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ABSTRACT 
The c o n s t r u c t i o n  and e x i s t e n c e  of f o r e s t  roads, l a n d i n g s ,  

and deck ing  a r e a s  may have s i g n i f i c a n t  e f f e c t s  on anadromous f i s h  
h a b i t a t .  Major e f f e c t s  d i s c u s s e d  i n  t h i s  p a p e r  are i n c r e a s e d  
s e d i m e n t a t i o n  from t r a n s p o r t a t i o n  ne tworks ,  t h e  h i n d r a n c e  t o  f i s h  
m i g r a t i o n  of d r a i n a g e  s t r u c t u r e s ,  and p o s s i b l e  changes  i n  water 
q u a l i t y  from road s t a b i l i z a t i o n  a d d i t i v e s .  G u i d e l i n e s  and 
recommendations t o  d e c r e a s e  or e l i m i n a t e  a d v e r s e  e f f e c t s  are also 
g i v e n .  

KEYWORDS: F i s h  h a b i t a t ,  water q u a l i t y ,  s e d i m e n t a t i o n ,  road  
b u i l d i n g  (f o r e s t / l o g g i n g )  . 
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This is one of a series of publications summarizing knowledge 
about the influences of forest and rangeland management on anadromous 
fish habitat in Western North America. This paper addresses the ef- 
fects on fish habitat of naturally occurring watershed disturbances 
and sets the scene for future discussions of the influences of human 
activities. 

Our intent in presenting the information in these publications 
is to provide managers and users of the forest and rangelands of 
Western North America with the most complete information available 
for estimating the consequences of various management alternatives. 

In this series, we will summarize published and unpublished 
reports and data as well as the observations of resource scientists 
and managers developed over years of experience in the West. These 
compilations will be valuable to resource managers in planning uses 
of forest and rangeland resources, and to scientists in planning 
future research. The extensive lists of references will serve as a 
bibliography on forest and rangeland resources and their uses for 
Western North America. 

Previous publications in these' series include: 

1. "Habitat requirements of anadromous salmonids," 
by D. W. Reiser and T. C. Bjornn. 

2 "Impacts of natural events,"  by Douglas N. Swanston . 
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INTRODUCTION 
A fo res t  t r a n s p o r t a t i o n  

system can  have s i g n i f i c a n t  
e f f e c t s  on anadromous f i s h  and 
t h e i r  h a b i t a t s .  O f t e n ,  t h e  
e f f e c t s  have been adve r se .  
Examples of a d v e r s e  changes 
caused  by forest r o a d s ,  l o g  
s o r t i n g ,  and l o g- s t o r a g e  areas 
i n c l u d e  i n c r e a s e d  sed iment  and 
o r g a n i c  d e b r i s  i n  streams,  

changes  i n  water q u a l i t y  and 
q u a n t i t y ,  fo rma t ion  of p h y s i c a l  
barriers t o  t h e  movement of 
a d u l t  and j u v e n i l e  f i s h ,  and 
i n c r e a s e d  human access t o  
p r e v i o u s l y  remote or  i s o l a t e d  
areas. 

T h i s  r e p o r t  d e s c r i b e s  how 
e l emen t s  of a forest  
t r a n s p o r t a t i o n  system c a u s e  
envi ronmenta l  changes t h a t  
a f f e c t  anadromous f i s h  h a b i t a t  
and p r o v i d e s  g u i d e l i n e s  f o r  t h e  
d e s i g n ,  c o n s t r u c t i o n ,  and 
main tenance  of t h e s e  f a c i l i t i e s  
t o  minimize a d v e r s e  e f f e c t s .  
I n  t h e  first p u b l i c a t i o n  i n  
t h i s  series, Reiser and Bjornn  
have d i s c u s s e d  h a b i t a t  
r e q u i r e m e n t s  of anadromous 
sa lmonids ;  w e  w i l l  l i m i t  o u r  
d i s c u s s i o n  t o  e f f e c t s  on t h e  
f i s h  and t h e i r  h a b i t a t s  t h a t  
d i r e c t l y  stem from forest  r o a d s ,  
l o g  s o r t i n g ,  and l o g- s t o r a g e  
areas. 

. 
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The f a c t  t h a t  f o r e s t  roads  
c a u s e  i n c r e a s e d  e r o s i o n  and 
s e d i m e n t a t i o n  canno t  be 
d i s p u t e d .  I n c r e a s e d  sediment  i n  
streams a f t e r  c o n s t r u c t i o n  of 
r o a d s  can  be dramatic and long- 
l a s t i n g .  The inc remen ta l  
sed iment  c o n t r i b u t i o n  p e r  u n i t  
a r e a  from roads i s  o f t e n  many 
times t h a t  from a l l  o t h e r  land-  
management a c t i v i t i e s ,  i n c l u d i n g  
l o g  s k i d d i n g  and y a r d i n g ,  Based 
on t o t a l  area,  however, b o t h  
r o a d s  and logging  appea r  t o  
c o n t r i b u t e  e roded  material  
n e a r l y  e q u a l l y .  Gibbons and 
Salo  (1973)  reviewed over 25 
a r t i c l e s  on t h e  impact of  t imber  
h a r v e s t i n g  on stream environments  
and concluded t h a t  fores t  r o a d s  
are  t h e  pr imary  i n i t i a t o r  of  ero-  
s i o n  caused  by human a c t i v i t i e s .  

The pr imary  mechanisms by 
which sediment  from roads 
r e a c h e s  streams a re  mass s o i l  
movement and s u r f a c e  e r o s i o n .  
Because fo res t s  and s t e e p  
t e r r a i n  seem, fo r  t h e  most p a r t ,  
t o  go t o g e t h e r ,  mass-movement 
e r o s i o n  i s  t h e  predominant  mode 

o f  sed iment  t r a n s p o r t  from 
f o r e s t  roads .  Swanston and 
Swanson (1976)  d e s c r i b e d  f o u r  
main t y p e s  of mass movements 
common t o  Western fo res t  l a n d s .  
S o i l  creep, s lump- ear thf  lows, 
d e b r i s  ava lanches ,  and d e b r i s  
t o r r e n t s  are d i f f e r e n t i a t e d  
main ly  by speed of  t r ave l  and 
shape  of t h e  f a i l u r e  s u r f a c e .  
The c o n s t r u c t i o n  of  r o a d s  across 
some slopes can  i n i t i a t e  o r  
accelerate  slope fa i lu re- - f rom 
several t o  hundreds  of times, 
depending on such v a r i a b l e s  as  
s o i l  t y p e ,  s l o p e  s t e e p n e s s ,  
p r e s e n c e  of subsu r f  ace water, 
and  road  l o c a t i o n  (Anderson 
1971,  Larse 1971, Swanston 1971, 
Swanson 1975, Swanston and 
Swanson 1 9 7 6 ) .  

The c o n s t r u c t i o n  of a 
r o a d ,  l a n d i n g ,  o r  l o g- s o r t i n g  
area on a h i l l s l o p e  i s  a severe 
and c o n c e n t r a t e d  d i s t u r b a n c e .  
Such c o n s t r u c t i o n  can  i n i t i a t e  
mass movements of s o i l  by 
o v e r l o a d i n g  t h e  slope from 
improper  f i l l  c o n s t r u c t i o n ,  
u n d e r c u t t i n g  an  a l r e a d y  
m a r g i n a l l y  s tab le  s lope,  and 
impeding o r  changing s u r f  ace 
and s u b s u r f  ace runof f  reg imes  
( L a r s e  1971, Burroughs e t  a l .  
1 9 7 6 ) .  Table  1 shows how 
s e v e r e l y  roads  can  i n c r e a s e  
e r o s i o n  rates as  i n d i c a t e d  by 
t h e  r a t e  of d e b r i s- a v a l a n c h e  
e r o s i o n  i n  f o u r  wide ly  separate 
wa te r sheds  i n  Western Canada 
and t h e  United S t a t e s  (Swanston 
and Swanson 1 9 7 6 ) .  The v a l u e s  
shown are  on ly  f o r  d e b r i s  
a v a l a n c h e s  and do n o t  i n c l u d e  
amounts from o t h e r  road-  
a s s o c i a t e d  mass o r  s u r f a c e  
e v e n t s  . 
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T a b l e  1- - Debr i s- ava lanche  e r o s i o n  i n  f o r e s t ,  c l e a r c u t ,  a n d  r o a d e d  areas ( S w a n s t o n  a n d  Swanson 1 9 7 6 ) .  

P e r i o d  o f  
S i t e  r e c o r d  A r e a  

R a t e  o f  d e b r i s- a v a l a n c h e  
Debr i s - a v a l a n c h e  e r o s i o n  r e l a t i v e  t o  

S l i d e s  e r o s i o n  f o r e s t e d  areas 

Year P e r c e n t  - Km2 Number M3 / km2 . y r  

S t e q u a l e h o  C r e e k ,  Olympic P e n i n s u l a  ( F i k s d a l  1 9 7 4 )  

F o r e s t  84  79 19 .3  25 71.8 
C l e a r c u t  6 1 8  4.4 0 0 
Road r igh t- of- way 6 3 0.7 83 11 825 

24.4 108 71.8 

A l d e r  C r e e k ,  w e s t e r n  C a s c a d e  Range, Oregon ( M o r r i s o n  1 9 7 5 )  

F o r e s t  25 70.5 1 2 . 3  7 45.3 
C l e a r c u t  1 5  26.0 4.5 18 117 .1  
Road r i g h t- o f- w a y  1 5  3 .5  0.6 75 1 5  565 

17 .4  100 

x . 1 .0  
0 

X 165 

X 1 .0  
X 2 .6  
x 344 

S e l e c t e d  D r a i n a g e s ,  Coast Mounta ins ,  S . W .  B r i t i s h  Columbia ( O ' L o u g h l i n  1972 ,  a n d  p e r s o n a l  communica t ion)  

F o r e s t  32 88 .9  246.1 29 
C l e a r c u t  32 9.5 26.4 1 8  
Road r igh t- of- way 32 1 . 5  4.2 11 

11.2 
24 .5  

2 8 2 . 5  

X 1 .0  
X 2.2 
X 25.2 

H.  J .  Andrews E x p e r i m e n t a l  F o r e s t ,  w e s t e r n  C a s c a d e  Range, Oregon  (Swanson and  D y r n e s s  1 9 7 5 )  

F o r e s t  25 77.5 49.8 31  
C l e a r c u t  25 . 1 9 . 3  12 .4  30 
Road r igh t- of- way 25 3.2 2.0 69 

35.9 
132.2 

1 772 

X 1 .0  
X 3.7 
X 49 

1' C a l c u l a t e d - f r o m  O ' L o u g h l i n  ( 1 9 7 2 ,  a n d  p e r s o n a l  c o m m u n i c a t i o n ) ,  a s s u m i n g  t h a t  t h e  area i n  r o a d  
c o n s t r u c t i o n  i n  a n d  o u t s i d e  c l e a r c u t t i n g s  i s  1 6  p e r c e n t  o f  t h e  area c l e a r c u t .  

