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;Suquet} Model wave Studies for’Contra Coata Canal Central Valley Project

Introduction.;_'

The Gontra Gouta Canal rigure l, ia a feature oﬁ the Central Vallay
Project Water is- diverted from tha lower Sacramunto Rivar and conveyod
acroaa the Sacramento-San Joaquln Delta to tho canal 1ntake at Rock Slough
" near Knightuan, California. "The canal -at ite intakc hae ‘a’ capacity of
350 aecond-fegt wbich is reduoed in the A6—mile length tc 72 saoond—taet

at its termlnus at’ Vinaiﬁill Rauervoir Four pumping plante along the canal
Clift the nater from approximately Bea l-vel to an; elevation of 124 reet.
It is. deslgned Yo serve at'least 30, 000 acra_;of agricultural and auburban _
residential areaa, in addition to the’ induatrial and mnnicipal regions ba—-:'
tween Antioch and hartinez, California.’“ B S

Problam for mndel atugg '
Pump. operation in the riniahed canal;produced wavea which overtoppad
+the lining even though the ultimate pump capacity had not been reachad.;_ ,
‘These ‘waves ‘were about 20 to 30 feet in length ‘and l 5. fbet in amplitude. » 
¥ndel - studiua nere conducted to obuarva the characteristlcs of thess waves'
-and to attempt to diucover suma practicable mathod or dampdng tham.‘z

Generation of Wavna. s

. A 21124 soale modcl rigure 2 was conatructed conaiating of a 1ong, -
_;'lnheet-metal—lined nhannel wzth an anlargad pool. at the downatream und.. ﬁl---'r
' though waves ' ware flrat generated.manually by a revolving paddle.nqgr the ‘

*p;upntream.and of the model canal, the. corractneaa of length,famplitude, and

. 1 3v¢1ncity of the bore ‘waves created in thiu mannar waa qnontionabla. !t wan it




dacidad to duplinate tho gataa and tranaition of a pumping plant at thel -
upstraam ‘and dounatream enda of the model. By, arranging the gatea in” uch‘

»a mannar that they could be aimultaneously raiued or lowered in any cnmbina-
tion, it uas hopod that truu bora wavaa could be*created R :

‘ Tests of thia arrangemnnt*discloned that tha 1ntenaity of the waveu ¢

;A”waa not aa corraapondingly great aa thoae obaervad on tha prototype whun k _i7

.jtha same prneedure of gate operation waa Iollowed. On the protptypo structuro;
the overtopping wavea are: cauued by nlosing tha gntes two at a tima Clouing ‘

T bwo gatea on the modal formnd no - undulationa of appreciable magnituda, and

| it was only when all . aix gataa of the. model pumping plant nere nloued that ‘

a mgve of correuponding intenaity was obtained o (R

Charactariatice of model waves. 5 x'-

Thiu inconniatoncy made At neceasary to detormine the uharacteriutics B
of the model wave and compare tham with thoss. produced on tha prototypa.\fj"'
Differanoea in the procadura nace-sary Ior generation would be unimportaht S
1f the ‘wave cha*acteriuticu comparad favorably, but lack of aimilarity in - :
length, amplitude, and velocity woudd " mako any further tenting meaningless.ﬂ»;A"
A grid system waa therefore l&ld out on one wall of ‘the modal channel and .
R 'prntographs taken at the in:tant waues palaed it iigure 3. T e

Usirg these picturea, the 1angth ampl*tude, and ehspe of'mndel-producod
negatlve -and positive bore Waves uare dsterminad N It '

Poaitlve ‘bore waven, creatad by raiaing the upstream,gatea, took the :
_form of a- seriea ‘of undulatiann of gradually dlminiahing 1ntensity.',¢h,,‘ B
average - distance batween creata uaa 13 inches (26 Ieet prototype), and the
‘maximnm amplitued was 1,25 lnchea (l 6 reot prototypa) - eomparing favorably
with the prototype. o L

Nagative bore wavua, created by auddenlyzcloaing the downatream gates,‘,f

;tended‘to increase in size as they traveled upatream. The average length and -

- amplitude were 18 inchea 536 feet prctotype) and 1 inch (l 25 Ieet prototypa),_ ;
-roapectively ' o
. .y; The apead of theae waves wes approx4mntel& 2.4 feet per second (ll 8
-Zﬂreet per aecond‘prototype) &8 compared to an obsarved velocimy of 12.L !aat
pp?nsgcpgd3at 8 ‘bg the prototgps uave;.
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A similar wavu prcblem on the Staninlauu Canal in northorn Californin
had bsen uolved by, placing ombayments at intarvala along ‘the’ canal banks.
The dimsnaiona of theuq recaasea wera auch that the crenta of incoming s
waves were. deflectad to Till aucceading trougha., ln thia manner the crests»

