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IRTRODUCTION 

",,!,~ 

: + 

Coaohell~ Canal is a "breach of the ALI-Amerlsam e~ system, the 

oonne~lon occurring at .Drop ;NO. I, about 17 ~les wes~ iof Yuma,~ Arizoma, .~ 

~(flgu~.e .i). The canal crosses East Mesa, pas,es northwest between the 

~'Sal%on ~ Sea .and ~he-Chocolate Mountains to a point near Indlo, ~.~l~o~iA, 

wh6~e:it turns southwest :across the Coachella Valley and then south to 

- .  ,,. the Riverside-lmperial countyline. ~he purpos~ of the csm~l is to  pro- 

vide water for irrigation :lm~.Fms% Mesa and the Coachella Valley° " 

An abrupt change in ground elevation at Station 290+00 on the canal ~ 

necessitates the construction-of a drop ,structure. Advantagewill be ~. • 

~%aken of  .this change in e l e v a t i o n  to  install a power'unit, k n o ~  .as ~e, 

East ~,.e.a Power :Plant, to generate electricity for the Ia~erial~i~Vali~. 

~EF~ FOR MODFL STUDY ~ " ..:. 

The o r i g i n a l  .design. c a l l e d  ~:fora _structure comparable i n  l ength  %o ~:.i~ 

Drop No. 2-on %he ~-laeriean Canal, Because of the smaller diseha~ge~ 

2,200 .,econd-t"~et as-against 8,.500 second-feet, it'wa,:..[eit "that a l ~ i s  i/! i 

elaborate :and aborter structure .might be developed by model tests. W ~:'~ :" " ; '{  

MODEL TESTS . . . . . . . .  

A 1 to 2 £  scale model ~as constructed from thL~ original design :draw- 

ings (figure 2). The model was tested for each design using c~rtain~/flow 

combinations. . . . . .  

A oons~t quantity representing a prototype flow of 2~2~ QUbie / ~r" 

feet per second was .discharged P, in %~mn, through the spillway~, through :i.'~ ..... .,:.,.. 

the..~ .~.~ ~..tw° units .off~:~he powerhouse, and .through .icombina ns of powerhouse ~:_i! ' -. -.}~.,~} 



L'. 

n o .  o~d~tlon, : . ~ r ~  the . p ~ l . ~ .  :,~d ~.,~ou., ~o,.:~ .: 
spillwaysp and: ~in ~,e st4111ng,pool, wore observed. :Profiles ,of. ~tho,:~ .~ ~ii 

water  .aUr£aoe i n  ' the ~pL1L~way were .taken f o r  :design He . : 2 ,  i~eour ! d o w n - . : "  

' ' i g  . . . . . . . .  .... ii stream f r o m t h e  lower  .warp was c a r e f u l l y  n o t e d  f o r  :,~ach des n~ ,,~: ,:,~., 

RESULTS FROM ORIGINAL DESIGN "://':i~ 

Tes ts  on "~his~design d i s c l o s e d  : that  t h e  perTora ted  p i e r s  i n  the  o e ~  i,!i~' 

t r a l  s ec t i on ,  a t  the~ en t rance  of  the  drop s t r u c t u r e  -were ,not p r 6 p e r l y  Is- ~::''. 

cared. These piers are <built :with a ~sor~e~.~of openings ~thro~h" ,them as- ~ :/i".. 

:evolved in .the A11-Auerican Canal Drops, the purpose:belng tO ~duce ,, 

surging in :the for°bay and~to equalize ~%he pressures o n .  the ~two"~s~des ~of. : //~! 

the  p i e r s  when a l a r g e  drawdown occurs  on o n e  ~ i d e .  I n s t e a d  of  be.ing 

drawdown oocur , , they . :were  l o c a t e d  in  the .center  of, ~he :channels. le~i/}:!/i~:i.~!, :. 
%o the two powerhouse :units (,~ ,~e~ ~ '"" ~ ~~ 

p i e r s  r e l i e v e d  the .~trouble, a ,  .... ~/::~),. 

