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t~ - o b ~ a l n  i n f o r m a t t  on c o n c e r n i n g ,  t h e . - e f f e c t  .~of 2 f l o o r :  eievation', .~:both:.-  i::', 
upstr~am~ and d o w n s t r e a m  from t h e  c r e s t , ,  on the .c~  : , < .  

way, t h e : d a t a  to  be u s e d : f o r d e s i g n  p u r p o s e s . . / C 1  : "~:* ~ 

are  p r e s e n t e d ,  b u t  a o r e , . e x t e n s i v e : ~ : s t u d i e s  h a v e . b e e n  made=~eince,;::and . - :  : °  

: the  r e s u l ~  r Of t h e s e ,  a r e .  ~ r e e e n t e d  . in:  L a b o r a t o r y  i ~ e p o r t e  h%rD :, l lS.  a n d ~ 2 ,  

• i ' "  " 



Extensive testing-was required-in- 

of the spillwaystiiling~ool,~-and~.the 

pool floor, to ~obtaina design which-w, 

v e l o c i t y  flow to n o n d e s t r u c t i ~ ,  

r i v e r b e d  which m l g h t e n d a n g e r ~ l  

H 

the length 

a p p r o x i m a t e l y  s e v e n t e e n  f e e t .  and s t e p s  a n d s i l l s  w e r e p l a c e d  o n t h e  apron.  

Numerous t e s t s  w e r e : r e q u i r e d ,  v a r y i n g  t h e  s h a p e  a n d . a l i n e m e n t  Of t h e  

w i n g - w a l l s  a t  the  end o f  the  p o o l ,  to  o b t a i n  a d e s i g n ~ t h a t  would  p r e v e n t  

e x c e s s i v e  e r o s i o n  o f . t h e  f l o o r  and s l o p e s  o f  the  c h a n n e l  be tween  the  

Extens.~ve s t u d i e s  were made , c o n c e r n i n g  ~i~he :shape ~of t h e  ,wing~w~tl ie  

a t  the  end of .the stilling ,pooi t o  p r e v e n t  ~ 

apron and of  the r i p r a p p e d b a n k s ~ d o w n s  

A s t u d y  o f  f l o w  c o n d i t i o n s  be low 

c o n c r e t e  channe l  i m m e d i a t e l y - d o w n s t r e ~  

w a s  made. The shape a n d  a l i n e m e n t  o f  

optimum f l o w  c o n d i t i o n s  when the  s p i l l ~  

s i n g l y  or s i m u l t a n e o u s l y .  

Summar,v c f  R e s u l t s .  -"he e x c e s s i v ,  

approach  channel to  the :spillway, :adJal 

upstream cutoff wall, indicated by the 

original desiEn, was ~reduced to a mini~ 

with one having a warped surface :blendlng 

strea~ face of the dam. The approachcond 

were of such nature that it was unnecessa~ 

vertical shape. 

The desired maximum rpillway ~di scharg 

reser~oir'-elevatlon.of :2~l~was obtalned~by iowering:~theiftoo/r::_"of::~.th~ -I L,:. :. iiiii: 

s p i l l w a y  :chute immedi a t e  lY :doWns t ream :f: ~:: : 

s e c t i o n  approximate ly~:two fee t ,~ the  ca~ac  

was from hT,000 to 51,~00 second-feet ~. ~ ...- . 

~The floor of .the stilling pool wasraised and shortened:~when~the i.: ~_ :~ ~: iJ.~ 

model indicated .the original design to~be more ~than adequate. .-~ .very ~ ~. 

e f f e c t i v e  stil~ling ~pool ~for:'the spl~llway ~,flow was ~indicated,..:~providing.~ -.~...~ 

the pool floor was .raised ~two _and one,half j feet (.prototYpe), ~shor~tenedl ~-i.~.-~- 
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the peel, 

• . thle ~:olu~ 
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:-.* , l'Iver ~:e~mel becauee :this, type .::~ 

l i o n  O f  t h e  m o d e l  , to :;:be",butlt :ou~ 

~ ,  , . . . . .  vl~ald: n o t  b e .  e u ~ e e t e d ~ t o , m o i s t u ]  
~ . + , . ~ : . . . .  + . .  

+7-P " :.:...: ,,-,,~Is, p a r t  O f  L t h e  a o d e l ?  be reprOtuoed. . .accur .ate  •:i;: 
- . ,. . . ,. 

. . . .  :~ ~ d .  box  .-was t h e r e f o r e ,  r e q u i r e d  -:to : c o a ~ : . i h l  

.~.?;:.;+ ..:.... .. .+va°:::ml~P°d"°f f i n e .  + :oa~d :-v~th':l~reru.:: Of:£i~'ii:~.r;o~eM<!{~ 

• :~ ." .... :-,:. ::r~d,.l~r~e. A 'r  S in  ::the "he&d;i~; iUl 

:",::"..:::: - " ".:}~aeiorllyLbefore t ::rea~J~ed .~J~e :~ rach:, c~el. : : 
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+ . 
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crest~-a~d the ~lank l i ~ a i ~ . ,  : > ,  - '~. ;ii. ~.i?ii;: i ~; 1,+ 

:;5~ne~':°ri'~ tr ial  ~i~rost  :ofi.the~modei~D,~as-preoast'tby~fremtn~ ~!leversl ,: '  . . + .  

b e n t e  ::of ~:the<:crest :profile-~to~ether~and<~ftlling:bet~een~_vi;thLa.~et/-,~ , - -~ :<: 
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" :Ca~efu l  

:The  tZtu e 
mtz~uro  o f  two p a r t s  cement  t o  o n o ~ p e ~ t  o f  m o u l d i n g  p l a s t e r .  

s o r e e d l n g  and  r a p i d  handlin~produced~aimooth/finish. 

u s e d  f o r  t h i s  p u r p o s e  we 

ohan~e d u r i n g  t h e  ha rden  _ .  . t o  

t h e  bones  b e f o r e  t h e  p a s t i n g  v~s ~done, i A~sooond~i+~orest +shape++~vas made ~i ~ 

s i m i l a r  to  t h e  f i r s t  b u t  w t s ~ c a s t  in+~p~a0e. ' :  

The f l o o r  o f  t h e  s p i l l v a ~  ehanne l~  immedia to ly i~downst rsami~fron  -~ t he  

s t o a t  va8 s h a p e d  o f  b e a t s  f a c e d  v i t h  1- inoh~ o v e r e d ~ v i t h ~ 2 6 -  

KeKo f a l y a n t s e d  s h e e t  i r o n .  T r a i n i n K  w a l l s  owed t o ° ~ t h i |  

F l o o r  f o r u e d  t h e  m a i n  • s p i l l w a y  ~ a n n o l .  

The ~ u n c t i o n  r 0 f t h e  c r e s t  ~and h e a d  t a n k , e a s . , a a d e  v a t e r t i g h t i ~ b y  
a 

s o l d e r i n g .  The r p i l l v a y  c h a n n e l  va s  J o i n e d  t o  t he  t a l l w a t e r  t a n k ~ t n  

l i k e  manner .  

The 8 t i l l i n ~  p o o l  a t  t he  end  o f  t h e  s p i l l v a 7  c h a n n e l ~ e o n J i | t e d ~ o f  

a f a l s e  f l o o r ,  t r a i n i n ~  v a l l 8 ,  s i l l s ,  a n t i , v i n e - v a i l s .  ~All  e x e e p t ' ~ t h e  

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

The w i n d - v a i l s ,  v a r p i n ~  f rom v e r t i e a l  at~ t h e  ~ p e t r e a ~ e n d  toii a 

f l a t t e r  e l o p e  a~ t h e  downstream end ,  v e r e ~ f o r m e d  b: 

of  e ~ n s n t  and  ~ o u l d i n ~  p l a s t e r  b e t v e e n ~ i t e m p l a t e e .  

bed  van b u i l t  up i n  ~he ~ same manner  as  t h a t  i~ups~ream, i!~Rapi&~ropro- 

d u o t l o n  o f  ~he d o v n u t r ~ a m c o n t o u ~ s  ~ . - a s , i ~ d e ~ , p o s e i b l e  b ~ : ~ f a s ~ ' ~ i n ~ : b r a e s  

rode  of  t h e  p r o p e r  l e n g t h  to  t h e t a n k ~ f l o o r .  ~!_~/ ~i~:,: 

J(Otal c h a n n e l s  edged  w l t h K a l v ~ i s e d o s c r e e n ~ a n d  r a l e e d ~ i s l i ~ h t l ¥  

o f f  t h e  f l o o r  p r o v i d e d  r a p i d  d~a in~ng  t o  f a c i l i t a t e  • pho to~raph£nK 

b e t v e e n  r u n e .  

The o u t l e t  v o r k 8  a t  ~he u p s t r o a ~  end  o f  ~ h e ~ s t i l l i n g / p o o l ~ : o o n  - 

sist,  of metal tr ,ltio e , diver   red,  sod  it:  el.  Tho 

o u t l e t  supply" was convoyed  f r o m  a 8 u a l l  p o r t a b l e  igO~de~roo V - n o t c h  = 

v e t r  to  t he  t r a n s i t i o n s  t h r o u g h  o o p p e r  t u b i n g .  

The e o d e l ,  v i t h  a l ~  r e c o m ~ e n b d  f e a t u r e s  i n c l u d e d , ~ i e ~ B h o w n : o n  

F i x a t e s  ~ and  ~. 

The t a l l v a t e r  r o K u l a t o r  vae  o f  t he  v ~ r i a b l e - h e i g h t  v o i r ~ t ~ p e  o o n -  

s i e t i n K  o f  a e a s y & e - c o v e r e d  Ka~e, h inKed a t  t he  f l o o r  a n & : c o n t r o l l e d  

by v i r o  r o p e  and a p i p e  s u p p o r t e d  ove r  the  model .  A oa r  e t o e r i n K  v h e e l  

. . .  4 • 

! i , '  ~ 
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FIGURE 5 

k - Looki~ downstre-- 

B - L o o k i n 8  u p e t r o ~  

1:60 MCDEL OF FRESNO DAM SPILLWAY WITH 
RECOMMENDED DESIGN FEATURES INCLUDED 
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- : : ::2~'i" , 1i 

eerved~ae'a meane, o f  revolvln~:,the.plpe. " ~* : .... . " " " - the reby , , ,  w~ n l t n g . ,  or,,. u n w i n d i n g  

the ~vire:.~ rope. whlch~., In. turn~•:ral 8ed.i',i'or ' ' . ,  : '" ~ ' L ~ " . . . .  loweredr , . ,. ~,the*~: topi;J e~e~,6f..,, .,. : /the.:i'~)~ti 

The. f low. ,  o f .  w e  t e r ,  f o r ' ~ t h e ~ m o d e  1 ~:wae~:-euppliod:~' f r o m i ~ i ; : i ' ~ 6 ~ / O ~ ~ a b l e .  

