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,,con..~iti~# Affectln~ D a t a .  'The l o n . ~ - c o n t i n u e d  o ~ o r ~ a t i o ~ . 3  
~t ~%~n~_ a r u  ]~artic~lar!y valuable, Zot only because th~y,f~ni~h a de- 
~ondmhlm .basis for estimatin~ ~he qu~tity of silt in suspension,, but 
alsa because they throw li@ht on th~ ~istTibution of the silt ,through- 
ou~ a .beady.of flo~in~ water, The widthof the Oolornda River at ~he 
sampling statlon .Is about 6~0 fsot, Th~ ~ertleal~ in ~hlch scruples 
v:ere taken ~ere generally i~0, 325, and .520 ,feet from %~e left hank.. 

"Oc~aslonally, ss~plos from naar the"b~tto= ~l~o~ excessive 
q~a~titieS o~ silt when compared with the cerres~ndin~ cuzpl~s at 
mid-depth and',nea~ .the surface. ~aems me doubt tel!oct a ,mamentary 

, . d i , i o n  o f" be ~-loa d s alt a't ion and -s~-oula .be co~.uested w i'~h %he river ' s 
Do~ "Iced rather th~n with its suspended Ioag. In t.ke..follo~ing deduc- 
tions such Olg~rly dlseordan% determinations of silt in su~2a~sion 
~vo ~ee~ a~srega~e~. 

"The-~mm Reclauallan Fro je~ C~nal tapo the river ~t Lasagna 
8~ tabour. I~ m~s Upstream i~om .Yuma. ~e head~rks of th~ canal 
at this point Luclu~e a desilting;~rran~ament. ,,~eh"%hc t~mpora~j 

• ~L~char~e ~;~ough the..La&uma ~mn. ~luice-gates is lapse in reiatllon 
' ~o th~ira flow--aS at Ion-stages--the .l~Ictum~e-oL"ailt condltlo~s- 
.may not be d~pendable. At high st~es th~S disturh'~u:~ ~.u~o, is meg- 

" "~ '".' . " "~,.Itlca~ion.of .~ind.~, In."1916, atter,~evcnlyee~s. .-. 

studi~ ~ the :~ssul~s of tS~ese: observations m~re ~ d e  by. .~he writer 
to : co~.il'~ the e~luslon that :%he admi~ion of river wate~.:1~ .the 

:rs~uce t~h~-.e~. ~ r a ~  ~ loa~ Of si!t,:an~, ~erha~s, in some zaeagu/o, 
a .l~,'~the ~n~spcnde~:.~Zd, ~ h e ~  c~mp~red with flow ~ ~t.ms of %}is 
.ordinary !;ype. • T~e. samp~ngat Tmma has ecatinued:.to the l~esmnt .by 
the U./~:}~X~eau.of RecLmmaticn, .f~r the U, S, C~olo~Ical Sarvey ..a~g " - 
therefore, ~'t h~:h~en ~ossible to ~u~.~imme~% am~ extez~d the ~tu~s . . 
of I~16. - ' 

r'The ob~eTvation= fro.~-ig09 to igl~)wore flrs~ se~aznteci. 
• into Stoups,according as-the sll~.¢ontont (by .~ight) was: (i), ..!s~s 
~ ) t ~ . n ~ l % , - ( ~ )  'be%wash 1 ~ , -~a :S%;  nn~ ( 3 ) . e x c e e d e d  2 Ner.c~nt. . . . . :2ho~- 'e • 
-~a~_9 ~9 ve~tie~is :Lu ~roup (i); D~5 in.group (~) and 81 in:~oup (Si. 

"A c~mb~ation o~? th~ ~osults in ~ll v~T~icals(l,i65 in 
nunb~r), Wi~h ~ e - - r e c ~ r ~ ' t o  the relative c~uantity Of material in 
s~n~!on m~ar the-~ater s~fac~, at nid-~op%h, mn~ near ~he.bott~n, 
was. then m_~c, S~la~t co~bi~a~!ons~ero n~de, too, for ease ~l~a~ 
~'~ ~.r., - 

F~om ~ . ¢ ' s  ~. -~.  - 

.!0 

J 
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• . . ,T~o results of ~h~ St{l~teB nn~e~ta~n in 19i~ arc sz~:rz 
In Table: 5. The re~l~s o f  "%h~ ~o1"e Zcce~ atud{es coverl~ 'hh~ p~'Icd 
fr~n-l~lg. %0 ! 9 ~ ' . ' ;  ~ ' e  given in Table 6..TA,~so k l a ~ a  ~ h o ~  % h a ~ . a  l i t t l e  
• more matarial in suspenslon'is %0:•b~ SX~d ~% mi~-d@~)tl~ '~hsn a% t}~ 
surface and sti'll :~o~e nea~ t~o bO~t~. In:~Ts~arlnz Tabl~ O, ~he'ob- 
oa-~vations ~ero grou~ed - ,  ~-,~ ~ ~ " .~oa~,dj. by p~-i'i~s ~i~: which ,,ho ~ v ~ " s  
silt l~ad Temaln~ fai@ly traitor. 

":~i~blo 5. DlstribU'~/on 9~" %~e ~ilt_L~ ?a~s~ension ~ :~.a~r.~arfec~ 

• (From ob~e~¢a$.ions by U° ~. RoolmT_a~Ic~n ~a.~vico, i~09 ,to 1916). 

Ya~ . : v~rtieals 

1 9 0 9 .  ; . . . . . . . . . . . . . .  ; 

1910, .......... . . : , , , .  ; 
lgll ........ ~,:,. ~..?..; 
1912 .......... , .,.../; 
191~ ........... , .... ; 
1914. ........... ::... ; 
191~ ........... %.. ;. ; 

e 

• , A 

~4 : 0,4~6 : 0. ~94 : 0.794 

iD3 : I:040 : 1,05~ : 1.095 
~ 0 1  : 0~. ~5,?. : 0 . 6 6 0  : 0 , 6 0 9 ,  

~ , 7 ~  . :  0 , - 0 9 4  • L ,  O l l  : 1 . 1 a t  

5 5  : 1.280 : 1.441 :. !,1~5 

. . . . .  . . . . . . . .  ,, j , . .  - 

.. : 

Li zht load .......... : 759 : 0.49 : ~ 0.51 i C.59 

{ z . - Uoa~ra~e• oaa ....... • al~ : I.~9 .~ !.~ • •, _!.~o 

Heav~ loa~. ..... ' .... : 81" . ~,.~?, : ~..° 7-; :- 2.78 

"~h!dt)y .7.~21~s ~ith De~.~ho ' It .Is %0 be ~ote~ %hat Izl ~ho 
Colorado ~i7~r, Zh£~h in a" ~s-~7 m~dY~reEm,;%hs i~orea~e of tk.e ~us- 
pSm~ed load do.-m~a~d f~o~a %~ ;ZbJl~faee be gr~s 'no.fi~; rc!~I~ ~to, ~h~ . 
!ea~s a% ¢~e n:rrface or.a~ .mid-~9~h. ~s incz~so ~rl%~aeb~N i~ vU~ 
~_:~ly ccnmtan% ~n %hs ae~e of being ind~p3D/ar~% of ~he %6%~/isu~i~/dod 
loaa. %mama, for example, ~hs ~09 se~a2~ dst@rmi~tlons fr~ 1909 to 
19i~, du~i~%q~rlo~n wlth s io..~ 'of=abo~% 015~ ~h~w an ,~atx~al ia0rsaso 

f r o m  0~'4~ ~ tho s u r f a c e  ~o O.•Sg~~'a~ %he bottom, a ~en%a~ ~f 0 . 1 0 .  
~SiD ~a~nlnutiuas in ~he a~me yevrn, durL~G ~o~lo~u wi~h a.!osd of 

ce-/ta]~ inCr~u=~ of O,ll; and t:~e 81 de'tgr~L'A~lo~, when ~.~c .los~ of 

~om ~maky'a Pa~r, 
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or an .tncreaso Lu. peroenta~.':.of 0.Ii ag~.ail ,depth.Tho camblnagla~•.of 
rccults.'in all %he i¢i~5 .verblcml~ indicates tha~ %h~ p~6enta~e oT si!$ 
at r,~id-~al~th is g~at~ then that at tho au~efa~e by 0;0~ of %he:,wol~h$ 
of wd~sr; and that at %h~ bo$tom %he'..~em~s~ oTsil~ ~x~e~s %ha~ 
at"%he',/~u~f.~¢e by 0.I0. ~m-re~l~ondin~,.e~m~o. ~Isona fo~ the ~io~, iglg 
t~ Ig~7, sho~ t~e  f o l i ~ w l n g  im~x'eesel~ .from s , /r fsco  t n ~ t ~ :  "'Fo~~a 

'O.Oa%;,.and Zc~:.a-hea!r~ :;luad, 0 ,15  I ~  ~ % . ~  - . T ~ ; ~ i ' n a t l ~ a . .  #'f';"l'e,"h.%'#~. 

