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Abstract 

A r e p o r t  o f  s p e c i a l  i n t e r e s t  t o  f i s h e r y  
b i o l o g i s t s ,  r e s o u r c e  manage r s ,  h y d r o l o-  
g i s t s ,  and r o a d  e n g i n e e r s ,  t h i s  b i b l i o g -  
r a p h y  l i s t s  p u b l i c a t i o n s  p e r t i n e n t  t o  
r o a d  c r o s s i n g s  of salmon and t r o u t  s t r e a m s .  
T o p i c s  i n c l u d e  b r i d g e  and c u l v e r t  i n s t a l l a -  
t i o n ,  d e s i g n  c r i t e r i a ,  m e c h a n i c s ,  h y d r a u l i c s ,  
a n d  economics ,  as w e l l  as t h e i r  b i o l o g i c a l  
e f f e c t s .  

Keywords: Bibliographies (fish habitat), 
fish habitat, forest engineering. 
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References by  Subject 

T h i s  annotated bibliography was prepared a s  
a guide t o  the  l i t e r a t u r e  avai lable  on 
problems w i t h  f i s h  passage a t  road 
cross ings .  Crossings t h a t  include bridge 
ana cu lve r t  i n s t a l l a t i o n s  and adaptat ions 
of c u l v e r t s  a r e  emphasized. A l imited 
se lec t ion  of the general l i t e r a t u r e  on 
f ish-passage devices i s  a l s o  included. 

We have attempted t o  review and abs t rac t  a 
broad spectrum of the  l i t e r a t u r e  to  provide 
f i e l d  b io logis ts ,  engineers, and land 
managers w i t h  a guide t o  what is avai lable .  
Additions t o  the current  l is t  would be 
appreciated. 

Some relevant  information is i n  r e l a t i v e l y  
obscure technical  reports .  We were usually 
able  t o  obta in  copies of the  c i t e d  papers 
from t h e  producing agency; most of them a re  
on f i l e  a t  the Forestry Sciences Labora- 
tory,  USDA Forest  Service, P.O. Box 909 ,  
Juneau, Alaska 99802. 

References a r e  l i s t e d  by author and number. 
A l i s t  of general  top ics  and the number 
corresponding t o  the  source a re  included. 
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9, 11, 12, 16, 19,  20, 25, 26, 311  36, 
38, 39, 4 0  
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Swimming speeds and r a t e s  of passage 2, 
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32, 36, 41, 42, 43 



1. Adamovich, L., R. P. W i l l i n g t o n ,  and D. 
Lacate. 
1973.  B i b l i o g r a p h y  o n  f o r e s t  roads a n d  
t h e  env i ronment .  Fac. For .  Univ. B.C.! 
Vancouver .  Unpubl. m s . ,  25 p.  

A l is t  is g i v e n  of p u b l i s h e d  and  
u n p u b l i s h e d  material  o n  most a s p e c t s  
and e f f e c t s  of fores t  r o a d s  t h r o u g h  
1973. T o p i c s  i n c l u d e  e s t h e t i c s ,  a e r i a l  
p h o t o  i n t e r p r e t a t i o n ,  b r i d g e s ,  con-  
s t r u c t i o n ,  c u t  and f i l l  p r o c e d u r e s ,  and  
v a r i o u s  e f f e c t s  o n  f i s h e r i e s .  

2. B e l l ,  M. C. 
1973. F i s h e r i e s  handbook o f  
e ng i nee  r i n g  r equ  i r  eme n t  s and b i o l o g  ica 1 
c r i t e r i a .  F i s h .  Eng. R e s .  Program. 
Corps Eng.,  Nor th  Pac. Div. ,  P o r t l a n d ,  
Oreg . 
A wide r a n g e  o f  i n f o r m a t i o n  o n  f i s h e r i e s  
and e n g i n e e r i n g  p r o b l e m s  i s  i n c l u d e d .  
Areas a p p l i c a b l e  t o  f i s h  p a s s a g e  a re  
d i s c u s s e d  i n  s e v e r a l  c h a p t e r s .  These  
i n c l u d e  p a s s a g e  a r o u n d  dams, f i s h w a y s  
and o t h e r  c o n d u i t s ,  swimming speeds, 
a n d  v e l o c i t y  barriers.  C h a p t e r  3 1  d e a l s  
s p e c i f i c a l l y  w i t h  c u l v e r t s  and b r i e f l y  
d i s c u s s e s  some o f  t h e  h y d r a u l i c  c h a r a c-  
t e r i s t i c s  of c u l v e r t s .  Some g e n e r a l  
g u i d e l i n e s  f o r  c u l v e r t  i n s t a l l a t i o n  are  
p r o v i d e d :  C u l v e r t s  s h o u l d  be i n s t a l l e d  
close t o  z e r o  g r a d i e n t ;  a v e r a g e  v e l o c i -  
t ies  w i t h  a slope of 0.5 p e r c e n t  are 
4.8  to  2.6 f t / s ,  which w i l l  allow f i s h  
to  pass; c u l v e r t  f l o o r  r o u g h n e s s  s h o u l d  
a p p r o x i m a t e  n a t u r a l  streambed; and  a 
minimum swimming d e p t h  o f  1 2  i n c h e s  
s h o u l d  be a l l o w e d .  Darkness  i n  a 
c u l v e r t  is n o t  a b l o c k  to  f i s h  p a s s a g e .  

3.  Blahm, T. H. 
1963. P a s s a g e  o f  sa lmon f i n g e r l i n g s  
t h r o u g h  small t u n n e l s .  T r a n s .  Am. 
F i s h .  S o c .  92(1) :302-303. 

t h a t  would be most e f f e c t i v e  f o r  down- 
stream p a s s a g e  of salmon f i n g e r l i n g s  
t h r o u g h  small t u n n e l s .  Higher  v e l o c i t i e s  
(3.0 to  3.5 f t / s )  i n  c o m b i n a t i o n  w i t h  
downstream l i g h t  i n d u c e d  t h e  h i g h e s t  
p e r c e n t a g e  of downstream p a s s a g e .  

4. C l ay ,  C. H. 
1961. 
f i s h  f a c i l i t i e s .  Dep. F i s h .  Can., 
O t t a w a .  3 0 1  p.  

T h i s  handbook of f i s h- p a s s a g e  d e v i c e s  
p r i m a r i l y  d e a l s  w i t h  a r t i f i c i a l  and  
n a t u r a l  o b s t r u c t  i o n s .  D e s i g n  c r i t e r i a  
for f i s h w a y s ,  v e r t i c a l  s lo t  p a s s a g e s ,  
e n t r a n c e s ,  b a f f l e s ,  and e x i t s  are 
d i s c u s s e d .  O t h e r  c h a p t e r  topics ' i n c l u d e  
f i s h  locks, weirs, b a r r i e r  dams, f i s h  
s c r e e n s ,  and a r t i f i c i a l  spawning chan-  
n e l s .  A b r i e f  r e v i e w  of e l e m e n t a r y  
h y d r a u l i c s  is c o n t a i n e d  i n  a n  a p p e n d i x .  

Des ign  of f i s h w a y s  and  o t h e r  

5. C o l l i n s ,  G. B . ,  and C. H. E l l i n g .  
1960. Fishway r e s e a r c h  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  r e s e a r c h  
l a b o r a t o r y .  U . S .  F i s h  and W i l d l .  S e r v .  
C i r c .  98. 1 7  p. 

R e s u l t s  of 4 y e a r s  of r e s e a r c h  o n  , 

f i s h w a y  prob lems ,  r a tes  o f  movement of 
s a l m o n i d s  a s c e n d i n g  f i s h w a y s ,  and 
s p a t i a l  r e q u i r e m e n t s  of f i s h  are g i v e n .  
E x p e r i m e n t s  to measure  f i s h w a y  c a p a c i t y  
a r e  d e s c r i b e d .  The e f f e c t  o f  f i s h w a y  
slope and l e n g t h  o n  f i s h  p e r f o r m a n c e  
a n d  p h y s i o l o g y  were measured i n  
"endle . ss"  f i s h w a y s .  P r e f e r e n c e  o f  
s a l m o n i d s  for wa'ter v e l o c i t i e s  and  
l i g h t  c o n d i t i o n s  r e v e a l e d  marked 
d i f f e r e n c e s  among species. E f f e c t s  o f  
l i g h t  and water v e l o c i t y  o n  rates o f  
p a s s a g e  t h r o u g h  c h a n n e l s  and f i s h w a y s  
are d e s c r i b e d .  E x p e r i m e n t s  o n  f i n g e r -  
l i n g  p a s s a g e  a n d  t h e  t e s t i n g  o f  f u l l -  
scale p r o t o t y p e  f i s h w a y  d e s i g n s  are  
d i s c u s s e d .  

