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UNIT.ED !'STAT .S 
D .PARTMENT OF THR INTERIOR 

Branch of Design and Construction 
Engineering and Geological Cont.rol 
and Research Division 

Denver, Colorado 
February 23, 1945 

• Labor~tory Repor*J:!iNo 

Subject: Model studies .of' the Friant,Kern.Canal 
Canal Outlets; .and f 
Friant Dam--Central 

SUMMA -,. 

Development o ~ th~ Friant-Kern CaTty.] r( 

The 1.:34.29 model. The ~":~to-the ia~ de sign. a s. flrs t ~ubmi.t :te, 

for testing in 1936, is shown ,o,I Figure 3~. i.iiA:ii::34::'29.:';scalera:tlc 

adopted "co make use of 2.80-inch :needle vaiv~s "!ai~ead~i//on hand';.,/:i!: 
design as submitted was never tested. In~ t 

using a velocity.based on the maximum hea~ 

was constructed ;to this trajectory,...Due 

design department, ,only observa%ion Tuns 

it was abandoned. ° 

The centerllne of the valves had been lowered flrom eleva: 

464.0 and ..the pool floor fixed at 

made with one of the 2.80-inch nee / 

taken. .An equation for the apron .... 

This apron ,was ins.talled in the .model and.:initlal m/ns ~weve:~made.ii,-Th@ 'i-.. - i. 

Jump in the p o o l  ,as unstable, moving £r0m ;sial e to side~J:~:The ~jets ~did}'not ; .~- ,:,. 

spread soon enough, suggesting tha,t the apron ~,would :have :-to<be i:ra.ised and :=,< : !I!~! 

'ossiDIp the. . pool d,e~enede~ lndlca tio~n~ ~'e~e.. . t~a.~ ~t~e .~otlon ..... in, the, .~o~ ". '.. . • " " :i!! 

could be improved ma~terially by' changing .the allnement ofl the :~al~e.s,- ~ . . . .  

apron was gradually raised andlengthened and the ,valVe alinement :ch~: 

several times ibefone arriving a,t a combination :that produced a, sa,t!s£~ 

pool action.._, for .all operating conditions. The recommended ,valve.. alinement,... "i';i 



•L. 

;2. 
L . ,  - . 

the stilling pool• design, and tne .parabolic :apron .shape are.shown.on 

Figure '6. '" :~' :"~ ':~ 

= ..the '~836..tes The :1:34.38 model, Subsequent .:to ' ..,:.i" i .. " 

needle valves in .the center :were ~epia:CeH'.iW'ith .:two:] 

The maximum reservoir , .water :surface-was creaseo' ' " :'":":::T;i 

. ' f lood .con~droi., . The:::~i~gilos,::( to 578.0 to provide for . . . . . .  

valves were changed fro,,.'l degreeO :minutes:i:~to:O;i.,de: i 

the apron lengthen ...... ,,-: 

at the origin was :78:.O:i:',f~e&'::, " 

rifled addi'tional model -',.tests, .so ::in i a 'i~8delii.:va 

determine the adequacy Of 'the ~design.:Iori~'t]he~!::~e~':':.::coi 

and 8 show the design.naB submi.tted Tor ~iod;ei:)-:teS:~ts, 

A .vertical .. Sill 3 . 5 0  fee.t,':~'i~:gh,.~:s :~lacOd{'i~:E:i:~t: 

a stabil:izer and the canal .f.loor ,~t .elev~:~o~:;:i~52:0 ~:: 

the sill. The oenterlines o f  :/thev~V.es:::wer~,.:~~i;~'~! 

to 464.25 to permit .the ~ ets :f..rom .?the:tu be>va;l~k.es.:::ti 

,the .apron. "The i'inal arrangement::>as:r.ecomm( 

in Figure 9. 

The ! : ;32  mode l  f" . . . . .  . . "  ' i. , o .;19~. :;Mooel :tests..w~re. requ( 

the action .of the .!2o01 ~with/four <.Of.:t~e..:n. 

Because of the .larger. diameter of,~thesev~ 

wound have t o  , .oe-r ,moved t o  

a c c o rdi n gly .and :th e ~ HOLI ow-~ e t v~ve s '. ins 

thus protruding up .into the jets!canu:,spr.e~ 

was excessive ..spla ~hing and ~turbulenoe.on 

continued on down into the .cana~:~i:tlq: 

• he entire apron ..Was .removed. :: :A..,J~rajec:~i 

jet valves and a :new ,apron~..~il%"ias shown 

lO. The equation of the apron shapei~was~i 

Conditions ,in .the. : p o o l  w e r e  excei~len' 

balanced operation .~of,:,.the T0ur val~esi '~k,-i 

charges shoul; be.decreased, unless-~the~4v~ 

heads. 

t a l l e d .  

:96::inCh :.:'). . 
,: .... ; - L: 

On 5: LO' ::: 
cente:r ... 7; 

nut, s 

 ees : ::.: 

sam. ,%o ' 

}.:to. : :  ~,. 

s:'. :;hov:n : 

..,' 

::-:'::, - ?. ": . . 

The c city of the stilling, oland nal inally,~, q 

.was 3,500 second-feet, but <they functioned :satlsfactoril~ wi'th"-3e600 

........ :: - ti~, -: " • • • . " ::: L, '•" .LL:.• ••.. :~? .:: :' "'. •.~• :- .:<,:•< 

.%- 
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w a s  ~66.65. "~ I ' ' ~  ~ l l "  ~ ~ I ~ '~J~ '  ~ 

During t h e  t e s t  program i n  1 9 ~  i t  w a s  l e a r n e d ' t h a t  c o n s i d e ~ a t t o n  l ~- 

• was be ing  g i v e n  to increasing the C, the s t r u c t u r e ~ i ~ d  i ~  ''•~ I-,,~' 
t o  4 , 5 0 0  s e c o n d - f e e t .  T e s t s !  showed pOOl would  need  t o  be . d e e P e r  ~ 

so the floor was lowered three gee" 

floor level as ~hown by " ' ~'~ 

for 4,500 second-feet wa 

that a maximum %ailwater 

canal water surface abov 

the Jets, causin~ considerable~splashing 

capacity was 4,900 second-feet ~for ~balanc 

With the canal water surface.at elevation 

for a discharge of 4,500 s e c o n d . £ e e t  u n d e  

flooded the valves. The design section had spec~ 

14.65 feet for a discharge of 4,500 second.feet, 

maintained for ~this ,operating .condition., The ,das 3 . . . .  

indicate the stilling pool design as recommend~ from thismodel. ~ , 

The 1:32 Model of 1945. This•modelwas con~truci 

the adequacy of the stilling pool and canal £ora idis~ 

feet, the effect of turnln~ each~of the two ~center 'va~ ~ 

farther, and the possibility ,of  damping lhe waves i n  ~ t i~ i~! :C'~ .  ~ T h e : a p r ~  ~ 

was Lengthened and the pool floor lowered to~ " 

of the sill at the end of the pool was place¢ 

canal at elevation 452.0. The side walls we/ L 

downstream ends of the piers %o the sill at l i~. 

were also raised to elevation 4~1.67. A tral 

placed in the center of the pool. The pool worked very wle~ 

when operating symmetrically. For unsymmetrical operation/t 

ro~h. The change in alinement of the two center valves hadno adverse results. / 

There was sufficient clearance between the jets and the cehter pier. 

3 
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The wave action in the canal was severe for balanced operation and 

was worse for unbalanced operation. I. • 
/ayes occasionally slopped over 

the model walls for a discharge of 5,000 second-feet. Several combin_ ~ 

ations of stationary baffles and dentates were used in an attempt to 

quiet the waves in the canal. All wave studies were made with maximum " '~" 

reservoir elevation. Any arrangement giving desirable results for the 

higher ['lows had little or no control over the waves at lov~r flows. " 

If the baffles were set lo~; enough to dampen the waves of the lower 

flows, the waves of the higher flows were not controlled. ~.~en 
S • ' 

u/flcient baffling was installed to obtain a desirable amount of 

damping of the waves at al]. flows, the depth of water in the pool 

became excessive. The result was flooding of tile valves, violent 

turbulence in the pool, and splashing over the sidewalls 

workable solution found was erie set of dentates and two 

surf~.ce baffles located as shown on Figure ii. These baffles must 

be rigid with the u~stream edges hin~ed or pinned and theelevatlon 

of the downstream edges adjustable. This arrangement did '~:/' 
not eliminate 

the waves completely, but was the minimum amount of baffllng required o 

to obtain an ap!~reciabie reduction in wave action for three valves 

disc.~argin,: under maximum head. 4 floating baffle was notsatisfactory. 

The impact of the waves caused it to bob up and down, a movement which 

periodically accentu '~ted the waves downstream. Square-edged baffles 

were used. The sharp edze bitin~ into the surface Velocities was an 

important damping f:~ctor. [~ourldinF.. the torte 

of little or no value since the baffle would 
.... e 

to reduce 5he area of flow unde:', the baffle to obtain the same results 

as with thc shar;; edged baffle Table I " ~ ' i:~ ~ 
• gives ,he distances of the • 

downstres~n edges fron~ the floor for best results as obtained on the 

model. It also gives the depths of water upstream %nd downstream 

from each baffle. Refer to :~ketch I for explanation of table. 
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SKETCH I 

- • "j 

"~_•mF- 

• | 

w 

T~LE I 

: Q : Two baffles operating : Ups--tr'eambaffle : Downs%ream .... : 
:See.-: : operating, .. : baffle~operatin~ : :, 

• ~ " e/[' 

: ft.: ~l : d2 : ~3: ~ d2 "~ " : : : : • Y~:: 

:5,000:28.30:l~.JO:17.20:9.16':5,g4~':28,00:17120:6.97':±5.o6~:ll.ZO:lu.66': : 
:4,000:26.68.1~.~0.15.2 .5.50 .8.00:25.33 15.22 6.66:17.~33 
:3,000:23.33:14.30:12.98:5.34:5.66:22.67:12.98:5.34 :I~.OC 

' ' " . , • 0 • .... ' ~ :2,000:18.00:11.50:I0.33:5.00:4,33 .16.6o.i0.33.5.0 .ll.O 
• • • 

Taole II shows %he maximum splash up tne ~lope at statlon 6+,4.0 for ~i il, 

various discharges anm combinaZions of the surface baffle~ operating. The :~ii!i 

distances are from •crest to trough measured along the slope. The height 

of splash up the slope from mean tailwater elevation may be obtainea ~J 

dividing the values in the table by two and a~aiaA along th~ slope above 

mean tailwater. 

LL.= 
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. -  . • . . ' <  . , . 

': ~ -:Number of: 
-" Second-.:  valves = 

feet 1 : o - e r a t :  . ; . 
: ~ , 000  : .  

: 4 , 0 0 0  = 4 ":, 
I 3 , 0 0 0  : 
i 3 , 0 0 0  : 
i 

- \  

,,'of ~ waves::o 

& : l , i . ~  
3 : 12 

4 = . 8  
3 : 9, 

Pool operation for ,var~ 
• is shown in the photographs ~ 

grams were 5aken of th~ ~.~+ 

., ,,-- , 

:; <~ 

th 

trapezoidalchannel. Repres~ti~Ve sect ions  o~: 

but "~st be compared by the  d i m e n s i o n s  .on <thelrec 
are £or the mximum range from. < C#eSt i t 6 t r ~ i ~ h o ~ o , . , : :  ~ - ~  

There was considerable spray : , m d l , s p i a s ~ ! - i  
seen from Figures  38: and 3 9 ,  ~' These phot ra ~h~ :w  : .  . . . .  o g  p 

r ' j .  

model had run for a period equiv.len~to One 

A subsequent proposal ~b~J 

. : ,  <- . . >. . .  

• , . , .  

be i / 

. . . .  w v u  , v i a ~  

above studies  on the 1:32 model, I% wasi::'r~uested %hat-s 'l~il6 ~ai~. 

model of one of the cent@r,outle%s be Installed with 

hollow-Jet valve to check the clear~ce I : L ~ : ; : ' ~ : _  .~: ;~',~i : 
etween the J et and the 

center., p ier .  The, des ign departmen% had o b j e c t e d l g o : c U ~ t ~  :ali:,Of 

c~terlines of the valves. The footings were incorporat~ in this 

model to see if the jets would clear them. 

6 
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There were 8 inches :clearance., ~prototype, between the jet and the 
center pier. The jet impin ed on ' ' '." -o. ! ." " . 

g ..... the .~oot',n~ ~on ~each .-~iae ;:and ~ ~he .... 
stop-log grooves ~I them. Conditions were worse - '~ :: ' 

elevations since the diameter of ~the j e%dr0ppe~ 

The downstream ends of the .footings~ were cut bac 

s t o p - l o g  grooves were relocated.at the aownstrea~ 

with the intentions of fil~In~ the ~old;grooves. 

a. In every te~t .shown tha~ ...... : it was ~ the:be ~t ~pool.perfOrman6e- 

was obtained with four valves operatir~ at ,equa.] c;penlngs 'ann that i: ~ 

conditions were good ~for any discharge and;head • 
o r  t h e  ,% !Opel ~ .  

valves in this :manner. ~ ' ',:/ ':".i .. " ' : !:.~: : :"!ii 

must be .so proportioned ~ ~,~spread", 

the apron to have .a good i~,jump..Conc~ntrat~ioniii, ~~"~fli.~'low~on ........ either side/~ '::-- -. 

results in ~:the "formation .of :bad-eddies "in .:.%h~[,.~Xa .;:~&?x.li~. " ~: 

c. Tube valvesdo not give satisfacto: 

openings. The ~et spreads out :In~o a spr-, ~. 

agitation in ~the ipooi and splashlna O~eri%h!ell 

d. ,For operation with ~..j~ .~%hree ~:hollow! 

one .ha V .shouldhave twice the .~openlng ::of ::th~i: 

b a y  for best 'conditions in the 

i i n ~ s t e a d : : ' ; o £ ' a  =jump. : { 

'ation: £ o ~  ~ :sm ' ' .... ' ~ * 

h e  other ,:, ~';' " 

e. The training wail in, . . . --~ --.,. . • .... .-~he: '""!"!i 

one in the river .outlet pool, 'improved ;unbalan:ced:.idperatitng ..Condltions ~ ~ " 

consieerab/~ : a n d  :made the pool operaZion mor~fleXi, b~e;, - ...: o . 

f. The outlet -pool :as designed!£or 3,500 !:second-feet :would.pass 

3s600 ..second-Zest :satisfactorZ~ .wiZh •four ,ho:llow-jet .valves .operating 

a t  approximately e q u a l  openings. ' : - " 

. " . . . .  ~ ~.~=:~."~" 

g .  The ~outlet pool as desi~ned for 4,500 second-feet .with ' :  '~ 
the-tail- ~ ~i 

.~er at elevation ~66.65 could not :be operated .in this manner et~ low ~ii 

h e a d s .  "The ~ailwater came back on the apron and flooded the valves. 
/ 
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~h. The 

. !. .',~" .. '. , .. > • . ., ~ ,~ . . ,. 

