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Canal - Out¢°ts, and- the Frlant qullwayvgn Rl
Friant Damnnuentral Valley PrOJect‘ ‘Cal

adopteu to make use of ‘. SO—inch needle va ve
-design as submittea was never testeu.

design departmnnt, only observutlon runs
it waes abandoned. T

Ed

‘&pron weS gr&dually ralseu anu lengthened end bhe ralve allnement ch ngd- L
several tlmes before arriving at a comblnatlon that produced & satisfactoryf
'pcol actlon for all operating conditlons. The recommenaed valve alinement R




the stilling pool. 0851gn, and tnn parabollcaapro shépg:g

Figure 6.

The 1.34:38 mddel“c uﬁbSGQuentff*?

’ the apron. The finhl arrhngéme
' in Flgure 3. .

Because of r:of -th
would have to be removed tow {z 47‘ﬂ”
aﬂcordingly ‘and “the. hollow-A

thus protrudlng up 1nto tne

L% excessiva spla shing anugf‘"
continueu on uown into ‘the - canal w




second-feet, for balanceu operation af tbe rour;‘ ves. The canal depthulw‘g

to 4,500 aecond—feet. Tests ahoned”that‘the pool would need~to bomdeeper,:m'“kh

for e discharge of 4,500 aecond—feet under minimum he
flooded the valvas._ The' deaign section had. bpecified;

The 1:32 Mcael of 1945.: Thia model wa

were also reised to elevation 431.67. A trainlng wall 30‘1ncnes‘th1ek"-as*"'
placed in the center of the pool. The pool uorked very well‘ 9'?all” lows,
when ooeratlng aymmetrically. “For unqymmetrical operation the po61,_ came S
rough. The change in alinement of the two center valves had 0o adverse results.:nﬁ
There wes sufficient clearance between the jets and the canter pier. : |




The wave action in the canal was severe for balanced operation nnd

was worse for unbalancad operation. Uaves occasionallv slopnod over =

the model walls for a dischargo of 5 OOO second-feet.‘ Several combin-fif:?f L

ations of stmtlonary baffles and dentateq were used in an attempt to _
quiet the waves in the canal. All wave studieq were made with maximum
reservoir elevation. Any arranpement piving desirable results for tha
higher flows had 1ittle or.no control ovar the waves at lower flows.,

Il the baflles were set low enough to dampen the waves of the lcwer
flows, the waves of the hirher flows were not controlled1 ,}hen
suf'ficient balffling was instglled to obtain a deslrable amount of
dampinr of the waves at all flows, the’ depth of water in tho pool

became excessive. '1He result was floodinp of the valves, v1olent
turbulence in the nool, and solashlng over ‘the SldBW&llS.“ )
workable solution found was orne SBu of. dentate

surfice baffles located as shown on Flgure 11 :

be ripid with the uostream edves hlnped or plnned and the 1evation ‘
of the downstrean edne djustahle. Thls arrinpement d1d notﬁeliminate |
the waves completely, but was the minimum amount of blffllnpwiequired

to obtain un appreciable radnctlﬂn in wavn actlon for three volves t, P
discharzing undey maximum head. i floatlnP baffle wao not satlsfactory.-
The impact of the waves. caused it to bob up and down, a movement which
periodically 3ccentu_ted the waves downqtream.- bquare-edped baffles
were used. ‘'The sharp edzre Dltlnﬁ into the surface velocities was’ an [.;~
important damping ftctor Aoundlnp the bottom edge would hav”.teen

of little or no value since the baffle would have to be lowefed”moro

to reduce the area or Ilow unde- the baf"le to. obtaln the same results 3
as with the shary edged barrie, Table I pives the. ﬁiutances of: the =;o:f
downstream edges from the floor for vest. results as ohtained on- tho t’”.t
model. It also fives the depths or water Uvqtream mnd downstream
from ecach baffle. Refer to lketeh I for exol1nat10n of twble.




: Q :  Two baffles operating

ﬁ‘ Upstleam baffle ‘ Duwnstream
i5€eCe~: ras

operatlnd'“:-3 baffle operatiqg"'

¢ ft. g I S e A

Dy dy f.d3' LoX

l

15,000:26.30:19.50517.
14,000:26.68: 17,402 15.

20"
22;
:3,000:23.33:14.30:12.98;
:2,000:18.00:11.5o;lo.35

.
)

34 15.66 1.

5.167:5.24
5-50 :8-\)0 g
534 3

5.00

T
14233 1166611

Table II shows the max1mum Splabh up tnw'klope at statlun 6+:A Q- for m
verious discharges and combinatiuns of the surfaue uqffleu operatlng. Thet
distences are from crest to trough measured along thc slope.y ﬂhe h815ht ‘
of splash up the slope from mean tailuater eLevatlun may be obtainea by
dividing the values in the table by two and auulns &long the sLope abOVe
mean teilwater. ‘
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There was considerable Bpray and Splaahing 1n thekpo'
Been from Figures 38 and 39P=‘ : s 5

The 1:16 sectional model of oné- ‘ . t e
above studies on the l:32 model, 1t was ,equastea that a .=16?sﬂal"
model of one of the center outiets be 1nstalled with the ix—inch
hollou~jet valve to check the clearance between tho jet' ‘m_ B
center pier.- Tha design department had obgocted to cutting‘all of
the concrete betweern the piers down to elevation 457 25lhbéoause

it would wesken the pieza., Thqy proposed 1o leave footings on each Sty

side of the piers at =a distance of 5 feet 104 inches from the
_centerlines of the valves. The footings Were incorporated in. this
model to see if the jets would clear. them.




There were ‘8 inches clearance, prototype, between the Jet and the‘q”;-'
center pier. The jet impingea on the iootlnapnon each and
stop-log grooves in t.hem. Londltions were worse for _lower
elevationw since the di&meter of the Jet droppea down owe
The downbtream ends of the footingu were cut back still ‘arther.
etop-log ‘grooves were relocated at the aownbtream ends'pf:the‘pier
mith the intenticas of fnnng me old’”- lrooveh. | These ‘change
on Figure .41,

Conclusions;

conditions were good for any discharge_.
‘valvea dn this manner.r*l- Ly
'bo
muat be .s0 proportioned as to giVe ‘a uniform Bp
the apron to have a good Jnmp. Concentra ion.

, Tube valves do not 6ive satisfacto:y
openings.. The jet spreads out into a spray tha

The training WL—W';
one in the river outlet

The outlet pool as debigned for j,500gsecond—feetfwou1a pabsi
3,600 Becoud-feet satiafactor’ly with four bollew-net vqlvesu” ‘1at1ng
'vat approximately equal openings.‘;v'- L R

g.; The 0utlet pool a8 designed ror A 500 sacond—feet with the tail-‘
}uwater at elevation £66.65 could not be operated -in this manner et low

 heada. ~The tailwnter came back on the apron and flooded the: valves._

7




: aactinn de 468 87.? Unlaaaqthe_wavas areadampenod“thqy wlll splaah
jover ‘the wallarat diachhrgea dr A,ODQ aocond~feet i
.'with twg” bafflea in oper:tionf he. wavea ara

aecond-reet.

nd—feet and more,
,dampened or else mora;freeboard* ade

of x and ¥y in Table 11. f

7 J. The bafflca must be rigid\wit_
atream adgea adjuatuble tohcover the va:yi
Stntiona:y baffles cannot ' 3' ]

, _ ‘ . : :ﬁ er:
_ ‘Such a - condition would necesaitate 1nsta11ation
of . control in the canal.' :

. 1. There will befconsiderable';pray

‘Pool &t flows of 3, 500 second-fee"”ané_ :

Ifigures 38 and 39., The sxdewali“_ f”‘ Ve

this spray, It 1is recommended that the X .

of the.st111ing pool ‘be. ‘paved from'the valve house -
end of ‘the . atilling pool and.; that draina be rovid
away the: watar rebulting rrod) he apray En

 fhe 132844 model of 1239. “The design as aubmit.ted for 1 st
~ 'shown’on Figure 12. ‘The., model 1ndicated the hydraulic featurasfo tbe -
. .atructure to be satiafactony except for an unstable jump at same disohargea.”7
The paol -and apron were shortened -and a Vertlcal aill inatalled at the







.rnactions.

be Thara will be no neganive:praasures on the;crestaprofile
.for diacharges up to: and inoluding the maximum design;dlacharge of
90,000 . seconﬁ-feet. f”7-‘*f : SO : '

- of the pool floor was lowered from elqvation 285 54

reaulting .pool operat~on was satisfactory. Sevaral taats'%era made‘~ﬂ;fff%f

the streambed downstream from the apron._ Scour patterns‘and_yater
‘gurface . profiles were. obtained for each sill uued A sillkhaving 8

321 slope.on the upatrean face was recommeuded. “The proper length of .wfiff‘,
the stilling pool . was determined during these tasts.‘ Figure 48, Sectlon S

D-D, and Fipgure 494 - ahﬁw the : 3pillway stilling pool deaign aa recom—
‘mwended by the’ laboratory, excapt for the 211 sloping sill which was
actually used in the field. This sill uill make Very little 1f any
difference in the opsration of the - :8tilling pool.