• . :pe:~z%a..~:t of'. '~Sl~nded mata, T,tal/~!i'#~mi:d4~l.a~ h. . m ~  .be l;a.l~n ~ t  tiPs" D; O~ 
and that  ,st the ~ m  a~ p +'9,i~o ~4-:. " ' 
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..-- .~iO~ ~-~ ia~tlaa%+a 4n %able.B, ~ m~c1-velooi%-g of ~h~-riv~ at low 

• ~ o l ~  ~ k e ~  ~ from the %o~ as i s  ~y~d i~m ++he ~n~e~ load. At. 

hmr~, like :a felt-~overe~ ,floor. ,~h a ou~re~ of about 3 to ¢ •feet per 
~o~d,..a~tack'on the ~t..q',tiok~ begi~s-~over % h e ~  i s  , l o e a l  aoeeler- 

+ ~ ion + of .Vole Oil such:.~, may .be o~u~d -~2 ~m~ mm~ obs.~=uat ions, for 
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""-~nressed in relation .I;o the +woi.v~ht:of~the wate~i ~,there is 
-e wkd~ ran.y:e in the turbidity of the rlver~, eel.the :Iong-'eontinue'd ob- 
servatlons disclose. The ~tabulsted ,results ~show +that ~the ~Colorado 
River is not as muddy .at low stages:as a~.~moderatelyi:hi~h:+stages..stages 
witlt a dLscharge of 15 ~ 000 ! to150 , 000 second-feet. .They,<false show~h~t 
+the turbid.lty, expressed ~in percentages, ~decreases as :the ~rive~ goes ~, 
to still~hlgher, stages. Thls~+does:not ~mean, ~however, ~thst ~:the~,ri!~er,s 
load of silt decreases '~ith lucreasln~ vol~c~e. This :will~.bee~e~appar- . 
.ent by referees@ to +figure !, +which shows :the relatlon:of+:~the ivoi~e: 

o~' silt csrrted~+in suspension, e~pressed ~in.:acre-feet :per:month ~(esti-~> 
mated at I00 pounds per cubic ~i foot ),~to :the ~river :+discharge, :~this ~ being 

+ n o t e ~ "  both Im acre-feet per month :and : : in  ascend-feet. '~In " : ~ p l o t t l ~ " r / ' F i g .  +, 
iX, only +the mean monthly values~as :determined :ifor'~he ~wo ~riods ~i~09 
~to 1918 ~ud 1919 to 19~7 were+used. +~he :curye:~representi~givol~ae ~:rO' f + 

silt was first +plotted and the ~percenta~e curve was ~deduce~therefrom, ~,~ 

' 1  . . . . .  - - I -  

I- 
$ 

~T 
- , , 

1.3 

O . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . .  l -  I • 
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Fi~;. 1--Relatlon of Amount of Silt in i~Aspension t~'~hO Discharge 
of the Colorado River~at Yt~na, Arizona. ': 

"This study should possibly have ,+been supplemented bye more 
minute examination of results at ~the river's lowest stage~when the 
dischcrge is 6,000 second-feet, or less, ,but in view of the complies- • 
tion resulting from the desilting operations at Laguna dam where up1~ard 
of 1,000 second-feet of desilted ~water are frequently under diversion 
into the +Zum~ Canal, this additional study was not attempted. 
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:i~l~1~:~a~ Ri~er changes not only with the discharge of'the river, but 
~!~i:......i... i.. ~" ' ~ . ."::"" ~!~ ":'" ':~ 'i.:!.'.Tm, .~i~y~ m~%h toasmonthis ma~%hroughclear the year • This change occurs- with" 

~i':i:~'i~:~.~r::?~.',.:J:~--'?~J~e£~S Of l~robable volume the average-va!uos ascertained for 
,#:'.:,, ~, , , - - . - ~ -  ' by the 'cUrves in FI~. '2. T~ ~-prepar. 

~!~L?i ~" :. ' ~  mo~'~hs for ithe two Per.%oda, 1909-1918 and I91~ign?,, :wore 
• ~:'%:";/~'L:c ~ .  ~ b l ~ l ~ y  has .two Periods ',of maxima fin .the 

"The curves in Fiz. 2:shorn a moderate incronse of.lood unti~l 
~ i ~ r  ~eashes a 6,000 ~econd'foot stage, thereu~0n~ the-load in sus- 
~Penston, considered in its entirety, rapidly~ increases lh, om about 1,000 
:%o I0,000 sore-feet per month, this quantit~being reached when :the: 

' J ~i~ ris a t  a 25'000 second-foot stage. Th0res~ter, the:/incrcaso :o~ 
:< :3~ad'eon~inues as the river rises, but the rate of Increase is less 
": ~ q ~ I d .  At ~0,000 second-feet ,the sil~ carried in sus'gension :a~ounts 

!~o a1~r~ 16,~O0 am~e-feot ~er month, and, for ~still hi@her stages, 
::~J~":an ~cresse of abou~ 700 acre-feet .for each additional 20,000 
, " ~ M ~ - ~ t  o f  discharge. The curve denoting ,pereentsge~:of :silt ~ohows 
:.%hat ~ :~a~ River 'is muddiest when ~it is dlsohsrgin~ 15i000 to :r1~ D ~0 "is'coati • feet. 

"The l~rebable volume of silt carried in susoenslon i:by the 

-'.,qm~t '.wide departure ."from mean Values. 
; ~  of t h e  yea~ al~pea~s .:la~.l~Ig. 2. 

.year, 'b~t with :i~e- '--:::""~;'~ 
The probable ',turbldity,:.at, any " 

- "Fig. 2,:ludleates :a to%el annual load of~silt .In~sus~enslon 
;'.~Lm t h e  Golorado R11~r of about 94,000 acre feet, ootlma%od-iat ' I00 !Pounds 
~:~.Q1zblo foo~ .(whlch is equivalent to lll,000 acre .feet a% :85 :pounds 

'"<~ .',~, .which, as -sho~n elsewhere, .,may amount to:~Imolude] the~about .20, O00'~to~rlver's 
:~I0,000 a ~ - f ~ t  per snn.~l.. Considered from the :standooint o~ nrob,h.~ 

• s ~o ~e no~ed %nat :silt transportation islet : . j - ' "  
• ~ ~ , ~  ~e at the river,s spring high stage. It ~is ,at '.emlnlmum 
.~ ~@he winter months when 'the river is low. The :turbidity i~Is ~hIRhest 
".,"in the. early spring and in the fall. It is lowest in 

);~Li~highes% stage and in the winter at its lowest stages. 'Yurts "at the river's 
Th~ silt',can-ied iiiii~i;:i~t~ SUsl~ension slnoe the beginning .=of the observe%ions ~by, the U, :S. Re" 

"!:!i?~lamat~°n:!/~i~eh~ge. Service, h~s amounted to 0.90% bY weight of the river,s %oral 

" ~ , ~  ~,:,.' : 
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Fig. 2.--Silt In ~gaspena!on in Colorado River. 
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"On,,6~$Ober 14,, 1918, ,%h~_~ ~a O.~D per ~ent of su~::a;:dcu 

weo:O,.2~ ~a r v ~ n t .  on Febr~l~ ~il,..~l~lg., tkc. pe~o.ont~go of ~..il~ ia 

. / . .  " ; ' -  ~ . " T . . : -  • ' -  

• . . , . . . . . .  , .  . . . . : ,  , , ~  ~l.~h~g appi.i~ce~ 

, ~ _ ~ . . . .  , ~ : i ' _ ~ . ~ L "  , . i . : _  " . . ~ . . : . :  . . .  T " - - ~ ' ~ - m  . , ' ~ , . ~ • . ~ . .  ~ &  ~ a  l l ~ r  ~ ' r O ~  t h e  

• , ~ a _ - -  , . ~ a a . v : ~ m ~  z u . , m ~ "  :IIZ~.,I~O~ llZ~]~eglil~ ,~lhe ~;Im~ when " l ~ o  ont:ro 

7' 

~.-~.~-op. ~ , : ~  ~ t  , l m ~ I ~ l ~ - ~ .  t s ~ . ~  i~opptng the 

':i~e~.An ,~.a..*l~e ~tum~-.~Zl o~ ~ ~zi~ ~i~i~ a~,h ~lew, 

:by ws[.~% .~f ~; ,~ll~ 4r~des '.~--0,05 ~ l~ller .eezzt ,~d do- 

~za~.zme ~O.ler eent .~ l~i ;~.~al~zidel ~t~ coctent found in, the Colo- 
reul~ ~ e~ ~-.-:~blmlaLnil:~ha~:~h~z za~clo hc4~s true-aver a porlod 

~ er.~al,. ~ 7. has ~ ~ .'~o abow ' the  ennue~:loaa o~ 

-- _. 

~ r  
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" i ~ b ! e  ~.--E~tlmatmd £u~ponded gilt Load. L~nter!ng Im~rial 
Ca~! 3yntom 19L~ to ig25, Inclusive. 

:Total wa'tor d i w 0 r t o d - a t  :P~,op~z~tion el" " s l l t  
: ~ n p ~ r l a l  h ~ a d i n ~  ~ c m  :by  W~1ght 

Yee~_ -=~ • :O~l~ado. .. ,~ River . ." (as tlmated)_ 
" • Aore-fee~ , : Per o e n t  

IO1~ : 1,4~3,~00 : 0,00 
191Z : " I,B6?,ZOO : . ~  
ig14 : I,SOB,500 : .90 
i0 lJ~: : 1,91E, O00 - .: . ~  
lgl~- ; " S,236,~00 :" 1,0~ 
1917 : ~, ~12, ~g~O : , ' M ~  

Ig~ 8 : ~,875,800 : .4~ 

r ~ 0 : S ,09~ ~OO 0 : 

1921 -: 2,535,000 : 
1922 • : 2,~,S00 : 
Ig~" " :. 3 , ~ 7 ~ , 4 0 0  :: 
19@4 "" : Z,O78,30D : 
192~ :° ~ ~158,700 : 

. 70  

. 5 4  

° 5 7 "  
. 7 7  .'; 

: . : 

9 0  • • • 6 , o i )  o e B L ,  e o Q . @  

i 

Falley 

| . , 

: silt 
Aaro-f~et 

; 8, ~00 
: I0 ,SO0 
: 16, ~O0 " 
: 16 ,i00 
: ~3,700 
: I0 .~00 
.i , .,IS,200 
: P~,~O0 

• "~16, O~D 

;BS,~O0 
I?,~00 
:~,SO0 

17,70~ 

"i~he results show that the m~xi~ suspended load du~In~ %he 
~rlod was ~81SO0 a~-feet, t~ mlnIEul 8,600 Jars-feet, and She av- 
era Ee IV,Toe ~e~e-feet. Silt ~a~s~ente at-verleue s~atlons during 
1907-08, Ig14, and 191V-18 show %ha~ the susl~u~ded silt a~e~ of 
the water is about the same thrDughout the main emuLl ~st~o T~tm, 
v~y little of the suspended silt load is deposi%ad i~ %he ~ canals 
but pasts Qn %o t3e secondary e~, Inrlge~ea la~, and ~ ~ e .  