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

...,the..walls ..'.o~ :the-,tz~pesoidai 

"• .0 
~O 

with two baffles = 

ov~ar ',the p r e s e n t •  

s e c o n d - f e e t .  ;For,.no ,waves: ~at. a l ~ ,  ~ther~ 

For  ~ d i s c h a r g e s  .' of _...~ ,0  ~ !is;C{md,~f e e t i~ .~d  

dampened or  , e l se  more . . . .  i : r e e b o a r d  :.iadded ~tC 

i. I f ,  the surface 
be .flooded "and a Violent 

cond~'t ion~ ,were ~.taken int 
of x and .y .in ...Table .'II. 

, . ~ - t :q. 

iJ.~, The ibaff l .~s  ~ mus' 
s t r eam edges.~adJ U~tab le  %, 

1o~;:~u~ed, ?%here •::~;il;)ibe ::n61:iiil;.}ii?~: - 
oont ro lYon t h e  c a n a l ~ f o r  s i x  m i l e s  downstream ~;  r : :~I :~ ~ ~ : : ~ : ~  

• If t he  value of n s h o e d  .be %0o :low.,. :the.:~ .~/Water.:?is ;::1~kely:. ~ )i~p,::i:i:!:i::;. :. .;. ::!.~,~ 
.:out. nuch a :condition wo~d necessltate :/~stmation:~or. . :,~~m~ ;ki~}!: .:.ii : ..:.::! 
o f - c o n t r o l  . i n  ,.the "canal, >i?:!: :? 

...... , " ...... : J~!'X" pool at ~rio.s or ,50o ~second,~eet a.a ~ ~ - - -  ~ , . ~  . - - . . , ,  o , , , , ,  ::ih~~ ia..!:-o~~ ~/:-~. ~:':":.ro~ 

Figures 38-and 39 ~/i~The :side~-:~a~ :eleva:tion :~8i:16:7::.:d .i. o~:.~eiiin~ ": ~' :::~'ii:.i;i/i:i i :?: ' 

.of the ~stilllng pool :be .:pa~e ~ !fromi:the-.%alve:Jihsu~e::%0 l~i..,,~,e 
. . ,  - .  downstream . :  rc • ~"~: .~ 

end Of ~%he .s.tilllng ~ •pool a n d  : tha t  :dralnsr~.be:.prOvlded ~Or ~ : ,:: .:,.~. 
awa~ the -water re~ulting .,•from :the• :-spray, " • . r ' , " -- ~ :~ 

' :~ill 

~e 1,2~.~ ,model ~or i939, The .~des~o .aS :sub~.tt, ..... : ": ? ~i:~:~ 
shown on Figoure ;12. The model indicated the '~'d~ullc, v,~ 

~tO - - - - -  . c _ .  _ be 
% ~XCe~t for 

The ~01 and apron w e r e  s h o r t e n e d  and a ver~i~l :sill :installed at .the ~:~" ~ 

8 " '!~!'~. i 



...,~ !~ 

" r Z ~  ~ end~the pool. '  :The 

: a ..•.-• Wlth .~ both ~valv,, 

b. .j: ':.One ,:valve' ~: Opers 

4. 

",The pool  

Trashracks.'. • ,: : : i ~/,. , i  -::~ 

• ~ ~model of -~' :,i z,:~*: 

Reolamatlon H~draulic ~I~boratory !at ~or%~[Co~ 

of  t h e  s p ~ w a ~  ~crest,  ::~or .ion~hal~,~o~,!~o~.ei:~iof: ~t 

whlch recede  :~into ! t h e  ~crest '"' ~'~an',a .-~ta~ ~i~e' ..... ' 

:distribution curves ,obtained.~for,varlous;iga~e.;p¢ 
-resezwoir,-.elevation disclosed posi~iv!~.iP~essur~ 

The:crest,~was calibrated:~£or :.xa 

.and the date. :Plotted i n t o ~ K ~ f ~  :o: 
. /  

These. discharg e coef£1cients were ~ .o, 
:con~raction~ ~£or piers of .:the ~'%~.pe :u, 

~': .... e =capaoi~y. a p p r o ~ t :  !y~ one ~a~d o n e - ~  
a correct ion  '!b~sed .on.the ~ ~pier ~%ests 
in p ~reParin~ .~e set of~coeff;,iclen%!,j 

Corrections were also applied in :~eti 

/ 
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ao : T h e ~ p r e s s ~ e : ~ s t r i b u t i o n  ' "~ ' ,i~ ' <obtain~ ~from ipiezometers 

in ~the ~cres5 and gate Jshould have been~,6f: considerate ~assis~ 

p r e p a r i n g  w a t e r l o a d  ~ c u r v e s  :- r e q u i r e d  i!for <the i ~ i a ~ a m s < o f  i ~ e . , h i  

LnsT~a~ 

9 0 ~ , 0 0 0  second-feet, i 

c. The: spillw~y crest ,will i have 

the d~sign discharge ~wlthout ~encroachm~. 

• iii ¸ i i ¸ r 

d. The co rrectionused 

on the Friant Spillway~Cresb~ 

of experimental error 

e. The disohar 

. the m a g n i t u d e  of floo. 

The: 12 model ~ f the s ~' ~s i ~I ~ , i. ~This:wasla!sectional 

t~e ~ built fin 193S ~oi at ~%the i: 
toe of the dam. iSince-:t ~ib~er flows 

the 411 sloping apron was :replaced ~bY i a 'Y|i/slope ~ :This ~c~ged ~~e ~ • • 

r a d i u s  o f  t h e  eurveconnecting t h e  0 . 7 . l  s i O P e ~ , o f . : t h e l f a c e : o f  ~i%he..~da~ ! ~ d  

of the pool floor .was ~lowered.from eleva~on 285 :5 to ~282 ~5~.i~ The 

resulting pool oper~tlon-was satisfactory. Seve~ ~tests were :made " " 

............ a~ ~ue end off,the pool ito elimlnate~s6Ouring~ofl , 

the streambed downstream from the~apron. ~Scour~patterns eidd water 

surface profiles were obtained for ~,eaoh :sill ~uoed, A s~l having a' 

3~i slope on the upstream face was recomme~*d@d. The :proper~length~of ..... 

the stilling pool was determined during these tests. Fi~ei48, Section - . .  

D-D~ and Figure 49A sh~.~ the spillway sb.~l~ing~pool design~as recom- 

mended by the laboratory, except for ~:e~2|l sloping sill which was 

actually used inthe field. This sill will make very ilittle ~f any 

difference in the operation of the ~stilling pool. 

... J 
r, 

r .j 

I0 
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, ~  This model was 

pool with the ri~er ou 

It was constructed to 

river outlet Jets on %, 

obtained on the previ~ 

/ 

The 1160 model of th~way crest, ~xiver ou~,let~s ~and :~tillin~ 

The stilling.pool 

spillway discharg~i~g~ ] 

files were obtalned fo~ 

downstream end of the pool. These were compared Witb~the r~sult~ 

obtained on ~the i:'24 model and found ~ ~e to ibe : Close agZ semen 
water surface,profiles are~ shown on 

reco~ended, altho~h ~there was very 

hess of the two. The da~a ob~alned-in 

in close agreement ,with those obtained 

The mosel was~operated Wiih ~only the fo~ 

Spreading of the j e~s was not :sufficieni top 

the pool. Severe e dies ~aeveloped in-the p00 

on the apron, Figure 51. The jets:were isola 

the results were unsatisfactory. The Outl~ 

the dam ,at elevation 958.0, but ~the res~t~ 

. r .  l r  

i pool. were .entirely iunsatlsfactozlv.~iTh~ ' 

7 . . -:.-~;..: ~"~ :,~ .spillways. where they dischar£ed into a separe,te .... 

, ~.... ~.~, _ .. The abandonment ~.of the plans for the outle • :~: 

spillway does not meam that such a :plan should ~i~i~ 

With a stilling pool inarrow enough ,to prevent the je' 

whirl at the sides of I the pool, ,and the outlets spac, 

to prevent whirls forming b e t w e e n  the ~:ets, ' .... combined .with proper tailwater: !~i/ 

elevations, such a plan:could be made to' work satisfactorily. This, is iiii 

: ~- evident from the fact ~nat satisfactory opei.ation w~-~s obtained on the 

1124 model where one outlet was isolated such that whirls could not form 
• at the sides. 

Ii 
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,The i-,3~.~8 model -of ~he-flyer oU~lets::i:~.~ s~ I 
, , , _ - -  

model was const~cted ~ :1939 =to •" '"': .O L~'!ev.elo: .... :p.::a:i~ ~' ,!•.:s~ti~a:c~,, 
using two lO~-Inch needle.~ •and -tw(~ 102/i: ~'. inch~ub e ' '  " "~ ' .... " " va!. v,:'~ '~ 

as submitted for testing "Th'e!' 

th,e Zool and .over the end sill were .not ~i!~a%isfactoryi 

and depthwer e increased and lthe :vaiv,~~:::t~Pped -,~ati,anl... :'~ . . • "' ~' 

the horizontal.. This arrangement was excell,~n%!:i.fOr~::,C 

second-feet:' and less. 

in the stnl~ pool,'i~ 

Figure 16", was accepts 

feet was not expected_ ~,~ to occur very ~.::."~-~i~ i::, ~ ~' 

The I: 32 mode~ of the ri~er ou" I...I~ ~ 

was conducted in 19%% in connecti 

valves .with four ~6-inch ..hollow-j 

between the conduits amd the valves.:~o:~:educe:~h~iri.~ 

i0 ° to 7 °. This reduced.' the amount.of:!!i:c6n~crete%~Cav,~: --- 

the iastallatlon of the. hOliow'j e~:ii:v~iVes.":i•~!.,!:,~S~:"ii~h@ 

p a r a b o l i c  apron..having.:, a • f ta t%er  ~•siope :~6,;~iex~a~, i :~:  i 

with the original: apron at:j.e:Ce.v, ktion 319.626. i :4:•~The ,-- ~i 

apron is y = -o.'oo10s02x~ +~ o. o466x .' "3.. 821 .,~d:i~S~:~the , 

on Figure 17. The maximum depth of cohere're" ..... 
shape was l ~  i n c h e s ,  ii.:i: ~,:i-i:ii:: : 'i",~ii '~: 

• " As in previous tests, desirable-pooi 

,._ .. [:, ;.-of approxlmately:~welve~. "thousand. -Secdnd:fe 
are sho,  F gures 59.60. i a:6i: 

was not entirely satisfactoW for the higli 

• -",, :-.%,•i 

'the:~iower ~ 

to :.be removed 

f~al siacethoseflow . . . . .  "~;~~ '~ ; conditions wereno expected~oOc 

L e. 

a change ~was not considere~ to affect the stiliin@ pool ~aough to warrant 

/ii : 
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pressures in the transition,~!a~di~at, the pressures ? ; 

reduced on the upper par , - "  ....... . 

va lve  ~mlii~not ohanged. '~ion:as ~ b m i t t e d  !for ~ ~~' 

Conclusions. 

a. All tes~! 

under-designed for 

Imate~y sixteen the 

valves. Due to th~ 

,spread on the~apror. 

higher flows the  je 

vertical end sill. 

pool = ,d  a shaz 3) increase  :in veloCi~ty:as ~ the 

~.~. ~.: 

the sill. 

b.  The training w a l l  down ~ po .......... ~ . 

the  .va lves  and made p o s s i b l e :  some increase' i n ~ ~ o w £ o r  u n l a c e d . "  
j:" ! .  

operating conditions. 

c. When operating one or i t l ~ . V a l  

tailwater, e]:~Vation,-the ~discharge per 

tem~ m ount of 

 Tdraulic Jump. 
oharging in to  o 

the =ost satisfactory Conditions were obtained wiCh " ~' one valve~,~~ ~j~i~i • " : 
d isoha~g~g  in to  each side of  t h e - p o o l . -  The'combined .aisCha~g~::'sho~d~ /~:ii::~. " 

be. ~ t e d  to 5~000 secondv-£eet f o r a ~ y  comb~tiono£:o.two 
opera t ing ,  and to 2 ,000  secon~fee¢ .~ th~orELy  .one r a v e  o p ,  :i:,;,-;, 



i 

i 

~0 

fur~er studies thereon. Tests showed 

pressures in ~e transition and ~at~ 

reduced on the upper part of the valve 

testing was recommended by the laboratory.. :,:~-:~. " :• ~i~'~. ~,.i.! ::~ 

Conclusions. 

a. All tests with any 

spread on t h e  ....... ..... ' ........... "t~i:,~scha: ::':: 

higher flows the jets p~rsisted.th~:~e"~l:~i.'St~:i 
: 

pool and a sharp::~crease in velocity::aS:::the f!ow.~sS~d/o~e: 

b. The trair~ng wall down the center of ~the ;~0i was: 

6 . . . . . . . . . . . . . . . .  

. ... :~.:~' operating, conditions. ,,' . ~:- ~. ~ 

c. When operating one or two valves with !the co~suondin~ 

tailwa~er elevation, the disc 

lower than ,that which:~uld 1 

When the discharge per valve 

were in operation,, hhe ener~ 

D 

lent am~mt o -  ~ e r ~  was d i s ~ , . , . ~ , , ~ . ~ . . . . . ~  , , ~  ~ . . . . . . . . . . . .  : . ~ .  ,. ~ of  

charging into ,onCe side of-the .pool.: :For operation ~%h two valves, :!~i 

the most Satisfactory conditions were obtained :with One valve . i:~ 
" . :~' ' • : .: i " - : 

discharging into each side of the pool, The combined " 

be limited %o 5,OO0 second-feet for :~any combinatiOh' o~ : : -  

operating, and to 2,000 second'feet'with only one valve operating. %1 
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~ ~  ~ l, 18.3- s o -  : -  ~ . ~  ~ ~ ~ L e  

W ' ' ~ /  ' was o o n s ~ t e d  with ~-the !bu~ 
be d ~ e  cons~ructAon p, 

the  effec~:o.~ an ad j acen t  o u t l e t . ! I  ~!:~ 

had been ~ t e  to  determine suitab:,~,, 

nozzles to'/ibe placed on the river,i!':!;~!: 
,!~ mainta in  pressure.,.,, in %he condu~t,i!i~ 

i n s t a l l e d .  The o u t l e t s  would b,e n~"',e 

dam to  supplement  f l o w  ,'~roug 

a~pears  in  :Appendix .A-at t h e  

A nozzle  haviog aPProx:l~ate~ri~%j 
in the  saa~sis memtAoned abo.ve wa~':i:i 

in this model. The. model d ~' 

Severa l  t e s t s  were mad 

measured for; s e v e r a l  w a t e r •  

the top and~.bottom of the  'b~ 

of  the  a i r  ~ent upon the pr,  

top of  the  o u t l e t  were lowem 

negative, pressure ,of 9 .feet 

a t  elevation' 386.0 or  16 £4e 

a i r  vent  c losed ,  a n e g a t i v e  

surface, elevation of 389.0. 

ns~a~led  co 

of the  F r i a n t  :Rivar 

each  t r a  

The removal of  the  .bul~ 

of  the condui~ t h r e e  to f i v e  .zeet 

on the top by': only one -ha l f  to one 

the bottom o~. the  conduit  were i n c r ~  

.~, while the P r e s s u r e s  on the  top were d 

be the bu  eads no 
'~;" .pressures i n  ~the .condui t .  ""~: 

.,".V 

:: . . ?,: . >~;. - 

..... 'contrOl ~i~,~:.e~o ,,' 

DVA 1 n n ~ l  ". 

