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INTRODUCTION 

Shasta,Daml one,s:Of thema~or - .... ~ " " : 

l o c a t e d o n  the Sacramento River,~:] 

is designed as amultlpurpose~dam 

regulation, and power~generation. 

Release o£s~ored~water~fo~ 

!ji•,_ 

In ~ eXC • 

, is ~ 

, 

ofthe poworhouse turbines Is~accompllshed~.by 

,dulls in the~spillway,section~.of the ~dam.~Each~'~o 

with'a control valve. /~A!coaste~ 

oC thel8 conduits~wheneverr~required~f 

control valves and conduits. The~igate 

in the event 'of failure:~fa~cont~ol valve. 

NormallytheEatelis'operated. under!balsm 

no flow intheconduits. ~However,~design~cond )ns~were 

exist during emergency closure under maxi 

'b to large un alanced pressures. 

As the gate Is lowered under~emergenc~ 

city under~ the gate,acts ,' to decrease ' the;pr 

while those on the upstreamJface,remain ?substantially~ic¢ 

the gate must resist the resultant~f0rce~whichilPushes!~i~ 

the/~dam, ~and ~the ~0iler s ~suFport ing i the ~;gate ~ must-i~ihave~!~s 

>tamce or the gate~cannot~be loweredi~into./,theii6iosed~,~!p~si 

~on 'th~bO~tom of the. gate~,~,which createsan~additlonal~ .... !~'o 

~idownpull. Consideratlon,,of -:thls -~ force ~is ~Impor~t ~ as : i 

~.~eater  .than t h e  . ~ i g h t  of~ the ,gate. 
L- .... " 

ed 

Of 

i 
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i 
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the tto~ 

fullhydrostaticpreasure;to~the 

downpull fez 

flov:pattern~benemth~;the::gat 

the gatebottom is equal toi~ 

Inprevious:;des~gns, 

ered satisfactory, but~a~ 

s s u r e ~ F e (  

~n~]of 

gate was so large: tha~ the tOt~l ~ioad~: on!i~the~% ~ 
. ~ , I  ,~ I: ,-~~ I~ ~ I-  ':~i~ :,; ~I~ ?:~-~; ~%~,~ 

60 ,000~  pounds "i in: :excess- of ~the~pe~ssible~iic 

b y  a leS,ton gantry , ,crane ~::operating ~:onithe ~:br 

t i o n  Of the~ dam. 

a ~. circumstance, arose.:Tz 

coaster .gates from~a~,ba 

the barge to thei~br~dge, 

• dovnpul i force =;~and to ~re 

t h e  :'.. d e s i g n  =0 f ;~t~e ':Cbr: 

~=HYDRAULIC !,M0~EL~STUDIES 

3 ~were 

; d e v e l o p  :~a :,~new? 

/ i  ~" 

:perly!~proportioned r e c e s s  i i n  ? the  ] face~of~:  

"~ :~downpull ~from the :.orig~nal' value:~of~:-260;~ 

~i 7 ~"i~i, ̧ i~ ii 



: The. studies~were :, 

b u i l t  "~,to ' a , : s c a l e  ~: of i~ o n e  
• " . - - . 

:the.~gate :~,a.q~ :;in ::.the.~Out: 

- puli ?was ~ d e t e r m ~  ned,:.bv~;~ 

In'thei~es~ 

i -~ 
i "~ . 

.With ~the 

~As ::!the 

~,- ~iThe ~itypical :~,variation ~:of ,do' 

graphically ,in,Figure 3,-~ma ~be 

gate -~ was ~ f.ully ~opened:-,.~the ,'.disc~ 

<conduit ,andeits !frlctio~l , . r e s i s ~  

• :=ed .uced  ,{n~:~ t h e  

ducal on-fin ,pre, 

-Sincei:~the ~:co~ 

~ ~,~, ~: ~ :~ ~ ~ i~ '~ 

~ i i / j  ~ :!~:i, 

i~i?,!~i /!!~!!iii~?~ ~i, ~:~ii~iiii~ii:~:i~i.i!~ ~ ~ ~.~i- ,11 i~': ~ ~,~ ~ ~ 3 ;  ! 
!,!~i:~i ~ ,~,J~: '~ ~i~ ~ i~ii~: ~!~ i ~ ~ i~! ~! :i i!~ i: ~>,~ ~~i '~' ~ i~~i/: ~ ~ ~ ~i~ ! ~  ~,~ : / !~  
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.+-  

,. 