T e s t s  were c o n d u c t e d  i n  a n  a r t i f i c i a l  
c h a n n e l  t o  d e t e r m i n e  t h e  optimum com- 
b i n a t i o n  o f  water v e l o c i t y  and l i g h t  
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6. C o l l i n s ,  G .  B . ,  J. R. Gau ley ,  and  
C. H. E l l i n g .  
1962. A b i l i t y  of s a l m o n i d s  t o  a s c e n d  
h i g h  f i shways .  T r a n s .  Am. F i s h .  SOC. 
9 1 (1) : 1-7 . 
A b i l i t y  a n a  p e r s i s t e n c e  o f  s a l m o n i d s  t o  
a s c e n d  p o o l - a n d - o v e r f a l l  f i s h w a y s  were 
measured i n  e x p e r i m e n t a l  " e n d l e s s "  
s t r u c t u r e s  i n  which  f i s h w a y s  o f  a n y  
h e i g h t  c o u l d  be  s i m u l a t e d .  Rate o f  
a s c e n t  o f  a l l  f i s h  tested i n c r e a s e d  
a f t e r  a n  i n i t i a l  p e r i o d  of e x p e r i e n c e  
i n  t h e  f i s h w a y .  Measurement  o f  b l o o d  
l a c t a t e  i n  t h e  e x e r c i s e d  f i s h  showed n o  
e v i d e n c e  o f  f a t i g u e .  P r a c t i c a l  s i g n i f i -  
c a n c e  of t h e  d a t a  i n  r e l a t i o n  to  
f i s h w a y  d e s i g n  i s  d i s c u s s e d .  

7. Dane, B. G. 
1 9 7 8 .  A r e v i e w  and  r e s o l u t i o n  o f  f i s h  
p a s s a g e  problems a t  c u l v e r t  s i tes  i n  
B r i t i s h  Columbia.  F i s h .  and  Mar. S e r v .  
Tech. R e p .  810, 1 2 6  p.  

Report  i n c l u d e s  g u i d e l i n e s  f o r  c u l v e r t  
d e s i g n  and i n s t a l l a t i o n ,  which  d e s c r i b e  
s a l m o n i d  p a s s a g e  r e q u i r e m e n t s  and  
h y d r a u l i c  parameters., F i v e  t y p e s  o f  
c u l v e r t s  a r e  d e s c r i b e d .  T h e i r  c h a r a c t e r -  
ist ics a re  compared w i t h  p h o t o s  and  
s k e t c h e s .  Au tho r  d e s c r i b e d  t y p e ,  c a u s e ,  
and e f f e c t  o f  o b s t r u c t i o n s  i n  t h e  
s p a w n i n g / r e a r i n g  a rea ,  a s  w e l l  a s  
e f f e c t s  o f  h a b i t a t  and  h y d r a u l i c  
i n s t a b i l i t y .  Recommendations a r e  made 
f o r  t h e  i n s t a l l a t i o n  o f  c u l v e r t s  t o  
a v o i d  c o n f l i c t  w i t h  f i s h  u s e  i n  t h e  
stream d u r i n g  c o n s t r u c t i o n .  For  a 
condensed  v e r s i o n  o f  t h i s  repor t ,  see 
Dane, C u l v e r t  g u i d e l i n e s :  recommenda- 
t i o n s  f o r  t h e  d e s i g n  and  i n s t a l l a t i o n  
of c u l v e r t s  i n  B r i t i s h  Columbia to  
a v o i d  c o n f l i c t  w i t n  anadromous f i s h .  
F i s h .  and Mar. S e r v .  Tech. Rep. 811. 
57 p .  

8. Dass, P. 
1970.  A n a l y s i s  o f  s l o t  o r i f i c e  
f i s h w a y s .  M.S. t h e s i s .  Univ. I d a h o ,  
Moscow. 1 0 1  p. 

C r i t e r i a  f o r  a s l o t  o r i f i c e  f i s h w a y  a r e  
d e v e l o p e a .  S i z e  and  space o f  o r i f i ces  
c a n  b e  d e s i g n e d  t o  c rea te  f l o w  con-  
d i t i o n s  s a t i s f a c t o r y  f o r  f i s h  p a s s a g e .  
The s l o t  o r i f i c e  f i s h w a y  f u n c t i o n e d  
w e l l  i n  a wide r a n g e  o f  d i s c h a r g e s  a n d  
s h o u l d  n o t  have  a n y  s e r i o u s  s i l t i n g  
p rob l ems .  V a l u e s  of d r a g  c o e f f i e n t s  f o r  
t h e  s lo t  o r i f i c e  c o n s t r i c t i o n s  were 
e v a l u a t e d  by model  s t u d i e s .  

9.  Dryden,  R. L. ,  and C. S. Jessop. 
1974. Impact a n a l y s i s  o f  t h e  Dempster 
Highway c u l v e r t  o n  t h e  p h y s i c a ' l  e n v i r o n-  
ment  and  f i s h  r e s o u r c e s  o f  F r o g  Creek .  
F i s h .  and Mar. S e r v . ,  Can. Dep. 
E n v i r o n . / F i s h .  Oper. Di r . /Cent .  Reg./ 
Tech.  Rep. S e r .  CEN/T-74-5, 59 p. 

Improper c u l v e r t  d e s i g n  and  i t s  e f f e c t s  
o n  hyd ro logy  and  f i s h  p o p u l a t i o n s  o f  
F r o g  C r e e k ,  Nor thwes t  T e r r i t o r i e s ,  
Canada,  a re  d i s c u s s e d .  The e f f e c t s  
uocumented a r e  o n  m i g r a t i o n  o f  f i s h  
( n o r t h e r n  p ike ,  Esox l u c i u s ,  and  b r o a d  
w h i t e f i s h ,  Coregonus  n a s u s )  and  stream- 
bank s t a b i l i t y  a t t r i b u t a b l e  t o  water 
v e l o c i t i e s  i n  e x c e s s  o f  1 . 5  m / s  
( 5  f t / s )  . The c a u s e s  were h i g h  flows 
t h r o u g h  t h e  c u l v e r t  and  e n e r g y  d i s -  
s i p a t i o n  a t  t h e  o u t f a l l .  B i o l o g i c a l  
measu remen t s  made o n  n o r t h e r n  p i k e  a n d  
w h i t e f i s h  i n c l u d e d  a g e ,  g r o w t h ,  move- 
men t ,  and  gonad  deve lopmen t .  

1 0 .  Dryden,  R. L . ,  and J. N .  S t e i n .  
1975. G u i d e l i n e s  f o r  t h e  p r o t e c t i o n  o f  
t h e  f i s h  r e s o u r c e s  of t h e  Nor thwes t  
T e r r i t o r i e s  d u r i n g  highway c o n s t r u c t i o n  
and  o p e r a t i o n .  F i s h .  and  Mar. S e r v . ,  
Can. Dep. E n v i r o n . / F i s h .  Oper. D i r e /  
Cen t .  Reg./Tech. R e p .  S e r .  CEN/ T-75-1, 
32 p .  
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T h e s e  g u i d e l i n e s  a re  i n t e n d e d  t o  a i d  
highway d e s i g n e r s ;  t h e y  are  a p p l i c a b l e  
t o  a l l  water c o u r s e s  t h a t  f l o w  f o r  a t  
l eas t  o n e  p e r i o d  e a c h  year,  a s  w e l l  a s  
a l l  h i g h w a y- r e l a t e d  stream a l t e r a t i o n s ,  
i n c l u d i n g  b o t h  t empora ry  and  permanent  
r o a d  c r o s s i n g s ,  c u l v e r t s ,  r igh t- of- way 
a p p r o a c h e s ,  and g r a v e l  removal .  The 
s t u d y  was c o n f i n e d  t o  Mackenzie  V a l l e y ,  
Nor thwes t  Ter r i to r ies ,  streams and 
species. S t a t i s t i c a l  c o n c l u s i o n s  may b e  
s i t e  specific; however,  t h e  b i o l o g i c a l  
a n d  t e c h n i c a l  g u i d e l i n e s  a r e  u n i v e r s a l  
i n  d e a l i n g  w i t h  highway d e s i g n  and 
f i s h - p a s s a g e  p rob lems .  

