e r i o d  ex tc~ l t l cd  froln 4 a.m. 1 D . s . t . )  J u l y  7 t o  8 p.m. 
J u l y  11. 

. . .  
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i n  t h e  d a v  a n d  a s c e n d e d  t h e  l a d d e r  somewhat  s l o w e r  t h a n  

s a l m o n i d s  . C o n 7 n r i s o n s  o f  t h e  ? a s s a g e  c u r v e s  f o r  o t h e r  

s p e c i e s  i n d i c a t e  t h a t  many o f  tile f i s h  t h a t  were c o u n t e d  a t  

t h e  Cor?s  s t a t i o n  f a i l e d  t o  r e a c h  weir  2 4 5  by t h e  e n d  o f  t h e  

d a y .  C u r v e s  a t  weir  2 5 8  a n d  s l c t  3 3 - i n d i c a t e ,  h o w e v e r ,  t h a t  

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

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

The s e r r a t e d  s h a p e  of t h e  p a s s a g e  c u r v e s  f o r  t h e  

C o r p s  s t a t i o n  p r i o r  t o  J u l v  1 r e f l e c t  t h e  e f f e c t  o f  c l o s i n g  

t h e  p a s s a g e  g z t e  d u r i n g  t h e  c o u n t e r s  1 0 - m i n u t e  r e s t  p e r i o d s .  

S t a t i s t i c a l  a n a 1 y s i . s  o f  p a s s a g e  p a t t e r n s - - A n a l y s e s  

~f t!lc f i s h  p z s s a g e  i n  t h e  r e g u l a t i n g  a n d  o v e r f l o w  s e c t i o n s  

0 5  t l lc  s o u t h  l a d d e r  were b a s e d  on e u l a u l a t i v e  d i s t r i b u t i o n  

c u r v e s  p r e p a r e d  f r o m  d a i l y  c o u n t s  z t  t h e  C c r p s  s t a t i o n ,  weir  

2 4 8 ,  a n d  s l o t  3 3 .  T h e s e  c u a u l a t i v e  d i s t r i b u t i o n  c u r v e s  h a v e  

a n  S-sl la;>ed f o r m  col2posed o f  a c u r v e d  i n i t i a l  p o r t i o n ,  an 

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

p o r t i o n  ( F i g u r e  2 0 ) .  The c e n t r a l  p ~ r t i o n  o f  t h e  c u r v e  ( b e t v e e n  

t h e  2 0 t h  a n d  8 0 t h  p e r c e n t i l e )  ~ r o v i d e s  t h e  p r i m a r y  d a t a  u s c d  

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

s e c t i o n s  o f  t h e  l a d d e r  ( 3 e r r y  a n d  i3e lmont ,  1 9 5 1 ) .  O n l y  

s a l m o n i d s  a n d  s h a d  w c r e  i n c l u d e d  i n  t h c  a n a l y s e s .  The e a r l y  



~ i g u r e  2 0 .  --Schcnatic d iag ram ' o f  p a s s a g e  pzttern: which 
. . .  d e s c r i b e  p a s s a g e  measure~ents g i v e n  in 

t a b l e s  G and 7 . .  

P i j :  t i n e  in h o u r s  f o r  i p e r c e n t i l e  a t  j c o u ~ t  
s ' L a t i o n  

i= l :  20th percentile 
i = 2 :  SOrh percentile 
j-1: C c r p s  of  E n g i n e e r s  c o u n t  s t a t i o n  
j = 2 :  c o u n t  station at w e i r  248 
j = 3 :  c o u n t  station a t  s l o t  33 



m o r n i n g  c o u n t s  ( f i r s t  2  t o  3 h o u r s )  w e r e  o m i t t e d  when 

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

st w e i r  2 4 5  a n d  s l o t  3 3  b e c a u s e  t h e s e  f i s h  w e r e  a l r e a d y  i n  

t h e  l a d d e r  when t h e  t c s t s  b e g a n .  Some t e s t s  w e r e  o m i t t e d  

b e c a u s e  o f  i n c o m p l e t e  c o u n t s  o r  b e c a u s e  t h e r e  w e r e  two  f e w  

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

! leasurcmel l t s  f r o m  t h e  c e n t r a l  p o r t i o n  o f  t h e  

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

[ F i g u r e s  2 0 ,  T a b l e s  G a n d  7 ) ,  and  t h e s e  d a t a  w e r e  u s e d  t o  

c o m 2 a r e  t l l c  p a s s a g e  r a t e s  ~ n d  d i s t r i b u t i o n s  b e t w e e n  a l l  

c o m b i r ~ a t i o n s  o f  c o u n t i n g  s t a t i o n s .  The d a t a  w e r e  u s c d  t o  

c o m p u t e  a U - s t z t i s t i c  ( N n t r c l l a ,  1 9 6 3 )  w h i c h  r e p r z s c n t s  

. t h e  c h a n ~ e  j.n r a t e s  o f  p a s s a g e  b e t w e e n  t h e  c o u n t  s t a t i o n s .  

T e s t s  on s a l m o n i d  d a t a  show t h a t  tllere was a 

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

s e c t  i.on o f  t + e  l a d d e r  ( b e t w e e n  t h c  C o r p s  c o u n t i n g  s t a t i o n  

and v i e i r  2 4 S ) ,  b u t  i n  t h e  r e 2 i l l ; l - t i n g  s e c t i o n  ( b e t v c e n  weir 

a 2 4 8  and  s l o t  3 3 )  t h c r e  ~ 1 2 s  a n  i ~ c r e a s e  i n  p a s s a . s e  r a t e  

( T a b l e  8 ) .  The sh::cl d a t a  show a l s o  a  s i g n i f i c a n t  d c c r e a s c  

i n  t h e  r a t c  o f  p a s s a g e  i n  t h e  ~ v e r f l o w  s e c t i o n  b u t  o n l y  a 

s i g h t  i n c r e a s e  i n  t h e  r c E u l a t i r l g  s c c t i . o n  ( T a b l e  8 ) .  

P a s s a g e  t h r c u g l i  t h e  z n t i r e  l a d d e r  ( C o r p s  s z a t i o n  

To s l o t  33) shorcied 3n o v e r 3 1 1  r a t c  i n c s e a s c  f o r  s a l m o n i d s  

b u t  n s i g n i f i c a n t  r a t c  c lecrezlsc  f o r  s h a d  (Tab1.c 8 ) .  P n s s a g c  



Table 6--~irne a t  trhich the 20th a n d  80th  percent i les  occurred on 
t h e  cumuletive passage curves f o r  szlnonids ( ~ i g u r e  20). # 

Test 
Date 

J 

Apri l  29 
30 

20th percent i le  80th percent i le  

C o q ~ s  S t a t i o n  S l o t  Corp Stat ion S lo t  
of 2n~i;r. 248 3 3  of Engr. 248 33 
Sta t ioa  S t a t i o n  
1'11 1'12 -3 ~ 2 1  ~2 E 3  

Hour - Hour - 
12.5 
12.5 
12.0 
14.0 
14.0 
13.0 
14.0 
14.0 
12.5 
12.5 
13.0 
13.0 
13.5 
1k.5 
15.5 
16.5 
18.0 
17.5 
11: . 0 
13.0 
14.0 
13.0 
12.5 
12.5 
13.0 
13. o 
11.5 
14.0 
11.5 
11.5 
11.5 
11.0 
11.0 
11.5 
12.5 
11.5 
11.5 



Table 7-Tizie a t  which the  20th and 80th percent i les  occwred on the  
. emulative p s s a g e  culmes f o r  shad (Figure 20). 

8Qth percent i le  

Corps S ta t ion  S l o t  
of Engr. 248 33 
S'iati.cn 

P21 P22 P23 , 

'Hour - Hour 
17.5 19.5 13.5 
18.0 19.5 20.0 
18.0 19.0 19.0 
12.5 15.5 i4.0 
12.0 14.0 Ue 5 
13.0 15.5 U. 5 
12.5 15.0 3 - 4 0  5 
12.0 U+.5 3 - 4 0  5 
i2.o is,o U. 5 
l2.0 15.0 2-4.5 
13.5 15.0 1L.5 
2 . 0  15.0 u+.5 
12.C) 15.0 34.5 

Test 
Date 

$a+. 9 
10 
ll. 
1 3  
II+ 
1 5  
16 
1 9  
20 
21 
2 2 
2 3 
24 

P 

20th p r c e n t i l e  

Corps Station S l o t  
02 Enp. 248 33 
S t a t  ion 

P11 P12 P1.3 

HOIW E o w  H o ~ r  

10.5 11.5 12.0 
12.5 1l.5 12.0 
11.0 10.5 11.0 

6.5 S.0 7,5 
4.5 7.0 7.0 
5.5 8.5 7.0 
5e5 7.0 7.5 
5.5 7 , O  8.0 
5 = O  6.5 ' I .  5 
5 -5 7.5 7.0 
8.0 8.0 6.5 
6.0 7.5 4 0 5 
6.0 6.5 7.5 



Table 8.-'Results of s t a t i s t i c a l  t e s t s  used t o  conpare passage ra tes  of 
s a b a a i d s  and shad i n  the overflotr and regulating sections of 
the s o ~ 5 h  f i s h  ladder a t  John Day Dam. 

Corps vs 
s ta .  248 D l 1  vs D21 72 0.298 0.272 D l 1  2 D21 

Species Stat ion 
co111pari son SpbO1 

d d.f, ( ~ l i - ~ z i )  u 2.l 
Conclusion 

t s s t ed  a t  oC = .05 

COTS vs 
s t a .  248 D l 1  vs D21 2.4 1,038 0.672 D l 1  g 021 

Salnonids Corps vs 
s l o t  33 ill2 ~s D22 .. 72 0.2113 0.308 Dl2 E D22 

Shad Corps xrs 
s l o t  33 



< \ '  

o f  s a l m o n i d s  t h r o u g h  t h e  r e g u l a t i n g  s e c t i o n  a c c e l e r a t e d  

more  thAn e n o ~ g h  t o  o f f s e t  t h e  s l o r ~ c r  p a s s a g e  t h r o u g l l  . t h e  

o v e r f l o w  s e c t i o n  o f  t h e  l a d d e r .  Shad  p a s s a g e  was a l s o  

f a s t e r  t h r o u g h  t h e  r e g u l a t i n g  s e c t i o n  b u t  t h e  i n c r e a s e d  

, r a t e  was n o t  cnougil  t o  o f f s c t  t h e  s l o w e r  p a s s a g e  t h r o u s h  

t h e  o v e r f l o w  s e c t i o n .  

P a s s a c e  a t  N i c h t  

S i n c e  c o u n t i n g  was g e n e r a l l v  p e r f o r m e d  o n l y  d u r i n g  

t h e  d a y l i g h t  h o u r s  o u r  c o u n t s  a t  s l o t  33 d o  n o t  r e p r e s e n t  t h e  

t o t a l  number  o f  f i s h  t h a t  a s c e n d e d  t h e  l a d d e r s  on t e s t  d a y s .  

N i g h t  c o u n t i n g  was p e r f o r : n e d  on s e v e r a l  o c c a s i o n s  t o  d e t e r m i n e  

whzt p r o ~ o r t i o n  o f  f i s h  z s c e n d e d  t h e  l a d d e r  a c t z r  we t z r m i r i z -  

o u r  d a i l y  t e s t s .  One c o u n t  was made d u r i n g  t h e  s p r i n g  

t e s t s  v:t~en t h e  C o r p s  c o u n t i n g  g a t e  was c l o s e d  ( f i s h  p a s s a g e  

b l o c k c d )  a t  n i g h t  and  t h e  o t h e r s  w e r e  made d u r i n g  t h e  suinnler 
-- 

b e f o r e  a n d  a f t e r  t h e  Cor?s  b e g a n  l e a v i n g  t h e  g a t e  a t  t h e  

c o u n t i n g  s t a t i o n  o p e n  a t  n i g h t .  

The f i r s t  n i g h t  c o u n t  was p e r f o r m e d  on May 5 .  The 

c o u n t i n g  p e r i o d  e x t e n d e d  f rom 4 a.m. May 5 t o  4 p.m. blav 6 .  

The g a t e  a t  t h e  C o r 7 s  s t a t i o n  was c l o s e d  f r o m  S p . m .  !lay 5 

. t o  4 a .m. ?fay 6 .  Thc n e s t  f o u r  n i g h t  c o u n t s  \<ere  per fo r ine t l  

( l u r i n g  t h e  c o n t i n u o u s  c o u n t s  t l l a t  were p e r f o r : n e d  Procl 4 a .m.  

J u l y  7 t o  S p . m .  J u l y  11. T h e  C o r p s  c o u n t i n g  g a t e  was c l o s e d  

d u r i n g  t!ic n i g h t s  o f  . Ju ly  7 and  8 b u t  was o p c n  d u r i r i g  tile 

n i g h t  o f  J u l y  9 a n d  1 0 .  



The l a s t  n i g h t  c o u n t  was made on J u l y  24 ,  Tho t e s t  

p e r i o d  e x t e n d e d  f r o m  4 a.m. J u l y  2 4  t o  4 a.m. J u l y  25.  

C o n p a r i s o n s  o f  t h e  C O ~ Q ~ S  n n d c  d u r i n g  t h c s e  2 4 - h o u r  

t e s t s  ( T a b l e  9 )  i l l u s t r a t e  t h z t  n i g h t  p a s s a g e  v a r i e d  b c t i ~ e e n  

s p e c i e s  a n d  c o u n t i n g  s r z t i o n s .  There .  w a s  g e n e r a l l y  a n e t  

u p s t r e a m  p a s s a g e  a t  weir 2-48 a n d  s l o t  3 3  a n d  t h e r e  was b o t h  

u p s t r c a n  a n d  d o w n s t r e a ~ n  p a s s a z c  a t  t h e  C o r p s  s t n t i o n .  

During t h e  t h r e e  t e s t s  i n  ~ : . I ~ i c h  n i g h t  c o u n t s  rlrcre 

made a t  t h e  Corps  s t a t i o n  t h c r z  was a. n e t  ups t r ea l : \  c o u n t  o f  

1 2 , 0 3 7  s a l r ~ o n i d s  d u r i r . 9  t h e  d a y  ( 4  a.m. t o  8 p.;n.) and  a n e t  

ups t re :~m c o u n t  o f  1 2 2  s a l z o ~ i d s  (1.0 p e r c i s n t  o f  t h e  day  c o u n t )  

d u r i n g  t h e  n i p ! l t  ( T a b l c  9 ) .  C o r i v c r s c l y  a11 a v e r a g e  o f  1 2 . 7  

~ ~ c r c c r r t  o f  e i ~ c  shad ' s i l ; l i  p a s s e d  u p s t r e a n  d u r i n g  t h e  day i n  

t h c s c  t e s t s  p n s s c d  d o ~ i n s t r e a m  d u r i n g  t h e  n i g h t .  Ne t  u p s t r e a n  

and  Jc~wns t rcnr? .  cognts l ierc  5 , 2 0 3  a n d  G G I  r e s p c c t i \ . e l y .  "Otlser" 

s p e c i e s  ll7cr-e n o t  c c n s i s t c ~ l t ,  I n  ?I~G o f  t h e  t e s t s  there was a 

n e t  d o x n s t r e a n  p a s s z p e  and i n  t!le t h i r d  t h c r c  was n c t  u p s t r ' e n n  

p a s s a g e  d u r i n g  t h c  n i y l l t ,  ?Jet p a s s a g e ,  c s p r e s s c d  a s  p r o p o r t i o n s  

o f  tllc d a y  c o u n t s ,  r a n g e d '  f r o n  2 6 . 5  p e r c c n t  do;irnstrcam t o  1 2 . 5  

p c r c c n ?  l l p s t r c a n .  

T h c r c  vias c c r  u p s t r e n n  p a s s p . 5 ~  of a l l  species a t  

~e:cii- 2 4 8 .  P r o p o r t i o n s  o f  s a l r t o i i i c ! ~  p ~ s s i i l s  t!iis s t a t i o n  a t  

n i g h t  d u r i n g  t h e  s i x  t c s t s  i n  J u l y  r a n g e d  f r o m  6 . 3  t o  3 .5  p c r -  

c e n t  o f  t h c  d a y t i n c  c o u n t .  P r o p o r t i o n s  o f  s ! l n d  p:issj.ng a t  
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p e r c c n t  o f  t h e  d a y t i m e  c o u n t  ( T a b l e  9). 