The p r e s s ~ e  :diagrams a r e  saown on ~F~ure 18. ill; 

.. • • . - 
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--~e:r~- t~cm o_ Fro- a c t  a n d  the  Models. .  

c a ~  Frlant Dam i 

about twenty miles north of 

CaLliforala, Figure i. 

three hundred feet high 

feet long. The reservoir created by_. this~ will: hav~ ~ ( 0 ~ = -  o---- =•' ~ 

• t o r a g e  capacity of 520,550 acre-feet 

storage of 70,000 acre-feet, and an ac 

a c r e - f e e t ,  ,+.+~ 

Friant Dam will play a large I 
Project in strengthening flood.c 

thousands of acres of highly pro 

the invasion of salt water in tb 

falling water tables in the San 

reclaim many acres of highly dev 

from drouth .  

The San Joaquln River waters im 

: 'centrsl  

( t  • 

, '  • , : ~ i  ¸ 

.... ii 

behind F r i a n t  Dam w i l l  be d i s t r i b u t e  :, .... 

by two can  . The , ,  

w i l l  extend 160 m i l e s  to  the  south o f  F r i a n t  Damto t h e  Kern River  ~ e s t  
of Bakersfield• The Frien~.Madera Canal wil ~ 

The s p i l l w a y  section, located :near .the, center of the .dam, ,~as~:(}: +: .... ": 

• des~ned %o p a s s  the  need waters coming into " i i l e r t O n  ReServoir, ?i:,i': i:: 

5,, ::Tho m~ximum design capacity of the ogee-type overflow crest • /ii!.:~;. 

second-feet. The flow over the spillway will be regulatedll +< 

lOO-by 18-foot drum gates which recede into the crest and take the ~ ~; 

form of the ogee section when •complete lowered• The arrangement ~ !'"":~ 

of all of the outlets and the spillway as of 1936, prior to the ~ 

beginning of hydraulic model studies, is shown on Figure 2. ~ +~ 

~he Friant-Kern Canal Outlets. Four model tests have been made /i 

on these outlets over a period of several years• The first, in 1936, i 

+~ 
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' ' L  , ' 

was a I,34.29 scale -model %0 determine the :best :alinement Of ~he needle 

~valves as they entered ~the stilling ;pool, 

stilling pool. Thes~tests ~we:- .... 

valves with a maximumdlschargl 

of 98 feet. . . . . . .  , , 

 ter, the rese oir  ur: ace i creas ;!i Om ie. evat:,.on 
564.0 to 578,0 sad the center~Aae Of %he ~lv • :",,~ 

466.0 to 464.0. This resulted in a ,maximum i'h • 

eration was given ito replacing. 

102-inch tube valves. These changes JusZifie, 

.~i: 34.38 scale model in valves 

102-inch tube valve s to apron ~a 

1~01 design developed in 1936. - ' '  

Plans were completed,for 

.but the war delayed construction. ~In.~the~meantime, .~.the~new~hollow-~et 
valves were developedln 'the ;Bureau E 

determine the relative costs of :fabri 

~pes of valves. A saving in initial co 

seventy-three thousand dollars could ~be, 

hollow-jet valves in place ~of the tube ~a 

~cmabined weight of the four i hol low-jet  .v 
sevenS-six ~tons less than :that of ~two ..e~ 

An itemized account ~ of -the study appears~in Table iI~IIi~ ',~ ~:;-~i',:' :' 

The hYdraulic characteristics of '~t 

i n  Hydraulic: Laboratory. R e P o r t  No..lJ~ : .  

larger  diameter of the hOllow, j e t  valves , ,  par~ ~of the :apron.~.a:t i~%he,~upper 
end of the stilling pool will :have %o be remov~ cale 

m o d e l  ~ma constructed ~to determinethe  p e r f o r c e  of/>the s t i ~ l ~ : _ i ~ O 1  :! : 

f o r  .operation with :hollow, j e t  .valves,  Tests :were ~also made r t O  detcn~ne  :}i ' 

~he feasibility .o f  'imcreasimg the maxlmum.dlscharge~. 4':500 ~ s e c o n d - £ e e t .  

The February 15, 1 9 ~ ,  month~ ~.~ 'eport~of  !urgent work .aad~Statu~.~of ij 
active projects contained the following statemen%~ "We have tentatively "i 

concluded, based on both the independent and coordinated studies  now 

AA 
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!~.:, ,..~ :. 

" :  . . . . . .  

. : : : :  - : , , ,  - 

" ~ h e r e o n  r,' m~v,' ;::-:. :,:, , ,~:~ .:". 

:. :": ::m.pL~].We~ operating; 
.i. and :ou t le te .  operat~ 

COD, I 

: er.e:,-the per~omnance 

-~he ,e~Libration 'i___ on the '~:2~.,mod~l.-:in,::Fo 

:The s e" t e e  ~ e ~ o , ~ - ~  ..,,=~ :-£~ow c ondl t  i~ns 
wi~:h .the river ou~'le~s,diacharging.-::~to:i:~h~ 

::. ~pool !for ,the :".new 
:i:.; ;:-::: .. l O ~ O O h  :aeed~e ": 

,,,-: .,- : ..': .... :: '~=:~;'~ ~,:~,~:,.=,.~,, 

:Since const~ctlOn: :on tl~e ~" ~ ri.~'~er ; :::..,.ou~:];et~"-: "; "" :"::::~":'~w~ 

. .:atlon ,:was ;g:£ven ~o ' ~ : I ~ c ~ '  ~he;(l~ub, e.:and.needl 

• - . .;,:: :. ,'../:,:,. ,::.::. -. 

The u p p e r - : ~  .of : theepron 
Of ~he .~e~s  £roa '~he  larger .  

..... Tempor~xy bu:];khea.ds : ~  

:.,: -. :of :,the 

~ s t a : l ~ e d .  ;,Try:was undesl.ra 

. f o ~ o w i ~  the  insta: l~atton 

to ..e~Uow :the water' to. rt-se above ,~he 

:. :20 

,..., • . 
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'.The i~n :~h~' 
~:-~o "b~aulic model :~t~ 
:ou,tlet ~and to measure' 

surface elevations. ~.. ":' 
: : :C  . 

Tests ..on the 

,%0 make i~mod 

:' ~.: :~i!;i.~ i ~ 

."~ -~e ra~lo!~wa s adop.ted~ '~0 that • .aval 
be used,  The!,ort~inal./apr, 

! i ~  ' considered. ~o ibe ~ndamenta±.~; iw~O~ 
of O,~ .was -a~sumed :.for:.~he. vena ~cO~ 

:-i: ~ ;~. c~puted, based ~upon -the:-:maX,~ .hem ~, 

. . .and a parabolic'apron.:devei0ped...~:,..:C0i 

• ~6 inches between,the ~p6oi,:and"-cana~.-~ 

%he prototype, iBecause of ~m~ccessiive 

~bandoned. :.The.~cente~rllne :of::~e...Vai 
.".~./.~,~O, _ ~he canal iand po0Z•~wldths::.:wer~"•- ' 

. ~ .  l ~ , ~ . ~  ~ o , 1 ~ . o  ~o0 , .  k .... ~'!!k ~;i!i ~ - - ~ "  ~ " "  

putlm~.::~he.:~combined i.~et ar~a :;f::.~:h~ ,~£i~( ~'ai~s: ,. .... , : : ,  :dd;,. v: 
width .of. :tw, o. i£~~.,imodeZ; .,i !dep~..~gf;::i;O5 --...~:;" 

_ _.-~wasmade" !Promtb£.s::ttiep~boli-e.~Ua~ion.of.. ~e..; c 

:1.05 inches ,w~slmeasur.ed .~o~n from::theu~er 'ooun~i, af 
tr;e Jest an~ 
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t h e  t r a j e c t o r y  e q u a t i o n  . . . . . . .  :~::' ' "  : :""'~' ..... '"~'~ ...... '- p l o t t e d ' > p ~ r a l l e l ,  t o  . t h e  u p p e r : / b o u n d ~  

o b t a i n ~ l .  The  p o i n t  o f  

e l e v a t i o n  . ~ 5 0 . 1 2  w a s < t ~ k e n  as;,: ~ . ,  • ,.: .:~i~: , ...,'::<:,. :,,.' :. on . . '  :iS!~Cg> so,  • . : toe  ,!.o~-%'he~:'e)~ i;'':i :~' ::::'<~~:<~I~:~: 
o r  d i e c h m r ~ e  guides, were : :con .be  tated!:!~'6f:,~%he'::~:"~ '~:'~ ...... : ".<.'.."~'~':"',~. :, ~,. 

• ~he  o r i g i n  a n d  t h e  . t o e  o f  t h e  ~ r o n ~ f ~ L x e d  :"  "": 

f r o m  the equation as deve?oped,i~b0v.':e..:.iA,i~.r&pemoidal>:p00~:::iseS~ 

oo-s  ered, but was . ever 

had yielded adverse results.t r '~stead, >.a!iiiis~ra.i~:ht. reS~a~i>i ' 

feet . i d e  was built..The f 6 u r : ! ~ e e : d l e  :,Vaive'~:::w~ere":.ink~lied:)i.ie 
~ . - ' . .  : ,  .~ . . . . . . .  - . . .  .... ,~ 

i n  3 degrees , . .  4 2  : .minutes,)  .,mud ~:0 : secOn,ds ,  : t o w a r d  ~ h e  : c O n i ~ r ! i ~  

pool. : ~.~'~<:. ...... ....... ' ':-;--:.,,i~'-: ,~.~,!.:/ : 
'- ' ~  : ' :" : ' : '~~'": ~ " i " : :  

A test ..~aS. ~ d e  with , the  "::~;-o" : cen~e r - :va : l , ves ,  " i s c h a r g l n ~ '  : ' " :  ~""~ ", 
. " " ~ ! .  ~ , . . i : ' - . ' . . ~  "" : " ,  ~ ; : .  . . . . .  ' '. ' "~:. , : : ~ : : . : :  :~:;:,:'~i f e e t  u n d e r  a l O 0 - . £ o o t  , h e a d  , e ~ . . ~ t  ~ , ~ -  - :, :~ ,..).r, Oximate~:.forty/f~e.-,:: r::( 

s i d e  %o s i d e  w i t h  eh~n~e  :in t a ~ l w a t e r . . e l e v a t i o n .  i::~ b ~ d  - f i n  i~ 
the ,apron between the ,'~ize~:,::.9~: t( 

vai es out at abo t oZ. 

j e t s  w e r e  not  s p r e a d  s o o n  e n o u ~ i i - o n  the a p r o n  ' a 'nd-~h~ 

be too shallow. 

better .I 

. The  : ' . "  :. 
. . ,  . % >  

4 
. 1  

centerllne .~bout  six degrees. ~!ii -~: 

A third test was made with:!il.all_ !. four :valves opera~img a.t:-~t~: ::::ill, :_:~,~ 

openings of about forty-three p@roent of full opening. Theywere : :~: 

disc~mrgiag 3,500 second-feet unaer a 2~.foot head. The pool action : .... 

was satisfactory for ~x~- vslve ~iinement, indicatin~ that:any arrange- 

meat which was' sstisfac~ory for!i~other operating conditions ~vou~c suffice :~i "~ 
here. i~i 
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~.~ 

r 

['.. 

.. • .~3 ~ 
A 

a p r o n s ,  v ~ r i o u s  . v a l v e  a l i n e m e n t s  ,~i:i~:d 

" r e s p e c t  t o  t ; h e  " " ' - :~ ' '~"~"~:1 • center!~e of~! the~pool 
obtained. The center ~!'valv~::Were 

the outside valves turned in~; 

tests. The most satisfactory conditl 

directed out one degree and the out:si, 

The width of:the pool was redu:ced~:toi: 

downstream from the outside edge Oflt] 

ular pool and~canal 50 if~eet wide, ./Fi~ 

accepted for the final ;n. " 

Two outside or two inside valves. 

maximum dlscharg e of 3,3351 second-fee~ 

Pool action was also accept~bie:~f',of/tt. 

head .  

One valve discharging /3 ,~5~ :~':~"~ i~d, 

turned 

of 

.-L 

Several' types of discharge :cones.•~ere ried;on i.the f±aai-'d:es~ 

the model. In addition,', .~ were placed:?on"~the~'apron.~d Up~ ~ 

cones. It ,as found that bet teriperformahce~i~resui~eld::~}ien ~herel;~ 

fillets in the cones or ~n t.he apron ..... Si ce/ O  eZini£t ':! foZ. :ti 

be obtained from the design division n ano use~:? 

discharge cone~, nothing .[definite wa aborato~'. 

ones shown on Figure 6 woraed satisfact0r'i~y on the model.-~ r 

reservoir water surface Wa's increased :1to elevation 5i~,.8.0 to providl 

flood control, .The two center_ valves lwer~ ~"~plaCed :by two .fl 

tube valves. In addition, the design~section had:made , a~feW mln0r 

~o : the : ~  

in the laboratory design ~f 1936. T h e  angle of the two center.va~ ~ ~ ' ~ ' ~ - -  ~ .... ~" " =~Q=1~r4~" ~2~$~ ~ A  r L~ 

chan~ed from oae degree to 0 ° 30!; the apron ~len~h was Increased:from : ~:ii ~'~!~ 

82.15 feet to 89.50 feet~ ~he elevation of the pool 'loot was r.hon~ "~! • . :  . _ • - f  . . . .  w _ _  c . . _ n g , ~ , .  -. ,~i ~ 

from 450.12 to 450.I0 and the width of %he apron at the origin increased ~j:i 

from 74.0 to 78.0 feet. These changes Justified model tet'ts, so in 1939 

23 ::~ 
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the hydraulic laboratory constructed a 1:34.38 scale model from the details ~! 

of Figures 7 and 8 to oetermine the adequa~ of the pool for the new :~/'~7 

c~ditlon s • , ~ 

The design was satisfactozy in i~ii~ ' ..... " 
every way except that ~the Jump was~ ~ ..... : 

~stable at higher discharges. A vertical sill ~3.50 feet ~was ~laced ~ 

at  the  end of  the jump as  ~ s t a b i l i z e r ,  and t h e  canal  f l o  / e l e v r t i o n  

452 .00  extended up~trea~ to the s i l l .  The c e n t e r l i n e  of  the vaiw 
• -~S W&S 

raised to elevation 464.25 to allow ~£he invert of the i tube valves ~to ~/ 

become tangent to ~th ron at i6nl 0.O'r ~The canai ~'nter Surface 

was set at eAevation 466.65 by~th~ ,nfor a ~..~.:.o ^~ 

3,~O0 second-feet. ~igures 9 and 

the laboratory. 