11. E n g e l ,  P. 
1974.  F i s h  p a s s a g e  f a c i l i t i e s  f o r  
c u l v e r t s  of t h e  Mackenzie  Highway. 
Dep. E n v i r o n . ,  Hydrau l .  Div. ,  Can. 
Cen t .  I n l a n d  Waters, 33  p. B u r l i n g t o n ,  
On t  . 
The s t u a y  e v a l u a t e d  t h r e e  t y p e s  o f  f i s h -  
p a s s a g e  f a c i l i t i e s  f o r  l a r g e  c u l v e r t s - -  
spoi lers ,  o f f s e t  b a f f l e s ,  and s i d e  
b a f f l e s .  The r e l a t i o n  o f  h y d r a u l i c  c h a r -  
ac te r i s t i c s  to  swimming speeds o f  f i s h  
i s  d e s c r i b e d  and  modeled.  E f f e c t i v e n e s s  
of e a c h  d e s i g n  was p r o p o r t i o n a l  to  
g r a d i e n t .  Maximum recommended s l o p e  was 
5 p e r c e n t .  S u g g e s t i o n s  f o r  a p p l i c a t i o n  
o f  e l l i p t i c a l  a n a  a r c h  c u l v e r t s  t o  f i s h -  
p a s s a g e  f ac i l i t i e s  are  a lso made. R e c o m-  
m e n d a t i o n s  a n d  l i m i t a t i o n s  o f  e a c h  
d e v i c e  are g i v e n .  P rob lems  w i t h  d e b r i s  
a n d  s e d i m e n t  may o c c u r .  Ice may be more 
of a p rob lem w i t h  side b a f f l e s .  Data 
f o r  swimming speed ( b u r s t ) ,  f r i c t i o n  
factors ,  and  v e l o c i t i e s  a r e  g i v e n ,  a s  
a r e  d e s i g n  d i a g r a m s .  

1 2 .  Evans ,  W. A . ,  and F. B. Johnson .  
1974. F i s h  m i g r a t i o n  and  f i s h  p a s s a g e :  
A p rac t ica l  g u i d e  t o  s o l v i n g  f i s h  pas- 
s a g e  p rob lems .  USDA For .  S e r v .  Reg. 5,  
43  p. 

P r a c t i c a l  problems of f i s h  p a s s a g e  
t h r o u g h  and o v e r  n a t u r a l  and  a r t i f i c i a l  
s t r u c t u r e s  i n  streams a r e  d i s c u s s e d .  
F i s h  barr iers  are i l l u s t r a t e d ,  and  bar- 
r i e r s  f rom r o a d  c r o s s i n g s  and  me thods  
f o r  c o r r e c t i n g  them are described. The 
a u t h o r s  p r o v i d e  a u s e f u l  g u i d e  for i n-  
s t a l l a t i o n  o f  c u l v e r t s  and  stream 
c r o s s i n g s  t o  p r o v i d e  for  f i s h  p a s s a g e .  
F i g u r e s  and t a b l e s  are g i v e n  to  p r o v i d e  
g r a d i e n t ,  v e l o c i t y ,  and  o t h e r  d a t a  f o r  
v a r i o u s  c u l v e r t  s i z e s .  

13. Gau ley ,  J. R. 
1966.  E f f e c t s  of water v e l o c i t y  o n  
p a s s a g e  o f  s a l m o n i d s  i n  a t r a n s -  
p o r t a t i o n  c h a n n e l .  U . S .  Dep. I n t . ,  
F i s h .  and W i l d l .  S e r v . ,  B u r .  Comm. 
F i s h . ,  F i s h  B u l l .  6 6 ( 1 )  :59-63. 

P a s s a g e  times o f  c h i n o o k  sa lmon,  s o c k e y e  
sa lmon ,  and  s t e e l h e a u  t r o u t  t h r o u g h  a 
t e s t  c h a n n e l  were compared a t  v e l o c i t i e s  
of  1 a n d  2 f t /s .  The t e s t  c h a n n e l  w a s  
4 f ee t  wide, 6 f e e t  d e e p ,  and  100 f e e t  
l o n g .  P a s s a g e  times d i d  n o t  d i f f e r  s i g -  
n i f  i c a n t l y  w i t h  water v e l o c i t y  f o r  any  
of t h e  t h r e e  species. The t w o  salmon,  
species moved f a s t e r  t h a n  s t e e l h e a d  
t r o u t  a t  b o t h  water v e l o c i t i e s .  The 
a u t h o r  c o n c l u a e d  t h a t  1 ft/s is a s  
s u i t a b l e  a s  2 f t / s  f o r  f i s h  p a s s a g e .  

1 4 .  Gau ley ,  J. R. ,  and  C. S .  Thompson. 
1962. F u r t h e r  s t u d i e s  o n  f i s h w a y  slope 
and i t s  e f f e c t  o n  r a t e  o f  p a s s a g e  o f  
s a l m o n i d s .  U . S .  Dep. I n - t . ,  F i s h  and  
Wildl.  S e r v . ,  Bur.  Comm.. F i s h . ,  F i s h .  
B u l l .  63 (1) : 45-62. 

Rates o f  p a s s a g e  o f  c h i n o o k  and  s o c k e y e  
salmon and s t e e l h e a d  t r o u t  were s t u d i e d  
i n  1:16-  and  l:8-slope, pool-and- 
o v e r f a l l  f i s h w a y s .  I n  g e n e r a l ,  t h e  
p a s s a g e  t h r o u g h  t h e  l:8-slope f i s h w a y  
w i t h  a 1- f o o t  r i s e  be tween pools was a s  
f a s t  a s ,  o r  f a s t e r  t h a n ,  i n  t h e  1:16-  
slope w i t h  a 1- f o o t  r i se .  When t h e  r i s e  
be tween  p o o l s  was . i n c r e a s e d  t o  1 . 5  f e e t  
i n  t h e  1 :8-s lope  f i s h w a y ,  c h i n o o k  and 
s o c k e y e  p a s s a g e  was slower. The "Dalles- 
t y p e "  weir c r e s t s  (3.3-m, 4 - f t  pool 
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w i u t h )  i n  a l : 1 6 - s l o p e  f i shway  a p p e a r e d  
to  accelera te  c h i n o o k  p a s s a g e .  Chinook 
and  sockeye  d i s p l a y e d  s e a s o n a l  
d i f f e r e n c e s  i n  p a s s a g e  t i m e .  

15 .  Gau ley ,  J. R . ,  C .  R .  Weaver, and  
C. S.  Thompson. 
1966.  R e s e a r c h  o n  f i s h w a y  p rob l ems ,  
May 1960 t o  A p r i l  1965. 3d Prog .  Rep. 
F i s h .  Eng. R e s .  Program, Corps Eng. , 
N o r t h  Pac.  Div . ,  p. 29-66. P o r t l a n d ,  
Oreg .  

R e s e a r c h  program s p o n s o r e d  by t h e  U . S .  
Army Corps o f  E n g i n e e r s  to  i n v e s t i g a t e  
d e s i g n  c r i t e r i a  f o r  f i s h- p a s s a g e  
f a c i l i t i e s  f o r  h y d r o e l e c t r i c  projects  
i s  r ev i ewed .  The p r i m a r y  o b j e c t i v e  was 
t o  p r o v i d e  b a s i c  i n f o r m a t i o n  o n  t h e  
behavior of fish and what is required 
for  f i s h  p a s s a g e .  Major emphas i s  was o n  
cost r e d u c t i o n  o f  f i s h- p a s s a g e  f a c i l i -  
t i e s  w i t h o u t  r e d u c t i o n  of e f f i c i e n c y  t o  
pass  f i s h .  P a s s a g e  times f o r  v a r i o u s  
s a l m o n i d s  t h r o u g h  s e v e r a l  f i s h- l a d d e r  
d e s i g n s  a n d  t h e  r e s p o n s e  of s a l m o n i d s  
to  v e r t i c a l  and h o r i z o n t a l  o r i f i c e s  i n  
f i s h w a y s  a r e  rev iewed.  Coun t ing  and  
i d e n t i f i c a t i o n  s t u d i e s  a t  f i s h w a y s  a r e  
a l s o  d i s c u s s e d .  

