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 his chapter of the Environmental Management Manual provider; 

guidance in the review of bridge and culvert  projects, Erfrlinke- 

nmlce of c red ib i l i t y  w i a  road construckion agencies and contractors 

and to achieve compliance w i t h  statewide fish management programs 

requires that f i s h  passage recommendations be consistent t h r a~ghou t  

the  skate* 

Deparmenk stmdards are not hard, f as t  r u l e s  that r ~ u s t  always 

apply. Deviation frm a e  stzundards may be made upon ret:osrrmendation 

o f  *e fishery biologist md approval by &he ~ i s h e r y  Division, 

Boarmkent of Fish a d  F7ildPLf e Standaxas 

Authority i s  granked to the state by BRS 498.268 a n t 2  ORS 509,-605 

to require any person placing an ar t i f ic ia l  obstruction across a 

s t r e a m  to provide f i s h  passage [Appendix b) . Fish passage w i l l  be 

required an any stream, regardless of s i z e  or Wether pe~rennial or 

i n t e rmi t t en t ,   at i s  utilized by madramous or r e s iden t  f i s h  during 

m y  persisd of  the year, In addition, f i s h  passage shaulj2 be recommended 

for the foPfowing streams : 

I. Any s t r e m a  t h a t  has a history of f i sh  production, but 

that, production has been eliPninated because of  a 

Oark le r  f i a t  ctvl be removed in itsresee&l?le future.  

&%y stre= that has s ign i f i c an t  poten t ia l  for f i s h  

prcsduction aiat has h e n  precluded by some conla%hon 

t h a t  can be sesolvec' in foreseeable future,  



/ 

mere more than  one species i s  present, criteria shauld be 

odate all species. For example, if a 

stream contained sea-k-un cutthroat ,  coho and f a l l  chinook, the  

following criteria zrsouLd apply: IP 

M a x i m u m  water velocity = 4fps 

Minimum water depUl = 0 0 , B 9  

Maximum entrance jump = 0.5' 

The previously listed maximma velocity cr i ter ia  are f t ~ r  culmrts 

Less than 100 feet long. T a b l e  I lists ~ c l x i  ~ ~ a t e r  vel,otziLies for 

longer cu lver t s ,  

Recommended maximum water velacity i n  culverts 
for adult f i s h  passage. 

Cr i ter ia  fox upstream movement o f  a d u l t s  shauld not be 

excseded m o r e  a a t n  la percent of the ti ghen f i s h  are d g r a t -  

king, Passage is natc required during flood flaws, 



Where f i s h  passage i s  to be provided the following cr i ter ia  

apply : 

Criteria for ups eream movement of adult f i s h ,  

Adult anadromous f i s h  expend approximately 8 0 ]percent 

o f  theis stored energy reserve during the upstream 

nigration, The remainder is used for spa~zning a d  any 

delalp or exertion required to pass barriers. IUndue 

exer t ion  at stream-road crossings wi13 be minimized if 

the following criteria are m e t .  

Maximum water v e i o e i t i e s  

(1) 8 fps for salmon and steelhead 

(21 4 fps for trout; 

i 3 )  3 fps for kokanee 

(1) 0.8 foot (9.5 inches) for chinook sa:lmon 

( 2 )  0.6 foot f 7.2 inches)  for ocher salmt~n, 

steelhead, sea-n~n cutthroat and otht2r 

t r o u t  over 20 inches. 

( 3 )  8,4 foot: (4.8 inches) for  tr0u.t unde~r 20 

inches and kokanee 

~minum entrance jump (vertical height)  

(If I foo t  for salmon ar.d steelhead 

12)  0,s foot f 6  inches) for t rou t  and icolcmee 



A$+~\-~= 
l%%ere more thm one species is present, criteria should be 

2+%;'".1:*\ 

&&kcGj 
sexected that w i l i  accommodate all species. For example, if a 

~ strr-eam contained sea-run cut throa t ,  coho and f a l l  chinook, the 

~ following criteria would apply: 
b 

~ a x i m u r n  water velocity = 4fps 

&$inim.um water depth = 8 , 8 @  

Maximum entrance jump = O.sl 

The previously listed maximum velocity criteria are for cillve r L s  

less t i x f ian  100 feet long, ."able i lists maxi ~gate r  vpeloci  ties for 

longeyer culvt%rts. 

nded maxinlm water velocity in culverts  
far adult f i s h  passage. 