"'r 

/ 

:tom 

the  , dovm s tream:, e , ~ e  :: Of :~the ~:bOtt ~ , ~ s ;  

tl ons and: 

-changed ~ in sueh':~a~::manne: 

pressures increasedJ~eno~ 

:pinged on the ,1%, 

vent. 

The.~hydraulic dovnpUll~f 

: ;pressure  i . t e s t s ,  :did,--not a ~ r e e  

i~160,O00-~pounds. A revle~of 

,: e ~ tlmate: o~ ::16o, ooo i..p~ 

", .~sloping,'portion ~ of. i:.,the i 

i : .i:pressures-on ::.%he.: ~%c~,!:.,sea. 

ler 

IN ~ORIGIRAL~:I~SIGN 

,iii Ji:i ~:: ~ i i  . 

-~:~ .: . i: ~ ::'~ .,~.:, :~,:: ~,';,'~'~-!~, .:~ ,~/-~':i ~7,~:;~ 

.=~tlvene"i~oria~rw~ss~ii~ 

!iil i 



!if" 

": Stud i e  ~,:: 0 f ;~)the 
7 7 ~, "i'r: 

., cared.:: t h a t  7::s ": l a r g e :  r e d u c  t 
;+ 

• , V i s i o n . o f  ttlle", b o t t S {  I " 

' , ' g  a { / " .  " ,  ' :' " " , ' t  

. . . . . . .  7;'. 

,"7 ;; 

;t into; 

L.tl~out!~h ia  . w i n d o w .  :'{ , 
: r '  

• moving, slowly, until 

a p p e a r e d  ': to  ~. b e  d r a ~ n  

Le)~e e;~',,a 

.. ~7;ve l o e  i t y - ~ c  l o s e  ' t o L t h e  ~ : : o u t l e t  ~o e n t r l i n c e .  ~; T h i s  

b y ' , t h e < ; p r i l l s ~ e  r ~  l e n t  ~.ac tOi/ll~+,Ttb 

c:f 

'<,were ~:.prac, ,y, h y v l r o s t a t  t ;OnT:il  

s u r e  , ~ r e d u c t i o n : . ~ s c g r a g l u i i ,  l ~  , ~ l i t . T i T i i a i t t  :>bU~TYT: i t~ ;  

• " ' '  / i J 

- r e a c h e d ~ - a  :-~ztnim,~m. ~ i n t  

~. ;~'r p o i n t - , w h e r e  ; the-;  t n i t  :" col 

;7~e~ in:the :conduit. . . . :'~ : " 

. ' i ~ e  ! ' f a c e  z:of .' . the  :t~l;teT:pz'oij e e ted7  { . . . .  

- i, ~.i_: 

ftr Ibu bed{Jan..~exce Ss ~ rely:{ large !ipam{'~i~f: *~he "~:idc~ 

} 8  

::!i~i 
i!iL ii ̧,ii i  i i̧ ̧̧ 

) n i l ,  . >{:. !j)~ 

i n c r e a s e <  i n - < - .  

• 7~ i  

: - ' J  

,i 4 ! • ; : ': ''¸ L :: 
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rt# ' 

~ ~r~Je~t±ng ~:a~ea. 

..shown in 

sa~e ! but ~ the % L e ] ~ [ ] ' ~  

..... u ~ c m a  ~ n e  . agwn~.u l  J . : 'fromli260,,C 

In :contrast, to.-~the~iorlgi 

when ..the .:.conduit ....was + not ~:com~ 

w i t h  ,%he-~ev~sed 'gate;:occurr, i 

before ..a.~ slight additional .cl, 

'..~m~u11, .: this ~r~vi~ed ~'~es~,~ 
•... -: ; j 

outlet .so .:.that :"the iJ et-at ~ no, !~I 

i.the~.alr vent, as~.was~ 

t:b etween. 2.1and 3~1 /2  ~ feet~  . 
i~ ,- : ~ . L .... 

