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and Research Division 

Denver. Colorado 
June ET, 1939 ~ Reviewed ~¥: 

Subject :  Hydraul ic  .model s t u d i e s  .of 'the~.Roza D i v e r e l o n D a ~ - Y a k i l a  
Pro~ec t ,  Yauhington. 

INTRODUCTI ~1 

This is a r epor t  of the  hydraulic model s t u d i e s  i n c o r p o r a t e d  w i th ,  
the  des ign  of the  Roza Divers ion  .Dam and i t s  a~pur~enant s t r u c t u r e s ~  a 
headworks, the Yakima Ridge C a n a l ,  and f i s h  l a d d e r ~ .  -S i tua ted  i n  ~the 
Yakima River between Elleneburg :and Yaki~a, Yash~ngton (Fi~ure~ ~I andS), 
the Dive r s ion  Dam, w~i.ch i s  des igned ~to pas8~50,O00 second- fee t ,  enab les  
2,EO0 second-feat ~s i n t o  the I a k i ~ .  - "- 
Ridge C a n a l . .  To i n  the  ~ s e r v o i r  
will be maintain, llO-foot roller ....... 
gates  *at the Div, tLki~a River Sassed 
by the ~Divereion !Dam r e q u i r e s  f i s h  laddere~at l  each .abutment to enable  
c~/aaon ~o ,continue upstream t o  the spawning ~roun~s.  

~ the Dive~.sion Dam; a n d  (h) c a l i b r a t i o n  curves fo r  the  Dam and r o l l e r  

A ~l to h5 sca le  model  was b u i l t  and~ea~ed  i n  ~he l tTdraulic 
~ .Laboratory o f  ~he .Bureau o f  Reclamationi Denver,  Colorado (Figure8  3,  
~'~" ~,and 51), The r o l l e r  ~ates  were made Of s e ~ i e s e  .Steel :~ub~n~ and 

their traveli~ meche~Ism was included as shown in 
~/ ure 3, e n a b l i n g  dupl~.~cation of p r o t o t y p e  Kate ~ e t t i  _ 

, r :  . 

A s~ll weir wa~ installed lander ~he do~netreaa end of the node1 b ~  
enabl ing  ee~ara te  measuremnt  o f  the flow i n t h e  C ~ 1 .  The f i s h  ~ 
ladder  s~d ad jacen t  topograph~ was c a r e f u l l y  p laced  t0 assure ~ h e  ~i  
~ee i red  r e l a t i o n  between ~he ~ i s c h a r g e  In t h e  f i s h  l adde r  and i n  ,the : / ~  
river. ~ 
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FIGURE ~" 

A. LOOKING UPSTSEAH. 

B. DISCHARGE 50.000 SECOND-FEET. 
C~IAL DISCHAPGE2.200 SECOND-FEET 
POND ELEVATION 1220.6 
TAILWATER ELEVATION 1206.5. 

ORIGINALDESIGN. 



FIGOP~ 5 . 

A. LOOKING DOWNSTREAM. 

B. DISCHARGE 50.000 SECOND-FEET 
POND ELEVATION 1220.6 
TAILWATER ELEVATION 1206.5 

ORIGINAL DESIGN. 
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~.~'~nls : l ' s  : n s c e s u m ~  .%o : ~ p r a -  

~at.ns~ ! the fish 

- p r e v e n t  ~salmon a n d  : .o ther  f i " ~ h  Trom ~.The ,~s¢ 
w i l l  be : r o t ~ t e d  ~Slowly : in :the - , . ~ r o t o t ~ e " i t o  " ~ r e v e n t  ~de~r t s  '~ro~ 
t tn~, on .:them 
.from %he ~hee 

t t  t 8  : c o n t r ~  . . . . .  . . . . .  

e n t r a n c e  { ( ! S e c # t o n  B , ] ~ , - F i g u r e  

~" ? m o d e l  :.t o 

! ~.i:.- " : ,:origlnal 
-"- ':~Ine nor: 

i. '~headwork 

most  , o f  _ . . . . . . . . . . .  

works, :causing an ~e-~ 
(!~..'..: d i r e c t e d  ~the :f'lOW ~:ul 
:~+,:' c ~ t n g  ~the -~low . a t  

"'bask ' t n t o  ~,the~ri~rer,, 
i h e a d w o r k s  was . r o t a t e d  35 ° .:coun te~Ciockw~ 

f : t h e  ;~e,~ i! il " n o r m a l  wi:.th ~,~he.: ~ I s  ::of a r e  ::i~B~.),. ~ :.i?.Nlth i~t 
~" " ': " :f'lo~ ~nter.ed ~each~.:~pening ,more ~nl~o~, '~e:~ed~ I :~ 
iiiii.:i .~s'.:ellmina%ed, enab.llng ~a!'l . t h e  '~ low ~to ~pr, oceed,.~.do~ 