The valve~ were numbered from 

Unless otherwise stated, the valves we 

........ ~sign as recommended 

and ~uLxlmtu~ head for all xn/ns. With four valve~ ........ 
"O11-- 

¢ • * 

dltions were ~ood for discharges from 3;50aown to 1,600 secon/,-~'~-,~ 

At lower ~lows the discharge characteristics of the tube valves 

intolerable. Pool conditions were ~OOd for vaives cne and four 

ing 3,500 down to about two thousand second-feet, ~elow t~ -~ -:, ~-, 
es ...... !i! 

the jets did not spread sufficientl~ to form a good jumpn, 

water from coming backup the center of the apron. Pc .<I ^,.,;~=±±_ ~i~ 

good for valves two and three for~flows down,to about 

feet and could be accepte  t0  ,•5oo secon -fe t, i Center 

caused a whirl in the pool. Pool oprration was improved at,lii%iYer fiowS 

by allowing the center valve to pass ~ more than one-thira Of th4. total 
diseharge .  

n pol One center and one outside valve did ot aive satlSfactorj ~ o 

Operation at any disch,~rge. Valves one,<two and three gave good 

results for all flows down to 1,200 second-feet ii vaxve two passed 

more than one-thlrd of th~ total flow. Valve~ on< ~nd three were 

acceptable aown to 800 second-feet. Below this ai~char~e the tube 

valve flow became unsatisfactory. 

24 
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For any combination of valveli, pperation,~the discharges must be s~ 

proportioned as to give a' uniform':spread at th~ 

a good jump. Concentrat£onl of flo~ on either 

in the pool instead of a jump. FigUres 21.~ ~n, 

operating for several valve combinations. Figure: ~3, is the'dlscha/Ige 

" 2 e l .  curve used in setting the tail~'ater on thi:mOd, ::~i~ 

inch hollow-jet valves, Since t e cismeter ~ of theso valves was 

passage of the jets. I 

entire parabolic apron 

by the solid lines on Figure I0. 

Only observation runs were made on tai_,~ 

was too long and extended too far up into ~he ~e reset was :~,&,i 

excessive splash and turbulence that extended apron~OW~in~ '~~ 

the canal. A jump mid not form in the pool, A trajectory equation was 

computed, based upon the maximum head .of ll4.0feet and a cOefflcient Of 

velocity of 0.98 for the valve, ~aking the origin at ~he' : ~' ...... ~ 

valves, an apron was built from ~this eq ~The upper portlon'Of~ the 

/ < 

J 
m 

0 
M 

dot-dash line on Figure lOand pictoriall~ onJFigure•i24A, i ~,~• ~ - !~/, i~•!~ilil I 

The wive  were operated at equal open gs t e .i ils vera   

runs were made with four valves operating at various aischarges under _ ~"~ 
. . ~ . .. ~ ~i~ ~ 

maximum head. For each run the tailwater sweep-out elevation land the .... • 

tailwater elevation giving the best jump inthe pool ~ere determined. 

These ere shown on Figure 25 a±ong with the design tailwater elevations. .... 

Flo~ conditions were very good with four valves • operating at any~ ~ 

discharge under any head, Figure 24B and C. The flow in thelpoolWas~":!~ 

Very rough with three valves discharging 3,500 second-feet and became' ~ ~ 

worse at higher heads. Conditions were better for two outside valves 

and one inside valve opersting than for two inside valves and one ~ 

2 5 .' 
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outside valve operate, Figure 26~ ' , . : ' "  The~e conciti~ns mlght be toler- 

ated for short periods o~ .... ime. i=~,~r comoination of three valves . . . . .  

o~ers ÷~--~ ,,.,.,,~ atlow heads was sa " : ' ! ' :  ' " ~  ' ' '  :' ' ...... 

Two center valves aischa under maxinum hen&' !:ii I 

resulted in a rough a~d uasta th consi;~erable i i ! 

splashi~ over the walls, Fig ::: 

for this discharge unuer low he .~ 

3,500 second-feet the pool was ,:i'~ 

cross surge. Water ran back on the!ilapron between jets, a~d at iowl ~ 

heads water splashed over the walls ::bef0rethe jets lei't ~he !~pron. ~TwO:I// 

valves operating on one side p Q ; i i ! i i i a s t e ~ a d  : o f . . : a  ",, ' .  ~..:? i ~, 

jump. Water ran back on the the alscn a.r~gin~,:valves,, ::~": 

thereby interfering with the . 

Q 
Q 

O 
m 

One valve operatin 8 wide,o~ 

unsatisfactory, since no jump fc 

high heads might be tolerated f¢ 

heads would be acceptable for any one valve operating. ~/: !.i i : 

The jets issuin@ ~! from th~ two Cenler valve,, 
? 

on the ends of the piers. To preventthis, the construction of the 

valves was altered sli@htly. ~he tans ent lu~rmin~ back-Lrom:the valve 

face on the inside of the valv~ bo~i!~iwas-,rePiaced by ~ the 

curve out to the valve face. " ~'" Thls r~cuced the areas 

sufficie~t/j to permit them to pass ..the piers undisturbed. 

Before the test prosram w%s compleled, it was learnec that:the 

capscity of the structure might be increased to~4,5100 second-feet. 

Previous tests indicated that the pool would;have to be deeper. The • 

floor was lowered three feet and the old apron extended to the new 

floor level as shown by the dashed Lines on FiKure i0. Specifications 

were to hold the tailwater elevation/at A66.65 for a discharge of 

4,500 s~cond-feet. 

Four valves discharging 4,500 second-feet under maximum head 

de'~reloped a very gooo jump in the pool , Figure 27~. When operstiag 

• i:i 
" ~ . ~,~i/~ 
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• i i}'.~ ' !,.i' ~, .,.domo in  ,the l o w  ~ head ,'rang e :,the .pool  i,s..cl:~ion ,wa 

2 . . "  

: e  " ' "  

:~'VL 

,go,od, DUtr'~he ~tailwater 
flooded :the'~,,~ivesj "Figure 27B. Operat±on :in-~thi:s~manner .wbuld !be " ~ ~:' 

undesirable. ~ : ' " ""."' - ...-,~ 

Two outside valves and one,cent'sr '~valvedischarglng '4,500,:seCond-, : 

feet under maximum head resulted in oa :rou~h..pool ~wi~th i}some :'.splash1~ii i ~: 

but .it was not :serious , .Figure ;28A. Two.~center e-~.. 

valve operatin~ under the same .conditions pr0duce~d'i~a ro~heri~ip~O£,.~.:.ii.i.!: 

Y~ure 28B. ~Operation in :'this manner bE *for ~s~or.~ :'~ . ~ " , . !per lods .~ : , ,  : 

The ~two. center ',valves discharging :"4,500 ~:secon~:feet~ L ~und'er '; ~:; 

head produced :a rough pool, but~It was not .con ed ~to~be~.~serlous!i , : ~,~.i~ ~ :,. 

enough to be obJectlonable. The.~.pool .condi~ions.~were worse;for ~the~two ~!: 

outside valves operatir~ under  thesa: " " : 

aecreased a cross ~ur~e developed in ~ w " " 

heads. Two valves onone side ,.discha: ., .,~!~ 

maximum head created a whirl in the pool instead 

was very rough and '#as accompanied by considerabl :: 

shows the three methoas,of ~operatlon as ~:just:~idesc~-~ea . . . . . .  ~i.-, 

On Fl~ure 30 may be £ound the~tailwater ~sweep-out ~elev~tions, ~the ;i /!i 

tailwster elevations ~ivin~ t~e bes ~imum 

allowabl~ tailwa~er~e!evntions, Ab _~ter ~i~ 

would interfere with the jets ~ and cause Considerable ~turbulence and 

..,splashln~ .on the apron. Figure 31,shows lhe~minimum reservoir _eievations !~i 

for various alscharges..~ith four valve~ ~ " 
• i!i!  

The_~_~.. 2 model of ~ From the ~ dy =report :~ii~ 

of urgent work, it .was learned that further changes in •deSign ,were being ~i 

made on the Friant-~Kern Canal. The maximum fiow~wa~itobe~5,0OO~.,,,econd_ 
2 • 

feet and the bottom.wldth of the canal was increased ~from,'JO to ~36 =feet, 

The tail~ater elevations from the new curve-Eor corresponding canal flows ii 

of 4,000 and 4,50C second-feet wer~ very near the ~point at which only a ii 

fair jump was formed in the design ~for 4,500 secona,£eet. These same 

elevations were very near the "s~eepout" point Tot the aesiKn based on 

a maximum flow of 3,500 secona-feet. For a canal flow of :5,000 second- ~I 

f~et, the corresponding tailwster ~lev~tion :~as above the point ~t which ,"!~I 
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a passable hydraulic Jump ~was formed in ~'the design based on'a:ma~Imum 

flow,,of 4,500 secona-feet. The,same~comBination, is at ~othe!,swe@pou~. 

point of%he design basedton~a maxlmum canal flow ~of :3;500 ~ : ~  secondafeet. 

Studies made on~ 24-inchhollow~Jet~valve un ~ 

Boulder Damshowed that theJet expanded~s 

leaving the valve. It appeared that~the j 

valves on the Fria~t-Kern Canal wouldimpin~eonttl es 

of the eea~er pier. For%hls reason the:two:cente~ . . . . . . .  n 

turned out one degree more withthe centerline oftheoUtlet:structure ' 

to allow the jets to miss~the Center pier. 

Photographs were received from rriant Dam showin£!the~severe~wave 

action on the ~adera Canal, Figure 4, and also a:request!that some study .... 

be made relative to dampin~ thewaves on the Friant-Kern~ana - ,, i. The • 
above-~entloned problems resulted in the reconstruction of!the 1 ~' ~~ .32 • 
scale model. 

Prevlousmodel tests indicated that the pcollwouid work~better~for 

a discharge of 5,000 second'feet if the elevation~of ~floor~was . 

lowered and the apron lengthened. The~sidewalls~wej h~ened: ~ 

between stations I+70,17 and 3÷12.17 so ithat they~Come~ihto~the rectang- 

ular section at station 3+12'17ratherthan at statlon~2+59.42~asbefore. 

They were also raised to elevation 481~667 to curtail~somei~Of the~splas h i 

accompanying unsymmetri0al operation at theJhigher discharges. Computations ! 

were made to determine the depth d2~requlred~inthepool~for~th~ma~imu m 

possible discharge of" 2,S85second_feet~throu@h~on ~i 

of the pool was taken as 5d 2. The pool floor was 

~37.0 and the downstream end at station 3+88.97, where there~was a 

15-foot vertical sill extendlng~to~the canal elevation Of 452;0. 3~tra- 

jectory equation was computedfromthe horizontal centerline~of the 

valve face at elevation 464.0 to the pool floor at e~evatlon;437.0. T h e "  • 

trajectory was then shifted so as to place the ori@in ~t~elevation 

457.25 and station 1+11.416, which!is the up~tream~face clothe piers, " 

The model was built and operated accordi~}~ly. The pool was %00 ceep 

and too lon~. These results upset all the theory and computations of 
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the hydraulic Jump. The hydraulic jump~equation is based.upon uniform ..... : 

distribution of depth~and energ~ in a~unlform cha:mel. This r~a~ :a~con.~i ~'~ 

verging channel which :constantly decreased':in area /in the ~lateral ,miniVer • / ;~ii! 

direction. The energy was concentrated ia a smaller area ~!than ~it AO~a "7::111 

have been. The result was an increased depth :over:what wouid have :: :i 
formed normally, heceby maEin~ the: nnnl t,~.o~ +~ .............. ~_~ ....... ~ :! ...... 

The apron aid not extend into the jets ~far --- ~~ .... ..... •~ .... 
n 

properly. It was lengt~ened until ~satisfactory : .~d. 

The length and aepth of the pool were gracually 

factory operation was obtained with .four'xalves ~aischarging i'5,000 ',~ 

second-feet at maximum reservoir elevation. The increased ~spaee ~betwee~ 

the two center valves resulting 'ee more, '!i~ 

allowed w~ter to run back on :the .he ~wo 

center valves when four valves ~ ~wall ~:i 

was placed in the center of the pool to eliminate ~h'e ~whir1" and to ~ 

improve conditions in the pool when operating ~unsymmetri ~ ~ 

was plenty of clearance between the center pierland the :~i i 

two center valves. This was checked later:on ~a i:~6 ~scale:sec~ional 

model. The reccmmenced apron aac stilling pool design ~are shown on 
Figure ll. 