1 6 .  Gebhards ,  S . ,  and  J. F i s h e r .  
1972. F i s h  p a s s a g e  a n a  c u l v e r t  
i n s t a l l a t i o n s .  I d a h o  F i s h  and  G a m e  
R e p . ,  1 2  p. 

The a u t h o r s  l i s t  f i s h  b l o c k s  r e s u l t i n g  
from improper c u l v e r t  i n s t a l l a t i o n  t h a t  
o c c u r  a t  t h e  o u t f a l l ,  w i t h i n  t h e  c u l -  
v e r t ,  and a t  t h e  i n l e t .  C r i t e r i a  f o r  
i n s t a l l a t i o n ,  i n c l u d i n g  t i m i n g  o f  con-  
s t r u c t i o n ,  d e s i g n ,  and p l acemen t  to  
insure fish passage, are given. Design 
c r i t e r i a  i n c l u d e  g r a d i e n t ,  v e l o c i t y ,  
a n d  d e p t h .  U s e  of b a f f l e s ,  separa tor  
wal ls ,  and m u l t i p l e  i n s t a l l a t i o n s  a re  
d i s c u s s e d .  Veloci t ies  and  d i s t a n c e s  
impeding f i s h  p a s s a g e  a r e  g r a p h e d .  A 
d e s i g n  f o r  c u l v e r t  b a f f l e s  is a l so  
p r e s e n t e d .  

1 7 .  Grego ry ,  R.  W . ,  a nd  J. T r i a l .  
1575.  E f f e c t  of z i n c- c o a t e d  c u l v e r t s  
o n  v e r t e b r a t e  and invertebrate fauna in 
s e l e c t e d  Maine streams. Comple t i on  Rep. 
Land and  Water Resour .  I n s t . ,  1 8  p. 
Univ. Maine,  Orono. S e p t .  1975.  

E f f e c t  o f  z i n c  loss f rom g a l v a n i z e d  
c u l v e r t s  o n  v e r t e b r a t e  and i n v e r t e b r a t e  
f a u n a  was i n v e s t i g a t e d .  R e s u l t s  i n d i -  
c a t e d  t h a t  c o r r o s i o n  o f  g a l v a n i z e d  
c u l v e r t s  s i g n i f i c a n t l y  i n c r e a s e d  z i n c  
c o n c e n t r a t i o n s  i n  stream water, par-  
t i c u l a r l y  i n  newer c u l v e r t s ,  a l t h o u g h  
c u l v e r t s  5-6 y e a r s  o l d  a l s o  showed 
s i g n i f i c a n t  loss of z i n c .  H i g h e s t  z i n c  
concentration w a s  correlated with high 
t e m p e r a t u r e  a n d  l o w  f l o w .  N o  a d v e r s e  
effect of increased zinc concentration 
was documented f o r  e i t h e r  f i s h  d i s t r i b u -  
t i o n  or i n v e r t e b r a t e  d i v e r s i t y  or  
abundance ,  w i t h  t h e  poss ib le  e x c e p t i o n  
o f  S p o n q i l l a .  L e v e l s  o f  z i n c  were a t  
t imes above  t h e  a v o i d a n c e  t h r e s h o l d  
( 0 . 0 5  ppm) o f  A t l a n t i c  salmon.  

18. H a r r i s o n ,  M .  B.  
1972.  A n a l y s i s  of a skewed s l o t  
o r i f i c e .  M.S. t h e s i s .  Univ ,  I d a h o ,  
Moscow. 89 p. 

Des ign  c r i t e r i a  f o r  a skewed s lo t-  
o r i f i c e  f i s h w a y  e x i t  a r e  d e v e l o p e d .  The 
f i s h w a y  e x i t  c a n  be  c o n s t r u c t e d  u s i n g  
t h e s e  c r i t e r i a  i n  c u l v e r t  w i n g w a l l s .  
The o u t l e t  t e r m i n a t e s  a t  a s k e w  a n g l e ;  
i t  c a n  b e  d e s i g n e d  t o  c rea te  f l o w  con-  
d i t i o n s  n e c e s s a r y  f o r  f i s h  p a s s a g e .  
V a l u e s  o f  s l o t - o r i f  ice c o n t r a c t i o n  
r a t i o s  ranged  from 0 .65  t o  0.82 o f  t h e  
c u l v e r t  w i d t h ;  c u l v e r t  slope v a r i e d  
from 1 . 5  t o  4.5 p e r c e n t ;  s k e w  a n g l e s  
r anged  f rom 30 to  75O; and  t h r e e  
l a t e r a l  p o s i t i o n s  o f  t h e  f i s h w a y  c h a n n e l  
were t e s t e d .  D imens iona l  a n a l y s i s  was 
used. t o  d e t e r m i n e  t h e  s i g n i f i c a n t  d e s i g n  
parameters. Des ign  c u r v e s  t h a t  d i s p l a y  
t h e  r e l a t i o n s h i p  be tween  t h e  backwa te r  
ratio (H/h) and the Froude number are 
p r e s e n t e d .  The d e s i g n  c u r v e s  and  a n  
e q u a t i o n ,  ba sed  o n  t h e  momentum p r i n -  
c i p l e ,  a r e  u s e d  t o  d e s i g n  t w o  t y p e s  o f  
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s k e w e d- o r i f i c e  e x i t s .  One p rob lem uses 
t h e  same c o n t r a c t i o n  r a t i o  for  t h e  
skewed- exi t  and n o r m a l- s l o t  or i f  ices 
p l a c e d  downstream; t h e  o t h e r  u s e s  
d i f f e r e n t  v a l u e s  o f  c o n t r a c t i o n  r a t i o  
f o r  t h e  skewed- exi t  and  n o r m a l- s l o t  
o r i f i c e s  downstream. N e c e s s a r y  c r i t e r i a  
f o r  s u i t a b i l i t y  o f  f l o w  f o r  f i s h  
p a s s a g e  are  a l s o  d i s c u s s e d .  

19 .  K a t o p o d i s ,  C., P. R. Robinson ,  and B. 

A s t u d y  o f  model  and  p r o t o t y p e  
G. S u t h e r l a n d .  
1978. 
c u l v e r t  b a f f l i n g  f o r  f i s h  p a s s a g e .  Can. 
F i s h .  a n d  Mar. S e r v .  Tech. Rep. 828. 
78 p. 

A h y d r a u l i c- m o d e l  s t u d y  tested and  
d e v e l o p e d  a set o f  o f f s e t  and s p o i l e r  
b a f f l e s  t o  a i d  f i s h  p a s s a g e  t h r o u g h  
c u l v e r t s .  Based o n  t h e  model- study 
recommendat ions ,  t h e y  were i n s t a l l e d  a t  
t h e  Mackenzie  Highway c r o s s i n g  of t h e  
R e d k n i f e  R i v e r .  F i e l d  t e s t i n g  showed 
t h e  e f f e c t i v e n e s s  of b o t h  b a f f l e  t y p e s  
i s  i n v e r s e l y  p r o p o r t i o n a l  t o  c u l v e r t  
slope. Maximum recommended slope is  
5 p e r c e n t .  A method o f  j u d g i n g  adequacy  
of b a f f l e s  is p r o v i d e d .  The p r o b l e m s  
created by ice, d e b r i s ,  and s e d i m e n t  
are  p r e s e n t e d .  The l i s t  o f  f i g u r e s  
i n c l u d e s  d e s i g n  d i m e n s i o n s ,  i n s t a l -  
l a t i o n ,  and  w a t e r- s u r f a c e  p r o f i l e s  f o r  
o f f s e t  a n d  s p o i l e r  b a f f l e s ,  a s  w e l l  a s  
cross s e c t i o n a l  v e l o c i t y  d i s t r i b u t i o n s .  

20. Kay, A. R., and R. B. L e w i s .  
1970. P a s s a g e  of anadromous f i s h  
t h r o u g h  highway d r a i n a g e  s t r u c t u r e s .  
C a l i f .  Div .  Highw., D i s t .  0 1  R e s .  Rep. 
629110, 15 p. 

A u t h o r s  d i s c u s s  f a c t o r s  t h a t  i,mpede 
p a s s a g e  of m i g r a t i n g  f i s h  and e s t a b l i s h  

21. Lauman, J. E. 
1976. Salmonid p a s s a g e  a t  s t r e a m- r o a d  
c r o s s i n g s :  A r e p o r t  w i t h  d e p a r t m e n t  
s t a n d a r d s  f o r  p a s s a g e  o f  s a l m o n i d s .  
Oreg.  Dep. F i s h  and  W i l d l . ,  78 p. 
Po r t l a n d .  

