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MEMORANDUM T0 CHIEF DRSIGNING BNGINEER® SIS R
Bub‘d‘oitv:' Hydraulio model studies 6n'-hutnuy 'onti-gi:qii'q_‘?ro'r the :'Fifiunt-
‘Kern oanal - Contral ‘Valley project, LR A

-~ .1ls 'The Frisat=Kern ‘canal, under normal corditions, will obtain dits -

. entire-capacity flow of 3,500 ‘second=feet: from the ‘reservoir areated by
Friant Dems Dus to surface drainage into :ihe .canal ‘during ‘severe storms,

. ‘the . flow in the canal will be inoreased ‘considerably and would .overtep’ .

. the banks wnless some provisions were made ‘for ‘disposing .of ‘the exceas,
‘This i¢ usually done by providing wasteways: at-critical points along the
canal, These structures are designed so thet an:incrasase inthe canal
watar surface. abowve the normal water -surface will automatiocally cause =
the wasteway gates to open and discharge ‘the exsess flaw ‘into a naturel

‘watercourse where it will no ‘longer be .8 ‘menmoe - to “the canal,
. 2%+ In the past, variocus types .of sntrances have been used in':cone’
Junotion with the wastewsy struotures, but very little.usable information
:portaining to the relative msrits of the ‘designs was aveilable. On ithe
Friant~Eern ocanal two types of entrances were proposed .for different '
struoturea where the design dlscharge was :the same, In ‘this :instance ‘the.
openinge at the gate pections were {jemtical, but the dosigns differed in
that design 1 (figure 1) ‘had .wing walls 'flared 30 i-'ddgrqpsf‘i‘rog-itps‘"zpiuﬁr;, T
lire of the strusture, rounded asotions -at ‘the intersections cof ‘the ver-"
“ical and sloped plane surfaces,.and-a drop.of. .24 ‘Anches ‘from the bobtom .
.. -of.the -canal:to the floor: under ¥he -gates; whereas, .in design -¢ (figure =
© '4), ‘there :wee no flaring at ‘the entrance, :no rounding of eorners, ;and no
“.drop 'in-the :floor of ‘the canal, iFrem the viewpoint .of ‘conatruction-cost, .
- dosign 4 (figure 4) was probably leas ‘expensi:ve, ‘‘However, ‘it wae;bighly -
:probable that-design ‘1 would produce better flow conditiona. iBachuee of
© “these :factors and the desirability.of studying the-flow.conditions:in

these designs and their variatione (figures 2 and:3), a 1416 508

..~ draulic model was sonstruoted in the laboratory.

. . "Ss The 'first model oconsisted of a section of oanil with the’ waatewny .
. ‘entrance .and gate section as ‘shown‘on figure 1A, /The stilling.pool down= .
. atreau ‘from the gates was not a part.ofithe ‘studies .and .was eliminated in -

- vall.of the testss The imvestigations ofithia design ‘andits ‘variations,
-d0signs-2 and 3, revoaled that design 1. EAT® the ‘most .favorsble ssurfaon . -
{flow conditions. Ths turbulense snd ‘the :splash wera ‘at a minimum, and .
‘the .maximum capaoity of the opening under “the .conditions.of the ‘test wis |

- ‘182 peresnt -of the ‘design capscity. Design 2 wagiidentiosl with design

"7 71, -@zoept -that:the rounded .corners -on the flaring wing ‘walls were .p=

" yplaced with .square corners, and had the same maximum discharge -ag -

le However, a -surface boil replaced ‘the .swirling .motion ‘that




a

upstream from the gate ‘seotion in the previocus arrangessnt (figures 1B
and 2B), Thie was not objeotionable, and ‘the .perf-rmande of the two,
arrangements could be ocnsidered identicel, Design 8 was s combimation
of designs 2 and 4 (figure 3). It ‘oonsisted of theiflered upstrean'wing
wall in combination with s downstream wall normal ‘to -the ‘center ine cof
‘the ‘sanal and no:rounded surfaces &t the ‘Intersection :of the entrance
walls -and the canal lining, ‘Tests showed ‘the ‘sams maximun-disoharge . i
‘with'this design e ‘with :the previous ‘designa, The water surfaee upstream . i
‘from the gates was more turbulent,. resulting ‘in some .spray which sigh wet
'thofga.te'oporn{ting.mchahi'dm\'nbon‘ff'._ L s e e

