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Model Wave Studies:for~Contra Costa:.Canal, 'Valley ~ProJect. 

Introduction. 

i 
The Contra Costa Canal, ~-figure i, is a f e a t u r e  o~ the  C e n t r a l  Va~.~ey :i I 

Project. Water is diverted from the lower Sacramento River and conveyed 

across :the :Sacramento-San Joaquin Delta ~o the canal intake at Rock :Sioughp /:~/i 

.'near Knightsen, California. The can~l at ~ts int'gke has s 'capacity of :~: 

350 second-feet which is r e d u c e d  in the 46-mile length t672 second,feet i:~'~ 
• i~ at its term/nus at . ~ i n e  :~Hill .Reservoir. Four pumplng:~plants.:along the canal ~ii ~ 

lift the water from approximately ~sea .level 'to an elevation of 124 feet. ~ i. 

It is designed to. ~eerve at least 30,000 acres ,of agricultural'land suburban .:~9 
in ;~ ~' ' "~ residential areas, addition to ,the industrial and municipal regions be" - 

nd tween Antioch a rMartlnez, ~Cal±fornia. , ~, :,il ~,. 

Problem for amd,el study.. ~ ~i 

Pump operation ~in the :finished canal ~produced ',waves ,which overtopped ~!.:~ 

the lining even though .the ,ultimate ,pump capacity :ihad not ;been reached, :'ii>;iiii! 

These waves were about .20 to 30 feet :in length, and I.'5 feetln ,amplitude. !~ii ~ 

~del studi~s ,were conducted ~to observe ;the ~characteristios of ~these waves ~,~i 

. and to attempt to discover some practicable method ,ofdamplng ~them. -" ,i.~!~ 

Generation of ~wave~, "i~ 

A 1:24 scale .n~del, figure 2, was~constructed, consisting iof a _long, !~:~!i~ 

~sheet-metal-l~ed_ channel with an enlarged pool at the downstream :end:. ! AI- , :: .,.~ '~ 

::though waves -ere first generated manually ~by a revolving paddle.~ne~ the :~i/~ ";: 

• uPstream,end of .the model canal, the  ~orrectness of len~h, amplitude, .and _ i, 

,velocity . . . .  of ~the .bore waves created in : this  manner was questionable, ZL was~: • ~+~ :~:~:~+: 
. . '~.~,'/',,. ~ . . ~  
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.decide d duplicate .the gates ,and ,transitlion of a pumplng'plant :at %he ' 

Upstream and ,downstream ends/of the modei. ~:By :arranging ,the ~gstes in ,:.~h 

,..manner that they could -be ~Simultaneously raised or "lowered , in a~ .,c~ina- '~'~ 
! , , . - e. :. 

tion, it was ~hoped that true bore waves could ;be ~creatad. , : :i! 

Tests of :t~is. , arrangemento :dlaclosed ,that ;the inten'si:ty of :the waves ,i'~ 

was not as correapondlngl~ Kreat.aa ~hoee ~observed on ,the:i!pr0totype'iwhen " ~ r~ " ;~ 

the same procedure, of gate.o~ratlon::wa. :~followed. On':the pro t~tyl:4":atruct~e ':~:: 

the overtopping waves are ~caue ,~gates gwo :at a time, ,Closing " 

two .,gates on the :model formed appreciable magnitude, and .~i)i 

it was only when all :Slx gates oT the model pumping ~plant :were .closed .that .":.~::.i 

tenslty:was obtained. po ding i 

I 

a :.wave of cortes n .in . : 

Characteristice~0f ,model waves, ii :":~i 

This 'inconsistency made it :necessary t o  determine the ~characteristlcs : :i!';!i 

o f  ~the"s~del wave .and ~compare .them .with:those ,produced on th, prototype.:' " " " ::i !"ii 

Differences in:the procedure .necessary ~for!Eeneratlon Would :be unimportant ..... 

if .the wave characteristics compared ~favorab~ .but lack of s~arlty :":; 

length, :amplitude, and velocity .would make spy further ,testlng_ meaningless., i: i 