The a u t h o r ' s  r e v i e w  p r o v i d e s  g u i d a n c e  
for b r i d g e  and c u l v e r t  projects. C a u s e s  
and  s o l u t i o n s  f o r  f i s h- p a s s a g e  
p rob lems- - excess ive  water v e l o c i t y  , 
i n a d e q u a t e  water d e p t h ,  e x c e s s i v e  
e n t r a n c e  jump--are d i s c u s s e d .  S t r u c t u r a l  
g u i d e l i n e s  f o r  l o c a t i o n ,  t y p e ,  and s i z e  
of f i s h w a y  are i n c l u d e d .  Recommended 
v e l o c i t i e s  f o r  a d u l t s  and  j u v e n i l e s ,  a s  
w e l l  a s  c o m p r e h e n s i v e  t a b l e s  and 
f i g u r e s ,  a re  p r e s e n t ~ e d .  

22. Leedy, D. L. 
1975. Highway- wi ld l i fe  r e l a t i o n s h i p s ,  
vo l .  1. A s t a t e - o f - t h e - a r t  r e p o r t .  
U.S. Dep. T r a n s . ,  Fed. Highw. Adm. 
Tech. R e p .  FHWA-RD-76-4, 183 p. 

An e x t e n s i v e  review o f  e f f e c t s  of 
highways,  i n c l u d i n g  l o g g i n g  r o a d s  and  
c o n s t r u c t i o n ,  o n  f i s h  and  w i l d l i f e  i s  
g i v e n .  Also i n c l u d e d  is  h a b i t a t  c r e a t e d  
by highway r igh t- of- way.  A d i s c u s s i o n  
o f  e r o s i o n ,  s e d i m e n t a t i o n ,  and loss  o f  
w i l d l i f e  h a b i t a t  i s  g i v e n  t h r o u g h  a 

are  i d e n t i f i e d  a s  a major source of 
s e d i m e n t  and r e s p o n s i b l e  f o r  d r a i n a g e  
o f  l a r g e  a r e a s  o f  w e t l a n d s .  A set o f  
recommendat ions  f o r  a d d i t i o n a l  r e s e a r c h  
o n  highway a n d  f i s h  and  w i l d l i f e  topics 
is l i s t e d  i n  a d d i t i o n  t o  g e n e r a l  g u i d e-  
1 i ne s for  management. 

. r e v i e w  o f  e x i s t i n g  l i t e r a t u r e .  Roads 

d e s i g n  c r i t e r i a  f o r  f i s h  p a s s a g e .  G r a p h s  
and  t a b l e s  are i n c l u d e d .  A f i e l d  i n-  
v e s t i g a t i o n  o f  4 0  e x i s t i n g  c u l v e r t s  was  
c o n d u c t e d  and t h e i r  f i s h- p a s s a g e  
c h a r a c t e r  is t ic s w e  re e v a l u a t e d  . 
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2 3 .  Leedy, D. L . ,  T. M I  F r a n k l i n ,  and  E, C. 
Hekimian. 
1 9 7  5. Hig hway-w i l d l  i f  e r e l a t i o n s h i p s ,  
v o l .  2. An a n n o t a t e d  b i b l i o g r a p h y .  
U . S .  Dep. T r a n s . ,  Fed.  Highw. Adm. 
Tech. Rep. FHWA-RD-76-5, 417 p. 

A g r o u p  o f  794 r e f e r e n c e s  p e r t a i n i n g  t o  
t h e  r e l a t i o n  of w i l d l i f e  and f i s h  to 
h ighways  a n d  highway c o n s t r u c t i o n  a r e  
a b s t r a c t e d .  Major topic a reas  a r e :  ( I )  
The highway sys t em:  e f f e c t s  o n  a n d  
r e l a t i o n  t o  f i s h  and  w i l d l i f e ;  (11) 
O p p o r t u n i t i e s  f o r  e n h a n c i n g  f i s h  a n a  
w i l d l i f e  and m i t i g a t i n g  or r e d u c i n g  
damage t o  t h e  r e s o u r c e ;  and  (111) 
Env i ronmen ta l  c o n s i d e r a t i o n s  and  
e v a l u a t i o n s  i n  highway p l a n n i n g ,  con-  
s t r u c t i o n ,  and o p e r a t i o n .  

24. Long, C. W .  
1959.  P a s s a g e  o f  s a l m o n i d s  t h r o u g h  a 
d a r k e n e d  f i shway.  F i s h  and  W i l d l .  
S e r v .  Spec .  S c i .  Rep.- Fish.  300 ,  9 p. 
Washington ,  D.C.  

An e x p e r i m e n t  t o  p r o d u c e  specif ic  i n-  
f o r m a t i o n  o n  r a t e  o f  a s c e n t  o f  s a l m o n i d s  
t h r o u g h  a d a r k e n e d  f i s h w a y  was c o n d u c t e d  
i n  a s h o r t ,  p o o l- a n d- o v e r f a l l  f i s h w a y  
w i t h o u t  submerged o r i f  ices. The f i s h  
( 9 8  p e r c e n t  s t e e l h e a d  t r o u t )  n e g o t i a t e d  
t h e  6- pool  f i s h w a y  s i g n i f i c a n t l y  f a s t e r  
i n  n e a r - t o t a l  d a r k n e s s  t h a n  i n  l i g h t  
c o n d i t i o n s  a p p r o x i m a t i n g  a b r i g h t ,  
c l o u a y  day .  

25. Lowman, I3. J. 
1974.  I n v e s t i g a t i o n  o f  f i s h  p a s s a g e  
p rob l ems  t h r o u g h  c u l v e r t s .  USDA Fo r .  
S e r v .  Equ ip .  Dev. C e n t . ,  Pro].  R e c .  ED&T 
2427, 1 7  p. M i s s o u l a ,  Mont. 

T h e  a u t h o r  r ev i ewed  p r o b l e m s  r e l a t e d  t o  
c u l v e r t  i n s t a l l a t i o n ,  r e q u i r e m e n t s  f o r  
f i s h  p a s s a g e  i n c l u a i n g  recommended 
v e l o c i t i e s ,  and c o r r e c t i v e  measu re s .  
B a f f l e s  i n  c u l v e r t s  a r e  d i s c u s s e d  w i t h  
r ep l i e s  from v a r i o u s  a g e n c i e s  t o  a 
q u e s t i o n n a i r e  o n  f i s h- p a s s a g e  p r o b l e m s  
and u s e  of b a f f l e s  i n  c u l v e r t s .  Economic 
v a l u e  o f  spawning areas  i s  rev iewed i n  
a n  append ix .  

26. McCle l l an ,  T. J. 
1970. F i s h  p a s s a g e  t h r o u g h  highway 
c u l v e r t s .  U.S. Dep. T r a n s . ,  Fed.  
Highw. Adm. and  Oreg .  S t a t e  G a m e  Comm.,  
1 6  p. P o r t l a n d .  

A r e v i e w  of 62 c u l v e r t s  i n s t a l l e d  by 
s e v e r a l  a g e n c i e s  i n  Oregon was made (1) 
t o  d e t e r m i n e  e f f e c t i v e n e s s  of i n s t a l -  
l a t i o n  to pass  f i s h  and ( 2 )  t o  e v a l u a t e  
wh ich  t y p e s  were most e f f e c t i v e ,  s i m -  
p l e s t  to  i n s t a l l ,  and least expensive to 
i n s t a l l  a n d  m a i n t a i n .  Revlew i n c l u d e d  
round p ipe ,  s i n g l e  and d o u b l e  c u l v e r t s  
w i t h  b a f f l e s  o r  o t h e r  spec ia l  d e v i c e s ,  
p l a t e d  a r c h e s  ( w i t h  b o t h  open  and  
c l o s e d  b o t t o m s ) ,  and  a few n o n c u l v e r t  
i n s t a l l a t i o n s .  The a u t h o r  c o n c l u d e d  
t h a t  stream c o n d i t i o n  a t  i n l e t  and  
o u t l e t  may o v e r r i d e  d e s i g n  i n  impor t ance .  
C o n t r o l l i n g  f a c t o r s  f o r  f i s h  p a s s a g e  
were v e l o c i t y ,  l e n g t h ,  s lope,  and  head-  
water and  t a i lwa te r  c o n d i t i o n s .  Descrip- 
t i o n  o f  c u l v e r t s  r ev i ewed ,  p rob l ems ,  
a n d  comments o n  f i s h  passage a r e  g i v e n .  
E v a l u a t i o n  f o r m s  w i t h  p h o t o g r a p h s  a re  
p r o v i d e d  i n  t h e  append ix .  