:, : . - :  { 

Alt~Su~h .the.~ revls:Lon 

;:~tt~m, ..: 

'.J ,~ 
_ " ? . 

• / i t  
/1.. 

: • i} 

;':I0 

-,?-,.? ~ ; ~  7~,;i: ̧ ;..i~:.ii~}::::: : 
:~:~(~i ~ ~i~/:i; !i ̧ i~:~ ¸ ~!!i ~ i:~ii ii:i'i ~ i ~ ~ ii i~ !:: 

~L~:J ̧ . 

~.,~/!7.;¸. -11 •: , . 

?~ '~" : i ~ i::: ;;~ :; ; •~!.~ :, 



~ili:~i~::, k k,~:, :~̧ ķ~,, ~ 
,he :~ r~ ended; llp ;. and ~: 

:it these ~indicatlons, ~,.test s:~were :~ 

:~the thlckn'ess,:ol 

'~X~O ~: 

after: as-;. the',:: basic :.: 

pressure,.on 

-: c h a n g e s  .:directt'on!~be~ow~ the  ,@!  

of the gate.~ ~These pla~es-,we~e 
BO~y 

i ~:!~i:~ !':ill, ~i/!i~: 

"The  

pressures, o c c u r r e d i =  

~. pressure ~".near ~'-the-.~' 

" ',polnt ~ on: t h e  

.: , ~ .  " . . . ; i t  a l s o ; ' t e n d  
i >, 

?:~i ~ ......... 

!"ii!i'~:~!! ¸̧  
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" " ,'ii 

the.upstream ~ e , !  

~cause 

i ~ 
. ' . r  " " "  

- , !  - 
''\ 

~:~.-i,.,. ' :::!~ 

~.The varimtlon~ 

.is ~ shown ~ra~hlca~] 

~0 ' i n c h e s  wouId~ 

~llp, extemsion of 

fin t h e  e x ~ e a a l o n  

T 
r" 

7..¸¸ ~. 

_ < - , . :  

,"l' flat-hot 

: .<' ; :  'i 

~wou~d'~be ~,excessive. -_Never~helea8 

7 - . ~  r ~ 

>i : i  ¸ . ~ . . . . .  " " ~  ' "  • . . . . . . .  

i : ~ ' i : , : "  "7 " :~<'~':iii:~':~-~7::/~ ,:!!:~ ~":/~ 
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167 :degrees,, .whlch~ placed:, the sprlng:polnt ,at ..its ,~down 

the:~do~pull, on~ the lip. (Figure:: i):; ': The-i t~4St:S';.::'~ho~edi 

would:be approximately.:,l~8~O00~ " " " ' " . . . . . .  " 

d e t e r m i n e .  . ............... . .... .' .... pres sures, !.indica~i~d .. t ha~; ': +.~ &-:~,~ -._ ..= o ,,, ii 

: 1-1/h-inch " ' :: ': lip., was.ne~rly~equ~l to:i th'at~::, 

in which the sprln~:~.point~.:was -at iits.!~.Ups1" .... ~' ~: ":r~ : ~ 

of. Figure: 2/.was. 1~ed...to.. predict,it:he~do~ } 

with a: 6 7 - d e g r e e :  bevel :at" its?bottom';:'i:.:":ii! . 

made by.usin~.nat:plates ~nd',~les~.to:,.,:e.. :':'" "~' ': ~ 'r~: 

the  tto . 

milar to Design .3,. was a~tended .12 ' inches.~i 

downpull .was 150,000 pounds',-.which,;~eprese 

that obtained" in.' th e:general ",testi~iwith,~,a 9 

: outlet coaster gates~ because.:.their~:idownpu]/ 

...... .:: "!ir • .A:..n~.analysis~.of~ t :"~:: " . . he~ strel~se s:.onioth,e,i~ 

::::i > i ~i 

, ::re-ealed-~:~that:.iit,.::w0u 

~t ~ ~e 
~'~ ~' ~ ~ :r L,~,,~, . " " !..turally., sound i if thei:,llpi~ extension,.dld./'no~ " " '''(' (; 