Gritesla for ups t r ew  movement sf aabdults should not be 

~ exceeded more than 10 perseat o f  the time xdhen f i s h  are migrat- 

z king. Passage i s  nat req.aired &ring flood flows. 
2%& LC*!* . - " " *  {cz;&g2s 
%$2$:$ 

."k*,i;"*** 



2. C r i t e r i a  for inskreun movement of juvenile salmonids. 

Minimum depths required for  i n s  t r e a m  movemenic af 

juveniles will vary w i t h  species and s i z e  o f  f i s h  

present .  Generally, 0.2 foot (2.4 inches) is s u f f i -  

cient for passage. M a x i m  water velocities will 

also vaqp depending upon f i s h  s i z e  and species. 

R e f e r  to Figure 1 for maxi water velocity 

ndat isns.  The necess i ty  for and requjired 

period of criteria satisf aeticn sha l l  be detr?rmined 

by apprapsiate distr ict  biologist. 

Excessive wate.er velocity, inadequate water depth zmd excessive 

entrance jump are "Ae most frequent  causes of f i s h  passage problems 

a& bridges $md culverts. !%%en exist ing culverts or oU%e.ek roa&- 

relaeed structures appear to block f i s h  passage, it must  be deieternlined 

t h a t  a problem actually lyxissts before requesting corrective masures. 

Procedur@s for resolving existing fish passage prablex~z w%XP be 

presented in a fu tu re  chapter of C&e Environmental E4aagen;ent Seet ion 

bfanual, 

Excessive water ve loc i ty  

1. Problem. Maker ve loc i t ies  can block f i s h  rnsyire~entr sir;rply 

exceeding the swi i ng  a b i l i t y  aof f i sh .  i4biiity varies 

w i t h  species, s i z e  m d  age of fish, and w a t e r  qualieyir, 

Studies of f i s h  m~vement, psimasify at fis!2wisi~rs, have 

p r a v i d e ~  the f oLlos~Sag inf onaation ? 





In general,  f i s h  aZ equal s i z e  have s imi lar  m i  

ats i l i t ies ,  However, kokanee seem to have less 

a b i l i t y  than other species. 

O p t i m u m  swinming speed e f f i c i e n c y  for salmon, based 

on energy output,  occurs at w a t e r  velocities near 

2 fps  (Appendix 2 ) .  Table 2 shovrs f i e  b e s t  x~aeer 

velocities for aduf t f i s h  passage as detemined by 

t e s t s  conducted on passage through an i n c l i n e  pipe@ 

TiaDle 2 @  B e s t  water velocities for  passage of  aault f i sh ,  

Sockeye 

ce ng ability of f i s h  2s d i r ec t ly  related to 

s i z e ,  the larger tthe f i s h  the weaker i t s  abillky, 

They are capaSle of short bursts eaiualling approxi- 

mately t en  times t h e i r  body length per second. 

speeds recorded for skeelhead and chinaalr 

as9 26 f p s  and 22 fps, respectivelv, 
'g 

c2 .i%p Swirming st 

decreases; being highest  at 65-75°F, and lowest 

at 32-4OBF, Qptirnum t e ~ ~ p e r a t u r e  for swirming 



a b l ~ i t y  o f  juvenifes i s  6QQr_ Atlantic salnmn 

md rainbo~z &rout experience rek-3aced x~~ovement and 

jeunping ac t iv i ty  when w a t e r  tempt-ratures arc!  less 

k11at %ZQFc 

e, The iunount, of djssolsred, oxyqen in the water c o n t r i b u t e s  

to ~e s w i m i n g  ability of f i sh .  Changes in dissolveil 

owgen concentrations f r o m  7 mgJl to 3 mg/h can r e & ~ c t s  

ing  speeds  by 500 percent. 

f. Upstream migrmts show a lack of movement; during the 

- peak o f  freshets. Upstrean movement is glenerallv - 
highea t on receding  f ic~rs a f t e r  freshets . 