'The ‘recess in the canal bottom:in :the ‘above.'desl gna'was ;provided to

#erve as.a catchment ares for sand: and:boulders. .It:did:not ‘funotion s
anticipated besause the velooity in ‘the -region ‘ferthest {romithe ;gates ..
was insuffiocient to “soavenge the deposited material, Design 4 (figure 4), -
~with the entrance walls normel to :the center ‘line:of the isanal, was-the .-
most unsatisfactory type of entrence tested, 'iTha'ri'_g‘vr'u‘}-aona’llt!ortb‘lo U2 o E R
-dence of vibration in the ‘struature, -and, in.addition, ithe ‘mAX mam
-onpaoity of the opening was 25 ‘peroent below :“'tb.at,.lor}-;tha---‘{t:hrop__f;‘prhviion. G
degigns . (figure 5), This redustion :in capmcity was ‘due partially ‘to ithe
- difference in head at the entrande ;and partially to ‘the unsatisfactory -
Tlow conditiom, as shown in figure 4By o S e ey
4. ‘As'the gates .were opened gradually ‘during the tests with.design
4, the control section shiftsd rapidly from ‘the :ares under -the gatesito -
the opening in the oanal slops.. ‘The ‘exact point -at which -the change. =
~occurred.-oduld not be determined accurately; rhowever, 1t seemed to ‘geour. - -
-'when:there was a vertioal space of ‘10 feet -under ‘the ;gatas.s With'the
‘three previous designs this condition was not .obtained wmtil ‘the gate
opening exceeded 14 feet, Bacause .of ‘this f"zh:li':t't’in'"tho_'r.oolxgtfgliéwith;d.-

sign 4, extreme oars should:be:exeraised iin the \use of ‘the gate diecharge : -~
coefficients .shown on.figure-6;: and under no ‘oiroumstanee uld ‘any .of
‘these -ourves be extrapolmted. . . . TR R

5. The combined gate coafflclents of discharge .(figure .8) cbtatned
during the tests indicate that there is ‘no ;agpreciable differencs in-the - .-
~eapaclty of the entrences as.long as :the -opening under ithe gate-ig woll
-submerged, ‘The “variation in ccefficients ifor..largs values ‘-‘:"of»;D/l;t.-i;i_;a" G ten
_probably due :to the combination of experimental error ‘and ‘the .difficulty

‘in setting the gats exaotly in'the same position for ‘saoh taat, For ‘the
o <lower cpenings,:a smll.errer ‘in setting ‘the .position of ths -gateiwould
*. ‘i6ause a considerably larger error-in ‘the .computed results, ‘‘Another :method -’
. .for comparing the merite .of ‘the designs ‘was :based-on eritioal’:flaw whish -
ocourred with free:disoharge through the-wasteway, This method iof ‘coms . |
-parison is questionable’ with these parti oular designs:beocause ourvi<

“Mimear Llow instead of parallsl flow is cbtained in the truotive, therety




- oreating a oondition where the: formilaa for- critioal i‘low do not gln
accurate results, However, for ths value they may have in future desizh .
purposes, :the results of - an-analysis with criticml flow aa 8 critoricn e
are listed 1n the ‘following table. : : : S

Dosign S T R N R o : g2
¥o. | Ha f H pBaeln:} g i 5,676 Dg

1 18,69 | 17,28 | 1436 | 5804| - . - 0.894 e
2 18,68 | 17,09 | l.44 |8253'|  oiese
s | 18.67 | 17.28 | 1,44 | s304 | - osser
¢ |16.08 | 1430 | 2u7s [a00s | oz

“tqtﬁl«onﬁrgy'availuble;ih}tbn\oaﬂﬁi; g

véiyere Q= meagured -:'d; i'g'ha,gg,;

lou between: cnml md point or diachar

coeffioient of diuoh&rge bnsed on: oritaca-l‘“
‘equel to 2/3 Ha,

horisontal oponlng undor the gaus.