~ne wa%er rea~hLu~ t1~ Irrl~ated ~m~ eontalne abou t .  8~ p e r  oen~ of 
its o r i g i n a l  s u s p e n d e d  s i l t  c o n t e n t .  I n  a d d l ~ i o n  %0 ~h~. amapendmd 
silt l~ad en%erlng %he Imperial Oanal Inta~ ~ il a la~ quanti~ 
o f  b e d  silt. 

"Tim nor~ annual silt load In the Ooloredo RiVer ,~ 
iS ~ S , ~ 2 8 , ~  t o n s ,  .of whiqh  ~0 ~rr o a n t  i s  m s t i m m ~ d  t ~  b~.,tm~.~ilt. 
It .'Is evident Tram ~he aharacter of %he material " p e r i o ~ l e a ~  r e m ~ e ~  , 

the %e~s of canals, an  date~mlned by mseh~ie¢l ~m]~Vse~, I~ 
%be ~ a ~ t e r ~ - d s p o s l t e d  in ~he oanal~ is ,eemp~sed chleflF ~ be~-s~l~ 
o r  a a n ~ ,  a s  i% I s  c o ~ n l F  t e r m e d . . ~ ,  ~ o o ,  f r c m t h ~  1 ~  ~uan -  . 
tltiss Of such materiel annu~lly r ~  ~r~m ~hm canal system of ~- 
p~rlal Valley, c~sspondin61y large quamtl~les of beq. s~l~ must 
the ~-s~a~ and be %ranspor~ed in the canals i n  di~Anlshi~ quantitie~ 
as the distance f~m the intake increases. 

~am Far, let and D!~oy's R~port. 
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df 

canal 

ere b~sed o'- ~ . . . .  : "* ' , ,.,~,,~v~_~, oelore~an:¢ def~-~+ ..... ~ . . .  

bai~t to corms-+ +~= - ' .  • - ~  J-on~ and several~hun~red f ~ e + . , . , - . . ~  * 

d~eed the vale ~, , ,  . . . . . . . . . . .  v ~,~,u~in,~" W l T . D L - ! [ a n l o n % g O t ~ . .  ~ ~ ~ - [ , : ~  ~ ; , ~ .  

c .  ~,r cb~ve -~anlon hesdlm.s - " m a t e ~ a ~ l y " ~ e n d  t z o  ~ Ur:T"ub t;i~l:}, 
of the suspended silt became bed ltbefo~e~reac~ing:thls :smnnll ~ O L r : e  
t!on. .... ,~,,:;,, ; ~ ~, sta- 

"Samples obvalned ax; s~etton 2, ~.~rther:~Im~.n ~,the ' ~ a m o , c a n a l , " ~ : ~  
may b~ more represen,~a~,Ive of suspended ~ silt enterir~ ~he system. • ~%0 
average for the IS~mon~h perlo~ at "this point was D.G3~e~, ~ent or 90 

Yuma fa'~niPar centln l~14.°f the gilt in the river ~a~ , rthis.belnj:the~sm~e::ratio 

"*: ...... ' ..... ~,.,...a. :~\ro DISTRI:]L~q0N OF ~ILT lq..' CaLN.LL .CROSi3- 
~.~C_ lO,[S. 

"Many experhnents were made on cuna!s of various dimensions 
and oapaelties in imperial Valley with the obSect::of :*determining ~.for :.dlf- 
ferent seasons in 1917 an~:lglS, the Ldistributionof~the :%we :grades of 
silt (paaslng and retained~ on:a No. ~200 slave)throughout the.:canal cross 
sections, and to throw some llgh, on" ~ ~the relation of the~velocityTof 
waSer and the movement of particles belonging to each grade. The method 
adopted was to divide each canal at the place of measurement <into s num- 
ber of vertical sections by horizontal~stations. From esch station san~ 
ples of water were taken at various depths with ,the'Talt'Binekley:sam 
(f~g. 4) and at each place • pler :*LI~ 

, and time of g~mpllng, ,.current meter measure- 
ments were made to determine the ~,velocit-y~of the wa~er, the 'two *operations 
being carried on by two operators simultaneously.i The samples at >the 

lowest de;th were taken as close to.the boz~om as ipossible, but extreme 
:care was necessary so as no~ to:disturb the!bed of the canal Each 
pie was separated into ~wo grades--that which passed a No, 2;0 sam- 
that which was re~alned on it, by methods ~reviously describ sieve and 
the percentage ~y welght: of a~v silt ..... -* . _ ed. Then 

. --~ '-~,"ue~ernlned. : ~dan " t ' ; made, but only the data ob~clned,-fr~ .... ~ - - ~  ~ ~ ;  ' ests L: ~ere 
in Tables Ii to 14, inclusive. ~ ~ u*  zour*~YPical canals"ap~ear i 

Ve,,..,~b-m~ i . 

. i 
I$" " . - . l i  - - ~ l r  - - -~l' l~ . . . . . . .  L ' ~ I I ' ~ - . I C  .., 

Fig. 4.--Tait-~inckiey Sampler. 

Erom Fortier and Blaney's .~eport. 
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but!c~ of coa~e6 ailt wa~ quite o ~ t ~ . + t n  ~ . ~ i O ~  of a s~r~srl, 

"~# ~ r ~ .  f u ~ . h o r  g u d i e a W  t h a t  ~Itho~ tho dspth ~ r "  
the v~locity in the ~m~e.-o~au.l ha~ .a~ a~ecl~bl~ .~f~e~t .t~pc~.th'e ~poT- 
cea%aSo of flno':ailt o ~ , ! @ n o e  Ch~ mater,ld~l.e ;n ~ n a l e ~ , ' . , . O n  

.:£' not so a p p ~ r ~ l ~ o  ' " ~ • ~ " ~  " . 

t~ral .nginecrln~ cooperated wigli tho~rlL~ i~i~$1~.~tric~.~ .. 
t~Ing~=balla~ 8 e m p l e ~  of hod ~ S l ~ C ~ t  o~  p.mon~,~t',l~ g%a#l~ 

":~ble 15.---Mm~ l~enlt~ o t ± ~ 4 7 ~  o t  ] k ~  : ¢ $  lm ~ Valley- , 
.. ~m~hle., ..iglT"IB' .'- . ..... ~ .+ 

'~-~ ~- :.~-: : . . . . .  ; : ~ ~ = ~  ~ • =~z~ ~ ~  - ~:~=~,' ~ ~i~*o ..... " 

Ko.':frmu :p~r c u b i o : ~ r a v l t y  :IO, .a~P-l£Q~ ro~..'4~,.~O, m~-:~K~,.re~:iOO,re~,: : 200 
;rlv,~r ': foo$ ; :taLme~ :~Lg~d : ~  :taima~ ~ai~e~.-:tai~! - 

. : .... : ........ :_ ,.'..cm. ~0 :On,4~._.~ ~ 0 -  ~ m  eO ~ m  ~ O 0 ; : o m , ; ~ O 0  .: 

• ~.  : ,k3 : . ~ , ~ 0  : -~;,~45 : O,OO =..0, .l~. ~ ; , .O ,OZ. . :  ~ , ~ 5  -" S,CM~- = ~e~e : ~ . ¢ 0  

! I  :., .~6 • 9 4 . , 1 4  : 2 8A~6 I,%: , ~ . . :  ,-~,0~'+~ .:' . . 3 4  • , :  . : I ,41~,  ..:::II+"~ : 015;-10-~r2e: ,?o , .  
~+ :: +z, m.m : m ; + o ' , ,  ~ , + o o  ::. .:,m . . , ~.; .~+;'+.m,: =~#++:-:m:~+ 

17 : 6 0  : ..~,,-?"I ..: P , * 4 ~ I , . ' ; I .  , . 0 0 " . ; |  _ ~I~+":~,. -:':+. ,,~41,, '1~, ,4, .04 " : ]~.~S~ " :  .aJ~.'il,~- ,,.I,+I. Je+,t-~-. 

• " . . . .  -.'--;~" , " " ": '. ." - -~r " " 

:.,- ~,~: ~ =~=m +.u~. ,~im~ ~ ,  .~== o++.~:~=~.~ . 
• ~o~ mm~,.~ . ,.~. ~.x+,~.~m~ ~m~t+<mmmm, r+~x~++o~,=+rc~,~e ~ -~,+....: .,. 

