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HYDRAULIC. HODk~-.STODT~-~-FOR ~ :DESIGN O F  '.: e ~ T -  "~;.8: 

(To be 
of .the 
Geop~ 
v e r , ,  ,C 

The 

~ , I , L  

on rivers w i t h  

problem. With~ne a a v e n ~  io~':;al,par~al..~systematfc control~of:~the, • ~i ~ 

Lower,Coloredo, River ~ - , "~ .. , . . . . , ~ .  ...... • ,,.. .~,waters, .under~.; the~!Boulder -,Canyon iAct,~: this ~ ~ 

problem.has,become ' f primary ~:Importance . . .~ .. ..... ,~ -r,.~ ~:. ~ . ~. 

The ~Imperlal~.Dam, :a~ ~pa~'t ~ of '.the .!Beulde: .,-~ .~. 

is located, on .the .~Coloradei.}River, ~20~ ~miles~ ..... .:..by' .ri~er - ~ r~a.bove~ ~<' ..... .' :Ytt~"~','~~,.,' 

A r i z o n a ,  a n d  w h e n  < c o m p l e t e d  ~ , w i l l  r a i s e : ~ e  ; , w a ~ e r ~ s ~ f a c e  a b l e : s u c h  

t h a t  t h e  . w a t e r  ,can.:;be i d i v e r l t e d ~ . i a t  a ~ g 
: ,, 7 

American ~Cenal .on the ~C,e~ifOrn.~ ~side of 

:f~ie ~be : ~ e x p e c t e d  :in.:: by . , 

from the .c'~nal. systems. . ~i .:,i/...::":~.:/-~: .... :~ " • ' ........... 

:The value ,of ;hydraulic model:studles '*as an;aid ~in,~the:.'~esign 

was were 

~t~ied on sectlo~Z;m~els•, ~ ..... ::~" ~ ' ~  .... < ........ •~:- The :results .in ~hose..tcases .:,wer, e appl~ed" ~ , 

with little or no correlation' to adjacent, structures Or-to .the ient~e '~ 

h e a d w o r k s .  



L ~  

In considering ~ ;  '~ : ,. : PP ~.r..-. _~..=°~.~ the Imperial Dam and ~ itsJ a ..... ~tenant h .... '" ~"~ 

works as a unit, our major-problems;were:recognized, in, regard to i 

the silt ~ transported in/the river:~!(: ..... '..~. i~/,~. ~. ,:..:....:..-~..-.~..::: ...... ~.,.: 

(11 Maintaining the river;'appr0ach~{ ~ ch~ei:'or :, charmeis:i~ee/of : 

s i l t  obstruction\gs , ,~ .... ~ .... .~ 

(2) . . . . . . .  Main the units. " 

of t h e  desilting works free of~sil . s-,~ . . . . .  . , .  . . . . .  , . : .  . . . .  . 
. ~ ~ . ~ ' ~ " i  ~ .!;:~. ,~" ~. ~ : ~ i r ~ / , /  , . " i . ,  

( 5 )  Settlementof the:silt i n ,  a d e s ~ t ~ i i ~ t • m ~ d i l d i s ~ g i ~ , i i ~ ;  ~ 

it from the tanks, and . " . : ~ '- ! -  ~/"~ ' !:?~: :~!:,:/'~'i::. '. 

( 4 )  u a p  a z ~ s - o s ~  o f  t h e  s i l t  t e h  - ~  r i v - . e r  : ( "  - , " _  i : ,  ' ,  . •; ~ . . . . .  ,.~::, : .  

T h e  i m p o r t a n c e - o f , " t h e  second:: o f . !  .~ese ~ ~  . . . . . . .  - " " ~ - • problems was greatly...: 

reduced by the use of division~walls fromthe- s to:the 

individual tanks of ,the desilting plant and::the thirdl problem . ~ S  

studied by the hydraulic laboratory"on, separate, models, For the ,., 

solution of :the ifirst and fourth problems~,, it ~slrre6ommended ~t~a 

program f model, testing be~ conducted on:as !large :a.scale 'as ~acti-: ' 

cable . . . .  , . ~, . . • ;, -~,,,~ 

In studies made  imodels, .two: ends: m a y b e .  

accomplished - a quantitative analysis of "the problem-is obtained~ "; " 
..~ , 

which may vr may not, include data relative to. 'the basic principles .... 