2 @  Ca~nses o f  excessive %reloci &Aes, 

a, Roughness factors far culverts and nakurakl stream 

baktoms are fiste6 in T&1s 3. The imac.t of this 

factor is generally unimpar2ant except wften smooth 

concreke or steel pipe and cancrclte aprarts are 

TEQbke 3. Raugfaness factors  f ~ r  various type c h a ~ n e l s ,  

Concrete pipe f smooth) 
Cancre te apron f smool% 1 

Roughness factor 

 tee I pipe- ( smookh) 8,812 
Corrugate< s t a d  6,024 
Natural bat-kaa (grawl bar) 9,325 
Natural bottom (bou'ders) 0,035 to 0,06 



This factor has niniznab importance in ve loc i t i es  

except sqhen the structure i s  considerably uncier- 

s ized =d a head i s  developed (poa1Fnq at c; ~ t r e a  

end). Sn mat case, the head causes higher veloci- 

ties. Iiead should zat be desiped i n t o  p n ~ j e c t s  

whexkk fi.sh passage i s  desired, 

Slope, 

Slopes steeper tfian ,5 percent: Elf 2 

foot drop i n  100 f ee t )  generally create exfcessive 

veloci.tsies -r ff sh passage. 

3, Solution to excessive water veloci ty  p~ablems, 

Properly desiqned baffles c m  reduce velocities in' 

cosLverts an sfopes up ta 5 percenk (Figure 21, The 

velacity i s  reduced because khe path of f lt3w is 

Pengthened (reduction of slope] and the roughness 

f astax i s  increased, Baffles are mast efh2cti-ue 

whsn they are just: overtopped; effectiveness draps 

quickly as %gatex dep- increases begond one foot  

over baffle tops, Due to &his varidaillty in 

ef f i c i e n q  , reduction o f  culvert  f l o w  capacity and 

Lacreased debris probiers , baffles should 43nk9 be 



Figure 2 ,  Approved i~af f led  culvert  des ign ,  {Scurce i 
Gebhards, Sekacy and Jnck Fis ; i~es ,  Fish 
Pazsaye a d  Culve r t  Ins taXf zgtions) 





Piguse 2 ,  (continued) 



used when an open-bottomed s t r u c t u r e  or an over- 

s i z e d  countersunk culvert  is not practical,  

b, Construct  weix(s) downstream to back water i n t o  

s t r u c t u r e  , T h i ~  technique reduces veloci ty  by 

reducing slope. Figures 3 and 4 presen t  approved 

desicgn for weir utilization. 

c. Auxiliary cu lver t s  w i l l  decrease excess%- velocities 

caused by development of a head upstream of the s t r u c t u r  

Auxiliary cu lve r t s  should be designed to function only 

when &he primary fac i l i ty  is j u s t  under excessiw 

velocity limit,. 

d, Replace existing struckare change proposed s t r uc tu r e  

design to e f  imina tc  ve loc i t y  problem. 

l4aximwn velocities w i th in  a s t r uc tu r e  are m x m a l l y  encornteed 

at: the dotunstream end. However, if the  slope changes wzthin Ule 

s t ruc ture ,  ve loc i t ies  can be highest: w i t h i n  t h e  s t ruc ture .  This 

situation is ma@$ f requent ly  encountered whese the structure's slope 

chrtnges oar where %ha s t r uc tu r e  is par t i a l ly  baekflsoded fF.igure 5 ) .  

The mast frequent solution ta &be pssblems depict?ed in Figure 5 

is xeplacement of the stmcture wi*A than  %%at satisfies passage 

criteria, Otcher solutions should be coordinated wieh Department 

engineers. 



nded design of weirs f o r  ba&floodiag 
culverts, (Source : Gebhards , Staey and Jack 
Pisixer , Fish Passaw and C u l v e r t  Installatians) 



(Sousce: Evans, W i l l i s  A s ,  Fisil llicgration and F i s h  
Passage R Pract ical  Guide To Solving Fish Passage 
P rah lems ) 

d$si%t. 



F i g u r e  5.  Change of culver t  slope or part ia l  backfloading 
can place W e  location o f  maximum vel.ocity at a 
p o i n t  other than a e  out le t .  



Inadequate w a t e r  depth 

Problem. Fish require s u f f i c i e n t  w a t e r  depth to a t t a i n  

maximum s ~ q i  

d i r ec t l y  related to f i s h  s i z e  w i t h  larger f i s h  r e q u i r i n g  

deey2er k~ater, F~aen i n s u f f i c i e n t  depths are encountered, 

f i s h  are u & l e  to produce Eulf  propulsicn. 