" f o o t  "' r e s e r v o i r . , ,  a b o v e  ~. t h e  ~ : labor ,  " " : ~ g ; " ~ : b Z ? ~  

t ( oh~vae ~ IS ~ a t  • e', i n t o  ~ a : d i v e r g i n ~  f l u m e  ! , . ~ h i ;  )~/~aak-:~ 

l o n g ,  :. l O ' f e e t , w ~ d e ,  and "71:~eet~~ inches deep.,. :i:'The~-q~mntl.t¥,:.~of,.~.,.~l '''~ ' 

flowlng wee meaeured: by,.:~ one: o f  ,three ~, ca1"ibra~id~:iioire... ,,... ~ ..,~. ;' ~-'~hei~ ~ype:~,~ 

. ~n~othb Z ~ o r a t  c r y .  

£; V-n etch ,we i r  'wae.':ueed 'f or,:: s m a l l  ;:i:qUa~t ~ t"ii~e>;.~i~:..: eelibri t i:~ F F:'5" "'4" '~" 

~:~he ~ E ; f o o t  c t p o l l e  

~ f o o t  e i p o l l e t t t i , i  

w o r e  i n  p r o g r e s s .  

c a t e d  13 f e e t ' . u p s t r e a m :  f r o m ;  t h e ~ v e t r , : ~ p l a t e .  :The/!head!::iv~ 

~.'.a hook.  : g ~ e .  a n d , . a £ ; . ~ o r n e l l . t y p e  ? ' f l o a t  i~i~e2~ l o ~ a t e d ?  In::a".~.! 

; o r ,  

, y ~ w h i l e  . 

" ~ h r ~ u ~ h  a ~ 2 ~ t n e h  !~ condui t . : ,  eystem-,:unde~ / ~ ;~"~ 

faetened:,.to, t h e ~  . o d e l > h e a d  ; t a n k .  ' :The~ .i :~:,! :ii ~): 

, spillwaX ,to ~ the ~ e tl lilng~:pool i :~ where_:, i t~ was ~releaeed ?: to :: chanaelt~::of~ the ~: ~ ~ =r : = :~= '~ "~ =:~ 

' l a b o r a t o r y :  s u p p l y  ~: ,eT| tem~for-:  r e c t r c u l a t i  on .  ' : "  r:P ~I~'~ ~ "~ ~ ~ ' '  q ~ " " ~':PP::: "/~ ~ ~ ' • , The,~reeervoir~'~.end~tai:lmter-~- " -",!:.~ 

elevations'.'-vere.:meardred:":b¥~a:~ie:ometer:and, f l o a t l i ~ a g e ~ - r e e ~  " : '~ "" ...... " )ectlvel¥,?...,~ - ' : / .  '..! 

• " -_Ori~l:-':Approa~: W l n ~ - w e l l : . D e  e t g n .  : The ;: ,.:,: , :: 

r i g h t ' . v i m ~ - w a l l  to',i:the., e p i l l v a y : a p p r o a c h - e h a n n e l . ~ :  (dee: l ,~ ;n :  l.:~Yi~ure~iT)/, i,' :i:i~:: • ---~; 

was .  a~, v e r t i c a l . ? / l ~ 5 ~ f o o t :  ' r a d i u s  ,. curwed: -~  

',, wt  t h~ . t he  s u r f a c e . ~  Of~ t h e  U P s t r e a m ~  f a c e  ? o f  

t h e  p r e l i m ~ n a r y ~ :  t • e t e ~.~ on  i t h i  s ~ w a l l  ~ the:~u~ 

-. a?  f i n e - ~ a t n e d - ,  eand~::ueed,: t o  ~ma~nif¥~:.the,!~ e 

:~ u n d e e i r a b l e  ~ f low~, , cond i  t ione! , ,wi  th>~ ecour~.~ne 

f o o t i  n~ ~,upetream,.' f r o m  t h e  :: c r e e  t .  J~The.J draedownj :~from?:~ie  ::~ r e  e e r w o t , r  ~..~tO ..~. - ..~: 

• ::.%he: epil ~:i c a u s e d ~ a : ; , l a t e r a l : ' T l o w !  • :, :~he..-:/fa~e ~ oE~i- 

'idm~,-,:which~.'interferred~-with t h e :  l o n g i t u d i n a l i ' f l o w . ,  ln* . the~ : ,~appr~oh-  " .- :: 

~ ' : c h a n n e l , - p r o d u c i n ~  :a. ' - . lar~e s w i r l i n g  !~et:~>ad~ecent~:to*:i.theiiitr&inLn~i:~wall., ~ ?:: 

• c a u e l ~ : , ~ h t  8,-, 8 ¢ o u r  ( Y i ~ r e  s ~ a n d  C ) . . ~ i  The ~d i  e t u r b a n c e , ~ : , o x t e n d o d ~ d o w n  :- ~.i 

. . , .  . . . . . .  . , .  ~ . . . .  • . . . . .  - ~ y : ~ : ~ : .  



.Berm Et8550.0 

o ,~: ~ ~:! ~ , . ~ . ~ o : . ; . i  :.:,,! ~ 1. ,  

" V ' - -  " : 

..!. ~ a . v  S~ " 

~ ELEVATION 

DESI@# I10. I -ORI@II IAL~TEST$ I ANB E 
" RIPRAP IIISTAI.~{D FOR T(ST ~ ' 

j 

. . . . . . .  ~ 3 1 { . . " .  . . . . . . . . . . . . . . . . . .  , 

~ 3:'1 SIop~ .> 

<"~ :  

i 
IIiI 

ELEVA TIO# 

"" DESI@II' RO. S " TE S T~ 4 

, ;o ' .  : 

. . . . . . . . . . . . . . . . . . .  "23~" 

- |  El.t585' i : , . E I o E S F S '  ~: 

~>J . i :  : EL2563. 

~:30~ Rodius 

El.  8595 

~ I ; ' o . . ~ _  , EL2565 

PLAN 

; o - "  

- Et256.~.50 

. 'ELEVATION 

@ESI$11 I l G £ -  TEST 3 

E1.2550.0 

~'~ .... "~:~" ""~'F : :: 

:\ ' ; . " ~  . . . . .  .~! 
~i . El 25~3.50. -, 

~: . ~: - 

,-~ ; \  . . . . . . .  - : _  

P.LAN " , 

El. 2550 

:" EL EVA T/ON 

OESI6NNO,  4 --  TE$ T~ S 

i 
i 

o~,. ~ . ~ 0  i i ~ 

J 

~ 7"~7,';"'?~rZ 

i - . . : > :  

! 

: , - - : - - 7 ' . - . - - - ~ 1 :  : ,  . ~ . ~., ..lope > 

£1.2553.50 

:.~ .... .... ;-i ..... - ~-'- 
~ ..~ . 

; "PLAN 

¸4¸ . , ¸  ¸ 

__ _ i~ . -~ n " . . 

r . - 

F.{ "'~Screed,7ines : 

. . < 

m: 

/ ,  • : i :  r 

$168÷45 

E~"E VA T/ON 

] ,~ ' , ~  ' : . , .~" 3 : : : ?  • ' " '  

-;~. 

o . i  :r :J 4. S , ~  t e,.t~o i . !  .,L.,I: vii I I I ll'l LI 
.,5¢*ILE-I~OO[L I~¢W[$ 

OETAIr-s: 

I R 4 C E : ~ .  . ~ . A  J' . . . . . ' ~ R ~ C O I I ~ I I E 2 .  . . . . . . .  



FIBRE 8 

A - S p i l l w a y  a p p r o a c h  a n d  w l r ~  w a l l s  

B - F l o w  c o n d i t $ o n s  I n  a p p r o a c h  a n d  a r o u n d  w i n g  
w a l l s .  D t s o h a r g e  5 1 , 0 0 0  s e c o n d - f e e t  

C - So,mr oared ~ dieohlz~e of 51,000 seoond-feet 

FLOW CONDITIONS AND EROSION IN APPROACH CHANNEL 
OF 1:60 MODEL OF .FRESNO DAM SPILLWAY 

C'RIGINAL DESIGN WING WALLS "~'~HOUT RIPRAP 



'+  • : " ' " - [  + ~ " ~ , ? ' + {  ] + '  , + , '  . ." . . . : + + +  . v • . • : , + , , . , . ( . + .  

t h e  c h u t e  t o  t h e  a p r o n .  ~ b u t  , i t  d id~no t+?eeem I 

p o o l  a c t i o n .  ,+,Although the+ e r o s i o n , :  ad,JacenC++ t 

v a s  + dae lmd  a d v l e a ~ l a  t o  obtain+a:+eallldesl.gn.whi'chJwould,,correcti+th . +++:!L : 

• u n d e s i r a b l e  f l o w .  c o n d i  t i  one.+ a s  ~!well+.as? minimlze++.the+-scc~-+~ wi th+,+,+the 

r i p r a p +  o a i t  t e d .  +,++ ~,~+ S + 

F o r  o c m t m m r i l o n ,  the~,:maximum f l o w  Of~L~l ~ 

type), or  1 . 8 3  s e c o n d - f e e t  (-model)++~a++used++ 

t h e  i n v e s t i g a t i o n .  £ + + d e s i g n + s h a p e d l o f ~ + ~ + i n  
++ 

d e r ,  u s e d  succeasL~ully++on a~+previous+~mode] , 

3:1 slope, havlng~a23,foct+radiu, 

c r o s s - s e c t i o n  (de|ign E"'Fignre+~ T) 

as the original de sign (Fi~mre +~ ~A ), I t s ~ failure :++ t o + improve ++:condi t ~onrs 

t h e  s h a p e  h a d  p r o w s n ~ : s a t t s f a o t o r y E f o r  a n o t h e r , + s t r u c t u r e .  A,, d e s i g n  

s i m i l a r  t o  t h a t  o f~ , the  l e f t ,  w i n g - v a i l . +  vhere~noladVerse~conditions+\were 
n o t e d ,  was! t h e n  t e s t e d .  

