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MEMORANDUM TO CHIEF DESIGN] 
~IH.R. McBlrney, E.W.~Lane,~<( 

Subject: The Future Silt !Load ~in ~ 

-~/~ . 

on the Operation .... ~,~/. ~,: 

i. The silt load in 'the :ColOrado ~River ~and it, s :exclusion': 

<, 
been given consideration for many::yeara. -.MUch i~inconvenien6e, with i~:.%::: . 

• ~ "'< 

;as~ ! een h b .~ex - i ~ ~ ~!.~.} .~.i.~ resulting high expenditures, 

Irrigation District :andwater userS~i~ni~he.re~V~: o£;Silt from/-.. ?:~ ~-: .......... ;~ 

canals, distribution 

facilities at their ~headwOrks '.for exclusio~ ~~ .i,~, .~ ~i +.-. <~ 
.. • . < 

from the great burden~bf silt removal. .... " ...... :~ 

2. In antic~ipation of t his problem~ ~aii~comprehen~Slve i~plan !i~f ,i;i:ii~: ?,: 

silt sampling was inaugurated, :both ~by the B~eau¢.and~'b~the 'OeOlogic~'al : :!~i i~: 

Survey many years ago. Daily records ,.,.~e ~nowiavailablelof the~silt ~ 

content in ~the Colorado River at Tuma,-JArizona, ~for ;a ~period ~of ~over-20 ~ 

years. Other records of measurements at Topock and elsewhere are ialso ~ ~!i 

available.. W~ile these r~.cords are ~of inestimable ~value, ~t is ~appa,rent ~i~ "i! 

that they cannot be used as representing the future loads ,that ,will come 

to the All-American Canal heading after Boulder and Parker dams are in 

operation. This fact was not overlooked by those giving consideration 



to the desilting.~problem.. 

should not be given:to the 

derived +fromthe~reservoir~ 

:'+<+ 

+ ~c ~ • , :, 

300 miles and the other" ']~5C 
• • " ~ .:! i '+ i: , + '~ .... i: . . . . . . .  

~he All-American,'.Cana~l , + +i~'•~,i l •+? il + ..... ~ ....... ++i+.•~++•= + 

3. An extensive ~programmoflbor+ings in,the ..... + ........ ~rlver ,ibottom ~and' ~+ .... 

banks of the river even +below Parker~Dam, not/'.+to ~mention.~the :numerous +.L+ L+ 

dry washes ~between the Parker and+.Imperial ,dams, i:rea~i:l~ 

materials sufficient +to furn~ sh ++a:'~very~ ob+'Je'ct:iona52:e<J~Silt ::Eoad :for~ny L. + +: /.+ 
. ~. ?.o mk,'.'+i'i 

years to come,-even thouFh ~no 'zilt ~hould,f.ir 

?/~:~+ !'i, ~i .C'L ... ~ . 
Dam. -+ 

A. 3ince the~ ~pression.seems 'to i~be-somewhat ~pre~alent i~ithe!t ; 

with construction ~,of -the Boulder~:and ~+ ~Parke~ 

lower •river will +be..forever sol,zed; .+.an~attlempt +.!iS°+~herei~nmde ~+to ibning '~i ...... +~+ 

+ " ,++~++~ "+"+'im'~'++'i~ im+'~:~'!ii~m~i "?+>~''~ L-- + ~' 

together certain facts ~baSed •}largeiy~ion~Obse~a~ions,/~d ,iana,iyses,iand~,+ ~ ~•~?i, 

net on theoretic al :c onside rat'ions -alone.,-. ~ hat .wf.~l ~+ demonstrate ~the :: .... 
. + + .... + 

necessity of adequate d~si~lting works amnd ~+the ~inc 

merit that may ultimately :follow if ~such iworks are 

time of initial construction. ' .'r " ...... '~ m~ + ...... "~+ + + 
; +, ++ .." +" " '  , i . + [i 

• , , ++ii  +. - 

5. .A further difficulty +mayiarise :~if .the <cons~ruct'i0n ~0£ ~.the 

desilting works is ~temporar£]o, deferred .,in. that +it is ~probable that •funds 

will be difficult to obtain should the construction later +be .'found 

necessary. 
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6. The :~ubiiect 'may~logica~iY ~:be ::divided :':~ih~6 :'~he~{Tollowing 

four major prob 

A. The mag 

Reservoir aft 

B. The inf . . . . .  

which wi~ll reach :the.,All-American :Canal 

C. The effect ~on operat:ion:~and }maInti~ 

entering the :All-American 

and 

D. The disposal :of :siltii~ 

:;the:silt::i,:::::~ . . . .  