For a discharge of 5,000 !second-feet throu %i 

pool w o r k s  better if the two valves in one bay Id " :~ 

the one valve in the other bay has twice their opening . Theienergy:~ I 
• ~:i 

distribution i s  more even. This combination morks ~best ifor~resenwoir ,,: 

elevations below 540.0. With three va~ve~ discharging 5,000 second- i~i! 

feet at equal openings, the tailwater in the bay ~it~i%he two valves 

ks swept out. The same combination of valve opening s applies to a 

discharge of 4,000 secona-feet through :three valves for r6servoir ~ i~i~ 

elevations above 535.0. Below a ~-e~ervuir elevation of 535.0, 4pOoO 

second-feet ma~ be passed through three valves at equal openings, 

but the two-to-one ra~lo of valve openings is recommended. Three 

valves will discharge 3,000 second-feet satisfactorily at equal open- ~!':~ 

ings for reservoir elevations below 570.0. The above conditions i 

were observed without the surface baffles which were later recommenaed 
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for damping the ~aves in ~the canal. With ~hese'baffles. in I~ace, the - "~: 

possibilities of ~he tailwater sweepin~ ,out during ~unbaiarxced oO&r~.~:A, ,,:: 

will be eliminated ~. ~:.:~i,.,~, ~ . ~. ~,., ,: :,i !}::~i~![ ' : ~  ~ 
• ~ ~ ....... . .............. ,~.: 

'- ~.i ..... : ~ ' ~ . ~:~'<~i :~,:".;;~ ~',.:.", ,';~.I~ ~ 
The wave action inthe canal'.was.::severe d , ~  , : .  "~:"'~': ....... ~~'~'~' 

was worse for unbalanced oper&tion., The .to P ~!of: :the:~ waling ' ,of i (~ie %r~p'e,i, ~ '?'i,i 

z o t d a l  s e c t i o n  on t h e  mo~el  were a t : e Z e v a ~ I o n  ,:472=;767 which  :was :an',.;~:~•-~ ',%:; 

increase of 4 feet 8.0 inches, protot~:pe~, ,abovg ttie ~e~eVltlon ~o e;i!~val~i 

on the prototypedesign. Waves occasionally-slopped ov:er :th~.:~dei:i~iwal.is/~:~: ~ i 

for a discharge of 5,000 second-feet. Several comblnatlon i~st~:%i6n~ 

baffles and dentates were :used in an attempt i0.quiet:  :.the .wa,v,~ in ,~he. 
canal. AAA wave studies were made w±th~Ximum ~reser~olr elevation, :: i~-'i, I'~:'~;,~.. 

enough to dampen the waves of the lower e ,waves ,61 

flows were not controlled. When s ficient! affli iw s,  
obtain a desirable amount of damping ,of ~the/,'waVes.~at ali':fi 

of w a t e r  i n  t h e  p o o l  became e x c e s s i v e .  Yhe;i;;rlsult%,Was:i£io'o 

valves, violent turbulence in th( 

The om/y workable solution found 
ZJ~ ~L ̧¸ ~ ~ • 

g 

the aownstream eages adjustable. This arrangement did ~not: eliminate~the "~ 

obtain an .appreciable reduction _in wave action for thr, ee:valves di~Cb~:. :!.:ii~i 

J~g under maximum head. A floating baffle :was not .ss,tisfactory. Th 'e 

i~act of the waves caused it to bob "u2 and down,: :h ' 

periodically accentuated :the wsves downstream. Sq 'i, es~i.e 
9rE 

used• The sharp edge biting into ~the .surfaceveloci%:lesWas an :impor-'. 

%snt damping factor. Rounding-the bottom edge ~would 'have ~been Of/~ii~ttie 

,or .no ~,~lue since the baffle would •have 40 :be lowered more io reduce ~ : 

the area of flo~ under the baffle to obtain ~the.same results as .with the 

sharp-edged baffle. Table I gives the distances of ~the aownstream eages i;;~:! , 

,,~ ~: 30 
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from t!,c floor for bt~t, r::~uLt,t r,s abt~i:ie-2, o n  the m.,ue~, it ~±so 

glvt.t the ~-epths of ;',';tCr uiJsi, l'eam t.::d qo;vr~tremni from e~ch baffle. 

}]eJ'ez" to £kett:h I for e',,pl:,nt!tiurl of treble. 

. -VV.~, 

- ~ . = ~  ~_.--- 

T - :  

i 

' ,'E1.4-46 3 3 J  , 

: ; [Jl " 
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SKETCH I 
:, ,2 

' " " >- .i 

: Q : T i~o b ~ , . ~ f - e s  ope~'w:tlng : Upstream baffle 
: second-: : operating 

• : : di 2 d 3 x : y : • a 2 : x 

4 

: Dowri s t~.; earn -,oaf~le:<:!: "~-:::,K, 
• . o p e r a . ' t ,  l n g  . . . .  . ~ ~ .',..,., 
• . . . :  ...... . . . ?  

:. d 2 i ; d 3  : y :::.:~:-~::::i,t:S 

- 5 "" - , : : : ; • • : . ::'-,:i 
,u00 :~8.0:19.0':±7.2,:9.i6,:8.~4,:2E.0, 17.2' 6.97':i8;66,~.',~ ~,-'n AA,~ :: 

: 4,000:26.68:17.0 :-5.22:§.5 :8.0 :25.33;15.22:6.66:17i33 " o - . ' , )  : . . . . .  . : -5 .~2:  6.~,~. : . . . .  
: "4,000 "23-33:]4.3:12.98:9.34:5.66 ;22 "~ 12.96:5.~4 , 8 • .O/; . - ,  , ) :~.0 :i2.~ : ~.66 - 
• 2,d J0:18.0:11.5 :Lu.b3:5.0 :Z~.~3 "16.66:13.59:5.0 :ll.0 :i0.33:4~.55 : 

• : : : : : : : ; i - : . ~ 
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Table !I sho~s th~ ma::imum ;~piash ul;, the , "  

for %'Iz'io~l~" " :  '~ " '  ~" Q-~ch~rs~., ::~,rz~ c'~mbin';tions of the .~u';; " ~' " =' ~pe~"at~ng 

The di~a~ces a r e .  from crest '~ ,o  trou&h measurec alon~ the slope. The " 

• ~i hei&~,t of splash up the Slope from mean t~iiwatez clev~tion may be 

obtalneu by aiviuine the values in Lhi, lt~.ble b k" "f;~'~'O &nC r:dding aion 
g 

the " ~ . l o p e  above mean ~.il;:ater. - i  ! ' 

i ( . :'i 
T~L~', II 'I~':L 

: : :Height of waves on slope from crest to itrough: ' ",: 
: Q : Number of "--~':;ith ao : Upstream :; Downstream : B th ~ : ..... • , ~ Q -- 

: Second- : valves : baffles : baffle : baffle : baffles : 
: feet : op~rsting : operating : operating.{ operating 

: 9,000 : Z : 1i.16 ft. : ' ~.bO ft. ~: 5.50 ft. <~I ~2.17 ft. : 
: 5,000 : 3 : 12.17 : 6.50 : 5.i:/ ~ : . !2.83 : 
: L,OOO : 3 : 12.17 : 5-00 : 5.83 
: ~,OUO : Z, : 8.66 : , , :  ~-33 :::' 3.UO 
: 3,000 : Z~ : 8.!7 : 2.67 : 3.00 i] 
: 3,000 : 3 : 9'83 : 4.83 : 4'6.7 . . . . . .  

. . . ' 

Figures 32 ~nd 33. A comparison of ~the wav~ ~[ction in th~ canal for 
O. . ~ * . . 

discuarges of i,OOkJ ana 5, O0 s~conu-feet wztn and w~thout%affles is 

shown in the photo&ral~hs of' Figure 3~.. i)/, i//i 

An oscillograph z~s ins%allea to :r~col-d the wave hel ghtsfor~various 

end of the " " " ' " " . . . . .  ~ :  , 
pencil. A ~etailea uescripiion of ithe eouipment .and [i~ethod~ 

used is Jn Hjdr, tulic Laboratory ,~eport N0.:205 ~, by C. R. Daum. Several / 

oscillograms were taken of the vertical wave act~ion in the~center of the 

trapezoidal channel. Lach record was n~n for one minute, which was 

equiv~ient to 5.6 minutes on the prototype. A representative ~kectiOa: 

containing a maximum wave height was fallen from each record for ~ ~: 

reproduction. These recoras are sho~n in Figures 35, 36 and 37, indl- 

eatin~ conditions f o r  " , "  - ,  - .~. -'- 
~lschs~ges of 3,000, A,OuO aau 5,000 second-feet, . .  

32 



Q 

rc.~:pect:;vely. ~ lin.~.e ~ electrode, could not be ceveloped in the avail- i 

nbic time, so the r~;coras ~:ze not linear. They cannot be used for 

vl'.~ual com.~;c.risoa, but mu~t be compared by the dimensions sho~m on the '~: 

records• T:~e~e dimensions are for the maximum range from crest ~o 

trough on]j. Apoar~ntl~, the hei£ht' oJ ~'?~ 
" a~.nified on the 

slope. For example, the elevation of;1 trapezoidal 

section is A51•37 ann the elevation of the C~al lining is &68.87• 

Figure 36A is an oscillogram for a discharge, of &,i3OO~e~c0~id,feet 

without br,.ffles. The maximum canze of wave action was I•AZ feet 

ve:'~ically• [a.~&n~ one-half of the value, or 0•72 foot, told :adding to 

th~ me~:n t~ilw8ter oepth of 15.22 feet gives an elev,Ltion of A67,91 

which leaves 1.56 feet freeboard. Referrin6 to line three in ~able II 

the m,o:imum range of wave action up the siope is: ]2•17 feet. Half of :~ " 

this equals 6.08 feet up the slope above mean tailwater. Converting 

6 ,38 feet ~o the vertical " , : 
• by the function of- the l~:l slope,~ gives 3.8 .~,.... . . . i  

feet. Addin6 this to the mean tailwater elew on gives elevation• 

A7U.39 which is 1.52 feet .~bove" the canal lin. at ,elevalion/~68.87.~ : ~ '= i~.il. 

This shows that the ;;ave heights are magnified on £he.slope and!that~ -~ ' 

there is not enou6h freeboar~ ,on the canal for a;disunarge of £,000 . i 

b~ff'les t-, " '  : : ~  " : : ' ' '  " ' ' " "  secono-feet with no a " ~ uampen the waves. ;::i : 

tests was regule£eo according to the curve furnished by tlie design :~ . . i .  :~ .- :. 

aepartment and i~ the one shown on Figure ~ fo r an nof 0,oiA. 

~,,~re ~'~,~s considerabic ~pz'a~ n the pool. The : :[ : i " 

a a a i t i o n a l  h e i g h t  on t h e  s i d e w a l l  it a l l ,  a s ' m a y . b e i :  : "  ""i l.}i~il 

seen from Fidures 38 snu 39, These P~otographs were £aken after the 

model ~ad run for u period equival~ent to one hour on the prototype. ~'~ 

surface b~ffles were . . ~ -nl:S " ' 
in place aurin ":'' time., The glc-'ner~larran~emen~ :: 

F i g u r e  £ 0 .  ~ : ~..ii ! 

The i:i6 sectional model of one cen~er outle£, Requests ~ere~made ii I 

for a 1:16 stole section8i tassel of one of the center outlets using ihe . 

s i ~ . - i n c ~ ,  h o l l o w - j e t  v ~ , i v e  t o  d e t e r m i n e  i f  t h e  j e t s  f r o m  t h e  c e n b e r - v ' l v ,  e s .  ~.:/!iii: 

would clear the center pier• The ~esign ~epartment ha~ o~jected to :~: 

. . - , , 



cutting all of theconcrete between the piers down to elevation457.25, 

because it would weaken the piers• They proposed to leave footings on, 

each side of the piers at ~omand ~ 

parallel to the extended,, 

were incorporated in ,the ~ two 

degree convergence on the ~ ~ . 

The model was operat, 

~ through three va lves ,  

both maximum and minimum reservoir elevations. 

clearance, prototype, between the jet and i~the:c 

ance on the prototype :should be more since thos 

degree convergence. The ~iet impinged on,the fo 

the stop.log grooves in them. Conditionswere 
? 

elevations since the diameter of the jet ~droppe 

~D 

The design department agreed to cut i~the!~ildownStream e~ 

the/tr~i: footings back still farther. The thickneSsi:of ' nlz 

pool ~ s  ~ c r e a s ~  ~ro~ 30 inches  tO ~S , in~ee i~Or:a  ~:dist~ 
downstream from the ceater p i e r .  This-was to~i:a~Ow~:stop_l 

be placed in  the w a i l  Just below t h e : p i e r .  ::Ail!~iOf ~he o l d  

are to be f i ~ e d .  , e ,  groove~ . - i ~ l  be  ~cut in ~the-Out~de 
with grooves in:the center training w a i l .  T h e ) s t o ~ i o g  g r  

two outside piers will :be replaced ,by '~beams J " at ..... ~the, ~:~~,~downs~':~ .... 

these piers. The jets will n o t . , c l e a r  ~he footings:"i::,mpie~~.:c¢ 

conditions of flow, butwith ~the stop.log grooves:reiocatle 

can result. These char~es :are shownon Figure .a,'~T~eiOU 

was not built in ths model, but,the arrangement .shown!i.ln:tl 

the result of the studies made on the center outle~.' 

!. 

ioutslde ~utlet 

Tests on the Friant-Madera ~C~_nal Ou~i~ts. 

The 1~28,~.,  ~model o f  1 9 ~ • :  ~n 1939 ~he ~ r a ~ i c  i~bor~t 'o~  : ,  : 
constructed  .a 1 :28 .44  s c a l e  .mOdel o f ! t h e  Madera C a ~ l  ~Outlets :as ~: :..i-~:-i/,/~:~. . . ~  

shown on Figure ,12 to  determine ,the adequacy o l  t h e  .pool .and apron ~ " /  

design. The maximum discharge of i~,~he two 78-1rich needle-valves, was " • ~ 

1,500 second-feet and the maximum ~head was 132 :feet. • v ~i~ 

Xnitlal runs indicated ~he design to be satisfactory except i£ora : 

few minor i.tems. The Jump ~:WaS unstable at some discharges and~e.~pool . :-i,.~ .~ 
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and a vertical sill~p,~ced';~t!~i~h 
- .~,: .... ,, L~/~ ~,i~ 

raising of the ~Cloor shoz~iened '~  

and five-tenths feet. The t o p  iiO 

as that of the canal b~%~om down 
' " " : ? , ; /  ' !  

The perfox ,ooi was e>:ce t l en t ; i :~or~ : i~e~[w,  arrangen 
"- ,:~': ':': ':':',::,"::'"~',~i~ :t~.:;)?'~,~'. '':'"~:~':' ~-~"" In a~dition to te ~ump, considerable ,exca.v~~sa 

The final oesign is ,shown ,on .F±gures ~2 and 42. . ...... , ....... ,.~.-";~',~-~',~.,., ,~ ,~,,. 

Pool conditions ~ere satisfactory when two valves were "c~8~ 
,. : i~.~.,h ;'%., 

1,500 second-feet ,at maximum head, or when :discharging !,500 seco"~ 

at low heads, Figures 43A and B. One Valve operating partial/~ open 

: l  ,and e v e n t u a l l ~  "'L":'~..: 

~" w i d e  ,open u n d e r  

high heads was not acceptable, 

swept the iailwater out ofthe 

low heads was satisfacto~ sinc 

a jump it. the pool. Operation 

43C ant D. The tailwater rating.curve used for model operation is shows ~ 

on Figure 44. • 

O 

Tests on the Friant Dam Spillway Crest and StillingPool~ ~ .. 

and Stilling Pool, and ~he BUlkheads in ithe!iRiveri~tiet Trashracks. i ~ '" "~i 

The 1:25 model of the spill~ay:crest. 1 : 

Reclamation Hydraulic Laboratory at ,Fort Col~ conduct 

mod&l studies ~*'" , .... • on .~.~ ogee,type overflo, ,spill~ay cxest amt Friant i:~. 