~and trougha were levaled.A_ _ ff"‘ e o
| Embaymenta Were, thuraforo, inoorporated in the modal, figura 2 Two
were placed on oppoaite sldea or the channel approxamately 10 feau from the
downstreem -end of the. model built in auch a mannsr that their dlmansiona ;f _
could aasily be. changed Aa a first trinl the ambayment Iloora"wora placed -
one—half lnch balow the normnl Water aurface, andﬂthair aide dimansiona madn P
approximately equal to one-h&lf the wave length or six inches. The : 'pe"g;hﬁ*fw
.of the walle wae made 1—l/h l tho uame as. that of tha aidea of the canal
proper - This arrangement was teated for both negative and positive bore
.-‘waves. - Some damplng was obaervcd in 8 few of tha wavaa, but the majority
were not favorably afractad Thn inconaistency aeamed to be due to oacil— S
lationa of varying fraquancy set up in the umbaymenta thamaelvea which da-wf o
atroyed the regular rhythm or eutranoe and departure of. the wave crasts. g
Under the inIluence of these oacillations tha water leaving an ambayment
often augmsnted inatead or damping a wave.“ Dimenaiona ware changed,aeveral
timQSin trying to: eliminate this effect but no satisractory reaulta could ,
be obta&ned.=- noraovor, thia oacillation reached aunh prcportiona that‘Can ? :
aiderable Iraeboard wculd be neceaaary on thn embaymunt atructurau.fﬂrhig,[*‘ f
type of lolutlon was, tharefore abandoned.j;;;;,‘ ’ Cepd e
_ | . ___‘. Floata. f.ffﬁi:f': T5' . S
Soveral tyuea of.floata, conutructad ef lcngltudinal mambors, longitu- 73“
dinal and Eroes members in the rorm of a grid and mambers Iorming solid rafﬁu,
m-e tested. It wes found that ‘s solid float approximately 100 feet (prot-o— o
+ype). in length, placad near the downatraam gatea, would temporarily damp
out nogative ‘bore navea« howaver, thaeo wsve. tended to reform, orten 80—
quiring, in the diatance ‘betwaen" tho Iloat and the upztream;gatea (1,000 reat
;prototypo), aven greateriamplitude than had becn attained when approaching
the float. This indicated that 100-foot flosts would have to be placed st *
noﬁ‘mpra than 1,000 feet in order to ksep tho uave heights uitb—




‘in allnwable limits.

Hornnver, ;he performancn or the Iloate was. not satistactory in;thu

‘0ase of poaitiva born waveu s craated by opaning thu upatream;g,iatea. The =~ =
ffirst nnd largest of a ueriea of tnase wavea waa seldom afrected by the “f_f”

'float and aevaral othora of the aeries would alao eacape damping.'

. Gonaidering the excesuive numbar of flnata_requirnd:in the caae of
. nagative bore maves and’ their ineffactivaness in_the cabe of'poaitive bora
: wavaa, thin msthad was not conaidored practicabla L T

It wae auggeated that the. eliminatlon of negative bore naVea might o
‘be achieved by placing tﬂojhorizontal mambers, cna 1ocated above the other
_acroaa the canal, with thahlcwer mambar on the leve ‘ofmthe;canal floor, _
.figure 2. Theqe msmbers - shaped An crosgs: section,qtoﬁresamble:é bell~ -
- mouth converging downatream - wouldaoffer littla resietanca to th nurﬁal
“Flow travaling donastroam, bacause of the high coafficiont (approaching )
, unity) of auch an entranca- but the negatlve bnre waves, travellng upatreanb‘q
| unuld 1030 considerable energy in pasaing‘through what 1a easentially a
aqnaroqnged orifiue uith diverglng boundarioa.”

‘ Thaae membera were 1ocated on the mutual‘centerllne of pair of ambay-_j

B} mnnta when p;aced on the modal The recaasea, whosa rloor levela were at
the same elcVation as the floor or the canal ware uaed 1n order that tho o
length .of the horlzantal mgmbera could be made l9—3/h inchea (39?5"Ieet pro- ;~

f_totypn) This allowed, when placing tha uppar membor l-B/h inches (3 5. feet.
prototype} abcve the lower mnmber, aufricient area for the flow to paaa

B through withouo dlfflculby uhen traveling downstraam.- L

~When tautad, a damping affect mn tho nagative boro wavea ‘wae noticeable'
“but raformation: began almost immsdiately Apparently, the ratio botwaen '
'the ontrance coefficienta in oppoaite directiona wag not great enough to

'ﬁproduce the dcsired raanlts.‘

f;Increaseforfcanal friction.‘-“




'vﬂndicated that the increanad friction which would be dlvelopad eventually'
uxthnaprototypn by ‘the natural roughanlng or the concrateﬂlinghuparowth*V“”
1£ mnsa, etc., would aid in eliminating§the waveu.

COnalusiona';':”"'"

(a) The lnadequacy of all, _thods tented excapt“hat which increased
; ‘the cangl’ friction would - 1ndicata,fhat ths prcblam.i' ot aoluly one of
‘leliminating the uavaa, but<alao nf daatroying the ennrgy‘which createm them.-

(b) In view of the resulta or the mndal investigation, it was balleved

‘more feasible to reduce the operating depth in the canal han - to employ anyL:_"

of the devices tested

(c) Tha natural 1ncreasa11n‘roughneaa‘_t the"liningéuhich occura‘aa”

=the canal ngaavvould be. an evarincraaaing1factor_in5destroying the anergy

4creating ‘the wavea, thus decrwas*ng{tha distanca uhich they'wbu4d travel
{?unabated._ It is probable that augh a phenomunon nauld léﬁar'permit an in—‘

crease 1n.the operatlng depth of the.canal : '
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" WAVE GENERATED BY OPENING GATES AT \PSTREAM END OF CHANWEL

CEARAUYERISTICS OF NEGATIVE AND POSITIVE EORE WAVES

CONTRA COSTA CANAL
1:24 MODEL