g :works are ;~oonstr~ted, .:: -: " : 

in : : :  portion :of the, silt ~passing the L~hea~ 

desilting works :and returned ito ,~he :r:iver,,i/ 
H . . . . . . .  , - . , ,  

zA. The F u t u r e  Si l t : : :Loa~ :'~ter~ihgi!~rial:i-~Rese~~o~i:r ~!:~ " '  " - :  • ' :  " : -  .... ../::!t:-z.il 
. . . .  ' ~ ' , ; : '  . :  . .  : , '  , . / : ,  . "  : ~ , "  :,:,.~ 2 : - 

7 • :Observa~±~ns] ,o f  :-re 

give abundant evidence',that Cles 

an alluvial stream ~bed "which ,:has 

carrying a ~considerable ~s~it ~los 

bed and carry it sllong a~,bedlos , 

8. !Recent :obsd~tions: ::of :condit~ions:,.~in::,;the"[C6iorado:'~ver ....... : 
, , , : -  .., , : . :  . :  ,.. . . ~ , ,  7 : : : i : : . . % ,  ' ' -  

below Boulder 9am :indicate that c0nsiderable retrogression:~Akes :place '.: 
. . . .  i:/ ;" L [ : 

immediately below the ~dam. Six sets :of iobservati0ns!'.:have ~been :made :over 

a period of 67 days since closure ,of the outlet :gates. The ,observations , .  

indicate that with an average flow of 5,500 ,sec. ft. materia~'has !been 

removed from%he river bed at the rate .of over 5,000.,000 cu. yds. per 
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year. It'has been estimated ilthat)~thia ifuture i'~average~!floW~0f,;~18 ~i.000 ~ ~ 

.see. ft. the correspondlngi~rate',i~oT:irem0va!:!i~!i~'be i!~ 71,~7'00~i0~ i~u~ ,<!y~S~,!!i ~ . ',-~i- 

per year. Up to ~the'~:tlme'of~, 

the silt, almost ~one ~milllon~cub'ic~i 

, .. : ..-.~ .... . .... ,, ~,~i.~,;!~..i;_ 
river about six. miles " 

9. The fact 

does not mean, thereTore, ~that,~the~,stre~ 

I0. Careful,'determinatiol ~ ~~:;. 

load in ,the"Colo: 

river bed and banks .which'~will,~.be ,' su', ,~ture. ~!: '..:.:;: i;~":-;. 

Based thereon, an ~estimte [:has :.:been ;,~ ~e,.~pa~o,f~...~:: .. ,:~ 

the future silt load <coarser ~.than ':1300 J.mes 
i . 

Imperial Reservoir..The estimate~in'dic~ st eps~are::taken ,:. ,-- 

to artiflcially'control .i~the .' erosion...:~ am" !,.t~is": ' :~~coarser;':i ~.~ ii..i~:' .} ;: ',.~, ..: :..,:~ .... ::... ..i..- 

;-ll. In, order ~to<;determlne the~e'f~eCt ,-of sur~ 
• • ~ - ..... . ~;.:~;>_ ,,. ~ _ 

Dam on the amount,:-of .Silt~passing.~the.~im, perial~D~ite~re~r.~:obsenva.~: ,.~ 

tions are being taken of~the~silt;;.load~at i,this},point, i,}iRe~ultsibas'ed!on. 

the few observations available serve"~o~.coafirm:the ~abbve.:estimate. : 

12. The part ,of the future silt iload ~finer {than ~300 mesh, 

is "far more difficult to estimate. ~It i:is .expected-~that .i',it :,will !be mate- 

rially less than before ~.the ~regimen, of the ~river was':dls.turbed .and so :far 



observations- at,~lmperial/D~sit )..~ ?,ii/-. '-: :~.L ~" ];~., . 
. . . .  ' "  " ~The 

future load, coarser •:than,O.Ol,m~m., Ceh£~erlng.;Tmperial,:Re, ser~olr..~has,,~Lbeen 5 

estimated to Lbe approximately;,2OO~O00 ',,tons~per,i~day ;. 

per year .during the ear, ly,~year~. L . "  , ..,il ~ . '.:~i.~:/!;,. , ' . ( . i "  i,";~ ~:i~'i 