27. McKinley, W .  R . ,  and R. D.  Webb. 
1956. A proposea c o r r e c t i o n  o f  
m i g r a t o r y  f i s h  p rob l ems  a t  box 
c u l v e r t s .  Wash. Dep. F i s h .  F i s h  R e s .  
Pap. l ( 4 )  :33-45. 

The a u t h o r s  d i s c u s s  c u l v e r t  s t z n d a r d s  
and  methods o f  c u l v e r t  c o r r e c t i o n .  
Model  c u l v e r t  s t u d i e s ,  f i s h w a y  c r i t e r i a ,  
and a n  e x p e r i m e n t  o n  g r a d i n g  o f  b a f f l e s  
a r e  i n c l u d e d .  B a f f l e  a r r angemen t s- -  
t y p e s ,  s i z e s ,  d i m e n s i o n s ,  and so on-- 
a r e  d i s c u s s e d  a t  l e n g t h .  

28. Mavis ,  F. T. 
1943. The h y d r a u l i c s  o f  c u l v e r t s .  Pa. 
S t a t e  C o l l .  B u l l .  56 ,  34 p. 

?bo h y p o t h e s e s  a re  t e s t e d :  (1) When t h e  
c u l v e r t  f l o w s  p a r t l y  f u l l  and  t h e  i n l e t  
s e r v e s  a s  a c o n t r o l  s e c t i o n ,  t h e  d i s -  
c h a r g e  i s  a f u n c t i o n  o f  t h e  e l e v a t i o n  
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of t h e  headwa te r  pond above  t h e  i n v e r t  
o f  t h e  c u l v e r t  a t  t h e  i n l e t  f o r  a g i v e n  
c u l v e r t ;  and ( 2 )  The c u l v e r t  f l o w s  
e n t i r e l y  f u l l ,  and for a given cu lve r t  
t h e  d i s c h a r g e  i s  a f u n c t i o n  o n l y  of t h e  
d i f f e r e n c e  be tween  headwa te r  and  t a i l -  
water l e v e l s .  The report i n c l u d e s  
e x t e n s i v e  tests o f  c u l v e r t  h y d r a u l i c s :  
d i s c h a r g e  o f  c u l v e r t s  f l o w i n g  p a r t l y  
f u l l ,  or  f l o w i n g  f u l l  and  submerged;  
c a l c u l a t i o n s  f o r  f r e e  d i s c h a r g e  w i t h  
o u t l e t  f l o w i n g  f u l l ;  and  t r a n s i t i o n s  
be tween c a t e g o r i e s  of f l o w .  The paper 
i n c l u d e s  s k e t c h e s  and  t a b l e s .  

29. M e t s k e r ,  H. E. 
1970.  F i s h  v e r s u s  c u l v e r t s .  USDA F o r .  
S e r v .  Eng. Tech. R e p .  ETR-7700-5, 
1 9  p.  Washington ,  D.C. 

T h i s  report, directed toward  r e s o u r c e  
manage r s ,  i l l u s t r a t e s  some f i s h e r y  
problems associated w i t h  c u l v e r t s  a n d  
g i v e s  some s o l u t i o n s  t o  them. The 
a u t h o r  s u g g e s t s  u s e  o f , m u l t i p l e  
c u l v e r t s ,  stacked c u l v e r t s ,  o u t l e t  
c o n t r o l ,  downst ream bar r i e r s ,  and  
b a f f l e s  t o  f a c i l i t a t e  f i s h  p a s s a g e .  

30. O t i s ,  M.  B.,  and  D. G.  Pasko .  
1964. S u g g e s t e d  m e a s u r e s  for  
minimi 'zing damage t o  f i s h i n g  streams 
f r o m  highway projects. N.Y. Stat.e 
Conserv .  Dep., Div. F i s h  and  Game,  Bur .  
F i s h , \  4 p. Albany.  , 

\ 

The a u t h o r s  i n c l u d e  a series o f  recom- 
m e n d a t i o n s  f o r  s t r eambank  s t a b i l i z a t i o n ,  
b r i d g e  and  c u l v e r t  i n s t a l l a t i o n ,  g r a v e l  
r emova l  ( g e n e r a l l y  n o t  recommended), 
and  s t r e a m b a n k  c o v e r  and  s h e l t e r  
i mprovemen t s . 

31. S h e r i d a n ,  W. L. 
1969.  Benef i t /cost aspects o f  sa lmon 
h a b i t a t  improvement i n  t h e  A l a s k a  
r e g i o n .  USDA For. S e r v . ,  Reg. 1 0 ,  
47 p. Juneau .  

A method is p r e s e n t e d  f o r  b e n e f i t / c o s t  
a n a l y s i s  o f  projects to  improve h a b i t a t ,  
whereby f u n d s  c a n  be a l l o t t e d  to  o b t a i n  
t h e  h i g h e s t  do l l a r  r e t u r n  o n  t h e  i n v e s t -  
ment. The Sh rode  C r e e k  f i s h w a y  i s  
e v a l u a t e d .  

32. Shoemaker, R. H. 
1956. 
f i s h - l a d d e r  b a f f l e s .  N a t l .  R e s .  Counc.,  
Highw. R e s .  Board  Proc. 35:196-209. 

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

P lacement  o f  t r a n s v e r s e  b a f f l e s  i n  box 
c u l v e r t s  t o  p r o v i d e  f i s h  p a s s a g e  h a s  
become i n c r e a s i n g l y  n e c e s s a r y  i n  r e c e n t  
y e a r s .  Model s t u d i e s  were made t o  d e t e r -  
mine d e s i g n  factors  f o r  b a f f l e d  c u l v e r t s  
related t o  b a f f l e  h e i g h t  and  s p a c i n g ,  
and to  d e v e l o p  h y d r a u l i c a l l y  e f f i c i e n t  
b a f f l e  s h a p e s  fo r  u s e  i n  c u l v e r t s .  The 
r e s u l t s  o f  t h e  s t u d i e s ,  b a s e d  o n  t h e  
t r e a t m e n t  o f  b a f f l e s  a s  r o u g h n e s s  i n  a 
r e c t a n g u l a r  c o n d u i t ,  were o b t a i n e d  i n  
t h e  form o f  v e l o c i t y- h e a d  c o e f f i c i e n t s - -  
o n e  d e p e n d e n t  o n  and  t h e  o t h e r  i ndependen  
o f  f r i c t i o n  e f f e c t s .  

33. Skees ick ,  D. G. 
1970 .  The f a l l  i m m i g r a t i o n  o f  j u v e n i l e .  
c o h o  salmon i n t o  a small  t r i b u t a r y .  
Oreg .  F i s h  C o r n .  R e s .  Rep. 2 (1) : 90-95. 

An upstream- downstream t r a p  was moni- 
tored f o r  1 0  y e a r s ;  e a c h  f a l l ,  a n  
u p s t r e a m  m i g r a t i o n  of l a r g e  j u v e n i l e  
coho o c c u r r e d .  An a v e r a g e  of 62.6 per- 
c e n t  s u r v i v e d  and ' r e t u r n e d  downstream 
i n  t h e  s p r i n g  a s  smolts; t h e y  avera 'ged  
1 4  mm l o n g e r  t h a n  n a t i v e  stock. The 
r e c a p t u r e  r a t e  o f  a d u l t s  t h a t  had b e e n  
ups t ream- migrant  j u v e n i l e s  was 0 .3  per- 
c e n t  and  for  t h e  n a t i v e  stock it was 
0.8 p e r c e n t .  The a u t h o r  t h e o r i z e d  t h a t  
(1) t h e  immigrant  j u v e n i l e s  had s p e n t  
t h e  summer i n  t h e  main stream where 
t h e y  g rew r a p i d l y ;  ( 2 )  t h e y  e n t e r e d  t h e  
t r i b u t a r y  i n  t h e  f a l l  to  e s c a p e  h i g h  
water i n  t h e  main stream; and  ( 3 )  a s  
a d u l t s ,  t h e y  r e t u r n e d  t o  t h e i r  n a t a l  
stream r a t h e r  t h a n  t o  t h e  s t u d y  stream. 
O b s e r v a t i o n s  f rom t w o  o t h e r  r i v e r  
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s y s t e m s  a p p e a r  t o  s u b s t a n t i a t e  t h e  
b e h a v i o r  p a t t e r n  and  s u g g e s t  t h a t  o t h e r  
s p e c i e s  may have  s imi lar  h a b i t s .  