A t  s l o t  3 3  t h e r e  was n e t  u p s t r e a m  movement o f  

s a l m o n i d s  and  s h a d  d i t r i n g  t!ie s i x  t e s t s  a n d ,  i n  a l l  b u t  o n e  

o f  t h e  t e s t s ,  t h e r e  wzs  a  n e t  u p s t r e a n  p a s s a g e  o f  " o t h e r "  

s p e c i e s .  I.ligkt p a s s a g e ,  e s y r c s s c d  a s -  p r o p o r t i o n s  o f  t h e  

d a y t i m e  c o u n t s  d u r i n g  t h e  s i x  t e s t s  r a n g e d  f r o m  2 . 5  p e r c e n t  

t o  9 . 5  p c r c c n t  f o r  s a l m o n i d s ,  f r om 3 . 5  p c r c c n t  t o  12 .9  p e r c e n t  

f o r  s h a d ,  and  f ro~ r !  7 . 0  p e r c e n t  d o w n s t r e a m  p a s s a s e  t o  56 .9  

p e r c e n t  u p s t r c n m  p a s s a g e  foi -  " o t h e r "  s p e c i e s ,  

Compar i sons  o f  h o u r l y  c o u n t s  a t  w e i r  2 4 5  and  s l o t  

33 d u r i n g  t h e  n i g h t  i l l u s t r a t e  t h a t  mos t  o f  t h e  s n l n o n i d s  

a n d  s h a d  Icere c o u n t e d  d u r i n g  t h e  f i r s t  two h o u r s  ( S  p.m. t o  

1 0  p. , in . )  of t h e  c o u i i t i n g  p c i - i o d  ( F i p r c  2 1 ) .  , I c t i v i ~ y  ~f 

" o t h e r "  s p 3 c i c s  v a r i e d  t h r o u g h o u t  t h e  n i g h t  a t  t h e  two c o u n t i n g  

s t a t i o n s .  >lore f i s h  w c r c  c o u n t c d  d u r i n g  t h e  f i r s t  h o u r  ( 3  p.m. 

t o  9  p.m. 2 ' t h a n  a.ny o t h e r  1 - I l o ~ r r  p e r i o d ,  b u t ,  s i g r l i f i c a n t  

numbers  iv-ere a l s o  c o u n t e d  d u r i n g  o t h e r  p e r i o d s .  Do~,~ns  t r c a m  

p a s s a g e  o f  s h a d  a t  t h e  Corps  s t a t i o n  p e a k e d  d u r i n g  t h e  f i r s t  

h o u r  and  d e c l i n e d  t h c r c a f t e r .  D o n n s t r c a n  passage  o f  " o t h e r "  

. - s p e c i e s  p c s k e d  b c t v e c n  1 2  p .n .  and  1 a .n .  U p s t r c a n  p a s s a g e  

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

a t  a l o l ~ e r  r a t e  t h r o u ~ h o u t  t h e  n i g h t  ( F i g u r e  2 1 ) .  



A c o m p a r i s o n  o f  e a r l y  n o r n i n g  c o u n t s  a t  w e i r  2 4 8  and  

s l o t  3 3  c l c a r l y  i n d i c a r e  t h a t  some f i s h  r ema ined  i n  t h e  f i s h  

l a d d e r  overnight and  d i d  n o t  h c g i n 7  moving u n t i l  d a y l i g h t  t h e  

n c x t  morning .  Coun t s  g e n e r a l l y  i n c r e a s e d  a b r u p t l y  a b o u t  4 a.m. 

a t  b o t h  s t a t i o n s  and  g e n e r a l l y  a s  man? o r  more f i s h  were  

t a l l i e d  a t  w e i r  2 4 8  and  s l o t  3 3  a s  were  c o u n t e d  a t  t h e  Corps  

s t a t i o n  a t  t h i s  t i n e  (Appendix  t a b l e s  A - 1 5  t o  A-19) .  



Doi,rnstrearn P a s s a g e  

We assumed t h a t  i f  f i s h  w e r e  e s y e r i e n c i r l g  d i f f i c u l .  t y  

i n  n e g o t i a t i n g  t h e  r e g u l a t i n g  s e c t i o n  t h e r e  would be a n  un -  

u s u a l l y  h ig l l  p e r c e n t a g e  o f  f i s h  f a l l i n g  back  downs t ream a t  

w e i r  2 4 8 .  Our o b s e r v a t i o n s  r e v e a l e d  t h a t  a l t h o u g h  t h e  p r o -  

p o r t i o n s  o f  f i s h  f a l l i n g  b a c k  o v c r  w e i r  248 w e r e  g e n e r a l l y  

h i g h e r  tf lan t h e  p r o p o r t i o n s  f a l l i n g  back  o v e r  w e i r  2 1 4  t h e y  

were  i n  many i n s t a n c e s  l o w e r  t h a n  t h e  p r o p o r t i o n s  f a l l i n g  

back  a t  t h e  Corps  c o u n t i n g  s t a t i o n .  

The p e r c c n t a e e s  o f  s a l m o n i d s  p a s s i n g  do14:nstream a t  

w e i r  2 4 5  wel-2, w i t h  Eev exceptions , h i g h e r  t1la11 t!lc p e r c e n t a g e s  

r e c o r d c d  at t h c  Corps  c o u n t i n 2  s t a t i o n  and  a t  w e i r  214. Average  

p e r c c n t n g c s  ( b z s z d  upon t e s t s  n a d c  d u r i n g  t1:c s p r i n g ,  summer, 

a n d  f a l l  f i s h  r u n s )  w e r e  7 . 5  p c r c e n t  a t  t h e  Corps  s t a t i o n ,  

4 .1  p e r c e n t  a t  v e i r  214 .  and 16 .4  p e r c e n t  a t  w e i r  2 4 1  ( T a b l e  1 0 ) .  

r - 9  ~ ! l c s c  o b s c r v a t i o : l s  j -nc l ica te  t l l n t  s a l m o n i d s  wcrc sa;r.c~:'hat more 

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

t o  :he s l o t - t y p e  r e g u l a t i n g  s e c t i o n  t h a n  t h e y  Isrere frorn t h e  

C o r ~ s  c o u n t i n g  c h a n n e l  t o  tile o v c r f x l l  l a d d e r .  blost o f  t l i e  

sn l : r , cn ids  t h a t  f e l l  bzck  do iqns t rcam o v e r  w e i r  2 4 8 ,  howeve r ,  

must have  rc l l -scendcd t h e  w e i r  3s t h e  n e t  u p s t r e a m  c o u n t s  a t  

t h e  Corps  s t a t i o n  a n d  s l o t  3 3  d c n o n s t r n t e d  t h a t  most  o f  t h e  

s a l ~ , ! ~ : i i d s  t h a t  ~ ; ! s s c ~  t h e  Corps  s t a t i o n  v e r e  c 3 u n t c d  at. s l o t  
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A c o m p a r i s o n  o f  t h e  p e r c e n t a g e s  o f  s a l m o n i d s  t h a t  

f e l l  b a c k  downst ream a t  w e i r  2 4 8  and  s l o t  33  r e v e a l  t h a t  f a l l -  

back  a c t i v i t y  i n c r e a s e d  a t  w e i r  2 4 8  d u r i n g  t l i e  s e a s o n  w h i l e  

i t  d e c r e a s e d  a t  s l o t  3 3 .  We s u s p e c t  t h a t  t h e s e  d i f f e r e n c e s  

i n  b e h a v i o r  may be  r e l a t e d  t o  c h a n g e s - i n  f o r e b a y  l e v e l .  The 
V 

f o r e b a y  l e v e l  a v e r a g e d  a b o u t  3 .1  f e e t  h i g h e r  i n  t h e  f a l l  

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

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

w a t e r  i n  t h e  p o o l s  o f  t h e  r e g u l a t i n g  s e c t i o n .  S a l m o r ~ i d s  nay  

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

c o u n t i ~ l g  c!:anncl a t  s l o t  3 3  i n  t h e  s p r i n g  when t h e  w a t e r  1eve: l  

was low (and t h u s  f e l l  back  downst ream more o f t e n )  t h a n  i n  

t!;e Ez?1  ;;hen t h e  p a s s z g e  c h a n n e l  v a s  d e e p e r .  

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

o f  f l o w  o v e r  w e i r  2 4 8 ,  however ,  i t  d i d  c l l a n ~ e  f l o v ~  c o n d i t i o n s  

i n  t h e  p o o l  above  t h e  w e i r  ( p o o l  2 4 9 )  and  f l o w s  t h r o u g h  t h e  

s l o t s  i n  t h e  b a f f l e  a t  t l ie  u p s t r e a m  end  o f  p o o l  2 1 9 .  Idhen 

t h e  f o r c b a y  i s  low ( s p r i n g  t e s t s )  t h e  r e g u l a t i n g  s e c t i o n  d o c s  

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

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

249 .  A s  t h e  f o r c b a y  r i s e s  ( a s  i n  t h e  f a l l  t e s t s )  more w a t e r  

came t h r o u g h  ? h e  r c ~ u l z t i n g  s e c t i . o n  and  t h e  r ? u x i l i a r y  w a t e r  

i n p u t  i s  r educed .  The i n c r e z s e d  f l o w  t h r o u g h  t h e  r e g u l a t i n g  

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



248 and it i s  b e l i e v e d  t h a t  t h e s e  s t r o n g e r  c u r r e n t s  may h a v e  

i n c r e a s e d  t h e  f a l l b a c k  a c t i v i t y  a t  w e i r  245, The e f f e c t  was 

g r e a t e r  i n  t h e  n o r t h  s i d e  o f  w e i r  2 4 8  due t o  t h e  w i d e r  s l o t  

on t h e  n o r t h  s i d e  of t h e  b a f f l e  i m m e d i a t e l y  u p s t r e a m  from 248, 

2 G c n e r a l l y  more sa ln ion ids  f e l l  back  01: t h e  n o r t h  s i d e  t h a n  t h e  

s o u t h  s i d e  o f  w e i r  2 4 8 .  Averzge p r o p o r t i o n s  f a l l i n g  back  

d u r i n g  t h e  f a l l  t e s t s  w e r e  2 5 . 0  p e r c e n t  on t h e  n o r t h  and  1 8 , 9  

p e r c e n t  on t h e  s o u t h .  I n  t h e  s p r i n g  t e s t s  t h e  p r o p o r t i o n s  were  

a b o u t  e q u a l  - -  7 . 2  p e r c e n t  f e l l  b a c k  on t h e  n o r t h  and 7,6 p e r -  

c e z t  f e l l  back  on :he s o u t h  s i d e  o f  t h e  w e i r ,  

The c h a n g i n g  f o r e b a y  l e v e l  d i d  n o t  seem t o  i n f l u e n c e  

t h e  f a l l b z c k  a c t i v i t y  of  "o t l l e r "  s p e c i e s  ( s u c k e r s ,  s g u a ~ . r f i s h ,  

c a r p ,  e t c , )  a t  w e i r  2 4 8  and s l o t  3 3 .  I I ighc r  p r o p o r t i o n s  o f  

t h e s e  f i s h  f e l l  back  st s l o t  33 t h a n  a t  w e i r  24.8. Average 

p r o p o r t i o n s  p a s s i n g  downstream d u r i n g  t h e  t e s t s  were 2 6 . 4  

p e r c e n t  a t  t h e  Corps s t a t i o n ,  4 . 3  p e r c e n t  a t  weir 214,  12.8 

p e r c e n t  a t  weir 248 ,  and  3 2 . 2  p e r c e n t  a t  s l o t  33 ( T a b l e  lo) . .  

S m a l l e r  ~ r o p o r t i o n s  o f  s h a d  p a s s e d  downstream a t  

w e i r  2 4 5  and s l o t  3 3  t h a n  s a l n o n i d s  o r  " o t h e r "  s p e c i e s .  Average 
. - 

p r o p o r t i o n s  f a l l i n g  dormst ream d u r i n g  t h e  e n t i r e  s e r i e s  -of 

t e s t s  viere 27.1 p e r c e n t  z t  t h e  Corps s t a t i o n ,  2 8 . 3  p e r c e n t  

a t  w e i r  2 1 4 ,  and  7.0 p c r c e n t  a t  weir 2 4 8 ,  and 3 . 3  p c r c e n t  a t  

s l o t  3 3  ( T a b l e  1 0 ) .  



Dur ing  t e s t s  p e r f o r m e d  f rom J u l y  7  t o  24 ,  downstream 

p a s s a g e  o f  s h a d  was r e c o r d e d  by t h e  Corps  c o u n t e r  a t  t h e i r  

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

a t  t h e  downst ream end  o f  t h e  r e g u l a t i n g  s e c t i o n  - -  t h e  same 

l o c a t i o n  as  w e i r  248 i n  t h e  s o u t h  l a d d e r .  Compar i sons  o f  t h e  

p e r c e n t a g e s  o f  downst ream p a s s a g e  a t  t h e s e  two s t a t i o n s  

i n d i c a t e  t h a t  s h a d  may h a v e  been  nlore r e l u c t a n t  t o  p a s s  

t h r o u g h  t h e  o r i f i c e - t y p e  c o n t r o l  s e c t i o n  on t h e  n o r t h  l a d d e r  

t h a n  t h e  new s l o t - t y p e  c o n t r o l  s e c t i o n  i n  t h e  s o u t h  l a d d e r .  

Downstream p a s s a g e  o u t  o f  t h e  n o r t h  ( o r i f i c e - t y p e )  c o n t r o l  

s e c t i o n  was t w i c e  a s  g r e a t  as  downst ream p a s s a g e  o u t  o f  t h e  

s o u t h  ( s l o t - t y p e ]  c o n t r o l  s e c t i o n .  D u r i n g  t h e  t e s t  p e r i o d  

1 7 , 9 1 8  s h a d  were  counted u p s t r e a m  a n d  5 ,017  were  c o u n t e d  

downst ream i n  t h e  n o r t h  l a d d e r  - -  a n  average  downst ream 

p a s s a g e  o f  28 .0  p e r c e n t .  D u r i n g  t h e  same p e r i o d ,  21 ,015  s h a d  

were c c u n t e d  u p s t r e a n  a n d  2 , 1 6 5  were c o u n t e d  d o \ ~ n s t r e a m  i n  t h e  

s o u t h  l a d d e r  - -  zn  a v e r a g e  dowristream o f  o n l y  10 .3  p e r c c n t .  

I n  a d d i t i o n  1 , 2 4 1  dead  s h z d  d r i f t e d  o u t  o f  t h e  n o r t h  l a d d e r  

b u t  f& i f  any  d e a d  s h a d  were  c o u n t e d  downst ream a t  w e i r  248 

. - i n  t l i e  s o u t h  l a d d e r .  I t  s h o u l d  be  n o t c d ,  hol;rever, t h a t  t h e  

c o n f i g u r a t - i o n s  of t h e  c o u n t i n g  s t a t i o n s  were  d i f f e r e n t  and t h e  

w e i r  i n  t h e  s o u t h  l a d d e r  corrld. have d e ' t c r r e d  tlo\,rnstrcam p a s s a g e  

morc t h a n  t h e  s l o t - t y p e  p a s s a g e  i n  t h c  n o r t h  l a d d e r .  



Downstream p a s s a g e s  o f  " o t h e r "  s p e c i e s  ( c h i s e l m o u t h ,  

s u c k e r s ,  s q u a w f i s h ,  c a r p ,  e t c . )  was l e s s  a t  w e i r  248 t h a n  

e i t h e r  t h e  Corps  s t a t i o n  o r  s l o t  33 b u t  somewhat g r e a t e r  t h a n  

a t  w e i r  214. Averzge  p e r c e n t a g e s  o f  f i s h  p a s s i n g  downst ream 

were :  26.4 a t  t h e  Corps  s t a t i o n ,  4.3 p e r c e n t  a t  weir  214,  

12 .S  a t  w e i r  248 and  32.2 a t  s l o t  33 ( T a b l e  1 0 1 ,  

O b s e r v a t i o n s  on L e a p i n g  

Dur ing  t h e  c o u r s e  o f  t h e  s t u d y  we o b s e r v e d  many f i s h  

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

w e i r  248, blany f i s h  l e a p e d  o v e r  t h e  weir from t h e  p o o l  below 

and  o t h e r s  l e a p e d  v e r t i c z l l y  f rom t h e  p o o l  above ,  S i m i l a r  

b e h a v i o r  was n o t e d  a t  w e i r  214 when t h i s  s t z t i o n  was i n  o p e r a -  

t i o n .  S e v e r a i '  o f  t h e s e  f i s h  i ande t l  on o u r  t e m p o r a r y  b r i d g e s  

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

s t a t i o n s  on t h e  n o r t h  s i d e  o f  t h e  l n d d e r .  These  f i s h  w e r e  

r e t u r n e d  t o  t h e  w e t e r  when we were  p r e s e n t ,  h o s e v e r ,  u n d o u b t e d l y  

s e v e r a l  p e r i s h e d  when t h e r e  was n o  one  on t h e  f i s h  l a d d e r  t o  

r e t u r n  them t o  t h e  w a t e r .  Ive removed t h r e e  dezd  f i s h  f rom t h e  

b r i d g e  a t  w e i r  214 and  t h r e e  f rom t h e  b r i d g e  a t  w e i r  2 4 5 .  Corps  

p e r s o n n e l  r c p o r t c d  o t h e r s  t h a t  w e r e  removed f rom t h e  b r i d g e s  i n  

o u r  a b s e n c e .  