of transportation of solid matter by~ running water or a qualitative ~ 

.or comparative analYsis i~,.;.obtained. In the latter case, such~of.~q 

the variables as it is possible~ eliminat~from the problem a-~ 

by maintaining certain conditions constant throughout the I, 

series of tests. 
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In this particular case,: it,was decided to: attack :the 

the view of . . . . .  ':' ' ~ " ...... p r o b l e m  w i t h  . . . . .  ~ . . . .  

reason was the ~urgent. need~for~the results ati • • .. st ~o'ssible____ __ ~ ~ 
t 

date, modifzed iof course b~'the-factor ofleconow in-conducting ~the- " 

sity for a detailed q~ti~tive analysi tests. The neces ~, ' s of 

problem was ~questioned, Practical~ :all hydraulic designs are' solved::: 

f 
silt that could be used so that reasonabiy~ correct dedUctio~i~ht 

be made from the results btained. It~was considered probable,~in ~-~i~/ -~ 

view of the experience of others ~. with l small sc~ei, modeis, i't~at~i~ ~ • i~ i 

case a too great reductionl inscale was~ used, ~i ~ cessary 

to employ 
p " 

~ ..... ~ • ~i ~ ~/~- ~ i ~'I~" ~!~/ ~ i • ii ~ 
and sand found in nature. ~ The use Bfl I~ i i. I 

the cost was found to be prohibitive* il // !~i ill ~~ / ~  ~/"i / !ii • ~i ~ii i i .... 

The possibility of a distorted model~scale would have~ made -. 

it possible to use a smaller scale. ~ That type Lof model has beenused 

to some extent for the study•of river problems but the verification 

on prototype structures of~'~results obtained in this manner are believed 

to be insufficient at the present time to justify complete confidence 

in the method. It was decide&,~ to make a model as large as the physical 

conditions at the site would permit, and to us6 a silt as fine as 



c u~d be ob~a~med, a t  r e a s o ~ b l e  . c o s t / !  n ! the ! ~ d ~ a t  e v i c i n ~ Z , > O f  .:- ,..- 

t he  m o d e l .  :The :scale '.,m~el:i: was:constrUed ,:~ 

a t  t h e  ' B u r e a u  ~ydrauli, , .i:',., 

groRnd- .space. ,  water , : ; r~ " ...... "" " " : "  '"' "": ' . . . . . .  

t h e  

• , The mode ' l  ~ . i  i,~.,~ 

of 

where• it had b 

Gunnison River 

such as  ichii  . . . . . . .  "" 

ranges .from ' 0 .05  to I 

scale .ratio o f . . l ~ 4 0  

wou3d.  ~ h a v e  r e m a i n e d  in. ~susper  

o r  i f  i t  -.would have : se 

r e q u i r e  a t e s t  p e r i o d  ' De :r..prac~lca±.~.:- 

£ a ma~ri~ ,of those:.:Pr, oportions:, wo.uld ' :have !:been : uneconomical~::to~::' ~ i" -~:'~:: :I':'I~ : 

provide.. ConsideratiOn:.~s',:rgiven:,tO:~.shipp~ a::supply,:of ~e.:act~l .... ~ 
r 

Colorado .River silt to .the ..imOdel,. but r- 

to practically the ~sa~"'de tee 1:is ,the material which 

ranged in size.from 0-08 to.~2.0!mm.: :.l,t was ConCluded--~t: the indi-"i • 

cations of the formation of silt bars on the model were much more 

severe than will be experienced on the prototype due to the use of 

silt as much out of proportion as the materials actually used. _ -. 

•• • -. 



comparlson, ~ 

tested .-~ 

. , : ;  . ~  . 

Since 

~J 

All-Amer: 

rack flow 

(2)  a 

t±on of si 

carried in 

(4) good 

and headga 

removal:of.._.the s.~t i. which ~wi!l~.naturally de~01ait. there, ~ilwhic~!!-i ~. '~ : 

is desired-to 

~ ; -  The :sOl' 

plished, by t h e  ius, 

rack separating 

that flow from: 

flow Conditions below the gates ,  I!~- ' ' ~ ' ~  .... : i  ~ ~ ~~, ~: ~ - ~  " " '  ~ : '  . .  

( ~ ) .  A dike ~,extending . . . .  J . . . . . . .  ~ ~ Z " : L " " : '  ~ '  ' :4 L " from the west end "Of f~e headgate Structurel  i.~ 

at a right angle"to ~Zhe struct~e for a distance, of about:560 feeZ~ '~ -. 

the outer end forming the upstream terminal for the~ trashrack, " " r • 
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gate structure nor.ml ~ 

apron of the dam,.. . 