The design of thl. crest is very similar ~o ~at 0f:- the Grand C~ulee:~rest, ......... 

As a r e s u l t  o f  t h i s  s i m i l a r i t y ,  t h e  mode l  o f  t h e : ~ G r a n d C o u l e e  Cres~",:was. ,. , : : , - .  

used. Very few changes were reouired in:adapting theLnew me, ;L:: II 

crest. This procedure resulted in the ~125 scale:ratlo.~ ~Th~ mu~A .,. 

represented a 50-foot ~ection of ~the spillway cre~t or one-half of:lone i: 

of the three lO0-by 18-foot drum gates u~is,ed ~ to ,::control the flow over~he :* : /'i~:~ 

crest. These gates, which recede into t h e '  ::i, i 

the ogee section when complete~$ lowered, are separated by piersi :~ 

At t h e  t i m e  t h e s e  t e s t s  w e r e  c o n d u c t e d ,  i t  was p l a r m e d  t o  p l a c e  t h e  ~ 
5. 

spillway crest at elevation 545.0 and provide for a ~ximum head of " : 

19 f e e t .  S u b s e q u e n t  l.l~ms r a i s e d  t h e  c r e s t  t o  e l e v a t i o n  5 6 0 . 0 ,  b u t  

kept the maximum hea~ at 19 feet. because of thi~ fact, only the 
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t, " "U .~i r ++. 

approach ,conditions ,were changed. Since the coefficients w+ere corrected ++ 
• + 

for veloci~y of a p p r o a c h ,  and s±nce, a ~noticeable ', s 

-could not resul%+~rom such +'a ,small change on ,tHe : 

still applicable+i~o~.the Friant Dam. Positive:pressures:were " f o u n d  to . 

exist for the maximum ~dischar£e with th~ gate complete~j + 

Figure 13, Because the ~pressures on a :crest:ofthis.-%y~ s 

the discharge decreases, ,positive 

below the maximum. The pressure distribu~tio: 

of the crest and on the .top of the d~ga~e 

gate positions at maximum reservoir..elevat±on. "The".oiezmm~t~_r ,~a~.m ~ 

plotted showing the pressure dlstzlbution +as:~determ~ 

tests, Figure 13. These-data were Bubmitted:i~o the 

making a diagram of the hinge-pi 

Thorough calibration ,of,:a m 

affords a reliable source for de 

field.. It was for this reason a 

way that the model :of the Friant 

drum gates at various !positions, ~ The d~zchar~e Co 

lit ~++. + • ,: 

g - .... , .~+~ ~i~: - ....... ~ 

f o r  s e v e r a l  r e s e r v o i r  e l e v a t i o n s  a t  ~each a t e  p o s i t i o n . i .  T h e  p l o t t e d  d a t a  + " 

formed a family ,.of coefficient, curves, Figure i~A. +::~:i ++ ~'+ . . . . .  + 
. + +' + + .." . 

• . L", " ' . 

Corrections for pier +contractions-were ~etermiaed :from results:- i ++ 

obtained in connectionwith the Grand Coulee+.p 
.: , + : +. 

shapes of the crest and pierswere similar. Th 
/, 

since the correction at maximum discharge Was 

Grand Coulee piers. The magnitude of the adju, 

obtaining the difference ~in .cdefficien~slor the c~,est +wi~h +~d +without i 

piers and divldin~ +this diffcre:~ce by- +the value of mthe coefficient wi+th- i+ +I+. 

out piers. This procedure w~s £oilo;~ed +for el eVa~ions ?+ .... ':? 

and the results plotted a~ainst the head ex~ of the: +~ 
" + t 

maximum head, Figure iAc. The-values of ~th~ ~ ubtaiaed . + 

were approximate, but are within the limits of ~xperimental ~'error,' . In +:. 

applyin~ the corrections to the coefficient curves for each' ~ate eieva- 

tion, the head on ,the high point of the gate was expressed in terms of 

percent of tne maximum head, in this case 19 feet, and the corresponding 

values taken from the curve, These were then subtracteC from the 
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An agreement between the ~ail~ater and /~ 

to ~'orm sn efficient hydraulic jump was lac~ ~ 

Figure 45, the tail~ater Was t~o ,deep :for f~ 

thousand -~econu-feet. This ind:icated :a drow ~4¢ 

For such conditions, .t~e jet passing down th 

under the tail~ater m~d flow alon~ i tfie botto, 

therefore, be insufficient energy dissipation in'~he~pool ~o pre~ent r ~. 

s c o u r i n g  o f  t h e  r i v e r b e d  downs t r ' eam f r o m  t h e  a p r o n .  F o r  f l o w s  a b o v e  

apProxlmate~y seventy thousand second-feet, :the tai£water is not : d e e p  :?:':~ 

enough, in ~hich case the jump ~ be swept out of the pool. The result 

would be severe .scourin~ of the riverbed downstream from the apron. From 

• ~ ,.~. .~'. ,. ~,, ,i ~ 

• ~!~L,, ~il i:i:~" ' '/:, c o e f f i c i e n t s ,  f o r  ~t~le ; p r o p e r  ; ~ r e ~ e r v o i r • ,  ~ e l e v a t i o n ,  r e F u , l t t n g  i n  a new S e t '  i-.. ~ i 
o f  c o e f f i c i e n t  ' c u r v e s ,  Fi£U~.~ 14D. V a l u - -  " . . . .  -~., , ,  .... 

a lscharge~i~°mPuted~~ ' from~e w e r e  ~ a k e n  f r o m  t h i s  n e w  ' s e t  " ~ o f  c u r v p . .  ~ ld  ~h~e 

Q = d i s c h a r g e  i n  s e c o n d , f e e t  ~:~!~":~:; ~ : ! - !  

C = coefficient of discharge ~axen from ~the' ,~e~ of ' : ': ~ 

L = net Length o f  spillway curves. ~ i~ ~:!i! 

H = to ~lhead~on crest = : :  ~!~ 

Hs '~ = static ~head on ,crest .... ,. i:~ . ,~ :~. 

h v = velocity head of approach. • i~- , _,:. ' ~' " " " 

The values of the discharge thus obtained were:th, he ~ ~ ii'i 

drum gate elevations for constant reservoir eleval ~," ~. 

charge diagram of Figure 14B. s -  • 
 ii: i ii ' ' 

!/~!.!il T:~e l : ~ e l  of the sn~l~ ..... _~ . . . . .  ~ • ~ i • . 
~ ± A A I n .  c o l  ~ , . . . . .  - ........ ~,, .... ~ . . . .  

type, ea5 built in 1939 for developing s satlsfacto~ :hydrau~cii~st:ill, i ;:: 

i n g  p o o l  a t  t h e  t o e  of t h e  dam. F r e , ] u e n t ~ y  itiis::necesea~3i-i:~:o~i~hse::~l~Ee,, S - 
sectional models instead of complete!models ec~ 

prototype, and because ~ " :.. 
more accurat e:i~e sult s ~are ~ 

models. Moreover, flow conaitions ~aremore read 

of 90 feet equal/~ divided On :each side of one ~12-foot !pier, ~ 

stilling pool was ~he only concern, " ' ~  ' ~,~, ~= 
. the crest Was ~bui,lt ito~ ~- ii 

shape ~nd the gates omitted. 
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ti:ese oo:~ervationz, it '.va~ concluded that a sloping ~pron of some type 

should oe u~'~eO to obt;in a satiu~'actor~ jump in the pool. 

To oOt~in %ne correct slope of the apron, values of D2, or height 

requirea for ~, jump, ~ere computea for seversl discharges, including the 

maximum, from the momentum formula of the ~draulic jump: " 

/ 

D 2 : -D 1 + / D12 + 2DlVl2 
/ - -  

2 A g 

The length of the jump w~s assumea to be four times the depthD 2 

downstre~,m from the origin of the jump. With the pool entrance as origin, 

length of pool as abscissa, aria elevution as ordinate, the tailwater eleva- 

tion for each ~i~cbarge wa~ Plotted a distance of ~ D 2 from ~he origin. 

Usin& th,.~e l~oint~ as ce~ters and radii equal to the respective D2, arcs 

~ e r ~ :  arawn be.Low~ A lin~ ~mgent (npproximate/j~)to these arcs was the 

slope of the apr n to De used ' ~ .' . ~ 
, Figure A6. The apron slope thus ootained 

wa,~ ap},.roximateiy 7:1. In the process of char om 

@ 

from e'evatiun 2~5.5 to 2~2.5. 

Several te~.~ ~:ere made at various -'~ ,-' • ~-.~cnarges to obs, 

hydraulic jump performance ~vithout any sill at the end of . _n. 

The computed apron slope of 7:1 ~:as satiufactory for ~,±i discharges. 

FurLher tests were maae to determin~ tl]e proper length of horizontal 

apron required belong' Lne sloping apron. Seversl Zypes ana sizes of sills 

u ed of the  pron to en in te sco rin  strea be . 

Progressive scour te~ts were made for every- sill used. A Profile was ~'~ ~ 

established in Lne ,%andbed uov~nstream from the apron, representing ~the 

prototype excavation. The model :';~s then operated pver a range of several 

discharges. Photographs ~;ere also taken of the hydraulic jump xiuring 

each operating period. E/~ch ai~chsrge wa~ run until the ztreambed had 

become stabilized, or approximately ~'orty-fi~;e minutes for these con- 

ditlonE. Follo~ing each run, photographs were taken and a profile of 

f 
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the sand was taicen with a point ~age. ~ comparison of results revealed 

very little difference in the scour wstternsresulting from mms made 

with sills having a 2:1 or a 3:1 slope on the upstream face. Figure 47 

is a comparison of the water surface elewtions in the pool when oper- 

ating with the two different sills. These were obtained on tiie 1:60 : 

mo6el and were nearly identical with those obtained ~on the l:2A model. 

The hydraulic Jump performance led to the recommendation o f"a solid sill 

3.25 feet high and having a 3:1 slope on the upstream faceJ 

Section D-D, and Figure 49A show the spillway~st~illingpool 

recommended by the laboratory, except for the 2:1 slcpingsill~havlng 

been used instead of the 3:1. Flows of 70,0C 000 second-feet 

being discharged into t~is pool are shown in 

Figure 49. 
) h s  :~rB :end C' Of 

The 3.:60 model of the spillway crestj river out l6ts a and stillln F 

pool. Tkis model was a complete arran 

stilling pool with the river outlets d 

stilling pool. It was constructed to 

with only the crest discharging; to ch 

on the 1:24 model; to check the crest 

model; aria to study the spacing and the spreading Of ~the four river~ ...... ~ " 

outlet jets on the spillway apron. 

The first Observation wa 

The pool performance was exce 

design as developed on the 1:24 model Was satisfactory, ~Figure 50. Water 

surface and sand profiles were taken for operation with both: 2.1and a • 

a 3:i sill. The results were compared with data taken on thel:24model ~: 

and found to be practically the same. The 3:1 sill ~was again recommended, 

although there was very little difference iz the effectiveness of %he two. 

The assign Cepartment had proceeded o n  the basis of:a 2:1 slope ~before ::~ 

the recommendation of a 3:1 slope was received from the laboratory. As 

a result the design having the 2:1 slope was sent to the field and was ~con- 

structed on the prototype. As previously inaicated, no serious results are :~ 

expected from such procedure. Section D-D, Figure 48, shows the design 

as recommended by the laboratory except for the 2:1 sloping sill having 
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been used instead of the 3:1. The data obtained in the calibration o~i 

, the crest this model were in clo~e agreement ~wit those oDtained o: 

the Iz25 model. ~' ~ ~!i ,i i~ ~ 

The modal was operated with o n l y  the four btlets dE~c]iar~in~/~ul 

the spillwa~ stilling pool. Spreadin~ of the ~ ts was somewh~ 

!been ezpecte~ but was not sufficient to produc 'a uniform jim ~ 

~pool. The la~kof spreading was due in part toilS:incorrect spa~ 

~Dutlets. The Jets~ after th~ had plunged iatoi~ithe tailwater, 

by the tailwater and prevented from ad g 

~ressure Am the pool. Because of :this insufficient sprea ~ 

~dles developed in the pool and downstream in the r~ver 

ieddies carried sand onto the apron of the model~ as shown by Figure ~1.1! 

~8uch condition in the prototype would caus, ~ the apron ii~ 

~and the riverbed. Each Jet was isolated b~ placed in t~e 

~ool, but the results were not satisfactory. Moreover, the cost~w~ 

~obJectionable, as was also the impact effect of~ the spil 

!the %raimin~ walls. ~:  

~A telegram from the project requested re s of a 

outlets paesin~ straight through the spillw~y section at 

358.0. The 1:60 model was changed accordingly iwith t h e •  ~ 

17.50 feet apart in pairs. Various comblnetiO~s ' of the 

rum with a full reservoir. Serious f l o w  

all of the loose material for a distance 

stream from the apron. The large whirl w 

pool became worse with one outlet on one side 

in the pool are shown An Figures 52 and 53 ~i 

Flow 

tops of the pegs "~ 

Figure 53C representing the origlaal ground surface. This is .... equiva~: at 

to the removal of i0 feet of erodible material !~on the prototype. ~ Th ~ 

plan for the river outlets ~n the spillwa~ sectloa was abandoned, pc "t!~ 

• for the above reasons and, in part, because of!!~he inability to reg la~'e 

the outlet flow with the tube valves on the up~;tream ends of the o', :le~. 

The difficulty of operation of the tube valves ;wa~ the excesslve ~ ~at~v~ 
4. V' ' Q .~ 

pressures in the valves and in the outlets bel~iw the valves in a .miler 

design being studied for Shasta Dam. The outlet~ were moved to ~e left 

4O 



o f  the. spillway, where they dis6hargem Into a ~eparate stilling ~pool, 
Figure 5. 

The 1:34.36 moael of the river b~tlets. This m0del of ~he river 

outlets and s~illlng pool ',va~,,cbnstructed .... as loca.~ed" 'at ~ the ~de/' of 'the 

spiliway. Figure 15 snows the design~as submitted ~abora~ory tests 

During a prelimin,¢ry run it ~as observed Lhat at ithe max im,*m a~scbarge 

of 17,000 secund-feet the jets mpL:gea on ,~ne 3f the 

pool, causing ezcessive turbulenc~ and Pr~venting~i~the',iivdraulic jump 

from forming. Ti=e jump foz'mea at lo~;ez' a 
r' 

• orkec upstream into the jets and became vi01( 

discharges there was a sharp increase in veloc 

over ~he end .siLl anm into ~he ~river below. 