A l t h o u g h  t h e  v a r i o u s  submerged p a r a p h e r n a l i a  t h a t  

was i n s t a l l e d  a t  t h e  c o u n t i n g  weirs ( m e t a l  g r i l l s ,  o p e r a t i n g  

r o d s  and  c h a i n s  u s e d  t o  b l o c k  t h e  o r i f i c e s )  may have  i n c i t e d  

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

o t h e r  p o o l s  o f  t h e  o v e r f l o w  and  r e g u l a t i n g  s e c t i o n s  o f  t h e  
> 

l a d d e r .  Dur ing  o u r  t e s t s ,  10 s a l n o n i d s  ( c h i n o o k ,  coho and  

s t e e l h e a d  t r o u t )  jumped o u t  o f  t h e  p o o l  i m m e d i a t e l y  above 

w e i r  e l e v a t i o n  2 4 5  and  were  s t r a n d e d  on t h e  walkway be tween 

t h e  two g u a r d  f e n c e s .  A n o t h e r  s e v e n  l e a p e d  o u t  o f  v z r i o u s  

p o o l s  of  t h e  r e g u l a t i n g  s e c t i o n  be tween w e i r  2 4 8  and s l o t  33. 

Some o f  e h e s c  f i s h  had  t o  l e a p  a s  h i g h  a s  12  f e e t  t o  c l e a r  

t h e  w a l l  of t h e  f i s h  l a d d e r  and  t h e  g u a r d  f e n c e .  

O n l y ' t l ~ o  f i s h ,  b o t h  j a c k  c h i n o o k s ,  were  o b s e r v e d  

t o  have  jumped o u t  o f  t h e  o v e r f l o w  s e c t i o n  o f  t h e  l a d d e r  

below w e i r  248.  T h e r e  were  u n d o u b t e d l y  o t h e r s  t h a t  l e a p e d  

o u t ,  hov:ever, and  were  n o t  o b s e r v e d  by  o u r  p e r s o n n e l .  

On two o c c a s i o n s  d u r i n g  t h e  f a l l  t e s t s  we s i m u l t a n e -  

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

of t h e  l a d d e r  t o  d e t e r m i n e  i f  more j u n p i n g  was o c c u r r i n g  i n  t h e  

r e g u l a t i n g  s e c t i o n  t h a n  t h e  o v e r f a l l  s e c t i o n  o f  the  l a d d e r .  One 

o b s e r v e r  was s t a t i o n e d  on the  dam a t  t h e  u p s t r e a m  end  o f  t h e  

r e g u l a t i n g  s e c t i o n  and  t h e  o t h c r  was s t a t i o n e d  on t h e  walkway 

a t  t h e  t u r n  p o o l  j u s t  below w e i r ,  e l e v a t i o n  2 0 7  ( F i g u r e  5 ) .  



From t h e s e  v a n t a g e  p o i n t s  t h e  o b s e r v e r s  c o u l d  s e e  most o f  

t h e  f i s h  t h a t  l e a p e d  up  f rom t h e  p o ~ l s  o f  t h e  two s e c t i o n s  

o f  t h e  l a d d e r .  View of t h e  r e g u l a t i n g  p o o l s  was somewhat 

i m p a i r e d  b y  t h e  h e i g h t  t h e  t h e  p o o l s  and  i t  

i s  p o s s i b l e  t h a t  some l e a p s  i n  t h e  c o n t r o l  s e c t i o n  wcre n o t  
0 

s e e n .  

D u r i n g  t h e s e  t ~ % ~ o  s e r i e s  o f  o b s e r v a t i o n s ,  2 5  l e a p s  

were  r e c o r d c d  i n  t h e  o v e r f a l l  s e c t i o n  b e t w e e n  weir 2 0 7  and  

2 4 5 ,  and  11 were  r e c o r d e d  i n  t h e  r e g u l a t i n g  s e c t i o n  be tween  

weir 2 4 5  and  s l o t  33,  Those i n  t h e  o v e r f l o w  s e c t i o n  wcre  more 

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

l a d d e r ,  S i x  o u t  o f  t h e  11 o b s e r v e d  i n  t h e  r e g u l a t i n g  s e c t i o n  

a c c u r r e d  w i t h i n  t h e  f i r s t  feiq p o o l s  o f  th i s  s e c t i o n .  3n t h e  

b a . s i s  o f  t h e s e  o b s e r v a t i o n s  lie c o n c l u d e  t h a t  t h e  f r e q u c n c y o f  

l e z p i n g  i n  t h e  r e g u l a t i n g  s e c t i o n  may b e  no g r e a t e r  t h a n  t h a t  

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

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

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

p o o l s  and  t h e  r i s k  o f  jumping o u t  o f  t h e  l a d d e r  migh t  be  

g r e a t e r  w i t h i n  t l lc  r e g u l a t i n g  s e c t i o n ,  e s p e c i a l l y  vhen  t h e  

f o r e b a y  i s  a t  n e a r  nzximum l e v e l  and  t h e  p o o l  l e v e l s  a r e  h i g h ,  

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

u p p e r  c o n t r ~ l  p o o l s  v e r c  i n  t h e  f a l l  when t h e  p o o l  l e v e l s  

were  h i g h .  



We d i s c o v e r e d  one  a r e a  w i t h i n  t h e  c o n t r o l  s e c t i o n  

whe re  l e a p i n g  f i s h  and  l a m p r e y s  w e r e  b e i n g  t r a p p e d .  T h i s  

was t h e  p o c k e t  c r e a t e d  by t h e  d i a g o n a l  w a l l  i n  t h e  n o r t h e a s t  

c o r n e r  o f  t l ie  p o o l  above  weir 249  ( F i g u r e  3 ) .  S e v e r a l  

s a l n o i l i d s  l e a p e d  o v e r  t h i s  w a l l  a n d  w e r e  t r a p p e d  i n  t h i s  

a r e a .  S e v e r a l  h u n d r e d  d e a d  l a n p r c y s  were  2 l s o  removed from 

t h i s  a r e a .  A p p a r e n t l y  t h e  l a m p r e y s  e n t e r e d  t h r o u g h  t h e  

2 - i n c h  s q u a r e  d r s i n  h o l e  a t  t h e  b o t t o m  o f  t h e  w a l l  b u t  w e r e  

u n a b l e  t o  f i n d  t h e i r  way o u t .  T h i s  p o c k e t  s h o u l d  be  f i l l e d  

o r  c r c e n c d  t o  p r e v e n t  f i s l i  and l a n p r e y s  f rom e n t e r i n g .  

h a s  been n o t e d  t h a t  b e g i n n i n g  J u l y  Corps  o:F 

E n g i n c e r s  l e f t  t h e i r  c o u n t i n g  g a t e  open  d u r i n g  t h e  c o u n t e r ' s  

1 0 - m i n u t e  r e s t  p e r i o d s  and u s e d  a f a c t o r  t o  e s t i m a t e  number o f  

f i s h  t h a t  p a s s e d  tlre s t a t i o n  d u r i n g  t h s s c  p e r i o d s .  D u r i n g  t h e  

s h a d  r u n  ( J u l y  9 t o  z b o u t  Augus t  1 5 )  t h e y  a l s o  l e f t  t h e  g a t e  

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

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

t o  c l c m o n s t r z t e  how l e a v i n g  t h e  c o u n t i n g  g a t e  open  n a y  h a v e  

i n f l u c n c c d  t l i c  accuracy  oZ t h c  C o r p s t  c o u n t .  



F a c t o r e d  Counts  vs.  A c t u a l  Counts  . 

Compar isons  be tween t h e  C o r p s 1  f a c t o r e d  c o u n t s  and  . 

o u r  a c t u a l  c o u n t s  d u r i n g  t h e  26 d a y s  t h a t  we c o ~ n t e d ~ a t  t h e  

Corps  s t a t i o n  i n d i c a t e  t h a t  t h e r e  was l i t t l e  d i s p a r i t y  be tween  

a c t u a l  and  f a c t o r e d  c o u n t s  ( T a b l e  1 1 )  ; The Corps1  f a c t o r e d  

c o u n t s  o f  s a l n o n i d s  r a n g e d  from 3.7 p e r c e n t  l o w e r  t o  2 . 2  p e r -  

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

shad r a n g e d . f r o m  3.1 p e r c e n t  l o w e r  t o  4.5 p e r c e n t  h i g h e r  t h a n  

t h e  a c t u a l  c o u n t s .  The t o t 3 1  a c t u s l  c o u n t .  o f  s a l m o n i d s  (Corps1  

50-minute  c o u n t s  p l u s  o u r  1 0 - m i n u t e  c o u n t s  d u r i n g  e a c h  day)  

f o r  t h e  26 d a y s  was 110 ,900 .  The Corps '  f a c t o r e d  c o u n t  (50-  

m i n u t e  c o u n t s  x 1 .2 )  f o r  t h i s  p e r i o d  wzs 1 1 0 , 6 9 2  - -  a  d i f f e r e n c e  

of  2 0 8  f i s h  ( T a b l c  '11).  The a c t u a l  c o u n t  o f  s h a d  a t  t i l e  Corps 

s t a t i o n  d u r i n g  a  17-day  p e r i o d  was 35 ,147  and  t h e  C o r p s t  

f a c t o r e d  c o u n t  was 35 ,025  - -  a  d i f c e r e n c e  o f  o n l y  119  f i s h .  





5 1 

E f f e c t  o f  n i g h t  p a s s a y e  upon t h e  a c c u r a c y  o f  Corps  o f  

E n g i n e e r s  f i s h  c o u n t s  

Nigl i t  c o u n t s  were  made on o n l y  t h r e e  d a y s  d u r i n g  t h e  

p e r i o d  t h a t  :he g a t e  a t  t h e  Corps  s t a t i o n  was l e f t  open  a t  

n i g h t .  The r e s u l t s  o f  t h e s e  c o u n t s  ( T a b l e  9)  i n d i c a t e  t h a t  

' the  d a i l y  ( 4  a.m. t o  8 p.m.) c o u n t s  o f  s a l n o n i d s  t h a t  have  

been  r e p o r t e d  by t h e  Corps  may b e  s l i g h t l y '  l o w e r  t h a n  tlle 

number t h a t  a c t u a l l y  a s c e n d e d  t h e  l a d d e r .  C o n v e r s e l y ,  t h e  

d a i l y  s h a d  c o u n t  r e p o r t e d  by  t h e  Corps  f o r  t h i s  p e r i o d  may 

have  been  up t o  a b o u t  20 p e r c e n t  g r e a t e r  t l i an  t h e  number t h a t  

a c t u a l l y  a s c e n d e d  t h e  l a d d e r  ( T a b l e  1 1 ) .  

I t  a p p e a r s  t h a t  downst ream p a s s a g e  o f  s h a d  a t  n i g h t  

a t  t h e  Corps  s t a t i o n   krill b e  a c o n t i n u i n g  p rob lem i n  t h e  s o u t h  

l a d d e r ,  and  t h e  Corps  w i l l  p r o b a b l y  c o n t i n u e  t o  l e a v e  t h e  

c o u n t i n g  g a t e  open  a t  n i g h t  d u r i n g  t h e  s h a d  run .  I f  s o ,  

would seem adl , r isable  t o  p c r f o r ~  n i g h t  c o u n t s  i n  1972 t o  a r r i v e  

a t  a  f a c t o r  t h a t  c o u l d  b e  a p p l i e d  t o  clay c o u n t s  t o  compensa t e  

f o r  n i g h t  p a s s a g e .  T h i s  rsould a l s o .  a p p l y  t o  t h e  n o r t h  l a d d c r ,  

however ,  o u r  c o u n t s  a t  w e i r  248 i n d i c a t e  t h a t  t l i e  p rob lem o f  

d o v n s t r e a m  p a s s a g e  a t  t h e  Corps  s t a t i o n  i n  t h e  n o r t h  l a d d e r  

may be  a l l e v i a t e d  by i n s t a l l a t i o n  o f  t h e  new s l o t - t y p e  r e g u l a -  

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

a t  t h e  downst ream e n d  o f  t h e  r e g u l a t i n g  s e c t i o n  a n d  o u r  

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

s i t e  may be considerably l e s s  t h a n  t h e  m i d - l a d d e r  c o u n t i n g  

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



SUbIP.IARY AND CONCLUS I ONS 

The r e l u c t a n c e  o f  s h a d  t o  p a s s  t h r o u g h  t h e  

o r i f i c e - t y p e  b a f f l e s  i n  tlic f l o w  r e g u l a t i n g  s e c t i o n s  o f  t h e  

John Dzy f i s h  l a d d e r s  n e c e s s i t a t e d  t h e  r e d e s i g n  o f  t h e s e  

f a c i l i t i e s .  C o o r d i n a t e d  s t u d i e s  we re  i n i t i a t e d  i n  1969 by 

. t h e  Corps  o f  Engineers a n d  t h e  Bureau  o f  Comnlercial F i s h e r i e s  

(now N a t i o n a l  b la r ine  F i s h e r i e s  Se-ivi .ce) t o  d e v e l o p  s a t i s -  

f a c t o r y  r e g u l a t i n g  s e c t i o n s  f o r  t h e  two f i s h  l a d d e r s  a t  J o h n  

Day Dam. l l y d r a u l i c  a s p e c t s  o f  new d e s i g n s  were  s t u d i e d  i n  

models  a t  t h e  C o r p s t  B o n n e v i l l e  H y d r a u l i c  L a b o r a t o r y  and 

f i s h  t c h , ? v i o r  i i a s  s t u d i e d  by N.FI.F.S. i n  f u l l  s c a l e  s t r u c t u r e s  

a t  t h e  F i s h e r i e s  L a b o r n t o r y  st I 3 o n n c 1 ~ i l l e .  A f t e r  t c s t i n g  

s e v e r a l   design.^ t h e  Corps  reconincnded s l o t - t y p e  b a f f l e s  f o r  

t h e  r e g u l a t i n g  s e c t i o n s  o f  t h e  J o h n  Dny l z d d c r s .  L a b o r a t o r y  

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

by t i l e  Corps  a s  P l a n  E )  wcu ld  p r o v i d e  s a t i s f a c t o r y  f l o v  

r e g i i l a t i o r ,  and  s n t i s f a c t o r y  f i s h  p a s s a g e  was a c h i e v e d  i r ?  a 

i t - p o o l  s egmen t  o f  t h i s  l a d d e r  a t  t h e  F i s h e r i e s  L n b o r a t o r y .  

N i t h  c o n c u r r e n c e  o f  S t a t e  a n d  F e d e r a l  f i s h e r i e s  

. - a g e n c i e s  t h c  P l a n  E d e s i g n  wzs i n s t a l l e d  i n  t h e  r e g u l a t i n g  

s e c t i o n  o f  t h e  s o u t h  f i s h  l a d d e r  a t  J o h n  Day Dam d u r i n g  t h e  

w i i ~ t e r  o f  1970.  1 . I o d i f i c a t i o n  o f  t h e  n o r t h  l z d d c r  was t o  I)e 

d c f e r r e d  u n t i l  t h e  s o u t h - l ~ d d e r  i n s t a l l a t i o n  c o u l d  be e v x l u -  

a t e d .  A n  c v s l u a t i o n  s t u d y  1r2s made by i . h f . ~ . S .  u n d e r  c o n t r a c t  

w i t h  t l lc  Corps  o f  Engineers d u r i n g  t h e  1971  f i s h  r u n s .  