Model '.tests i n d i c a t e d  that ~the or£gln~L ,des ign ,  iWlth the. '.exception 
of the~above change, would .operate :satisfactorily .(figures 4 and  ~)" .:~ 

The approach flow eond l t lons  and- the  . .conditions In:: the spS~.~ways.,smro 
° good. The induced roller in th :spillway stilllng pool:performed :in ~a 

satisfactory menner, and . the  amount of scour ,cS~wlss4~roU~::i~rola the loser "~': 
warp was negllgible. .~ ," :: ° :: : : : 

In v i s u a l  o b s e r v a t i o n s  of  t he  model ,  i t~was a p p a r e n t : t h a t  a 0ons ide r -  

t..r 

the  sp i l lways  to g ive  access  to  t h e  powerhouse, and ,a  considerabke-i~eng~h ~:i 

o f  the  massive t r a i n i n ~  wa l l .  _ 

At the same t ime the t h i c k n e s s  o f  ~ e  W~lls .of the approaches . ~ h e  

.~powerhouse w a s d e c r e a s e d ,  as :such t h i c k n e s s  seemed u n n e c e s s ~ ! s t ~ U ~  
:ally. ' - 

Theme changes had no detriment°leEr°crop on ithe ~erfo~noe-of: the 

. t ~ c ~ o  and it was therefore decided ~ , ~ r k . = l u s l ~ y J ~ t h : ~ a -  : i~ 
t t o n s  of t h i s  unsymmetr ical  type o f ~ r o p  in  subsequent-~tes.ts.  

An . e f f o r t  was-~made-to ~el iminate  one or  both  s e t s . O f  \bucket ~ s t h . ; ~ n d . .  ::-'.! 

%o raise .the ~floor elevation In-.the .,bueke.t (figure 7),, ..:,.~ 
. . . . .  "[ • . . . . . .  ",- 
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d that t o o  p j ....... " i t  'had b e e n  d e t e r m i n e  , t h e  p o o l  ',was d e e  i: ~ ~ ' u s ~  . ~-~~"~" 

were employed  f o r  d i s s i p a t i n g  t h e  ~ e n e r g y  i n  ~the ~ s p i l l . a y  no. .... ...... ';!Ji! 

a r y  r a i s e d  ' f l o o r  r W a S / I n s t a l l e d  and "!%tied i.in c o n j u n c t i o n  ~ : ~  ::.-:" .... 

o f  d e n t a t e s ,  one  s e t  o f  d e n t e t e e ,  " and  a l o n e .  iRemoval ~ f / ~ o n e . o r . b o t h  s e t s  

of dentates was also :attempted wi%hout'the raised floor. ;Profiles were 

taken :of the ~spillway and :stilllng-pool water,sUrface : under al~l these ,con- i !i ii! 

ditions. :A comparison ~of these iprofiles seemed to indicate that the :best :?:~'!/il 
: , 

solution still lay in the original stillin£ ~pool ,profilewith :bo%h :'sets : 
o f  b u c k e t  t e e t h  i n  p l a c e ( f i g u r e  iS).. .~ .::~ 

DESIGN NO. 3 ,  FI.AL ~DESIGN ~ : i  

Six changes :were made in the i~Ird ~design /(fi~urs 9),. i(I) :.The,"~,to~ "~ 

length, out to out of paving, was shortened; ~(2)the width~ ~of ~e.-spillway /~ ~~ 

was decreased; (3)the profile of the :spLllway was changed; (.~)~he p~er ".,",~ 

located on the center.line of the spillway was changed in leng~ and ~/, 

shape ;  ~(5) the b u c k e t  ,teeth ,ere r e s p a c e d '  , and :~ , (6 ) r i p r ap  ~wae <Plac4d'.:om : 
t h e  ~.side s l o p e s  o f  ~ le  ~canal dOWnSt~am f • • • " .. . .  - " : "  '-~ t o m  >the lower ~warp,:  S~nce , : o p e r a -  ,:~:: 