The stilling pool ~as lengthened in an:~att~ 
: i jump form at the higher a:ischarges. ~This ~au a~ 

- -  = . . . .  r . , e d  

-hyGraullc 

< 

neeale valve. -- - .... 

depth. A satisfactury jumiJwas~formed at a 

a p p r o a c h i n g  t h e  maximum o f  l ? , O 0 0  s e c o n d - f e  . . . .  
. x r r '  " ; ' ~ "  

The valves were tilted 'to 17 degrees to elimlnate.~he b d 

conduit im~euia~ely upstream from ,,the valves. Thls,,c~nge shortened, the 

pool and the apron which was designed aceurding to theS;trajectory ^ ~ ~  - ~ 

102-inch tube valve. This apron was too short 
.S 

ing of the jets. It ~as difficult to ~etermin f 

.j v a l v e s .  A s l i g h t  t i l t  made a l o n g e r  p o o l ,  b u t  . . . . .  t i o n  a t  . i  

% '  ,'!2 
the apron. A gre~,ter tilt shortenea the pool, but increased excavation 

at the apron. Tni~ test indicated that a tilt greater than io degrees 

would not proviae an apron .Long enough to obtain proper ~preading of the 

~ets. Therefore, a ionger apron,, anu deeper pool must be provided. A 

i0 degree t~lt w~:s , i ~  
tal, en %0 b~e~the most economical ~.~.i,~,~,,~ ~,~ _._ 

excavation, length oz ptructune~ ": " • ,,.~,~I'~ 
j ann r~araullc Performance 

:.~ ,;~ ~i ~ 

T h e  pool , as shortened aocom   y t ,e i t 6  , 

l o s e  . i~}. . . , : ;  



o 

• "• ' L. 

A compromise between the ,,dvocates of the two types of valves 

resulted in the placing of two i02-inch ,tube valves in the right pool 

ana two 96-inch needle valves in the leftlpool., Th~ horizontal Center, ~ '~: i 

lines of' the valves were raised to elevation 330.~i to 

in the The design section fixed the pool floor .0, • 

thereby lengthening the parabolic apron consi r. A 16-foot vertical 

sill was placed at the aownstream end of the With this arrangement 

the jump formed too far down in the pool at the ~igher aischarges, so 

the pool was sraduaily short~med until th*. most satisfactor,, o eration 
• # P 

was obtained. Wen then the tle 

Cownstream for a aischarge of not ." 

spread as much as had been ex and 

54, .~s e.xcelAent for uischard ........ ?or 

h l g n e r  f l o w s ,  on ly  f a i r  c o n d i t i o n s  e x i s t e a  in  i: .t.he s t i l l i n g  pOoi ,  b e c o m i n g ' " .  ' ii 

worse with increase in flow. It was accepted as final SinCe maximum " 

discharge was not expectec to occur very often, and inasmuch as a araw- 

ing of this arrangement has been se:~t to the fi~,Id ~. p, evious %o the imodel ~ 
tests. Since the cnm~nel was to b e in roc~ cut,tne water pltu~{n~ over•~ 

the end sill into the river was not considered to be extremely serious. 

Various ~ta£es of operation of this oesign are shown in Figures 55,~56, iii I 

anc 57. '~'" 

The 1:32 model of the river outlets. In 19/~i the hydraulic 

tory w~,s asked to conouct model stud~ies in conneCtion~wlth replacing the " i ~ 

tube ~ua needle valves with four of the newly-developed holl0W'jet valves 

having a 96-inch did, meter. Due to the larger Giameter of these valves 

part of the concrete ~pron would have to oe remove~ to allow passage~iof ~ " 

the jets. It was sug~ested that transitions be placea between:the con- 

duits and ~ } , , - v a l v e s  such as  to  raise the vaii~es!iana a e c r 6 a s e  their a n g l e .  - 

of tip from I0 aegrees to 7 degrees. Preliminarj- cor.~pu~ations indicated 

that clearaace couAa be provided by removing about 12.5 inches of concrete ~ 

~_t the upper end of rue apron ana letting it run out to zero at some p0l~,t 

down on the apron. Usin6 the same orisin a new parabolic apron haviz~ 

a flatter slope was ex%enued to an inter=cotton With the original apron 

at elevation 319.626. TX~e equation of %he ne~; apron is y = -0.00108D2X 2 

+ 0.0466X - 3.82 and is bhe Lower one shown on Ficure 17. The maximum 
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depth of concrete to,be removed for the new shapewas 15 Inches. The 

modelas constructed in the ~laboratory ,is ~sh IA. 

The model operating with ;i;four. valves at 

capacity of the structure. .,~ 

,Various combinations, :of %we ~valves Jin operation are 

Figures 59B, C, D, and 60,. 'The .maximum deslrable~disCharge ~for ~.,two 

valves operating was approximatelyTive ~thou~d~se~0'~d~e~!i il~T~e ~}~e ~ 
operating as shc~n ~in Figure 

to be the maximum allowable 

s~:d that this would not be d 

maximum desirable flow for o 

thousand second-feet. 

As in previous model te 

the water passed over the si 

for all discharges and became more prc 

The design was considered satisfactor~ 

valves for all discharges up to !6,00( 

~ion is not compulsory but would be desirable, mspe~ 

flows being discharged under high heads. 

The streamlined design of the ~transit 

valves as submitted for testing fixed the 

instead of 7 de~rees, Detail !, iFigure 17., 

operation was not considered toibe enough 

th~ pool. However, a 6"inchmodel of the 

tested for pressures within the valve end %rans~tion. There ~were no 

negative pressures in the transition, and the pressures were onl~ 

slightly reduced on the upper part of the valve body. The coefficient 

of the valve was the same as that previously determined in the lab orL ~! 

atory with t~e valve attached to a straight approach pipe. The deslgn ~ 

was considered satisfactory and its use was re ommended oy the laboratory. 
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The 1:18.33 model of the t e ~ s  in the river outle._~t 

trashracks During the construction of Friant Dam ~it was necessary to i ~ ~ 

place bulkheads in the lower ba~s of the outl~t trashracks to impound ,. 

the rising water until the coaster-gate tracks and seal 'seats on the i~ face 

of the dam were installed. It was undesirable to remove these bulkheads 

immediatel~ after the tracks and seal seats were installed 

able to let the water rise above them and dischargq 

The effect the bulkheads would have upon the presm 

was uncertain, so hydraulic model studies were utilizedto Observe 

their behavior and to measure the pressures in the entrance for Various 

water surface elevations. 

A 1:18.33 scale model of one of the outlets was construct • 

the bulkheads in the trashrack as they would be during the~con 

period, Figure 18. Since each trashrack served two outlet 

ing the trashrack was necessary to account for the effect 

outlet. The leith of the model conduit was made less than that ~0f the ' ~ ~ 

prototype to compensate for the greater friction factor in ~Lhe model, i 

Previously, a mathematical analysis~ had been made to determine • the 

proper exit diameter of temporary nozzles to ,be placed on the river 

outlets. The analysis appears in Appendix A. Durin~ construction of 

the dam the outlets were needed to sUpplement the flow through .... ~he 

diversion tunnels. These nozzles were to maintain positivepressures 

in the conduits, thereby avoiding ........... cavitation '~ ~ .... " ~ and pitting. 

mended exit area of the nozzles wa~ " the area _duit. 

A nozzle havir~g an exit area of 64 Conduit area was I 
. o 

installed on the outlet of this model, the 64 percent resulting from 

the use of an even diameter. ~ 

A group of tests was run with %he bulkheads in position and the ~'~ 

pressures measured for various water surface elevations iby piezometers 

located on the top and bottom of the bellmouth entrance. In each test 

the effect of the air vent upon the pressures was studied,. • 

The pressures on the top of the outlet were lower than those on the " ~ 

bottom. The maximum negative pressure of 9 feet, prototype, occurred ~: '  

with the water surface at elevation 396.0 or 16 feet above the centerline 

i/>~ 
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of the conduit. With the air vent closed a negative pressure of ~ < • 
,. 1 5  t e e t  

w~s recordeo for a water surf~,ce elevation of 389.0 feet. The pressures 

on the ~op ,An~ oottom of the outlet for given water surface elevations • 

with the ou£ki~eaus in place are shown on Yiguxe" ' ' 18. 

Removing the buikheaas decreased the pressures on the, bottom of: the 

conauit three to five feet of :'rater, prototype, -but ~increa~eo the pressures 

on the top by only one-half ~o one foot, prototype. :COb~Verse/~ 

p r ~ s u r e 5  on the ~ottom of the conduit were increased with :the s~! 

in position ane the pressures on the top aecreased Only slightly. TJlere- 

fore, the bulkheads have no important efi!ect upon ;the pressures in the 
conaait. 

The types of flow through the outlets n 

pressures. For reservoir water surfaces i e'.'. pical 

open channel flow e>:isted wit!~, t}m conuuit flo~ 

Since large quantities of air could pass throug 

pressures e.~:isted along the top of the consult. 

the e>;it was smooth excep~ for fins which tense, 

u p p e r  eGges. : : . ,  

At water ~urface~ between elevations 390 

f llleo but negative pressures developed. The se 

negative pressures considernbly. Neverthe}ess 

discharged at these e-evatlons for s long peri6~ of',~ime, i:t might be : 
• ' . . . . .  • J , ' • i _, 

necessary to close the air yearn. In the mOael the air Wouldnot mix 

with the water bul appeared to gati~er in the onuux~ ~n lugs whlch, c " " : : '  ' :  S " ' : ' "  ' : . . . . .  

when ejected, caused spray. Pressure changes were :~cvidencea by a ;: 

pounding in the moael in a manner similar to a repeated water hammer 

ann by consiaerable fluctuations in piezometer readings. Such con- 

ditions might cause serious vibration in %ne pro:toty~ ~. 1 
. . . .  C osin~ the 

air vents produced ~ smooth flo~., with no spray or fluctuations of 

pressure even though the p~essures were lowered. 

,i 

With vlater surf~,ces above elevation 4i0, positive pressures 

existed in all portions of the outlet andthe ai:~:ven% filled with 

water. The tests thus indicated that the critical conditions would 

occur at water surfaces Oetween elew~tion 390 and 410. 
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FIGURE 4 

:'~i, . . . .  

A - Discharge = 472 s.f. through one valve 13% open. 
Res. elev. 559.7. Looking downstream from valve 
h o u s @ .  

B -Discharge = 472 s.f. through one valve 13% open. 
Waves have overtopped 9 foot gage in left fore- 
ground. 

FRIANT-MADERA CANAL OUTLETs 
WAVE ACTION IN PROTOTYPE FOR ONE VALVE OP]~ATING 



FIGURE 5 

A. River outlets relocated at side of spill~ay. 

B. River outlets operating at side of spillway. 

FRIANT DAM SPILLWAY AND RIVER OUTLETS 
I : 60 Model 
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FIGUIB 19 

A. Discharge 3,440 second-feet. Reservoir elevation 563.25 
Four valves 2~ percent open. 

B. Discharge 3,300 second-feet. Reservoir elevation 563.00 
Two valves 44 percent openo 

FRIANT-KEHN CANAL OUTLETS. NEEIILE VALVE INSTALLATION 
Two valves and four valves operating. 

1:34.29 Model 



FIOUB 19 

A. Discharge S,440 second-feet. Reservoir elevation 863.25 
Four valves 23 percent open. 

B. Discharge 2,300 second-feet. Reservoir elevation 56S.00 
Two valves 44 percent open. 

FRIANT-KEHN CANAL OUTLEt. NEEDLE VALI~ INSTALLATION 
Two valves and four valves operating. 

i : 34.29 Model 



FI~ 20 

~ L 

A. Discharge 3,898 second-feet. Reservoir el@ration 563.25 
Three valves 32 percent opene 

B. Discharge 3,600 second-feet. Reservoir election 56S.50 
Three valves 32 percent open. 

FRIANT-KERN CANAL OUTLETS. NEEDLE VALVE INSTALLATION 
Three ~lves operating 

1:34.29 Model 



FIGURE 21 

m 

A. Model arrangement. 

B. Discharge 3,500 s.f. Maximum head. 
Tailwater elevation 466.65. 

C. Discharge 3,500 s.f. Minimum head. 
Tailwater elevation 466.65e 

FRIANT-KERN CANAL OUTLETSWITH TWO NEEDLE AND TWO TUBE VALVES 
1:34.38 Model 



FIGURE ~2 

O 

A. Discharge 3~500 s.f. Maximum head. 
Tailwater elevation 466.65 

T~o valves operating 

B. Discharge 3,500 s.f. Maximum head. 
Tailgater elevation 466.65 

Tube and needle valve operating 

C. Discharge 3,500 s.f. Maximum head. 
Tailwater elevation 466.65 
Needle valves operating 

D. Discharge 1,750 s.f. Maximum head. 
Tailwater elevation 462.00 

Tube and needle valve operating 

FRIANT-KE~gN CANAL OUTLETS WITH T~O TUBE AND TNO NEEDLE VALVES 
1:34.38 Model 
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Fi GURIJ &4 

I a 

A. Model arrangement. Pool designed for 3,500 second-feet. 

B, Discharge 3,500 second-feet. Reservoir elev. 578.0. 
Tailwater elev. 466.65. Four valves 26 percent open. 

C, Diseharge 5,500 second-feet. Reservoir elev. 479.0. 
Tailwater elev, 466.65. Four ~ives i00 percent open. 

FRIANT-KERN CANAL OUTLETS WITH FOUR HOLLOW-JET VALVES 

1:32 Model 
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FIGUI~ 26 

I 

A. I~is'charge 3,500 second-feet. Reservoir elevo 578.0. Tailwater el.re 466.65o 
Throe val~s i00 Deroent open. 

B. Discharge 3,500 second-feet. Reservoir elev. 578.0. Tailwater elevo 466.6~o 
TWo ~alvee IO0 percent open. 

C. Discharge 2,900 second-feet. Reservoir elev. 57800. Tailwater elev. 466.650 
One valve i00 percent open. 

FRIANT-KERN CANAL OUTLETS ~ITH FOUR HOLLOW-JET VALVES 
Pool designed for 3,500 second-feet. 