'%he trane1!tionand "iinto :-the :~. . :~ " .... ~- 

= Although ~the ~low : c o n a t t l o n s  ~.we~e ,.:ImpX..~: 
:~::! ~ma~ve"~.the-iheadwor~s ~5,:~fee.t :ao~s~eam.:~.~o'~r:e:ence'::'ith. 

c a u s e d  , sm~l l  waves  :or  . : r i p p l e s  ,On "~the ~wa~e.r 
. ./':t:il/ 

! . -  

oc~qF o f  ~.the .fl me 
1 . e ~ e d  iiupwar~U ~at  ~the ~ t r ~  

te i  easira  e 
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FIGURE 7 

A. HFADWORES ROTATED TF/~ DEGREES. 

B. RECO~ENDED DESIGN. 

HEADWORKS. 
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The pre~ence o f  salnon i n  t h e  :Ye~lma ,River 
season requires fish ladders .to ~e. installs, 
to  enab le  the f i s h  topees ,that obs truct ion .  

m 

and injury,;  / ( E )  the  entrance to the 
the i a ~ a d i a t e  v i c i n i t y  ,of the 0 ~ t r u c  
means ~ehould ~ e  .provided a t  ~he .entrance  t o  ~he , f i s h  
a t t r a c t  t h e  .ealm0n ,from. the  ,main f . l o ~  : o f  t h e , r i v e r ;  ( . . . .  
vitt~in ':the f i s h  ladder should ,have a - r e l a t i v e l y  l o ~  v e l o c i t l  ImA"be- 
f r e e  •from e x c e e l i v e  .turbulence:; , d , ( ~ )  the, e x i t  o f  a f i s h  l ~ ~ ) i  
s h o u l d  .,not ~ e  .placed near  a ,~ate a t r u c t u r e .  . 

Salmon do not 

to  a t t a c k  ~the f i s h  v h i c h  - m a y ' .  p r o v e  Satan .  lh 

the ,ocean.. ~'the P a c i f i c  salmon ,proceed o n l ~  ,~q 
reverse: ~helr d~reotlrOn. ~i.e makes i t  oeeent ia  
ladder  e n t r a n c e a d ~ a c e n t  ,to t h e  ~ i n  ,obetructi.,~ 
~the 8alnon~to ~roceed  imnedi~telT-~upetreaa ~nto 
addi;t ion' ,  ~ h e  ~a~.~anon ,~uet 1~e i , q u i c ~ y  :&ttracted-. | i 

in to  the rioter. ~ the ea3anon proceed~up :~he ~.ieh l a  .dder~,eo~ 
l ence  n u e t  :~e. c rea ted /~ i : i a~ ' lo~ ing  the  if lay  • ~ o  : ~ i l l  -order-veer, 
i n  t h e ~ d d d e r . .  , I f  t h i s  i~Urbulence :is ~exceset,ve,. ~he , . l l ~ n m  

and ~if .the ,vetoci-,ty o f  :~ . :. ~out. ~ o f  ~ h e ~ : , ~ a d d e r ,  " " i h e  , ~ a t  e r  I n  ',~he ,:fie 

.... . etruc~ur.e, :~the :fl.eh :leaving -~the ladder-:n~y ~e ca~t :In~. ~. H 

. • . . , 

smelling " - 
: n  : ~. . 

nt~lled 

, the 

ire .. ~ 

;o  .ent•er•:f:~the ' .Zhe rITer 
~t~i~J leg '• 2 "  
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FIGURE 9 

A. ORIGINAL DESIGN. 

B. RECOMMEND~ DESIGN. 

C. RECOMMENDED DESIGN. 

FISH LADDER. 
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the  ~ u r e a u  o f  l ~ i ' a h e r i e s .  S e a t t l e .  ,Washing ton .  o b s e r v e d  i~ts ~ p e r f O r ~ -  
ante and a g r e e d  on  :the recommended  d e s i g n  ahown 0~, l u ~ e s  1~ ~ ,  
and ~C. I n  t h i s  d e s i g n ,  a d d i t i o n a l  w a t e r  (:80 s e c o n d ' f e e t )  v a e  I : 
a d m i t t e d  i n t o  t h e  lover  pools by installing r a pipe f r o m  t h e  ~er'i~olZ~=, 
t ~  t h e  fish •ladder (i¥1gures ~E~ and lO) 
t o g e t h e r  w i : th  t h e  f l o w  o f  t h e  f i s h  l a d  
i n c r e a s e  d , t u~bu lence~  i n  ,the r i v e r  a e  t 
able weir at .the fi-eh ladder entrance 
ure iI, and Yi~m~rv 121). Yhe addition 
of .the flow ~spil~Ing in~o the river wlth rearpect to~ailwater ~ee, 

i n  ._Vhen t h e  D i v e r s i o n  IDe~ was o p e r a t i n g ,  a n  u n d e s i r a ' o l e  ed{~,.w:foril4it " ~'~ 
'~ne r i v e r  a t .  ~t~e e n t r a n c e  t0~rthe: : ~ i ~  " l adde r .  ~The v e l o c i t p ~ i n  ~th® :,..- 

a few f e e t : ~ d o w n . s t r e ~  f r o m  t h e  e n t r a n c e  . (Fly ,  a r e s  .gB:and 9 C ) ' r e ~ n e , d  ~.~ . ~•~ ~.: 
t he  , s i z e  land ,the ve l ' o c i~ ty  o f  : t h e : , e d d ~  . . . . . . . . . . . . . . . .  . . . . . . . .  ~:'~ . . . . .  " ~  
the :training-wall in ~he field u~on completion of ~he PrGtotype i 

