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PRELIMINARY REPORT ON DESIGN OF CULVERTS 

USED AS FISHWAYS 

INTRODUCTION 

A b r i e f  d e s c r i p t i o n  of f i s h  blockage problems c r e a t e d  by c u l v e r t s  and 

a  review of t h e  s t a t e  of t h e  a r t  of c u l v e r t  fishway des ign  i s  presen ted .  

C h a r a c t e r i s t i c  f e a t u r e s  which a r e  necessary  f o r  a  s a t i s f a c t o r y  fishway a r e  

de sc r ibed .  A v e r t i c a l  s l o t  o r i f i c e  fishway i s  proposed a s  an  a l t e r n a t e  

s t r u c t u r e  which f u l f i l l s  a l l  t h e  requirements  of a  f ishway.  

Problems a s s o c i a t e d  wi th  upstream mig ra t i on  of f i s h  through c u l v e r t s  

a r e  w e l l  de sc r ibed  i n  "A Proposed Cor r ec t i on  of Migratory F ish  Problems a t  

Box Culver t s" ,  by McKinley and Webb (1)  and i n  "Inland F i s h e r i e s  Management", 

e d i t e d  by Calhoun (2 ) .  

T r a d i t i o n a l l y  c u l v e r t s  a r e  proport ioned t o  pa s s  a  p a r t i c u l a r  d i s cha rge  

through a  b a r r e l  of minimum c ros s - s ec t i on .  During p e r i o d s  of l a r g e  flow, 

v e l o c i t y  is too  h igh  f o r  s u c c e s s f u l  a scen t  of f i s h ;  du r ing  normal o r  low f low 

t h e  wate r  may be too  shal low.  Along s t e e p  channels  ( g r e a t e r  than  112% s l o p e ) ,  

where t h e  c u l v e r t  i s  p laced  on grade ,  exces s ive  v e l o c i t y  and shal low flow 

i n t e r f e r e s  and sometimes t o t a l l y  b locks  f i s h  passage.  

Both t h e  o u t f a l l  and i n l e t  of t h e  c u l v e r t  can be formidable  b locks .  

Under c e r t a i n  flow c o n d i t i o n s  t h e  c o n t r a c t e d  a c c e l e r a t i n g  flow a t  t h e  en t r ance  

i s  t h e  most c r i t i c a l  zone. The f i s h  a f t e r  an  exhaus t ive  s w i m  t h e  e n t i r e  

l e n g t h  of t h e  c u l v e r t  may g ive  up whee he  meets t h i s  f i n a l  b a r r i e r  and be swept 

back through t h e  c u l v e r t .  Dropoffs a t  t h e  o u t l e t  of t h e  c u l v e r t ,  i f  of su f -  

f i c i e n t  h e i g h t ,  can s t o p  a l l  upstream migra t ion .  Dropoffs  occur i f  t h e  c u l v e r t  

o u t f a l l  is s e t  w e l l  above grade o r  i f  degrada t ion  of t h e  s t ream bed occurs  

downstream of  t h e  o u t f a l l .  

Downstream migra t ion  of f i s h  through c u l v e r t s  under any f low c o n d i t i o n s  

(o the r  than  low flow) is  n o t  cons idered  a  problem. A s tudy  conducted a t  Glfnes 

Dam on t h e  Elwho River i n  1952, d i s cus sed  i n  Reference 3 ,  i n d i c a t e d  a  92% sur-  

v i v a l  r a t e  of y e a r l i n g  s i l v e r  salmon which passed over  a  dam c r e s t  and f r e e  

f e l l  180 f e e t  i n t o  a  pool .  Nothing approaching t h i s  t ype  of drop w i l l  be  

encountered a t  c u l v e r t  i n s t a l l a t i o n s .  

This  r e s e a r c h  e f f o r t  is d i r e c t e d  toward an  economical and r e l i a b l e  

s o l u t i o n  t o  t h e  problem of upstream migra t ion  through s t e e p  box c u l v e r t s .  The 



c h a r a c t e r i s t i c s  which a r e  necessary f o r  a  s a t i s f a c t o r y  fishway a r e :  

1. S t a b l e  low v e l o c i t y  flow i n  t h e  fishway which w i l l  func t ion  throughout 

a  wide range of d i scharges .  