t i o n  .of~.the model  i n d i c a t e d  'Lthat ~the l e n g t h  o£ ~ t h e  o r  i g i u a i  d e s  ign.~was ~. :!:/~i<~ 

unnecessarily g r e a t .  ~ t h e : n P s t r e a m  .warp was sh~6r~ned f rom i05 f e e t ' . i ~ : ~ O  : ~ 

feet. ~o detrlmental~ effect wasnoted, downstream ~, ~i ii~i,~ii~i 

was similarly reduced from 105 feet/i%o 78 -was ~s 

stream 76 feet. steepening t.hesloPe of ith profile. A :~Shor,%' ~.~s 

concre te ,  sec t ion. ;  35.~. f e e t  : o n g ,  a t  i the  same c r o s s r s s c t t o n  .as , t h e  > C ~ I  i t -  .... .::~'ii:./i 

length to 369 .feet~.9 inches, When:i~testad~.a~£ur~er. ~duction . . . . .  of le~.th ~ , :~. i!:. 

seemed possible. The length ~of ,.the downstream warp was therefore red~Aced. ~!':'~i! 

a n o t h e r  20  f e e t .  I ~ i s  n e c e s s l t a t e d - a  : - c h a ~ e ~ ~  ' ~ '  " ' . . . .  ~ +,,,he e l . o p e  ~ o f '  t h e  ~ s t i l l . i r ~  ....... q ra ~' 

pool ~fioor from 12:1 t o  9,87:1, ~ " " "~ '~:'~ ~'~ 

The width of ~h e .channel was decreas@d :from 28 !eet ~4*~inches.~ 26 . . 

was made .for structural conslderations .only. ' " " 

.The profile .of :.the ,spillway "r WaS .changed "in such a way ~that i~st of /":-/ 

• on ~the original ~profile. In :thle way a saving ,in .excavation couldibe :~c- 
pllsh d. ,.... corn e .. , . . . .  -..,, .... ~:. ,..; 

The pier located in the-center of ~t/!e :upper  end ~of :the spillway :chan, ~i 

n e l  was s e e n  ,to be t oo  s h o r t  t o  ~Stra~ghten :.the . f ! ow~befo re  it.reached. ::~ ~! 

the~stilllng pool. Several lengths ~were..tried,.. ~but i:t was :discovered... * 
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+/~i:+:~i~_.i + :+?~ ?.,the ~pillway: instead o f  the position originally indicated+ 

i n  a l l  eaeea  towurd.+the i ,  Orli~tAon o f  a f~n'OfL water  f r o m , , t ~ - d o w n s ~ a a  ~ i~i:~ 

beat  ~ l ~ t l t s  i n  t h i s  r e s p e c t .  The p i e r .  ehape,'eas . ~.:~,~,~+; 

i :as  p o s s l b l e  i n  order  to  c r e a t e  ~Inlamm d i s ~ b a n c e  : ~ 'r'~':~ 

minor  ,change :was made 5, the  shape of , the  p i e r s  at 

p l a c i n g  a p o r t i o n  o+ %he spill+ wall, were : . d e  6 f e e t  3. i n c h e s  in  ~ 

Xength,  a n d  l~he do~mstream f a o e s  were made vertical, : " " 'i:iii! 

The teeth in ~he spillway.were respaced, the spaces between the "'. 

tee:tit i n  %i~e m i d d l e  :being "made the  s~+~llest, ,  The .purpo+e.. + o f  t h i s  was " + +. 