I n  a d d i t i o n  t o  sed iment  
o r i g i n a t i n g  from mass e r o s i o n  
a s s o c i a t e d  w i t h  r o a d s ,  e r o s i o n  
from road s u r f a c e s  a lso 
c o n t r i b u t e s  sed iment  t o  streams. 
S u r f a c e  e r o s i o n  from f i l l  and 
c u t  s l o p e s ,  road s u r f a c e s ,  and 
d r a i n a g e  d i t c h e s  can  s e v e r e l y  
a f f e c t  streams below t h e  r i g h t -  
of-way (Burns  1970, Brown and 
K r y g i e r  1 9 7 1 ,  L a r s e  1 9 7 1 ,  
Gibbons and Salo 1973, 
F a r r i n g t o n  and Sav ina  1 9 7 7 ) .  
Although t h i s  t y p e  of e r o s i o n  
i s  d i f f i c u l t  t o  measure,  
i n v e s t i g a t i o n s  i n  s p e c i f i c  s o i l  
t y p e s  and climatic c o n d i t i o n s  
have g i v e n  some i d e a  of  t h e  
s o i l  loss from f o r e s t  r o a d s  
( F r e d r i k s e n  1965, Megahan and 
Kidd 1 9 7 2 ) .  For example, Haupt 

(1959)  found t h a t  r o a d - f i l l  
s l o p e s  were t h e  pr imary  s o u r c e  
of sediment  moving downslope. 
Packer  and Haupt (1966)  a s s e s s e d  
losses by s u r f a c e  e r o s i o n  from 
fores t  r o a d s  i n  t h e  n o r t h e r n  
Rocky Mountains and p r e s e n t e d  
g u i d e l i n e s  t o  r educe  s u r f a c e  
e r o s i o n  and s e d i m e n t a t i o n .  

3 



CONTROLLING SEDIMENTATION 
THROUGH PLANNING 
AND DESIGN 

L a r s e  ( 1 9 7 1 )  p o i n t e d  o u t  
t h a t  t h e  most impor tan t  s t e p s  t o  
minimize t h e  impact  of  road 
c o n s t r u c t i o n  on streams u s u a l l y  
o c c u r  d u r i n g  r e c o n n a i s s a n c e ,  
p l a n n i n g ,  and r o u t e  s e l e c t i o n ,  
r a t h e r  t h a n  d u r i n g  o r  a f t e r  
c o n s t r u c t i o n .  H e  and o t h e r s  
have a l s o  r e p e a t e d l y  p o i n t e d  o u t  
t h a t  problems can  be reduced by 
i n c l u d i n g  s p e c i a l i s t s  such  a s  
g e o l o g i s t s ,  s o i l  s c i e n t i s t s ,  
f i s h e r i e s  b i o l o g i s t s ,  and 
h y d r o l o g i s t s  on t h e  p lann ing  
team . Key envi ronmenta l  
problems and c o n s t r a i n t s  are  t o o  
o f t e n  over looked when r o u t e s  are 
l o c a t e d  and r o a d s  des igned  by 
one  pe r son .  Numerous g u i d e s  f o r  
r educ ing  and c o n t r o l l i n g  e r o s i o n  
from r o a d s  have been d e v i s e d  
(Tr imble  and S a r t z  1957, Haupt 
1959, Packer  and Haupt 1966, 
Gons ie r  and Gardner  1971, L a r s e  
1971, Burroughs e t  a l .  1 9 7 6 ,  

1/ Megahan 1977) .  L a r s e  (1971)- 

s e l e c t i o n  t o  minimize e r o s i o n  as 
f ollows : 

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

. P l a n  r o a d s  t o  t a k e  maximum 
advantage  of n a t u r a l  l o g  
l a n d i n g  areas. 

. Take advantage  of benches ,  
r i d g e  t o p s ,  and t h e  f l a t t e r  
t r a n s i t i o n a l  s l o p e s  n e a r  
t h e  r i d g e s  and v a l l e y  
bot toms.  Avoid mids lope  
l o c a t i o n s  on s t e e p ,  
u n s t a b l e  s l o p e s .  Grades .  
o f  1 4- 1 6  p e r c e n t  are  
p r a c t i c a l  f o r  low-use 
r o a d s  

 . Locate  va l ley- bot tom r o a d s  
t o  p r o v i d e  a b u f f e r  s t r i p  
o f  n a t u r a l  v e g e t a t i o n  
between road and stream. 
P o s i t i o n  r o a d s  on t h e  
t r a n s i t i o n  between t h e  toe 
s l o p e  and terrace t o  
p r o t e c t  t h e  road s l o p e s  
from f l o o d  e r o s i o n .  Roads 
shou ld  n o t  be b u i l t  i n  
v a l l e y  bot toms i f  
encroachment on t h e  
stream w i l l  r e s u l t .  

.  Locate r i d g e- t o p  r o a d s  t o  
avo id  headwal l s  a t  t h e  
s o u r c e  of t r i b u t a r y  
d r a i n a g e s .  

.  Vary road  g r a d e s ,  when 
p o s s i b l e ,  t o  r educe  road-  
s u r f a c e  e r o s i o n  and f lows 
from c u l v e r t s  and d r a i n a g e  
d i t c h e s .  

.  Select stream c r o s s i n g s  
c a r e f u l l y  t o  t a k e  advantage  
o f  t h e  b e s t  d r a i n a g e .  

1/ For  more d e t a i l e d  
recommendations r e f e r  t o  L a r s e  
( 1 9 7 1 )  . 
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I n  a d d i t i o n ,  where stream 
p r o t e c t i o n  f o r  f i s h e r i e s  i s  
i m p o r t a n t ,  t h e  recommendation 
by F a r r i n g t o n  and Sav ina  ( 1 9 7 7 )  
t h a t  no roads be b u i l t  i n  a 
stream's i n n e r  gorge  shou ld  
p robab ly  be added t o  t h e  above 
s i x  recommendations . F a r r i n g t o n  
and Sav ina '  s recommendation may 
b e  c o n s i d e r e d  merely a n  
e x t e n s i o n  of L a r s e ' s  t h i r d  
g u i d e l i n e ,  however. 

A f t e r  t h e  r o u t e  i s  
s e l e c t e d ,  p o s i t i v e  measures  t o  
r educe  e r o s i o n  shou ld  be 
i n c o r p o r a t e d  i n t o  t h e  road  
d e s i g n  and c o n s t r u c t i o n .  The 
f o l l o w i n g  recommendations by 
L a r s e  (1971,  see f o o t n o t e  1) 
summarize good e r o s i o n- c o n t r o l  
measures  t h a t  shou ld  be b u i l t  
i n t o  f o r e s t  r o a d s :  

Wi th in  l i m i t a t i o n s  
n e c e s s a r y '  f o r  t y p e  and 
volume of  t r a f f i c ,  f i t  
r o a d s  t o  t e r r a i n  w i t h  
minimum of road  width.  

Minimize e x c a v a t i o n  w i t h  a 
ba l anced  ear thwork  d e s i g n  
whenever p o s s i b l e .  Bench 
o r  terrace and d r a i n  
n a t u r a l  s l o p e s  t o  p r o v i d e  
a sound f o u n d a t i o n  fo r  
embankments . 
Design r o l l i n g  g r a d e s  t o  
r e d u c e  s u r f a c e  water 
v e l o c i t y  and c u l v e r t  
r e q u i r e m e n t s ,  b u t  avo id  
c o i n c i d i n g  h o r i z o n t a l  and 
v e r t i c a l  c u r v e s  t h a t  
c o n c e n t r a t e  s u r f  ace r u n o f f  . 
Design c u t  and f i l l  s l o p e s  

 as steep a s  p o s s i b l e  
c o n s i s t e n t  w i t h  t h e  
s t a b i l i t y  and s t r e n g t h  of 
s o i l  and rock  fo rma t ions .  
Round' tops  of c u t  s l o p e s  t o  
r educe  s lough ing  and 
s u r f  ace r a v e l . 

.   Use r e t a i n i n g  walls, w i t h  
p r o p e r l y  des igned  d r a i n a g e ,  
t o  reduce  e x c a v a t i o n ,  
c o n t a i n  bank material, and 
p r e v e n t  stream encroachment.  

. Vary d i t c h  and c u l v e r t  
r e q u i r e m e n t s  depending on 
topography,  road g r a d i e n t ,  
so i l  e r o d a b i l i t y ,  and 
expec ted  i n t e n s i t y  of 
r a i n f a l l . 

.     Place c u l v e r t s  t o  avoid  
d i s c h a r g e  o n t o  e r o d i b l e  
s l o p e s  o r  i n t o  streams. 
I n s t a l l  c r o s s- d r a i n a g e  
c u l v e r t s  immediately  up- 
g r a d e  of headwa l l s  and 
stream c r o s s i n g s  t o  
p r e v e n t  d i t c h  sed iment  
from e n t e r i n g  t h e  stream . 

.    Design d r a i n a g e  s t r u c t u r e s  
t o  accommodate t h e  f low of  
streams based on a t  leas t  
a 25-year f l o o d  f requency  
( 5 0  y e a r s  f o r  l a r g e  
permanent b r i d g e s  and 
major  c u l v e r t s ) ,  w i t h  due 
c o n s i d e r a t i o n  g i v e n  t o  t h e  
p o s s i b i l i t y  of bedload and 
d e b r i s  r e s t r i c t i n g  f l o w  
c a p a c i t y  of t h e  s t r u c t u r e .  

.      Determine t h e  e x t e n t  and 
t y p e  of f i s h  h a b i t a t  
b e f o r e  s e l e c t i n g  c r i t e r i a  
for s t r u c t u r e  d e s i g n .  
B r i d g e s  and a r c h  c u l v e r t s  
a re  p r e f e r r e d  i n  streams 
w i t h  mig ra to ry  f i s h .  
Where c u l v e r t s  are used ,  
g r a d i e n t  shou ld  be less 
t h a n  1 p e r c e n t ,  and a 
c o n s t a n t  minimum f l o w  of 
5- 6 i n c h e s  shou ld  be 
p rov ided  a t  maximum 
v e l o c i t i e s  of 6-8 f t / s  
d u r i n g  low-water s t a g e s .  
Scour ing  a t  t h e  o u t l e t  can  
b e  e l i m i n a t e d  by ene rgy  
d i s s i p a t o r s ,  such as heavy 
r o c k  r i p r a p ,  weirs, o r  
gab ions  . 
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.  Avoid channel  changes and 
p r o t e c t  embankment w i t h  
r i p r a p ,  masonry headwal l s ,  
o r  o t h e r  r e t a i n i n g  
s t r u c t u r e s .  A l ign  l a r g e  
c u l v e r t s  w i t h  t h e  n a t u r a l  
c o u r s e  and g r a d i e n t  of  t h e  
stream. Design t h e  
p lacement  of l a r g e  c u l v e r t  
i n v e r t s  lower t h a n  t h e  
n a t u r a l  s t reambed . 
F l o a t a b l e  d e b r i s  d u r i n g  
h i g h  streamflow can  p l u g  
small c u l v e r t s  and res t r ic t  
f low a t  l a r g e r  c u l v e r t s  
and b r i d g e s ,  c a u s i n g  
s e v e r e  road embankment, 
s t reambank e r o s i o n ,  o r  
channel  changes.  T rash  
r a c k s ,  i f  p r o p e r l y  
d e s i g n e d ,  c o n s t r u c t e d ,  and 
ma in ta ined ,  can  r educe  
c u l v e r t  p lugg ing .  Trash  
r a c k s  can  sometimes be 
b a r r i e r s  t o  f i s h  movement; 
o t h e r  measures t o  i n s u r e  
c u l v e r t  o r  b r i d g e  s u r v i v a l  
shou ld  b e  c o n s i d e r e d  . 

.  Most f o r e s t  r o a d s  shou ld  
b e  s u r f a c e d .  The t y p e  of 
s u r f a c e  w i l l  u s u a l l y  be 
determined by t r a f f i c ,  
maintenance  objectives,  
d e s i r e d  s e r v i c e  l i f e ,  and 
t h e  s t a b i l i t y  and s t r e n g t h  
o f  t h e  road f o u n d a t i o n  
material .  