10




. The 1360 model of the apillwqy crest' river outleta and stilliqg
tgool. Thia model was an aasembly of th spillwqy cres a8

3 W ly,f,'the
apillwqy discharg;na, Figure 50., Scour pattefn ﬁand wate surface pro—
Tiles were obtained for operation with both e 2 l and;a 3 l:Sill;_
downstream end of: the pool._ These were compared with';he *
obtained on the 1l 24 model ﬁna founa to be 1n vezy clbse agzeément

water surface profiles are, shown on Flgur‘ 7. The -
recommended, although tbere wae veny"
nessg ‘of the two.

The model: uas operuted with onLy the four‘outlets

,Sprendlng of the Jets was not sufflcient t‘

on the apron, Figure Sl. The Jetb were isblated Qy tr ’
the resultﬁ were unsatlafactozy. The outlets were pas

}Lﬂapillway where thqy discharged into & separate stillingiponl;ih“a

. The abandonment of the plans for the outletsfrﬁscharging int the
apillWQy does not mean that such 2 pl&n should be breve" onder

With a stilling pool- narrow enough to prevent the jets from ‘r tin g
whirl at the Sldes of the pool, and the’ outlets spaced suffi_\‘ tly close
to Prevent whirls forming between tte Jets, combined W1th proper tailwaterf
-elevations, such a plari ‘could be m&ue to work satlafactorlly This 18
evident from the fact tnat setlsfactory opelation was obtaiued on: the jf
-; 1:2/) model where one outlet ‘was 1solatea such tnat whirls could not form
at the sides. : o ‘




th~ rnol 2ad over the end sill we_"
and aepth were increased ann the ‘

the horizontal.

A between ths conduits and the vaive”
'10° ta 7°' ‘




‘further utudias thereon. Tests ahowed that thare werc no
pressures in the transition and tnat the prassuras,were
Teduced on the upper part of the valve body.
valve wnsanot changad ‘ ' {the tr

'to the correaponding tailwater elevation
ient anount of energy wes dissipated inf ‘ :
hyﬁraulic junp. This. condition was amplified with two valves is—
charging into one: side oP the pool. For operation wlthjtw v,
the most: aatisfactory condltions wera obtained with one fal
discbarging into each Sidﬂ of the pool. The combined disch




further studies theroon.' Teats‘ahowed that there were‘no ogah'“'"

Pressures in tha transition and‘inum' _ ‘“ 1
. reduced an tho uppor part of tho valve body.'

valve wua not ohanged.; Tho dasign of‘thoﬂtransition .8

‘vnlvas. Duo to the angle of tip o‘:

-highar flowa the Jets pers ‘
‘vertical end aill.; The result:_

b, The trair.ing wall down the ‘cer
admtaga. It holped stabilize the _‘jr‘ 1

charging into one aida of the pool.; For operationﬁ
the most sauisfaotory conditions were obtainedﬁl th or , o
discharging into eaoh side of the pool._ The oombined di charge shouldﬂ;
be limited to 5,000 second-feet for any combination of:_ﬁo valves T
operauing, and to 2,000 sacond—feet with only one valva operating.“¢u¢f7




version tunnela""ﬁw
appears in Appnndix A at the end o: thia repof(

air vent closed, a negative prea

surface: elavat:l.on of 389 0.




Sen Joaquin Vallqy chiefly by two large canal'“
will extend 160 milea to the south of Frig{%~ m -t :
of Bakersfield. The Friant—ladera Canal will _xtendgnpproxima
thirtw miles northwast of Friant Dam to the Chouchilla River.;

kﬁgﬂ ‘._;~ﬂgﬁThn ltxinul daaign capaczty of Lhe ogee-type overflow crest is 90 000{, L

;7 nocond-fent. The flow over: the spillway will be regulated by three~ i

. 100-~by l8-foot drum gates which recede into the creat and take tbo N

:'_‘ L fore of the ogee section when completely lowered.« The arrangement ;_  :

- E of all of the outlets and the. apillwqy as of 1936, prior to the f' B
begianing of hydreulic model studles, is shown on Figure PR

Ibe Friant-Kern Cenal Qutlets. Four model testa have beeﬁrmadéi
- oR these outlets over a period of several Yeers. The first,,in_l936,

15



was & 1l134.29 Bcale model to dotermine the ‘best alinementtof tho needla ‘;7
vulves as thqy entered ‘the atilling pool, and to develop satisfa

valves with a maximum discharge of 3 5_
of 98 feet.

102~inch tube vnlves. These changea j
;1:34 38 .scale model in 1939, uaingjt c

‘The hydraulic - characteriatics of the holloiujw al,, are described,
in Hydraulie: Laboratory. Report No.: lAS, by Frod Lockar.viﬁu
larfer diamever of the hollow—jet valvea, part of theQaprbn 't;fhe Appeﬂ
end of the Btilling pool will have to be renoved.'i i ale.

- for operstion with. h°11°"J°t valvea.‘ Teats were»alno fﬁ ¢
the feasibility of incrﬂ&ﬁing the maximum dischargev; 4,500 second-fqot.

‘The February . 15, l9&5, monthly report of urgent work and statna of
active projecta contained the following statements "He have tentntivoly
concluded, based on: botb the independent and coordinated atudiaa mow -

16
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-ﬂscalefsectional
one of the loz-inch riVBr outlets wus in '

‘g, modsl of the spillway,




| '-_.:lten:l.ned account. of 'Lhe
.replacement. . In 1944

installed." It was undeairable to remove h _e, bulkh" ds




the prototype. Bacause of'succe siJ.
only abaervation runs '

Wslope of the apron. A

Swna made. from thls the pArab
trajectory, ¥ = -




centerline about six degrees.‘

A third test wae mame with Ll four valves operatlng a equsln«
openings of about rorty~three percent of full opening Tngy“were
diechanging 3,500 second-feet unaer a 25—foot heaa. The pool action e
wag satisfectory for BOy valve “iinement 1n01cat1ng ‘that'- any arrange—f"f
ment which was” satlsfactoxy forsotﬁer operating conc:nions wou~g suffice =

here.




-mum head. Tne maximug

Several tgpes af discharge o‘e were'trled'o Lthe*final design o
the model. 1In auditlon, flllétﬁ‘werefplace ‘
conee. It was found that betfef\ :

.he Laboratory

ones shown on Flgure 6 worxeu b&tlsf&C\ riLyfon;the moael

flood control.‘ The two center valve , - ) _
‘tube velves. In addition, the des;gn section haa made a few “inor chauges

in the- laboratory design of 1936 : ‘two

changed from one degree to 0° JO'- the apron ;V":xH fq“:P

82.15 feet to b9 50 feet; ! the eLevation of the pool 1loor weg. changed
from 45J 12 to 450.10 and the width of the apron at the origin intreased
'=from 74.0 to 78, O feet. 1hebe changes justifiea model te.ts, so in 1939

23




the hydraulic laborato:y constructed a lx34 38 scale model from the details
of Figuregs 7. and 8 to cetermine the adequacy of the pool rur the new L
conditions. ' : & : L R .

The design was satisf&ctozy in every ay. ex fthat the jump wes
unatable st higher dlscharges. vertical sill 3.50 feet high s ple
at the end of the Jump.as A stabilizer, and thegéauaff’"  ‘;:. v
452 00 extended upstream to the sillt"The centerline of the valves was o

raised to elevetion 464 25 to allow the’invert ot th

wag set at ELEVthoﬂ 466 65 qy
3,500 second-ieet.

the laborato:y;

The
Unless otherwise btated, tne vaives wer opurated at equalidh‘C“
and maximum head for all Tuns. - With four valves operati' ": _
diticns were good for discharges from 3 SOU down to l 600 secon'u
At lower flowa the aischarge characteristlcs of the tube va;v 4
intolorable. Pool conditions were goou for va;ves cne anc
Hxing 3 500 down - to aDout two thousand aeconu—feet.‘ DElOW tne&e'
the Jets did not spread sufficiently to form a good Jump nor
water from coming back up the center of the pfo“'iﬂ,:f"*

g One Center;:nu
two outside valves gave passable pool opezatlon for flows down.to l 500"5f
second-feet, At Llower dischurges the tube VBLVE flow becam'” ; .' o
ceused g whirl in the pool.~ Pool oporation was improved aﬂihigher flowa
by alloning the center ValVe to pass more than one~th11ﬂ of thF total
discharge. ' : Ui