%o produce b e t t e r  d i s t r i b u t i o n  o f  w a t e r  in the p o o l  by b ~ k : L n ~ :  up' the  

fin whioh formed :at the ~streem end of ~he~spillway ~ier. ~'~:':~i~ili 
mp p, o++ +i..+ eq :+ e.t m l' +-foot +rO  o. the : ++i 

• warp. ':~e r i p r a p  on %he model e~nded downstream for a distance oor-  +:/: 

~ e a ~ d t n g  t o  35 f e e t  o n  ,~he p r o t o t y p e .  N e g l i g i b l e  e r o s i o n  of-,the s a n d ~  +~ 

downstx~a~ froa the r~pr~ppedarea indicated this to be suf/icient "+G:!!!!.I 

(~IgU~ll). The performance should be satiofactory. + . . . . . .  : ' +? :"~ J ' 
+++:i 1 

m, cnusm.s : - / i:++:ii!i:+i 

~n .view ,of .~e model tests~ the following changes in"the original ++'++ 

design a r e  attested (figure13). + ii 

i. The powerhouse may be moved from the center of the LI~I 

drop str~ct~r~ to the side wit~out impairin& the'Perform- " -'~ 

ante  O~ ;the h y d r a u l i c  features, with a considerable saving- ? 
• • ~ !+:+: 

2. +The total length o f  the :struCture may :be reduced +!~+::+:+~++.+-~ 

3- The o r i g i n a l  s p a c i ~  of ~ e  bucket  t e e t h  Should - + 

be chugged to  the .spacing+ s~own. + _. ii.i~ 

" 4. :+A pier equipped with slots should be placed next ~! 
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6 .  ~I~£prap~ 'l ,~o ~ f e e t  in  s i s Q ,  ~shouldibe placed on 

the.J.~de:~,.~opos o£ ~the canal a t  ~he downstream o n d o ~  t h e  • 

lower c o n c r e t e  sect~on~ the l e i t h  o~ the r iprappod:Sect ion  
to be ,dotoru~ued in~the  f i e l d ,  / . .  

7 .  The w a l l s  ~of the. ,~hannels  l e a d ~  to the powerhouse 

u n i t s  should l~e,-reahaped a n d a a d e  th inner  a s  shown. 

8.  ~ e  p i e r s  a t  t h e  downstrea~ end of  ~he powerhouse 
should b~  r~shaped am ~ho~n. 
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FIGURE r3 

VIEW OF ~0DEL~LCOKING DOWNSTREAM 

• ~0F~L00[DG ~ 

ORIGINAL ~ESIGN 



~'~t~ OF 2200 SECOND-~  E ~ G  I:'~W'EI~OD~ 

FLC~ OF 22,00 SEC01~D-FEET ~ SPILIRAYS " 
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FIGURE 6 

OF ~ZOD~ I~C~ D ~  

D ~ I ~  ~ 0 .  2 



FIGURE 7 

FLC~ OF 2200 SECOND-FEEr THROUGH SPILIRAY 
BOTH ~S OF BUCKET TEETH IN PLAEE 

FLOW OF 2200  SEC0~>-FEET THR0tZ~H SPILIRAy 
BOTH iTS OF ~ RDL0V~D - RAISED FLOCR 
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F I Q U R E  ii 

OF MODEL LOOKING 

OF ~DEL LOOKING 

FIN£L DESION 



FIGORE I0 

FLOW OF ~S00 SECOND-FJ~r ~ POWERHOUSE 

FLOW OF P~O0 SEC0~D-FEET ENTERIN~ 

FINAL DESIQN 



......... . . . _ 

OF 2200 SECOND-FEET THROEQH I~WERHOUSE- 

FIGUI~E ii 

FIN£L DESIGN 



FIGURE 12 

FLOW OF 2200 ~.COND-FEET THRU 
SPlI/~AY WITH BOTH GATES OPEN FLOW OF 2200 SECOND-FEET DIVIDED 

BETWEEN ONE UNIT OF I~OWERHousE 
AND ADJACENT SI~ILIRAy 

FL~ OF 2200 SEC0~D-F-E~T DIVIDED 
BEI'~ ONE ~IT OF Iq~ERH0t~E 

AND OPPOSITE SPII/HAy 

FINAL DESIGN 
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