"Fred Looher




APPENDIx J,l

CP IT IGAL FLOW

Extrnotad f‘rom "Fluid lbohmioc Tor: Hydraulie Engimeu" -
‘ by Buntor Rouao :

The vsloeity diutribution in a channel oausea 2 daﬂnite-‘.‘ r L4t
in total- head from:the top to’ tho botwn oi‘ tho aaction, u wall au‘rronzt,; :
- slde’ to side, :Since. :lt is expediont to expreas thn weighted aun total
fhaac! in terms: of the mean velooity,, the quantity VR must bo nult:l- o
-pliegd by K N the velooity-hoad onrroctiomfaotor whgae nlua beooms -
uni ty only- when the nlooity is- oonatant over tha.eoction. Tho mgnitndo

sof K ' mey be’ a8 low me. 1.05 for vory moth bouﬁ arina nnd high wlool
 ties oi‘ flow, ‘riaing wall boyond 1.20 i t.ho"' belativo roughneu s, grcat.
: -Aoourate imestigations requira due rogsrd for thiu t'nctor ""'pnrtiuulurly -

AT tho 'elooity di:tribution vu.riea from one nction to the nozt. iIn
_the "development of mthada of praaticml ongimoring valuo, 1nolulion of"_ff
this variable as a fnnotinn of flow ohaructoristios introduoea modlon
" .oomplexities not oompatible with such inexact. methodayaa are involved: in "
‘ rthe empiriaal oxprnsinns for resistanesg ‘rhcrofore, K 13 considerod : ‘.
to’ have a value of unity in the i‘ollowing davelopmntu

‘The" total haad over a. given vertioul saction '1.11 be given by tho

“expre ssion

'But ‘ainos the potant:lal hoad is oonata.nt ovor tha aectian rand cqunl to
_ the depth ¥ plus the. olevation h of ‘the lmr boundn.ry ;
: .eleva‘don of “the: enary line above tho lmr boundary my be - vritean an

s L‘}"I‘h,ta qunntity is commnly callod tho specific energy. Hre g
um- ‘hioh ucincides vrith tha lowormat ctreanlinog :In m—di mmioml




flow. the ‘rate" of diuohnrga q- per unit width o!‘ seotion 1s=the produu'l:"--
of ‘depth and mean valocity. Thn equation of 1{ thon booonu Set i

ety ”.v-;(_e)-

Esy'

-The forogoing axprossion 1nw1ves three variublea",‘ any one of which lny

‘be considered dependent. upon “the other two In ithe ‘most . gomral ouo :
‘of flow, ‘all three will Iy but in ma,ny __c.-ypea oi‘ ‘mtion ne ‘or thc
other my chenge slightly, if at-all, Suchitypss<of flow:mmy:then. S

troa‘bod at lesst as a. first npproximation,”in 'berns of only w v‘ ‘.i- :
‘sbles, If - romains constant, nocording Rk equation (d) thsra will be»
possible  two ‘depths of . flow: y "for: ovory valua 'o'f : ‘He A%, somn dupth | _
the - spocifie emrgy oSt muuh o minimum value whioh my_ wbo' dotcrnimd '

.-setting the result equnl to uro. 'rhua. E

- 3 | . . .l> | .. »V . ‘>.>.> “ .' ..
Vo \/gq -.o-c-ouoo-..-c---.-ttn-o..!.‘00.00400900(‘.) T

' 'I_I"-':H were taken as:the conatant ‘-tex?m::_inokc‘;ﬁdi;&; (d). ia




apparent thut tor ovory
rpouihh.

(-,—)

. qu. j’ . SEREIN . s
But aince the mininum apooinc emrgy (...9.-..) 1 *,_it is ovidont S

N 53‘3 Hmin.' —
._that the - criterion for: mximrdiaoharge nt 1 ¥ ginn,zspeni ﬁo omrg 1.._“..‘ .

‘{o{{iicdb

‘for any. othor chamml uince tho mte of 'isohurzge ‘.:,Q 45
VY and ths - aron A of tho flow aection: H._

dE,.: i ( Q
dy _‘4_.‘,dy 2g AZ

~ whence, under ‘oondi t{ ons of ';oriff‘r"al : i‘low

RIS

. '."'liQO.‘;;"tt;luoct;..lll;:;rO;>8 o
)o 3 . _ e (8)




8o long as gmdunlly vnried flow .'u uonaidercd the ﬁuritioal-.dopth au
‘previously . doscribed is a very uuoful paramotor_ But equution_ (I) fnp-

=erost¢d wair, ‘It is uaur.lly pmsumd that for a given ”rourroir wlml g

The rate - of disuhnrgc nhould then be - doterminahlo i . _;",,.‘g_;‘i,ﬁg,g cﬂopth
masurenqnt, Ll RN :
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