" Qne center and’ one outs:ae va;ve uid nut glve satibf&ctor3 pool
‘ operation at uny. albcharse.' Va;veb one, two” &0d three bava &coa ;
results for ali flows aown - to 1, 200 pECOﬂd-febt ir va;ve two pas“ed
. more than one-third of the totsl flow. Valvcb on¢ snd three were
acceptab;e uown to 8U0 seconc-feet. Helow tals aisahﬂige'the tube

valve flow becanme unsatisfsctory.




a good jump Concentrntion of flow on either Bld‘
in the pool 1nstead of & Jump.:f
operatlns for sevezal valve combinations. f

curve used 1n settlng he tail«ater on the model

constructed & 1:32 scale mooel of tn _Ke"

inch hollow-get valves.' Slnce the uiamete

A jump did not form m the podl. .

the cansl.
computed, based upon ‘the. max1mum heau of llL
velocity of D 98 for the valve. Taking th

runs were mude with four leves operating at vario sfulacharg‘s

maximun head. For each- run the tullwater bweep—out elevatlcn and,the u

tailwater elevntlon glvlng the bebt Jump in the poul were aetermined.-d

These ere shown on Flbure 25 along wlth the ue51gn ta11uatar elev'tiona

Flow conaitions were veny good with four valves operating at any'

discharae under &any head, Fi&ure 245 and C. The iIOW'in the pobl waar,

very rough with three valves dlscharving 3, 500 second-feet end became
worse at higher heads. Conultlons were better for two. Gut81de valvcs
snd one insice velve operating then for two inside valves and one

25 EH



"cauaclhy of the structure might" be increuaed to A 5’0 second~feet.u‘a;

outside velve OPETﬂtiRB, igure 26A-_ Thene conuitiuna mibht be tolerQ%":‘
ated for short periods- oi time.: hithe” |
operating at low heads was satisfactony

‘comoinutlun of three vnlves ‘

Twe center vaives dischargin ;3_500 second—feet und”! maxirum head
resulted in a rough and unstable pbo‘\accnmpanled wit“ cbnsi&erable ‘
splashing over the walls, Figure 268 : ‘
for this alscharge unuer low heads
3,500 second-feei the pool wa= rou
CIroS88 SUTEE. %ater ran back on th
heads water splashed over the wull
valves operating on one: side cause hirl in % _
jump. Weter ran back on . the apron adjaﬁent to the d1
thereby interierins with the jet o ate 1v

center valves spread enous

The Jets 1bsuin6 from thé tw‘

an the ends of the pie:s. To p event th;s, the construction o_lthe Q;~g

vaives was altered &lightly. The' ansent running back irom thefvalve‘

face on the inside of the vﬁlvefbs'rlwas replaced Qy contlnuing thé ; ff?‘

euarve out to the valve face. '*his raquced the areas of the. Jéta
sufficiently to permit them to pass

1é piegs unalsturbed..’*
. 3 N ) R A@.‘ i R ! d C
Before the test program was completed,_lt was learnea that the

Previous tests indicuated that the pool woul fhave to”be neeper.: Thei‘
floor was Lowered three feet and. the old apron extandeq to the ﬁew _
floor level &s shown by’ the dasbed lines on Fiaure 10.‘:upec1f1catlons;~f¥
were to hold the tailwater elevution at 46b.65 for e dlscharge of - .
4y 500 sbcond-feet.

Four valves discharging A,ﬁOO:Sécbﬁd-feeffunder‘méiimﬁmﬁhead R
developed 8 very good jump in the pogdl, Figure 27A. fhea operating

1
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“‘dowWn in the lmv head range tha paul action waa a.l.so good ‘ nut the \tailwater
flooded 'the: 'alvea, Figure 273~r Operation inathia manner>wou1a be"“”“ i
:undeairabla. ' : R SR R

Two outaide valves und one center*valve di,charging by 500 ‘second.
feet under maximun head resulted in 8- rough pool ;:th'some_splnshing,

‘The twoftenter valves dischargine 4 500 -
head - produced ‘a rough pool but 1t was not conside,ed to
enough to be objectiomable. :

heads. Two veives on- one side ulscharging 4,5Uu seccnu-_e
-maximum head created a whirl ;n the pool 1nstead ofrafjum

: On Figure 30 nmay. be founu the taxlwater; weepaout eievutions, the £
“tallwster elevations 5iv1ng tne best jump ii%the pool"ana ‘ha marlmum
ellowable tailwater elevntions. . Above g‘ enFelevatlons he_tailwater
would intarfere with the Jets ahd cause consiuerable furbulence anu

-8plashing on the apron. Figure 31 shows the minlmum reservcir elevatlonB.V

' for various aischarges with fou: Nalves operatlng'“ide opeq.

The 1:32 mouel-of'l9455 From the*Februa:y l_, 1945, monthly report
of urgent work, it wais learneu that further changes i *‘ebign were being

made on the Friant-&ern Canal._ The maximum flou waﬁ to; e”ﬁ,OJO uecona—‘T}
feet and the bcttom width- of the canal was 1ncreased from 30‘to 36 reet.  i
The tailwater elevations from the new curve 101 coxresponalng canal flows
of 4,000 and 4,500 second-feet wer= veny near the point at which any 8 jﬁi_
fair jump was formed in the uesign fo“ 4y 500 secunu-feet. These same ‘.
elevations were- veny near ‘the ‘"sweepout® point for the uegign besed on J

2 maximum flow of 3, 500 secona-feet. For a canal flow of - 5,000 second-~
feet, the corresponding tamxvater elevation was above tLhe point at which
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e paaonble hydraulic jump waﬂ iormed 1n the deaign oased on ‘A maximum o
‘flow of 4500 aeconanfeet._ The same comoination is ot the‘ 5weepout“ :
point of the deaign basau on a maximum canal flow of J,SOD aecond-faet. -“

Boulder Dem showed that the jet expanuedr_lightkyfwmmédiatel after |
leaving the valve. It appeareu that: the Jets from th\eﬁ two.center -

valves on the. Friant-Karn Canal would 1mpin5e on th ;atop_wog4grooves

of the center pisr. ‘For: thiﬂ-reason tho two center valve:?werf_each _
turned out one. degree more: with the centerline of the outlet structure, :‘
to allow the jets to miss the center pier. ' ‘

Photographs were: received from rriant Dam showing the severe _ave H:‘
action on the Madera Lanal, FiEUIe A, and also ) request thnt aome tudy~

-above-mentioned proolema resulted in the reconstruction of“he 1;32

‘scale model,

Previous model tests inoioateo that the pool nouLd nork better for_ | i
a discherge of 5,000 second-feet - 1f the: elevatlon ofrﬁhe pool floor w‘siﬁffix
lowered and the- apron lengthened. The 51de ﬂaxls‘oer atralghtene : : [
between stations l+70 17 and 3412417 - sof‘hat they”come~int”_the rectang—xﬂl
ular gection at- station 3+12 17. rather than at station 2+59 A2_as before.
They were also. raised to elevation 481.667 to curtall som_i ﬁhe,spl&sh
accompany ing unqymmetrical oper&tion“at the hlgher aiscnarges. Computat;ons
were mede to determine the aepth d required ‘in- the pool for th» 8% '
possible discherge of 2;885. second feet through one’ valve : ,_" ik h
of the pool was taken .as: 5d2._ The pooi Floor was placed'atyelevatxon-ylfﬁ?‘
4370 and the downstrean end at. station 3488, 97, where there d8 a’ ”‘j Lo
15-foot vertical sill: extending to tne canal elevatxon of 452 O. A tra~o¥ofiff
Jjectory equation LT-T-E compnted from the. horizontal centerllnoinf the | j
valve face at elevation /64. 0 to the .pool flocr at e;evatlon 437 0., The;?;o'
-trajectory was then shifted so as to place the. orxﬁln al,; eLeVatlon j;j-“
457.25 and station 1+11.416, which:is the upstream face-of ithe pieré. :
The model was built and operated accordingly.‘ The pool was too- deep. |
-and too long. These results. upset all the theo:y ‘and computations of
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the hydreulic Juﬁp. The hydraulic jump equation is haaed upon uniform
distribution of . depth and energy 1n & uniform ehannel.‘ This Nas’
verging chennel which conatantly decrsaued in area’ in the lateral
direction. The energy was concentrated in- a smaller area than it
have been. The result was an 1ncreased aepth OVeréwhat
formed norwally, theceby making the pool ueeper th n

“copgﬁd

wou“d haveh

The epron Gld not eytend into the Jets far enoush to. Preau Jhe R
properly, :
The length and depth of the poal were grnuually reduce_ unti
factoxy operatlon was - obtalned w1th four valves dlscharg . 1
second-feet at mazimum reuervoir elevutlon. Tne ncfeased space éetween
the two center velves resultlng from turnlng eack onefout:‘n'“ne

E whlrl and to
improve conditlons in the pool when operatlng unaymmetr cally_;;-‘

was plenty of . clearance Detween the center‘pler and the Jes

two center valves. Thls wagy checked lﬁter\’n a 1 1655cale sectional

model. The recommenced apron ana stllling pool deszgn ‘A

¢ shomon
Figure 1l. S

For a discharge of 5, 000 secona—feet through three & ﬁhek“:

pool works better if the two vaxves in one bay have eeua‘ 6pen1ngs and

the one valve in the other bqy has twice their open1n5.