13. There are ~, several if a( 

estimates but the~fact Tremains thai 

water w i l l .  b e  discharged ~ below :': 

quantit~ es of ..silt enterln£.; ir~:Z0r ~]  . . . . . . . .  ~ ; 6 a V s { i h ) ~ t h e ~ i .  " :  
• :~ m a n y L : ~  . . . . .  

future. * .... " ' . . . . . . . . .  " 
" l , ,  U " 

,1A. ~::After ,-closure of ';the 

later, after .the ~All~American ~.CansLl 
"C, 

reservoir .will-be created-Upstre~ i 

will settle in,this 'reservoir .and ~ 

t)~e extreme ,fineness ~ '  ' ~ . . . .  ~ ~ "  " *  ' ~ "  of .the Tsi,lt )load #it;!~.is ~expect ~ 

silt w i l l ,  at first, i~be somewhat~,unlfo: 

a n d , ! i  ~ . 

• .' ",L' " - ?, .' ~ ,T' "v~ ~/:'/'i', • '-)~;~' ,~, • ./, 

area rather than .:~exclusively :,deposited <at ~'the ~upstream , {end i ; !aS: : iS: { the.~:~ .; ,,:, : . 

case in  some reservoirs ,~.on r i v e r s  r o a r ~ y i n g  muCh <&oarser~loadS ..' ~.,i,/,i CL " . . . .  ~.~ • • 

'iS. Surveys are ~in ;progress .to :~dete~ne ;!the :storage ic'apac:ity.: ~ 

of the Imperial~Reservoir. Until~the final data:are iavailable it ills 

estimated that '.the storage ~apacity %0 'the sills of ;the ~headgates .of ;the 

All-Amerlcan Canal (El. 171.OO) is approximately~21,O00 acre ~ft. and~to 

normal water surface (El. 179.50) approximately 75,000 acre ft. If the 
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" . . - ' .-:':] t 

silt o " " - "  " " ~ ' ~  . . . . . .  : ; .  . . . . .  ' " '  ......... ' - :  ~'. " : "-  i ad enters ..%he ,.rese~voir~at , , t h e ,  rate ~of :.,39,000 ;acre ,Tt. :~per iyear 

the reservoir wil~l !' " .... ;: :: s ilt ,up ~.to ~the i'.s:~ll~.~of ithe)'~ hea~gate siIn a.irglat~ive~. ,:i, 

. . . .  ~.i~ ~ :i •. ~.~ i: (~ 
short period.of :.blme •',There '.are several , .... . " . ~. ~ '. ;~: • [ -.ten~ ~to. . . - 

begin to enter'th~ 

after the water i~ 

16. It<,~ 

the silt loa~wil] 

silt reac he s -. the ~elevation ..of ; the ~s:i~s-:i:~d~ 
..... ~. :. ~ . .,• ,/?~:: :!.:'! .~/"ib ~~ •~•i~: " •:i ,~ i~'~(~. ~. , " ,:. . ~ .-. 

siderable aid dur.ing:.the pr~gii~riod'i:Of~.Ithe~(can~; :":~If:~i~es:i.rsd,.(,~!. ~ . . -., 

.during the initialiperidd~of::operat,lon, ~the!i~amount,~of ~Silti-enterlng tthe ~ - 

canal may be iincreased ..by kee.pin.g ~the .... Tesezvbi '~r ~at:a"- .low: :~'level ,...-and: - ~'~: !~/"~ ~:~by "~ ...... -i •" 

c a u s i n g ' t h e  f l o w  t o  ! : b y - p a s s  ~ t h e  ~ d e s $ ~ $ ± n g ~ • b ~ s i n s i : !  . :/:~i•:ii•,~.!~!: :. .: ".,•:~ :,:i::.. "~ 
. . . . .  :." • ; i. • : ! . . : " .  