:-'i:" "" indicated.::that : . .  . such ?- a design.. would ;;de~!;lov ~ia !:do~-~;i I .^ e. nO ~" !~':" 

~ ,  ,. Slnce~. this :val.ue:,~wasi:inot~ ex~ea t~:i~cl, ~,e 

,::~,, :i I:.~ .... ~ 

~,~ ...... • lip,. with a !:67"degree~bevel::~at : its ~:..~ttom~was.:...used :!nstead,,of i~ 3 

ei 

-.i?,:.~ : " -. : - 

i ~ ': ~.~.~i ~ i~ 

" k 

<= 

~ a l  : :~ tes t  

J 2 ~ q W q D  . .  ' r 

~.was 



++,~+ +. 

the predicted 'va lue .  of 

~r  

, ,  + . J ' .  / r , : ,  

- v  , I  

o +  

.CL 

, , A  + +  +~ . 

The, finaldesign. et~coaster 

r u r a l  reasor~s, a n d ,  a~"cle~r~nce :of  i / 2 : i n c h : i : b e ~ w e ~  i~h~e':i~l: 

was introduced to:facillta~:e,:.operation<~of, i~t:he~ga~e;~:i;.:.,i~The~ 

as determined~by-pressure mea .~:.:A'%~ 

thesechanges. An~indep 

with a spring 

pounds occurred at. a gateope~ng~ of! 

accepted  a s  t h e  more: .accurate~ oneiiaS.~ 

of: pressure measurements~ required ~ for 

The over-all effect~~of,~.the 

~ e a s u r  

¢ 

+.. 

/ 

the:+ plates removed. '~No: appreciable ~dJ 

I f  p l a t e s  ~were ~ . tenmLnated a t  ~+ the"~-.pO±n~t 

as shown inFigure +! r l ,  i; their~?effect~!,:of~;~ 

erence 

+ 

L 

~ .+ ,  

L; . .. 

{'+::'L+ w 

:ili ~++ 

,~i i." 

, It ~,had been appreciated':~ 

r e c e s s :  in~.~the f a c e ~ o f  th~e.:.dam, .' :!T~Ls:~ ~ p r o v  

. u n t i l ,  t h e  m.beat .:shape~ o f  g a t e ,  bot tom 

To unders tand  the.:~ac~ 

seals of:the gate proJect,beyond.,~th~ 

e~Eate + + 

;? 

sures . , on :  t h e  l top:se~l .~:were ~unbalanc~ 
- , - + . 

~: The:~"f~l~ . r e e e r v o i r  head '!:.acted:~on ~+t~e.,++outsi, !;~/~":(! 

' preeeure~which :prevailed. + ~downetream; .fromi.~the i~,~gate ~,wae :: exert ed ;:on ~+~e'.+~ ! "+"+:: 

~or lowerside. The;+resul t ing:~downwerd+Torce ~.which,at  ttmes~+was:i:'~i:li 

;~ , ' : ;+  i i ~ ' ~ } i , . , : ! + i  ~+ : i ' i" " + + 

,}" ; 11 .~: " / 

the+ low. 
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as I00,000 ':pounds. : depending upon: the pressure ~in :"" 

stream from~the gate. contributed ai~la 

gate. Nith,'a recess. :startir~g:ashdrt:~i~dlstanc~ • 

increase in the ~:clearancei'between. : t"hei:,seal ~ and ' 

creased the:velocity~of !flow~around the seal 

differential, 

T~s~':,s showed :,that;it he r :"" ~ 

,the maximum downpull iif.,its 

seal extension. At all::'openlngs,:'~.%he~pressu~ _ 

Y 
balanced...For gate o 

,wlth.a uniform depth'introduced 

pull:~force on the top seal~.elim~ 

sure.whlch occurred at small Eat ,~ :- 

which .underlay the: seal was large ~ enough : to r~ever.se ~ the, direc :: .... 

net: hO'draulic load. The gate~was~act 

large enough to, offset its:weight . i :" 

The effectiveness of:the~recess.! ::i 

seal was directly proportional to ira ": 

manner shown in ~Figure 13, ,the reve: ~i~ i 

ted and the do~mpull varied as i~:.shown,~ 

of  70,O00~pounds. occurred~atca~ ate.~o,., in~ :, of ~ percent.-~ :. ~ ~ ~. 