The'energy
distribution ie more even.’ This comolnatxon WQrks Dest’ forﬁ"&se"'

elevations . DelOW~5AD U

With three va¢ch ulscharglng 5 uuu éecona—;_-"Lu‘
feet at equal openings, ‘the tailwater in. tze bay altn the i,or aives

is swept out. The same comoin&tlun of vaive openings applieuﬂ o:a f%-;'.'
discharge of 4,000 uecouu—feet through three v&lves for reaerVuir -
elevations avove 535.0. Below a xebervoir eLevation of 5}5 u, by Ouu
second-feet way be passed through ‘three - valves at . equal Openlnga,-“

but the two-to-one ratio of velve openings is recommenued. Three

vaives will discharge 3,000 second-feet gatlsfactorlly at equel - open—

ings for reservoir elevations below 57J.0. The abowe cond itlons

were observed without the surface beffles which were later recommended

29



‘or no velue gince the baffle would hsve to be lowered more to reduceu

for damping the waves inithercaﬁnl; Wlth Lhese baifleg in

on the prototype design.l‘ﬂavgs~qccafionall§ :
for a diacharge~of 5-000,59cond-feétﬁ Severnl :
baffles and dentates npre uBed in an nttempt‘to ;

be rigic with the upstream:edgééghingéd;Qrg _
‘the downstream edges adgubtable.: This arrangement 1ot
waves completely It was’ the m;nimum amount "*baffllng requ‘
obtzin an . appreciable reduction 1n wave action for”

impact of the waves cuused it to bob up and down, a;momement which'

periodically accentuated ‘the waves downetream. ﬂsduéré—edgéd'_&ftiestgfé
used. The sherp. edge ultlng into the aurface velocities ‘as an”impor
tantdamping factor. Rounding the bo*tom edge would have been of »lttle

the eres of flow under the baffle to. obtaln the' same resultk.as w1th the
sharp-edged baffle. Table T gives the distances of ‘the aownstream eoges




fram the flosr fur best regits or obtsiueﬂ'cn thc AL, It zlbo -
£ives the cepths of water up,uxeam~and GOW ngtre=m frnn each beffle.,
iefer to Sketeh I for expl saetion of tuule._
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Teble II shows the mauipum »p‘ac? up th _ioge st sty tlon 6+74 D
four verious L;rvhrrr( G Pumklnwtluns of ‘Ha wL“f :
d a.‘.cng_, 11 e..q,Lope" !
helght of sprasn up the wlupe frum mean tulanter: evitio y

obtuined by u1v;u1n5 tne values in Lhn tuoie b

ncv buii¢e='f'.

The dictaaces are from erest o truubn ueLsure

two de &udlnb aiong
the clope above mean te il &tpr... ' ‘ et

TASLE 1T

:Hedight of weves on Lope irom crest

: to troggh
Q : Number of With no. & Ugstream - '
fSecond- ;. valves beffies baffle

operating

e

feet . opersting - oyerﬂming

LN EE T T TN

11,16 £t.

=t 79 se se e an eh er ax

£,000 : 4L

5,000 3 pl2a7. .

4,000 . o 3 a7
;4,000 4 ;o EHB6 i
: 3,000 : 4 o BLl7
: 3,000 3 : 9.83 :

fool upera ux:w;th the baff;es s Snown‘Ln the photodf&phs of
Figures 32 and 53. oy compar sun of the W&VL lCLlon Lﬂ Lne'can&l for

discoarges of 4,JdJu ang 5, UJJ a:coau—ieet w1tn nna a-thout bafjlec is
shown in the Puﬁt06IHQIE of Iisure 34‘ V:f“ j;. :

An Obciiloaraph‘ﬁh 1nutalle0 to recoru t“t uave heightsffor wdfidﬁé
conditions of flow. Part of the equipment is shuwn in Flsula‘ at”
end of tne pencil. A Let&llea ueacription ui tne couipment ano ne,nbd

used is in Hydraulic Luoorrto:y nepolt Nu. 205, by C.VR. Eaum.f‘aeveral

oscillograms were tuken of - Lue vertlcal wave actlon in tne center 0f the
trapezoldal channel. nach recora was run for cne ulnute,:wnlch was fﬂ;
equivrient to 5.6 minutbs on the prototype.‘ A repreuentatxve bection
containing & meximum wave helight wav tamen from encn record 1or

reproduction.  Tnese récords are uhOWﬂ in flbures 35, 36 and 37, inui—

cating concitions for ulscharges of 3,000, 4,000 ang 5,uu0 seconc-fe&t,
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rotpectively, @ lian“ electrode could not be dEVelopec in the avaxl—i '4‘
10le time, so the ecordg F"L nou linear. TUEJ cannat be Lsed fur
vitual comurrison, but muvt bc comwarac QJ the almen51uns shown on the:
records, These uimﬂnsiona are for: tne maxlmumlrange from crest to L
trough only. Apoa"entlf, iue he*ghtféf *he w_; 5 Wus magnified on thwf'”“
slope. For exaumple, the elevation of the flourdin'uhe t*apezozdal BT
section is 451.37 and the clevntiun of . the Lanal 13 1ﬁg“"‘ s
Figure 364 is an osc1llogram ior & dlnchar e oi_4¥;i’

without brffles. Tue ma11mum range of

verticelly. Taking one-nalf of the‘v”ﬁ»

the mern inilwster depth of 15 22 feetz ‘ 6743
which leaveq 1.56 feet freeboaru.‘_nefe“rinb ﬁd line three ln‘iable II:
the muximum range of wave action up- chc slope is 12 17 V

this equals 6.0 feet up the slope above meau tuilwut f.n
6.8 feet to the vertlcal ay the functlon o; the 1} 1 slope, givas:
feet. RAdding this to thc mean tnllwater ~ievutidn'eives elevntlon
473439 which is 1.52 feet hbove tne canal llning_at:élevation 40; 
This shows that the mave hei&hts are mag nifLeL on the slope and _
there is not ensugh fxeeboard on the canal fo“ 8 alsunargeiof A}OOO‘
second-feet with no baf"e§ to_démﬁeﬁfthefwéﬁes;,, y
‘tests was regulétéa and ing to the curve furnished j}the ae

cepertment and ig the ons shown on Flﬁure )D for Ln_n £ O. 4.

L

- There wag LOﬁblu&IﬂDiC rprayfanu sylasnlng Ln the pool.imThéi
auditional height on the ﬁldEWulL clo not zetnln it aLl 45" ma;>¢e

seen from Fipureg jb anu 39.. Tnese photogxaphs Nere taxen after tne
model Led run for o erlUd equivaieut to one nourﬁon Lhc_pfoiotype ,‘ ’
surfuce vatffies were in plaue aurln hle time.w'The gbne”ai Prrangement
of the entire model, ﬁltn ana w1thout the gurfuc"oaifies is uhown 1n

Figure Au,

The 1:i6 sectlonal model of one center outlet. Reoueuts were m&de

for & 1:16 senle seclionel model of oné of the ceﬂt°r outlets u°ing the S

six-inch 1ollow-Jet vulve to aetermlne if the Jets from the center velV?sg{‘*

‘roula clear the center piex Inc design department had ob)actea to




cutting 8ll of the’ concrete between the piers down to elevation 457 25, S .
because 1t would weakan the piers._ They proposed to. leave footinga‘on
each sida of the piers at a distance of 5 feet lOr inches from an

parallel to tha extended centerlines of. £
were incorporated in the mouel. ;:.hy

degree convergence. The Jet impinged onﬂ
the atop—log grooves in them.;

footinge back still farther. The thickneas

are to be fillen. New grooves w 113b€'cut-in ik
with grooves in- the center training wall_:”f'

the result of the studies made an the center outlet..