< ~ "  • . . - -;+ -~,+. • . . . + - , . ,  , + ,  , .  . .  + ~ + + : + , :  

~t,,+, ~ , ~ , ~  - - + Pra=. ,+~m~ll- ,+, ,.+,. .. ,+ + ~. / 
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~"~ ~ r e s u l t s  ~ 1 ~ o ~  in ~abl~ !5 nrO for ~a~.on~ wi~hi~ 

0~o LmperL~l t r r l g a t ~ n . ' d i ~ r l o t  ~ m d - a t  d t ~ t . ~ n c e z  ~ a r y i ~  ~ 4 ~  t o  q 
-lO-! tulles' from I~ i~,e~,+~,..(~e C~a6o i S i v e ~ ,  Th~ ImPO!~or%ion or " 

in~l~a~ -l~a~'.,~e iwl~t-.o~, e~l..l~tam ~,i~ ate ~Imla" unl~-~ 

.~i~ m~ a ~;~i.~te~+m~,-~. r ~ ~t~ ............. 
• ,.+. 

~a~el o f  the .8ol~ri~lo ~Lve~t'~arlou~~leoe~, ~e r e ~ u . t ~ n  of ~Mo 

~ ¢ 8 1  analy~s of'four 01" t~,'@l~tl~S ~ given Im Table ~. 

" , ~ m ~ X e * J ~ o ,  .'l W u  .%8~Al~Itl#il~-~,.'i@2~, ~ thO bed of %he .river Im i.,,. 

, . a~o ~., .,~u~.;~..m~ ~o..~ w ~ t ~  ~ ~,mmd .~.~ ~ ~: 

_- . t .  " F ~ b ~ . 1 6 . - ~ ~ e ~ " j ~ . ~ . ~ f  ] ) e ] x ~ i t s  L m  ~ " o f  ~ I o ~  ~v~r , .... • 

" " W " .7--"-- -" " ~- • ~ - .  .... -~ P,.~ 

" " ~ • . ' " " .  . - ~ 7 " . '  _ - ~ .  " * , ' ~ l ~ i ' i ~ ]  

,!+! ,! 

. . . .., I . +, -. • + + ~ . + 

• ( D  ~ ~ . - -  ~ . . . . . . . .  • . .  , . ~  ~ ~ ~ ~ 

• . , ,  . - . .  . . . .  

. . . .  • ~ . , A 4  . . 

. ' - . ; - ..' . .  . . .  • . . . -  .... . . .  . " . I . ~  l a ~ . ~ ,  ' I ~  ~ . ~,. & ~ ;  

• i - 0 I • . , • • • . .. . ~ . 0 1 3  4 . A O I I ~ , 4 0 A 4 0 . ' / 5 : 1 4  • ~ , 6 , . . . . . . . ~ . .  I . • : • : 

. . . .  • . ~ a . . . . o o .  A + ~ ' . . , . .  - . . . ,  I . , . ,  : ~ . 0 0 : 1 7 .  p ,01~I~666(II~ .70:  T & 4 1 ~ : ~ . Y T : 4 . ~ : 1 4 . ~ I  p/t~;':{.~ 

.: 4 i ' * ' ' ,  . . 0 0 . . 0 0 :  . 0 0 [ , , . . , : . , . , ~ , . , . :  .~: R.~: @,~I:10.~08ii.70;5.~8:7.~:21,~:. ~ b l  . : . } ~ i 
• ' * * '+~T , ~  * , I , .  I . . . .  • v .  . ~ - 'J l ~ a ~  , t  

- • , r -  i : . . . . .  , -  - ~ + - , .  " . . . .  - ~ . : q  L; 
, ~ . . . . .  e .  ] I o . .  i~aJa~i :,_----~, r " . -  : Pu~.Ing ,: " *  , .~ .-~'~ 

- .~,.: _ +. ~ ++.%a:L.sI4.A~II~+ : ~ 

- I  J + 1  : | s o m o o  

: ~ : . ;  ~ 6 + 4 , 0  

" ¢ :" ' . . 8 ~ 3  • + • 

" ?oOG :' 

: IOoOB : 
17,~I$ 
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. . .  . ? ' L ~ C i i l l  t ~ l l i , . l i ~ t l i l i l ,  #l l l~ I~l~llot~ a~ptha of <llm river in - ' ' - + - - ~ -  : , -  ,~ ' 
. . . . .  - • llll tl ~ il ~/ ° " " 

'..:',7" "':" 7 . . . ~ ; ; ~ _ l ~ l t  ~/,~ui~l~naed s£! % i~i l lho ri~r,~ 1.4~ per eoa' i ,  wh ich  

t r # ' g - ~ ; .  ~ ,  , ? ' . ' - t  . . . . . . . .  . : - .7 • . • ~ . . 

l ' ~ ' . ~ i ' .  ' ~  ~ .  ' • ' " ; l ~ "  " ' , ' ~ -  * !  ~ - ~ -  

- ~ i ~  of ailt pemsil~g and retalne~ on . s i eve  wlt~ apecifl~ 

,,,.,:~,,.~.-~...< ..... 

, . , , L  

I ' ' ' ~ 2 ~  ~ i . .  " " m l r ' i  l i l  ~ , '  . U - .  - . i l i l : l l ~  • ' ' • • . . , ....,;,.<.[+~_,_,~=~:....,, . . . .  . 4 ,os ... im.o~ . ~SeeO .. ~ . ~  
:.:~<.~<"'~'.:T~..~,,,:~:' '~i • ~ ~.~v ~, t0,~s ;:- s~,~, : ~.~7 : 4.~ • 
• ~ , . ~  :,.. ' : T L ~ . . o -  . . . .  ' :0  ". " . '  @ . 8 9  ' :  i ~  ~ . ~ . . .  . . . .  ~.. 

: : ,-,:;, i ~ ~ ~ m , ~ - , e ~  o t , ~. 40 a l . , ~ R , . : ~  . ~ ' ~ ' ~ r  imam o.oL~ 

, . . 

~!.~ ~":'~", ;T;:; ~ : ~ o . Z  ~ ,  ~ 20 ~_rs~.o~ , :o . ,  +~i~ ~ a ~  o~ 

b:,,-. :"~ ~--'~'=" " ~  ~ ~" ~.,~T ~ ' ~  ~° ~ ~"~' 
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(D.,,?',tI~.. ,. ii. f~ot; dl~c.~~z~, ;~a,~OO~macnd~t~ot; rnln ?:Ivar voloo!ty, 4,6,, 
:,~3 ot ~mr s a l ~ ' O M  ) • 

: : , , : P : ~ r g - t a n  o :  . . . . . . .  = - " "  - . . . .  ~i!t pas~In$ ~nd ,~otained on slov~ 

(foo~): of mid- : silt by :SO, re-:4O, me-:d0, Te-:100,ro-:E00,re-:pag~Inz 

: dlo =~c-: 1~li~t :%alnmd :~a~-.ed :tainod :talnod :ta~nm¢l : ~90 
_ _  : t!on ; :on 40 :~n ~0 :ore i00 ;on ~00 :on D00 : 

Top..: 5.~2 : 0.310 : 
• I. 0., : ~. !O : .. &56 : 
7.0.. : 5.83 : ,~9 : 

: : 

0 : 0.~ :, 0.97 : '~Q4 : i0.12 : ~.80 

• ~..~ : IZ.72 : %?'.51 : 59.78 
0 : ,~14 : 4,'~£0 ::14.$7 : P.O.IG : 60~4J~ 

: 1.09 : 9.1~ .~16.02 • 21.22 : 81.75 
I I I ~L I I g I I I _ _ .  ' I : . . . . .  ~ [ i~Iil, i p  

. . # 

"Table l~.--Ne~teal laa~el@ of ~spen~ Silt at various ~opths in tho 

(C~I ,~.idth, I~D fee%; depth, .I0 feet; discharge, 5,749 =scozd-f~ot; ~C~ 
vo!oc~ty, 4.1 feet ~mr ~aeen~). 

" -" - ' " ...... .-~POr~Ic~n of a~It ~masinc and rs%aL~mfl on oievo 
: : Pz~por- : with 4~)eolffed nmmhar. 02 m~shes per ~u~ch 

D~gth-~alo~Ity : %!=n of ;Palalag:PamSln~:Passln.~:}'assina:pausi~': . . . .  

(feet) ; : .... : : oII$ hi[ :~0, Te-:40, re-:60, re-:100,re-;2~0,rs-: Passing 
: : welgh~ |taluef :termed :tainod :talmed .tairmC : 300 
: : :by -,~' :~ ~0 :b~ 100 :by 200 :by S00 : 
: F~t per" - :  ~r : Per : 2er : Yet : I~r : 
: ~eccm~ :Pmr coat : c~at : 

:-'o~.. : 4.(~l : 0J347 : 0 : 
4,0..* 4.~" : ~3 : O : 

7.9..: ~15 : .~ ; 0 : 
~.8., : ~.00 • : 4~6 " 0 • 

" I %1 ~I D ' • • 

I I 

0.0O ~ i.~? : 3.~5 : 9.36 : 85.92 
.37 ~ 2.5~ : ~.SZ : 9.12, i 02,99 
.28 : l~O0 ; V.77 : ~,41 : 80,~6 

.91 : 5.35 : IG.Z4 : 15.DB : 62.0~ 

p~ 

( 

L 

/- 

~4 

# 

l'ro= 7~i~r ~d /3!ami~'~ P~eport. 

e. 
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i. • 

th~ ~$1r:~ ~' ~h~ ~r~wl~¥ Carnal, 500 Io~' above~h~ 1G-foo~" 

• 0 

: - :Pro~rr$~1~ of s~l~ ~es:~!nc and ro~ainod on siovo 

( ~ c ~ ) "  : *ilt ,BY :20, ~e-|4~, ~e-M~O, r~-~lOO,r~:2OO,re-: ?~s~iaC 
: : .weight :tara :~almod :taln~d ;%ai~ed ;~alncd : .~00 
: _ _ : . . . . . . . . . . . . .  : ~  3an ~0 .  ~ i 0 0  :~a aGO :o~ ~00 : 

: second : I~ east : ~mt : ee~ ~ ~t : cent : cent : Per cent 
TOp.. : ~.~0 : 0,4~4 : 0 : 0.00 : ~.~5 : 0.99 : 5.L~ : ' 9G.~4 
~.0..; ~.I~ : .SlO ~ h 0 ~ .00 :J ,ZO : ~416 : O. g4 : S~.SO 
3.5.. : ~,~0 : ~ .~50 : 9- : ,~ ~ 1'6~ : ll,02. : 15.97 : 71.15 
4.2.. ~ ~.~0 "' .54~ :" 0 : .54 ': 8,86 : 'IZ.58 • 17.Z8-: ~9.C-d 

~To.m i ' ~ r t i e r  and 9!.am~y's Repori~..' 