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

t o  d e t e r m i n e  i f  t h e  new r e g u l a t i n g  s e c t i o n  would s a t i s f a c -  

t o r i l y  p s c s  shad  and  o t h e r  m i g r a t o r y  s p e c i e s  o f  f i s h  t h a t  

a s c e n d e d  t h e  John  Day l a d d e r s .  S p e c i a l  c o u n t i n g  s t a t i o n s  

were i n s t a l l e d  t o  m o n i t o r  f i s h  p a s s a g e  i n  t h e  r e g u l a t i n g  

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

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

o f  t h e  new r e g u l a t i n g  s e c t i o n .  From o u r  o b s e r v a t i o n s  o f  t h e  

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

c o n c l u d e d  t h a t  : 

(1)  The s l o t - t y p e  r e g u l a t i n g  s e c t i o n  w i l l  s a t i s f z c t o r i l y  

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

Dzy f i s h  1addcx.s. An a v e r a g e  o f  9 4 . 4  p e r c e n t  o f  t h e  

s a l m o n i d s  ( i n c l u d e s  c h i n o o k  sa lmon ,  s o c k e y e  sa lmon ,  

coho s a l ~ a o n ,  and s t e e l h e a d  t r o u t ] ,  7 3 , l  p e r c e n t  o f  

t h e  s h a d ,  91.7 p c r c c n t  o f  o t : ~ e r  s p e c i e s  ( suc l :c rs ,  

s q u a w f i s h ,  c a r p ,  c h i s e l m o u t h ,  e t c . )  t h a t  were  c o u n t e d  

a t  t h e  Corps  s t a t i o n  ( l o w e r  e n d  o f  t h e  l a d d e r )  com- 

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

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

O b s e r v a t i o n s  i n d i c a t e d  t h a t  t h e s e  f i s h  a s c e n d  t h e  

r e g u l a t i n g  s e c t i o n  a s ' w e l l  a s  t h e y  d i d  t h e  o v e r f l o w  

s e c t i o n  o f  t h e  l a d d e r .  ki'e were u n a b l e  t o  e v a l u a t e  

1ar:prey p a s s a g c  t l ~ r o u g h  t h e  r e g u l f t i n g  s e c t i o n  b u t  

l a n p r e y s  were o b s e r v e d  p a s s i n g  u p s t r c n m  st s l o t  33. 



( 2 )  D a i l y  p a s s a g e  d a t a  a t  t h r e e  c o u n t i n g  s t a t i o n s  i n  

t h e  l a d d c r  \ ( e r e  a n a l y z e d  s t a t i s t i c a l l y  t o  c o m p a r e  

s a l m o n i d  a n d  s l l ad  r a t e s  o f  i l a s s a g e  i n  t h e  o v e r f l o w  

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

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

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

c o m p a r e d .  R e s u l t s  o f  s t a t i s t i c a  1 t e s t s  shov!cd 

t h a t  t h e  r a t e  o f  s a l m o n  p a s s a g e  decreased i n  t h e  

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

r e g u l a t i n g  s e c t i o n .  Shad  showed e s s e n t i a l l s  t h e  

same r e s u l t s  a s  s a l m o n  e x p e c t  t h a t  p a s s a g e  'clirough 

t h e  e n t i r e  !adder  was s 1ov:cr. 



, ( 3 )  Leav ing  t h e  p a s s a g e  c h a n n e l  open a t  t h e  Corps '  

c o u n t i n g  s t a t i o n  d u r i n g  t h e  c o u n t e r ' s  r e s t  p e r i o d s  

h a d  l i t t l e  e f f e c t  upon t h e  a c c u r a c y  o f  t h e  Corps  

c o u n t s .  T h e r e  was l i t t l e  d i s p a r i t y  be tween  d a i l y  

c o u n t s  r e s u l t i n g  f rom c o n t i n u o u s  o b s e r v a t i o n s  and  

t h o s e  d e r i v e d  by m u l t i p l y i n g  t h e  C o r p s '  5 0 - m i n u t e  

c o u n t s  by 1 . 2  ( t h e  f a c t o r  u s e d  t o  compensa t e  f o r  

t h e  1 0 - m i n u t e  n o n - c o u n t i n g  p e r i o d ) .  

( 4 )  Leav ing  t h e  p a s s a g e  c h a n n e l  open and  t h e  c o u n t i n g  

s t a t i o n  u n n t t e n d e d  a t  n i g h t  ( 9  p . m .  t o  4 a.m.) may 

r e s u l t  i n  e x n ~ g e r a t e d  s h a d  c o u n t s  a t  J o h n  Day D a m  

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

p a s s a g e .  Fcw c o u n t s  w e r e  made a t  n i g h t ,  however ,  

t h e s e  i n d i c a t e d  t h a t  s i g n i f i c a n t  n u n b e r s  (rip t o  

1 9  p e r c e n t )  o f  t h e  s h a d  t h a t  w e r e  c o u n t e d  u p s t r e a m  

.- d u r i n g  t h e  day  may pass  back  dov :ns t r em a t  n i g h t .  

From t h e  s t a n d p o i n t  of  f i s h  p a s s a g e  we reconmend 

l e a v i n g  t h e  c o u n t i n g  s t a t i o n  open a t  n i g h t  t h r o u g h -  

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

s a m p l e  c o u n t i n g  t o  compensa t e  f o r  n i g h t  p a s s a g e .  



(5) Some s a l m o n i d s  a n d  n a n y  l a n p r c y s  h a v e  become t r a p p e d  

b e h i n d  t h e  c o n c r e t e  w a l l  i n  t h e  n o r t h e a s t  c o r n e r  o f  

t h e  p o o l  j u s t  a b o v e  w e i r ;  2 4 9  ( F i g u r e  3 ) .  The  s a l n o n  

l e a p  i n t o  t h i s  a r e a  a n d  l a n p r e y s  evidently e n t c r  

t h r o u g h  t h e  2" s q u a r e  d r a i n  a t  t h e  b o ~ t o m  o f  t h e  

w a l l .  k'c rccomncnd  t h e  v o i d  b e h i n d  t h i s  w a l l  b e  

f i l l e d  o r  t h e  o p e n i n g s  a t  t h e  t o p  and  b o t t o n . b e  

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

Tllc c o v e r  01; t h e  t o p  s h o u l d . b e  s l o p e d  s n  t h a t  i f  a  

f i s h  l e a p s  xp on t h e  t o p  i t  will s l i d e  b a c k  i n t o  

t.hc v a t e r ,  

( 6 )  S c \ * c r n l  s a l n o n i d s  l e a p e d  o u t  o f  t h e  p o o l s  o f  t h e  

r c z u l a t i n g  s c c t i o n  d u r i n g  t h e  t e s t s .  A l t h o u g h  

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

n o  n o r c  f r c c j u e n t  i n  t h e  r e g u l a t i n g  s e c t i o r .  t h a n  t h e  

o v e r f l o w  s e c t i o n  o f  t h e  l a d d c r ,  t h e  r i s k  o f  f i s h  
< - 

l e a p i n g  o u t  o f  t h e  l a d d e r  may be  g r e a t c r  i n  t h e  

r c g : ~ l s t i l l g  s e c t i o n  t h a n  t h e  o v e r f l o w  s c c t i o n  o f  t h e  

l a d d e r ,  The ~ e k u l a t l n z  s e c t i o n s  o.f t h e  two  l a d d e r s  

s h o u l c l  bc i n s p e c t e d  p e r i o d i c a l l y  d u r i n g  t h e  1 9 7 2  

s a l n o n  r u n s  t o  d e t e r n i n c  i f  r c n e d i a l .  n e z s u r e s  w i l l  

be  r c q u i r c d  t o  p r e v e n t  f i s h  f r o m  l e a p i n g  o u t  o f  t!ie 

r c c u l a t i n g  s e c t i o n s .  



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

! l z l l a  IValla and P o r t l a n d  D i s t r i c t s  Corps o f  E n g i n e e r s  a t  

John Day Dam i s  g r a t e f u l l y  acknowledged.  Ne a r e  e s p e c i a l l y  

i n d e b t e d  t o  P r o j e c t  E n g i n e e r  Dave Lnrsen  and h i s  s t a f f  f o r  

o u r  o p e r a t i o n s  c e n t e r ,  f o r  a s s i s t a n c e  i n  s e t t i n g  up o u r  

c o u n t i n g  f a c i l i t i e s ,  and f o r  t h e  nany s m a l l  b u t  v i t a l  

s e r v i c e s  r e n d e r e d .  Corps of  E n g i n e e r s  c o u n t e r s  a t  John  Day 

Dam gave v a l u a b l e  a s s i s t a n c e  i n  t r a i n i n g  o u r  c o u n t e r s  and 

mzking s p e c i a l  o b s e r v a t i o n s  f o r  u s .  

B io i i l e t r i c l an  S u e t o  blurzi o f  t h e  N a t i o n a l  Ffzrinc 

F i s h e r i e s  S e r v i c e  program~ned t h e  daea f o r  t h i s  r e p o r t  and 

m a t e r i a l l y  a s s i s t c d  i n  t h c  s t e t i s t i c 2 1  a n a l y s i s .  

> -. 
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~2;yG ~ t l  
a , .  

'?: 53' F.11. 
1 : 
1 : 50 
2: 30 
2: 33 
3: >> 
z: 7q , d .  

L;: 
4: 33 
5: 93 
F: 23 , , 
L-: QJ 
6:35 
7: 50 
7: Z'J 
5 :  93 
2.53 
9: a53 
9: 33 
ii7:03 
10: 53 
I 1 .  -,A . . - i." 

11:3  
12:00 n m  
12: 2 . 3  . I>  o .fi. 

1 : :!.:I 
] : '0 
2: 00 
2: 33 
5: ~3 
2 :  33 , .. 

I, : 9.3 
: ,. 
5:  73 
5: SO 
6:03 
6 :  53. 
7: 0! 
71  35 
E :  OO 
6: 5.3 
4': 03 
7: 70 

1 ,? : 0; 
10: 53 
li:CO 
11:;s 
12; 53 TI i cin i zh t  

- 
T c t s l  

1; Cwr.5 c! - 
crxr,t<rf 5 !:Lzi,.,g+e ccr,cgs :/ i21- s:.?> c:.?,. 

C.E. . is f in- i  11' 

2 ; -  ShtJ C. t r .~ r  Tc:si 
- t ~ !  i :s s3cc i e s  

. 7  0 - 4  3 
2 0 LI 6 
4 o - 1  
1 S 2 
2 0 1 3 
4 0 1 5 

26 0 6 32 
16 I) 5 21 
5 1 0 11 6 2  
$ 5  0 2 $5 
153 7 146 
a9 0 2 82 

13s 0 2 1LO 
- t !  . 3 1 72 I .  

0 3 137 1L8 
35 0 ,3 35 

135 0 8 111 
56 0 19 7~ I , 
9 7 G - 2  95 
11 0 0 - 7  55 
26 0 16 112 
25 0 - 6  1') 
4 7 0 k 51 
3 1 0 0 j i  
56 C) 11 6 7  
:!r 0 12 46 
33 0 10 k 9 
24 0 11 55 
45 0 13 55 

0 0 11 
25 I1 o - 2  23 

7 3 3 10 

11+72 0 1:; 16yJ 

El?;i?,p~r; rr,ur::ir< 5s:eticrt kbrs . . 

t c i r ,  ~ I ~ v ~ t i f r c .  L!12 

531- ' 5hz.' Other Tot:;l 
s m  i C!S s ~ r - c  i:s 

0 il 2 2 
3 0 2 5 

13 o 3 10 
15 0 1 16 
11 0 4 1 5 '  
10 0 1 11 
7 O 4 11 
7 3 1: 23 

I t t  9 1 i 2 1 
15 0 I 1  26 
211 0 24 4 It 
52 0 25 57 
1; 7 0 ?0 
95 2 I I 75 
"j 25 1 ) "  0 

LC2 0 2 1 125 
115 0 33 l r 7  
116 0 37 1 
26 C 55 121 
93 D 29 11? 
6!: 0 26 11;) 
62 0 1 I c .I 77 -- 
23 9 L: ;;1 
li i  s c w t  i i:ued c<>J?I~ i rr? 
~ ~ C ; U Z ?  C: nizh  vin5s. 

r ! o s r ; !  { f  i ; ?  !!2sr.e:;: b ' lc~k~c; )  







T&)e  h-l?..Nrt vpstreoa c w n t s  of f i s i  (ntlahcr c r u n t ~ d  u ? s f r c m  less  n~mher c o ~ n t e d  doms t rem)  
a t  th rcc  st;tir.?s u i t h i r ,  the s w t h  Tis') lzockr st Jdrn  Day Den d r i r . e  a 2T)-hqmr 
period, J u l y  7, 1?71. Kecat ive valves signiry t hz t  more f i s +  passed dou-strcan 
than upstrea?. 

Slo t  33 
Sal-  Shcd Other l c t 6 l  
nmids szec ies 

22 0 16 39 
14 0 5 19 
23 1 12 9 
16 0 19 55 
6 5 28 

21 
39 

2 1 7  b 3  
9 9 9 26 

13 8 52 50 
15 6 19 39 
37 2 33 69 
44 4 25 73 
24 6 1 7  4 9 
62 15 25 ,102 
63 a 2 7 93 
5? ? 20 8 5 
1;2 12 19 75 
27 15 31 75 
PS 16 19 79 
b 3  7 52 9 2 
8 3  2 27 112 

103 9 6 123 
!23  13 ? 1% 
62 13 3 1 1 Pi: 

132 3 21 156 
116 5 11 132 
10il IS 16 131 
153 10 11 174 
130 13 16 152 
119 15 11 lb4 
150 25 11 166 
i23 IS 16 151; 
83  23 18 121 
25 7 5 5 7 
34 6 10 53 

5 - 9  
l7 L 

13 
- 19 7 52 

12 7 -15 4 
1 1 0 2 
9 1 - 5 
0 3 11 17 

5 

2157 525 6.37 5033 

t;ic<l..ed) u n t i l  1,:33 a . ~ .  
nn-j iF ir .r  ?:20 p.70. L;:c bps corn :hc rns f  c: i h e  s's;.. 

V c i r ,  e : r v ~ t i m  2b3 

Sel-  Shsd Cther To ta l  
n m i d s  species 

7 0 12 19 
i G 0 17 27 
1 9 9 7 17 
20 0 8 28 
15 1 50 

Ib 34 1 3  1 20 
6 6 35 

23 51 29 ? 22 
52 4 13 49 
19 5 11 P 70 
5s 8 52 73 
5 111; 35 85 
5 0 : 0 45 105 
45 12 ba 125 
26 8 55 1? -. - 

1 L I 7 I !  

33-G i r f ~ t e  
i r l t c rva l  
ndir,? @tr 

f f l . ~ . f  .I 
0:50 a&. 
1:oo 
1::3 
2: 03 
2: 50 
3: 00 
3: 55 
11 : 93 
4: 50 
5: 03 
5: 50 
6:33 
6: 50 
7: 30 
7: 53 
8: 03 
R: 59 
9: 03 
9: 33 

10:C3 
1 C: 53 
1 1 ~ 3 0  
? l :z?  
1;;s 33 nc;m 

C.E. s ! z + i r n  -!-I 
Sal- Sflad Cihcr Tats! 
-ncn i d s  s?c:cies 

23 3 20 ~b - - 7 3 1 C L:I 

6 3 2 11 
10 3 2 7 
16 15 l 4  10 61 
2'Y 1 9 fi: 
29 7 13 c i 
11 5 5 5 55 
60 8 3 7 7 
59 6 - 1  6u 
57 7 5 h:, 

0 Z 65 19 8 - / 
$0 9 h 65 
i 0 8 10 : 5 

-- 
15 5 0 2 .) 

! 1;s i 9 2 15.5 
12:33 p.m. 