2. Se l f  c l ean ing  

3 .  E f f i c i e n t ,  i . e . ,  does n o t  reduce flow c a p a c i t y .  

4. Simple and economical t o  cons t ruc t  . 

CULVERT FISHWAYS WHICH HAVE BEEN USED 

Early e f f o r t s  t o  s o l v e  t h e  f i s h  b a r r i e r  problem centered  around t h e  use  

of a  pool  and b a f f e l  fishway. V e r t i c a l  b a f f l e s  were placed on t h e  c u l v e r t  f l o o r  

perpendicu la r  t o  t h e  c e n t e r l i n e ,  spaced a t  r e g u l a r  i n t e r v a l s  forming a  s e r i e s  

of  pools  and o v e r f a l l  we i r s .  Two d i s t i n c t  types of flow can occur ,  "plunging" 

o r  "streaming" (F igure  1 ) .  When plunging flow occurs  t h e  water  drops from 

pool t o  pool i n  a  s t e p  fash ion .  The k i n e t i c  energy conten t  i s  d i s s i p a t e d  i n  

each pool ,  t hus  a f f o r d i n g  t h e  f i s h  a  r e l a t i v e l y  qu iescent  r e s t i n g  a r e a  p r i o r  t o  

each a s c e n t  of a  w e i r .  During s t reaming f low,  water  skims over t h e  wei r  t ops  a t  

a  h i a v e l o c i t y  wi th  l i t t l e  energy d i s s i p a t i o n ,  a  type of flow which i s  unsa t i s -  

f a c t o r y  f o r  f i s h  passage. 

Various t e s t s  conducted on pool  and wei r  f i s h l a d d e r s  (Reference 4 ,  5, 6)  

wi th  c e n t e r l i n e  s lopes  ranging from 5 t o  12y%, i n d i c a t e d  t h a t  plunging f low 

occurs  w i t h  depths  of f low over t he  wei r  up t o  1 . 4 ' t  and s t reaming flow f o r  any 

g r e a t e r  depth.  I f  t h e  c u l v e r t  i s  t o  be an e f f e c t i v e  fishway i t  must be of suf-  

f i c i e n t  wid th  t h a t  f low depth over t h e  wei rs  does n o t  exceed 1 . 4  f e e t  f o r  any 

s u s t a i n e d  l e n g t h  of t i m e .  Th is  n e c e s s i t a t e s  a  wide shal low c u l v e r t .  

S t r u c t u r a l  requirements  f o r  t h e  c u l v e r t  roof and f l o o r  a r e  a  func t ion  

of  t h e  width of t h e  c u l v e r t  cubed. The bending moments i n  t he  roof of a  c u l v e r t  

w i th  a  span of 10 f e e t  a r e  approximately e i g h t  t imes l a r g e r  than  those  f o r  a  

5 f o o t  span,  thus  doubling t h e  span r e s u l t s  i n  a  s i g n i f i c a n t l y  more expensive 

s t r u c t u r e .  

Another f a c t o r  which l i m i t s  t h e  e f f e c t i v e n e s s  of b a f f l e s  is bed load  

depos i t i on  i n  t h e  pools .  The m a t e r i a l  c a r r i e d  i n  most s t e e p  s t reams r a p i d l y  

f i l l s  t h e  pools  between t h e  b a f f l e s  r e s u l t i n g  i n  s t reaming flow even a t  low 

d ischarges .  It is no t  economical t o  c l e a n  t h e  pools  a s  t he  work must be 



done by hand. Shallow head room and b a f f l e s  on t h e  f l o o r  p r o h i b i t  any form 

of mechanical c l ean ing .  

A l t e r n a t e  pa i r ed  b a f f l e s  i l l u s t r a t e d  i n  F igure  2 have no t  proven e f fec-  

t i v e .  During low f lows,  dep ths  i n  succes s ive  pools  a r e  below minimum depth  f o r  

f i s h  passage and extremely t u r b u l e n t  uns t ab l e  flow p a t t e r n s  u n s u i t a b l e  f o r  f i s h  

passage occur dur ing  h igh  flows (1) .  