• t A grid system was ~therefore la~d,ou' om one ~all of the model .channel, and .~ 

photographs taken at the instant ~wa.es .passed it, 'figure ::,, 

Using these pictures, the length, ampi: ude, and shape of model-produced :.:.~:.i 

negative and positive bore waves .ere determined. " '.;~- 

Positive .bore wave,, ,created by :ralaln~ the ,upstream gates, ,took:~he ~!:/i/: 
form of a series of undulations .of gradually diminishing :intensity. .The ":":,: 
average distance .between ~'cresta ,,was 13 inches (:26 feet prototype), and ,the ~'~ 

maximum emplitued was 1.25 inches :(1.6 feet,:,~prototype),-~comparing favorably ~ i~ 

with t he - prototype. ::~:' 

Negative ibo~e )~avea., ,created :by suddenly ,closing the downstream gates. ::/ii il 
~tended 'to increase in slze as ,they traveled upstream. The average length,mnd '::,~ !:?} 

:-ampl~tude were 18 :inches ,!~:36 ,feet p~to~ype) and 1 ,inch .(1,25 feet prototype), ~:)! 

~espectively. " 

The .speed :of ~these w~vea was approxlma.tel~- 2.~ feet per second ,(!1,8 ""'~ ~, 
• , ,: ~ 

!:f'eet .per :aecond~ototype) as compared !to :an observed velocity of 12.4 .feet . : ..'" ~'~..~° 

~' i :~ii ~:/ :2: :̧:~' :~ ~ :i~ : 
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_Embayment s. 

A similar ~wsve problem on ,the S~anielaus '*Canal innorthern C allforn~a 

~had been Bolved :by ;placing embsy1,~nts.~.at Intervals along the canal  banks;~ :~ ;~~.~ .: .... 
The dimensions ,bf thes~ recesses were such that the crests of incoming . ~ 

waves weredeflected to fill succeeding troughs. In'this mmnner the :create 

and troughs were leveled. 

Embaymsnts were, therefore, £ncorporated in the model, rigure 2. Two 

were placed on opposite sides of the channel~.approximately, i0 feet from the 

downstream end of the model, built in such a manner that ~their dimensions 

,could easily be changed. Ass flrst ~trial, the embayment : floors .were -placed '~. 

one-half ",]mch below the normal water:surface, and their side dlmenslons ~de 

appro  - ately equal to  ne.half :the 1,n h:or  i, ohes. 

of the walls was made i'i/4:1, the same as that .of the sides of the canal 

proper. This arrangement was tested for .both :negative and positlve bore-, 

waves. Some damping was observed in a few of the :waves, :but the majority 

were not favorably affected. The inconsistency seemed to:be.due to osCil'- 

lations.'of varying frequency set :UP in the embayments ~themselves which :de- 

:stroyed the regular rhythm of entrance and '.departure .of the wave crests. 

Under the influence of ~hese oscillations:.,t.he water leaving an :embayment : 
• often augmented ~nstead of damping a wave, Dimenslons were changed several 

.~times.in :trying to el iminate th is  e f fec t ,  but  .no satisfactory,  results .co~d ~ i, 
:be obtained.. Moreover, this osc£11atlon reached such proportions thst:::C~:~i! "°::::,i::::J 
'sid'~rable ~reeboard ~ould be~necessarY on the  embayment.:struc£ures. :This . . .  
type . o f . . so lu t ion  was, therefore abandoned. 

i:i: 

Several .ty~e of.:floats, constructed of longitudinal memberai loz~Itu- :,~ 
dinal .and.cross :members-in ~.the form .of a .~rid, .and members.i~orming solid rafts, ~..~i 
were tested. It :wag foundthat a solid float approximate~ i00-feet .(prot0. 

. :,~type')!In, .length,_ .placed:.. near 'the downs~eam, gates' would"~emporarily.damp . . ,:"i'~!~. ,,,: 
out ~negative-bore ~waves; !however., ~theee :waves tended :to reform, often a@- : ,  .::::i~i 

~!~..quirlng, in ,the distance .between .the "float and ~he upstream g ares..~(.l#000 f e e t  :. :':!: ~!~...i:! 
:}prototy~e)j .even greater amplitude than had .been ~attained .when approachlag !i 

- , ~ _ : :  - :-:-:~ntarvals/~of-.~_ more .than 1,000 :feet, in order to keep  ..the wave ~he~hte ,wll 

:!.! 