1 190 
I: 50 
2. .'-, 

a a.,,, 

2: 53 
3: 93 
3: 33 
4: 20 
k: 38 
5: c g  
5: 50 
6: 33 
6 :  50 
7 t  33 
7 . -  t.;9 
8: 30 
c: 53 
9:  33 
9: 7.3 

16: 03 
1r.j::~ 
] j -"" - V'J 

.I 1::c 
13:33 xidni2ht 

Tats1 

1; Caf,: sj -.- 

147 11.. 5 16,s 
175 10 22 20: 

. r 6 159 147 i 
125 7 l ! L  
1 l i i  i 7 12 15 j 
! ? i ~  5 123 . . 155 23: 3~ . A -  : .. - 
1 5; 2% 5 i:.o - ; 
177 i1'j IL7 252 
i i4 1 32 23 S5i 
!45 L O  2 ,  219 
12.5 36 55 ie: 

G' 23 31 L 2 1.27 
4'3 31 ?3 I!.? 
115 37 23 l i 3  
37 12 34 85 

... 
25.67 497 &?3 ;44? 
- 

23 bi 26 12 
23 75 05 - 9 2 1 

63 12 25 105 
72 6 21 93 
7E 7 23 155 
55 2 7 6!+  
: 1; 4 7 4 7  
& 11 h 56 
56 2 7 65 

3 7 eq 
73 7y 3 4 35 
56 15 75 
52 20 20 94 
73 27 1(? 126 
5 7 '  211 9 90 
149 22 10 89  
58 7 27 7 '> 
35 7 6 48 
19 8 7 

1 I 4 6 
3 0 0 a 2 0 b 
1 1 ; 5 
2 1 6 

!!;?2 2sS - I L )  2. 2 

LC:-;.:; cr Erlpi:.czr.s cc,~-.!i:? stztic-=: ua.; clc-crd ( f i s h  pzss:t;c. . m 



Teb!c A-lh..F:et u?strei;c: carnts ar f ish ( n u ~ k c r  c w n t e d  u ~ s t r e z t  less nurtrr cwnicd  dounsirem) 
a t  threc  s t a t i m s  v i t 3 i n  thc s,uth  f i c i  lzdder a+ J c i n  Dzy D m  ~ ~ r i r t e  a ;i~-nwr 
ner icd ,  July 8,  1371. Neiative v n l u c s  sipnify  t h s t  -.ore f i s h  p e i ~ c d  dobnstrra:~ 
then u n s t r e c ~ .  

C . E .  r : r j + i n  A/ Slot  33 
Sc!- Shad Otzcr  Totzl  
nc-! cs S?CC I E F  

1 0 '  I; 
0 3 

5 
5 
6 

3 
5 3 6 
3 1 4 
0 0 7 

5 
7 - 1 O 14 13 

0 0 4 4 
0 0 4 4 

12 : 12 28 
11 9 2 1 
15 b 5 1 2  
17 1 h 16 4 7 
31 9 36 70 
z 13 1 k 

25 
5 3 

20 17 
5 *> 61 

7 2 3 1.6 
5 15 26 R 1 
hl: 13 31 1 05 

Sal- Shzd Cther Tota! 
n.:r! i ?s sp;erirs 

1 0  1 4 15 
4 1 8 13 

7: 33 
3: oil 
3: 73 
4:30 
\: j9 
5: 03 
5: 3 
6:  33 
6 : 5:) 
7: 37 
7: 53 
8: 3:) 
6 :  :iJ 
9: 23 
9: 3:) 

13:00 
1'':5'? 
1 : : 33 
1 l : j S  
12:C10 -ifni<h: 

?3 
3.3 

1 El;  
1:5 

1 / C:lfe ::t C~:rr:s cr . i ? z i r c r r s  C I : ; ~ ' ! , ?  s i ~ t i m  i.23 C , ; ~ C ~ C : ?  ( f  i:h DSC-S~:;C- blc;~k.:!j) u n t i l  c:L73 i:.?. - 
r:n:! z f t c r  9:33 r . ~ .  Cctr  c i : ~  onrn thc res: ni fhc day. 



T t b l e  A-17..Net u ~ s t r e z ?  cwnts  or f ish (number c a ~ n t e d  u p s t r e w  less nvnbcr r w n t e d  d u a s t r e a ~ )  
a t  tnree s t a t i m s  within the scuth f i s n  1zd:ier nt  Jchn Day Cen d ~ r i n 2  a 21,-hwr 
perisd, Jy ly  3 ,  1371. h ' e z ~ t i v e  values sicnify C w t  mwc f i s h  passed downstre6-a 
t n m  upsfrcea. 

:3-a1rrte \ , e i r ,  e ! ~ v a t i n ?  7\16 S l c f  53 
in ierva l  3bLd cf-cr i o ta :  S e l -  Shor! Other Total Sal-  S!lsd 0tnc.r Total 
r;~i?? -,t: 

. - . . t . r  szcc I es snec i 5s  mrn i 3s uxc i es 

J: 07 
3: 53 
I;: OD 
1,: 3'3 
5: 03 
5 :  53 
6 :  33 
6: 53 
7: 03 
7: 32 
S:03 

. - 8 :  3 
q: 3'3 
9: 53  

13::3 



TzSle A-13..!.let u n s t r e m  c n ~ n t s  of f ish (nmber  c a n t e d  wst rem l e ss  nunbrr cmnted dwnstrram) 
at  three s t a t i c n s  v i f h i n  the sar?:i f is!) ladder a i  J a m  Day Dem dwr ing a 2b-hwr 
prricd, July 13, 1371. Neci i f ivc va!wei sieniry fnat  nwc f i s 5  ~ a s s c d  d o i n s t r e n  
thsn upstrean. 

33-ainute 
i n t e r va l  J;;;:;. f t t  

0:33 o.:n. 
1:oo 
1:59 
2: 73 
2: 33 
3: 03 
3: 33 
li: 30 
4:53 
5: 0:) 
5: 3s 
6: 00 
6 :  JD 
7: 25 
7: 53 

C.E. s t a t i c ?  I/ 

Sr.1- Shad 5 T c i e ] j e l :  
~ $ 3  iiis species 

~ : 5 3  
5 r 3 "  
3: 33 
9: 55 

10: 153 
!3:'5rJ 
l i r3 .3  
11:33 
12:C;O ~ o c n  
1%: 53 u..~.. 
! : m  
l i s a  
2: 30 
2: 53 
3: 03 
I. 2 
J -  ~3 
L:09 - 

4: 30 
5:CO : 
5: 33 
6:Gq 
6: 59 
7: $3 
7: 53 
6: J:) 

. - R:3D 
9: 03 
9: 53 

13: 03 
I n: j? . . 

.I] I C S  

!1:53 
12:03 :.ic'r!i~i~t 

1.0: 21 

M r i r ,  e l e v ~ t i r n  2 ~ 0  

S%ed c t h c r  T o f a l S a l -  
nm13s  s o ~ c  i es 

Slat 33 
Shad Otncr Total  

 on i ds scecies 

L' Gcte  2 f  Corps r:. En~ i r l c c r r ;  cc?dr.! i : , ~  :;:at im b;is c-;~;: LC;?! ir.;r..-:s;y (2i: h c ~ r s ) .  

--c ru, 14 - ! 213 
!7J 13 5 195 
252 25 7 2411 
265 53 4 323 
275 3.3 59- 

49 13 $03 
2.37 i i4 5 5% - _ .. 2 ;=- I: 8 1 it I &tic n. 

353 ii 9 4L2 
233 72 25 575 
325 65 27 415 
251 75 3% 35; 
163 2s 3! 27.;i 
125 97 23 722 
123 ;C5 C- , o 2?2 
6 63  3ii 7 
212 1C; 2: ~5 
92 115 3 255 

151 13.3 27 521 
i7S  IS5 55 ? 
1 26 73 5 
7: 59- L9 13z 

113 r? 13 17b  
74 $ 32 157 
52 28 - z 77 
2;) -51 -! 7 s . 3  
14 -71; -1 1 -31 
7 -37 12 -!3 
5 - 5 -1 b 
3 - 8  -12 -!7 
2 - 3  - 2 - 3 
I - 4  -I I: -1 7 - 1 - 1 - 2 i  -27 

r r -  , 1 ~ 2 5  52.5 752i I !,I119 l ~ ~ l  l ie6 LI;:~? I : b ! ~  I;IL 657 7332 
, 

73 14 1 93 
1:; 35 7 lbi3 
151 43 1; 133 
165 yj a 212 
173 11 & 235 
225 21 8 255 
212 53 6 27: 
2 : : ~  r 9 E 3 
;2i4 $; 2 26!  
17; . 76 15 267 
231 131 12 3 i2  
ii:5 56 29 313 
733 23 6 25.1 
217 26 lr; 260 
136 32 13 223 
152 5 5 171 
1$6 &6 2 1 
1 5  32 6 li;? 
1 2  43 10 i!ll~ 
93 76 27 196 

1 5  93 1 '; 251 
123 91 2 1 255 
12: - 23 18 222 
93 73 23 176 
31 ' 5 5  18 155 
72 ti3 12 114 
51 26 1 3 90 
59 - 1  11 49 
54 13 0 60 
23 7 8 j a  

5 o 3 a 
7 I 3 16 
7 2 4 15 

59 35 31; 123 
35 33 21 143 

123 16 31 175 
1yt. 15 23 231 
176 9 15 213 
232 15 9 262 
237 1s 18 275 
529 32 15 j i b  
2 ,  27 12 533 
266 1L 23: 
233 31 26 345 
5 ' j i  26 i $  432 
3 , / 22 1 i  423 
2-11 21+ 23 3?> T 7 .  

262 14 73 292 
173 53 m/ LO 237 
155 43 13 222 
159 42 1 j 192 
131 72 23 22j  
132 6 3  13. 203 
! 2 9  lia 5 212 
I k ?  75 2 263 
177 9.3 55 593 
127 60  26 219 
"' I >  5? 40 l9L 
7 1 4 3 35 147 
59 22 25 31 
37 15 - ! 3  3 7 
22 3 - - j 2  - 7 
15 6 -12 8 
17 I -41 -28 
19 3 -27 - 5 
21 2 - 1  22 



TaSlr A-l?..Sct upstret? cn.n!s oF f i s h  (nunher c w n t c d  u;strem l c s s  ngmher c a n t e d  c'cv~strezm) 
s t  th rce  s?ut ic r .s  ui  thi  r? t ~ e  s m t n  f  ;> i t  lzddcr a t  J&ln Dsy Dza &r  inq a 2C-hwr 
pcr iod, J u l y  1 1 ,  1971. 3i~c:at i ve  ve!ves signify tha t  narc f i s h  p2sscd dc.nstrcn 
than u ~ s : r e a ~ .  

slot  33 
Sz1- Shad Other Tott:l 
xon I d s  s7cc.i ts 

22 I 2f, 4 9 
11 6 3 20 
1 a 5 - 6 15 . 
3 1 - ' I -  0 
6 2 -11 - 3 

i 6  2 - 6  12 
1 0 0 2 12 
9 1 17 27 

24 9  7 4 0 
57 19 21 95 
53 37 20 107 
57 17 7 6 i 
3 3 6 17 62 
75 h 8 3'3 

109 9  4 122 
100 20 12 132 
157 30 31 19.3 
197 34 2.3 25:! 
219 32 23 271 
!9? 23 111 2% 
253 19 :, . 

17 2D1 
"?? L L /  / v  15 2 3  
21: 23 12 2i17 
i 7l: 21: 13 211 
1 3 ~  2s i a 182 
11:11 52 - 1 1 75 
Ir/I 17 6 211: 
233 10 15 2.58 
2116 51 21 295 
243 3? 23 532 
17% 19 35 23% 
la? 37 4 230 
127 78 13  168 
151 37 18 231 
127 k2 6 2  25! 
163 65  35 268 
124 7 7 53 251 
163 6 9 -  0 257 
163 '"' 29 252 
192 ;< 51 201: 

3,:-IT i riute 
in'r .rvl;]  , .. 
p:i ;:. i:?: 
3 , 

c:33 2.>. 
i : 03 
1x50 
2: 0.3 
2 :  53 
3: 33 
J: 53 
4:03 
a : ? ~  
5: 3.3 
i : f D  
1 . : ; ~  
6 :  50 
7: 03 
7: 70 
8: 00 
8: 3.7 
7:  33 
91 f.9 
! G :  23 
1 2 : 3  
i 1 ;. 33 
2 ; .  . r..,O 
1 -. . .9.3 r\ ,. - - I , - . C  . d b c  

1;:3~! fi.'II. 
1:DD 
l . q ,  
. a /  

21 03 
2: 30 
5.: 90 
5:  50 
4 : 07 
4:50 : 

5: C0 
5: :O 
L: ~ . i )  
6 :  53 
7: 30 
7: 70 
C:3i) 
t i :  53 
y: @3 
5): 73 

1?:2'3 
1'3: 33 
11:33 
1 ; :  
12: 33 .i, i ti? i ~ ; i : t  

C.C. r t r a t i m  I /  
5 21 - j5ed C{i-,cr To ta l  
:c7 i d3 s:,ec i  c.5 

1 - 5  -25 -32 
3 0 - 6  - 3  
0 0 -17 -: 7 
I - 2  - 5  - 6  
3 - 1  - 1  x -! 1 

12 0 -'6 b 
2 - 1  - 9  - 9  
6 0 1 7 

. 7  5 2 1~ 
26 4 2 32 
5 8 7 7 1 

lC5 13 4 122 
175 22 - 2 1!,5 
193 22 2 225 
221 15 9 215 
239 j l  3 243 
193 56 11 277 
241 3i  I9 291 
2 ~ 9  16 5 2513 
179 55 15 527 
197 81 17 255 ,, ? ,.-8 
- 4  J :[I 2'; L. .... ,:.. 
1 65 23 25.3 
259 57 33 35: 
x3!: 45 72 ~ 2 2  
2 75 j 2 73 526 
2 23 22 53 j;,s 
151 'r i )  51 2l.7 
141: 60 3 9 252 

a 159 63 176 3 
1k5 7 1 131 T i 6  
1 79 71: 102 5c,K , 

126 89 89 
157 714 6 3  2c18 
153 83 24 21; 

9.5 63  55 217 
32 65 70 "1 7 

66 253 36 ;a 
511 7 3  42 115 
56 I k 2 71 

Y p  i r , t i  C - V H  t i c . 7  ZL.3 

Sa l -  Shad 13fher Total  
a m i d s  snec i r s  

3 1 i a 2 2 
5 3 6 13 
5 0 7 12 
O 5 0 
4 0 7 11 
5 5 6 16 
2 0 4 b 
2 1 9 12 

20 4 1 3  37 
53 9 6 43 
23 11 a 67 
28 14 7 4 9  
44 26 12 - 82 
72 18 9 105 

123 33 2 169 
!b0 41 6 107 
1'35 23 3 2i6 
2 2  56 9 267 
1'" I ., 4': a 255 
i l 5  75 14 263 
155 X I .  ;, 13 231 
165 57 ill 231 

4 5 2 lj6 
153 60 11 22 i 
1 ;  47 13 19: 
1 5 ~  5 3 4 176 
299 3.3 10 257 
201 74 7 232 
2.3 56 13 557 
137 b G  2 257 
195 c-1  7 557 
141 i; = 2!,3 
177 62 If 252 
21L 56 3 275 
179 110 5 293 
ii '7 80 l a  275 
1114 , 55 21 223, 
93 22 20 17: 
25 125 l a  229 
G3 106 7 1Sb 
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16(j$ l i 8 I  O?Z1 8 I ? L 1 O t 1 5 9  (LEI I%l 7CL2 

I ~ a 3 ? 2 !  q! J y+ras  ay; u!\i+ ; F ,  :L"J! 42;s JGOJ $3 !wca,;sum? p;>+uc;~ ,~sqcnii 5531 ' ~ 2 3 l ; : - ; ~ i >  pj+Qrcn-) Jsc;er?; j qs! j JJ S C S X J )  caait';':'~ ;;;!d- :.;-I/ L' 14:: : 

i I %  115 Oic )<  GQI 

eS L z trz I I 
i 9 G 7 1 d z  
1; < <): , .- LC) " 7  li. 

i cr 121 z 
U I  i i 1 IL E l  
SL i 17 $01 IG 

0; < 9 h  
2 r ~  L1 ; If'.. 

,,,-.. <' 7 
L z (. )L LSI ~t 
\I, I iZ c t r  LG 1, .'. . 

4 1  66 91 ~ ; i  
G L .  I 10 I 2 :+I 
6 2  '17 ! $9  6 ;  
0; Z < I  ce ?!- 

c I ~a ti01 
152 $1  16 &:I 
' 1  95 ZL L11 
I ~ Z  68 55 L6 
el  I :I. 6 9  e: 
251 z'r 15 L S  
GI? 12 ;9 i 
c;r f Z  

+ I L I  t ~ r r  Gz i y  
Z!II  $9 L:! 