-Since,.the dead weight : of ~.the .- gate :and~lifting mechanlmm~!s,.90;OOO~.and. • -, 

lO,O00;pounds, :respective!y, %he maximum.:total ~load onithe gantry~crane, 

including. a downpull of 70,000 pounds, .-will ~i~I?0,000~ ~ 

' S. This is 

: l e s s  than the p e r m i s s i b l e  load on&the :br idge ,  sO the  des ign~was. .aceepted.~as  ! 
: being, satisfactory.. :, 

• ' • : 

Ii 



Typical coaster gate installation. 
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• " "~'l'he co,  

" . ' 3  ' :  

ported ::by ~..,ve~tical ~, 

~on ~:the i , :gate ~to  ! , t r a c  

~!.fast e n e d  . t o .  L~D 

: . c o n c r e t e  ,: o f  ::the. .dam. 

,,, .,++ "" the, concrete +around ~,the +: 

WhichprO~ e + i •  " ...... +i 

" •  " • " + • '  ' • ' i , "  

+!it ::is :subjected ~,to :-.a ~ . h e ~  !o 

+~square "feet ori~a "~:tot al .i~ioad 

• - -  v 

.~Metal-co~.ered 

8 o N e  "~: 

+, ~I. 

' :rubber,~ hinge ~which~ pe~t S~,!,cie 

.of:me~.a.l !.,to ~ s u p p o ~  ~::ithe~lomd ~:0 

rubber ~. core ialso ~penni~ is i ,  

: a s  :.f~he i l o ~ t  : o n  '::the ~seF~: .: :ils :i 

the .lJolnts, " 

- j  + 

y: 

.re 
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+ i :!Y+! 

L++ ,:, : , the~+seals ,+whll~++th • +~'gate 54+s 5 6  ++::i:+:+'+ " :  :L ': .... - 

7 : 2 ;  " : :  

+,¢ i i  • 

" '  ~+" ' "  + ' +  " " . ' ,  +C:+~ +'+ ++" + ' +  , '  . ,  ~ : + ~ ' . ' + G ' ,  , ;+'+ , 

:+iS : + s e a t e d  ~ ; . . . . . . . . . .  " . . . . .  + r+ " "a " + . . . . .  ~+ + + +  .+ +.To ,ac c~lish ~.retract ion+ 

, ! : i s+=c~osed:at  t h e + : s i d e s  ++iTh~s;ifo~s' • ++a @ + 

" -+ + i + : ~ . :  . . . .  . . . . . . .  

+ + c h a m b e r  h a v ~  + + " . . . . . .  + " + +  : ::: . +th e: movable ~ . p o r t ± o n : : ~ o f  

.... S ,  

! +  

!'~ressure on-:the+, up 

" d o w n s t r e a m  a i d e  

,~The ~ + v ~ v e  +)+is. + o p e r a t  e d  i 

+ . ~.~ + 

,,~?+ • 

position:admlts ~the + ~ + d o w n s t r e a m :  

r e t r a c t s  a p p r o x i m a t e l y  : 3 / 1 6  +:incl 

: ~ c l o s e d + + p o s i t i o n ~ i  o v e r  ~ t h e  

reverses the valve ~ q ~ o , a d m i t  .!,re$4 

::.+s ea~s ,:,,are : f o r c  ed.~ i n t o  i c o n t  act.+i+~ 

:+:: C h a n n e l . , - + s h a p  ed: i  g u ~ . d e ~ + s h o  es:i~ 

,+ t h e  :+guides  + i n  :+the ~ t a c  e , : o f  fith+++da 

' .Of". 1 / ~  + inch:+  i n  + e a c h  +,.-aho e :# e x c e p t ' i ~  

iBelow .:>an +elevation.)SsliEhtly~,grea. 

ly as posslble,~ith !| 
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