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

. P r i o r  t o  comple t ion  of 
d e s i g n  drawings ,  f i e l d  
check t h e  d e s i g n  t o  a s s u r e  
t h a t  it f i t s  t h e  t e r r a i n ,  
d r a i n a g e  needs have been 
s a t i s f i e d ,  and a l l  c r i t i c a l  
s l o p e  c o n d i t i o n s  have been 
i d e n t i f i e d  and adequa te  
d e s i g n  s o l u t i o n s  a p p l i e d  

ROAD CONSTRUCTION 
AND MAINTENANCE 

A c h a l l e n g e  t o  t h e  
r o a d b u i l d e r  i s  t o  c o n s t r u c t  t h e  
d e s i g n e d  f a c i l i t y  w i t h  a minimum 
o f  d i s t u r b a n c e ,  w i t h o u t  damage 
t o  o r  con tamina t ion  of t h e  
a d j a c e n t  l andscape ,  water 
q u a l i t y ,  and o t h e r  r e s o u r c e  
v a l u e s .  Some of t h e  most 
s e v e r e  s o i l  e r o s i o n  can  be 
t r a c e d  t o  poor  c o n s t r u c t i o n  
p r a c t i c e s ,  i n s u f f i c i e n t  
a t t e n t i o n  t o  d r a i n a g e  d u r i n g  
c o n s t r u c t i o n ,  and o p e r a t i o n s  
d u r i n g  a d v e r s e  wea the r  
c o n d i t i o n s .  

C o n s t r u c t i o n  o p e r a t i o n s  
c a n  be  conducted  i n  most t e r r a i n  
and climatic c o n d i t i o n s  i f  t h e  
r o a d b u i l d e r  t a k e s  p r e c a u t i o n s  
t o  minimize s o i l  e r o s i o n  and 
stream s e d i m e n t a t i o n .  Good 
t e c h n i c a l  e n g i n e e r i n g  work w i l l  
n o t  i t se l f  c o n t r o l  e r o s i o n  
d u r i n g  c o n s t r u c t i o n ,  b u t  work 
must be d e l i b e r a t e l y  p lanned ,  
s c h e d u l e d ,  and c o n t r o l l e d  so 
t h a t  d i f f e r e n t  p h a s e s  a re  
performed under  optimum con- 
d i t i o n s .  When s o i l  m o i s t u r e  
i s  e x c e s s i v e ,  ea r thwork  
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o p e r a t i o n s  shou ld  be suspended 
and measures  t a k e n  t o  weather- 
proof  t h e  p a r t i a l l y  completed 
work. Work w i t h i n  or  a d j a c e n t  
t o  streams and water c h a n n e l s  
shou ld  n o t  be a t t e m p t e d  d u r i n g  
p e r i o d s  of  h i g h  streamflow, 
i n t e n s e  r a i n f a l l ,  o r  mig ra to ry -  
f i s h  spawning. 

The c l e a r i n g  of d e b r i s  
u n d e r l y i n g ,  s u p p o r t i n g ,  o r  
mixed w i t h  embankment o r  waste 
material i s  a common c a u s e  of 
road  f a i l u r e  and mass s o i l  
movement. The n e c e s s a r y  s l o p e  
bonding,  s h e a r  r e s i s t a n c e ,  and 
embankment d e n s i t y  f o r  maximum 
s t a b i l i t y  c a n n o t  be achieved  
u n l e s s  o r g a n i c  d e b r i s  i s  
d i s p o s e d  of  b e f o r e  embankment 
c o n s t r u c t i o n  i s  s t a r t e d .  Woody 
d e b r i s  must a lso be removed from 
a l l  d r a i n a g e  c h a n n e l s  and 
head lands  above or  a t  t h e  s o u r c e  
of d r a i n a g e  c o u r s e s .  

Although many t e c h n i q u e s  are 
commonly p r a c t i c e d  t o  minimize 
e r o s i o n  d u r i n g  c o n s t r u c t i o n ,  t h e  
most meaningfu l  are re la ted  t o  
how w e l l  t h e  work i s  p lanned ,  
s chedu led ,  and c o n t r o l l e d  by t he  
r o a d b u i l d e r  and t h o s e  r e s p o n s i b l e  
f o r  d e t e r m i n i n g  t h a t  work s a t i s-  
f ies  d e s i g n  r equ i r emen t s  and land-  
management o b j e c t i v e s .  

Planned r e g u l a r  maintenance 
i s  n e c e s s a r y  t o  keep roads  i n  
good c o n d i t i o n ,  b u t  maintenance 
i s  t o o  o f t e n  n e g l e c t e d  o r  
imprope r ly  performed,  r e s u l t i n g  
i n  d e t e r i o r a t i o n .  The v a s t  
network o f  e x i s t i n g  f o r e s t  
roads, many of which have o n l y  
l i g h t  or  i n t e r m i t t e n t  u s e ,  
p r e s e n t  real problems as f u e l  
and o t h e r  main tenance  c o s t s  
i n c r e a s e  . 

To b u i l d  and u s e  a r o a d  re- 
q u i r i n g  no maintenance i s  n e i t h e r  
p r a c t i c a l  nor  economical .  Mainte-  
nance r equ i r emen t s  and expense  
r e l a t e d  t o  t r a f f i c  u s e  c a n  and 
shou ld  be c o n s i d e r e d  i n  p l a n n i n g  
and d e s i g n  t o  i n s u r e  t h a t  t h e  
completed r o a d  can  be ma in t a ined  
most economica l ly .  Where so i l  
e r o s i o n  and s e d i m e n t a t i o n  are of 
conce rn  t o  t h e  forest manager, 
t h e  a d d i t i o n a l  expense of 
c o n s t r u c t i n g  a road w i t h  p r o p e r  
a t t e n t i o n  t o  i t s  s t a b i l i t y  and 
p r o p e r  d r a i n a g e  can  g e n e r a l l y  be 
amor t i zed  i n  a few y e a r s  by 
lower cost of upkeep. 

Suggested maintenance 
p r a c t i c e s  t o  p r e v e n t  o r  c o n t r o l  
e r o s i o n  and stream s e d i m e n t a t i o n  
are p r e s e n t e d  by L a r s e  ( 1 9 7 1 ,  
see 

e 

e 

.  

.  

f o o t n o t e  1) :  

Blading  and shaping  shou ld  
be performed to  conse rve  
e x i s t i n g  s u r f a c e  material . 
Road i n l e t  and o u t l e t  
d i t c h e s ,  c a t c h b a s i n s ,  and 
c u l v e r t s  shou ld  be k e p t  
free of o b s t r u c t i o n s  . 
S l i d e  material shou ld  be 
removed promptly when it 
o b s t r u c t s  d r a i n a g e  sys tems  . 
H e r b i c i d e s  shou ld  n o t  be 
used where t h e y  might  
con tamina te  water c o u r s e s .  
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ROAD STABILIZATION 
ADDITIVES 

The u s e  of v a r i o u s  
chemica l s  t o  improve b e a r i n g  
c a p a c i t y  and q u a l i t y  of running 
s u r f a c e  of f o r e s t  r o a d s  h a s  had 
a v a r i e d  h i s t o r y  i n  t h e  Western 
United S ta tes .  Probably t h e  
most common a d d i t i v e  a p p l i e d  on 
forest  r o a d s  i s  some t y p e  of o i l  
t o  minimize d u s t .  F r e e s t o n e  
( 1 9 7 2 )  e s t i m a t e d  t h a t  2 0 0  
m i l l i o n  g a l l o n s  a y e a r  of waste 
c r a n k c a s e  o i l  were added t o  
r u r a l  r o a d s  i n  t h e  United 
S t a t e s .  The amount of o t h e r  
waste and nonwaste o i l s  a p p l i e d  
t o  r u r a l  roads  i n  t h e  United 
S ta tes ,  i n c l u d i n g  forest  r o a d s  
i n  t h e  W e s t ,  i s  unknown. 

I n  a d d i t i o n  t o  o i l s ,  o t h e r  
chemical  compounds used  t o  improve 
f o r e s t  road  q u a l i t y  i n c l u d e  sodium 
c h l o r i d e ,  ca l c ium c l o r i d e ,  h y d r a t e d  
l i m e ,  and waste p u l p m i l l  l i q u o r s .  
Commercial f o r m u l a t i o n s  e s p e c i a l l y  
des igned  f o r  road  s t a b i l i z a t i o n  
a l so  are be ing  used more commonly 
on f o r e s t  r o a d s .  U n f o r t u n a t e l y ,  
w e  know even less abou t  t h e  u s e  o f  
chemical  s t a b i l i z e r s  on fo res t  
r o a d s  t h a n  w e  d o  abou t  road  o i l .  

Most of t h e  p u b l i s h e d  informa-  
t i o n  on road  s t a b i l i z a t i o n  w i t h  
chemica l s  i s  f o r  t h e  E a s t e r n  
Uni ted  S t a t e s  and Canada (Duncan 
1965,  Gayer 1965,  P a t e r s o n  e t  a l .  
1 9 7 0 ) ,  and w e  have never  found 
t h e  q u e s t i o n  of w a t e r - q u a l i t y  
impac t s  addressed .  

cos t  and d e c r e a s i n g  a v a i l a b i l i t y  
of h i g h- q u a l i t y  s u r f a c i n g  r o c k ,  
t h e  u s e  of v a r i o u s  road-  
s t a b i l i z i n g  a d d i t i v e s  on Western 
f o r e s t  roads  can  o n l y  i n c r e a s e .  
With i n c r e a s e d  u s e ,  s u r f a c e  and 
subsur f  ace runof f  from o i l e d  and 
c h e m i c a l l y  t r e a t e d  roadways 
c o u l d  c e r t a i n l y  c a u s e  l o c a l i z e d  
water- qual  i t y  problems t h a t  
c o u l d  a f f e c t  f i s h  and t h e i r  
h a b i t a t .  L i t t l e  r e s e a r c h  h a s  
been done t h a t  can allow us  t o  
g u e s s  a t  t h e  consequences of 
i n c r e a s e d  r o a d- a d d i t i v e  u s e .  

Because of t h e  i n c r e a s i n g  

Burger  (1973) s t u d i e d  t h e  
a c u t e  t o x i c i t y  and long- term 
e f f e c t s  of Chevron PS-3002/ r o a d  
o i l ,  a commonly used  d u s t - c o n t r o l  
a g e n t ,  on j u v e n i l e  coho salmon 
(Oncorhynchus k i s u t c h  (Walbaum)).  
The 96-hour TL50 f o r  f i s h  weigh- 
i n g  274/1b a n d  2 2 / l b  w e r e  i 350  
and 1 5 0 0  p a r t s  p e r  m i l l i o n ,  re- 
s p e c t i v e l y .  Long-term (30-53 
d a y s )  e f fec t s  of exposure  t o  
r o a d  o i l  i nc luded  reduced growth 
r a t e s ,  i n c r e a s e d  s u s c e p t i b i l i t y  
t o  d i s e a s e ,  and h i s t o l o g i c a l  
a b n o r m a l i t i e s  of l i v e r  and s p l e e n  
t i s s u e .  

2’ The u s e  of t r a d e ,  
f i r m ,  o r  c o r p o r a t i o n  names i n  
t h i s  p u b l i c a t i o n  i s  f o r  t h e  
i n f o r m a t i o n  and convenience  of 
t h e  r e a d e r .  Such u s e  does n o t  
c o n s t i t u t e  a n  o f f i c i a l  
endorsement  o r  approva l  by t h e  
U . S .  Department of A g r i c u l t u r e  
o f  any p r o d u c t  o r  s e r v i c e  t o  
t h e  e x c l u s i o n  of o t h e r s  t h a t  
may be s u i t a b l e .  
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A s t u d y  o f  r u n o f f  from 
r u r a l  r oads  by F r e e s t o n e  (1972)  
i n d i c a t e d  t h a t  99 p e r c e n t  of 
road  o i l s  l e f t  t h e  roadway. How 
much w a s  l o s t  by v o l a t i l i z a t i o n ,  
a d h e s i o n  t o  v e h i c l e s ,  d u s t  
t r a n s p o r t ,  b i o d e g r a d a t i o n ,  o r  by 
r a i n  r u n o f f ,  however, c o u l d  n o t  
b e  de te rmined .  The e f f e c t  of 
heavy metals i n  t h e  road oi ls  
may be  more i m p o r t a n t  t h a n  t h e  
ef fect  of t h e  o i l  i t s e l f .  
C l e a r l y  t h e  l o c a t i o n  of t h e  road 
re la t ive  t o  waterways,  method of 
a p p l i c a t i o n ,  o c c u r r e n c e  of r a i n  
a f t e r  a p p l i c a t i o n ,  and o t h e r  
f a c t o r s  are i m p o r t a n t  i n  
e v a l u a t i n g  t h e  p o s s i b i l i t y  o f  
s i g n i f i c a n t  c o n t a m i n a t i o n  of 
f i s h  h a b i t a t .  