Vertical Wlng-vallo. ~A +. vertical,swell ,~.with,-~ a :i 23-foo t ra~lusi:~rve 

( d e s i g n  3,  F i g u r e  'rT) s h o w e d  a ~ d e c i d e d ~ : : l m p r o v e m e n t ~ i n  ~ s u r f a c e i ~ c o n d { t i o n s , !  :~ ~/~i, 

b u t  g a v e  o n l , v  s l i g h t  i ~ p r o v e m o n t ~  in~ t h e  e r o s i o n  :of+ ii 

i u m e d t a t e l y  u p s t r e a m  f rom'  the~ r i g h t  end  of i~the : c r e s  - ~- 

failure of this,.wall to perform ~as+ well~asli the left . ,+~+ 

t o  t h e  d i f f e r e n c e  in/:the+direction~+ofi~'flow~towardilit. ~T +_~ 

m o v i n ~  + the  w a l l  u p s t r e a m  and  i n c r e a s l n g ~ : t h e  r a d i u s  of t h  .... 

i n v e s t i g a t e d .  .~ 

A v e r t i c a l  w a l l  w i t h  a 3 5 - f o o t  r a d i u s - c u r v e  ( d e s i g n l  l~ .~iYig~re 7) ~ i~, : ~ ~i:ii! 

g a v e  ~ r a c t i c a l l y  • t h e  same~ f l o w  c o n d i t ~ i o n s  a s , t h e  w a l l ~ w i t h ' t h e  s h o r t e r ,  :~ ~ ~ ~!!iii~ 

r a d i u s  c u r v e .  T h e r e  was a s l i g h t  i n c r e a s e  o f  e r o s i o n  s o  an+-+entirel~" 

new shape  was s e l e c t e d  f o r  t h e  n e x t  t e s t .  

.War~d Vin~-wa~ls_.  A w a r p e d  ~ a l l  c o n s i s t i n g  o f  a c o m b i n a t i o n  o f  a 

v e r t i c a l  c y l i n d e r ,  a n  i n c l i n e d  e l l i p t i c a l  c y l i n d e r ,  and  a warp  was 

i n s t a l l e d  ( d e s i g n  ~. F i g u r e  7 ) .  The s u r f a c e  d i s t u r b a n c e  on t he  warp 
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was s l i g h t l y  more t h a n  f o r  • . . . . .  , ~ g n  2 o r  3. bu t  ~he e r o s i o n  yes  

redwood to  a n e g l i g i b l e  u o u n ~  ~Ft~are 9C). P o t a s s i u m  p e r n a a g a ~ a t e  ~d:re, 

• i n t r o d u c e d  i n t o  the  wa te r  n e a r  the  o u t e r  edge o f  the  warp, ~d iec loeed  

| t r e a m t n £  f low f rom t h e  t r a n s i t i o n  to  the c r e s t .  This  d e s i K n v a e / c o n -  

e t d e r e d  s a t i s f a c t o r y  and recoemended as n t e n t a t i v e  a o l u t t o n ~ p e n d t n g  

r e s u l t s  from s u c c e e d i n g  f e l t s  on 8 t = i l a r  d e s i g n s .  I n  order~i to  s i m p l i f y  

t h e  w a l l .  the  i n c l i n e d  e l l i ~ t t o a l  c y l i n d e r  yes  e l i m i n a t e d  I n , t h e  nex t  

,~Oet .  

A w a l l .  c o n s i s t i n g  of  a v e r t i c a l  c y l i n d e r  i ~ a e d i a t e l y  u p s t r e a =  from 

the  c r e s t ,  w i t h  a warped s u r f a c e  c o n n e c t i n g  i t ' t o  a ~z l  s lope  o n ~ t h e u p -  

s t r e s s  f a c e  of  the  dam {des ign  ~, Y igu re  7)0 w a s  I n v e s t i g a t e d .  The 

s u r f a c e  a~pearance  a t  the  w a l l  was p r a c t i c a l l y  the~same as f o r  d e s t ~ n ~ .  

£ l i t t l e  more e r o s i o n  o o c u r r e d u p e t r e s m  from the  c r e s t  and a d J a c e n t  ~ to  

t he  v a i l .  This  i n c r e a s e  in  e r o s i o n  ~ms p r o b a b l y  due t o e ,  c h a n g e : I n  

e tLr ren te  caused  bY ~he l e e s  e r r e d = l i n e d  s h a p e  of.- t h e  t r a n s i t i o n .  

The shape of  d e s t ~ n  ~ yes  a l t e r e d  to  r e d u c e  the  a r e a  i n  v h i c h t h e  

add.v £orned  a d j a c e n t  ~o the  w a l l .  This  y e s  a c c o u p l t s h e d  by p lao tng~i the  

e o r e o d  l i n e s  f o r  t h e  warped s u r f a c e  normal to  t h e  c r e s t  a x i s  ( d o e l g n ~ ,  ~ 
/ 

FAgure 7) .  The change d id  not  a f f e c t  the s u r f a c e  d i s t u r b a n c e .  The 

e r o s i o n  a long  the base  of  t he  warp and u p s t r e a =  f rom the  c r e s t  was 

I n c r e a s e d .  Even so .  o t h e r  v a r i a t i o n s  o f  t h i s  shape y o r e  t r i e d .  

• l t e r a t t o n e  t o  d e s i g n  7 were made by moving the  top edge of the  

v a i l  Dl~strean and r e d u c i n g  the  a n ~ l e  of the  b a s e  off, the  ~ - p w i t h  the  

c e n t e r  ! i n s  of the  s ~ l l l w a y  channe l  ( d e s i g n  5, F i g u r e  ~).  T h i s  d e s i g n  

~ v e  a c r e  s u r f a c e  d i s t u r b a n c e  and e r o s i o n  ~ t h a n  e i t h s r d e s t K n  ~ i o r  7. 

Th i s  c o n d i t i o n  yes  a p p a r e n t l y  c a u s e d  by the  a b r u p t  chanKe in  d i r e c t i o n  

o f  f l o w  eauee~ by t h e  t r a n s i t i o n  c a l l .  I t  wes b e l i e v e d  t h a t  a more 

g r a d n a l  t r a n s i t i o n  be tween  the  f a c e  of  the  dam and t h e  s p i l l w a y ,  channe l  

would i ~ r o v e  the  f l o w  ~ c o n d i t i o n , .  

A l~h.2~-foot  r a d i u s  curve  wee ~ l e o e d  a t  the  top ~ of t h e ~ , a l l ~ ( e l e  - 

r a t i o n  2~88.7) .  and t h e  warp r ~ r f a c e  changed s l i ~ h t l ~  ( d o s l ~ n  9 .  Yigure  

10~ The wa te r  f l o w e d  ove r  t he  uge t r eam c o r n e r  of  t h i s  wa l l  8c a T~arapet 

t h r e e  ~ e e t  h igh  was ~ l a c e d  a round  the  edge of  the  warp. Ylov c o n d i t i o n s  

d i d  n o t  e h a ~ e  m a t e r i a l l y  from those  f o r  d e s i g n  5, but  the  e r o s i o n  vae 

eonevha t  l e s s  ( F i g u r e  l l A ) .  F u r t h e r  improvement was d e s i r e d  so d i n e r  

c h a n g e s  were made f o r  subsequen t  t e s t s .  

z? 
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The v e r t i c a l  p a r a p e t  was r e m o v e d  f rom deetLl,,'n;~, ~:the r e ] D i l l w a ¥ o i d e  

o f  t h e  warp cm-ved  and  i t s  to~ r a i s e d : t o  e l e v & t i o n 2 ~ . ~ O  (dee tKn  10, 

~]P/~ure 10) .  Plow e o n d t t t o n s  t m p r o v e d , ~ b u t ~ t h e  mainod~a~out  

t h e  s a m  a s  f o r  d e s i g n  8 ( F ~ r e  l l B ) .  ~The';rea _ oon~parable 

vetch t h o e e  f o r  d o s l ~  ~, t h e . s u r f a c e ~ o o n d l t i o n e ! ~ e i n ~  s ! l & h t X , v ~ b e t t e r  

• ad.the .roelo  wore.. *The d fferenoe howe,o,, 
mad u 7  ehotoe b e t v e e n ~  the  , t vo , ,wou ld  depend on ease ~ o f ~ e o n s t r u o t i o n  

r a t h e r  t h a n : h ; ~ L r a u l t c  a o t l o n ,  - 

The d i f f i c u l t y  ~ *n c o n s t r u c t i n g  t he  warped t r a n s t t l o n e ~  t e s t e d  ~ 

' t h u s  f a r  was f o r e e e n ,  t h u s  a e i n p l e r  d e s i ~ n w a e  s o . h r .  ~, ~,A ~ehape~,~8tm_ '~!~ 

l)Ju" to  4oe i / ;n  ~, e z o o p t + f o r  • t h e  paved,  e l o p e s .  +vas~oonetruetod~.~(deei+b,n 

11,  h&~IL'e . I0 ) ,  ~hero~ ~ was a e11~ht..  I n ~ f a c e ~ / d l s t ~ r b a n o e  'aad- a!itondonoT~. 

f o r  t h e  ~ F p r o a e h t n g  m~r ren t  t o  r o l l  a g a i n e t ~ t h e  v e r t t o a l  w a l l  b e f o r e  ' ~ ,~ 

i t  e n t e r e d  t h e  s p l l l v a ~ a a n n e l .  E r o s i o n  was n e g l i ~ i b l e ~  ( F i g u r e  1 2 A ) ,  

b u t  t h e  v e r t i c a l  p a r t  o f  t he  v a i l : r e q u i r e d  a s u b s t a n t i a l  f o o t t ~ , ~ y a n d  ;~ 

t h e  dep th  Of e x c a v a t i o n - r e q u i r e d ,  to  prov ide, ,  t h i e - ~ f o o t t n ~  J a d e  t h o ' d e s t g n  

t o o  e x p e n s i v e .  Moreove r ,  i t  was o o n e i d e r e d ~ t n a d v t s a b l e  t o  e x c a v a t e  euoh " 

a l a r g e  q u a n t i t y  f rom t h e  ~ p r o p e r .  