Tests on the Friant-lndera Canal Outlets.\y f;wf ‘%* o

The lz28 44 model of 1944, In 1939 the nydraulic laborato:y
canstructed a 1 28, 44 scale model of the uadera Canal Outlets ag:
shown on Fignre 12 to determine the adequacy 04 the pool and apron' o ;
design. = The. maximum discharge of the two 78-1nch needle va1Vea was :;Af,fﬁu‘
1,500 second-feet and the maximum head wns 132 feet. L. e

_ Initial runs indicated the design to be satisracto:y except £or a:-,
few minor items.ﬂ The jump was unstable at some discharges and tLe pool




The final oasign is shcwn ‘on- Figurea 12 and 42,

‘Pool condltions were satlsfactony when two valves were
1,500 secona—feetzat maximum head, or when discharglng i, 500 secon_ Te
at low heads, Figures AJA and Be One valve operating partially open unde
bigh ‘hends was not. acceptable. bkf, . ' -t j
swept the tallwater out .of tne pool. One va Ve .ope ating wide*open under'
low heads wes satlszacto:y since the Jet spread on £ne apron_aa _ pd
8 jump in the pool. Operation unuel these conaitions:is ahawn in: Figuresla‘_
43C ena D, The tailwater rating curve uaad for moaal operati" own
on Figure 44. _ | BN ‘ ; : S
Tests on the Friant Dam Spillwey Crest -ah‘a'-siiiliqg-Pooli‘ River Outleta'
-and Stilling,Pool, and the Bulkheads in the Rivef Outlet Traahracks.

used. Very few changea were feouired inladapting,the,new mdd
crest. This procedure resulted ln the’1725 scale ratio’

represented a 50-foot aectiou of the spillma‘ 3 ‘ f B
of the three lOO—by 16-foot drum gates L ed ‘o:control the flow over“he"g

crest. These gatea, which recede into the Lrest and’ take the form‘org,.fh:‘

the ogee section when complete_J lowerea, &re separated oy plers.-rﬁ

At the time these tests were conuucted, it was planned to {'ace the
spillway crest st elevation 545 U mnd prov1ae for a maximum heaa"of '
19 feet. Subsequent plans raised the crest to_elayatlanrﬁéo,q,,but
kept the naximum hesd at 19 feet. .Becuuse of this fact,‘only the
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exist for the. maximum discharge with th& gate completely wered:
Figure 13. ' iiof ‘

plotted Bhowing the preaaure distributionvaﬂd _ 5
tests, Figure L3. These data- ‘were: aubmitted'td=th j
meking & diagram of the hlnge-pin reactions.

drum gates at various pOSLtions. The distarsej'oe;
for several reservcir elevationa at each gate pol '
formed a- famiLy of coefflcient curves, Figure lAA

Grand Coulee piers. The magnitude of the adJubtments was a

obtainlng the difference in- coeff101entb for the cxest wit_ 1 ,
»piers and dividing this alfferexce by the value of uhe Loeff1c1ent with'
out piezs. This procedure wis fo¢loaed for varﬁqus resewvoir eleva;‘ons -
and the results plottea against the heau exo;easea in percent of the 1 ;
ithus uotained :
were approximate, but are w;thin the llhlts of,expelinental error. ;Invf

-

meximun head, Figure lAC.- The values uf uu( coefficlent

applying the corrections to the coefficient curves for each 5ate eleva-

tion, the head on the kigh point of the gate was ﬁxpxessed in terms of

percent of the maximum hesd, in this cuse 19 ieet and the correapond;ng o

velues taLen from the curve. Tﬁese were tnen subtracted from the
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coeffiéignts,_roéwthéqpr§pé§“tese£§ﬁir-élevation;'r,uiiing_in\n:néﬁua

-Df‘cdeffigient curves,’figdnf LAD.u'Vélues;weré'tak§i7ffoifﬁhihfnbw7éet--:

of curv«*';nd'ﬁheaiachérﬁé;iﬁhptéd;frqm"ﬂhe[fcrjuli=0-=jéi'4&)3Z2

= 'dischgrg'e"j_n. secondifest’ |

Q
L"‘net,lengthkcf=8pillﬁﬁyn"
H= tdtii?h;adﬂpn-creétf?fi

fcoefficiént*of'éiadhargéﬁ&ﬁénfffém?thé?névt

Hg

= static head on crest
b, = velocity headﬁd:vdﬁp;@abhl_ﬂ -
The valuesgof the,diSChéfgg:thué{dbtai#éqi"éié?ihéﬁgﬁlﬁﬁigq{;géidgt:thgf:.“
o fate elevbions for constunt roservotr elevatione o fonror g
doe Li24 model of the epillua; ctiliing posi.
. ! wa&ibuiltin31939-f°*“devel¢pin878satisracﬁbf%

ing pool atfthetoe,ofvtheadam‘jFrgquent;x;fit]iﬁﬁﬁééééﬁﬁgy

seétional-modeIS“insteadfof'ccmp et ‘mQQQIéﬁpégéﬁéé”§fftﬁah ize

prototype,‘and;bééaﬁse more écgufgﬁ‘} ilts ss1ble on
modéls. MoreoVer, fl6wcpnﬁitiéhﬁ;éﬁgimsheSréaaqﬂ 'i,"v'l a
effect of changes”ih desigd;Q?f": . ‘Tepresented.
of 90 feet éguallyvdiﬁiaedf;ny
stiiling pool7hasnthe'oniji§oﬁ
shape and the gatéé[omitte&if'i”f  ’

An agreementibetﬁeeﬁfihe,tﬁilwéﬁerfaﬁdﬁtbe eig
to form_anéfficient'hydraﬁiic;jump ﬁasliackiﬁg‘ A
Figure 45, ﬁhe,tailwaterfﬁésﬂtod5déeplfor_flog§;gpl
thousandg seconu-feet, indice “drowned i
For such -conditions,
under the tailwster &
therefore, ‘ revent

| . l ;frofif10&$j§h°?§:=”‘

approximately sevanﬁy thoﬁsand seconuéfeét, the taiiﬁétef is nbf?deép"
enough, in #hich case the jump may be swepl out of ‘the pool, *The‘result;
would be-aevere-scduring of the riverted cownstream from tbe'&péon. Ffom_
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tl.ese ooservations, it vur concluded that # sloping aprun of some tjpe

should be used to obtrin e satizf'ectory Jump in the nool.

To ubtein tne correct slope of the apron, vulues of D2,‘or height*3'
required for » jump, were computca fmr qevere¢ discharﬁes, including the

muximum, from the momentum ;ornuln ci the nyuraulic jump:

- | 2 .‘:.'j‘2

l
= / 4 e

The length of the jump. wng ﬂssumpd to be four tim@'f fw;vepth D
dowastream from the origin oi Lhe Jump. _Nlth the bool entrance ‘as origin, RO
lengtin of pool au nbscissa, a and elcvutlon as ordlnate, the tu‘lwater eleva—;n :
tion for each vischurge was piutted & dlbtance of 4 D2 fr”‘ﬂ' ‘ !  ‘

Using theve pointe s cenlers Lnu r~011 ecua; to the ze pcntlve,oq, arcs
were drawn below. A line unnbent (appxoximuueLy) to Lheae arcb wab the

siope of the epron to e used, Fibare 6. Tne apzun opg~thﬁs bbtéiﬂéa
wee approximetely 7:1.  Ia tre process of Qfﬁnbl 3 th;qp}uﬁ{slbpé,ffém”
43l to 7il, the rauius. of nne curve connectlns uue slope_of lze'apron :;
#ith the J.7:1 slope oi Lue 1ace of the uam‘ , ”‘” ’ ' a0
feet, protutype. The - horl?ontui bectiun oi tne Qool 1Loor wqézloﬁereﬁ?:
from elevition 285.5 to. b2 5. ) SR .

Severzi tests were ‘mage et varlous'ﬁlucnarges to couervéf“ J‘P Bt
nydrauiic jump pericrmance without any sill at ‘the® enn of fhe¢ pron.~r$ :
The computed apron slopc of Tilow sntigfactory for”all d;scha"‘ .
Further tests were ‘aege to determinu the proper length of horizontal
#pron required below the sloplng upron._ QEVETBL types ano‘51zes of szlls
were used &t the end of the Ppron to elimlnste acourlng o he
Progressive scour tests were nade for everv sill used A profile was fk
esteblished in ine sandbed nownbtream from- Lhe apron, representlnb the
prototype excavation. ' The mouel wes then opernted over a hanbe of SEVPP&l
discharges. Photogr&phb were nlso taxen of tne nvdrpullc Jump.uuring
each opernting period. ‘Each ulaaharge WaE UG ‘until t treambed had
become stabilized, or agproaimvtcLy porty five minuvtes for these con—

aitlong. rollowing esch run, photographs were taken und a profile of




the gand wes taken with n point goge. A comparison of results rcvealed
very little differeuce in the segur patterns resultinﬁ from ruvs made .

with sills having 2 2:1 or g 311 slope on- the upatream fuce. Figure 47

is & comparieon of the water surface elevutlons in the pcol whcn oper—=f‘ﬁ;o f}
ating with the two different sille. These wexe obtained on: the“ féolﬁfii':' o

uogel and were nearly identical with thcse ootained on the 1:24 mcdel. :
The hydraulic jump performance led to the recommenuation of a solid sill
3.25 feet high and having a 3:1 slope o the upbtream fac B
Section D-D, and ‘Figure 49A show the spillwcy sfilling pool'cealén aa

recommended by the laboratory, excapt for the: 2: 1 slcping Si L. CT
been used instead of the 3:1. Flows of 70 000 and 90 OOO'“econd—feeth‘}u]
being discharged into this pool are. shown in photographa B and'C of

Figure 49.