Our s e a r c h  of t h e  
l i t e r a t u r e  produced no th ing  on 
t h e  e f f e c t s  of  road-  
s t a b i l i z a t i o n  c h e m i c a l s  on f i s h  
o r  t h e i r  h a b i t a t .  A f a i r l y  
e x t e n s i v e  l i t e r a t u r e  i s  
a v a i l a b l e  on t h e  e f f e c t s  of 
sodium c h l o r i d e  and ca lc ium 
c h l o r i d e  on water q u a l i t y ,  b u t  
o n l y  i n  t h e i r  u s e  as  d e i c i n g  
a g e n t s  ( S t r u z e s k i  1971 ) .  
De ic ing  s a l t s  are a p p l i e d  a t  1 0  
t o  2 0  t i m e s  t h e  ra te  used f o r  
road s t a b i l i z a t i o n .  The method 
and season  of a p p l i c a t i o n  are 
a l so  d i f f e r e n t  f o r  t h e  t w o  
p u r p o s e s  ; t h e  de i c i n g  1 i t e r a t u r e  
i s  t h e r e f o r e  of l i t t l e  v a l u e  f o r  
i n f e r r i n g  w a t e r- q u a l i t y  impac t s  
from i n c r e a s e d  u s e  of t h i s  
chemical  f o r  road s t a b i l i z a t i o n  
i n  w e s t e r n  f o r e s t s .  

L i t t l e  i s  known about  t h e  
consequences  of  i n c r e a s e d  u s e  of 
road  o i l  and s t a b i l i z i n g  
chemicals, and w e  are n o t  even 

 s u r e  t h e r e  are d e l e t e r i o u s  
e f f e c t s  t o  anadromous f i s h  o r  
t h e i r  h a b i t a t  under  c u r r e n t  
a p p l i c a t i o n  p r a c t i c e s .  The 
l i k e l i h o o d  of i n c r e a s e d  u s e  of 
r o a d - s t a b i l i z i n g  a d d i t i v e s  i n  
w e s t e r n  f o r e s t s ,  however, 
i n d i c a t e s  t h a t  t h e  e f f e c t s  on 
water q u a l i t y  d e s e r v e  f u t u r e  
r e s e a r c h .  

I 

ROADS AND FISH 

Salmon (Oncorhynchus spp.  ) , 
s t e e l h e a d  (Salmo g a i r d n e r i  
R i c h a r d s o n ) ,  and o t h e r  anadro-  
mous f i s h  r e q u i r e  u n o b s t r u c t e d  
access t o  upst ream spawning areas. 
Road c u l v e r t s  c an  be b a r r i e r s  t o  
m i g r a t i o n ,  u s u a l l y  because  of 
o u t f a l l  b a r r i e r s ,  e x c e s s i v e  w a t e r  
v e l o c i t y  i n  t h e  c u l v e r t ,  i n s u f f i -  
c i e n t  w a t e r  i n  t h e  c u l v e r t ,  lack 
of r e s t i n g  p o o l s  below c u l v e r t s ,  
or a combina t ion  of these con- 
d i t i o n s  ( f i g . 1). 

The i n c o r p o r a t i o n  of f i s h  
p a s s a g e  f a c i l i t i e s  must be based 
on an assessment  of h a b i t a t  
q u a l i t y  and access. Na tu r a l  
b a r r i e r s  downstream or  
immedia te ly  upstream from t h e  
s i t e  may p r e c l u d e  t h e  need f o r  
f i s h  passage  f a c i l i t i e s .  I n  one 
N a t i o n a l  Forest, s t a n d a r d  
p o l i c y  i s  t o  p r o v i d e  f i s h  
p a s s a g e  when 1 / 4  m i l e  o r  more  of 
good- to- exce l l en t  f i s h  h a b i t a t  
e x i s t s  above t h e  p ipe .  Usua l ly ,  
a knowledgeable f i s h e r i e s  
b i o l o g i s t  must be c o n s u l t e d  t o  
assess t h e  h a b i t a t .  
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Figure 1--Culvert conditions t h a t  
block f i s h  passage (a f te r  Evans 
and Johnston 1974). A--Velocity 
too grea t ,  B--Flow i n  th in  stream 
over bottom, C--No res t ing  pool 
below culver t ,  D--Jump too high. 

e 
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0 
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Because b r i d g e s  u s u a l l y  
c a u s e  less d i s t u r b a n c e  t o  
streams t h a n  c u l v e r t s ,  t h e y  are 
o f t e n  p r e f e r r e d  f o r  a s s u r i n g  
f i s h  pas sage .  Where c o n c r e t e  
f o u n d a t i o n s  and p i e r s  are 
c o n s t r u c t e d ,  however, b r i d g e s  
have c r e a t e d  problems,  such as  
s c o u r  and lower ing .  of  
s t reambeds .  C o n s t r u c t i o n  of 
a n t i - s c o u r  weirs, s i l ls ,  and 
ap rons  may be r e q u i r e d  t o  
p r e v e n t  changes  i n  t h e  
s t re a m  be d.  

 

Log b r i d g e s  shou ld  n o t  
c a u s e  s e r i o u s  problems f o r  f i s h  
pas sage  i f  p r o p e r l y  c o n s t r u c t e d  
and ma in ta ined .  Where log  
b r i d g e s  have caused  problems,  i t 
i s  u s u a l l y  because  t h e r e  i s  
i n s u f  f i c e n t  stream channel  
c l e a r a n c e  t o  accommodate h igh  
f lows .  Br idge  and e a r t h  
abutments  t h e n  e i t h e r  wash o u t ,  
c a u s i n g  damage t o  t h e  stream 
below, o r  remain i n  p l a c e ,  
c a t c h i n g  d e b r i s  and forming a 
d e b r i s  b a r r i e r  t o  m i g r a t i o n .  

U n f o r t u n a t e l y  , b u i l d i n g  
b r i d g e s  on low-volume forest  
r o a d s  o f t e n  p r o v e s  t o  be 
uneconomical o r  i m p r a c t i c a l ,  and 
c u l v e r t s  become necessa ry .  
Fo re though t  can  g r e a t l y  r educe  
o r  e l i m i n a t e  t h e  b a r r i e r  e f f e c t s  
a p a r t i c u l a r  c u l v e r t  can  have; 
sometimes c u l v e r t s  must be 
s u b s t a n t i a l l y  r e d e s i g n e d .  Most 
o b s t r u c t i o n s ,  however, can  be 
e a s i l y  p r e v e n t e d  i f  t h e  
p o t e n t i a l  i s  r ecogn ized  d u r i n g  
p l a n n i n g .  

I f  c u l v e r t s  are deemed 
n e c e s s a r y  f o r  c r o s s i n g  a stream, 
t h e  road d e s i g n e r  shou ld  be 
aware of s e v e r a l  factors  t h a t  
a f f e c t  t h e  f i s h  and also of t h e  
c h o i c e s  of d r a i n a g e  s t r u c t u r e  
and l o c a t i o n .  The f irst  
q u e s t i o n  i s  whether  o r  n o t  t h e  
stream above t h e  proposed 
c u l v e r t  i s  used by anadromous 
f i s h .  I f  n o t ,  t h e  c u l v e r t  
d e s i g n  problem i s  reduced  t o  
t h e  t y p i c a l  one of  a d e q u a t e  
d i s c h a r g e  c a p a c i t y .  I f  t h e  
answer is  y e s ,  however, t h e n  t h e  
d e s i g n e r  must know which species 
a re  i n  t h e  stream, t h e i r  l i f e  
h i s t o r y ,  and t h e  season  or  
s e a s o n s  of m i g r a t i o n .  For f i s h  
t o  overcome o b s t a c l e s  i n  t h e i r  
m i g r a t i o n ,  t h e  f o l l o w i n g  
c o n d i t i o n s  are n e c e s s a r y :  

.       A r e s t i n g  pool shou ld  be 
p r e s e n t  immediately  below 
t h e  o b s t a c l e .  T h i s  a l l o w s  
t h e  f i s h  t o  conse rve  
ene rgy  and o b t a i n  a good 
s t a r t  a t  overcoming t h e  
o b s t a c l e  . 

.    I n d i v i d u a l  jumps shou ld  n o t  
be too h igh .  The lower  t h e  
jump, under  water 
c o n d i t i o n s  t h a t  o c c u r  when 
m i g r a t i o n  t a k e s  p l a c e ,  t h e  
less d i f f i c u l t y  t h e  f i s h  
w i l l  have i n  p a s s i n g  o v e r  
t h e  o b s t a c l e .  I n  g e n e r a l ,  
a s i n g l e  v e r t i c a l  jump of  
1 foot  can  be n e g o t i a t e d  by 
r e s i d e n t  a d u l t  t r o u t .  I f  
a series of jumps i s  
r e q u i r e d ,  however, a h a l f  
f o o t  a t  each  i s  p r e f e r a b l e .  
Salmon and s t e e l h e a d  can  
normal ly  n e g o t i a t e  s i n g l e  
jumps of 2-3 f e e t  w i t h o u t  
d i f f i c u l t y .  I n  a series, 
however, i n d i v i d u a l  jumps 
shou ld  n o t  be over a f o o t  
h i g h  . 
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.  I n  g e n e r a l ,  6 i n c h e s  i s  
minimum water dep th  f o r  
r e s i d e n t  t r o u t ;  1 f o o t  i s  
r e q u i r e d  f o r  salmon and 
s t e e l h e a d .  Maximum 
a l l o w a b l e  v e l o c i t i e s  
shou ld  be  around 4 f e e t  
p e r  second ( f t / s )  f o r  
t r o u t  and 6 f t / s  f o r  
salmon and s t e e l h e a d  .
These maximum v e l o c i t i e s  
v a r y  w i t h  d i s t a n c e  and 
f i s h  s p e c i e s .  3/ 

. I f  swimming d i s t a n c e  i s  
o v e r  50-100 f e e t  i n  a 
d i f f i c u l t  pa s sage ,  r e s t i n g  
p o o l s  may be r e q u i r e d  
e n r o u t e .  T h i s  a p p l i e s  t o  
c u l v e r t s  and b r i d g e  
ap rons  i n  p a r t i c u l a r .  The 
need i s  determined by 
examining t h e  average  
swimming a b i l i t y  o f  t h e  
l eas t  capab le  s p e c i e s  
u s i n g  t h e  stream r e l a t i v e  
t o  water v e l o c i t i e s  and 
d i s t a n c e  f o r  passage  
th rough  t h e  s t r u c t u r e  . 

3/Unpublished r e p o r t ,  
" F i s h e r i e s  handbook of 
e n g i n e e r i n g  r equ i r emen t s  and 
b i o l o g i c a l  c r i t e r ia .  Useful  
f a c t o r s  i n  l i f e  h i s t o r y  of most 
common s p e c i e s , "  by M. C. B e l l .  
Submit ted t o  Fish.-Eng. R e s ,  
Program, Corps of Eng., North 
P a c .  D i v .  , P o r t l a n d ,  Oreg. 
1 9 7 3 .  