A n o t h e r  wer~ y e s  e o n e t r u e t e d  i n  an  a t t e n r p t  r t o e l t m t n a t e  t h e  o b j e c -  

t i o n a b l e  f e a t u r e s  o f  t h e  p r e v i o u s  d e s t ~ n e .  T h e  s u r f a c e  shape !was  

~ e n e r a t e d  by  p a s s i n g  a s t r a i g h t e d g e  a l o n g  two • s c r e e d  l i n e s  ~ w h i l e  k e e p i n g  

i t  n o r ~ e l  t o  t h e  s p i l l w a y  c e n t e r l t n e  ( d e s i g n  12, F i g u r e  l O ) .  The 

h ~ d r a u l t c  c o n d i t i o n s  w i t h  t h i s  y e l l  were e t m t l e r ,  b u t : s l t ~ h t l y / l e s e  

s e v e r e  t h a n  f o r  t h e  o r i g i n a l  d e e t K n  ( F i ~ u r e : l ~ ) ,  and y e s , t h e r e f o r e  ~ 
u n e a t  i s f a e t  or~ .  

The warped e e o t t o n  o f  the  w i n d - v a i l  i n  d e s i g n  l~  was moved ~ f e e t  

u p s t r e e ~  and  a ~ - f o o t  s e c t i o n  o f  v e r t i c a l  w a l l  p ~ a c e d : b e t w e e n  i t ~ a n d  

t h e  s p i l l w a y  ( d e s i g n  l~ ,  F igu re  10) .  T h i s ,  i n  e f f e c t ,  moved t he  d ra~-  

down r e g i o n  ( b e t w e e n  t h e  r e s e r v o i r  t o  t h e  s p i l l w a y  c h a n n e l )  f a r t h e r  

u p s t r e a m ,  b u t  r e s u l t e d  i n  no i~rprovement i n  f~ov  or  e r o s i o n  ¢ o n d t t t o a a e .  

I t s  i n e f f e c t i v e n e s s  was a t t r i b u t e d  to  t he  c o = ~ t n a t t o n  of  s h a l l o w  a p p r o a c h  

and t r a u e v e r e e  f l o w .  

• t t h i s  p o i n t  i t  we~s t h o u g h t  t h a t  f ~ r t h e r  i n v e s t i g a t i o n  was t t~nec-  

e s s a y .  S e v e r a l  o f  the  w i n g - w a l l  d e s i g n s  up to  t h i s  p o i n t  were  s a t i s f a c -  

t o r y  w i t h  d e s i g n  ~ o u t s t a n d i n g .  T h i s  d e s i g n  wee recommended f o r  the  

r t ~ h t  v tn~  y e l l  o f  t he  F resno  Da~ S p i l l w a y .  

20 



leI GUP,~ 12 

t 

o~ 

o 

m 

o 

m 

,,,4 

I 

o 

,& 

H 



Original Crest Demign. The orlglnal crest (Figure 13A), v i t h  + 
. . . . .  ~/~+ ~ + . *  - ~. 

t h e  orL~Lnal r i g h t  r i n g - v a i l ,  was c a l i b r a t e d  to  *aece rba ln~ the  m p l l l -  + * . 

way c a p a c i t y  wi th  t he  r e s e r T o t r  a t  e l e v a t i o n  '- ~ 1 . 0 .  '~the d t e o h ~ g e ~  ~ • 

was found  tO b¢ ~7,000 second-feet o r  tt'mO00,~eeeond+feet ' lees than the 

feet of crest length would be necessary 

feet. It was believed that the svirlln 

r i g h t  end o f . t h e  sp i l lwaY v i t h  t h i s  dee 

the d i f ference.  The deelgn o f : the  wal l  . . . . . . . . . . . .  

in f low was s l i gh t , "nak tng  the capacttT~~7i~OO~eeoo~fe et  " T  . ~ O ' L .  " ~ ,  ~ ~, 

e s t i m a t e d  a d d i t i o n a l  l e n g t h  of  c r e s t , r e 4 u  

t t t y  to  ~1,000 s e c o n d - f e e t  was l~ f e e t .  

v a i l  d e s i g n  f a i l e d  to  i n c r e a s e  the  ~ i l l ~  

t h e  p o e s i b i l i t ~  o f  submerged f low o v e r t k  

P r e s s u r e s  and e a t e r  s u r f a c e  p r o f i l e s + y o r e  

t h e  c r e s t  ( F l g n r e ' l M ) .  The w a t e r  s u r f a c e  

f r o m  t h e  c r e s t  r e v e a l e d  t h a t  the  f low d id  

shape o f  a f r e e  J e t ,  and t h a t  t he  p r e s s u r e  

pherlc, Imre excessive at the apex of the 

dlecharges. These characteristics indicat 

e l e v a t i o n  o f  the  c r e s t  and t h e c h u t e  f l o o r  

i n s u f f i c i e n t  to  p r e v e n t i n t e r f e r e n c e  w i t h  the~f lov 

V t t h  t h i s  in  mind, a l o v e r  f l o o r : d e s i g n  was! l a e e r p o  

and c o w . r a m i e  d a t a  o ~ t a i n e d .  ~ ~+~+*. 

Yina l  Cres t  D e s i g n . . T h e  f l o o r  of the,~,oba 

m u t e l y  rye f e e t  ( F i g u r e  1 ~ ) .  This  I n c r e a s e d  e t  

t o  51,~00 s e c o n d - f e e t  w i t h  the  r e s e r v o i r  at -~e leva t ioa~91.O*  ',~i~ho f ~ e v  

o v e r  the  c r e s t  f o l l o w e d  a p a t h  n e a r e r + t h a t  e t~ iand~he  :,, 

p r e s s u r e s  on the  c r e e t  were d e c r e a e e d  notiseablY'+(FILqarc~I~ )* 

These changes in the flov oonditlens?lacreseedthe dlecharge 

c o e f f i c i e n t  from 3,5 to ~.8. Further lov l r l lq l ;  of  ~ the~f loor  c lo the / :  

chute voulA probably give additional capaeltT, lint the aaximma flew ~ L~ " ~ - ~ 1 

with the reeerTotr  e levat ion  of ~ 9 1 . 0  vae s l i g h t l y  in  ~xcese of the 

//  
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o n t l y  the  

+lack Of t 

. the- ,end~e 

t h e  f o r m  

w . . . . . . . . . . . .  . 

: e l o p e s  

oul~Ped 

- :1 -1 t21  

~ ~ t e l t e ,  an 

e e o o n d - f e  

~..wascomp~ 

above  the  

. +. 

• +- 

. +  . • 
. j  

L 

- + 

+ 

+! 

t i m e s  the 

:51.000 + e e o o n d - f e e t ,  5 

p 3 ~ e e a + o n  ~ t h e  + apron .  

shoed!be 

This oondltion, +whi 

vae attributed to+'t ..................... -++- - 

was n o t  , .ooneidered : s e r i o u s .  + 

£ prominent  + .ro l l  a p p e a r e d : a t  the  ~water :~eurface 
i l  ( ' /  1 the ~g~p eeemel :somewhat_ drovned::at ,all~:.dls~r~ee:x ( 

and_R), (.normal :tailwater). Iron-,tee, +-:+a+:,returnSflovA 

8 t ream ~ from ~ the  ~+,left ~,,wing ~.~Ll l  :. o f  the  ~pool~+waehed!~a~ 

h i ~ + + a l l l  and~ e+eppeA-:+!q~ron. • + ~ + + ' +  + " +~ + +~ 

t h e  t h e o r e t i o a I  + + ~ h l . i + g h t  c u r v e  (.apron+ . e l e v a t i  on+:2•97) ,,+shove .++deeper 

. t a i l v a t e r  ,+than neoeseary ::+to:elope +,a good J ~ m ~ f o r ~ + d i s c h a r a e s  :below 

-MO, 000  e e o o n ~ - f e e t ,  and a .+depth ' t o o  i : sha l lov  +for  g r e a t e r  ~di e o h a r g e e  

i ( Y i g u r e  1 7 ) .  However ,  a ~ump~height  curve  ~ o b t a i n e d  b y . v a r y i n ~  the  

26 
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B - ?a!l~Hter 6.[ f.~t bel~v: ncrr~l 

LJ c~ : ' ¢=  YO)CC'C ~t 'eo~,!  f~'et 

C - Normal t e l ] w a t e r  [: - ?,Jil:,mt.r [.' I'.,et b~,!ow normal 
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FLOW CONDITIONS AND EROSION IN STILLING POOL OF 1:60 MODEL CF FRE~C 
I]AM ~ILLWAY. CRIG!NAL DESIGN - 98-FCCT APRCN WITH Sr~S AT E~LT-t&.,C.~, 
7-F00T SILL PLACED ~ITH UPSI'RJEAM EDGE 20 FEET FROM END CF APRCN 



FIGURE 19 

A - Side view of pool B - Discharge I0,000 aecond-feet 

C - :,orI.itL] tt~ilwut~r 

Discharge 30,000 second-feet 

E - ::orual tailwatev F Tail~t~r 2.7 f~ot bolow ~rmal 

DiFchar~e .'~i,000 sec~nd-fpet 

FLCW CONDITIONS IN ST!LLIND POOL OF 1:60 MODEL OF FRESNC ~b/,I SPILLWAY 

ORIGINAL DESIGN - 98-~C'F APRON V~ITH Si'EPS AT EDflq~ANCE, 7-FOOT STILL 
PLACED WITH UPSTREAM EDGE 20 ~'~LE'!' FROM END OF APRON. 
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;~! l e e s  

, F e n c e  

L,11, a n d  ~ f r i o t i o n .  ' 

r e e e t o n  o f  ~ t h e  r i v e r b e d  l o w e r  the~ t a i l v a t e r ,  . v i t h ~ / ~  

"" 7 ,~Fo~  ~m£eed ~ .~ ,  f e e t ,  t h e , ! t e p e  v o u l d  a e e l e t  in,  keep', 

o 

a t  l e a s t ,  by t h e  u s e  o f  a e l ~ i n g  apron, ~ t h e  actt~on~'end.the 

~e~oelon f o r  t h e n  d iecharKes  were not  o b J e c t i o n a b l e ,  ~ and ~ i t e ,  use  

m i g h t  have  proven u n s a t i s f a c t o r y  f o r  , the  maximum d t s c h a r g e .  :S ince  

the :oenditloae:~at °~Iover flows were satisfactory, all~eubeequent" 

observations for the pool:design yore made at i the naxlnum+Aiecharge. 