1 7 . . I t  i s  n o t , . . e X p e c t e d  ':%hat , .the.i~r.ate r a t : , . ~ i c h  :¢he•[~ioad-L;:•ente..  

the headgates. ~dll sudd~nly::and,ma%eriallyichan~;as.ilsoon " ...... "" ' ~ "~:: 

cumulated silt, reaches tthe ,elevation ,.of ;the.)~s$1~s:~ ~rat:her 

that it will gradually ,iincrease ~and ~a ~s~t:i 

enters-the u p p e r  end,..of t t h e  i~rese~voi~. :. :~ ' i - .. :~., . i~..ii ~..::.,, - 

8. ilt is possible ~to estimate, :approximately,. :the ,-amounts :~ 

12~000 sec. ft. diversion lit is estimated that 37,500 %ons :of coarse 

silt per 2& :hours •.will enter the All-American Canal. After 7 years 

6 -  



of "silt ~ss ng~throu:gh i~th adgate '" ..... operation~the amount i e ~he s=~W~ ~I/l~ihave ~in - . ' -  ..... 

c r e a s e d  t o  h 9 , 0 0 0  : Z o n s . . ; p e r ,  d a y  • a n ~ ' : : a f t e r :  ~! 50 , y e a r s - o p e r - ~ t ~ i o n ,  ~when  ~ the  ,:,!i:i/i !~!!. !~, . . . .  • 

max~Inum d i v e r s i o n :  h a s .  p r o b a b l y  : r e a c h e d  ~,~: 5 ;O00 ;~Sec ' i  ~-if~-':, : ~ h e  ! . i l o a d l . } ~ ~ s i n B  ~ ~::;; :.: : ~/:: 

• s :estimated ~,to .be :70 ~000 !t through the headgates . . . .  ~ 

latter quantity corresponds :~to :liSO0 ~O00,:cu,i.':yc 

herewith the total ~excavation ~of the >A~l~Americ , • 
. . . " . " . . ........ . : ... .,.,.:.~..,....... :--" .:.:!!. ~:: ~7., '- i~'- .~.. ,:.,.. := • • ~ . ! . ,  

b y  force account " '~" ~ -  " ~ ~ ~  ~"~ : : ' " - :~ : - " " "~" - "  " ~~ 

cu. yds. 

19. These ~figures , a r e  :not :: 

the result of,:eare£tuI~stuc 

research • staff over. a. period ~6f yee 

beyond any doubt, that very large .q~Uant:it'ies 

.however, 

- g p  

I f , , : : d e s i l t i n g ~ w , q r k s  :..ar~e : n o t : ~ . c o n s . t n u c t e d : , ;  ,~ the . i~8 i ' l t  ~ p a ~ s i n g < :  ;:' "!.. ~(~: 20. 

through the headgates",~,Jili~,be-carriediintOi.thei~maini:can~i. :i i W i t ~  ' .  ~::~!~ ~ ..~.- 

velocities of i'flow appr6ximately;Aift~,;~per isec~, ::~':"~:!"~i 

be carried along and :deposited~in ~the [ilaterals , .,:! 

tion system possibly ~in ~even~greater ~msunts i.than ~is i,th'e ~:caseiiat:i~9~sent,/ ..... ./i! I' 

21. The canal, ~however,:is:~desighedii~!for =~a =maxim~[!:f~low i:far>~in":::!~ ~ ; ;;i 

excess of that .which will occur ~for many~years' ?it ils ~est:~ted ithat ; ~ :,i/ "::. 

for several years the ,minimum.diversion:may~be.~as :low as .'.6700 .~:sec. !ft..,, " ~i~ 

or about ;h5% =of thedesign capaclity. At other .points further ,down ~the 

canal the minimum flow will be an even smaller fraction of the design 
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power houses, will ',be 

all :the, silt moving, i~'Above:'Siphon iDrop ~p 
. -u 

the minimum .veloc'ity <during ithe-~flrst~,i}fe._ . ........ . ~ .... , .~,~-:..,~ ~~ :~.. ~ii:il;:! :.,: . 

i..7 ft. per ;see@ 

expected ,that ~the. !greater ~pa 

settle in this ~stretch, The irem~~deri.'i~exce:~{the 

probably.settle :above ,the checkS: 

where .the velocities :are ~.even ~loWer. ~The ',main ~ca~ 

a -series of settling ~basins. '~ " ':; ~! " ~.i;. ::i"(. i - 

22. To remove ,the iSilt,f~x 

has once 

believed 

wash crossings .which ~make ~it ,impoSsi ~ 

canal for any great .dls~ance~:/:~i!~)it?(wo ~ 
• . 