34.  S l a t i c k ,  E. 
1970 .  P a s s a g e  of a d u l t  sa lmon and 
t r o u t  t h r o u g h  p i p e s .  U.S. F i s h  and  
W i l d l .  S e r v .  Spec. S c i .  Rep.- Fish.  592, 
18 p. 

T h i s  s t u d y  d e t e r m i n e d  (1) i f  a d u l t  
salmon and t r o u t  would u s e  a p i p e  a s  a 
passageway,  and  (2) how t h e  c o n d i t i o n s  
a t  t h e  e n t r a n c e  and  w i t h i n  t h e  pipe-- 

passed through at 1.22 m/s. Sockeye 
salmon passed through equally well at 
flows of 0.76 and 1.22 m/s. No signifi- 
cant differences were demonstrated be- 
tween median passage times of small and 
large chinook salmon, sockeye salmon, 
coho salmon, or summer steelhead trout. 
Results of this experiment indicated 
that if proper flow conditions are pro- 
vided, a large percentage of migrating, 
adult salmon and steelhead will pass 
through an inclined pipe requiring a 
descent and ascent of about 5.2 m. 

s u c h  a s  d i a m e t e r  and  l e n g t h ,  i l l u m i -  
n a t i o n ,  and f l o w  w o u l d  i n f l u e n c e  36. T o l l e f s o n ,  T. C. 
p a s s a g e .  The p i p e s  were 0.3, 0.6, and 1966. F a c i l i t i e s  a t  c u l v e r t  i n s t a l -  
0.9 m i n  d i a m e t e r  and  27.4 t o  82.3 m l a t i o n s .  Wash. Dep. F i s h .  8 p. 
l o n g .  Chinook sa lmon ,  sockeye  sa lmon,  
c o h o  sa lmon,  and s t e e l h e a d  t r o u t  p a s s e d  
t h r o u g h  u n i i l u m i n a t e d  p ipes  up  t o  
82.3 m long .  Only s t e e l h e a d  a p p e a r e d  
t o  b e n e f i t  f rom i l l u m i n a t i o n .  Fo r  d i s -  
t a n c e s  up t o  82.3 m ,  a 0.6-m d i a m e t e r  
p ipe  was l a r g e  enough t o  pass a l l  sa lmon 
and t r o u t .  The f i s h  would n o t  r e a d i l y  
e n t e r  a 0.3-m pipe until special con- 
d i t i o n s  o f  water v e l o c i t y  and t r a n s i t i o n  
from pool t o  p i p e  were p r o v i d e d .  

35. S l a t i c k ,  E. 
1 9 7 1 .  P a s s a g e  o f  a d u l t  sa lmon and  
t r o u t  t h r o u g h  a n  i n c l i n e d  p i p e .  T r a n s .  
Am. F i s h .  SOC. lOO(3) :448-455. 

The a u t h o r  examined a passageway a t  
B o n n e v i l l e  D a m  o n  t h e  Columbia R i v e r ,  
which r e q u i r e d  a d e s c e n t  and a s c e n t  by 
m i g r a t i n g  a d u l t  sa lmon and  t r o u t .  The 
i n f l u e n c e  of water v e l o c i t i e s  on  f i s h  
p a s s a g e  was measured w i t h  v e l o c i t i e s  of 
0 . 3 0 ,  0.76, and 1.22 m / s ,  and t h e  re la-  
t i o n  be tween pe r fo rmance  and  l e n g t h  o f  
f i s h  was a e t e r m i n e d  by compar ing  median  
p a s s a g e  times o f  l a r g e  and  smal l  f i s h .  
From 64 to  1 0 0  p e r c e n t  of t h e  f i s h  
p a s s e d  t h r o u g h  t h e  p i p e  i n  45 m i n u t e s .  
Median p a s s a g e  t i m e s  ranged  from 3-23 
m i n u t e s .  Chinook sa lmon  p a s s e d  t h r o u g h  
t h e  p i p e  most r a p i d l y  a t  t h e  0.76-m/s 
f l o w ;  coho sa lmon and  s t e e l h e a d  t r o u t  

R e p o r t  i n c l u d e s  basic recommendat ions  
for  p l acemen t  of c u l v e r t s ,  u s e  o f  
b a f f l e s ,  downst ream c o n t r o l s ,  separator  
wal ls ,  and m u l t i p l e  i n s t a l l a t i o n s ,  p l u s  
d r a w i n g s  of t h e s e  f a c i l i t i e s .  

37. I ' r e f e t h e n ,  P. S. 
1968. F i s h  p a s s a g e  r e s e a r c h ,  r e v i e w  of 
p r o g r e s s ,  1961-66. U . S .  Dep. I n t . ,  
F i s h  and  W i l d l .  S e r v . ,  B u r .  Comer. 
F i s h . ,  C i r c .  254, 24 p. Washington ,  
D.C. 

R e s u l t s  of l a b o r a t o r y  and  f i e l d  e x p e r i -  
men t s  to  i n v e s t i g a t e  p rob lems  o f  
anadromous f i s h  p a s s a g e  a t  h i g h  dams a r e  
summarized. S t u d i e s  were made on :  pas- 
s a g e  o f  a d u l t  and  j u v e n i l e  f i s h  t h r o u g h  
l a r g e ,  medium, and small  impoundments; 
d e s i g n  and  o p e r a t i o n  o f  f a c i l i t i e s  f o r  
p a s s a g e  o f  a d u l t  f i s h  a t  dams; mortal i-  
t i e s  o f  j u v e n i l e  f i s h  p a s s i n g  t h r o u g h  
t u r b i n e s  and  methods  o f  r e d u c i n g  losses : 
c o l l e c t i o n  o f  j u v e n i l e  f i s h  f rom r i v e r s ,  
streams, and r e s e r v o i r s :  t r a n s p o r t a t i o n  
of j u v e n i l e  f i s h :  and  t h e  e f f e c t  of t h e  
c h a n g i n g  env i ronmen t  o n  p a s s a g e  and 
s u r v i v a l .  
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38. U . S .  Depar tment  o f  A g r i c u l t u r e ,  Forest 41 .  
S e r v i c e .  
1975. Making c u l v e r t s  good f i s h  
p a s s a g e s .  Equip .  Dev. Cen t .  4 p. 
M i s s o u l a ,  Mont. 

The report c o v e r s  f a c t o r s  i n f l u e n c i n g  
f i s h  p a s s a g e- - v e l o c i t y ,  l e n g t h ,  r e s t i n g  
pools, and  water d e p t h .  I n f o r m a t i o n  is 
summarized o n  e a c h  topic, w i t h  some 
b r i e f  recommendat ions .  

39. U.S.  Depar tment  of A g r i c u l t u r e ,  Forest 
S e r v i c e .  
1978. F i s h / c u l v e r t  roadway,  d r a i n a g e  
g u i d e .  Eng. and A v i a t .  Manage. Div . ,  
A l a s k a  Reg.,  J u n e a u .  Ser. R 10-42, 
125  p. 

A g u i d e  for e n g i n e e r s ,  b i o l o g i s t s ,  and  
h y d r o l o g i s t s  t o  a i d  i n  s o l v i n g  f i s h -  
p a s s a g e  prob lems ,  e s p e c i a l l y  f o r  
j u v e n i l e  sa lmon,  t r o u t ,  and  c h a r .  
Per formance  r a t i n g s  o f  v a r i o u s  c u l v e r t  
t y p e s ,  p r o c e d u r e s  f o r  s i t e  s e l e c t i o n ,  
methods o f  d e t e r m i n a t i o n  o f  t h e  d e s i g n  42. 
f l o w ,  a n d  h y d r a u l i c  c h a r t s  a n d  
nomographs are i n c l u d e d .  