Three poeei~le:i methods to improve flow.conaltlone i~for ~eiidelign~!Aie- 
eha . . . . .  . e ~ . .  -ere: (i~ ~,Ralu ln  the ~ 001*ifl:oo~r, re 

the apron l.. th .=d, , , . Im:  the . - - e  or, a,. ler,.lll: ': 
ll~m~alnlng, the, floor~ e levat ion: :  and s h o r t e n i n g  ~ the::>p:Ol'; or ~i(.3) ':~'~' ~ 

R a i e 4 n ~ t h e  f l o o r  and ~shor ten ing '  t h e ~ p o o l .  T h e  th i rd -method  seemed 

more s o o n . s i s a l  t h a n  e i ~ b e r  o f  the ~othor rye ,  so t h e  :model ~vae 

. . a l t e r e d  acoordAngly~for  the n e x t ,  t e s t .  
S t i l l i z ~ P o o l : D e e i g n  2. Vhen t h e " f l o o r  was r a i s e d ! f  s u r f : f e e t ,  

. s h o r t e n e d  ~ 10 f e e L ,  a n d ' t h e  7 - f o o t  ~ s i l l  r e p l a c e d  • by one 6 ! f e e t . : h i g h  . . . .  

. ~ i ~ b e l ~  ~ 2,  F igure  , I ~ D ) .  the  p o o l  became r o u g h  at  51oO00 ~8ec0nd- fee t  

( F i g u r e  L ~ A ) .  Here e r o s i o n  occurred  a t  the apron c u t o f f  v a l l ~ t h a n  o n  

+ +  +qdae o r i g i n a l  dee lKn,  but ~he 2 z l  s l o p e  downs~ream~from~the l e f t  r i n g -  

. . . .  ~wa¿l was on ly  s l i g h t l y  d i s t u r b e d  (F igure  20B).  A 8hor ter  apron ~w&e 

i n d i c a t e &  f o r  the nex t  t e s t .  
8 t i l l i ~  Poo l  D e e i ~  3. The a ~ r o n  was s h o r t e n e d  a n  a d d i t i o n a l  

f e e t ,  and the  w i ~ g - w a l l 8  moved u.~stream ( d e s i g n  3, F l g t ~ r e  I~E) .  

5~h ie  r e s u l t e d  i n  & very  rough water  s u r f a c e  i n  the  poo l  w i th  the Jump 

forming  f a r t h e r  downstream. The e r o s i o n  at  the e n d  o f  the apron yam 

+not i n c r e a s e d  m a t e r i a l l y  over t h a t  for  desi~7~ 2, and t h e r e  vaJ l i t t l e  

jz 



A - Dlscharce 51,000 ..uoo,~d-feet B - ~rnaioIL c~lusud by 51,00[) socond-feet 

Du,,i~n 2 - Stops; on apron 

C - Di~cm~r~7~ bl,O00 soco:,d-t'~et D - ~-roslon ctLused by 51,000 second-feet 

~. - biscl~e~rl'.~ i,lpO~u Sucund-fu~t "i - ~'u~iun v.husua uy bljUo0 s~cu:;l-f~ut 

. i/: .~ - Lo steps u:, ~pron 

.~L[:. CCNDITICN~ A~JD hRC~ICN IN STILLING POOL OF 1:60 MODFI 
CF FRES.~C DA~ ~, h?ILLWAY - PCCL .3ESIGNS 2, ~, AND 4. 



d i f f e r e n e e  i n  t h e  c o n d i t i o n  o f  t h e  2 :1  e x c a v a t e d  s l o p e  downs t ream from 

t h e  w i n ~ - w a l l s .  I t  was n e c e s s a r y  to  r a i s e  the  t a i l w a t e r ~ i i .  7 f e a t  to  

o b t a i n  t he  most  d e s i r a b l e  J u ~ .  ~he Jump~waa nea r  ;he 

apron when t he  s t e p s  were removed f rom t h e  i upa t r ea  ,ool  

t o  d e t e r m i n e  t h e i r  e f f e c t i v e n e s s .  More l m p a c t w a s ~ n o t e d  on t he  s i l l  

and  t h e  h e i g h t  o f  the  r o l l  ove r  t he  s i l l  was  i n c r e a s e d  ( F i g u r e  ~20G). • ' ~  

T h i s  d e s i g n  was c o n s i d e r e d  i n a d e q u a t e  b e c a u s e  I t  was n e c e s s a r y  to  

r a i s e  t h e  t a i l w a t e r  4 . 4  f e e t  to  form a s a t i s f a c t o r y  Jump. A s  t t g e e m e d  

d e s i r a b l e  to  o b t a i ~  a u a t i s f a c t o r y i ! d e s i g n  which d i d ~ n o t  i n c l u d e ~ t h e  

s t e p s  on t h e  a p r o n ,  t he  poo l  f l o o r ~ v a e  l o w e r e d l f o r  the  n e x t  t e a t .  

8 t l l l i  P o o l  D e | i  n ~ W i t h ~ t h e  p o o l  f l o o r  l owered  t o ~ e l s v a t i o n  

2 ~ 9 7 . 0  and t h e  a p r o n  l e n g t h  of  g2 f e e t  k e p t  c o n s t a n t  ( d e s i g n  4, F i g u r e  

I~F~,  t h e r e  was a n o t i c e a b l e  d e c r e a s e  i n  e r o s i o n  ( F i g u r e  20Y). In ,  a l l  

t h e  t e a t s  d i s c u s s e d  in  the  p r e v i o u s  p a r s ~ r a p h e ,  the  dee~ea t<~eros ion  

a l o n g  t he  c u t o f f  w a l l  a t  the  end  of  the  ap ron  o c c u r r e d  i m n e d i a t e l y  

downs t ream f rom e a c h  end o f  the  s i l l .  The same c o n d i t i o n s  rno ted~pre_  

v i o u e l y  in  t o u t s  on a model o f  t he  B u l l  L a k e ~ S p i l l w a y ,  had  been~improved 

somewhat by t h e  u se  o f  a s i l l  h a v i n g  d e n i a l s ,  i n s t e a d  ~f  s p a c e a , ~ a d ~ a -  

c e n t  to  t h e  t r a i n i n g  w a l l s .  The d e n t a l e  on t h e  Yresno s i l l  w e r e ~ t h e r s -  

f o r e  a r r a n g e d  i n  a s i m i l a r  manner  ( d e s i g n  h, t e s t  l g ,  i~Yi~ure l ~ y ) .  

0 s l y  a s l i g h t  i ~ p r o v e m e n t  wee n o t e d .  However.  t h i s  t , rprovemen t seemed 

d e s i r a b l e ,  as a s i l l  of  t h i s  t y p e  was ~used f o r  a l l  s u b s e q u e n t  i t e s t s .  

The p e r s i s t e n t  rou@hness  of  t h e  p o o l  seemed to  i n d i c a t e  t h a t  t he  ap ron  

was too  s h o r t ,  b u t  as  i t  was no t  e c o n o m i c a l  t o  l e n g t h e n  t h e  w a l i a ~ o r  : ~:' 

t he  f l o o r ,  t h e  s i l l  was t r u n c a t e d  and moved downstream so t h a t . t h e  up_ 

s t r e a m  edge was a t  the  same s t a t i o n  as  t h e : e n d s  0 f  the  t r a i n i n g  w a l l s  

( d e s i g n  h, t e s t  19 ,  Fi6~zre 13F) .  A l t h o u g h  t h e ~ a p p e a r a n c e  o f  t h e i j u  ~ 

chan~ed bu t  s l i g h t l y  b y  t h i s  l e n g t h e n i n ~  ( F i g u r e i 2 1 A ) t h  e e r o s i o n  was 

c o n s i d e r a b l y  d e c r e a s e d ,  and t h i s  s i l l  was recommended f o r  u s e  o n  t he  
F r e s n o  S p i l l w a y .  

The maxlmam d e p t h  o f  s c o u r  was s l i g h t l y  be low e l e v a t i o n  2~9~ ( t h e  

p o o l  f l o o r )  a t  t he  downstream c o r n e r s  o f  t he  a p r o n ,  and m a t e r i a l  was 

d e p o s i t e d  a ~ a i n e t  t he  s i l l  be tween  t h e s e  a r e a s  (Yig~re  21B). The 

e x c a v a t e d  s l o p e  downst ream from the  l e f t  w i n g - w a l l  o f  the  s t i l l i n g  
p o o l  was destroyed. 
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FIGURE 2/  

A - Di.,;~i1~r~,, bl,O~O s,,zond-Foot B - ~osion oause~ by 511000 sooom~feot 

b~;~:,~,~ '~ - Truncatod sill - no steps on a!m-on 

C - Disc~rEu bl,OC~ secm~d-feot  D - Erosion oau~ by 51sOGO leo~feet. 

D~:si&:; L - Truncatoct sill - nc steps on apron 

E - Discharge 51,000 seoond-feet F - Irosion emasect by 81,000 see~=4~ee%. 

Desi~ 5 - Trunoated sill - ste~s on aprcm 

FLOW CONDITIONS AND EROSION IN STILLING POOL OF 1:60 

MODEL OF FRESNO DAM SPILLWAY - POOL DESIGNS 4 AND 5. 



A~ e f f o r t  was made to  ~ r e v e n t  the  s c o u r  ~of ~ t h e ~ a l o p e  b y , c h a n g i n g  

t h e  w i n g - w a l l : d e s i g n .  A v e r t i c a l  v e i l  v a s ~ e x t e n d e d  dovne t r eam~a t  an 

a n g l e  o f  20 d e g r e e s  w i th  the  t r a i n i n g ~ n l l ,  t h e n c e  i n t o  t h e / b ~ p a r -  

a l l e l  to  t h e  a n d  o f  the  a~ron.  The e ro s ionvaeL ,  e l i m i n a ~ e d ~ i m a e d i a t e l ¥  .... 

below the  l e f t  end o f  the  s i l l ,  b u t ~ a : d e e p  h o l e  v e l  dug:a t /~ the  ~down" 

s t r e a m  end of  t he  w i n g - v a i l  a n d i t w a s  n o t  .considered** | a t i e f a o t o r y .  