The b a f f l e  system which has  worked most e f f e c t i v e l y  i s  t h e  o f f s e t  baf- 

f l e  de s ign  (F igure  3 ) ,  Throughout a  l a r g e  range of f low depths  a  counter-  

clockwise r o l l  of r e l a t i v e l y  s t agnan t  water  forms i n  t h e  reg ion  below t h e  

c r e s t  of t h e  b a f f l e  i n  t h e  apex between t h e  angled b a f f l e  and t h e  wa l l .  This  

r o l l  a f fozds  a  r e s t i n g  a r e a  f o r  t h e  f i s h  a s  they  make succes s ive  advances 

through t h e  gap between b a f f l e s .  Another advantage i s  t h a t  t h e  a r e a  i s  para l -  

l e l  t o  t h e  d i r e c t i o n  of f i s h  movement. 

Tes t i ng  of t h e  o f f s e t  b a f f l e s  (1) i nd i ca t ed  good c lean ing  cha rac t e r -  

i s t i c s .  Although t h i s  may be s o  f o r  smal l  s i z e s  of bed m a t e r i a l ,  t h e  s t r e n g t h  

of c i r c u l a t i o n  requi red  t o  sweep out  m a t e r i a l  s e v e r a l  inches  i n  diameter  would 

s u r e l y  r e s u l t  i n  an u n s u i t a b l e  r e s t i n g  a r e a .  M r .  Gene F i o l l a ,  Regional 

Hydraul ics  Engineer f o r  t h e  Bureau of Pub l i c  Roads, mentioned t h a t  s e v e r a l  of 

t h e s e  i n s t a l l a t i o n s  i n  Oregon and Washington have f i l l e d  completely w i th  bed 

m a t e r i a l  and a r e  no longe r  e f f e c t i v e .  

Another undes i r eab l e  f e a t u r e  of any type  of f l o o r  b a f f l e  is t h e  l o s s  

of e f f i c i e n c y .  E f f i c i ency  i s  def ined  (1) a s  t h e  r a t i o  of t h e  depth  of flow 

i n  a  cu lve r  ope ra t i ng  wi thout  b a f f l e s  d iv ided  by t h e  depth  of flow f o r  t h e  

same d i scha rge  and c u l v e r t  b a r r e l  dimensions wi th  b a f f l e s  i n  p lace .  Model 

tests on o f f s e t  b a f f l e s  s imu la t i ng  a  1 0  f t .  wide c u l v e r t  wi th  one f o o t  high 

b a f f l e s  i nd i ca t ed  an e f f i c i e n c y  of 69%. With 1 .4  f o o t  high b a f f l e s  t h e  e f -  

f i c i e n c y  was 57%. This  i s  an important  cons ide ra t i on  when e x i s t i n g  c u l v e r t s  

a r e  modified. A s  an  example, i f  a  s i x - foo t  h igh  box c u l v e r t ,  proport ioned t o  

c a r r y  a  p a r t i c u l a r  d i s cha rge  wi th  a  headwater of 6  f e e t ,  i s  converted t o  a  

fishway by i n s t a l l i n g  one f o o t  high b a f f l e s ,  t h e  headwater (backwater) upstream 

of t h e  c u l v e r t  would have t o  be  about e i g h t  f e e t  i n  order  t o  d r i v e  t h e  same 

d i scha rge  through t h e  c u l v e r t  (computations shown i n  appendix).  This  head- 

water  i s  about two f e e t  h igher  than  t h a t  s p e c i f i e d  during t h e  o r i g i n a l  des ign .  

I n  some s i t u a t i o n s  two f e e t  of a d d i t i o n a l  backwater may inundate  v a l u a b l e  

land o r  s t r u c t u r e s ,  o r  may over top  t h e  roadway f i l l  r e s u l t i n g  i n  damage t o  t h e  



highway and p o s s i b l e  l o s s  of t h e  c u l v e r t .  Th i s  p o i n t  must be  cons idered  when 

e x i s t i n g  s t r u c t u r e s  a r e  modi f i ed .  