Z C ~  C ~ Z  z~ 6 s 
~ 7 1 2  3iZ 1 9  y ?  
I g a l  LL 65 
992 GcI 6L titi 
I I 1S1 09  

;, :IF E31 26 
1.22 25 
~ a r  9'; 
p i  61 i5 18 

4 6 2  L91< i 6'192 

t!g - : i ~ -  ~ I I  9E 3~ - 12 <, j l -  5C 
LO1 Cb 7;- 57 
$ 5  z51 132 7 L 
2 L1: el l  $9 
Lfih F8Z L8 ZL 
lL11 I !  ZL SE 

(;*$ 11, a t  , :! 
LZ- idi 07; c b  
6e; L Z Z  I S  f i r  

,-., . 8 . 7 , ~ l  . 
;q>!q>:u c s : z I  

6;:: 1 
c: , :  1 
p:  .. . 
i.z-: 1 
C':L! 
c; ;i 
c:.; :; 
c;:? 
ci: ;L 
lj; :L 
LC :: 
c; : 1 
C C : ?  
,.L. -. ? I .  

CL :., 
,. ' . - . ...I . .. 

7 1 %.i 11T 
'IZZ 72 92 6 ~ 2  12 iL L I I  

c;, L a  : :, 
< ,  c 2  : r  

8 , '  .' L L ' . ~  

,,.' C .. . - L, I 

L.; :% 
L.::! 
c:>:: 

. , A - i >  c.:' ... I :;, 
c::>u c.:j :: 

c;:!i  
c.;:; ! 
r,.' : : ,:! I 
,- . .  . 
CL .u: 
C'' .: 

" 3  
I .  ' 
\ ,- :,, 
LC-! ;  
r. ' . 
(Q- ,.. : E 
u r  :? .,: 
C ~ : L  
C, 2 : L; 

1 %  ..I : .j . .. 
< . r  .< -.; - - ;. ' . 
L' - .J 

02 : p, 

i,::: 7 
;,: 

;\ , ,. 
i \ . . i  
c; :;: 
",-, . 
I . L  -" 
. , _ I  ,,... .- I 

12: 6 I < [  16 I 9i.G 602 53 6;; 

292 0 1  5 !.'dl 
'151 $2 c/z 15 
I ?2 Q I  c'G1 
591 tc L I  Lh 
6Z1 92 5 G L  
I t 1  CC 11 (;L 
211 2% L LL 
051 62 C i i  10 
?.'I 09 L z .  6 5  
101 YZ 1: !I3 
c;jr 6G YZ Gb 
LI! ri 7 51 . G L  r i. 

L'li +' I I L.? 'jL 8 I 

31 1 EL Z$ 
G I  19 Lfl 15 
i 4  BZ 6 sr 

? ; . J ! ~ J X  5.y !IJ-uC\ $7 !3.3;i!i 

! ! 2 ; q  q ~;OL;S - 1  3 I ,  i ; ? q ~  
\ ; > : + Z V J ~ . ~  ';!;,A 1 7 7  G>~;%+z - j a 2  

I 

3~ j+z>;;.; ' . I ~ l i  '$ :  A \ C ~  ';r;!l;.rj ~ra7.i-L! c j.;!:r;: i x a  !.23 l : < + ~ ?  +? 

. - I  

I SY i i 2 ?!, 
ZiX 21 i -- 1c1 6 75 ~5 
~ $ 1  $1 1.1 C ?  
Ki i  ZL $37 $ L  
F i Z  t: 2 i trL 
';<I;) flu 9; 75: r'b 
Gj.1 CZ - G I  cn r &? 
'I12 1 f $ 7 ;  ~ , 9  
!I;Z i, , 65;  YY 
822 (;i G:j1 
5 2 ~  6 h L  1 hi 
S 9;  'I! -., 62 
b < ; ~  z !  <!; $t l  
$21 61 A ti? 
6 ~ 1  g 53 ? 
y9i " 7 ~3 I !  
?G i I 15 C I  
22 9 er '11 
!: z 0 5 5  i c I 

, , 
:,*I 5 t!t I I. 

0 59  7.: 6 
? 7! I C51 91 

Lb1 L C  G9 L31 
SGZ 51 i l j21 
C'GZ 62 i Lsi 

c':, 6'2 C L  7'j <<! 
S2.Z 'j: 19 (1.2 I 
OCZ i.2 L ?  ?C1 
122 ?'I 118 ! L 
?C,z I q L9 [;L 
I 6~ 2 s  $8 
i i l  61 1'1 GG 
C;I I ,Z LG ZL 
y i  i ' j  l 62 ; L 
0:II CZ <I$ 0 3  
$01 L I  'dZ 66 
?I1  91 62 19 
CL C c 0'1 G! 

- cCi!~ LC2 I ;  L t: 
5 : ; ~  E<I 12 OII 
. jzz y; 6 F  
I yl? L 1: < I  - - r. r 

ti:; 1 111 
:!ez 26 ;:': 1 

16 6 '1 <?,i j 

il  Z VL L L7l 
<(,! 5; 02 C.C. 

' t;<L G$ 66 . 11; 
s i ~  $6 ct, 26 
x.., L C  L Y  6- 7 ;, 

1 1  51 i.5 :IL 
6 1 <!; L ,  

511 $1 1 p I!<; I 

501 G 19 6 L  
2 i I  51 22 c l  
(111 $ 1  I I  OL 
61 6 I G I  11; 
Z !! LE 52 1.Z 
!I$ 5 ;  6 I 1 
L I I I ; -  1 

( 11 6 0Z 'i 

59 Z i  6 5 8 6 I I !IZ 
O L C 1 6 11 g< z; 
9ZI $9 ? I  8 1  
621 $ G  El L G  
'16 5 'I I 4 

Z B  r, 5 t.c 
~2 <h 75 Lz 

5 4  Ci 9 OZ 

- l : ? ~  

. L C J J ; ~ ~ ~  ucq+ !8,zaJtsLn.?p poss?d t ! s ! j  s ; ; ~  ;sy+ A J ! u ~ ! :  s~~113~\  



T&le A-?2..!:et uastrcan crwnts d f i ~ 5  ((nuat,cr crunter! upstrezn! lcss wzbcr  c a ~ n t e d  doirnstreen) 
z t  Ih rce  s t a t i r q s  bitiin t?e scutn i i s h  l e d d ~ r  ;f John Day D a  &,ring a 17-'?c~r 
period, J u l y  15, 1771. N e a t i e e  vzices s i q n i f y  that r.crc f i s h  passcd c c w n s t r e m  
thzn u ~ s t r f m .  

Y p i r .  c ! r v z ? i m  2L.j 510: 57 
Shed Gther To?a: Sal-  Shad Gtner Totel 

xc:~  i cs socc I es nor) i cs S G C C ~ E S  



1zk:t.l~ P.-23..!;ct u p s t r c m  c;z;n?s c i  i i s h  (rr~?.ber c m n t c d  uustresn l f s s  r u n t e r  carnied covnstrcer) 
~t three s l a t i c n s  v i th i r t  tk.e s w t h  f i sh  lcj.!cr a t  J o ~  Dsy D;n b r i r ; ?  a 17-h(ur 
pcr iod, J u l y  16, IS;?]. kccat i b c  va l~8rs  s i c n i i y  tha t  norc f 1.h ccsssed c a m s t r e i n  
thm u p s t r e m .  

E9 4 2  
i l ?  75 

Slot  51 C.E. s?c-.tirz I /  

Szi -  Shed Cli ier Tofa! 
-r.7 i c:s spec i ES  

\:e i r * e l e v z i  i c l  2~!3 

5 ~ 1 -  Shad t h e  Toizl 
S, g ~ :  j Cs sn-c i t s  

S o l -  Shsa ntncr  To ta l  
. R L ~  i ds s?ccics 

2759 1736 5310 7555 '."' 7.',1.i3 262;; 
L , * j )  ,-v.,  

E;,:? incr: r : :  c.c7.!nt ir.,~? str.! i cn rxs c~.::t11 cc:.,-tfir;~cus!y i 4 ?  ':c:.jrs) . 

5351 2 - 2 3  >ij7 7 5 ~ 2  



" 
T&le A-24..Srt unstrc?m ca-nts c f  f i s h  (nv?.k?r ~ a ~ n t e d  upstrcs? l e s s  m,=,bcr cr f in t~d dortstrem) 

at thrce s t a t i t x s  v i t h i n  the swth f i sh  la!der a t  J d m  D;;y Dm durir,? a 17-hour 
pcricd,  July 19, 1771. t k q a t i v e  vzlues s igniry  thzt rfiore f i h  r,asscd eownstrcan 
l0sn upstrcm.  

36-z ir.ute 
interval 
nJinp atr 

fo... t.) 
2' 

0: JS 3.m. 
1 : (13 
1::o 
2: 00 
2: 53 
9: 00 
5: 3~3 
1; : $33 
h: 33 
51 r-J 
5:  52 
6:39 
6:  5(1 
7:  (13 
7: 50 
8: C3 
8: 50 
7: 33 
9: 3s 

12s 23 
1 5 : y  
11:33 
l !  ~ 5 . 3  
l i : 3 3  n.20 
12:33 o.a. 

1:oo 
1 :  5:) 

i.E. sfztisn A/' 
s2] -  Shed C:ner . Tnizl 
.-. CJ: i e s sorc ies  

5 i i -  Shed Gthcr Total 
re tr) i c's s;ret i es 

S s l -  Shad Other  Tot21 
mm i 1 s  c.:!(~c i E S  



Teble A-25.J;et ur~strr; . .~ r . - ; . . i a ? :  . . cF f i:h (nc r~ber  ccg2nted v x t r e o a  l e s s  r1v7ber c w n t e d  dovnstrea:n) 
at  t1:;c.c #;::: r-.:<S:rt i h i n  tile scuth f i s h  Iz.dder a t  J&n C i ~ y  D m  &r ir..: .= 1 ?-hcur 
r i 2 . i :  * .''<.; ":'!171. Nrgat i r e  valces s i ~ n i f y  that more f i s h  p a s s c j  dmnst r rm 
than ~sl';7:c:-".. 

.- - 
>ij-':i l ?;d T e 
interval  
mdir.: et:  

_(p...i .) 

0x53 a . K .  

1:03 
1x53 
2: C3 
2: 50 
3: 00 
3: 53 
111 DJ 
It: 50 
51 G0 
5: 5s 
A: 03 
&:To 
7: C3 
7: 33 
3: 33 
I:: 33 
$: 33 
9: '0 
!1),00 
1C: 50 
11:33 
11: 5:) 
12: 32 nr:.m 
1':57 0.3:. 

1:on 
1:2Q - . ," 
2: 03 
2: 33 
3: 03 
31 39 
4 :  03 
:;1=0 

5: 313 
5:  50 
6: SO 
6: 70 
7: 00 
7: 33 
8: 09 
6 :  30 
9: 0'3 
rj: 5.5 

10:03 
13: 53 
llxC3 
1 1 ~ 5 3  
12: C3 RI i en i ?lit 

' 3 -  Shod Othcr Tcial 
~ n - :  i ctc; ?n?r i e s  

Y ~ i r .  e l t v ~ t i r n  4!!9 

S z i -  Shad Other Total 
.-rr: i ds  c- .er ies  

25 15 21 6 1 
35 15 2 7 7 7 
24 37 47 119 
72 35 37 ICIJ 
!r 5 72 % 155 
75 53 32 1 ~ 5  
Yli 50 3 1 ! 75 

l l j  76 32 223 
151 9 4  33 27? 
121 155 1;l 237 
6 113 47 754 
1 !26  4 3  335 
166 11;2 L3 35; 
1 123 119 5;;~ 
! ?,'> . ) z,3 . - 3: i 
1 15.1 117 343 
1 1 1  103 C -  271 
152 5% st 28 1 
217 11.7 77 , k61 
! I t 2  45 377 

S l o t  5' 

Sal- Shad Other Tots1 
m c . 1  i d s  SPPC I 1c.5 



Teblc A-26..Ket vpstrcm c w n t s  cf f i s h  (m~mbrr c o i n l ~ 3  upstree? less  ounScr cmn!cd dc'instrem) 
at t i r c c  : t i t i o n s  viti;in ?ne s c u t i  f i s ?  lsdder at Jd-rn Cay D2.r lur1r-q ;j 17-hour 
pcr  icd, J u l y  21,  1771. t4c::otive vz1c;c.s s i ~ n i f y  that nore f is- pessed dc;lns:rcm 
than unsfrcex. 

;S-" ir~~te  
1 ~ t c r v a 1  
cn:ire et: 
i f ~ . s . t . \  

- C.F. s+cticn I /  

531- S:ied Ot',c,r Tctai 
s c n i d s  s:;ecirs 

i ' e ~ r ,  ~ ' I e v c t i o n  7kY 

S z l -  Shnd Other Tota l  
n m i t s  snec i e s  

S l o t  35 
 SF^- Shad Other T d n :  
z0-1 i d s  species 



Tchle A-?7..!<ct unstream cwnts  or f ish ( n , r ~ e r  c m n t e j  uns t reza  l e s s  r w ~ b c r  ccu i te .3  d o ~ n s t r r t ? )  
s t  ii>'rce s t ~ t i r n c  b i  t h i n  t.ic s w t i :  f is:] ]ai:<?r kit Jcnn D t y  ail, b r  1% a 1 7 - k ~ ~ ~ r  
ocr i:,j, JLJ! y 22, 1371. Ncca t i ve  values sicniry t h a t  c z r e  f i s 3  p a s s P  Counstrcm 
tqaj u p 5 t r c m .  

r <it ~ j ?  

S E ~ -  Shad Gtt ier  Total 
mo:ids s o c c i e s  

2 3  21 51 
49 51 

97 
1;6 120 

4 4 10 56 113 
36 21 51 109 
27 51 52 133 
18 47 4 1 106 
JS 61 5 1 147 
51 67 43 141 
63 64 41 lh3 
55 !!3 lib 143 
bh 39 45 I 1.; 5 
76 33 4 1 llt7 
74 k!  47 162 

::7 L3 1,. 1 :t. L". 

i r j j  3! 23 157 
ar , . 35 37 167 
S 1 2i1 I: 1 145 

100 13 b3 159 
g;r 56 2? 147 

1111 j j  32 132 
92 53 1:; 24 3 
3L 3h 131 21; 

153 37 3;2 21 0 
i2,7 k3 32 231 
32  5'5 5(> 1% 

102 59 47 233 
5 L 75 5 1 21 Cl 
C P  33 63 241 
5 74 8 3  213 
33 1 3  120 252 
75 75 8 1 

137 101 43 273 
25 3 

62 t 9  59 169 
53 21 5 6 5 

2 3 %  7 1752 5317 

h w r s )  . 

ui p ~ , . ~ ? t  i;.? ;I.? 

55:- Sha? Gtncr T o t a l  
: : , x i  c:s s:1ccics 

1; 16  21; 2 5 
16 6 .. 18 Ii 3 
2: 19 2 7 
23 23 53 6 7  3 1 
23 45 25 9.3 
55 33 24 92 
56 15 19 ?3 
C '  
,1; 33 ?! 1 23 
59 46 2'3 152 
6 3  3! 25 116 
65 23 73 115 
36 31 15 I!.? 

l i l  63 25 197 
x > :I, ' k? ,, 161. -, -. 

:;1 s: ; 
! L 7  

93 L CJ 27 151 
- 7  rr 
I !  53 ;.I 1hZ 

3 21 32  157 -. 
5: 8: 1~8 21:: 

i ~ i ;  65 57 235 
17: 56 252 
: I :  57 21; 
8; 65 51 i a s  
ij5 y, jS ls t l  

I;!; 26 112 
3 57 I:? 533 
!;! 103 73 222 

i s  133 5? 2;: 
75  1c9 55 2 5  
22  ' 153 It7 5.37 
3 3  253 37 3i7 
57 253 23 559 
i,; hi, 21 153 

25 L + 13 t z  

2 < ~ ( .  2117 I i 2 5  5!.77 

sf;;.! lc.? vr-s wr.-.+ CCT: ~ P J C J S ; ~  (2 ; :  

3i;-3 1 r-CJ te 
in terv:  1 
t:q:jin;: y (  : 
! f J . ? . : . ,  

0::3 a.!l. 
::r3;5 
1:yI 
2: 33 
7: 53 
5: 33 
5: 33 
b r ,2') 
k:;3 
5: 3.3 
5: 7 3  
t : Q 2  
6 ;  53 
7: 03  
71 33 
5: 23 
6: 5.3 
q:g.:! 
9: 3.3 

1C:QD 
13: 33 
1 i : X  
i1::j 
12:(!3 nom 
1 2 ~ 5 . 3  p.r!l. 