These i n v e s t i g a t i o n s  were t e m p o r a r i l y  d e f e r r e d  when the  p o o l ' ~ f l o o r  

was r a i s e d  t o  corres!oond w i th<dee i t j~ |  o b t a i n e d  frOmrmodele teemed • 

p r e v t o u s l y .  

S t i l l i n g  P o o l  Des ign  5. ! T h e  poo l  f l o o r  2 - 1 / 2  i f e e t  ~ to  

e l e v a t i o n  2~99.~, end the~ende o f  the  t r a i n l n g * , w e l l s  k e p t ~ a t  t~ L ~ 

s t a t i o n  as d e s i g n  4 ( d e s i g n  ~. F i g u r e ~ l ] ) .  T h i s :  change a f f e c t ,  

3 . 7 ~ - f o o t  i n c r e a s e  in  pool  ~ l e n g t h  a t  , i t s ~ e n t r a n c e .  which ] ~ a r t i a l l 7  

compensated  f o r  t he  d e c r e a s e d  t e i l v a t e r  ~depth caused  ~by r a i a i n ~  ~the 

ap ron .  The Jump wa no t  s a t i s f a c t o r y  and more e r o s i o n  o c c u r r e d  

( F i g u r e  21D). The a d d i t i o n  o f  the  ~e~eps i n  L the  poo l  ~ent rance  g a v e  

a s a t i s f a c t o r y  Ju,~p w i t h  normal t a i l w e t e r  ( F i g u r e  21E). bu t  e v e n  so,  

t he  e r o s i o n  was o n l y ~ e l i g h t l y  d e c r e a s e d  ~ (Ytgure  21F). ~ T h i s , , d e e i g n  

was c o n s i d e r e d  s a t i s f a c t o r y ,  p r o v i d i n g  some method*was ueed~t0:~mini-  

mice the  scour  below the  pool  c o r n e r s .  A s  the  ~v ing-va l l~ !ueed~vi th  

d e s i g n  ~Lgave a minimum o f  e r o s i o n  a t  t h e  a~ron  , ~p0ol 

design ~ was coneldered~ample providing anL e~fective iwln~-wali<was 

included. / ~ ~ 

O r i g i n a l  D e s  

Vith the original design wing-walls (~eslgn. I, • Figure 22), the ~eroslon : 

a t  t h e  downstream c o r n e r s  of  t h e  s t i l l i n g  ~ o o l ~ n e a r l y ,  r e a c h e d ~ t h e  ~ ii 

bo t tom of the  ~ - f o o t  a]~ron c u t o f f  w a l l  i n  s e v e r a l  t e s t s .  The t'~o <i 

a r e a s  o f  s cour  were a lways  below the  a~ron  e l e v a t i o n ,  e v e n ~ t h o u g h  t h e  ! 

a r e a  was r i ~ r a p ~ e d  w i t h  g r a v e l  r e ] ~ r e s e n t i n g . f r o ~ 1 2 - ,  to  :30 - inch  ma- 

t e r i a l  on the  p r o t o t y p e .  F o r  t h i s  r e a s o n  i t  was deemed a d v i s a b l e  to  !1 

d e t e r m i n e  the  cause  of  the  scour  and to evo lve  a e e e n s ~ f o r  min imi~ ing  i 

i t .  The wors t  c o n d i t i o n s  o c c u r r e d  a t  n~tximum d i s c h a r g e ,  so a l l  t e s t s  

yore  made wi th  a f l ow of  ~1,O00 s e c o n d - f e e t .  The d u r a t i o n  o f  each  i 

r~u  of  the model t e s t s  a t  t h i s  d i s c h a r ~ e  was f i x e d  a t  t h r e e - q u a r t e r s  i 

o f  an hour ,  s i n c e  con~oera t ive ly  s t a b l e  c o n d i t i o n s  ~ere e s t a b l i s h e d  i n  i~! 

t h i s  l e n g t h  o f  t l ~ e .  
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A f t e r  i n v e s t i g a t i n ~  t h e  f l o w •  '. c o n ~ i t i  . . . . . .  one.:by,~ l n ~ e e t  ing~-dye,~ i n  ~,t~e ":~"i I::~I 

w a t e r  d o w n s t r e a m  from~tlle~pobl,:~,~the,,'erosioh~was::"escribed' . . . . . .  to~:c~rrel[ ts ' • '¢  

which moved transverselF:from~the 

diately downetream fro 

up by the water moTin~ 

stream from the ~Ili. 

roll onthe stree.m~:~e~ 

of the central portlon~of the~:sill: (Fi~are:i;~A). ~More eevere:~con-~ ~ 

dltl one exlsted~: a~ 

b e c a u s e  of the,: el~ 

c h u t e .  Fo r  t h i s  r e a s o n ,  ~ and ~ l~ecauee o f : t h e  

t h e  work ,  t e s t s  w e r e  cond~cted:~,on~the! ' , le f t '  

t u r e  l e d  t o ~  C h a n ~ e  i n  :the, w l n £ p w a l l ' a h a p e .  

Downstream ~, W~n~-wal l j~De sign+ 2. ~A ~, v e r t i c a l  d 

71 ,5  f e e t  d o ~ s t r e e ~ , ~ a + ~  ~ m  a n ~ l e :  of+~ 

t h e n c e  p a r a l l e l , L  t o : : t h e  e n d  of , : , the  a ]  

u r e  ~ 2 ) .  T~te  e l i m i n a t e d , t h e  e r o s ! ,  

bu~ an eddy .  f o r ~ i n g ,  f ~ e d i a t e l y  do~ 

s t r o y e d  t h e  2 : l : e x c a v a t e d  s l o p e  and  

o f  t h e  w e l l .  •A w a r ~ e d # w e l l  s i m i l a r ~ t o :  tha t , -used~ion  t h e F P  

Wastew~ was considered, . : i.~ :~./~: .. ,~ 

Downstream W~n~-well~:Desi~n']. "A•wa~ed~..•~ll: . w~sJ, e x t e ' n d e ~ f r ~ ) ~  

v e r t i c a l  a t  : t he  en~ o f ~ , t h e : m a i n  t r a i n i n ~  wall,~ t o a ~  2 . 1 - e l o p e  a t r i a  " • 

. k  

IV 

p e n d i c u l e x  to  the~ end o f  t h e  al~ron~ (deei~n~i3, ,~FiKure  , ~ : i  

a l o n g  t h e  s t r e a m w a r d  a~d downstre~m,.ed~es~:was:,,moved-1 ~i~:~ 

b o t h  were  e x p o s s d . , t o  G'r;de~th. ve.ry~ng., f r o m : ~  ~ t0~i,6'~,feet~* (Fi~ureli~2~C). ' :  " 

The e d d y  n e a r  t h e - b a n k  a t  ~ t h e  d o w n s t r e ~ n : e d g e ,  of.:the,~,~wali , :wes~¥er~ " 

s m a l l ,  so i t . w a s  c o n c l u d e d  t h a t  t h e  r tp ra ]~ped  s u r f a c e  w a s ~ t o o : e t e e p .  

Moat o f  t he ,  r i p r e p  moved f rom t h i s  a r e a  h a d , . r o l l e d / t o  t h e : f o o t - o f , ~ h e  

s l o p e .  The w a l l  wee ~ t e r e d  i n  an  a t t e m p t  to  p r e v e n t  t h e  . e r o s i o n  a t  

i t s  e d g e s .  
37 
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Downstream Wing-va!l,~-De i ~ .  The edge of the ,~a rp  in  design 3 was 

extended downward to e l e v a t i o n " ~ 9 . 5 ,  and a '  wider~band::of~:-riprap p l a c e d  

on the 2~1  elope ( d e e i  ).  ~ The d e p t h  of~seour ,a long, . . the  

right edg~of, the.warp lameness: j'' .... '-~ " -~ -- ' ..... - 

d i t i e n  immediate ly  downstream from,,the,left~.: 

improved (Figure  2~£). Sand'and~:.riprap.vere'depoeited, inBtead o f ~ ~ d  

f r o n ~ h i e  a r ea .  The downstream edge:was:expo|  

f e e t ,  even wi th  the wider band?of r i p r a p .  Th, 

the base fo r  the next  t e s t .  

D.ownstream W i n g - v a i l ,  Design 5. The va l I ,  was ,ex tended: f rom v e r t i c a l  

a t  the downstream end. of t h e  t r a i n i n g  w a l l  to a 1-1/2~1 slope a t  i~a~:.p0int 

60 f e e t  downstream' from the a p r o n  ( d e e i g n ~ ,  F i g u r e  22). The~ right~!~edge 

f l a r e d  outward a t  an  eu~le o f  ~ degrees  ,w i th  the t r a in ing -~za l l .  The:i'flov 

c o n d i t i o n s  appeased the |ame e l .  for . : :design:~,  bu t : . t he  e r o s i o n  along~the 

edges of the wal l  was cons ide r ab ly  i n c r e a s e d ~ ( F i g u r e ~ B ) .  

Downstream Wing-vai l ,  ,~Design. 6. The/.edge ~ at.: the ' .base-of  the: , ,varp .was 

f l a ~ e d  10 degrees  outward'*from.the t r a i n i n g  wall.  and the, downutream edge 

placed~on a 2:1 s lops  (deui6 ,n :6 .  F igure  22 ) .  The:f low c o n d i t i 0 n a  were~sim- 

i l a r  to  those for  the  des igns  p r e v i o u s l y  t e s t e d a n d  were : cons idered :sa t iu fac-  

t o ry  (¥ igure  ~I~C). However ,  the- e r o u l o n ' w a s , . p r a c t i c a l i y - : t h e ,  sameness'for 

des ign  3 and the warp was a g a i n , , a l t e r e d .  

,Downe~ream W i n g - w a l l ,  Design ~ .  The wall~ was ~ ex tended~/from~ the,  ver t ical  

a t  the end t r a i n i n g  w a l l  to a ~ . 6 ~ : 1  slope, a t  i t s  downstream~,end!(de | ign:~,  . 