New s t r u c t u r e s  which a r e  t o  f u n c t i o n  a s  f i shways ,  must b e  des igned  f o r  

a  s p e c i f i e d  headwater w i t h  a  cor responding  i n c r e a s e  i n  s t r u c t u r e  width  and c o s t .  

SUGGESTED STRUCTURE 

A s t r u c t u r e ,  which s a t i s f i e s  c r i t e r i a  f o r  t h e  f ishway o u t l i n e d  above i s  

shown i n  F i g u r e  4 .  The f ishway e x i t  (upstream end of  t h e  c u l v e r t )  would be  

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

on s t e e p  g r a d e s  i s  t h e  e n t r a n c e  s e c t i o n  t h u s  t h e r e  would be  no d e c r e a s e  i n  

e f f i c i e n c y  o f  t h e  c u l v e r t .  At a  d i s t a n c e  downstream of t h e  i n l e t ,  such  t h a t  

t h e r e  i s  no i n t e r f e r e n c e  t o  f low e n t e r i n g  t h e  c u l v e r t ,  t h e  f ishway would e n t e r  

t h e  c u l v e r t  b a r r e l  and occupy t h e  r e g i o n  a d j a c e n t  t o  a  w a l l .  The e f f e c t  of t h i s  

i s  t o  r a i s e  t h e  l e v e l  of f low i n  t h e  lower r e a c h  of t h e  c u l v e r t ,  however, s i n c e  

t h i s  r e a c h  is  below t h e  c o n t r a c t e d  e n t r a n c e  s e c t i o n  and i n  t h e  s u p e r c r i t i c a l  

f low zone,  i t  does n o t  e f f e c t  t h e  headwater l e v e l .  

The second major  f e a t u r e  of t h e  f ishway would be  t h e  use  o f  v e r t i c a l  

s l o t  o r i f i c e s  t h e  e n t i r e  l e n g t h  of t h e  f ishway.  The s e r i e s  of v e r t i c a l  s l o t s  

ex tend ing  t h e  f u l l  d e p t h  of t h e  s e c t i o n  would be  e f f e c t i v e  over  a  v e r y  l a r g e  

range  o f  d i s c h a r g e s  and would p r o v i d e  a  s u i t a b l e  environment f o r  f i s h  passage.  

A  semidment e j e c t o r  c o n s t r u c t e d  a t  t h e  upper end o f  t h e  f ishway would 

f l u s h  a l l  bed l o a d  o n t o  t h e  smooth f l o o r  of t h e  c u l v e r t  b a r r e l  where i t  would 

immediately be  swept downstream. The i n v e r t  of t h e  f ishway e x i t  would b e  s e t  

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

low f low would be  r o u t e d  through t h e  f ishway.  F i s h  passage  would be  p o s s i b l e  

even d u r i n g  v e r y  low f lows .  

I f  d e g r a d a t i o n  i s  expected a t  t h e  lower end of t h e  c u l v e r t ,  t h e  ffshway 

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

o r i f i c e  shou ld  f u n c t i o n  w e l l  throughout  a l a r g e  r a n g e  of t a i l w a t e r  dep ths .  

The o r i f i c e  f ishway could  be  c o n s t r u c t e d  e n t i r e l y  o u t s i d e  of t h e  

c u l v e r t  b a r r e l .  However, i t  a p p e a r s  t h a t  t h i s  ar rangement  would b e  more c o s t l y  

as c o n s i d e r a b l y  more m a t e r i a l  would be  r e q u i r e d  f o r  t h e  roof and f l o o r .  From 

a c o n s t r u c t i o n  v iewpoin t  forming of t h e  roof  i n  p l a c e  would be  i m p r a c t i c a l ,  



Another po in t  a g a i n s t  t h e  separage fishway i s  l a c k  of l i g h t .  It i s  

g e n e r a l l y  agreed (though no t  conc lus ive ly  proven, s e e  Reference 7 )  t h a t  a 

l i g h t e d  fishway i s  more conducive t o  f i s h  movement than a da rk  fishway. When 

t h e  fishway i s  cons t ruc ted  w i th in  t h e  b a r r e l  t h e  l i g h t i n g  condi t ion  i s  f u l -  

f i l l e d  wi th  t h e  except ion of a s h o r t  reach  i n  t he  upper po r t i on  of t h e  fishway. 