The 1:60 model of the opillwgz crest, rlver outlats. d»stilliog
Pool. This model was a complete arrangement of the spillway]crest and
stillling pool with the river outlets discharging into the spillwal; :

stilling pocl. It was constructed to. observe the}i t_
with only the crest discharging; to. check the scoi patt
on the 1124 model; to check the creat callbratiou}qﬂg'f
model; and to study the spaclng &nd’ the spreading]if%"
outlet jets on the Bpillway apron.. e

The first observatlon wag made mith' only thepapillway‘)iacharglng.:3“'”M“&

The pool performcqce was. excellent ror all flows,ilndicating that the .
design as deVeloped on the 1124 model was satisfactory* 4igure 50.- Water
surface and sand profiles were taken for operation with both }32 l and ;J

a 2:1 sill. The results were compared with data t&&ea on the s 24 model Rt

and found to be practicaliy the same. The 3 l sill LY asain recommeoded,f‘*'“"

elthough there was veny llttle difference ir tne effectivenoss of the

The design aepartment haa proceeded ou the b&BlS cf a 2 l slope before”ﬁ
the recommendation of & 3:1 slcpe waS received Irom the laboratony._ As_ o

a resuit the design naving the 2:1 slope was sent to the field and was con-" -

structed on the prototype. AB previously. indicated, no serious reaults are
expected from such procedure. Section D-D, Figure 4B, shows the dealgn
as recommended by the lavoratory except for the 2:1 sloping sill haVing
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been used instead of the 3:1., The data obtained»in the calib" tion
the crest on this model were in’ close agreemen o
- the 1125 model. e

35xreaaure in the. pool. Becausa of this insuffioiaot spreading, sever
‘ﬁoddiaa developed in the pool and downstream in"Ho"river channel.' :

: addioa carried Bandronto the apron of the mode‘ ,dp shown by Figureuﬁl C o

Suoh condition in the prototype vould cauae eroslonito both the apron
hand the riverbed. Each jet wes isolated by tr niné nalls placedr in Be
mool, but the results were not aatisfacto:y..ﬁMoreover, the cos was
%objectionable, aB was also the impact effact of the spiilway flow upon
‘the training walls. : -

A telogram rrOm the project requested results or a test with the
outlets passing straight through the ﬁpillway  otion at: eievatio;"
358.0. The 1:60 model wae changed aocordingly’ ith the outiat“ spaced
117.50 feet spart in pairs. - Various comoination of the outlets‘were
Tun with & full 1eservoir;, Serious flow. cond ons . in the. pool remo
all of the loose material for a. distance of 175 feet,”prototype, down
stream from the apron. - The 1arge whirl which~' "med in tne stilling
pool became worse with one outlet on one sidn erating Flow conditirno
in the pool are shown in Figures 52 and 53 wiph the tops of tne pegs 3‘3

‘.ﬁ

Figure 53C representing the original ground surface. This is equive ot }{

to the removal of 10 feet of erodibie manerial on the proto ype. T
plan for ihe river outlets in the spiiluay sect’on WaEL abandoned, pr tly
- for the above reasong and, in part because o he inability to Teg La
‘the outlet flow with the tube valves on the upstream eqas of the @ ule

- The difficulty of operstion of the tube valve aa the excessive - vay
prespures in the velves and in the outleta below tbe valves in & -milar
- design being gtudied for Shesta Dam. The oucletc were moved to Lae left
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of the spillway, where Laey disﬁQ:
Figure 5 - ) .‘:. '

The l:34.38 moael of tnc riverloutietb. Tnis madel off he river'j
outlets aad snllilqg pool N&b~ ' Sont

spiliway. TFigure 15 snows the1ueéign$as Smeitted:ior luboratorj tests.

During = prelimiun:y run ‘it ﬂﬂS ohderved Lh?t at

from forming. Tne JUﬂP fdlﬂna ut loner aischaxgés;;b

worked upstream into the Jets and oecame v;olently"ag ed.

discharges there wes & sharp 1ncraabe in. velcﬂltj;ah thewwate
‘over the end siil and into the river beloﬂ.'r

The stilling pool Wos leugthenea in a

Juap form ut the ‘higher CL15°har6es. Thl 'naa acccmp*lshed but thei

..,,d -
of the flow pxunging ovar tha Slll 1nto the rlver was

t411- prevaJ.e‘ o
The pool fioor wac Lhen lowerea from PLﬁVutiDn 305 0 0 269 U and

bolic apron was lnutalleu &ccorain~
Oeeale valve, T '
dept).h . .A

approachlng the maximum of 17 000 secfnd~fee£. 

The valves were tilted to l? qearees to‘el minat

conduit iMMEUi&tElJ upstream from ‘the va;ves. Thlﬁ chan&e bhortened‘the

pool znd the epron wnich was aesigned uceording to. th
102-inch tube valve.

ing of the jets.

Th1= apron was too snort L

It wes dlfflcult to determine thé'corr
valves., 3 sllgnt tilt made 8 ionge

-complete epread—

ect tllt for the

r pooi but elimina eu excavation at
the apron. A greoter tilt shortenea tie’ pool

at the apron. Tnis teqt 1nd1catrd that ® tl;t

would not provide an apron long enuugh to ootaln proper pr(&dlﬂg of thef?'
,Jets.l Therefore, a- Longer apron and deeper pool- must oe p:ovzced. A
10 degree tilt wes tuken to b.

Dut lnc nbea excavation
breatcr than iu uegrces




A compromxse oetween the advocates of the two types of valvas _
resulted in the placing of two lO2—inch tube vaLves in the rlght poolf

was obtsined. Iven tnen tzeﬁjumpTdhfyhé
downstream for = ulacharge of3l7 3 se
spread as much as had oeen wrpected Tbl
54y WBs excel;ent ior uiscuarges of L2 ouu

worse with increase in ilow._ It was accepted as Iinal uin meximun
discharge was not expectea to occur verg often, and inasmuchﬁg awdraw~:f
ing of this arrsngement has: been sent to the finld p evioug 1o the moa l;:
tests., Sinee the cnnnnel WL to be in xocm cut tne water plunglng‘overﬁ
the end sill into the rLVer WEs not conaldered to ue extremeljﬁa rious.,

Various :tages of operatlon of thls uesign are shown in Elgures 55;

+

anc 57. .

The 1332 mouel of the xiver outlets.  In 1944 the h}QFAUliC*l&DOrﬂ

tory wss asked to couduct mouel stuales in connectlon wifﬂ replacing the 3 7“

tube zad needle valives w1th four of the newl;—develop”

having a 96-inch clnmeter. e to the. larger ad ameter of'these Valves'

part of the concrete apron mou¢u nave to o€ rem ve‘ to-alloa passage of ..

the jets., It was sugpested ‘h»t tranaltlons be p;uceauoetaeen
duits snd the valves such &s’ to raise the vafﬁes and’ ueczeave their angle'

of tip from 1O aegrees to 7‘ee6re=s. Preliminan) couputatlons indlcated

that clearance couLa De provzdea oy remov1nb uJOut 12 5 anhea of'concrete"*f“

2t the upper end of the apron. ana lettinb *t run out to'"ero at some pu;utt‘

down oo the apron. Using the same origin & new pnraoo;lc aoron haV1ng o
a flatter siope was extenued’ to en 1nter.ectlon w1th tne urltinal apron
at elevation 319.026. The enuatkon of the new npron ib ¥y = -U UJLQBU2A2

+ Ud0466X - 5.82 und is the ilower oné shown on Figure 17. The maximum




The maximum d'ai'

Figures 59B, C,hD, and 60.;

‘maximum desirnbie flow fnr one va

lve operating waé approxima Ltely two
thousand . aecond-feet- PR =

instead of 7. degrees, Detail l, Figure l?.‘ The différence‘in ‘pool’
eperation: waa not considered to be enough to Juatiﬂy anothar teat.on“
the pool. However, a.6-1nch model of the transit101 was built ahd
tested for pressures within the valve and tranaition.’ There were'no )

negative pressures in the transitxon, and t\e rressures were only
slightly Ieauced on ‘the upper part of" the valve nody. The coefficient et
of the vulve was the same . a8 that previou5¢y aetermlned in the _Llitn:nc-.-:'--fi*!f?"‘"i*'i

atory with the valve attached to a - stralght Ppproach pipe. The design‘

- .wag considered satlufuctory and its use wag recommended oy the ' laboratory
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The 1:18.33 model of the tempcra:y bulkheads in the river outlet
trashracks. During the. construction of - Friant Dam 1t was nece aa:y to :
place bulkheads in the: lcwer bays of the cutlet trashrucks to impound 4 o
the rising water until the coaateﬂ-gate tracks and s‘ol seats on t] .:.¢
of the dam were installed. It wag undeairable t‘fremove theae bulkheada ;f
immedistely after the tracks unc Beal Beata were install_ :
able to let the water rige abova them and diacharg'*thrcug
The effect the bu_'l.kheads would have upon the pressures :
wag uncertain, ao hydraulic model studies were utilizadA

their behavior and to meaaure the presaures in the antrance for v&rious
water surface elevationa. ‘ ' : ‘