Iz32 Model 



FIGURE 27 

@ 

A. Discharge 4,500 second-feet. Reservoir elev. 578.0. 
Tailwater elev. 466.65. Four valves 27 percent open. 

B. Discharge 4,500 second-feet. Reservoir elev. 479.0. 
Tailwater elev. 466.65. Four valves 100 percent open. 

FRIANT-KEEN CANAL 0UTLETSWITHFOURHOLLOW-JET VALVES 
Pool designed for 4,800 second-feet, 

1:32 Model 



FIGURE 28 

A. Discharge 4,500 second-feet. Reservoir elev. 578.0. 
Tailwater elev. 466.65. Three valves 33 percent open. 

B. Discharge 4,500 second-feet. Reservoir elev. 578.0. 
Tailwater elev. 466.65. Three valves 33 percent open. 

FRIANT-KERN CANAL 0UY, E~3 WI ~ FOUR HOLLOW-JET VALVES 
Pool designed for 4,500 second-feet. 

1:32 Model 



FIGURE 29 

A. Discharge 4,500 second-feet. Reservoir elev. 578.0. 
Tailwater elev. 466.65. Two valves 51 percent open. 

B. Discharge 4,500 second-feet. Reservoir elev. 578.0. 
Tailwater elev. 466.65. Two valves 51 percent open. 

C. Discharge 4,500 second-feet. Reservoir elev. 578.0. 
Tailwater elev. 466.65. Two valves 48 percent open. 

FRIANT-KERN CANAL OUTLETS WITH FOUR HOLLOW-JET VAL~S 
Pool designed for 4,500 second-feet. 

l- 32 Model 
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FIGU2E 33 
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FIGURE 34 
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FIGURE 

A r Discharge 5,000 s.f. through four valves. 
Res. elev. 578.0. 

B -Discharge 5,000 s.£. through three valves. 
Res. elev. 578.0 

FRIANT-EERN CANAL OUTLETS WITH FOUR HOLLOW-JET VALVES 
POOL DESIGNED FOR 5,000 S.F. SPRAY OVER SIDEWALLS 

1:32 MODEL 



A - Discharge 4,000 s.f. through three valves. 
Res. elev. 578.0. 

FIGURE 39 

B - Discharge 4,000 s.f. through three valves. 
Res. elev. 578.0. 

FRIANT-KERN CANAL OUTLETS WITH FOUR HOLLOW-JET VALVES. 
POOL DESIGNED FOR 5,000 S.F. SPRAY OVER SIDEWALLS 

1: Z2 MODEL 



F I ~  4O 

A - Discharge 5,000 s.f. through four valves with no baffles in channel. 
Res. elev. 578.0. 

r I 

J 

B , Discharge 5,000 s.f °. through four valves with two baffles in channel. 
Res. elev. 55'B.0. 

" FRIAH~-KERN CANAL OUTLETs WITH FOUR HOLLOW-JET VALVES. 
POOL DESIGNED FOR 5,000 S.F. GENERAL ARRANG~ENT 

i :32 MODEL 
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FIGURE 42 
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FIGURE 43 

A. Discharge 1,500 s.f. Ree. elev. 578.0. 
Tailwater elev. 445.98. 

Two valves partially open. 

B. D~.echarEe IpSOO e,f. Minimum head, 
Tailwater el,v. 445.98. 

Two valves I00 percent open, 

C. Discharge 750 s.f. Res. elev. 578.0 
Tailwater el,v® 442.82. 

One val~ partially open. 

D. Discharge 1,800 s.f. Minimum head. 
Tailwater elev. 448.98. 

One ~alve I00 percent open, 

MADERA CANAL OUTLETS WIT TWO 78-INCH BEEDI~ VAL~ES 
1:28,44 Model 
FINAL DESIGN 
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FIGURE 49 

A. Recommended stilling pool design. 3:1 sloping sill in place. 

B. Discharge 70,000 second-feet. Normal tailwater. 

C. Discharge 90,000 second-feet. Normal tailwater~ 

FRIANT DAM SPILLWAY 
1:24 Model 



FIGURE 50 

A. Discharge 50,000 second-feet. 

B. Discharge 90,000 second-feet. 

FRIANT DA~ SPILLWAY AND STILLING POOL 
1:60 Model 



FIOO'Jl 61 

A. Plan view of erosion caused by passing 
20,000 s.f. through the outlets. 

B. alde view of erosion caused by pBssing 
20,000 s.f. through ~he outlets. 

FRIANT DAM SPILLWAY AND RIVER OUTLETS 
1:60 Model 



FIG~P.E 52 

A. Discharge 4,000 second-feet. Reservoir elevation 568.0. 
Tailwater elevation 309.50. 

B. Discharge 8,000 second-feet. Reservoir elevation 568.0. 
Tailwater elevation 315.0. 

C. Discharge 8,000 second-feet. Reservoir elevation 568.0. 
Tailwater elevation 315.0. 

FRIANT DAM SPILLWAY WITH RIVER OUTLETS AT ELEVATION 35~3.0 
1 : 60 Model 



FIGURE 53 

A. Discharge 12,000 second-feet. Reservoir elevation 568.0. 
Tailwater elevation 318.0. 

B. Discharge 16,O00 second-feet. Reservoir elevation 568.0. 
Tailw~ter election 318.0. 

C. Erosion produced by operation of the outlets. Tops of pegs represent 
origin~l ground surface, ~his is equivalent to removal of i0 feet of 
erodible matex-i&l o 

FRIANT ~ SPILLWAY WITH RIVER OUTLETS AT ELEVATION 358.0 
1 : 60 Model 



FIGURE 54 
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FI C, URE 58 

A, Model arrangement, 
Looking upstream into pool 

B, Discharge 2,000 seoond-feet. 
Four valves Approximately 12 
peroent open. 

. . . . . .  ~econd-feet. 
C. inscnarge o,uuu ~,~o +~I~ ~O 

Four valves &p~.w-~ - 
percent opene 

De Discharge 16,000 second-feeto 
Eour valves Approximately 91 
percent opene 

FPJ~. RIVER OUTLETS ~TH FOUR HOLLOW-JET VALVES 
.~ 32 Model 

~AL DES~G~ 



FIGURE 59 

A. Discharge ~0,000 second-feet. 
Four valves i00 percent open. 

B. Di~c~,~rge 5,000 e~cond-feet. 
TWo valves approximately 50 
p e r c e n t  openo 

C. Discharge 8,000 second-feet. 
Two valves approximately 50 
percent opene 

D. Discharge 5,000 second-feet. 
TWo valves approximately 50 
percent opene ~ 

FRIANT RIVER OJTLETS WITH FOUR HOLL~-JET VALVES 
1 :$2 Model 

FINAL IIgSIGN 



FIGURE 60 

A. Discharge 2,000 second-feet. 
Two valves approximately SO 
percent open. B. Discharge I0,O00 second-feet. 

Two valves iO0 percent open. 

C. Discharge 8,000 second-feet. 
Two valves approximately 81 
percent open, 

D. Discharge 8eO0 0 second-feet. 
Two valves apProximately 81 
percent open, 

FRIANT RIVER OUTLETS WIT~ FOUR HOLLOW-JET VALVES 
1 : 32 Model 

FINAL DESIGN 



FI~ al 

A. Discharge 3,000 second-feet. 
One valve ~pproxim~tely 71 
percent opene 

B, Discharge 4,000 second-feet, 
One -~ive approximately 83 
percent  opene 

C. Discharge 3,000 second-feet. 
One valve approximately 76 
percent open. 

D. Discharge 4,000 second-feet. 
One valve approximately 81 
percent open. 

FRIANT RIVER OUTLETS WIT FOUR HOLLOW-JET ~M.LVES 
1:32 Model" 

FINAL DESIQN 
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~D 

• . ~r i.., ,- ~, .i 

Dam Ri~er Outlets. 

During ~construction of the ~i 

flow throu~h:the 1,10-'in~Ch,:r±ver.| 

was completed;at ~the %±me of ~the,ri 

not in place. Therefore, :'it ~was ~ne 

~ends ef~he~con~uits~to,malntain s u  ~ 

~pool,~ nusauplicating,~as,~ofaras,possibli 

The nozzle~isshown onFig-~rei~. "/i~i, 

Conduit losses. 

From axis of dam to P. C. of upper[i~ " 

Length of ~upper>bend 

Length of lower bend 

From P.~[T.~of~upper~bend to R. C. of 

A length of 200 ..feet :was used ~ or ~,compu~Ing~,£ri 

Length of tangent ~at upper, bend = 9. 

Length Of tangent at lower bend = 3, 

Bernoulli. s equation ~wr~ tien between the ~reser, voir 

flange, assuming no nozzle at the ~flange: 

h e + hB1 ~ ~, 'H= ht + + 

V = veloci~ in ,the llO-inch pipe 

V 2 = velocity head at exit = 1,OOV 2 

2g 

h t trashrack losses =~O.OiV 2 
2g 

where 

1 

• r k 



"c" 

:'~"!i~ :~:' '- i. 
~m 

b 

i :i 

= loss :in ;lower:',,bend 
- 

i eq 

• Assume a i maximum 

:2g " ~ 

!Therefore, the head re::uired~,!tb : 

nozzle at ~the/flange ::is: 

'Elevation :of. :the ~P,. ~i'::Of ~he:iupp, 

r .~ "  

~ v  

r - ,  : . • 

~:~ • . i .  ¸.? 

? i 
:~ ~ 

~ J  

. . . .  .j 

elevation 392.~2 + 98.53 = ~elevation ~31,.05. 

,Theoret~ical ~9r~ssure-heads along the cente~ 

,were :computed.a~ pie~ 
o n  the center~of the 

Piezometer!No. ~4 is on the cen~er between the flange and the :P~. ~I.. 

of the :lowler i bend. 

2 

'.,~ 



Ps~a euxe-bea~ ~ !at il o. " 

431.05-380.00 = 

L = 220 feet!, h f  

,~l = ~ l . 0 5 - ( i , ~ 9 ~ b ~ . . 4 0 )  = 

• t' / 

~8 . .-  ~, ,:: "L":> i ~'! ,"' 

t X ' O  l l ~ L x " e , , , , h l a d  I w e r e  i ! i  " '~' . manner, ...... t i l l  " 

the p r o U u r e - h e a d ,  f o r  no n o z z l e  air t~e~ . f lange , ,  :] ];:{ 

it in.. 
• "-i H "d . Pressure-heads .,,,:-- ";, 
~/~:S on :o in feet:':o£:.li~O..-? . : ,,~.-.,~:-.< 

s ~ e a  o f i  

4 ,250s  ~ ' 0 0  i 6 4 . 4 0  ,64.40s  : : 98,53 
"~ *' S | S , :  

3~2:~0i 6 6 , 0 0  "/49.24 s~7.6~: ,~ 5 7 . 6 0  

Assume that ~he  m i n ~ m  

pip~. t o  f low i~] .I  iS  such that;:the water ~sur£aci 
five feet ahoy. ~o ~op of the bei~uth :~:t~ ~ 
oo=,,p~, ,ap~ro='--te~ to; ®:~atio=: ~9i.0;: •.: 
~ a t ,  f o r  :no nozz le ,  t h ,  ~lue:~c ~ q =  3 , a  i0 

' c a u a e  . t  

L._. 

/ , 

Ji 

ie 

• ~ of  : l o , ~ e h  pipe -66~-oo ~ .  f t ,  :~ 

' ~  Diameter of nozzle = 7.94 ft. 

V n = velocity at aozsle exit. 

3 



+ I ' ,  + , + '+~t' ? 
,+ . . . .  , 

J 
p. 

@ 

O = arc , ~ = • 0 + .  
20 ~;' 

= 1 ° 45' ~ 

d l  = ~ = 1.1':55 ( s e e  Table 
d 2 7 • 94 :+' 

J 

K 2 = 0.01~ and:the nozzle los 

T h e n  /:~ i:i 

H = o . o z v  ~ + u . z o v  ~ ÷ o , l z ~  ÷ o . o T v  2 
2g 2g 

to pass a ~iven ~lischarge ~': ~+ , with this nozzie 
~,. +? : ~ • 

The theoreti~cal pressure-headg~: alo~ii.i 

passing various discharges .£th a nozzie,+~hs 

percent of ilthe cohduit!~iarea were ~" computed,i~ 

first three lines~ of T~bl~ 2"~ ~]I~ Th~/ show~~ith 

required to further reduce ~e aegativejpre 

Ass ume~a noz~zle havin£ an exit ~':- area eq 
of the conduit. -~, 

Then H = 0.53V 2 + 1.02~ 

2g 2g 

4 

L~+ ~ t o  6.5!:-percej 

+, 
• ¢ 

% 

! 

c 

++ !i 

• " ', ~ ~I I 

,r! 



to pass a given ciseharge with this nozzle ~la pla'ce. The theoretical 

i 

4~ 

a p p e a r  on F i g u r e  1 .  A n g z z l e * ~ a v i n g a n  e x i  

o f  t h e  ~ 'ondui t  a r e a  w o u l d  w o r k s a t i s f a c t o r i  

A nozzle was actual~y built, ilnsta _ c 

with satlsfactor~ results. An even exlt diameter of 881nches was; ~ ~ 

used, giving an arearatio of 64 percent instead~of;the 

recommended. • It is shown~as Detail" .... 

<,~ ~ / ~i~ i~ -~ ~ 

i ̧~ •.• ~•• ••r ~ • .... k~,~• 
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< 

[ 1 

'~ave d~ 

~.those , 

~be low~ 

the ~ angles: at:~--, whichi:the 'high flows " '~'~"~ ' ~ ' " ~ ;  " . ~  

the direction :Of:-;f~ow ..are: ~steep'er ::.% 

aownstream ~radiai gat~.~ ',~i.:~. ,:closer !,to 

recommea~led. This <i~ .rgfluire [ia ,.in 

gate to pass i.the !f~ow.' .,.THese ii,,":~ems 

the flow-from ~thatc~btaii~ed w£th tii 

.pos s:ible,~o, :~sta te ";~h e:;magnitud e!,::0f i: 

without additional !model 

2. ~ ~The ~flat ,leaf, g, 

any 

this. av~lable.-:::-:;$he :-~ 

own weights .an~ williiremain.:in ~whate~ 

~A :.:compara:~£ve/~y, slml~ie ~me~.~od:~:.of.~; i,rai's~ 

e-~£1a.t ~leaf ~-ga.~e 

t h . ~ h e  

~eS ia 

r.-- 

-i. i 

i' . 1 ks 

(.r "'~ 



~v 

operating :schedule for these gate.s , • 
:using the ;.values obtained ~for '.the ~flat,.lea'f ga-,~es ',aS.-~a'i.igu~£de. 

~operating ~schedule ,~.or 'tl~e,:flat,:~eaf/!gatesas ~deter~ned.b~.:imi 

stucl£esdoes not necessa~£1~ ~ap~;,~o"the• . .,, ~ratlial~gat~s~ :if! ! 
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