the silt~'by drag .lines ~operatlng 

cost of operation .,under ~.these .ons[~wo~ -~ 

places, it would ~!be ,almost -:impossiSle ~t'O ~is' , isl~it ::in,:~thll 

manner. The average ~em .- ~,,~ 

$i,000,000 per year for ~" !!7/~ 
. --%~ 

total construction cost saved iby omitting ,the ,proposed.desilting ,works 

would be about $i, 500,000. Furthermore. the ConstructiOn .of;,desilting 

works should they <be found necessary .after the.canal !has ~been placed 

8- 



.} 

in operation, 'will ~be ~extrem~ly<difficul ~ " ""'" > *-'~: ~ 

23. It ~may,be !possiSle i' :~,bM,,'.ope 

c h e c k i n g ,  t 'o ~par t±a l l~ , .  ~prevent: .~s±~lt  : d e p o s i t s  ::in ~.ithe:,cana, l:::its4~i.!;: :!'~T&e . i.~/' ..: i// 

s i l t  l o a d  w o u l d  t h e n . h  ~r~],sian~;aitches.~and.~,to...:£1~e .j! 

irrigated " .... .i:~bli,~cos : . , ,- , diffic ult ).j. i/i: 

This method 

~;ion ' par t ic~ 

would also 1 

under these 

c arty great~ ; ipresent, 7 ,! ~:: 

2A. The ~Imperi~l. 2i21rrigat'i6 n ~Distric.t ~a*id )~ts:wat~.~.~users,~are '" ,. 

reported to have -:spent ~as rmuch, as"~i~$1 

Even then, a mterl,/l:port'ion Of :the " " - 

Heading i s  :remove~ ~.very (econo=c[c a]~!y !.b):~ dreaging,:~. ~::iwit hofit"?~es-~£i//g/". ,  i i~ .ii i-il): i:i: 

works the silt ,entering tthe ,canal ~coUld 

unit cost since dredging ~woul'd, not i'Uel;prac~ici'l; 

25...The :.d~sposal of ,the.::s~lt, :;returned.~to ...the ~r.iver ffrom:~he • ~. ' . . " ,  

proposed d e s i l t i n g  works : a t  : Imper i a l  :Dam, ~has :be~n ~gi~en : ~ c a r e f u i i l c O n . ~ 2 :  i : 

sideration. A sluiceway is :provided throuffh ~which ~wiq'] :be :dischargedl ~. 
¢.t 

a ] t  .water  a v a i l a b l e  ~ver  .and above : i i r r t g a t i o n  deaf-ands. ~':Assu~lng no~mal 

runoff above Boulder Dam.and the :eonstmmtion of :±:-he.first unit ~Of. ;%he ~" 
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~w 

7 "'~ ' 

2,. 

., -,,., . . .... 

Gila Valley 'ProJect,";~,there .i'S.: 

available Tor slulcing .at ...... 

Dam to Laguna ~u termina~ 

C~nai. The Channel WiI~"i.~ 

gate~ at Imperial ~Damiand 

water level at !the lower e 

three 33'-~" Stoney gates 

Dam and the Laguna Dam..w~i, 
:}:.. 

t h~ee Stoney ,gates .is !:more 

: , , % . . ,  . 

~xcess .water,, 

discharged from ~the des~!t? .... ... 

27. ~t ,may 5" " ::":" " ' '; ' " - ' ---::: ~..:: :, 
- . . . . .  . . > . ,  _ - ,. , .,- _ , ,.- _ ;j'. , .,. , . -  . , , .  

this confined <channel.~belo, . . . . . . . . .  ' 

No such construction is~planned 

reduce ~the silt load 'by '.st~ 

• . "J' 

. ," • . - . . . . . .  

required. " .......... ~i:' ['~:i:'.:ii : 
" - " ::tl ~.<.:. :~':. ...:... .i ~ i ~:~ ~.. :~7 • • " :' 

28. ~Below Z~, :'" ~-- 7.: ":"i:~::!i:.-~i ~:i:~!i:""~,~.~ ~ .?--.i/~ i:.i~i i,:-i.:~ :~ ::~: 
. .., ~n the :..delta :.O f :.the~,'.Colo~ado,!River, .:conditions " " .,..i: 

should be materially imOroved ~---:.~::-::~'~.~!!"~;: : ~i:::i~!.... .:;" ...i .,'.J!:/~::i:~ii.i:i.":.~i:-i;~i::!~',~!~?::.i::.:"::: i.~i".~...i/~ . ~: 
,, • ' ,~ • , UtL~r.!',LU iDne .~.eauc, tion <of.~;;~.~e::total;:~iamount;;i:, ~. ' 

of silt-deposited in the.delt :; .! 

::'L" ;:-': "?3 " • . .': 

- -" • : ..v,. 

. . . . .  ' . . . ,. 

"L 
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