A 1:18.33 scale nodel uf ona of tbe outlets wae constructa; withﬂ_ mﬁ“*:

period, Figure 18. Since each traahrack served two outleta, a wa

ing the trashrack wagp necesaa:y to account for the effect cf ac‘ e
outlet. The length of the madel conduit was made leas than thnt of tha“
pPrototype to compenaate for tha greater friction factor in the model.\gz

Previously, a mathematical analysia had bee *made to determine the
proper exit diameter of temporaqyﬁnQZzles.tdgbé:plocedaoo“thé!fivéx-=-‘::ﬂ~
outlets. The analysis appeers in Appendix A.‘ During construction of
the dam the outlets were needed to supplament tne flow through the :
diversion tunnels. These nozzles wers to maintain"positive pressurea
in the. conduita, thereby avoiding cavitatio cnd tiing The recom— I
mended exit area of the nozzles was 69 percent o ;the afea of the onduit;rcc

A nozzle having an erit area of 64 pervgnt of the conduit area was‘iﬂf }n
ingtalled on the outlet of this model, the 64 percent resultingufrom
the use of an even diameter.‘ I LTI

A group of tests wes run with the bulkheads in’ position and the _
pressures measured. for various water surface elevationa by piezometers
located on the top and.nottom of the bellmouth entrance.u In each teat
the effect of the eir vent' upon the pressures was studced.‘f o

The pressures an the top of the outlet were lower than thcbe on tha
bottom. The meximum negative Pressure of 9 feet,

prototypa, occurred
with the water surface at elevation 396.0 or 16 faet above the centerline




of the conduit. With the air: vent, closed 4 negatlvc preubure of l: febt‘
wWis recordeg 1ur 8 water arfncs p;evytion of Bbv.o feet., The preesures
on the top and oottom of" ‘the outlet for glven water surfnce elothions k

witn the aulxneaus in plnc; are ghown un Figure 18

nenovxng the bulkheads decteaged the pressureu 6ﬂ~£ﬁé“bbttbm:pfﬂfhe‘“

conauit tnree to five feet of wuter, prototfpe, but'incr esseq the»prpssureé

on the top by oniy one-haif to oue iout protopype._ GanverseLy thew__
pressures on the bottos of the conuhit were 1nc“eased w;th the‘buikdeads{

in position and thae gressures on ‘tic top uecreuse: on_y sllghtLy‘"‘There-'ﬁh{
fore, the bulkheads have no . imyortunt eiiect upon‘the uressures 1nzthe 2

conduit,

The types of flow'thfoughltne outiets Pppearea to cuntrol the
pressures. For reservolr water surfaces xp 55 than‘ : Liiun 390 4pr1cal I
open channel flow exicted with the'conduit fiou1ng on ‘purtially full.-
Since large quantities of a;r could pas, through the ovtlct} atmcupnerlc wf
pressures existed along the toH of Lhe conculp” i Jef lgSUlng from }f
the exit was cmooth except for Ilna-which tenued tof‘”‘ op.- nionc thej

upper edges.

AL water surfuces Detween e¢ethions 390 and lOr the LUHQUlt

negetive pregsures conuLuervolJ NEVEPtuELES

discharged at these et evatians Lor a lonhfjerlo

aecessery to close the eir vents ' :

with the water but, appeared to“guther 1n tne conuu .

witen ejected, cauced spray;. Pressure changes verfk 1aenceu by 4
pounding in the moael in & manner simlLar to & repeuted Nater uammer

and by consiaerable fluctuaticns in p;ezometer reualnbs.‘ uuLH con-,  “
ditions might cause serious. v1bratlon in the prvtotyp~ ¥ losina the§5f:T
air vents prouuced & nmooth flow w1th no sprny or fluctuatnons of

pressure even though the p*eqsure L Were lowereu.

«ith nater surfaces eoove eievation AlU, po itive pressuzes
existed in all pnrtiona of the outlet and the alr vent fiiled with
water. The tests thus inaicated tnat the Crltxc&l conaxtlons would

occur at water surfaces oet-een elLvntlon 390 and LLU.
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FIGURE 4

A - Discharge = 472 g.r. through one valve 134 open.

Res, elev. 559.7, Locking downstream from valve
house.

B - Discharge = 472 s.f. through one valve 134 open,

Waves have overtopped 9 foot gage in left fore-
ground,

FRIANT-MADERA CANAL OUTLETS
WAVE ACTION IN PROTOTYPE FOR ONE VALVE OPERATING
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FRIANT DAM SPILIWAY AND RIVER QUTLETS .
1:60 Model
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Bellmaurh used on Frianf‘:
aasfer qafe fesfs

GENT AL VACLEY nuo.mc'r hcuwmpmn
i FRIANT DAM RIVER OIJTLETS
errecf‘ OF BULKHEADS IN TRASHRAGKS

N Pnsssun IN OUTLETS:
? E’ ALE- MODEL




A, Discharge 3,440 second-feet. Reservoir elevetion 563.25
Four valves 23 percent opens

Be Discharge 3,300 second=feet, Reservoir elewmtion 563,00
Iwo valves 44 percent open.

FRIANT-EERN CARAL, OUTLETS, NEEDLE VALVE INSTALLATION
Two valves and four wvalves operating,
1:34.,29 Model




A, Discharge 3,440 second-feet, Reservoir elevation 563,25
Four valves 23 percent open.

Be Discharge 3,300 second-feet, Reservoir elevation 663,00
Two valves 44 percent open,

FRIANT-KERN CANAL OUTLETS, NEEDLE VALVE INSTALLATION
Iwo valves and four walves operating,
1:34,29 Model



A, Discharge 3,695 second-feet. Reservolir elewation 563,25
Three wvelves 32 percent open,

Be Discharge 3,600 second-feete. Reservoir elevation 663,50
Three valves 32 percent open,

FRIANT~-KERN CANAL OUTLETS., NEEDLE VALVE INSTALLATION
Three velves operating
1:34429 Model




B. Discharge 3,500 s.f, Meximum head, Ce Discharge 3,500 s.f. Minimum head,
Teilwater elevation 466,65, Tailweter slewation +66,68,

FRIANT~KERN CANAL OUTLETS WITH WO NEEDLE AND TWO TUBE VALVES
1:34,38 Model




A. Discharge 3,500 s.f. Maximum head, B. Discharge 3,500 s.f. Maximum heads 2
Tailwater elewvation 466.6€5 : Tailwater elevation 466.65 :
Two wvalves opereting Tube and needle valve operating

C. Discharge 3,500 s.f, Meximum head. D. Discharge 1,750 s.f. Maximum head.
Tailwater elevation 466.65 Tailweater elevation 462.00
Needle velves operating Tube and needle wmlve operating

FRIANT-EERN CANAL OUTLETS WITH TWO TUBE AND TWO KEEDLE VALVES
1:34,38 Model




i




B. Discharge 3,500 second~feet. Heservoir elev, 578.0.
Tailwater eleve 466.65, Four valves 26 percent cpen,

Co Diacharge 3,500 second-feet, Reservoir elev. 479.0.
Tailwater elev, 466,66. Four wvalves 100 percent open,

FRIANT-KERN CANAL OUTLETS WITH FOUR HOLLOW-JET VALVES
1:32 Model
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FIGURE 26

e

A, Discharge 3,500 second-feet. Reservoir elev. 5§78.0. Tailwater
Three valves 100 percent open,

B. Discharge 3,500 second-feet. Reservoir elev. 578,0, Tailwster
Iwo wvalves 100 percent open,

Ce Discharge 2,900 second=feet, Reservoir elev, §578,0, Tailwater elev, 486,65,
One valve 100 percent open,

FRIANT-KERN CANAL OUTLETS WITH FOUR HOLLOW=JET VAL VES
Pool designed for 3,500 second=feet,
1:32 Model




A. Discharze 4,500 second-fest. Reservolr elev. 578.0.
Taillwater elev. 466.65. Four valves £7 percent open.

B. Discharge 4,500 second-feet. Reservoir elev. 479.0.
Tailwater elev., 466.65. Four valvas 100 percent open.

FRIANT-KERN CANAL OUTLETS WITH FOUR HOLLOW-JET VALVES -
Pool designed for 4,500 second-feet, .
1:32 Model ‘"




;A. Discharge 4,500 second-feet. Reservoir slev. 579.0.
Tallwater elev. 466.65. Three valves 33 percent open,

B. Discharge 4,500 second-fect. Reservoir alev. 578.0.

Tallwater elev. 466.65. Thres valves 33 percent open.