1 : C!> 
1:33 
2: 03 
2: 77 
5:  07 
3: 39 
It: 35 
I .  : :'? + J .  

5:03 
I - .  "3 
> - 2  

h:Q> 
6: 39 
7: 73  
7: 5.3 
2: ij? 
3: 53 
:: 95 
a. T r )  
1 .  2,. 

101 173 
10: 33 
11:33 
1 1 : ;,;.2 
12137 :>i , i?iv.~t  

Tr,t?I 
-- 

1/ c;,+c s t  --- 

C.E. s'at ip.7 j I 

S 2 i -  sh2d c~I,!;. Tc::i 
x:fiid: v : - c i c s  

. 3 23 3 : 1 
7 0 3 1 b1; 

2 7 1; 2:; 55 
55 15 - 7 41r 
50 14 I 05 
6 '3 1 3 61; 
53 29 > 93 
62 54 - 5 37 
83 11 9 107 

117 22 1Fi 1i.5 
113 i 1  16 1 1 1 6  
1 ;7 1 4  I :I 145 
1 40 13 157 
n< . ~2 ,.a I 1 7 1  

55 k3 223 
7b 51 1\13 63  295 

112 75 1:;; j;j 
1!;1 i22 97 563 
1 1 1 2  63 'JLJ: 

-..-. 

I 5:. R 2 ~ : n  2 9 .  
92 92 [:I. , I 7:; A. 

' : 7  123 59 276 
91 161 $3 552 

115 7 7  261, <: 152 1 .- 3 -, 250 
'jj 122 .Z<? ! 

0 7 113 155 , , 3-3. 
10; i % l  Si! . 511 
57 l i ' j  ? i  ,265 
b 4  i19  5:) 222 
2% 5L: 1 125 

i S 37 5 - I 5  -15.3 - 1  n - iCi7  
3 -i1'] -15 - 5  

2 ,  I I 5%;  I 

Ccr!.,s nT i'r>:;i!~cc:rs c n i n t  i n ~  



Toblc A-?9..Nc.t v2strena c o ~ n t s  o f  f is3 (number ccunte3 upst rem l e s s  nunher c o ~ n t c d  dow-tstren) 
at i i l r ce  s t a t  icns within +he south r i s 7  Izdder at  Jd7n 3ey Dsrn & ~ r  in2 J 17-hwr 
period, July 23, 1371. Fleg~t ive  \*olucs signiiy that aorc f i s h  pcsscd d o ~ ~ s f r e a ~  
t h m  u ~ s t r e m .  

)-:; ,. . : 

Slot  j: 

521- Shad Cfiwr i o t a 1  
no1 i ds s:,?:, i r ? ~  

16 12 35 6 3 
43 19 37 95 
43 9 45 93 

. ! I D  16 51 107 
26 i i i  % R3 
13 26 5 1 93 
26 29 55 9 9 
2il 42 7 73 
31 ~6 L5 122 
33 37 23 93 
51 22 414 117 
47 17 51 9 7 
69 25 50 135 
f,5 22 =? ,. 119 
63 23 21: 1 !: 
63  l a  1 79 
112 IS 35 92 
15 14 1; 3 24 

72 
&1 1 I 76 
68 13 15 71; 

111 23 26 157 
II,R 25 22 195 
113 23 57 133 
92 JJ 31 153 
53 26 x~ ).- 123 
15 50 56 .  91 
23 43 53 126 
k 7  57 ZY 125 
2 1  55 12 3 1 
1!3 , $6 63 152 
47 57  52 162 
30 68 73 176 
l a  37 61 116 
9 13 6 a 93 

1577 465 1317 3379 

hcsr.5) 

V c i r ,  .levat in, 2L3 

Sal -  Shzi Qflwr Toto! 
~ c n  i xis s?c3c i r s 

9 16 10 35 
20 9 13 147 
33 25 12 67 
21 31 66 
13 53 l4 12 55 
23 30 72 
23 11 11 l4 53 
22 11 19 52 
35 23 19 a2 
6 2  13 87 
511 25 7 66 
47 22 1 a 8 7  
69 37 15 121 
h J  57  23 123 
55 36 7 93 
51 50 39 123 

C". 4? 21 28 /a 
k 7  . 25 25 93 
21 51: 22 157 

X '  . !17 42 ,it 195 
151 Lli 20 215 
105 1;3 15 165 
75 33 2 1 17A 
55 26 c) 73 
1: 45 2i ss 
29 3! 20 26 
l i  ..- 3 1 S 1 2; '.7 

29- 85 
-.I 

jcl  142 
j:, 17 t;9 162 
23 . Y7 53 !71 
I;{, qz 72 21C 
4L 126 a7 z'j? 
12 35 25 122 
16 11 22 5 1 

1525 1376 850 5751 

icca ,235 cqrn c c n i  ir:j;?.!sl., (7; 

33-:,I i TI.J ! e 
in:r:rvzl 
p i  
[ i 1 .5 ,  1.) 
0:57 2.n. 
!:93 
1:53 
2: 0 
2: 53 
3: 33 
3: 53 
11:30 
4:5', 
5:03 
5: 30 
&:el3 
6: 53 
7: 03 
7: 33 
€!:!IS 
8: 50 
9: 0.3 
Y: 30 

10: 03 
10: 35 
l l :SJ 
tl:ya 
i 2 : 3, ;  r.~-+n 
i -.;O 2. J n.r?. 

1:03 
1 : 53 
2: 1):) 
2: 33 
5 :  $3 
1: 713 , - 
Q:GO 
4 : : ~  , 

5: iI3 
5: 53 
L : N  
6:53 
7:61 
7: 33 
8 : s ~  
S:?O 
9:  co 
7: 53 

12:03 
1~3: 93 
11:73 
1 :::3 
12:(73 ,r.idiii:nt - 
:o?n! 

:/ Cz!c a?  - 

C.t. s t z t  in-t-!-/ 

531- Sh33 Other lots: 
:ac.-, i ti5 Z ~ ) P C  i r-5 

19 8 9 27 
3 - 3  12 12 
3 3 15 26 

33 13 k4 B ~6 119 51 
117 29 8 84 
it7 2h 5 7s 
71 45 16 132 
5.3 20 111 92 
5.3 16 12 86 
b? 35 12 l i 2  
66 hi, lh  6 
64 6 5  2'1 157 
69 35 23 16.3 
5 53 23 137 
6.3 79 33 173 

173 I22 k, 3 ; ~  
185 63 bo 29'1 
ll+S 6; LO 2i.s . ., 
4L.r 49 27 119 

i( 2 I 5  47 d -  1CS 
12 70 77 150 
12 53 67 12.2 
2:; e!: ii 179 
11: 72 5'; 181 
23 59 151 237 
27 25 153 205 
40 - 56 161. 262 - -. 
32 46 154 i j c ;  

1k li5 197 2q.7 
12 o a j  101 
1~ - 77 17 - 3 2  

-i93 5 -152 
$ - 9 1  23 - L I  

IS;] :3;6 1632 I 

Cc:ifi:; cjT En,:i!.,:,-rs cc,!tt in2 sf;>+ 



Tzble A-?9..Xet upstrcan counts of f i s ?  (njmher c o ~ n t r d  u r s t r c a n  l e s s  m b e r  c o ~ n t c d  d o u n s t r e i ~ ' )  
at three s t a t  io.-js w i  tn in :. e s ru th  f  i s 7  l ~ c i d ~ r  ~t J G I ~  Day L'za d i r  i n 2  a 2 3 - h ~ r  
period, July 24, 197:. Kf.?at ivc values s i g n i f y  t h a t  hcre f i s 3  oasscd d o v r ~ s t r e w  
than u o s l r e m .  

S I  c:f 55 

Ssl- Shod clticr Ta!eI 
..,.- , ... I i i snfc It-+ 

8 4 25 37 
12 6 6 3 
22 6 45 37 6 7  
15 10 46 7 1 - I 10 26 l r  3 
8 is 31 54 

12 7.3 14 5 3 
26 25 53 110 
55 26 5 1 112 
52 13 42 112 
a3 25 53 161 

:17 16 25 153 
151 23 

7" 1 
1 . 251 
-, 175 .JL 1 '4  2-;7 

; Y O  53 $1 3.29 
55 53 2i;S 

19; 3'3 2 26: 
134 I b .... 

7 ,  
53 0 3  

11;s ,' 1 h 3  225 
157 3-j 5!1 21,! 

5 1 77 J07 

~c i r  , eicv;,t i rl 7 . ~ 3  

Ssl- Sk8d Ofhrr Tctal  
ZC;-I i :js VSL i FS 

13 6 19 '53 
7 1 22 33 
5 6 ' 25 35 
24 5' 14 47 

9 7 2 1 B 
19 11 18  4 3 

25 52 
52 8! 

2 5 22 Z? 96 
S 8 I I: 29 151 

I !  29 35 17;j 
172 3 :  43 22%; 
165 lr5 ii7 257 
. I . -  7 7 I - .  rr, - 
r r s j  2 J LC; , ?.' ,,r 
167 5:: . j ~ l  ,.; ;.? 

56 53 5 
I ?  1;4 5 
21 7 59 . ZG i 
225 '!>? i$ 55:) - - 
;&I: >> 75 9 
: . j y  $6 

7)-7 ~ O < . J $ ( ~  

i n f r r v e l  
cndi,,? nt: 
( p . 7 . t . )  

(1: 39 2.n. 
1 : 55 
l r j 3  
2: 3 3  
2: 33 
3: 03 
3: 23 
4:93 
4:33 
5: rj3 
5 : ; j  
6 :  0.) 
6: 33 
7:oo 
7: 30 
8: 33 
5.7." 

.,J 
$:{I? 
7: 3s 

10: 53 
16: 50 
I ,:$ .. 3 
1 !: ;.t> 
12: 3hr locn  
15:33 2.n. 

1 : 30 
I : 3,l 
2: 93 
2: 53 

C.E.  z ! ~ f i z ~  -I,/ 

1 -  S?;.:rl C l l ~ c r  Tr;icl 
~nnii?.; c o ~ c i c s  

1 1 79 8 1 
b - 3  71 72 .. , 
3 11 22 ;J, 

37 17 17 6 
39 7 5  4 6 6 
5 1 23 12 9!  

133 51 
lG$ 52 37 2.js 
21 2 5 7 2 i 2. j2 
212 52 93 573  
595 i-7 > J 51; 331 
17; 6 0  $6 5 2  
; 7 3  !)? ;-;> . 1 ::> , ;,., 
: 2; 72 1132 5'33 
172 127 l i a  bl7 
223 105 151 !: :h 
lL2 13j 175 ! 

(7:; zr, l 
I '  75 I?:? , i t  

p.3 57 137 j-;;ii 
8 E,- 97 c.5 L i >  5 

5: 31) 
5: 53 
4:~:3 
! l :  FJ 
5: 13 
4: 37 
h: ?7 
6: 33 
7: 173 
7: 33  
9: 01) 
8: y3  
7: O:? 
9: 71'3 

77 1s;. 1 d y  7 
13.4 163; 1 q/-. l! 3:. 
95 '35 i I. 7 , x-,/ ,..o 
r : ~  ,. ? I  l j g  273 --- e 1 83  173 :); .> 

113 65 i7i; . 
70 51; 1.35 . L L ~  

- -. , 
537 77 6 5  
275 5s b? 1 ?!I 

lib 75 i 5 !  1 y, 
15 - 5 9  113 6 7 
0 -151 J L  1 .I r7 - 0 7  

1 - 6 2 '  
I - 1 ! i  . - 

- L, ,S  st 55 5 2 217 
195 47 111 T<5 

10: p7 
1 5 ~ 5 3  

1:2 I: 1 
1:; ! ;B 23 197 
l!r5 73 117 565 
I?$ 6 7  63 230 
; ;?;, 7 (7 1 3!; 71.- , > 
157 !23 73 3:3 
I&.;, 11.1; kJ  Ti.5 

17:: ,i 7:; 123 I;? . 
21. , 116 137 5i!S 
55 7 1 b 5 -.- 173 
5;; I; 0 53 123 

5 ,I 7-  I 7i 

I53 256 
12;; 53 loo 232 
195 Ir 11 133 253 
37 75 123 512 
O' ,> 9 7  15s 553 
9;  7% 192 70.'' 

/ >) 
137 37 Ill1 33s 
113 27 114 7% 
96 a;! 102 273 
57 25 57 1119 
70 17 21 123 
57 111 26 77 
17 3 45 71 
13 ,7 22 
a i) 

40 
1 4  $2 

1 1  

- 1 - d y  2‘? 7 - 2 - 3  - 5 - 2 2  
- - b 

15 3 7 7 
13 0 1 1  2 1 

9 7 

3537 1233 263(. ?2&7 

16 7 33 5 5  
3 1 5 23 5'i 
12 I ,? 32 6 5 

3 7, 11 1 1 i 75 
]7:3> z i t - ~ i . ?  ; f  

.- 
52',3 5(?3i  83:'.!; 

1,' Gate 2! Ccr;?s c; En? i::r.c::s cc;nt ir?: s:i;l in? us: G,>cI:~ ~o:rlt i n ~ ! x , x ! y  (2;! h:i.,rs) . - 

1 K 5 22 hT ., 

175.3 157) 7527 

-- 



Table A-33..Xet vps t rem ccu:~ts & f i s h  (nuaber c a n t e d  uns t rem less nvrlber cwntt-d drjz-rstrcea) 
a t  f n r r e  s t z t i m s  vi th i?  t ; ie ~ w t ' ~  f i s i  l z~ ide r  ot  Jc in  Doy Dem c i ~ r i q  a 4-hwr  
pcriarl ,  July 25, 197i. hcgat ivc valucs s i ~ n i f y  that nme f i s h  passed comstrean 
then upstreen. 

C.C. s t~ . ! iw I /  
Sa:- Snad Ot; .er  Totill 
?:c-,i ,js s9c.c i es  

t c i r .  ~ i c ~ ~ 2 t i r 1 - 1  2ii3 

521- Sh23 (rt:)er Total 
: ~ t m  i ds socc ies 

Slot  3:: 
521- Shed Cthcr Total 
307 ids spec i PS 



T&le  r ? - ~ ] . . S ~ t  ~pstr r , - . !~ l  cojnts o!' f  isn (number cc\;nted upstrean l ess  nvxbcr c w n f e d  dosinstrem) 
nt jhrcc 5 :~t i rms w i t h i n  the smrtil f i < q  1lasdr.r at Je~n Day Dam durin: a 16-5wr 
p e r i o j ,  S c ; . t r ~ h e r  9,  1771. Ficgstivc vo1uc.s s i c n i f y  tha t  nwe f ish passed d c u w . t r e & ~  
f i a n  ups t rem.  

s l o t  53 
Sel- Shad O? i~er  Tota l  . . 
r?o? I 2s s3cc i e:; 

31 
34 

11) 
11:6 
174 
1!5 
1\14 
175 
172 
l;lS 
Ill 
?a5 
?<, 3 
I! O? 
x!, ,.-, a 
756 
237 
176 
!jO 
I S'i 
23; 
216 
221 
227 
2$4 
2:O 
l a 3  
1 70 
153 
12.2 
92 
31 

6522 1225 77\15 

bjccscd) u!,{ i 1 1103 

?3:nirr.~i.: 
I nrvr v;?l 
e-,<i 2; ;I+: 

, , t d 

0: T3 z;.?. 

1103 
!: 57 
2: a3 
2: 53 
3: r10 
3: 3a 
L;: 30 
b: ji) 
5:  on 
r. 7 2  >. 2 .  
4 :  63  
6 :  53 
7: 33 
7: 5 3  
8: 03 
C: 72 
' J Y  2; 
9: 57 

12; 

-.. .4 . +. , 
r. ... '., ~r 5 :  i13 ;j :b. I f  3 2 1 . i  i':;. r e s t  c i  t:?i: 

C.F. - s t s t i e ?  I /  

j,, - , ct,_~r jC.!iJ; 
B M ~ ~ S  SrCCle; 

225 2 237 
7 7 - 5 72 
53 16 7:! 
71 - 7 61: 

2?6 4 213 
1? 3 0 
5 73 - u c.f, ,- :, 
CCL J / . -  -!a 553 
5 ~ 2  - !  5 ~ 1  
$10 3 4 !3  =.--,. 3 323 
153 2 163 

b r i r ,  r;evstirzn 7ti.7 

521- 5iij.j Cther Tat21 
ncn i .;:; ssec i cs 

k9 25 74 
55 19 

11? I 6  131 
13: 2') 162 
153 23 i 8 1  
153 2\; 2:L 
25 7 21 25L: 
556 12 543 

10 373 
417 21 453 
i;!; 1 3; "6 
li!:5 k49 
;3! 3 3 
27.3 I ?i? 
223 13 21;2 
213 22 2!:3 
155 14 1 7  
l5& 22 17i: 
722 2 1 245 
l i ?  1 j 232 
lo-, 7~ 15 2?7 
251 7 23; 
252 I ;(> 
211 2ir5 
! '33 73 255 
ILL 55 2 i ?  
: b y .  33 IPI 
191 72 i i . 5  
27" 25 217 
233 8 235 

96 37 I" J 2 

99 13 112 

-- 

723; 72!+ 7755 

in-, r;j; c!c,:,.cd is!: pr?s;::;;c 

13: 33 130 17 127 
l l :39  I 153 ")' 20 17i: 
l i . :>O 
12: 3 5  r.:::n 
12:3? n.3. 