2 ,  Causes of inadequate depth. The t t ~ o  most freqckently 

encountered reasons for  i a s u f f i  c i en t  water dep t& are 

steep slope and a w i d e ,  f l a t  channel bottom (no low 

flow channel) . 

All sther factors being constant ,  the steeper t h e  

slope of a s t r u c t u r e  the  shal lo t~er  the  ~ ~ a t . e r  depth, 

nil other factors being constant,  the wider the 

s t r u c t ~ x r e  bottom the shallower the islater depth. 

Solu-tions to inadequate iqater depul problems, 

I n s t a l l  properly  designed baffler; (Figure 21 to 

concentrate Power flaws ines karrs watex channel. 

Uzereby increasing water dept;h. 



C:onstruct w e i r  ( s )  do~qnstscem of a s  s t r u c t u r e  to 

back !$\rater i n t o  i t  (Figure 3) . VJeir he igh t  can be 

adjusted to meet minim depth standards, 

~Qplace e x i s t i n g  s t r u c t u r e  or modify proposed 

desig-n to eliminate depth problem. 

Excessive entrance jump 

Problem. Fish jumping ability can be exceeded, thus 

blocking f i s h  movement. 

In general,  adul t  t r ou t  can negotiate a verkical  j of  

one foot, IIok~ever, if a series of jwtps is required, a 

junrp o f  one-half foot at each i s  preferred. 

Salmon a d  steelhead can normally negotiate s ingle  j 

of txgo to three fee t  w i a o u t  excessive diffi .culty. tiow- 

@vex, my series of individuaf j 

done foot, 

c, Any s t ruc tu re   at vzi l i lE ,=quire a jump sholnKd be designed 

with a vestica2 drop, not sloped (Appendix 31, Slaped 

drops s i g n i f i c a n t l y  increase f i s h  passage problrjms. 

d, Jumps near m a x i m u m  & i l i t y  of f i s h  may necessitate 

numerous jump a t tempts  resul t ing  in undue exer t ion 

and possibly physical dmage to f i sh .  



Causes of jump, The t p ~ o  basic causes fox a jurnp at t h e  - 

da~mstrem end of a s t r u c t u r e  are bed scour a d  slape a f  

s t r u e t u r e  placement (Figure 6 )  . 

Degradation o f  t f le stre 

r e s u l t  in lowering me lqater surface i;lelo~y~ the down- 

stream end of the struc.kure. This occurs mast f requent ly  

in steep gradien t  s t r e m s  w i t h  erodible bottom 

Degradation o f  a receiving stream can c re , a t e  a j 

a s t r u c t u r e  near *e mouth of a t r ibutary .  

Placement o f  a f l a t  sloped structure an a steep sloped 

stream b u i l d s  i n  a j 

Solutions to excessive entraqce j 

a, Fish have d i f f i c u l t y  in jumping when aldequate pool 

i s  not  available f o r  t h e m  to gain required swiming  

speed and vertical a r u s ' c ,  The  fallowing -proximate 

dimensions should be used to design a j 

(1) P s o l  lengeh sshouf d equal three t i m e s  ale maxi 

w i d t h  o f  t;he culver t  or a minimum of ken feet. 

f2 )  Pool w i d t h  should e q u a l  &wo * 2 m e s  &e m a x i  

wid* of %he culvert or a minimum of eight  fee%. 



M 

CHANNEL SOTTOM 

Figure 6 .  Jumps at strructuse outlet caused by "A" .degraded 
channel and "B'Qy yplaiing s t ruekure  on a grade 
c ~ r ~ s i d e r d u l y  f la t ter  Cqarr s tre-ed, 



( 3 )  Depth s l ~ o u l d  equal one arad one-half to .hjo tines 

the he igh t  of the jump required w i t h  a m i n i  

depth of W o  feet ,  

Utilization of w e i r  ( s )  to backflood s t ruc f tu re  which 

eliminates or reduces junp to acceptdule he igh t  

(Figure 3).  

Pepiace ex i s t ing  s t r u c t u r e  or redesign pnopose~ structure 

to elira;.nate entrance jump problem. 

U t i l i z e  a f i s h  passage fac i l i ty  such as a n  A l a s k a n  

steep pass, ta provide entrance into s t ruc tu re .  