. F i s h  are o f t e n  n e a r  
e x h a u s t i o n  a f t e r  p a s s i n g  
o v e r  o r  th rough  a d i f f i c u l t  
o b s t a c l e  and r e q u i r e  a 
r e s t i n g  area ups t ream,  I f  
one  i s  n o t  a v a i l a b l e ,  t h e  
f i s h  are o f t e n  swept 
downstream o v e r  t h e  
o b s t a c l e  and must a g a i n  
e x e r t  t h e  energy  t o  
surmount it. 

. Three h y d r a u l i c  c r i t e r i a  
are impor t an t .  The most 
d e s i r a b l e  c u l v e r t  
i n s t a l l a t i o n  i s  one t h a t  
c a u s e s  no sudden i n c r e a s e  
i n  water v e l o c i t y  above,  
below, o r  th rough  t h e  
c u l v e r t .  C u l v e r t s  are b e s t  
l o c a t e d  where t h e  stream 
reach  i s  of s imi la r  
a l ignment  above and below 
t h e  c u l v e r t  f o r  s e v e r a l  
hundred f e e t .  And, t h e  
c u l v e r t  g r a d i e n t  shou ld  be 
a s  n e a r  z e r o  as  p o s s i b l e .  
When t h e s e  t h r e e  c o n d i t i o n s  
a re  n o t  m e t ,  problems i n  
f i s h  pas sage  may o c c u r .  
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Metal c u l v e r t s ,  c l a s s i f i e d  
by shape ,  are s t a n d a r d  c o r r u-  
g a t e d  round,  s t a n d a r d  c o r r u g a t e d  
p ipe- a rch ,  and s t r u c t u r a l  p l a t e -  
a r c h  ( f i g .  2 ) .  The f i r s t  t w o  may 
be p r e f a b r i c a t e d ,  as i s  u s u a l  f o r  
t h e  smaller s i z e s  (up t o  60 i n c h e s  
d i a m e t e r  and 72-x-44-inch span  
by r i s e ) ,  or may b e  of m u l t i p l a t e  
d e s i g n .  Type t h r e e  c u l v e r t s  are 
always of  m u l t i p l a t e  d e s i g n  be- 
c a u s e  t h e y  are so large and 
u s u a l l y  f a b r i c a t e d  on s i t e .  

TYPES OF CULVERTS 
Three t y p e s  of metal 

c u l v e r t s  are commonly used on 
w e s t e r n  f o r e s t  roads .  
( C y l i n d r i c a l  c o n c r e t e  c u l v e r t s  

v e l o c i t i e s  because  they  are 
smooth i n s i d e ,  I n t e r n a l  
v e l o c i t i e s  may be many times 
t h o s e  i n  c o r r u g a t e d  metal 
c u l v e r t s  of t h e  same diameter 
and g r a d i e n t .  Conc re t e  c u l v e r t s  
are t h u s  n o t  s u i t a b l e  f o r  f i s h  
pas sage .  ) 

I g e n e r a t e  ex t r eme ly  h i g h  water 

Figure 2--Typical cross sect ions of the  
most commonly used metal cu lver t s  on 
fo re s t  roads. A--Corrugated round 
metal cu lver t ,  B--Corrugated pipe- 
arch metal culvert ,  C--Structural 
plate- arch w i t h  concrete footings 
(a l so  avai lable  i n  semicircular 
cross s ec t ion ) .  

A B C 

C w 
0 0 

0 

. 
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The s t r u c t u r a l  s teel  a r c h  
se t  i n  c o n c r e t e  f o o t i n g s  ( f i g .  
2 c )  i s  t h e  most d e s i r a b l e  
c u l v e r t  t y p e  f o r  f i s h  because  
t h e  n a t u r a l  stream i s  l e f t  
u n d i s t u r b e d .  L i t t l e  c o n t r a c t i n g  
i n  width  o c c u r s  a t  e i t h e r  end of 
t h e  c u l v e r t ,  and no s i g n f i c a n t  
changes  i n  v e l o c i t y .  Where 
c o n c r e t e  f o o t i n g s  are n o t  
p r a c t i c a l ,  s p l i t  wide- flanged 
b u r i e d  steel f o o t i n g s  have been 
used r e c e n t l y  i n  p l a c e  of con- 
crete f o o t i n g s ,  Disadvantages  
of t h i s  i n s t a l l a t i o n  are  mainly  
i n c r e a s e d  cost  of i n s t a l l a t i o n  
and t h e  h igh  fill needed. Many 
f i s h e r i e s  b i o l o g i s t s  b e l i e v e  
t h a t  t h e  a r c h  t y p e  i s  t h e  o n l y  
a c c e p t a b l e  c u l v e r t  where f i s h  
passage  i s  r e q u i r e d  (Evans and 
Johns ton  1 9 7 4 )  . 

Pipe- arch  c u l v e r t s  ( f i g .  2 b )  
are  less d e s i r a b l e  t h a n  t h e  
s t r u c t u r a l  s teel  a r c h ,  b u t  t h e y  
c a n  u s u a l l y  be i n s t a l l e d  t o  
allow f i s h  passage ,  F a b r i c a t e d  
i n  smaller s i z e s ,  t h e y  c a n  be 
used  i n  smaller, lower f i l l s  
where s t r u c t u r a l  s teel  a r c h e s  
would n o t  f i t .  Where p i p e  
a r c h e s  are used ,  t h e  g r a d i e n t  
must be k e p t  below 1 p e r c e n t  t o  
minimize water ve loc i t i e s ,  
During p e r i o d s  of l o w  f l o w ,  t h e  
water i n  c u l v e r t s  w i t h  t h i s  
shape  may be sp read  so t h i n  
a c r o s s  t h e  bottom t h a t  f i s h  
passage  i s  imposs ib le .  B a f f l e s  
may t h e n  be needed t o  i n c r e a s e  
t h e  f low d e p t h  through t h e  p ipe-  
a r c h  ( b a f f l e  sys tems are 
d i s c u s s e d  i n  more d e t a i l  l a t e r ) .  

Although t h e  s t a n d a r d  
c o r r u g a t e d  round c u l v e r t  ( f i g  . 
2 a )  i s  t h e  t y p e  most commonly 
used  on w e s t e r n  f o r e s t  r o a d s ,  
i t  i s  t h e  leas t  d e s i r a b l e  f o r  
f i s h  passage .  Because t h e  
wid th  c o n s t r i c t i o n  from stream 
channel  t o  c u l v e r t  i s  u s u a l l y  
severe, t h e  g r a d i e n t  of  t h e  
t u b e  must be a t  o r  n e a r  zero 
p e r c e n t  t o  minimize water 
v e l o c i t i e s  th rough  t h e  p i p e .  
T h i s  t y p e  of c u l v e r t  i s  a l so  
most l i k e l y  t o  be i n s t a l l e d  
w i t h  i t s  o u t f a l l  above t h e  
t a i lwa te r  e l e v a t i o n ,  producing  
a n  o u t f a l l  b a r r i e r  ( f i g .  1 ) .  
E l e v a t e d  o u t f a l l s  of t h i s  t y p e  
a re  t o  be avoided o r  m i t i g a t e d  
by some means. 

Thousands of streams have 
had c u l v e r t  c r o s s i n g  w i t h  
l i t t l e  o r  no t h o u g h t  t o  t h e  
e f f e c t s  on f i s h  p o p u l a t i o n s .  
One p o o r l y  i n s t a l l e d  c u l v e r t  
c a n  a f f e c t  t h e  f i s h  p o p u l a t i o n  
of an e n t i r e  small stream 
d r a i n a g e  . Poor c u l v e r t  d e s i g n  
and l o c a t i o n  can  s t i l l  be 
ranked among t h e  m o s t  d e v a s t a t i n g  
problems f o r  f i s h  h a b i t a t  i n  west- 
e r n  f o r e s t s .  

Some g e n e r a l  c o n s i d e r a t i o n s  
f o r  c u l v e r t  i n s t a l l a t i o n  a re :  

.  Avoid i n s t a l l a t i o n  of  
round c u l v e r t s  where f i s h  
passage  might  be d i f f i c u l t .  
I n s t a l l  e i t h e r  open- arch 
c u l v e r t s  o r  b r i d g e s ,  
e s p e c i a l l y  i f  c u l v e r t s  
l o n g e r  t h a n  1 0 0  f e e t  are  
r e q u i r e d  o r  where t h e  
stream g r a d i e n t  i s  s t e e p  
(>2 p e r c e n t ) .  
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a A s i n g l e  l a r g e  c u l v e r t  i s  
better  t h a n  several small 
ones ,  because  it i s  less 
l i k e l y  t o  become plugged 
and c a r r i e s  water a t  much 
lower  v e l o c i t y .  

 

a Diameter of  c u l v e r t s  must 
be adequa te  t o  p a s s  maximum 
f lows .  Washing o u t  o f  
c u l v e r t s  and t h e i r  e a r t h  
f i l l s ,  b e s i d e s  damaging 
t h e  road ,  i s  a lso  a s o u r c e  
o f  s e d i m e n t a t i o n .  

a Place t h e  e n t i r e  c u l v e r t  
l e n g t h  s l i g h t l y  below 
normal stream g r a d e  t o  
r educe  f i s h  pas sage  
problems and p r e v e n t  a 
lowered s t reambed.  S t r ive  
f o r  a n  i n s t a l l a t i o n  
g r a d i e n t  a t  or  n e a r  z e r o  
p e r c e n t ;  o t h e r w i s e ,  avoid  
round c u l v e r t s .  

a The two most i m p o r t a n t  
c o n s i d e r a t i o n s  f o r  f i s h  i n  
c u l v e r t s  are t h e  maximum 
a c c e p t a b l e  water v e l o c i t y  
and t h e  minimum a c c e p t a b l e  
water d e p t h  f o r  t h e  
s p e c i e s  . 

a Because streams used  by 
sa lmonids  of t e n  f l u c t u a t e  
w ide ly  w i t h  o c c a s i o n a l  
h i g h  peak f l o w s ,  a n  
a c c e p t a b l e  p r a c t i c e  on 
c o n s t r u c t i o n  p r o j e c t s  h a s  
been  n o t  t o  r e q u i r e  f low 
c o n d i t i o n s  s u i t a b l e  f o r  
f i s h  pas sage  d u r i n g  t h e  5 
p e r c e n t  of  t h e  y e a r  when 
f low peaks  are h i g h e s t  
(Evans and J o h n s t o n  1974). 
These f l o o d  peaks  are 
u n u s u a l l y  h i g h  and normal ly  
s h o r t .  F i s h  normal ly  do 
n o t  m i g r a t e  d u r i n g  peak 
f lows ,  so l i t t l e  d i s r u p t i o n  
o f  f i s h  m i g r a t i o n  o c c u r s .  
The p r a c t i c e  o f t e n  r e s u l t s  
i n  s u b s t a n t i a l  s a v i n g s  i n  
c o n s t r u c t i o n  costs fo r  f i s h  
pas sage .  The a i m ,  
t h e r e f o r e ,  shou ld  be t o  
i n s u r e  f i s h  pas sage  d u r i n g  

95 p e r c e n t  of a y e a r ,  or 9 0  
p e r c e n t  of t h e  time on a 
6-month basis. Any 
s t r u c t u r e  f o r  f i s h  pas sage  
must f u n c t i o n  through a 
s u f f i c i e n t l y  wide r ange  of 
flows t o  accommodate t h e  
p e r i o d  of  m i g r a t i o n .  

a Avoid b a f f l i n g  of c u l v e r t s  
i f  p o s s i b l e  or  use a l a r g e r  
c u l v e r t ,  a reduced g r a d i e n t ,  
or  bo th .  B a f f l e s  normal ly  
r e q u i r e  a d d i t i o n a l  main te-  
nance and o c c a s i o n a l l y  
c a u s e  d e b r i s  accumula t ions .  
B a f f l e s  are s o m e t i m e s  neces-  
s a r y  w i t h  h i g h  w a t e r  veloci-  
t i e s  or i n  c o r r e c t i n g  f i s h  
pas sage  problems a t  e x i s t i n g  
c u l v e r t s .  