%: 
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i~ allowable,llmlts. 

, r.:~" ~ ' " 
: -: :i I:.- 

~oreover,, t'he :performance of the "floats was-not sa t i s fac tory  in ~:the ~.~ 

,ease rOf ipos~tlve !bore ~wavee, created :by ,opening the upstream gates.;" "The 

• :flrs~ and largest of a series of 't~ese"waves was :seldom affected by the 

:~loat,. -and several ,others of ,the series would alsoescape dampins. 

r "''L 

:: i: : 

:~'.. 

-waves, t h i s  method .,wa~ not 'considered practicable. " . i 

It was suggested that :the elimination of negatlve.:bore:,.aves might. : 

:be achieved~by Placing two ~horizontal members, one located :above the Other, " :~:i~.i.i 

across :the ,:,c anal, with thei~!cwer member'on the level 
: 

.figure 2. These 'members - ~shaped, in -cross :section, ~. . : , ~  

mouth converging ,downstream -'would ,offer l i t t l e  res i s tance  t o  the" normal ...... 

traveaing.,ao st  , be.use of.tbe hi -co.ff o ent ,(. p rooch g !;i!i 
~y) of such an entrance; but.,, the ::negative bore waves, t'ravelingupstream,.i ,.": 

would 'lose . . . . .  considerable ener~ in passing :through what is esso1,tlally,a ~ ~' ::~ 

isquar~ed orifice wltb ,diverging .boundaries. ii!~ 

manta when placed on the model. The recesses . ,  ~hos.e :floOr levels 'were .at ' . ~:ii '~ 

the same elevation as the floor: of ,the Canal, ,,were ,used ,in .order tha~ ~he , "~:~, 

. . ~i length of the horizontal members ,could 'be !made 19-3/~ inches~(39.5 !feet pro' ;:-~,~ 
retype) .  w h e ~  p~a ing~,the.~.up~er.member l-3/~:-inches (3.5 .feet " 'i:,',~'~ 

:prototype) :ebcve the lower!:~ember, sufficient :area for ,the=~low :to: pass -i.~:, 

,through ,wlthou~ dif:.:ficulty.when traveling downstream. • .... ~ 

:but reformation ,began "~l~ost ~ately. Apparent~y,'~he ratio :between ' .'i::,:::i! 

~the .entrance coefficients in opposite directions was not great enough -..to ~" 

~-/ . 

uce the desired results. 

- : ~crease :of  ~ e n s l .  f r i c t i o n ,  

Tests c o n d ~ d , ~ : t : h e  re, ode !  , in  which:~he f r i c t i o n  



& ~ (~ r "'~ :Indicoted~ . • ithat the increased friction:which ~Would ~be developed-event~ll~, , ~ r ~ 

"' ~ on t h e  iPrototy, po iby 'the :natural roughening o f  , the concrete  :i~ngir~-&row~h,.:,: ,., : : 

" ~if?~ss, :etc., would aid in el~at'~g::~he !waves. : 
:2 

, ' Conclusions. ~ ~ ' ' " ' 

(~a) 'The inadequacy of "ali:methods'tes h increased 

- m 

~,(b) In view of ithe results of the model investigation, it,was believed 

more feasible to reduce the operating depth in the :canali'~than to employ any: 
of the devices ~tested. 

.. (C) The natural increase ~n,.ro~ curs as .... 

the canal ageswould-be an everlncre~ energy ~ 

creating the waves, thus decr.eas!ng.,the dlst~'ce whlch'~hey w ~ 
• . outed travel 

~a~ted. It isp~obable that s~h ~ pheno~on ~.ould la~r~t an ~o 

crease in the operating depth of the ~canal. ~ . . . . .  

"~ i~ ~ ~ .... : ~ ~! 

~i !~ ~i . 
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