40. U.S. Depar tment  of A g r i c u l t u r e ,  F o r e s t  
S e r v i c e ,  A l a s k a  Depar tment  o f  F i s h  and 
G a m e ,  a n d  Depar tment  o f  N a t u r a l  
R e s o u r c e s .  
1976. Logging and  f i s h  h a b i t a t .  USDA 
For. S e r v . ,  Reg. 1 0 ,  2 1  p. J u n e a u ,  
A l a s k a .  

T h i s  p u b l i c  i n f o r m a t i o n  p a m p h l e t  is 
d i rec ted  mainly t o  s p e c i a l i s t s  i n  timber- 
s a l e  l a y o u t ,  sa le  a d m i n i s t r a t o r s ,  a n d  
l o g g e r s .  Some of t h e  major h a b i t a t  
r e q u i r e m e n t s  o f  sa lmon and  t r o u t  a r e  
d e s c r i b e d .  Basic practices t h a t  w i l l  
h e l p  t o  protect t h e  h a b i t a t  are l i s t e d .  
P h o t o s  of proper and improper  methods 
a n d  e x a m p l e s  o f  good and  poor h a b i t a t s  
are i n c l u d e d .  

Watts, F. J. 
1974.  D e s i g n  o f  c u l v e r t  f i s h w a y s .  
Water Resour .  R e s .  I n s t . ,  62 p. Univ.  
I d a h o ,  MOSCOW. 

T y p e s  o f  f i s h  m i g r a t i o n  and  t y p i c a l  
f i s h- b l o c k a g e  problems associated w i t h  
c u l v e r t s  are  rev iewed .  Swimming c a p a-  
b i l i t i e s  o f  f i s h  a s  a f u n c t i o n  o f  
species, f i s h  l e n g t h ,  and  water tem- 
p e r a t u r e  are d i s c u s s e d .  A l s o  r ev iewed  
are:  (1) h y d r o l o g i c  c h a r a c t e r i s t i c s  o f  
streams and t h e  i m p o r t a n c e  o f  t h e  t i m i n g  
o f  f i s h  r u n s  a n d  peak d i s c h a r g e ;  ( 2 )  a 
p r o c e d u r e  for a n a l y z i n g  c u l v e r t s  of cor- 
r u g a t e d  metal pipe and  p i p e  a r c h e s  f o r  
recommended swimming v e l o c i t i e s ;  ( 3 )  
slot-orif  ice f i s h w a y s  fo r  box c u l v e r t s  
( s lo t  or i f ice  p l a c e d  p e r p e n d i c u l a r  t o  
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f i s h w a y s  for  box c u l v e r t s  was d e v e l o p e d .  
C h a r a c t e r i s t i c s  f o r  a s a t i s f a c t o r y  f i s h -  
way are  i d e n t i f i e d .  G r a p h s  f o r  s i z i n g  
s l o t - o r i f i c e  f i s h w a y s  f o r  a g i v e n  p e r -  
formance  c a p a b i l i t y  of a f i s h  a re  
p r e s e n t e d .  The h y d r a u l i c s  o f  s lo t  
o r i f i c e s  c o n s t r u c t e d  i n  t h e  f a c e  o f  
s k e w e d  w i n g w a l l s  are explained. A t a b l e  
c o m p i l e d  f rom e x i s t i n g  l i t e r a t u r e  l is ts  
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The a u t h o r s  r ev i ew  l i t e r a t u r e  o n  s w i m -  
ming pe r fo rmance  o f  f i s h  i n  c u l v e r t s  t o  
e s t a b l i s h  s t a n d a r d s  f o r  c u l v e r t  d e s i g n  
a n d  i n s t a l l a t i o n  t o  i n s u r e  f i s h  pas- 
sage .  Measured swimming a b i l i t i e s  o f  
game and nongame f i s h  a r e  e x p l o r e d ,  a s  
w e l i  a s  f a c t o r s  a f f e c t i n g  swimming 
per formance- - such  a s  water t e m p e r a t u r e ,  
d i s s o l v e d  oxygen ,  a n a  p r e v i o u s  e x e r t i o n .  
The a u t h o r s  d i s c u s s  b a f f l e s ,  downst ream 
c o n t r o l s ,  and  m u l t i p l e  i n s t a l l a t i o n s .  
Appendixes  i n c l u d e  recommendat ions  f o r  
proper c u l v e r t  i n s t a l l a t i o n ,  g r a p h s  of 
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f i s h ,  and  methods  f o r  c u l v e r t  
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The mechan ic s  o f  f i s h  p a s s a g e  a t  and i n  
p ipe  c u l v e r t  waterways  unde r  h ighways  
are  g i v e n .  I l l u s t r a t i o n s  of s t y l i z e d  
moaels d e m o n s t r a t e  s t r e s s - l e v e l  p a t t e r n s  
of a m i g r a t i n g  f i s h  t h r o u g h  time com- 
pared w i t h  no rma l  pe r fo rmance- - fo r  
example ,  t h e  w o r k  r e q u i r e d  of a f i s h  t o  
n a v i g a t e  t h r o u g h  a c u l v e r t  where  t h e  
u p s t r e a m  end  head  is less t h a n  o n e  pipe-  
diameter. Hydrodynamics a r e  examined 
f o r  t h e  f o l l o w i n g :  t o t a l  o p p o s i n g  force 
o n  swimming f i s h ;  g r a d i e n t  v e c t o r ;  d r a g  
f o r c e  o n  t h e  f i s h ;  w e i g h t  o f  f i s h ;  a n g l e  
o f  i n c l i n a t i o n  of h y a r a u l i c  g r a d i e n t ;  
l e n g t h  o f  f i s h ;  mass d e n s i t y  o f  f l u i d ;  
v e l o c i t y  o f  f i s h  r e l a t i v e  t o  t h e  wate r ;  
r a t e  a t  which  f i s h  e x p e n d s  e n e r g y ;  
t r a n s i t  t i m e  t h r o u g h  c u l v e r t ;  l e n g t h  of 
c u l v e r t ;  and v e l o c i t y  o f  f i s h  r e l a t i v e  
t o  t h e  c h a n n e l .  The report  g i v e s  a 
c h e c k l i s t  o f  c o n t r o l l i n g  f a c t o r s  t o  
c o n s i d e r  when d e s i g n i n g  t h e  c u l v e r t .  
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S t a n d a r d s  f o r  d e s i g n  a n d  p l a c e m e n t  o f  
c u l v e r t s  i n  salmon streams a re  pre- 
s e n t e d ;  a g r a p h  shows swimming 
c a p a b i l i t y  o f  m i g r a t i n g  sa lmon r e l a t e d  
t o  t h e  h o r i z o n t a l  d i s t a n c e  be tween  
r e s t i n g  pools and  t h e  v e l o c i t y  o f  t h e  
water i n  t h e  c u l v e r t .  
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Anderson ,  L y n e t t e ,  and Mason B r y a n t .  
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A r epor t  of spec ia l  i n t e r e s t  t o  f i she ry  biolo- 
g i s t s ,  r e s o u r c e  managers ,  h y d r o l o g i s t s ,  and  road  
e n g i n e e r s ,  t h i s  b i b l i o g r a p h y  l ists  p u b l i c a t i o n s  
p e r t i n e n t  to  r o a d  c r o s s i n g s  of sa lmon and t r o u t  
streams. T o p i c s  i n c l u d e  b r i d g e  and  c u l v e r t  i n s t a l -  
l a t i o n ,  d e s i g n  c r i t e r i a ,  m e c h a n i c s ,  h y d r a u l i c s ,  and  
economics ,  a s  w e l l  a s  t h e i r  b i o l o g i c a l  e f f e c t s .  

Keywords: B i b l i o g r a p h i e s  ( f i s h  h a b i t a t ) ,  f i s h  
h a b i t a t ,  f o r e s t  e n g i n e e r i n g .  



The Forest Service of the U.S. Department of 
Agriculture is dedicated to the principle of multiple 
use management of the Nation’s forest resources 
for sustained yields of wood, water, forage, wildlife, 
and recreation. Through forestry research, 
cooperation with the States and private forest 
owners, and management of the National Forests 
and National Grasslands, it strives - as directed by 
Congress - to provide increasingly greater service 
to a growing Nation. 

The U.S. Department of Agriculture is an Equal 
Opportunity Employer. Applicants for all Department 
programs will be given equal consideration without 
regard to age, race, color, sex, religion, or national 
origin. 

G P O  992-135  


	ABSTRACT
	REFERENCES BY SUBJECT