a Where c u l v e r t s  are 
i n s t a l l e d  i n  stream 
s e c t i o n s  w i t h  s t e e p  
g r a d i e n t s ,  improve r e s t i n g  
p o o l s ,  cover, and bank 
p r o j e c t i o n  a long  t h e  
stream f o r  s e v e r a l  hundred 
feet  above and below t h e  
c u l v e r t .  Ma in ta in ing  a 
s t a b l e  stream bottom 
th rough  t h e  c u l v e r t -  
i n f l u e n c e d  area i s  
e s s e n t i a l  . 
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WATER VELOCITY lN CULVERTS 
Swimming a b i l i t y  o f  

sa lmonids  i n c r e a s e s  w i t h  s i z e  
o f  t h e  f i s h .  Hence what s p e c i e s  
u s e s  t h e  c u l v e r t  h a s  a b e a r i n g  
on t h e  a l l o w a b l e  maximum 
v e l o c i t y .  S p e c i f i c  v e l o c i t y  
l i m i t s  f o r  any anadromous 
s p e c i e s  canno t  now be c i ted  
w i t h  a u t h o r i t y ,  b u t  some g e n e r a l  
g u i d e l i n e s  are a v a i l a b l e  f o r  
a d u l t  f i s h .  Metzker ( 1 9 7 0 )  
r e p o r t e d  t h a t  f o r  t r o u t  up t o  
15  i n c h e s ,  e i g h t  f t / s  shou ld  be 
c o n s i d e r e d  maximum f o r  s h o r t  
d i s t a n c e s .  Adult  salmon can  
t r ave l  through and s u s t a i n  
ve loc i t i e s  of 1 2  f t / s  f o r  s h o r t  
d i s t a n c e s .  Metzker a l s o  p o i n t e d  
o u t  t h a t  t h e  c u l v e r t  v e l o c i t y  a 
f i s h  can  overcome v a r i e s  n o t  
o n l y  w i t h  t h e  f i s h ' s  s i z e ,  b u t  
a l so  w i t h  t h e  d i s t a n c e  between 
r e s t i n g  p o o l s  below and above 
t h e  c u l v e r t .  The Oregon S t a t e  
G a m e  Commission ( 1 9 7 1 )  
recommended maximum water 
ve loc i t i e s  of 8 f t / s  f o r  a d u l t  
salmon and s t e e l h e a d  and 4 f t / s  
f o r  t r o u t .  The recommended 
v e l o c i t i e s  i n  Oregon, however, 
are f o r  round c u l v e r t s  up 
t o  1 0 0  f e e t  (30 .5  m )  i n  l e n g t h .  

Water v e l o c i t i e s  i n  l o n g e r  
c u l v e r t s  shou ld  n o t  exceed 
6 f t / s  f o r  a d u l t  salmon and 
s t e e l h e a d  and 3 f t / s  f o r  
t r o u t .  

T o  a i d  road  d e s i g n e r s  i n  
e s t i m a t i n g  t h e  water v e l o c i t i e s  
th rough  c u l v e r t s ,  b o t h  t h e  
Oregon S t a t e  G a m e  Commission 
(1971)  and t h e  USDA Fores t  
Service (Evans and J o h n s t o n  
1 9 7 4 )  have produced series of 
c u l v e r t  v e l o c i t y  c u r v e s  based  
on Manning's e q u a t i o n  (Chow 
1959) .  The Oregon S t a t e  G a m e  
Commission c u r v e s  a re  f o r  round 
metal c u l v e r t s  o n l y ,  r ang ing  i n  
diameter from 2 4  t o  84 i n c h e s .  
G r a d i e n t s  r ange  from 0.25 t o  5 . 0  
p e r c e n t ,  F i g u r e  3 i s  a n  example 
o f  t h e  Oregon v e l o c i t y  c u r v e s  
f o r  a 72- inch c u l v e r t .  Because 
f i s h  passage  th rough  c u l v e r t s  
normal ly  o c c u r s  between a 
minimum d e p t h  of 3 i n c h e s  and a 
maximum d e p t h  of t w o- t h i r d s  t h e  
p i p e  diameter, t h e  Oregon c u r v e s  
c o v e r  o n l y  t h e s e  d e p t h s .  
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Figure 3--Velocity curves for a 72-inch 
diameter round cu lver t  ( a f t e r  Oregon 
S ta te  Game Commission 1971) .  
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The USDA Forest S e r v i c e  
v e l o c i t y  c u r v e s  are more 
d e t a i l e d  t h a n  t h e  ones  f o r  
Oregon; c u r v e s  have been 
p r o v i d e d  n o t  on ly  f o r  round 
c u l v e r t s  (36-  t o  120 - inch ) ,  b u t  
a l so  fo r  c o n c r e t e  box c u l v e r t s  
( 2 6-  t o  120- inch)  and f o r  
3-x-1, c o r r u g a t e d  metal p i p e-  
a r c h e s  ( 7  f t  x 5 f t  1 i n c h  t o  
1 6  f t  7 i n c h  x 1 0  f t  1 inch ,  
span -by  r ise).  A l s o  t h e  USDA 
Forest S e r v i c e  c u r v e s  y i e l d  b o t h  
v e l o c i t y  and d e p t h  of f low f o r  
any g i v e n  d i s c h a r g e ,  c u l v e r t  
g r a d i e n t ,  and d i a m e t e r .  F i g u r e  
4 i l l u s t r a t e s  t h e  fo rmat  of t h e  
USDA Forest  S e r v i c e  c u r v e s  f o r  
a metal p ipe- arch .  
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Salmonid spawning streams 
i n  t h e  W e s t  are o f t e n  mountain 
streams w i t h  s t e e p  g r a d i e n t s .  
Even c u l v e r t s  p l a c e d  on t h e  same 
g r a d e  as  t h e  o r i g i n a l  s treambed 
may e x h i b i t  water v e l o c i t i e s  
g r e a t e r  t h a n  m i g r a t i n g  f i s h  can  
overcome; t o  c o n t r o l  water 
veloci t ies  i n  c u l v e r t s  t h e n ,  
i n s t a l l i n g  b a f f l e s  may be 
nece s sa ry .  

C o n s t r u c t i n g  a f i s h  passage  
f a c i l i t y  t h r o u g h  a c u l v e r t  
e s s e n t i a l l y  opposes  t h e  r ea son  
f o r  t h e  c u l v e r t ,  which i s  t o  
d i s c h a r g e  water downstream a t  
t h e  h i g h e s t  p o s s i b l e  rate w i t h  
t h e  smallest c u l v e r t  p o s s i b l e .  
O n  t h e  o t h e r  hand,  t h e  s t r u c t u r e  
f o r  f i s h  p a s s a g e  attempts t o  
produce p o c k e t s  of  l o w  v e l o c i t y  
i n  t h e  c u l v e r t  where f i s h  can  
rest momentari ly.  T o  p r o v i d e  
t h e s e  l o w  veloci t ies ,  energy  
d i s s i p a t o r s  of  some form are 
requ i red- - normal ly ,  b a f f l e s  or  
small water b a r r i e r s .  

B a f f l e  d e s i g n s  are probab ly  
a s  numerous as t h e  p e o p l e  
i n s t a l l i n g  them. L i t t l e  
i n f o r m a t i o n  i s  c u r r e n t l y  
a v a i l a b l e  on t h e  h y d r a u l i c  
p r i n c i p l e s  of v a r i o u s  t y p e s  of 
b a f f l e s .  A d d i t i o n a l  a p p l i e d  
r e s e a r c h  i n  t h i s  f i e l d  shou ld  
b e  encouraged.  The b e s t  
i n f o r m a t i o n  on b a f f l e  d e s i g n  i s  
i n  a Washington Department of 
F i s h e r i e s  r e p o r t  (McKinley and 
Webb 1956 ) ;  t h e  p r i n c i p l e s  are 
s u f f i c i e n t l y  sound t o  be used 
as p r e s e n t  g u i d e l i n e s ,  pending 
r e s u l t s  of f u r t h e r  r e s e a r c h .  
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Figure 4--Velocity and depth-of-flow 
curves for a 7-foot by 5-foot 1-inch 
pipe-arch (after Evans and Johnston 
1974). 
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C e r t a i n  g e n e r a l  p r i n c i p l e s  
have been developed th rough  
long  e x p e r i e n c e  w i th  b a f f l e s  i n  
c u l v e r t s  : 

.  Avoid u s ing  b a f f l e s  whenever 
p o s s i b l e .  So lve  you r  f i s h -  
pas sage  problems p r e f e r a b l y  
th rough  c o n s i d e r a t i o n s  of 
b r i d g e s ,  a r c h  c u l v e r t s  or  
round c u l v e r t s  of 
s u f f i c i e n t  s i z e ,  and 
i n s t a l l a t i o n s  of l o w  water 
v e l o c i t y  a t  o r  below 
s t reambed l e v e l .  

.  If h i g h e r  ve loc i t i e s ,  
e x t e n s i v e  d i s t a n c e ,  or both  
are unavoidable  i n  a round 
or  box c u l v e r t  i n s t a l l a t i o n ,  
b a f f l e s  w i l l  be  neces sa ry .  
B a f f l e s  and r e s u l t a n t  q u i e t e r  
waters  a l l o w  a f i s h  t o  s w i m  
i n  s h o r t  s p u r t s  s t r a i g h t  
th rough  h igh  ve loc i t i e s  and 
e n t e r  a res t  area p a r a l l e l  
t o  t h e  h i g h e r  v e l o c i t y  f low.  

q G-- 

.  A l a r g e  s i n g l e  c u l v e r t  pro-  
v i d e s  b e t t e r  f i s h  pas sage  
t h a n  s e v e r a l  smaller ones ,  
Where m u l t i p l e  u n i t s  a re  
r e q u i r e d ,  only one must  be  
b a f f l e d  t o  p a s s  f i s h .  Select  
t h e  c u l v e r t  f o r  b a f f l i n g  based  
on t h e  r o u t e  m o s t  l i k e l y  t o  
a t t r a c t  f i s h .  A t  such  i n s t a l -  
l a t i o n s ,  p r o v i s i o n s  shou ld  be  
made f o r  d i v e r t i n g  low f lows  
th rough  t h e  b a f f l e d  c u l v e r t  
o n l y .  

. The b a f f l e  d e s i g n  
i l l u s t r a t e d  i n  f i g u r e  5 i s  
recommended f o r  g e n e r a l  u se  
by t h e  C a l i f o r n i a  Region of 
t h e  U . S .  Forest  Service 
(Evans and Johns ton  1 9 7 4 ) .  
F o r  t h e  d e s i g n  i n  f i g u r e  5 
t o  be r e a d i l y  a d a p t a b l e  t o  
i n s t a l l a t i o n s  of v a r i o u s  
s i z e s ,  t h e  d imens ions  have 
been g iven  as  p e r c e n t a g e s  
o f  t o t a l  wid th  of  t h e  
b a f f l e d  s e c t i o n .  These 

12.5% B 

t 26% 61- 

If 

Figure 5--Baffle-pattern arrangement fo r  metal cu lver t s  ( a f t e r  Evans and 
Johnston 1974) .  B equals c l ea r  width of box culvert ,  in te rcept  width i s  
1 foot  above inver t  (round or arch cu lve r t s ) ,  and a l l  ba f f l e s  a re  1 foot  
high. 
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dimens ions  and a n g l e s  of  
b a f f l e s  have been 
de t e rmined  through r e s e a r c h  
and shou ld  be adhered  to .  
B a f f l e s  shou ld  be a minimum 
of 1 foot  h i g h  and 5-6 
i n c h e s  wide. 