The reaul~ of the foz~c~int nnalyses, of bed and ~..:cz~-nde~.~,l~z~ 
arc shown graphically on" !Claire ~, It ah~ws that m~at ofthe b~d hilt i~, ~ 

.g, aceordinc ~o the l~ureau .of Soils' clasmlflca%io~, fine and very ~no can~, 
.while most of the suspended load is silt ~r clay. The curios Ludlcato that 
t?~e average bed silt in the imp~rlal canals (U~u~ve "~. 2) ~o c~ars@r th~n 
in t.h~ Col~sdo ~:iver, but r.i~ce.t~ avow~3o for the O0~crado i~: based o~ 
only thrao samples, the result 'is not ~onc!uslv~, It "zould oo pos~ibie '> 
for t~"c ' . . . .  be~1 ei!t oe t~s canals to bc kl~]~cc, however, -~ i~ .... od_~ on/y mo:~ 
that in the c~aals the finer ~o~tlun of the river h~d silt v:~ cmrrle~ i.~ 
n~~c,~.~io.n. The analy~os of bed ~i~t in th~ i Y~rial e~un!n 1~dicnte co:~- 
o~r~,~ively llt~'le v~rietion in the values taken c~cr a lone p~,iocl a~ an:; 
of the ~t~t!ons.frc~ the ~v~rar~,~ over.the s~o ~'iod at all t:io ptatlo.q~s, . 
?;uch of ~bic ~is~iom'm~y be das to bl~,~a,• sand ~uh~rlnz th~ cuncl~. ~i-o 
d,i'~'.-~-e= dub to diff~t eC~Itl~s' Of flow-ln the Colol-ado, he,oyez, 
are striking. The ~Implu of ba~ ~I~%' ~skcn ~n the c~ual nt }[c nlon ::cadi.n Z 
on Nay~l, i~I? was practically ~ull;flne. ~am~, ~ile that tgken July 15, ~' 
~Uct a~er the peak 8f ~he s~ri~g fl~d, '~e ~r~.ely coarse and racdlu~z 
sand, ~ith a,¢~id~r.~b.le ])r~rt~ of fi~@ gravel, ~ 

• ,. ~ C  a r e - - ~  ~.aria~ in %h~ csmg~sition of susJ~o=dc~ n%t~r- 
Is!",due ~o .@~Isl c~u~%~Imns, c~mp~rablc %0 th=sc in "bg~ ~4#ai~: ~&-&ro O 
shows that th~ ssm~s of a ~ e ~ % o ~  ma~risl taken i~'%he U~lorm~lo River 
at Topock, Arlmem~,-~kn N@rtNm}lHi~r 15, 1917, .was prac'ticallM all'YLu~, san~, 
wh~le all of t~e ~ mom~r~mm~%g~Im ~ flyer ~n'] e~a~als ~ham~d'thzt 
"%h6 greater p~-t wa~ slit or elsy. ~ m%at~d ~bcve, s~vcre Cutting .NaB 
under w~y J~ abov~ t~e'~"b~ek-.statlon at the tim~ the m~asc~mont ~-_s 
takem. The semK~e~ @~ s~a~naed silt, exee~M; at -~b~Z~ck, ar~ remarkably s~- 
i!~r in e~m~sit~ea, a~ ~ar as eould be ~e~ermln~i. ~r~ sieve an~!ysig, ~ns 
~.mple I ~ ~  ~iea-a~e at Tuma is ~li~h~ly coarser %hart ~hO~e taken in 
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the.o~t~a.~, ~ compu+in+ th~ tm+e~laal.~a1~r~m. ~ ]~usp~ sll~, th+ 

,+:. m.~ +#~Pt~+te~,l~+m+m++ ~o ,+++ +am.ae++oo=~+mz.w vo+o++y +~ 

t~l,+.+:,.'l~l C P +  01"  +hl, .+" ColoPs40 + R t ~ . :  . ,- 
++.. , + .  • .*  " . +. 

~Betwe+m Deee~be~, :.+1~+, ~ d  A~.~, 1910, :1~ staples o~ Zrosh1~ 
ae~si~ed wet silt ~et.e ~ ~ a ~+~le : ~P~kol~ oT i~ +8olora~o ~Ivor 

+. ~ ~a +~e Vlclmi~.ot Ymaa ~ ~he ~.uCt Reolm+~am. Xm taMi~ t~e 

' ~ m " L + + '  " m ' + ~ ~ , +  p + m +  . +' , . : + : . .  , 

• . . ~ + ~ i ~ +  . + " . , ~ ,  

.'m~. + 1 , - - ~ e ~ m ~ ; ~ :  o f  + o o + + ~ ~ o + . m v +  =z+ ~t~+, m "~' :+mort., 
" . . . .  , +. - ' ' I g  I . . ~ . T ~ .  "' - 

" " " " " | i  " , . . . . . .  - . 
- +  _ : _ _  .+- .  . . . . .  .: . . ,  . . . . -  . .  ~ • . . , . . .  

. . . . . .  ,+ . + + .  . . . . .  + . . . . . .  , . + . : ,+ :  - . ,. -: ] ~ . i ~ i ~ +  ~ b = . + m b ~ . + , + o + + +  :: 
+ . :  - .  . . . .  . , : . ,~ ~ + , ~ .  . -  • 

. . . . . . . .  . . . . . . .  : . - , . .~.+ . ++ + . ~ _ ~ . .  ~ :  J : ~  

. , 1 ~ e  " " " " ~  - - - .  - - - - -  . " - + .  . . . .  . , :  . 4 1 ~ , : ~  I P 4 ~  . , , " " 

~o ; ..~o +. ' " ' " ' "  * *  " " ' " " ' ' "  " " " " " " . ' "  . . . . .  ~ - , ' - ~ ,  • • • . :  ~ ; ~ , 0  
- + z ~  ; + I o  " " ' ' 

" . . : ~  " " ' "  +77 O 4 e e e 4 1 ,  e ~@~4~ • • ~ ' ~  " e  , :4 ,  $ • • • - ~ I I  • • • • .e  @ • ' a l .  • • . e  p 4 ~ ' ~  , / I  

a c e .  J . + .  , , + . : S O I 4 1 J ~  o a ~  : .  : 

• +- . . . . . . . .  i . +  . : :  m . o  
• " -  • * • . -  . '  I013..0 : " O . ~ . I  

~.:....:cat~ # , o~lO.~,+e : .... . : ~.+ 
+.. o+. 

. . I i . . 4 . o ~ : ~ . i _  d r _ _  e a + ; ' z ' ~ . c r  = . . .  +.. - • : . .  * : .  • • . . . . :  i 0 0 . 0  

.~ +,+ ..+,. + .i~,+ • 11 I ,I .1 ,I I • • 

, . ~ .  ~ . . . . ; ~ ~ . . , < t o . , + , . . + +  . . _ . . + .  • • • • • • . . + + ,  . + ~ I m 1 . . o  i _ : ' _  w + . . 5  + , ~ I ' ~ /  

++ II II I ~I ~I • I I "41 • 41 ~I • • • • !. II • • • +I ~ I • • 

"~a~ ~he smae ~io~,.~e ~%urel~ of Reolsm~on also ~ook fIv.o 

~ ~ W .  , .  
. ~ .~, 

. +  

+ e~ Bl~mey'S+ , 

3 4 -  
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"T~.~ :fol!owla,~ doy,(l~bruaz7 ~8) five sazpl¢o %'sro o b~ni~o~ in 
a stmilnr manner l~no~ ~ bed~ of canals of ~he imoori~l Valley oyst~. 

of tho'eanal, la, markedly ~ ' f r ~  tha~ ¢b~d .from Shs, rl~sr, 
• " r # ' " ' 

which 1&a a m~ture of bea " ~ t ~ '  em~ modl~.~%- f o z ~ e ~ r ~  earrled ~n ~ p e m -  .- 
s~on ~saken~fT~m :~a',~iV~'s od~ whe~'e I~ ha~ beon ~poe~%ed at n Io~ 

. / 

za~O . ~ r . . -  ~ m p l o s  .~ ~ 5 ~ %e~m~. ~ea~cti~ly, ~ o m  a e~e~L! l a t e r a l  
~ miie~ ~es% of ~ho ~aa~,~l~ Canal s~d from ~ut 8~ mile~ from t:io 
In~;eke, ~ .1~Igl~ ~' th~e ~la~T1al~ are ~ivmn I~ Ta~io,,~. 

"Table P-4.-~. Nelgh~s o f B e d  Si~Lin Canal~ of 3mp~la! Valley. 

: : - ~ : ~aw~ea~ hamming. 
e..i.... ~. :Za~.S: m~,~ ~a.t.~tt~e-ca~Z, 1,ooo~ ~o,~ =~h o~ ~.,~-,~ 

-:- : -- '~.,:!atamml, " ,,. ' 

: : '->.' : ~ate~al. 
~ . . . . . .  ; ~ . ~  ~OO.l : : la teral  :B.-8 m~_le~ ~ : t  o~ E~at !:i~h:~, Can~.  