( 5 )  A ~ s u b m e r g e d ~ : ~  

of the ,sluiceway gates 

ties alo~ 

dis~pti~ go~ : ~  

vent ,the 

thOUght of 

approaches 

was defini 

t~on Of:-~s ~ o ~  ~Oble~ ~:aO~d - 

that the cons%r~uction 

most desirable charac 

by experience with ~e :riveb..!:it~elf 

. !i ~ 

t h e  r i v e r  . . . .  . . ,.:: ~ . -  L ,i~,,.- .. "" ~ -  ~.  " .  

Simultaneous with the~,%est program on the::All-American .: :~ ,::i i: 

C a n a l  h e a d w o r k s ,  t h e  ' m ~ e I  i . . . .  . . . .o. . . . .  - :  
of :  one: o f  t h e  , d e s i l t i n g , ! b a s i n s  a n d  i t s  " - '  

appurtenances in. ~he Gila Valley headworks was ins~lled in the 

A r i z o n a  e n d  o f  t h e  I m p e r i a l  D a m  m o d e l .  



-- . , :  , e : -  - i i i , , : , ! "  

At ~he ' t i m e  :the .. model 

t= had o f  the s cture ~ " n 6 t .  

h a d  B e e n  

pleted. ] 

that the'., 

trolling ,~ 

bottom of 

c %. 

~ L  

tests resu 

gates at i~tl 

condition 

. l e v e l  i n  -,tl 

through t h e .  sluicegat~ 

upstream and downs1~re~ 

the headga~ - 

w h i c h  chang 

d e g r e e s  w i t h l i t t l e  

into the canal :cotO.d 

erably less..disturbance than .that 

under the gates. " ', . . 

• . u ~ , 

;[ 

........ g ~  

- , J 

i 

• 4 • " • 
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below ~h~ .mo~ 

the uze of the water for: the mode 
'~' from w~ch it was t~.~; A :.di~O,~ 

its. rel'ation to ~he,cs~!, I ,;.S~:,.o~, 
from .~he c~ml throu~j~-~a .48-inoh 

the weir-the oo~uit :~;.tO~.:.the rood= 
The s~d' repre~e~,;iu~il;!~eil~i! is~:;~ 

e n d  ,o f the :mocl e l . . a  :' .cli~ert er -:~at, ....... 

e ol.lected . : i n  a wOod~.'i~i~ 6:i';~i~t" 
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~ o a ~ - r e c o r ~ . l e n d e d  c e r ¢ c L u  c 1 ~ l g e s  £ u . t h e l a J . ~ u e n t  o f  t h e  i n l e t  " ~!:;~i !~ii'i 
char~sels dO~astream from ~he All-.~uerican Canal headworks andof ~;i 
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t ~ e  U n o ~ p a ~ e  ] ?;:.',.;. ,....:.:.:. 
i~ately 50" feet .~.~ ~ ~zs~ee:or:. ooo,feet thus ~=~-~ 
the u ee  o f  t h e  V a ~ e r  f o r . , t h e  ~odel;a~1,'re$~i~$~~X[ '°s'~ble 

r~ p~'~ 

f r o m  w ~  Ch i t  ~r~.~"-t ~¢e¢~, ,A:'. ~t ~ . ~ . ~ . ! : i . ~ + ~ : . , _ ~  :,.~L'= ~,=,=. : . . ,  . .  . 
its r e l a t i o ~  to:"~e 6~1 .... Is'.sno~m,~--g'~" :"~ 
~ the 'ca~l';'~:n~,~':.'a ,,¢B_~' ~.$r c~-',. 
the measurin~; weir .¢hrSt~ '~g,24~~ :i~I 

a t : , . ~  ' , ~ i f o  ~ r ~t e . ~  .m ~ ' ~ '  , o f  ~ . . . . . . . . . . .  . a " " - . ~ c , ~ , "  :~ ' . . . . .  - ' "  

e ~ l  .of  :¢h-e"model  ,a ' d L t , e r t e r . " ¢ a t e  '::i~: : l~St ,  
t h e  wat4r to  t,'m :dry:: : .w~.~h! .~o.~d; i i ;~  t: ~d~ 
the model . , '  .~f~ez . . . . . . .  
c o l l e c t e d  . ~  a .vc 

f!i 

~'oaez/! ~ .  -, , .., 

'tO: ;. 

.; .s!.ttccec=tes i~ud., he~l~a~es ~.:~- . . . .  " 
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