155 12 , 

25 1 I 9  
277 lil 

1 : $:I 272 53 $22 
1 : 33 ;:: 3 6 2  277 
2: 3.) I - 735 
2: 33 
5:  $1) 
5: 53 
4: ij3 
i;: fj? 
7: c:1 
5: 53 
6:33  
6 : 5 3  
7: n; 
7: 7 7  
51 33 
p :  53 
9: 03 
7: f:, 

13: c:j 
1CJ::> 
1 : :$J 
)i::) 
12:;2 n?iz3?i~:'~I. 

91 276 
zii5 ;,;! 
233 ' - . J ;  ii. 2 5 ~  
;hi, 46 21' 
1 :  L.: - j 4 7  115 
1:;2 5 3 i s3  
r I .. 
LO :) I,? 513 - .. .. 
2: 9 3.9 ; 
i25 !,2 7 

166 41; 2!3 
! !>5 15 2 
4 9 - 6 I; ! ... , 
26 13 20 

Tc fz l  12;;;. 621, 7;;fa 

- 
I /  G J ? ~  r.; L::.?:; cr i . r ; . j i n r r l r s  cr?;nt in.: s t ? ?  -. 



T A l c  A-52. .St- t v p s t r c ~ . ?  cwnts cc f i sh  ( n u n ~ e r  c w n t c d  uostresq less nusber ccuntc3 do~?strcs-n) 
ot Ihrcc s ta t ions  v i t h i ~ ,  :he sat11 f isi\ lsdder e t  Jor\n 3sy U E I I  S ~ r i r ~  s 1 6 h a r r  
~ e r  i d ,  C . r ~ ? r n b e r  13, 1971. Neazt ivc valucs s i q n i f y  tqat  awe f is? p a x e d  darnstrean 
than u p s t r e a .  

L l ~ i i  35 
Sel-  Sna:! 0t;)cr Tota l  
nm i s S ~ C C  i es 

33 
37 
611 

1% 
135 
155 
123 
237 
297 
365 
416 
JL4 
3?5 
L!? 

'5:i 
313 
255 
2?1 
256 
153, 
119: 
357 
513 
333 
33 5 
325 
253 
2% 
1i:6 
97 
59 
b 3  

7623 533 2617 

t :c~;<ed! v ~ ? i l  4:35 2 . V .  

r : . I: act, c.7i.n t ; le  r f s l  cr tcic 33y. 

!;err c l e v a t i w l  2:;3 
521- Siad C t h e r  To!al 
z i i i . 5 ~  s ~ e c i r s  

21 1 22 
I; 44 2; 7 . 76 

1!7 11 123 
177 3 1133 
239 1 243 
261 1 2h2 
5-23 11 331 
353 11 354 
5 ~ 6  7 351 
t 1 5  6 421 
3 ~ ;  14 k35 
332 I 393 
3:3 6 346 
i=.o 5 255 
331 2 315 
225 I 333 
333 1;9 553 
557 . 12 551 
265 6 I71 
5."- -1 7 7 512 
256 3 257 
so 1 541 
::6 5 5 : )  
223 4 232 
21 14 7 22i 
147 7 15!4 
17) 31 231 
171 20 r 7 i  

. - 7  

163 33 I93  
63 12 31 
51 0 51 

77 '>  ., 4 533 R 3 5 3  

i~ k.35 r.lc.;ed ( f  1;:) pz:.sx:'e 

53-m i w t e  
int~,rva! 
-:-,cli;)? qi :  
(D.S.:.? 

2: 53 J.'?. 
1 ::13 
1:33 
2: '7s 
2: 33 
:: 33 
5 :  3s 
L;: 03 
4:33 
5: 02 
5: 53 
6:03 
6::3 
7: 33 
7: 33 
8: 00 
91 53 
9: 03 
9: 50 

1G:0'3 
12: 33 
11333 
1!:73 
12: 33 ncm 
12:33 p . ~ .  

1 : m  
- 1:50 

2: 33 
2: 33 
5: 03 
5: 33 
4: 00 
!c:33 .. 
5: 03 
5: 39 
O:Sn 
A :  93 
7: 0.3 
7: 33 
2:03 
5: 33 
7: 0.2 
9: 39 

12: J 3  
1 :): ?3 
11:33 
11:33 
)2;33 r icchi?5t ,  

C.!.. ~ t c i t c ~ i  !/ 

Sel- S;.ud , .!ofol 
z-xi 3s S ~ C C  i FS 

135 2 1: 219 
91 7 

1;; 101 0 
163 - 8 152 
24 2 2 234 
C214 1 b25 
L62 1 $63 
459 - 6 ki,L: 
L l 7 - 6 415 
b 5 3  3 1~56 
339 8 3?7 
252 5 257 
116 3 319 
53ir 51 355 
q jg  Sir  ' J  4:3 
373 19 332 
752 73 ?sr, 
273 . 20 27'1 
$ b 4  437 
h 4 3  " 31. 
533 ti 7 379 
;2t4 I! I lar, 
157 292 
165 63 " 233 
i l j  5 7  170 
i 55 21 15!! 
12b 143 
I97  2k 16 21) 
173 7' I:! ' 2i3 
73 I I ' 93 
2 l: 5 05 
12 2 :4 

I 

Tc'r::l i 3 5 s ~  6:7 €??I 
I 

),/ GGs!c t? carz-,  CT K c l f : i n : ~ r ~ j  c~~.n!ir:.:: st:,l 



T i b l e  P - j : . . ; ; ~ t  uastreaa covnts or Fish (nvmi?er c w n l c j  v o s t r e m  Less ncrnber c w n t e d  dodnstrein) 
s t  t r l r r c  ~ ? r 1 t i o ~ 3  wi th in  ti-: scuth f i s h  ladder a t  L a ~ n  Day D;;T b r i n g  z 16-hmr 
per io : j ,  Senferriber 11, 1?71. Nf- {at ive v a l r ~ c s  s i c n i i y  that rrwe f i s h  passed d w n s t r e m  
than u3st res l .  

S i c > ?  53. 
5a l -  Shnd O f n e r  Tota l  
~ o n i  .ds snrc ies 

t 

(p.3.4.) , 

Vc.  i : , r : c , ; n i  i 31 7L.3 

1 -  5 Gi+r Tot t ' i  
-.mi :d5 cncr i es 

~ - 

0: ;3 ;..r;*,. 
! : 3 3  
1:53 
2: .lJ 
1.13 

2 

j: 03 
3: 3c7 
L: 0s 
k: 23 
5: C3 
5: 53 
61 03 

: I <  t .  I . l i 925 G.'J~~I.I I!>:. r e s t  a: {:y c:::::. 

26 2 23 
73 4 32 
53 1 51 

!:I, 8 122 
lhl: 3 172 
23: 6 237 
I!;3 - 1 ' 5 2  
273 10 2.?4 
41,i 15 1 ;  
1:?3 1 b43 
552 0 552 
57i G 571 
l I !  3 5 415 
453 6 46; 
516 - 1 515 
~ 7 5  6 1;5S 
52L 19 3 5  
527 I b  521 
y.7 8 357 
.'. ,4 .  7 6 537 
311 7 373 
3 i 7  !! 523 
552 7 9;:) 
L l l  2 1 

1 342 
z k 3  23 2kf, 
171 It9 211 
1.35- 2h 212 
15; 1 147 
i 2 3 ;  5 131; 
!C3 1 10: 
55 2 57 

. 

. - - - - - -. . . 

:;.?! 257 ?;?$ 
-- - 

i::n v;; c i a x i  (f i r , ,  ; \ i?zssrC 

173 - 3  173 
'7  1 2 73 
!3? k r -  13 

!5l - 6 1 

19 
19 
23 
74 

113 
53 

!I,? dl.3 

205 
j r j j  
L b !  
5::: 
LC?> 
527 
k6h 
4.26 
i;50 
4 3 3  
~ 5 0  
520 
515 
559 
573 
:GI- . J 
i y L  
223 
253 
225 
192 
113 
6 9 
66 

- -- . 

2727 7(.9 9547 

k i c ~ ; : ~ " )  uqt  i [ ;i:30 5!.4.  

6: 33 1 222 1 ??5 
72 03 59 1 - r, 53: -. . 
7 .  z.7 I. J.. 1 2; - 5 72! 
a:orj i 7/.;-' 
3-19 J.  , 
9: 03 
9: 33 

13: 33 
101 33 
l l :02  
11:?3 
12:?3 R ~ I D ~  
12i5.3 ?.IS. 

1 ? :'J3 
l:jS 
2: 03 
2: 53 
3: 03 ". "3  
J .  r 

1;: 03 
I;: 59 
5: 39 
5: 33 
6 : 3 3  
6:  33 
7: 2 3  

. 629 1 63s I ..- 
h 32 6 ; 
532 - 2 5!:3 
$6 2 0 I;?? 
161 3 1 ~ 4 3  
572 . 1!r 435 
7;53 5 5 ; ~  
x /  1 
.n> o 1 547 
z:, 3 2% 77: 
723 1 7  $ 5  
576 11 T-:? 
lllr5 12 1157 
523 21: 1,$7 

. 255 25 513 
i53 23 !;o 
126 8 :5$ 
1 75 25 in2 
19: ~ l r  21'; 
161 2'4 19:) 
156 15 17 i  
11 7 12 123 

- I 71 
7: 33 1 J 13 
8: c3 7ir 5 I - 7 

3 :  50 
j ) :  03 
9: 33 

1 O r  6:) 
i 0; 53 
l1:03 

! Totc,l 1: 33 [--. 1 %2 1 ;<, . 

122 3.3 r:r id:iii;,-.i 

-- - 

273 ic:::!, 
---- 
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Tghlc A-Ti ; .  .Net u~streert  carnts of f ish ( n u ~ b c r  cruntcd uastrean l e s s  nu?Ser cwn?ed dctqstreea) 
a t  tnrec s t a i i c n s  within tne s o ~ t h  f is11 leddcr et Jchn DRY D m  c ~ r i n c  2 16-hwr 
per isj, Sco1crt:er 12, 1771. Kccat tvc values s igniry that aure f i s5  passe3 oo./nstrean 
than  uostreza. 

~ J - ; C  i ~ J ~ C  
in+crvol 
e n d i y  et: 
l?.s .+.J 

C.E. ?.!~t im 1 ;  

531- sie-j c t i r r  Total 
T I Z ~ I  ,.:s snec i cs 

t'r I r . r l  cvat ion 2b.3 
Szl- S l~kd  Otncr Tniai 
nicn i 3s s;)et i e s  

S l o t  33 
5 ~ 1 -  Shad Cther Totai 
~ ~ i i  3s s?ecics 



Tr.ble :-35..Xiet u p s t r e a n  ccun's cf fish (nx5cr ccunted uns t r e6 . z  l e s s  nuaber c w n t e d  d o h n s t r e m )  
a t  t n r e c  s t a t  ic?s W I  thin t he  sw% f r(5 ladder  a t  Jc>n Day Can br inq a 16 -bwr  
pcr iod, Septem!,er 15, 1')'11. r:e,=at ivc  v a l u e r  signify t h a t  awe f i s h  ~ a s s c d  d w n s t r e z n  
t n n  u p s t r e w .  

- 
S 1 ot  7 3 .  

Sal: Shad Otner Tota l  
nr=l I 5s spec it:; 

22 
13  
42 

132 
1r. l  

1;; 
123 
175 
253 
233 
332  
53!4 
327 
27; 
271 
2c;'- ,3 
269 
2'3 , - 
18.7 
153 
123 
123 
1'Zl 
122 
%2! ' 

l e t  
! &  
109 
1 5  
qi, 
59 
33 

st;?? ?24 L5?C 
I 

: , ] , -- . l , . t~~j  u2t i 1 ii:,>;) * l . p , , ,  
i ,-:c ;.r t c r  ?:(::i r : . n : .  1 t ! is:; c;.:;:: t i , ?  r p - t  cf Tor ::r.i.. 

K e i ?  r - ! e ~ 7 t j r : ~  c 2LA 
s s l -  S i c d  O l l i t r  Totn: 
noni 3s 53ZCleS 

2? - 1 23 
2 2 3 -- 

c:, 
23 .. - 1 2.3 

112 15 125 
17? 1 3  185 
151 3 .  159 
152 0 132 
16$ 0 164 
255 
-?':, 

2 257 
i :I-. 5 331 
2iZ i 271 
257 606 11 -', 
777 6 2:3 
273 5 231 
275 ., 2 -. 10 233 
C/LI 3 74 1 
! $ 3  7 !a7 
11 3 3 121 
1 Ft? 11 120 
1 ? i t  - Z 122 
hy 1 53 
i 23 - 3  125 
1 l: J 1 173 
1 I&'? 6 155 
12: 1 !. 157 
125 25 127 
lL:7 2 1 1 
5'7 23 123 v!; 17  i i l  
3? - 1 3: 
12 3 15 
11: 1 i j  

~ 5 ! 7  ?s: 7 

ic-;., b:;; c~cJ:.:~ ( f  i :.i., ~ : . > ; ~ ~ ~ ~  

53-7; ix~ ie  1 
i ? ' < : r v ~ i  
F,d,3,: ?+: 
L.?.?.! 
5:33 s.2. 
1: ::.3 
1:53 
2: 03 
21 53 
3: 33 
3: 53 
4: I:O 
2: 53 
5 : .37 
51 3; 
6 ~ 5 0  
L:  j 0  
7:  03 
7: 37 
9 : C O  
8:  53 
9: 03 
$: 73 
: 3 :  03 
!I?! :? 
t * .oil 
' I - C . ,  

11: :,iJ 

! ? : 2 7  ric-37 
i2::2 p . ,x .  

1:i~'l 
1 r z 3  
2: CI:~ 
2: 59 
3: Cfi 
>:: 5 3  
&xQ3 
1; : y) 
5: ?!j 

5 : . 3  
6 : $ L; 
: --,I . u 

7: C3 
7: $3 
2:  90 
?. ;:a 

1 -  / 

'3 r c.9  
0.33 /. / 

1 ::: (?Cl 
15: f3 
! L : $ J  
1 1 : z ' r  

,' 
l;::!;.'J n , i r ' ? i r l~ t  

1 of ti 

C L .  5 t ? t  i:? I!' 
1 .  ~ t , ~ d  c!n,or ~ ~ t ~ i  .. .. ,-I i ,? s spccics 

9 7 - 9 38 - 3 62 5i: 
e2 7 8 9 
79 -! 0 69 

1 72 5 l a ?  
$5 9 4 -.,.. .-d. 

5; 3 1, 552 
6 :.;5 11 LlO 
ii~!, , -- 13 522 
51,: L /  

,, , y. 6 
.,-- 26.5 11 ~ t i  

rt r 
A*! 2 14 3 5 ' 7  
-.-.- 
-,-.& ,/, 42 577 
22: L ,J 2% 1z 

11! 35 145 
9 3 i'j 13.; 

123 1,s 163 
135 37 2 2  
253 33 537 
277 a5 ,.I "-' ! 

55i  a ?  :;zn3 
I b 2  3 3  2-23 

el. .. .. 175 
6,3 e4 172 

1112 55 c.,.. 'li.3 

1 50 2i;$ 
! 37 i" lL.5 - . .. 
7 1 2? 1:: 
73 15 . g 2  
23 /-. 17 i; .? 
24 6 5; 

9 7 16 

5769 i i  (,$a{, , -- 
;/ CI;'? ;.! C c,:~;:< r r  K0qir,?c:r 5 c.,!!~,! ir,? s ; ~ . !  -- 