C a l c u l a t e  t h e  r e l a t i v e  
e f f i c i e n c y  of t h e  c u l v e r t  
w i t h  and w i t h o u t  b a f f l e s ,  
because  t h e  pas sage  of  
water through t h e  c u l v e r t  
w i l l  be impai red  by t h e  
b a f f l e  s t r u c t u r e s .  Because 
a l a r g e  s a f e t y  f a c t o r  i s  
r e q u i r e d ,  most c u l v e r t s  are 
ove rdes igned  f o r  t h e  
d i s c h a r g e  c o n d i t i o n s ,  and 
t h e  a c t u a l  impairment of 
t h e  c u l v e r t ' s  a b i l i t y  t o  
d i s c h a r g e  i s  r e l a t i v e l y  
small.  The u l t i m a t e  
c u l v e r t  s i z e  r e q u i r e d  is ,  
o f  c o u r s e ,  a d e c i s i o n  f o r  
t h e  e n g i n e e r .  

C o n s t r u c t i o n  materials f o r  
b a f f l e s  may be wood, 
metal, o r  c o n c r e t e ,  
depending  upon t h e  l o c a l  
s i t u a t i o n .  Wood i s  
sometimes p r e f e r a b l e  
because  it o f f e r s  g r e a t e r  
r e s i l i e n c e  when h i t  by 
moving objects and a l so  can  
b e  r e p l a c e d  more e a s i l y .  
C o n c r e t e  b a f f l e s  may be 
p r e - c a s t  and d r i l l e d  or  
g r o u t e d  i n t o  p l a c e .  Metal 
b a f f l e s  are normal ly  
b o l t e d  o n t o  t h e  c u l v e r t  
f l o o r ,  u s i n g  metal p l a t e s  
f o r  added s t r e n g t h .  

"Most b a f f l e s  are des igned  
t o  o p e r a t e  best when water 
f low i s  j u s t  ove r topp ing  
them and t h e i r  
e f f e c t i v e n e s 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  t h e  d e p t h  
o f  water over them.'' 
(Gebhards  and F i s h e r  1972) .  

P l a c i n g  b a f f l e s  p r o p e r l y  i n  
a new c u l v e r t  b e f o r e  i t s   
i n s t a l l a t i o n  i s  f a r  ,less  
expens ive  t h a n  t r y i n g  t o  
a1 t e r  an  i n s t a l  l e d  c u l v e r t  . 
For round metal c u l v e r t s ,  
a minimum c u l v e r t  diameter 
o f  5 f e e t  i s  r e q u i r e d  t o  
p r o v i d e  a 4-f oot-wide s p a c e  
f o r  b a f f l e  i n s t a l l a t i o n  
( f i g .  5 ) .  

B a f f l e s  may have v a l u e  
o t h e r  t h a n  c o n t r o l  l i n g  
v e l o c i t y ;  f o r  example, t h e y  
i n c r e a s e  water d e p t h  i n  
t h e  p i p e  t o  p r o v i d e  f i s h  
pas sage  d u r i n g  l o w  f low 
p e r i o d s .  Another example 
would be t o  c o n v e r t  a 
c u l v e r t  w i t h  a s t e e p  
g r a d i e n t  i n t o  a series of 
pools- - in  ef fect ,  c r e a t i n g  
a modi f ied  f i s h - l a d d e r .  
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CULVERT OUTFALL BARRIERS 
C u l v e r t s  can  be 

insurmountab le  b a r r i e r s  t o  
m i g r a t i n g  f i s h  when t h e  o u t l e t  
of t h e  c u l v e r t  i s  so f a r  above 
t h e  t a i lwa te r  t h a t  f i s h  canno t  
e n t e r  t h e  p i p e ;  t h i s  c o n d i t i o n  
i s  termed an  o u t f a l l  b a r r i e r  
( f i g .  1 ) .  

Where new c u l v e r t s  are t o  
b e  i n s t a l l e d  on streams w i t h  
m i g r a t i n g  f i s h ,  every  a t t e m p t  
shou ld  be made t o  avoid  
c o n s t r u c t i n g  an  o u t f a l l  b a r r i e r .  
P u t t i n g  a new c u l v e r t  o u t l e t  
below t h e  ta i lwater  e l e v a t i o n  i s  
sometimes n o t  p o s s i b l e ,  or--more 
commonly--an e x i s t i n g  c u l v e r t  
forms a n  o u t f a l l  b a r r i e r .  

One way t o  correct a 
c u l v e r t  o u t f a l l  b a r r i e r  i s  t o  
p r o v i d e  f o r  one o r  a series of 
low-head dams below t h e  c u l v e r t  
o u t f a l l  ( f i g .  6 ) .  These dams 
may be no th ing  more t h a n  hand- 
p l a c e d  rock " r e e f  s" o r  w i r e -  
b a s k e t  gab ions  f i l l e d  w i t h  
loca l  rock, o r  c o n c r e t e  s i l ls .  
These downstream dams raise t h e  
t a i l w a t e r  e l e v a t i o n  and f lood 
t h e  c u l v e r t .  Access by f i s h  i s  
n o t  o n l y  enhanced, b u t  water 
v e l o c i t y  i n  t h e  c u l v e r t  i s  
decreased. The downstream dams 
shou ld  n o t  create o u t f a l l  
b a r r i e r s  themse lves  and shou ld  
t h e r e f o r e  be l i m i t e d  t o  about  
1 f o o t  i n  h e i g h t  o r ,  f o r  dams of 
g r e a t e r  h e i g h t s ,  have a pass-  
th rough  no tch  i n  t h e  c e n t e r .  
Because t h e  back f lood ing  
decreases v e l o c i t y  and hence 
d i s c h a r g e ,  a c u l v e r t  of l a r g e r  
diameter may be n e c e s s a r y  t o  
h a n d l e  peak f l o w s .  A l s o ,  
a rmouring t h e  downstream s i d e  
of t h e  low-head dams may be 
n e c e s s a r y  t o  p r e v e n t  s c o u r i n g  
from t h e  cataracts  formed. 

I n  some streams, t h e  range  
of f lows  i s  so wide t h a t  it i s  
i m p o s s i b l e  n o t  t o  have t h e  
c u l v e r t  o u t l e t  above t a i lwa te r  
a t  some t i m e .  A l s o ,  where 
s e v e r e  f l u c t a t i o n s  i n  f l o w  
r e q u i r e  l a r g e  c u l v e r t s ,  problems 
are sometimes encounte red  i n  
p r o v i d i n g  f i s h  pas sage  d u r i n g  
l o w  f lows  because  of t h e  sha l low  
f l o w  o v e r  t h e  broad c u l v e r t  
bot tom.  Then, s t acked-  o r  
m u l t i p l e- c u l v e r t  i n s t a l l a t i o n s  
c a n  be  used t o  p r o v i d e  f i s h  
pas sage  ( f i g  . 7 ) .  P l a c i n g  t h e  
s t a c k e d  c u l v e r t s  a t  d i f f e r e n t  
e l e v a t i o n s  a s s u r e s  adequa t e  
d i s c h a r g e  c a p a c i t y  as  w e l l  a s  
f i s h  passage  ove r  a wider r ange  
o f  flows. The lower, smaller 
c u l v e r t  would c o n c e n t r a t e  l o w  
f l ows  and a s s u r e  f i s h  pas sage  
t h e n .  Note o u r  p r e v i o u s  
s t a t e m e n t s  on t h e  i n h i b i t o r y  
e f f e c t s  f u l l  c u l v e r t s  have on 
f i s h  passage .  
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Figure 6--Gabion o r  concrete s i l ls  can r a i s e  ta i lwater  e levat ion t o  
f a c i l i t a t e  f i s h  entry i n t o  the culvert ;  t h i s  weir construction was 
used t o  improve f i s h  passage a t  the mouth of Gold Creek ( a f t e r  
Evans and Johnston 1 9 7 4 ) .  

Figure 7--Fish passage may be provided i n  streams t h a t  have wide ranges 
of flows by providing multiple culverts .  

21 



STRUCTURES FOR DEBRIS 
CONTROL 

T h e  u s e  of d e b r i s- c o n t r o l  
s t r u c t u r e s- - s u c h  as  t r a s h  o r  
deb r i s  r acks- - is  growing i n  
wes te rn  forests .  A p a r t i a l  
r e a s o n  i s  t h e  i n c r e a s e d  cost  of 
r e p l a c i n g  c u l v e r t s  and washed- 
o u t  roadways; t r a s h  r a c k s  are  
o f t e n  mandated by f o r e s t  
p r a c t i c e  r e g u l a t i o n s .  

U n f o r t u n a t e l y ,  t r a s h  r a c k s  
are d e t r i m e n t a l  t o  f i s h  passage .  
The same f r e s h e t s  t h a t  o f t e n  
b r i n g  d e b r i s  downstream are 
t h o s e  i n  which many f i s h  can  
move up t o  spawning areas. 
Although t h e  p r o t e c t e d  c u l v e r t  
may n o t  be a v e l o c i t y  o r  o u t f a l l  
ba r r i e r ,  a d e b r i s- l a d e n  t r a s h  
r a c k  i s  almost always impassab le  
t o  f i s h .  Debr i s- ca tch ing  
s t r u c t u r e s  on streams used by 
m i g r a t i n g  f i s h  shou ld  be 
avo ided  . 

T o  compensate f o r  t h e  loss 
o f  c u l v e r t  p r o t e c t i o n  from a 
d e b r i s- c a t c h i n g  s t r u c t u r e ,  t h e  
c u l v e r t  shou ld  be l a r g e  enough 
t o  l e t  t h e  debr i s  p a s s  th rough  
it. Pass ing  d e b r i s  th rough  t h e  
c u l v e r t  i s  as v a l i d  a n  
a l t e r n a t i v e  a s  i n t e r c e p t i n g  it 
above t h e  i n l e t ,  and t h i s  
a l t e r n a t i v e  shou ld  n o t  be 
over looked .  O f  c o u r s e ,  
i n c r e a s i n g  t h e  c u l v e r t  diameter 
adds  t o  i t s  cos t ,  and  sometimes 
i n c r e a s i n g  t h e  diameter may n o t  
be p rac t i ca l .  On t h e  o t h e r  
hand,  when debr i s  can  be  passed  
th rough  t h e  s t r u c t u r e  w i t h o u t  
c l o g g i n g ,  maintenance  costs w i l l  
be lower t h a n  when d e b r i s  i s  
i n t e r c e p t e d  and must t h e n  be 
removed. 
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SUMMARY 
Forest road sys tems ,  a l ong  

w i t h  o t h e r  forest-management 
a c t i v i t i e s ,  c an  a d v e r s e l y  
a f f e c t  a stream's a b i l i t y  t o  

 p r o v i d e  spawning and r e a r i n g  
h a b i t a t  f o r  anadromous f i s h .  
G u i d e l i n e s  are a v a i l a b l e  f o r  
road  c o n s t r u c t i o n  and 
maintenance  w i t h  minimal impac t .  
on anadromous f i s h  h a b i t a t .  
P r o p e r l y  d e s i g n e d  and p l a c e d  
c u l v e r t s  and d e b r i s - c o n t r o l  
s t r u c t u r e s  can  a lso  h e l p  t o  
minimize t h e  impac t s  on f i s h  
h a b i t a t  of  f o r e s t  road systems.  

'- 

LITERATURE CITED 
Anderson, H. W. 1971. Relative 

c o n t r i b u t i o n s  of sediment  
from s o u r c e  areas, and 
t r a n s p o r t  p r o c e s s e s .   I n 
F o r e s t  l a n d  u s e s  and 
stream environment ,  
p .  55-63. J. T. K r y g i e r  
and J. D .  H a l l ,  d i r e c t o r s .  
Oreg. S t a t e  Univ., 
Corvallis  . 