: / : ~ ' ~ e  2~). The base o f  the  warp-a t  e l e v a t i o n  2 ~ : . f i ~ e d  a t  an~ a n g l e , . o f  ::~ 

10 degrees  from the end of the t r ~ n i n K . w a l l  toward t h e ~ . c e n t e r l i n e ,  of~:'the 

pool and extended down to e l e v a t i o n  ~ 9 6 . ~ .  • i Yl0v c o n d i t i o n s i w e r e  ~ ~ ! e  

w~th those  f o r  p r ev ious  designs.ant i ,  the maximum eros ion ia iOng  the!:ba~e~.of ~, 

about ~Sfeet. ~is wall was c o n s i d e r e d  satlsfactory,~but-thewarp~waschanged 

because most of the r i~ rap  wee washed from. the.~downstream, r t g h t  co rner ,  and 

and wlthout, rIprapin this area in a~previous~eimilar:~teet~,the erosion ~! 

i n c r e a s e d  c o n s i d e r a b l y .  -- 

~ownetream Wing-wall ,  i ~ s i g n . 8 ,  The~warpwasextended:from~vertical 

a t  the downstream end of the t r a i n i n g / w a l l  to a 2 °3~ : l - s l ope  a t - a ~ d i l t a n c e  

of ~O ' fee t  downstream from the end of the/apron (des ign 5, Y i g u r e  26). The 

streamward ad~e~with i t s  downstream end a t  e l e v a t i o n  24~4,~ converged a t -  

an angle  o f  !0 degrees  from the end of the t r a i n i n g  wal l  toward the cen t e r  

l i n e  of the poo l .  The eros ion a long  the r i g h t e d g e  wa~ about ~ f e e t  below 

the apron e l e v a t i o n  and some of  the downstream edge was exposed to a depth 
of about 2.5 f e e t  (Figure  25D). Without r i p r ap  the e ros ion  a long  the base 

of the wall w~s practically the same. 
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Dovrastre, an ling-wall , Deei£n 9. The base: of 

as in previous tests (des ign  9, Figure ~). Thei~ 

stream edge were very desirable, but the mexlaua 

was a b o u t  7 feet b e l o w  t h e  a p r o n  elevation. • I ~ ~ ~r~ ~ ~: ~ ~ 4~' r'~ 

Dovnktreaa elastic. ~,Deei~ne, ICJ~ !I ~ and:t2, iSlnee~deep/eree~0n. ! ,~ 

occurred along the~etreawd ~,edge of i:the loft~ varp'In~ ~he '~prevI0us II~*'~ ~ 

t e s t 8  "this area ~as~ pave~.(dsmi~}10,~]~i~ILrs 2~). ~ O  ~ p .'•master-elim- 

I n a t e d  a l l  eocur~exeept that :~along -~ ~ t h e  dovnetream edge:o 

the dovnst reaa edge o f  the paveaeat .  :Th is  I n d i c a t e d  tha 

pavement yore both too short, ~eepeciall~ with the ~love . 

t h e  l e f t  s i d e  o f  t h e  p o o l .  ;~' 

Other tests yore made in vhieh the varpvaslengthened~(deSi~s~11'~! / I ~'~~: 

and  12 ,  F i g u r e s  26) .  These  d i d  n o t  p r o v e  s a t i s f a c t o r Y .  " :* L:L 

The Reoomsended DeStt~n of~ Dovnstream~ V i n e - v a i l s .  / T h e / r e s u l t e ~ t h u s  buT 

l=tl * f o r  the ovnstream,~n~.~ll . t~lSae ~ f a r  h a d  no~ p r o d d e d  a so on d , S ' ~X i~ 
. ~ ~ ' ,  

dec ided ~ t  des ign  7 was ~hc most d e s i r a b l e  so t h t s ! d e s i ~ v a s ~ i n e t 4 1 1 o d ~  ' 

a g a i n  on b o t h  d o w a e t r e a m  c o r n e r s  o f  the ~model a n d  ~ more e x t e n s i v s ~ o t s  ~.'~ ' 

p e r ~ o r n e d .  ~he maximum d i s c h a r g e  yaw m a i n t a i n e d ~ o n ~ h e  n o d e l ~ f o r ~ J ~  '*.' ' 

m i n u t e s .  The o o n d t t t o n e  d ~ r i n g  r a n d a t : ~ t h e ~ / o £ ~ t h l s  r u n w e r e ° ~ v o r Y  ....... 

d e s i r a b l e .  P r a e t i o a l l 7  no m a t e r i e l  a t e , m o v e d  A o w a e t r o a m  '~ f rom~the '~prm ~ 

vlth a dleebarge ~ of :~.000 eeeoa~.£eet~or~ lee s. '~i'~aei!,ehange ,was :attrtb- 
used to  the i:proveaent of floe ooadltions+reeultlng ;from++the Installs- ~ 

t i e s  o f  t h e  ~ r p  a t  t h e  end+ of+ t h e  : r t g h t ~ : t l ~ i a l a g ~ v a l l .  ,:~esLgn~?imas - - 

~here~ore r e e o l m e i d a d .  - 

0ril~uL~rDesL~0~tlet Works. i~The*or ig tna l~Aeeign o u t l e t s ~ v e r e  

installed in the left tralnlng~vall~ (design i, Flgurei!27), ;and~ the spill- 

t~a¥ and outlets operated st full eapaei,t~r. :Zroelon of ~ ~he~ ' 

s u r f a c e  a t  t h e  r i g h t  edge  o f  t h e  p s v e n m l t  on t h e  l e f t  warp  ' ~  ;~' 

a naxtmam d e p t h  o f  5 . 4  f o o t  b e l o v ~  t h e : p a v e n e n t  . . . .  

R e t u r n  f l o w  w a s  a p l ~ r e n t  ~ d o w n e t r e a n  f r o m  b o t h  w i n g - w a l l s .  ~ i~wevOr. 

liras much :ore pronounced dewnstrean~frea the left vall~eauelng 

excessive orosloa, ~daaaglng the 2| 1 riprapped slope (F1~are~iSB). 

Outlet Vorkea~Design 2. The eagle of the 

with that of the~Qillva¥ yes shanked fred/~0 

i f  some of  t J~ee roe lon  and baok f l o w  ec.~Ld be  e l i a~LaaSeA- (Y l l ~ re27 ) *  • 
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f , •  

!,L';,..:':5.~he e r o 4 i o n  was ; d e c r e a s e d ,  ar ia  the  b a c k f l o w :  t~l~roved,;~oonelderably° ., I t  ,,,: :- . .  

!~id,j'.i~: ,W~e. ~ f e l ~  ~~t, . .  n~aor  : ~ a n ~ o s .  i n .  the  *'floor and ~ i e r  of  .the ~-outlet  uchAnnel 

~°° " e  , ' :'~ i" -~'FraO~tl"e v o r e ~ t ~ n r e e t t ~ t o d .  ,.~, 

_ L - -  

~'* r :~i" ~ J'~P"~r~ ~ f l ~ r  ' O f  ~ 0  ~ l e  t t ~ e  1 a l t e r e d  f o r  t h e : , , n e x t , L d e S t  

' . ' * (  " , d : ~  .. ' .~ ' - '~ , ' } . .~ ' ,"  " . ~  ' ' ~ : ' . .  , • 

~i~}~:*'~, ': ~ , ~ . ~ V O  o u t l e t  ~ i p e e  ~ o  u n i t e  i n t o  one ~e t  b e f o r e  r e a e ~ t  , th  
~li '~.J. ° " ~ I '  ,. . "~ ~ ' , . , ; ~ "  * ; , 

~ ' ~ : } ' i  ~ ~' ' ',L ' d . . ' " : ~  . ~ e  t r ~ l n ~  w a l l . . T h i s  f l a t  s h e e t . o f  w a t e r : p a s s e d ,  over  t h e - , e i l l  
r ,  . . . .  . . , ~  r ~ 

I;,..i{..;: [, * ,~t ,  & . , d t | ~ o e  Of ~ f o o t  from the  t r a i n i n ~  * v a i l  and c a u e e d ~ l o ~ , . , e r o a l o n  

!,,~.. • .,,~, , ~  ","".., ..,,....,..,,. .~,.~ - ~ l ~ . ' ~ a r r ~ m e n t . ,  . f o r  the  o u t l e t  ' t u n n e l s  was . c o n s i d e r e d  ~eati s f a c t  ory.  : 

~oach ~iechar • ~ Coefficient ~. , .,: and ~ o ~ n e g r e u  F l o o r  on the~ D . . . .  = -  
~ o f  

v i e w  o f ,  the  e f f e c t ,  o f  "the c h u t e  ~l~loor, o l e v a t ~ h e  

,~ ~'i:~-.',:".,-,.,dU[eP, J ~ r g e  of the  F r e s n o  S ~ i l l w a y ,  the des i i~n  8 e c t t o n d e e t r e d ~ a  c e r t e s "  

~:!,:,; ',M:,;. , " : " : e ~ l l ° v  a p p r o a c h e s ,  and downstream c h a n n e l s .  These  data  were rf.or,,the 

- .: ' . .mr'. .~:~.' ,~eo Of d e t e r ~ i n i ~  the  e l e v a t i o n  o f  the  , c h a n n e l .  f l o c  . . . .  h'.ul~..~. 

. ' , ' . ,  dov,,etre--,  of the erect,  that.w ula  iv ,the. :of,;a ~ . ' . ,  ~ ..'~ " ~', " ~ . ' . . ~ ' " / b ' ~  

" "Pq'" ~''~r~'~" ~ ~ '  '~'~, "o~ ~ ' M ~ . . . ~ .  a ~ t n  f l o o r - e l e v a t i o n  on t h e  c o e f f i c i e n t  o f  d i s c h a r g e .  

:~,..,.:..,~!~:~ L: - : ,< .~te  e ~ .  v a e  p e r f o r m e d  u e i n ~  a. c r e s t  s i m i l e  

..'.P-"'.-:: L'~ i ! ; ~ d e l . ~  t ~ e  F r e s n o  Dam 5 p t l . l ~  c r e s t .  :The da ta  ~ 
. . . . i .  ~ ~ .  - . 

. ,"-'~v~e..eO,~LDiled ~ d  g r a p h s  o f  the r e s u l t s  prepared~ ( 1  

One ~raph' (Figure SO), gives the coefficient, o 

.+ . . : +..h~Ae and f l o o r - e l e v a t i o n s  ups tream,  and.the..vartation-of.,the.+coeffl_ 

-,,i~.~, -~,--~' . , . o l ent  . w i t h c h a n n e l  f l o o r  e l e v a t i o n  f o r  .conet~n~ heads  :o f :12  a n d . : l ~ : f e e t .  
,~ ,~ ~ ~,~ j~. , , ,~ .  " .  . 