S t r u c t u x ~ s  should be located according to the folf owing: 

'Ihekre should not  be a sudden increase in veloc!ity 

immediately a'uove, belo~z, or at +Ae crossing, 

Stsl-lctusres should not  be Located on a s h a q  belnd i n  the 

stm:e ckmdnel, 

S-&ructures should be desiqeci  to f i t  the stre 

- a l i g m e n t ,  They should not necessitake a cl~annek &mge 

to f i t  a par t i cu la r  crossing d e s i q .  



- men a new s t r u c t u r e  i s  to be ins ta l l ed ,  the Department o f  

p r i o r i t y  : 

Bridge 

A r c h  plate 

Open bottom box culvert  

Countersunk corrugate6 pipe 

Countersunk box culvert  ar smaath pipe 

Corrugated pipe w i t h  grade less than 0.5 percent 

Concrete bottom or smooth pipe w i t h  grade less than 
0.5 percent 

Corrugated pipe w i t h  baffles on grade between 0.5 
and 5 percent 

Concrete bottom OP sxa~klj"$ e~%verts w f a  baffles on 
grade bet~geen 0.5 and 5 percent 

Structure  wi.irh f ishway 

Bridges: Bridges are the preferred structural t:ype as they 

seldom cause f i s h  passage problems and pemlit re tent ion 

of t12e naturaP stseambed, Bridges w i t h  concarete aprons 

c a s e  prsblems by necessi ta t ing a j ania/'ar by causing 

the waker to spread, out Fn a thin flow acrabss a w i d e  

apron (Figrare 71, 

Lisreh plate: This stattl~ture i s  desirable 1201 f i s h  passage as 

i t  maintains a n a t u r a l  strem bottom. &lost: f requen t ly  

encoun&eared problem is an inadequate f oundaiticsn. 



Concrete box culvert :  Open bottomed or countersunk concrete 

bow c u l v e r t s  maintairn a n a t u r a l  stream bottom ?ad 

general ly are a desir&le f i s h  passage s t r u c t u r e .  Box 

culverts designed w i t h  a bottom silould alilays be counter- 

sunk. It may be necessary to c o n s t r u c t   lo^^ C T O S S ' L I ~ X ~ S  

(baffles) to ho3.d n a t u r a l  bottom materials in a counter- 

sunk box, 

Cossugated pipe: Corrugated pipe normally provides desirable 

f i s h  passage when pfaceri on a grade less ale 0.5 precent  

and countersunk b e l o w  the strem grade. This *technique 

mainlains a na tu r a l  stre bot tam through t h e  s t ruc tu re  , 

It may be necessary to cons t ruc t  low crosswallrs (baffles) 

to hold n a t u r a l  bottom materiais. Appendix 4 suggests 

depaxs for  countersiniring various s i zed  culver3ts. 

Corrugated pipe w i t f l  standard placernen t generally provides 

adequate f i s h  passage $&en placed on a grade lless than 0.5 

percent. $$hen using e l i s  type of installation, the bottom 

o f  the culvert  should be placed at leas t  s i x  inches  beXsps 

t he  stre= b ~ k t ~ m e  

Corrugated pipe placed on grades b e t ~ ~ e e n  0.5 and 5 percent 

can proviZZe adequate f i s h  passage if properly designed 

b a f f l e s  are utrilized. Baf f les  function best x~hen *ey are 

j u s t  being overtopped w i t h  flab$. The i r  eFfectiveness drops 

.- - 
baEfle tops, Due to ;"lais variabilifiy i n  baf f le  efficiency 



PRON UNDER 
CdAUSE UNSU 
PASSAGE CON 

Figure 7, Apron unden: bridge may cause -canstlit&le f i s h  passage 
condition. (Source : Evans, P J i l l i s  A. , F i s h  Ugra- 
t i o n  and F i s h  Passage A Practical G d d e  To Solving 
Fish Passage Pr&lern;s) 



and inheren t  debris problems, baff led s t r u c t u r e s  are only 

reconmended at new crossings when a bridge or other more 

desir&Xe s t r u c t u r e  i s  n o t  practical. 

Smooth pipe: Due to a%eis lower roughness factor, smooth pipes 

have more psoblems meeting f i s h  passage cr i ter ia  than do 

corrugated pipe. Otherwise, c n t s  for corrugated pipe 

apply. 

Fishways : Struc tures  incorporating fish9zays should be recorntended 

only if a l l  other options are unsatisfactory. Iksigns for 

such s t ructuxes  must be approved by Department o f  Fish and 

Wi l d l i  fe engineers. 