Brown, George W . ,  and James T. 
K ryg i e r .  1971.  C l e a r c u t  
logg ing  and sediment  
p r o d u c t i o n  i n  t h e  Oregon 
Coast Range. Water Resour.  
R e s .  7(5):1189-1198.  

Burger ,  Kenneth R. 1973. Acute 
t o x i c i t y  and long- term 
e f f e c t s  of PS-300 road  o i l  
on j u v e n i l e  coho salmon, 
Oncorhynchus k i s u t c h .  M . S .  
t h e s i s .  Humboldt S t a t e  
Univ. , Arcata, C a l i f .  
67 p. 

Burns,  James W .  1970. Spawning 
bed s e d i m e n t a t i o n  s t u d i e s  
i n  n o r t h e r n  C a l i f o r n i a  
streams. C a l i f .  F i s h  and 
G a m e  56(4):253-270.  

23 



Burroughs,  E. R . ,  F.  R. 
C h a l f a n t ,  and M .  A .  
Townsend. 1976. S lope  
s t a b i l i t y  i n  road 
c o n s t r u c t i o n .  Bur. Land 
Manage., U . S .  Dep. I n t e r . ,  
Oreg . Sta te  Off , , P o r t l a n d .  
1 0 2  p. 

Chow, Ven T e .  1959. Open- 
channel  h y d r a u l i c s .  
p .  98-101. M c G r a w - H i l l  
Book Co., I n c .  , N e w  York, 
Toronto ,  London. 

Duncan, James A,  1965, S a l t  a s  
s t a b i l i z e r  f o r  g r a v e l  
r o a d s .  Tech. P a p .  Am. 
Pulpwood Assoc. 
65 (1) : 16-17 . 

Evans,, W i l l i a m . A . ,  and F. Beryl  
J o h n s t o n .  1 9 7 4 .  F i s h  
m i g r a t i o n  and f i s h  passage  : 
A prac t ica l  gu ide  t o  
s o l v i n g  f i s h  passage  
problems,  USDA For .  
Sew.-Reg.  5 .  43 p. 

F a r r i n g t o n ,  Richard  L.  , and Mary 
E .  Sav ina .  1977. O f f - s i t e  
e f f e c t s  of  r o a d s  and 
c l e a r c u t  u n i t s  on s l o p e  
s t a b i l i t y  and stream 
c h a n n e l s  . Pox Planning 
Uni t .  S i x  R i v e r s  N a t l .  
F o r .  , Eureka,  C a l i f .  

F i k s d a l ,  A. J .  1974. A 
l a n d s l i d e  su rvey  of t h e  
S t e q u a l e h o  Creek watershed : 
Supplement t o  F i n a l  Repor t  
FRI-UW-7404, F i sh .  R e s .  
I n s t . ,  Univ. Wash. , 
S e a t t l e .  8 p.  

F r e d r i k s e n ,  R. L .  1965. 
Sed imen ta t ion  a f t e r  logg ing  
road  c o n s t r u c t i o n  i n  a 
small w e s t e r n  Oregon 
wa te r shed ,  U . S .  Dep.  
A g r i c .  M i s c .  Publ .  970, 
p .  56-59. 

F r e e s t o n e ,  Frank J. 1 9 7 2 .  
Runoff o i l s  from r u r a l  
r o a d s  t r e a t e d  t o  s u p p r e s s  
d u s t .  EPA Tech. Ser. EPA- 
R2-72-054. O f f ,  R e s .  and 
Monit . , N a t l  . Environ .  R e s ,  
Cen t . ,  C i n c i n n a t i ,  Ohio. 
29 p. 

Gayer ,  Richard  J .  1965. So i l-  
cement.  Low cost  
r o a d b u i l d i n g  mater ia l .  
Tech. Pap. Am. Pulpwood 
Assoc. 65(1) :12-13.  

Gebhards, S t a c e y ,  and J a c k  
F i s h e r .  1972, F i s h  
passage  and c u l v e r t  
i n s t a l l a t i o n s  , Idaho F i s h  
and G a m e  Dep. 

Gibbons, Dave R , ,  and E r n e s t  0. 
Salo.  1973. A n  a n n o t a t e d  
b i b l i o g r a p h y  of t h e  e f f e c t s  
o f  logg ing  on f i s h  of t h e  
Western United S t a t e s  and 
Canada. USDA For .  Se rv .  
Gen. Tech. Rep, PNW-10, 
145 p. P a c .  Northwest  
For .  and Range Exp. S t n . ,  
P o r t l a n d ,  Oreg , 

Gons ie r ,  M .  J . ,  and R.  B .  
Gardner .  1 9 7 1 .  
I  n v e s t  i g a t i o n s  of slope 
f a i l u r e s  i n  t h e  Idaho  
B a t h o l i t h ,  USDA F o r .  
S e r v .  R e s .  Pap. INT-97, 
34 p .  I n t e r m t ,  For. and 
Range Exp .  S t n .  , Ogden, 
Utah. 

Haupt, H .  F. 1959, Road and 
s l o p e  c h a r a c t e r i s t i c s  
a f f e c t i n g  sediment  movement 
from logg ing  r o a d s .  
J .  For .  57(5):329-332.  

L a r s e ,  Rober t  W. 1 9 7 1 .  
P r e v e n t i o n  and c o n t r o l  of 
e r o s i o n  and stream 
s e d i m e n t a t i o n  from fores t  
r o a d s .  I n  F o r e s t  l a n d  
u s e s  a n d  s t r e a m  
envi ronment ,  p .  76-83. 
J .  T. Kryg ie r  and J .  D. 
H a l  1 d i r e c t o r s  Oreg 
S ta t e  Univ.,  C o r v a l l i s .  

24 



McKinley, W. R . ,  and R. D.  
Webb. 1956. A proposed 
c o r r e c t i o n  of m i g r a t o r y  
f i s h  problems 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. 
1 (4) :33-45 .  

Megahan, Walter F. 1977. 
Reducing e r o s i o n a l  impacts  
o f  roads .  I n  G u i d e l i n e s  
f o r  w a t e r s h e d  management, 
FAO c o n s e r v a t i o n  g u i d e ,  
p .  237-261. Rome. 

Megahan, W. F., and W. J. Kidd. 
1972. E f f e c t s  of logg ing  
on e r o s i o n  and sed iment  
d e p o s i t i o n  from s t e e p  
t e r r a i n .  J .  For .  
70(3) :136-141.  

Metzker ,  Howard E. 1970. F i s h  
v e r s u s  c u l v e r t s  : Some 
c o n s i d e r a t i o n s  f o r  r e s o u r c e  
managers.  USDA For .  Serv .  
Eng. Tech. Rep. ETR-7700-5, 
19 p.  

Morr ison ,  P. H. 1975.  

E c o l o g i c a l  and 
geomorphological  
consequences  of mass 
movements i n  t h e  Alder  
Creek watershed  and 
i m p l i c a t i o n s  f o r  f o r e s t  
l a n d  management. B.A. 
t h e s i s .  Univ. Oregon, 
Eugene. 1 0 2  p.  

O'Loughl in ,  C. L. 1972 .  An 
i n v e s t i g a t i o n  of t h e  
s t a b i l i t y  of  t h e  s t e e p l a n d  
f o r e s t  s o i l s  i n  t h e  Coast 
Mountains , sou thwes t  
B r i t i s h  Columbia. Ph.D. 
t h e s i s .  Univ. B r .  C . ,  
Vancouver. 1 4 7  p .  

Oregon S t a t e  G a m e  Commission. 
1 9 7 1 .  F i s h  pas sage  through 
c u l v e r t s .   S p e c i a l  r e p o r t .  
9 p. 

Packer ,  Paul  E . ,  and Harold F. 
Haupt. 1966. The 
i n f l u e n c e  of r o a d s  on water 
q u a l i t y  c h a r a c t e r i s t i c s .  
S o c .  Am. For .  Proc. 
1965 :112-115 . 

P a t e r s o n ,  W. G . ,  H. W. 
McFarlane,  and W. J.  
Dohaney. 1970. I n d u s t r y  
e x p e r i e n c e  w i t h  f o r e s t  road 
s t a b i l i z a t i o n  methods and 
materials. Woodland Pap. 
1 8 ,  52 p. Pulp  and Pap. 
R e s .  I n s t .  Can. P o i n t  
C la i r e ,  Quebec. 

Reiser, D. W . ,  and T. C. Bjornn.  
1979. H a b i t a t  r equ i r emen t s  
o f  anadromous sa lmonids  . 
- I n  I n f l u e n c e  of f o r e s t  and 
r a n g e l a n d  management on 
anadromous f i s h  h a b i t a t  i n  
Western Nor th  America. 
W i l l i a m  R. Meehan, t e c h .  
e d .  USDA F o r .  Serv .  Gen. 
Tech. Rep. PNW-96, 54 p. 
Pac. Northwest  For .  and 
Range Exp. S t n . ,  P o r t l a n d ,  
Oreg . 

S t r u z e s k i ,  Ed. 1971.  
Environmental  impact  o f  
h i g h  d e i c i n g  . Water 
P o l l u t .  Con t ro l  R e s .  Ser. 
11040 GKK 0 6 / 7 1 ,  1 2 0  p.  
Edison  Water Qual.  L a b . ,  
U . S .  EPA, Edison ,  N . J .  

Swanson, F. J. 1975. Impact of 
c l e a r c u t t i n g  and road 
c o n s t r u c t i o n  on s o i l  
e r o s i o n  by l a n d s l i d e s  i n  
t h e  w e s t e r n  Cascade Range, 
Oregon. Geology 
( J u l y  5):393-396. 

Swanson, F. J., and Dyrness ,  
C .  T. 1975. Impact o f  
c l e a r c u t t i n g  and road  
c o n s t r u c t i o n  on so i l  
e r o s i o n  b y ' l a n d s l i d e s  i n  
t h e  w e s t e r n  Cascade Range, 
Oregon. Geology 3:393-396. 

25 



Swanston, D.  N. 1 9 7 1 .  
P r i n c i p a l  mass movement 
p r o c e s s e s  i n f l u e n c e d  by 
l o g g i n g ,  r o a d b u i l d i n g  , and 
f i r e .  I n  F o r e s t  l a n d  u s e s  
and stream environment  , 
p .  29-39. J. T. Kryg ie r  
and J .  D. H a l l ,  d i r e c t o r s .  
Oreg . S t a t e  Univ. ,  
Corva11is 

Swanston, Douglas N.  , and 
F r e d e r i c k  J .  Swanson. 
1976. Timber h a r v e s t i n g ,  
mass e r o s i o n ,  and s t e e p l a n d  
f o r e s t  geomorphology i n  t h e  
P a c i f i c  Northwest .   In 
Geomorphology and 
e n g i n e e r i n g ,  p. 199- 221.  
Donald R. Coates, ed .  
Darden, Hutchison,  and 
Ross, I n c . ,  S t roudsburg ,  
P a .  

Tr imble ,  F. R . ,  and R.  S. 
S a r t z .  1957. How f a r  from 
a stream should  a logg ing  
road  be l o c a t e d ?  J .  For. 
55 ( 5 )  : 339-341 . 

26 



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 i s  an Equal Opportunity Employer. 
Applicants for a l l  Department programs will be given equal consideration 
without regard to age, race, color, sex, religion, or national origin. 


	ABSTRACT
	PREFACE
	TABLE OF CONTENTS
	Introduction
	Sedimentation
	Controlling Sedimentation Through Planning And Design
	Road Construction And Maintenance

	Road Stabilization Additives
	Roads and Fish Migration
	Types Of Culverts
	Water Velocity In Culverts
	Culvert Outfall Barriers
	Structures For Debris Control

	Summary 
	Literature Cited