" ' " .: :,/ - " " "',:u" . . . . .  - ' - " - - - -  . . . .  

"/urim~ 1917 many :sam~ of boa ~£1t ~rz-s taken by !,.~. Peck i~o_u 
the-b~t~ ~f.'the Alamo Oanal near F~mlon hem~i~. ~ 0  :~isht of dry~l!t 
contaln~ in a c~b!c. ~oot .of ~t m~tc~ial ,~mrio~, ~ 80 to. !10 PO~, ' 
avsrm~a~E ~% !00 p6un~. .Table 25 shows :the w~g,h~ of the slm~ics %akron 
on K~Lv l,~hiah:.~ 1~r~Imal. The samples vmro-%a/.:am in t.he serum ~a~oss mac- 

L~cm ~ort i -~ '~ ~ ~ z ~ 7  'n  9 : s ~ r t .  

." - "t. 
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'.E' - -: . . . .  J ~ , , . .  , ,  . . . .  ' , , , - , , ' . i v  , " i . , ' , l  ' ' . - ' "  ' . l l V ~  . : i ""  . i - ~ - , ~  : ' .  , 

< . ~ . "  :. . ~ • - . : . . - ;  .-.. • . , l i , ~  , . "  ~ I i i ~ i i  " , : . ~ . ~  

" 4 5 . . . .  , - .  , ,~ . : : ,  .., , . i . :  ~ ,  i l ~ g , O , , .  1 ~ 1 6  

~, ~!  I : l ! l @ ; l l  =. ,71 .o l . iS  
. . . . .  " ~ ' .  . l~;l l l  " 7,,:  7!0,~7~'~ 

. • . . ; : .  . " ~ ' -  

J l i R n  :....~ - ,-<i- ,. 
• 74 . ~ , 125.~4 .- - i0~,~4 .~. 

: "  . e :  " ~ - & < ,  • . . . . .  . . ~  G - . 

• " ~ -  : " ' - ~  " ,  ' -  • ~ " " l "  i , , " - . -  . " • " "~ ~ " " 

• . o a n a l a . .  ~h..e"ava~ai~ w'o~(sht  

~hon ~, ~o ~IVllk~ ~ e b l e , ~ 6 ,  ' .. 

~ -  ' , i ,  , , , , . . . . . . . . . . .  , .  . 

' , S ~ n $ t o n  - - i '~ ' ' • - - , " " 
~o" " = ~i.- ;~e- ~i~i~ ~ 4u~:~-,~,,~ 

,- N i ~  ,: : Oen<.'~l " :~a.. .~o ;Iflo : @~t ' 

,: . .  . t . :  : I X ' O I  ". : g X ' e i v -  '- : , .  

: " " " - : " : . t i i ~ . l ~ _ ' :  " :, • , 
" -  : - ,  - . . . . .  - " " , , ;  i ~ l 

- . . . ' ~ . ~ , :  "-'<~l.,c, ~ "< ' - - ' : ~ : - " . " - . "  . . . . .  ,Milel . : l ~ u n ~ l m  : P o ~ n l ~  . . . . . .  
--- @."1 . ~ i ; ' ~ i { i ,  1-,< , ,  . . . : # t i t  i I l . ~  : I B ' ~ , t t 4 5  : 1~.14 ; 1 8 , 1 ~ .  

" * ~ 9 " r ~ l l l . . ~ i l l k , . ,  . . . :  ~ i ~I : 3 . 6 4 , ' @ .  : 181.@8 : 9~.01 
. . . .  ?-. ; i ~ i n o l t ~ m l i i l ( n ~ . . . ,  : . . ~  .,. : f ~  :3:lili~:: ,'I~i.17 : i01,4~ 

9 IDa/IL%a ~lm~. ~ .. :l~l~hlla : ,. @ll :~.6V7 : 119.48 : 99.~S 
iO .L~b, ]2 h~a~in~.. :i ; 4Lo ' : ~i ;2.8~ : i15,05 : @O,ll 
11 i~b. ~ ~ ~ ,  •..:~. 4 ; ~  ! ?~ :~,65~: i~0.~.9 ~,: ~4.14 
i~ :~. 8 mm~... ;]~o 4 S'~.~ .i 9i ~.~ ~ '~%~;~4 : ~8.el 
I.~ .~k~. e, :b ,  u a t ~  .... :~rlfo'i_:i,la :! 104 :IL6S5 : . i t S , O ' #  -: 95.11 
1 6 - ~ t o .  5 - h ~ t . t n g . . .  : ] ~ b .  5 ~ a , t n  : :~I .:;I!o6~I:I.~ ,~:L1.~.?,4, : - 9 8 . @ ' S  

l ~ - i ~ l l ~ t t ~ - h e a ~  , • ~ ' ~ i ~ t t ~ i t ~  : 6 0  ; 2 . 6 T t i  : - ~ l , 1 5  .: '.g?.71 
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. " "To d ~ , n e  t l ~ . v ,  a r i e t i o n  i~o~ t ~ . ' n e B m ~ o f  t h e  wet a n ~  , ~ y  

VjeavJ%~ ~ k ,  Im F o ~ u ~ ,  1 9 i ~ ,  ' t o o k  i.~ .a~n~lea  ~ i : : ~ h a  boi;t~m o~" ~l~la~ 
~,a~!., ~ri_al Va3Ll~. ~r, a t  aa n e a ~ l y  a s  l~ra~t'ioablo, %ho .name plaoe~ and 

. ' the a, m m  .tlm~, .~ ~es~l%s oZ ~ho testa e~ g i v e n  in  ~I~2~ 27.  

' -- ' " ........... : ~ L f i o  
, .  , .  . . 

1 ' 

~lP • • 

• @ • 

. N u n  

-~ ,ea~ie, ..:.i~amm~am : p e r  mih io  
• . • . . . . . . . . . . . .  

: - . , I:~o,~tt,  - ':~,Paz, -e~mt,  : . , . P o ~ .  
.. ' :  :::],,I~).:~l : , ~ ,~B  

• :=~ kI~85 : **~! 

., : 2~a.~ : - - , ' ~  

• i ~  a ~ n ~ . .  

• . . .  "2.-IB.4dB 

• : .  ~ I . I ~ . 4 2  
• 1 . I ~ , ~  

.. : ;  - I . Z ~  : 
: +I.~ : 

: - - , ~ , ~  ::  : 8 7 , 0 8 :  -: 

: ' , , . : ~ . . ~ ,  , : _ . . 8 7 . 5 1 "  : 

- 

: ~fl~,~ • 

: : ~ .  : 

: B8oI~ ' : 
.: Bg,P?,w.~ : 

; 8 7 . ~  . : :  
:' ~ , . Y S ' "  " ':  

: BB.?~ t 
• ,:'; 8 7 , ' 1 9  

• ~a.~ - '.~ 

• : . _ ~ ; 0 ~  :=  : . - . . .  : .  -8a.~.... ,. , : 

-1.57 • ~ * 6 ~ B  

+!,Ig : 2,~7 . 
- . S T  : 2 .  e,,~l, 

: ~o~44  

• : - - - ' 2 . !  

• -',poalts %~n .~sa~ Yuma and ~ :Dam in 191~, 1916, area I~5 ~a~Im~ I-~ 
dry  .~eich%. o f  a i l t  I ~  cub i c  -foo~ o f  s e d i z ~ n ~  ~tr¢~ :~ .R-  t o  I 00  ~ u n d e ,  
averot~,~q~ B 4 . ~ - ~ o u n ~ .  'The s ~ r i o e  of a ~ s  . n f  o e n o ~ - b o ~ t ~ ' d o D o s l t s  
~ken ~u~In~ XglV, IB period (ace.Table 2e) An I~, .NgA~I Valley, gaw 
~l~htm o t  ei~"l~S~ o U b i ~  too% of wet ma~rl~l ~ ~om ~0,1%o I01.~ 
p o u n d s ,  %h~ a w ~  b o ~  99 ~.ou~d~. 

"~I~T OF. ~iL~ ~PQ:~.ITS ,~f ~T2L~IIG B~S~HS. 

"]~an~ 'of  t h e  domest~_o wa%~r~rkB i ~ s ~  o f  I m p a ~ l o l  Vmlley  ha~e 
as%-~llm~ b a s ~ a  whloh  a ~ f o r d  an op.~ort~t~l%~ %o dotermlmD %he w o ~  am~ 

~ I ~  ~ d a p m s i t e d  s i l t ,  ~ t ~  d ~ i o  ~ z ~ o m e s  i~ @ L m ~  o u t -  
, l i e d  • ~a= a ~oond .a~ eanS~,-and m~n~ o t  ~ho sllt im ~i~ in ~ua~nalan 
~% lo~m~$ 1~Ine. F o r  t h i s  m~a~om ~ ~I~slts s~m~ ~o So~owha% a / m ~ l a r  
i n  c h e r a e ~ r  t o  t h o s e  on fa_---~ 1 ~  amd ~]~ose in  t h e  dowazrtream IX~r~io~ 
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• , Sl i IB  ": ;Si~S 

• " * - " , ~ , ~  , . ~ ' v 9  • • I ~ C # ,  s . ~  • • . • .,,.. . r~, .~ ..... _. ..... .. ., . J-. . Ir~l%l~ ...4~,.,. 82,9, : r.x~ .~ - 

• ' ~ : , p ~ . . m ~ m  • ~,,.rlllId,]I,,]I ~ • " . 