',One ~i~por, t a n t  f e a t u r e  ,Was:a~ded , d u r i n g  t h e  s t u d ~  o f  - t h e ' f i S h  
l a d d e r  p r o b l e m .  In  t h e  e v e n t  ea imon s h o u l d  p r o c e e d u p s t r e a m ,  a l~ ,~g  i~i~!i 
~he right :.bank of the .river. it was co~ 
would be . a t t r a c t e d  b y  t h e  flow f rom tha 
Dam. UnIees a fish ladder ~as install, d i:~ 
probably a t t e ~ p t ~ o  ~u~p t h e  D i v e r s i o n  s 
t h e  r i v e r  ~o t h e  f i s h  i l adder~  on t h e  op~ 
was c o n s i d e r e d  advisable to  install an- 
r i g h t  ~ a b u t ~ e n t  ~0f t h e  Di ,ve r~ ion  Dam ( ~ i  ~ , i i~}~ 
vided~ ~ h r o ~ g h  t h e  ~Deja ~to c o n n e c t  this f 
o f  t h e  one ~ i - n s t a l l o d  a t  t h e  l e f t  abu tme ~ 
c o n s i d e r e d  ~unneceeea ry  ~t o i n s t a l l  ' the  .a : i  
~unne l  i n  ~the m o d e l .  . , ~, ~ ~, . 

~SOOUR P~V~NTION AT. TOE' OF DAM - 

p o o l  . fo r  pre~entlng scour a t  ~the toe, prlncipally ~ ,~ecauee it w a s  - I b~l e~: .~:-~/-!~*~ 
that the ~bamaltic rock of the foundation woS~Id resist scc~rlng* ~ri. 

e ehow~ , ,  waver ,  ~that even ~th~ ~ e e t  , bed rock  ~ ~ e = e n t u a ~  sC~,r~ :i~i ~: 
as a/~a~er or ~a~et~e .a stilling Pool ,~h~d ~e includ~ :in a:~¢~,~ . . . . .  , .  

~OfdurithiSng a~*t~Pe'/discharged : t e n d e n c y  f o r .  s ~ u r  t o  ,occu~ i n  t h e . m o d e l - ~  n o t e d '  :-* ~ ~ :-:~i~ 

r I n  a s h o r t  :~'~ia¢ "th( 
Che bottom ,of 1:,,he a ~:ili 

~: . f ,  

! 

o 

it • _,i~ ~ '~ . . . . .  ~ • . . . . .  ~ . . . . .  " 
, •  . • • , ~ •  / % - -  , • • , , ~  ~ , ~ :  



FIGURE 15 

A. DENTATED BUCKET. 

I Io 

B. DISCHARGE i0.000 SECOND-FEET 
POND ELEVATION 1220.6 
TAILWATER ELEVATION i197.3 

Co DISCHAHGE 50.000 SECOND-FEET 
POND ELFVATION 1220.6 
TAILWATEH ELEVATION 1206.5 

DF~TATED BUCKET DESIGN 



FIGURE 16 

A. DENTATED APRON 

/ 

B. DISCHARGE 6.000 SECOND-FEET OVER GATES 
POND ELEVATION 1220.6 
TAILWATER ELEVATION i195.8 

IB 
I , 

C. DISCHARGE lO.O00 SECOND-FEET 
POND ELEVATION 122G.6 
TAILWATER ELEVATION 1197.3 

RECOMMENDED DESIGN 



FIGDRE 17 

A. DISCHARGE i0.000 SECOND-FEET 
POND ELEVATION 1220.6 
TAILWATER ELEVATION i197.3 

LEFT GATE 

B. DISCHARGE 25.000 SECOND-FEET 
POND ELEVATION 1220.6 
TAILWATER ELEVATION 1201.0 

LEFT GATE 

C. DISCHARGE 25.000 SECOND-FEET 
POND ELEVATION 1220.6 
TAILW~TER ELEVATION 1201.0 

RECOMMENDED DESIGN 



FIGURE 18 

A. DI~C.L-...u.. 50.000 SECOND-FEET 
POND ELEVATION 1220.6 
TAILW~?XR FLEVATION 1206. 

P. scou~ ~' ~uu T:'.O .OU~S-D.~LA, GE 50.000 SECOND-FE~ 

RECO~DZNDED DESIGN. 
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