FRIANT-KERN CANAL GUTLETS WITH FOUR HOLLOW-JET VALVES
Pool designed for 4,500 second-fest,
1:32 Model



A. Discharge 4,500 second-feet. Reservolr elev. 578.0.
e Tallwater elev. 466.65. Two valves 51 percent open.

o
=
"
B. Discharge 4,500 second-feet. Reservoir elev. 578.0.
Tailwater elev. 466.65. Two valves 51 percent open. e
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 VALVES
Pool designed for 4,500 second-feet,.
1:32 Model
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A - Discharge 5,000 s.f. through four valves.
Res. elev, 578.0.

B - Discharge 5,000 s.f. througk three valves.
Res, elev. 578.0

FRIANT -KERN CANAL OUTLETS WITH FOUR HOLIOW-JET VALVES
POOL DESIGNED FOR 5,000 S.F. SPRAY OVER SIDEWALLS
1:32 MODEL




- Discharge 4,000

8.f. through three valves.
Res. elev. 578.0

B - Discharge 4,000 s.f,

through three valves,
Res. elev, 578.0.

FRIANT -KERN CANAL OUTIETS WITH FOUR HeLLow

W-JET VALVES,
POOL DESIGNED FoOR 5,000 S.F. SPRaY CVER SIDEWALLS

1:32 MODEL




A - Discherge 5,000 s.f. t
Res. elev. 578.0.

B -~ Discharge 5,000 s.f" t
Res. elev. 5Y8,0,

brough four valves with two baffileg

in channe],

- FRTANT=KFRN CANAL OUTLETS WITH FOUR HOLLOW-JET VALVE

POCL DESIGNED FOR 5,000 S.F. GENERAIL ARRANGEMENT
1:%2 MODEL




10 W5l

S e

R TITRE P




FIGURE 42

Be Looking downstresam into pool,
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A, Looking upstream into pool,




A. Discharge 1,500 s.f. Res., elev. 578,0, Bs Discharge 1,600 s.f, Minimum head,
Tailweter elev. 445.98, Tuilwater elev, 445.98,
Two wvalvea partially open, Two valves 100 percent open.

C. Discharge 750 s.f. Res. eleve 578.0 D. Discharge 1,500 s5,f, Minimm heand,
Tailwater elev. 442,82, Tailwater elev, 4465.98,
One valve partially open. One wvalve 100 percent opens

MADERA CANAL OUTLETS WITH TWO 78~INCH NEEDLE VALYES
1:28.44 Model
FINAL DESIGN
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Ce Discharge 90,000 second-feet. Normel tailweter.

FRIANT DAM SPILLWAY
1:24 Model




Be Discharge 90,000 second=feet,

FRIANT DAM SPILLWAY AND STILLING POO
1:60 Model




T

e

A. Plan view of ercsion caused b

¥ passing
20,000 m.f through

the outlets.

Be 8ide view of erosion caused by peasing
20,000 s.fs through the ocutlets,

FRIANT DAM SPILLWAY AND RIVER OUTLETS
1:60 Mogdel ’




Discharge 4,000 second-feet, Reservoir elevation 568.0.
Tailweter elevation 309.50.

B. Discharge 8,000 second-feet. Reservoir elewation
’ Tailwater elevation 315.,0,

Ca Discharge 8,000 second-feet. Reservoir elewation 568.0,.
Teilwater elevation 315.0.

FRIANT DAM SPILLWAY WITH RIVER QUTLETS AT ELEVATION 35%43.0
1:60 Model ‘




A, Discharge 12,000 second-feet, Reservoir elewation
' * Tailwater elewation 18,0,

Bs Disoharge 16,000 second-feet, Reservoir elevation 568,0.
Tallwater elevetion 318,0,

Ce Erosion produced by operation of the outlets, Tops of pegs represent

original ground surface., This is equivalent to removal of 10 feet of
erodible materi

'

" FRIANT DAM SPILLWAY WITH RIVER OUTLETS AT ELEVATION 358.0
1:60 Model




134,38 Model
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B Model arrangement, Looking downstream,




FIGURE 55
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B. Discharge 2,000 second-feet.
Ao gz:;}_ a.rra.nic:‘n::ti o pool Four valves approximately 12
g UpE nw P percent Cpels

Di scharge 6,000 sgcond-feet, Do Discharge 16,000 second=-feet,

Four wlves é.pﬁoxm'tely 3C Four valves épproximately 91

percent, opens percent opens

=
‘FP\IA%T, RIVER OUTLEﬂIm FOUR HOLLOW=-JET VALVES
432 Model
FINAL DESIGN




. : Discherge 5,000 rscond-feet,
A. Discharge 20,000 sacond-feet, B. .

Four walves 100 percent open, Two valves approximately 50
percent open,

Ce Discharge £,000 second-feet, D. Discharge 5,000 secnnd-feet,
Twoe valves approximately §0 Two valves approximately 60
percent open, ) percent open, ‘

FRIANT RIVER OJTLETS WITH FOUR HOLLW-JET VALVES
1:32 Model
FINAL DESIGN




A+ Discharge 2,000 second-fest,

Two walves approximately 30

B. Dischargs 10,000 second-feet,
perosnt open,

Iwo walves 100 Percvent open,

Cs Discharge 8,000 second-fest, D. Discharge 8,000 second=feet,
Iwo wvalves e.pproxim.a.'tely 81

Iwo wmlves a.pproximately 81
percent open, '

Percent open,

FRIANT RIVER OUTLETS WITH FOUR HOLL
1:32 Model
FINAL DESIGN

OW-JET VALVES




A, Discharge 3,000 second-feet. Be Discharge 4,000 second-feet,
One wvalve approximately 71 One valve approximately 83
percent open, : percent apels

¢. pischarge 3,000 second~fect. 'D. Discharge 4,000 second-fect. .
One valve approximately 76 tne valve approximately 81
percent open. _ peracent. open. :

FRIANT RIVER OUTLETS WITH FOUR EOLLOW-JBT VALVES
1:32 Model -
FINAL DRSIGN







, 'ecesaary tb>diver rive
flow through the llO—inch .i"er ut1et ond" t t1

was completed at the time ofgthe:m 
not in place.

Length of upper bend

\Length of lower b°nd
From P, T. -of upper bend to
Frow P, T. of lower bendf

Lengtn of tangent at upper;bend-m;
Lenath of tangent at louer bend

:H.‘

= veloc1ty in the llD_inch pipe:‘
V2 = velocity ‘head . at exit l OOVZ

=

<

“rashrack 1osses 0. olv2
e o ‘23,'.'




frintion loas*in any“quth of ‘ipeh
aqualOOllvz‘ 052477 for 200 ifeet,

lElevatlonﬁoﬂ'the P'
'fElEthion of thr
‘Elevation of tHea

‘Then: tne TEbGrVOlP slevation required'
elevation 332.52 &+ 96 53¥




{’ Masuro-'and a.t !Io. l.

&31.-05-380 00 = 0, Dlﬁ + 0.10\!2 _ 2‘ (o.uvz) + 0.0]_]__& v2 +: ﬁ +4. ’ |

L-'-=220reet;ti -0011:22 v2

.f ,

o 811‘0! oft = - '7
Qia zp:v,po,:l.mwlocity,vz/zg :

o 4,250= 66 oo , 64.1.0 :6).“.10,_

corraaponds approximtely to elevation 391.
‘t.hnt, for na nozzle, tha 'mlue c 4,Q 3,250

| B alecti.on;ot a nozzla.1 Asaum n 2 le
¢ -with cn exit ares cqual 075 parcont:-_ the pipo ‘-“u‘
aves of no-mch pipe = 66. ao aq. ft, R

BER Aru of noul,e exit. = 49, 50 sq. ﬂ,.

 Diameter of aozzle = 7.94 ft.
Y, = velocity at nozale exit.




=19 45'

9.17 =
7%

“

001v2+u10v2+011v~+
<€ “..28 o "2g._;.!

0. 53v2 + i J15an
2g BT

The theoretical pressure-head_’a ong he Cent rlic e_or the‘conduitf
passing various aischarges wigh & Y ‘

hat, a‘smaller'nozzlevwaa
"requireu to fur*her reduce the negatlve ress

Assuméia noiﬁle héving gn'exiﬁ ar

o

of the ccnduit. ﬁ

Then H = 0. 531;2 + 1. on_
2g ' 28




to pass a given aischarge with this nozz;e 1n place. The theoreticnl
pressure—heads along the centerline or th conduit ar founu in the*‘
lower part of Table 2. The pressure gradienta for the, ) ;

B appeur ‘on Figure l., A nozzleihaving an exit are equal to 65‘percen*'
of the nonduit area would work satisfactorily for thfﬁrive: out" ts

‘recommendea. It ia shown LY Detail 1, Figﬁrﬁ'l.
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MEMORANDUM ‘TQ ‘L. ‘G. PULS: .
“(C. V, -ADKIKS THROUCH.J