D a t  -. contained in Appendix 5 (perf ormanee curves for  culver ts)  

a m  9i? extreme value i n  dele ning slope and s ize  o f  culverts 

srequireal .&o sa t i s fy  departmentaL fish passage criterfia, 

In addition to f i s h  passage, S t ruc tu re  s i z e  should consi*r 

t;he following poirnks: 

.Id New stsuc&axres should be designed to acc 

least a e  flood of 25 yeair occurrence. Crossings - 

w i a %  reduced capacity freqaentfy wash out resu l t ing  

In s Llbs t a n t i a b  sedimentation and need far addi t i a n a l  

conskxuckbsn, 



2, St ruc tu re s  should be of adequate s i z e  to acc 

anticipated floatmle d r i f t  (wood, i ce ,  etc, 1 and 

allow for  boat traffic where required. 

3 a St ruc tu re s  anc9 assocxated qpzoaches should not unduf y 

restrict floodway zapacif:y. Restrict ion of  m e  flooa~gay 

can r e su l t  in s t ruc tu ra l  failure, excessive floodilag a d  

&normally high veloczties leading to bbe scour down- 

stream o f  s t r u c t u r e .  

4, Struc ture  s i z e  should be suff ic ient :  to prevent formation 

o f  a head upstre of struceure,  

I, Research has not indzcated sat l i g h t i n g  of l a g  culverts  

is necessaq to achieve adequate f i s h  passage. 

2. Muf tiple barreled culvert  instal la"i ions are not  generally 

desirable, A larger single pipe wil2 nomal ly  t:ave l o w e r  

velocities and will be less apt to plug w i t h  debris, 

3,  iaen t w o  ox mom c u l v e r t s  are available, f i s h  wi . f l  generally 

tsry &o en t e r  Lhe one wim higher velocities. 

4, men t w o  or mas@ culverts are available w i t h  equaf veloci t ies, 

f i s h  i~ill generally atte3p.t ko pass a e  wkder  one, 



Alaska Department of Fish and Game and U, S ,  Forest Searvice, 
Lagging and Fish H & ; b i t a t ,  2 2  pp. 

Alaska Departnent of Fish a d  Game. Swimming Capabili.ty o f  
liggrating Salmon in Freshwater. 

HTO, 19'95& Task Force on Hydrology and Hydraulics;, ~F*E?~Q. 

Bainbridge, R. 1960. Speed and St 
o f  Experimental B i o ,  37 : 129- 153. 

B e l l ,  file C, 1973. Fisheries Nandboak o f  Engineerriakg Wquirexoents 
m d  Biological Criteria.  U. S ,  A m y  Engineer Diurision, North 
-Pacific Corps o f  Engineers, Portland, Oregon. 

BLaxker, J, B, S, and W. Dickson. 1959. Observation on the 
i ng  Speeds o f  Fish. Scottish Home Bepartment, 

Bureau o f  Commercial Fisher ies ,  M a y  1 9 5 4 ,  Pmgress Eteport No. 106 ,  

June 1964, Progress Iieport No. 107. 

November 1964, Progress Report Lla. 11.2, 

Jme 1967, Progress Repoxt No, 142. 

January-March 1969, Progress Report No, 154, 

Research on Fishway Probfens, 

Clay, C, M. 1961, Design o f  Fishways and O t h e r  Fish ~acilities, 
gueen' s Pr in te r ,  O t t a w a ,  Canada 2-30 1, 

~el!laisle, G, E, 1362. Water Velocities Tolerated by S p a ~ ~ n i n g  
Xokmee Salmon, Califomla Fish and Game Deparw~ent. 
V01, 48, No. I, pg. 77-78. 

Evms, W i . l l i s  A. 1974. Fish Migrakjon and Fish P a s s a ~  a 
Praci;ical G d d e  to Solving Fish Passage Problem.. t?. S. 
Deparjaent of Agricul.&ul-e, UI S, Foxes t Sewice,  Wgian 5 
43 pg, 

ssiorn sf Oregon, Septe~*es 4, 1969, Some ,E:ffect: of 
-lay oa t%agxaeAng Adul t  Salmonlds , W a t e r  Bsour:ces D i  vision. 