HYDRAULICS 

Severa l  a s p e c t s  of t h e  hyd rau l i c s  of t h e  system cannot be designed 

wi th  e x i s t i n g  c r i t e r i a .  The flow regime a t  t h e  fishway e x i t  i s  q u i t e  complex. 

The q u a n t i t y  of in f low through t h e  s l o t  o r i f i c e  and how t h e  l a t e r a l  withdrawal 

d i s t o r t s  t h e  normal flow p a t t e r n  a t  t h e  c u l v e r t  en t r ance  a t  va r ious  headwater 

s t a g e s  w i l l  have t o  be  determined. The geometry of t h e  en t r ance  s l o t  and 

sediment e j e c t o r ,  t h e  q u a n t i t y  of f l u s h i n g  water ,  and t h e  normal weir  t o  w e i r  

f low p a t t e r n  wi th  v a r i o u s  o r i f i c e  opening r a t i o s  and l o n g i t u d i n a l  spacings 

w i l l  have t o  be examined. C r i t e r i a  f o r  t he  l o n g i t u d i n a l  spacing ( a s  a func t ion  

of c u l v e r t  s l ope )  and t h e  r a t i o  of t h e  o r i f i c e  opening t o  fishway width w i l l  

have t o  be  developed. A minimum width of opening w i l l  have t o  be  s p e c i f i e d  

depending upon t h e  s i z e  and spec i e s  of f i s h  which w i l l  use  t h e  s t r u c t u r e .  

The above des ign  c r i t e r i a  w i l l  be  developed by us ing  a combination of 

hyd rua l i c  laws and hydrau l i c  modeling. Severa l  r e f e r e n c e s  such a s  "Flow i n  

Rectangular  Channels w i th  L a t e r a l  Construct ion P l a t e s "  (8) ,  and "The V e r t i c a l  

S l o t  a s  a Flow Measurement Device" ( 9 ) ,  w i l l  b e  u s e f u l  though no t  d i r e c t l y  

a p p l i c a b l e  t o  t h e  problem. 

CONCLUDING REMARKS 

A b r i e f  review of t h e  s t a t e  of t he  a r t  of c u l v e r t  fishway design and a 

d e s c r i p t i o n  of a few shortcomings of e x i s t i n g  des igns  i s  presented i n  t h i s  

i n t e r i m  r e p o r t ,  A v e r t i c a l  s l o t  o r i f i c e  fishway i s  proposed a s  an a l t e r n a t e  

s o l u t i o n  which f u l f i l l s  a l l  t h e  requirements  of a ffshway without  lowering t h e  

e f f i c i e n c y  of t h e  c u l v e r t .  I f ,  a f t e r  review and comment by i n t e r e s t e d  agenc ies ,  

t h e  v e r t i c a l  s l o t  o r i f i c e  fishway i s  considered p r a c t i c a l ,  modeling of t h e  

fishway and development of des ign  c r i t e r i a  w i l l  commence. The modeling work w i l l  

be accomplished i n  t h e  hyd rau l i c s  l a b o r a t o r y  i n  t h e  new Buchanan Engineering 

Laboratory a t  t h e  Un ive r s i t y  of Idaho. 
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/. Assume //ow passes fhough a / a t  po,n/ A, 
"s. 5. 

2 G / H P ~ :  A//owab/e depjh o f  /c/~adwal/er. /s 6 : 
3. C o r n p i e  approx/mo/e dschorge p e r  /oo/ o / du/~er/ w/dfh 

/Coy c u / w i  uifhouf bo///e. 

1: d/scharye per  Kf oC d a r e /  w/d//h = h, r V * (+1//.4) = 45- 6 c A 

4 f i r  cu/ver/ brrre/ w l f h  / I  bscC//e, e/ i ; t /ency;  69%,  30% 
/oss o F  K/nci/c o t  fhe /leu/veri eo j i -~?~,c  due yo h q h  / b e /  77 DL fuurbu/ence creafed by bo///e , r w e  /he f e r  

depjh (/fT figig. 6) eecessor fo - drive 4 3 7  6 c /s fhrouph the 
cu /ue~/ f  
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