9 . . . .  • 8 4 , ~  . - . , ~ , , , ~ . - : ~ Q . . ,  ~.., _ . . .  ~ - ~ - . . ,  -. ~ . . B  . .: ~ 9 , 2  

- -, , . , , , , , t4o,lk~ ' • * L I . " w 7  ~ I . J  " ' . f ~  e ' , .  . '. i , ~  ~ ' ~ 5 , ,  " ' . ' • l i ~ @ . q , /  

• - "L s . . . . . .  • , t ~ e F  ~ J  • 
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fairly Tell. c~ae~a. ~ ,de~e~ s~m4 c~a~s 2 ~nches ~ide ~nd 4 i ~ s  

:~eep, , , ,~o=~los-4  v 5 ,  ~ (~ ~ t4~n ~ust aboTe th~ .~ater, and ~he c~ac~ 

we~e ~ so la~. ~amp~as .?,  B, g,,  and I0 ~re~ ~k~ b6iaW ~he ~ate~ an~ 

. " ~ % . ~ h d  I ~ x ~ l ~ l  W a ~ r  _ . l ~ l ~ ,  s~m~les ii ~a~. L ~  ~ t a ~ c l u s i v o ,  ~ . ~  

>-o~rs be~e~ the :t£me o~ ~ ~  ~au . . . . . .  " - - - . . . . .  - 

: Pxes wo:x,e 4aW:l~ . . t "a~ ~the s~ ~w 
~mtor.  " :r~e , d e l ~ .  t t  .~I'~m~ ~ qm,~tl~ ~i~t was no1:l~ ena~ , to r~t~Im-It.~ 

• a~nm....~I~e woi~ t ' '~ ~ .,~., . :-r..=*=.~,, ,,~.,urr. erperm~r,~aL ~'~tli ba- 

l . . . .  

r . r . . . .  . ,~ 

• - ~ - "] " ,~-: - ' - " -~ " -., .d,.~.. " "; ,-L/ 
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~Tab!~ ,,O.--'.'.-oighto of Colorado Rivur ~ •0npo~ ~o in -" "~'- - ", , .... ,~.~ 

a% ~arksr, A~na, ~ ~ 

~lt. pzr, 
: .oubio foot : 
-'~at~=~toci: . z~" " 
; Po~.udm : : :7-ovnl~j~ " 

: 95 ,5  : :~6.8 : 

: 8 8 , ~  : 4 ~ . ~  : 
'-" 107.9 : VV.7 : 

. : ~ , ~ 0  :_ 4P.,.O ,: 

m i n d  t~at  s i n ~  %he wa~:i~ ~ d  Tr~:t!i~ :ri~, :~ ~ -" ~ 

~-h~ Ii ~sr ~a~d "fi~e~:,m~.t~ml~, # ~: ~e~e~ wish; .S~ :.m.;]~: ~Loel.~.,. lmmses ~%h~ough 
the:~as~u--~na:~ a~o~i~ .~a ~he  .ia~ra.~a-~r:~!~: f i e l d .  ~r~l~. ~ - 

'~ wi~ .or &-~,~. ~%a~a~ in a ~#~e.:~:0~~6~:.,e% ~osi% ~ ~m 

, "~,reau~as 0h~atued ~A~m a~ples .i~em .2b~. :-WttlAu~ :basins .at 
~arkar s h o ~  t k e  awe~4ge.~ ~ol~t of ~u~l~e." d sig~ .as 5V,,5 l~u~e .p~ 

in suapensicn by ~i~ .river, eta: d~a:.i~e ~b~t ,%ha dry wol~t ..ef 
~Ucpcnded  :.~It 'as'~onnd.:i~ t h e  r ~  ~ var~ ~'~'#i,3i', ~so .f~uor ~'Po~.l%~ 

~n. avera,~e ~.ry ,,~/~h$ or '~o .~=~h~.,,~.e~ .aubiO roo~. while Ju~n.n ~ u  ",'~ 
ri~er ~l~ita fo~. ~. at L~4g~..I~J~n'~ Y~, ~ho h~a~le~ SUspend. silt 
m.y h.~ve an  . vo~ l~e  ~ ~.I~ o f  8bOtZt'~5 leO~L~lds ~Or .cubi~ ~oOt. ~:lO 
~.. m~..n.hs rec~ tt To~clc~_;hOwa .%Im~ a~$ ~0 ~r sent ~f, the mils carried 

that th.e~e a~te~to er~ ¢~r~,t, it I~ the opi~lor, of $h9.  aut!ior~ ~h~t ~ 
• .. _ _.~o- ~. "'_" :~ ~II ~ e ..ue. im-a.c.bie foo~ o'. .un~nde~ n__G 
ao cc_-r!~od by" $:i~ ioze~ 7'~'o~o ~i'ver.~omld ~b~ .a~pro~Imm~ely ~2:~-~oun~, 
'Zai~ ~ t . . T h t ,  ~.hile .o.~!,V e ~ v ~ .  at'e ,. s l m g l l f l e s  .~.he convorslon, o f  She sl!~ 
eon~en$of:~at,~r .fzcca.a ~i~h~. %0-a volumo b~is:"In that She ~ e ~  of 
oil +. by ,~i~ht eq~ai~.fhe_~erc~tag~ b~ v~!u~e, .In aOnv~rtlnq %he sll~ :con., 
t ~ n t  in t b e r ~ v a r - a ~  Y,A~a i~.a.,wl~k% %e a v o l u m e  ~ i ~  t h o . ~ e i ~ i %  o ~  ~ u a -  
~nded silt should b~ , ~ ,  as '~he s~l~s do ~ inel~do ~ ~ 
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"Silt ~,~it~ in ,m ~ . ~ w o i r  o~ tho rDJiorado r!ivcr =:ill ¢c:~- 
~'~i~t #'f m~be~l~l. , c~led in as ~usT~ndod s~t and as .bed oilt, '~,~..~ flI);~'.~* 

~ o r ~ , .  be a e s i r  ~ .  e ~ i ~  ~ t e ~ i ~ l  U i ~ e ~ t e i ~ • b ~  , ~!~co..~h~ro io 

-u~l¢ .~f v~l~e m~ be ax~e~ t o  ~ con-si~ers~ •ZeCz~ tha~ that of b•~ 
S~i%. T~.e Xn~sen~~of o l ~  ~ d  ~ol.lo~d~l Pa~dles will fond t o  doo.~o 
tho ~el~htixrr u n i t ' - ~ l u ~ .  k~wew~,  i~hl~ may bo ~f~0% ~ e n C u ~ i l y  hy ~ho 
Incroa~d dens/ty of ~im~nt's ~ ~0 ~a~.tlem.ent in the 'bed of tho ~s~r- 
7~Ir. Typical samploa of r iTmr ~ i ~ S  ~ n  in i91D, '1916, and 19E5 s.hc.~ 
an"avsr4~e ..d~y weight per eubic f~ol of B4'5 ~oumds, ~b. convort %ho rot'el 
l~a~ bf silt ~QposLted by.~he river L ~ n ~ ~'e~O ~ , ~ ~ a We I [~ i~ "~ t 0 a 70 ! -- 

umn basis, it in naeess~-%o know. th~ ~y welgl~ of silt per cublu foot, 
averogm weight oT silt ~ep@slted In a large ~'esor~ir would dcpond on 

the thoroughness w1%5 whi~ %he fine silt wms mixed wlth the coarse. IS 
the t w o  grad~s-~ero ~osl~d 8e~e.rs~ly .in t k e  pr~r%ions oaz~only car- 
~icd by the stream, .t~e mean w~Igh%, wouldapproach 70 poun~ por cubic 
foot, !f mixed, %he a~m~p~ weight w~uld ,~ gregter, but the ~ ~ud, 
'i~ock dei~rmlnatlom~ of ~ilt u ~h~p~sl~d ,In~i~a~e tha~ it would not '~x- 
~ e d . 8 4 , S  p o u n ~ .  In e~t lmattn~  the weight  o f  dry s a l t  oontalnod in a 
eublc f~ut.of ~edlmsnl dn ureservo•Ir ~;ee~ed m e a ~  t h o  lower o n d  .of tlu~ 
~ n  ~e~i@n.Df .%h~ ~ilm~, 8~ ~ mould ~ %0 be n fair ovora~., 
ai~ t~or~ w~id' b~ ~ I~ .~ile "~et~ bed-load "of ell% than at ~O~ock • 
and YUmn." , • - - 

Fram Fortler and ~ e ~ " a  *:Rel~"~. 

."Since-~he~experimen~s %o d4r~ermlme ~ho distribution of silt 
i~ ~h~ cross mec.tlo~ of eenmle im~A~ate~ ~% %he ,to~al p~rconta~ of 
silt ~eax~rlmd 'h~.sny .~le~am ~l~al o~ the-channel incrsased with the 
'~op~h, the ~beaquem~ e~i~ilm0~e eglmflned to obtaimlng more data o~n ,. 
the ,vertleal dl~tri~dilon mnd.~hs mi~ of partlolms. By %h~ uso of sieves 1 
ramgln~ fr~mlO ~o:~0 m~shes ~er 'imeh,,%be silt samploo were graded for 
f.Lueness, bu~-~m6Jiltkpa~ialea wem~ fo~ ~oarse ~nugh to be rotnined 
on-a Eo, 40 sAeve. Si~.~ and vsloelt~.meamuremen~a were mado at mo~o ~oln~s 
in .~h~ v~ul ihan im,~e previous.~m~mtm, an~.m~st o~ ~ha %e,ts 
~e~e-m~e i~ the center ~r~ies! or~2~ oa~al. Sempls~ wex~ takes ~i%h 
the Tai%-Biz~kley sampler\mr depths m~uglug i~-~e ~ler ~rfs~e to as 
n~r th~ .bottom m~ ~m~ ~O~Ibl~, ~WI~% dlsiu~.b~u~ %he bed Of :h~ can~l. 
~y ~m~erim~ w~ ms~m,' A i~w ~ %he-%~j~loal exem~lo~ are Cl~o~n in 
Tahls~ ~i to ~. 
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• Z ~ e L ~  C a w ~  at B ~ u ~ r y ,  M a y  " o,  1919 
(~a~lo~ 'we~a ~Men from tl~o ~ter vortical, ~hloh h~d a ~opth of 5,7 £c~ 

and a m a n  vsloe~ty of Z.%2 fe~t per se~on~). 