Gauley, 5 ,  R, A967,  E f E e c t  af $faker Velociky on Passage o f  
Sazmanirls in a Tran~cspo~takian ChanneE , Fish a d  TJildlife 
Service, Pisk, BuPL, 66:59-63, 



Gauley, J, R. - C,  S. Thompson, 1963. Furaer ~ t u d i e s  ton Fishtgay 
Slope rsnd Its E f f e c t  on Rate o f  Passage af Salmonids, 
U, S. Departnlent of Interior ,  Fish and ~ ~ i l d l i f e  ~ e r v i c e ,  
Fish. D u l l .  V o l .  6 3 ,  No, I, pg. 45-62. 

Gebhards and Fisher. Fish Passage and Culver t  ~ n s  t az la t  ions,  
Xd&o Fl,sh a d  G Department, 

Huston, J, 1966. Fish Passage Through Culverts.  l@ontana Fish 
Department. EIenlo. I. pg. 

Idaho, Stake of. Statement o f  Policy Concerning Facilities at 
Culver t  InstaXSatisrss, 

Kay, a, R. mid R, B, Utsis. June 1970, Passage sf Anad:h-onmus Fish 
Through yhkh~~ay Drainage Structures.  Cali fomia Di 'vision o f  
Highways , &search Report 629 110. 

King, Horace Wi&liams, a95 4. I Ianaook of  Hydraulics, Flourth M i t i o n ,  
E k G r a w - H i l l  Book Company, Inc, , N e x ~  Uork , 

K D S ~ ~  and Sal tzmm.  Fish Passage Through Culverts ,  Oseigon  G m e  

M c C l e l a a n ,  Thomas. Fish Passage Through Highxqay C u S ~ ; e r t s ,  Feaeferal 
Kighway AIJministration. 

mlsker. Fish versus Culverts.  U. S. Forest Service - Wgion 4, 

IGiLilLer, J, M, 19'92, Guidelines far Proteetian of the F.ish &source 
Resultin:! from Wiglnway Cons t ruet ion and Operatian, Fishexies 
Researa~ Board, Winnipeg, 

Oxegan S t a t e  Highway Division. 19 74. Sydrauf i c s  Ermual , S a l e m ,  
O r e s ~ n ,  

Oregon, Sta te  of. Oregon &vised Statutes. Legis la t jve  Cornsea 
i t tee,  Salem, Oxegon. 

Oregon FViXdSife ission. 19 73. Oregon t3iLdl i fe  Code, Partland, 
Oregon. 125 pp. 

O % i s ,  F2, B, 39 64. Slrggested 14easures for t a n i d z i n g  Dan~age dB 
Fishing Stxems from Eighway Prcrjeets. Mep~ York Sta te ,  
kpaar&%ent o f  Enviscmmental Cctnservation. 4 pp , 

P;r%%#kg J. R, Aagust 1965, Swi i n g  Enertqesties of Salmo:ne Scienfific 
mericara, Vo1, 213, No. 2 ,  6 pq, 

R e i n e r s ,  H. Traue Sta%ina, Progressive Fish C u l t u r i s t ,  18 :112, 

Shmm&tker, R, bf . , Sr, IZydraulics of Box C u h ~ ~ e r t s  F:ish Ladder 
B a f  fies , OSC, 



SZatick, E, Passage asf Adult SaXa2on and Trout Through ~1 Tneline 
P i p e .  Trans, Wex ican  Fisher ies  Society La0 (3) : 4413-455. 

Paspage of  Adult. Salmon a d  Trout  Through Piipes. 
Fish a d  W i l d f i f e  Sewice. Special S c i e n t i f i c  Repart 

592, 38 pp, 

U9 S, ~ v e x n m e ~ % ~  1975. Logging Road and Protectic2 a f  H a t e r  
Quali ty,  U. S . Environmantai Pratection Agency, Region X, 
Seattle, Washington, 313 pp, 

Hvaashingt~n Department of Fisheries. Regulations and R~cn~mendatians 
for F i s h  Passage Faciliities at Culvert installat.ions. 

Weaver, C, R, 1963, Inffuence of FTater Veloci ty Upon Or ien ta t ian  
and Pearfoman~e of Aault f i g r a t i n g  Salnonids. USDf and F&WS 
Fishesy Bul le t in  V a l ,  63, No, 1. 97-122 pp. 

Webstex, D l  A, 1965.  Leaping Rainba~tv nf the Finger L;-fkes, New Yarl: 
Stake Cansexvation &partrcent. Ir . .  . I  a t ion  Leaf ltet. 