.... ,: '' The,-,eeeond graph  ( F i g u r e  31)  s h o v e  the i~dlechar~e  c o e f f i c i e n t  f o r  " "  . ,  -~ ~ . ~ '  V - L ' ;"  
;~" .  . , .  ~ ~ ...~. 

.,; . . . .  ~ t o u e  h ~ d e  W l . .  downetrea~  f l o o r  e l e v a t i o n s  and .the . v a r i a t i o n  o f - t h e  

"~ " -- 1 ' " " o o e f f i C ~ , o n t ,  v i t h  f l o o r  e l e v a t i o n  f o r  a o o n e t a n t  head o f  16 f e e t .  Th i s  

- .: . . . .  '",,,. .. - > . " v ~  ~ e . . , ~ , . .  -~ o o n t / ~ u e d  on a bro~der  scolds and ~the r e s u l t ~  are c o n t a i n e d  i 

- . ~ ". : - . , t L l ~ ; l ' ~ ' a ~ l t c  L a ~ o r a t o ~  ~ p o r t  I~D 118,  by J .  N. ~ r a d l e y ,  d a t e d  

j . '  

00~CLUSI011S AtlD ItEC01~JDATION$ 

" .Loft V i n K - w a l l .  The o r i g i n a l l y  d e s i g n e d  l e f t  w i n g - w a l l  to  ~he 

• p i l l w ~ 7  ~ t r ~ n o e .  v e r t i c a l  and curved toward the bank on a S O - f o o t  



FIGURE 29 

A - Tum~l outlets discha~-ging 2bOO second-feet, 
flow lines shown by confetti. 

B - R r o s i o n  oaused  by  d i s o h ~ g e  o f  2500 s e c o n d - f e e t .  

FLOW LINES AND EROSION IN STILLING POOL OF 1:60 MODEL CF FRESNO 
D~M SPILLWAY - RECOMM~D n~IGN OUTLET WORB~. 
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r a d i u s ,  w i l l  ~ ive  : e r y . s a t i s f a o t o r y ~ f l o v  o c n d t ~ i o n s ' ~ i f o r v a l I ~ i ' s p i l l ~  . . . . .  

d i s o h a z 4 e s .  ,!,~here ' r i l l  ,~, be:  no. unde81:  

~a~l t o  e n t e r  t he  . ~ p s t r e a :  c u t o f f , ~ :  

topogra~b~ r t p r a p p o d  as shown in  L the  

• I t  WaS t h e r e f o r e  r e ¢ o m ~ n d e d  t h a t  : the o r i g i n a l  ',~ghape ;0f ~this'~-v~l~:~b0 

: e ~ a l n e d .  : .  . ,  

atRht ,  WtnK-va,ll. ~he a d v e r s e  f low**.condit tone,  which c ~ e e d d d e e p  

e r o s i o n  a d j a c e n t  to  the.  wa l l  and u p s t r e a m , f r o m  , t h e ~ c r e s t ~  ~aade ~ t h e  .... , . . . .  .,~ 

o r i g i n a l  d e s i g n  of  the  r i g h t  y e l l  unsatisfactory./~:0f~,.the',d~fferent 

shapes t e s t e d  i n  t he  l a b o r a t a ~ v  - ~ - ~  ~ : * ~  ~r~' :~.i~7 L--'" t~ .~mn~t , ' ~ . -  

I S r a b l e .  As e r o s i o n  of  t h e :  

a n d . v e r y  l i t t l e  d i s t u r b a n c e  o c c u r r e d o n  the  v a t e r ~ s u r f s c e  ' n ea r  ".the i :vall ,  

deg i ,n  ~ was recomnendedfor  the ri~ht~ond~of~thelFre|~'~0:~SplllvaT. The8 

d e s i g n  was u s e d  on the  p r o t o t T p e  s t r u c t u r e •  /: 

G r e e t .  Love r tn~  the  f l o o r  o f t h e  o r i ~  

f r o ~  t h e  c r e s t  two fee t , ,gave ,~the  d i s c h s r K e  d e s i r e d .  

t h a t  a d d i  t i o n a l  l o w e r i n ~ ,  of '~the -floor.~,vouId ~ increase  ~but 

due t o  added c o s t s  i n  e x c a v a t i o n ,  thts'+~was, c o n s i d e r e d  i+unnecessary. !;i~The 

c o e f f i c i e n t  of  d l s e h a r ~ e ~ e u r v e ~ ' l s  eho~n in!Yigv, r e  ~2. ~i *~ " 

S t l l l i n ~  Poo l .  Theo, o r t K t n a l  .pool ,  ,,with-,,the r!Re~:bo~k~..,sill and s s tep-  

ped  ap ron ,  was d e e p e r  t h a n " n e c e s s a r y : . f o r  , a l l .~ f lo~Vs . . .  

P o o l  d e e i ~  2 was t o o  s h e l l e y  as~well~,: a r i e s  

n e a r  t h e  n~xi~m~, b u t  was v e r y : s a t i s f a o t o r ~  

e e o o n d - f e e t  and l e s s .  ~he e r o s i o n  n e a r . t h e  d o m z s t r e a a ~ c o r n e r s  ~ms%~un- 

~), k.,.d,, 

improTe c o n d i t i o n s .  

The s h o r t  p o o l  w i th  f l o o r  e l e T a t i o n 2 0 ~ 9 7 p  ~ d e a l g n - ~ ,  was ~ s a t i s -  

' f a c t o r y ,  excep t s : fo r  the  e r o s i o n  a l o n ~  the  apron  ~-cu~off~.mall° *~The*~cha~ 

in  s i l l  desLgn, t r u n c a t t n ~  ~t  and p l a c i n g ~ i t s ~ s t r e a m - f a c e A t - l t h e  8 a ~  

s t a t i o n  as  the  ends,  o f t h e  - t r a i n i n g  y e l l s  ~fmproved the  :pool  a p p e a r a n c e  

as  v e i l  as d e c r e a s e d  the  e~'oelon. ,., 

Poo l  d e s i g n  2, w i t h  the  ap ron  a t  Q l ~ r a t i o n  2 i49~.5  and~ l~ng thoned  

3 . ~  f e e t  f rom des tKn 4. was s a t i s f a c t o r y  w h e n : t h e : e t e p s  w e r e : i n e t & l l e d  

a t  t he  ,Izpstr~a= end o f  the  pool~ and vhen a v i n ~ - w a l l  vas  p l a c e d  

~o 
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downstream from the l e f t ~ t r a i n i n g ~ m L l l .  :lt~vae therefore r e o o n n e n d ~ d  

t ha t  t h i s  pool  des ign ,  I n c l u d i n g  the s i l l .  or one of e imAlar  :oonstlSn- 

t i o n  (Yt~uro ~o t e s t  2:~, ~deetgn:~) ,  bo:adopted~:for the~Fresno 8] 

and that aAdltlonal, stu~Aes be,~nade ,to:determine a.more desirable':.. ~, 

d e s l s n  fo r  ~he d e ~ n s t r e M  v i n e - v a i l s ,  Design'~5:wU used  in  +the~proto - 

tWpo s t r u c t u r e .  

The apron l o n g t h ~ r e f e r r e d  t o  : in  ~ t S  ~report i s  '~the :d£stsnce i r o n  : ~ 

the i n t e r s e c t i o n  o f  t h e  pool  f l o o r  withi'%he ~ent~ t ,, • 

end of the apron. ,~Ehe pc01 l e n g t h  i ie~dof ined al t 

t h e u p s t r e m  face of t h e , . s l l l  :to i,the i n t e r s e c t i o n  of ,the > f~ loo r~ th  : .... 
the en t rance  e lope,  - 

.Downstream:¥ing-wall8. The or iKina l  de s ign ,w ing -wa l l s  allowed 

excess ive  scour to occur ~along ~itho ~apron.:~tof.f  ~wa~, near?~the ~eorneN 

of the  pool a t  the  maximum d i seha rKe ,  A l O e s  t h e : l a r g e  r e t u r n  :f lovi  

or e d ~ .  which f o r n o d  lmmediate ly~dousbroam from i ~ these  ~wall8, ~would 

des t roy  the excavated slopee,,and~possibl.7 damage ~the~valle . A v e r t i c a l  

wal l  similar .to AosiKn.2, Yigure 2 2 ,  w0ulq 

because ~of%he laT.p f o u n d a t i o n  r e q u i r e d  , 

aged by undermining a t  t h e  downstream -cor~ 

s a t i s f a c t o r y  of t h e  warps& w a l l s .  I t  ~,should ~give ,ample p r o t e c t i o n  i:to 

the excavated s lope mad the apron cu tof f .  It~does~;not eeemi~ineoessar7 

to  p l ace  as much r i p r ap  downstream from ~the apron as ~in.!:the~=Vicini~, 

• of the wlMova l l e .  The depth o f  the. r i p r a  p should'ibe ~ f e e t  i in ~.the 'II~ 

c r i t i c a l  areas .  I t  was s ~ e s t e d  that  the riprapi:,be :I 

fo r  d e s i ~  ~,  Yigure ~ ,  and t h i s  dee 

I t  i s  b e l i e v e d  : that  t h e  e ro s ion  .ted s: :ithe - 

model i s  more severe  r e l a t t v e l 7  :~than :that \~which ,wi l l  :occur on : the  • 

p ro to type .  The sha le  m a t e r i a l , 0 n , t h o r p r o t o t ~ p e  :,eJ~ iitS'~:ooapactnees :i.:: 

should prevent  exces s ive  e ros ion .  ,~. , 

Outlet -Work's. The, original ~,desi~ ~outiet .:vorMe, was :fOund ,~o :'be /ii.: 

u n s a t i s f a c t o r y ,  The J e t s  from t h e  o u t l e t s  s t r u c k  the  flow::from the" :, 

sp i l lway ,  e j e c t i n g  some of : the water  from ~the l e f t  corner.-.of ~he.~pool. :~: 

e~aeing  an eddy to form. This cond i t i on  wae~very s e r i o u s  fo r  it would 

emxse ~he r i g h t  wing wall  to  be undermined. Changi ,ng ° the  angle w i t h  "~ ~'*' ,r,:~:~ ;~ 

the center line of the .epillwa~ from 60 : t o  ~O-degrees and using .a 

i 
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