L~th :Proof%lain of silt by ~ l g ~ p ~ m s i U g  aul re~Ine~ on slcvo ~!th c~c,- 
at : . ~ f l a d  ~mber oi ~ m~ahe~ ;mr .l~eh 

~hich : : • : - • , : : : • 
: :. : : - , :  : ; : 

t a  • 

• ¢ )  . 0 o ~ ( > . .  o . " 

: . : : ~ . ~ .  • ~o~! 
: ~  ~ :  ,~ ~ ~ "  ,~ ,,.,~ ~ .  

• . - r ~ , ~ ,  : . : ~ , ~ , _ _ :  ~ . . .  ~ , :  , , ~ . .  ~ . .  ~,,~:~., 
Feet ;Z'.ot. ,ct.-P.ct. ,l.at,.,. a,..P.at, ,~,at..I .c%. "Plot..P. ct. -B~ot..1 .or..I 

Top,.. "O.O00:O.O01:O.OOl:O.O~:O,O~ :D.OOT-'O.OO?IO,GO~IO.OOS:GoO~V:O.OIZ:O.OZb~ I 
~.0...:~ ~@0~: .OOS: .OOV: ,015: .OOg : ,.Olg: .OOB:: ,OOV: .OiG: .0$~: .O!V: .020:' 

~a.5. r. ,003: .@~)V: .012: .OIV: .OlZ : .02B:'.OlO: o012: .010: .04/: .022: .020~I 
• 5 . 0 . ~ ,  .O0,q: . 0 1 0 :  .OLD: .02" t :  . 0 1 4  : . 0 £ 6 :  .Old,:  . 0 0 8 :  [,10~: . 0 4 6 :  . 0 2 0 ;  .O~,, , i  
S.5...: .O0g: ~,010: ,02~: ,02@: .015 : .039: ,011: ,01a: ,0LS: .0~5: .027: ,03] 

:Paa.slm~; 500 :ToSal ~. . . . . . . . . .  - " 
-7oot : -~.et.-:P.at.: • -_ i.l,, 
~op .... :0,920 :0, t~l.O: ! 
~.0... ; .94D : .903: / 
2,5,.. : .755 : ,g~: ~ 
; 3 . b . . .  : ,74,0 : ,952: .. 
~,5,..: ,924 -: ,9~I: "~ 

"~abl~ ~,--Px~rtion of Bi!t in eaeh of fiv~ ~a~s a% various depths in the ii ~ 
Amh Ql lnal  a t  B ~ u ~ l r T ,  ~L~m 2 5 ,  ~ . 0  ' 

(Samgles ~e~e  taken from the @enter vertlmal, which had a dogth of 3.2 f~st an~ 
a ~ velo~li~y of 5.S2 rest p~r ~emond. The canal ~ ZO feet r i~ ~nd ths,~ 
dlscharg~ ~ 190,7 mecom~l-/~eet ). ' 

X~9~h a t  .¥el~l~. l~or%i~ of ~dlt, by we t, p~Siug and ~£alne~1 on t~ 
, ] rh l~h :~ t  ~ o l n t :  S i e v e ,  ~ . .~r~mo. t f l~_d m ~ b e r ,  o f  meshes ~ r  i n e h  .. ~, 

• • :l~; , .• - % e ~  : t ~ d  : ~ a A , u o ~  : ~ 1 ~ . . . :  " ~ 0 o  : : l  .~- 

- : ~  ~ x u , ,  , ~. " . : . . ~ -  " - .  . ~ ;  

: ~ e ~ d  :Per c e n t  :~er ~u%,ll~er ce~t :Per cent :P~r ~nt : ~ ~  ~i,..~ 
Top ..... ,: z.s~ : o.ooo : o . o o o  : o.ooo : o.o,-~ : o.~ : o.~o i] ,' | 

I ~foot,..': 4,~I : ,O00 : ,0Ol :" ,014 : ,G4D : ,9.49 : ,~09 
2 feet...: ~8 . : / . D O 0  : . . < ) 0 1  : .0~ : .OZD : ,?~58 . :  , .3~ i 
2 . 5  feet. : ~)ii : .000 : .O]D~ : .048 : . 0 ~ , 5  : ,257 : ,Z~2 i 

5 f~,,, : ~,&0 : .001 : ,0~ : . 0 ~ 5  : ,ll6 : , ~  * ,%TS i 
~.I feet.: £, ' / '? : .005 : ,061 : ~06~ : .I00 : , 2 ~  : .50~ 

• ~,~ ] 
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j , ,  

• . . ~ , , 1 ' ~  S,3+--~ 'oI~z '~.O~ +O~ ~.+J~it 0£ : : + c t : t  oi" ~--v+ ,+.i'+_~,J a~ va?.'Iou~ , .~, ,~+'+, ._~ 

~nne ~O; 192Q. 

re+ t ~U ~ "a ~ i ~ O O  X ~  O f B " ~ i'O a "~ )r e= 03 n(l' " Tho Ccnnl "~:-~o ~ foe:+ 
wido, ~ ~he ~teOha~ waa 19,14 ~on~-re~t), 

t of sil%, ~y 'W PI~Sainz ani rotalnea o: 
~hlch :at point: L@iovo, with epeoi2ied numbol..,o~ meahes ~r Inoh 
s + ~ _ ~ p ~  : -  -:i"a~sing : P a ~ t ~ ,  : P ~ s A ~ u ~ " : P e ~ e l ~ - -  - ~ ' . . . . . . . . . . . . . .  : 
wzs ~.-~ken: :4G, re-- :80, z~--+I00, me+:2~X), roL.£Pa~ulng : To%al 

: ~ :1;aine~ :%alne,~ :%aiz~d' :%nla~d : D00 : 
. . . .  : _ + :qA. 60, :on ib0 :o~ 200 ~on.~00 : 

; l ~ o t  ; + ; ~ :  " : " - - " ' h  , , : -  " ' • - : . . . . . .  . : . . . .  
• + 

, z ~ p , , . : . . .  i . : ~+s  : o : o . o o o  : o ( , 9 ~ .  : o . o i +  .; o,:~+,:: o.mu,: 
"0~5 , ' I '~%: .8,Z79 : 0 ~; 

1 . 5  feet.: ~ . : ,  - O+ : 
!++?_" fe@~.* : 'I...~_ + : O = 

• ,~;~:: ' .~1~ :,. .Ql~l~-: .400 : .520 

~,~ble~.--~~.i=~. . oi',attt An eaeh e~ .i'~ ~me~es a~ ~1~m ~ths of. 

.. f~"~t eagles wer~ takmn l ~ O . f ~ e t  ~ - . I t l ~  @~rk~1~k  e'f;1~he ..emtal, which 
..:!e~ 180. f~ v lde  a ~  lO~IPm~.:dWmp ..mm~bm~;a G ' I s e h a r ~  o f  ~ , 7 ~  Noo~- 

E.:-'~,+4rb. -}~Lo~IirJP: "Pz.O:~,~tt~a{ Of  silt, by' Wllll~'t,+-' " . . . .  p u l J ~ ' m t d -  - - -  vra..tai,,ae,8, on' 

~ : ~  " :40,  ~ , -  : e , o , - ~ , , . . . : . l ~ ,  ~ e ~ : I ~ . , - t , ~ - ~ : P ~ + I ~  : '1'o~1. 
: '~%atmm~ : ' l ~ I m ~  ,-~ir~ :~akmd : ~W~D : 

. :+ :on ~0.. ~on ~a00 :on ~ ,~, ~ • : 
• :~.;+ -~: . . . . . . .  . ........ .. 

;NOOM :l~.~t :Per een~ ~eat ~ :een~:l~er o~nl; :Per cent 
, ; , - ~ ; ' . . . .  ;...4.00 : 0.(X}0 : .0,00~ : (~.0.ED", 0 . ~  : .0,S~.~ ; 0.B47 
' ~  t e e t , ~ , . :  4;:S8 : .00i : , ~ ) ~ - ~  .OZ?- ~. ,.~..:"/ .:t'~O .: . .3&~ 
,~':~m:.,+.~. ~ . ,~ ,  ,: .OOl : ..0o0. :. . ~ r , .  .o4~ ::  ~ ,,~.~ -: .::~ 

.. -&-: . fNr~..+ : ~ +-:+ . . O ~ l  : .Q I~  ; " . , ' . ~  . ~ : . . . I ~ o I :  . ~ o ~  

-~*,J~e~t~. :~. 4~ : . 0 0 ~ . :  + ~  : .~ : . ~ . :  ,It,05 : .~l? 

+ ~ ,  . , J 

: + . O X 4 ~ , : ~  " . 0 1 + .  . . v : ,  - , ~ P ~ " "  . ' 3 7 , l  

".. :-+,~+_,~,~,w+,~.:+' s.~i+ ;++, .: . . o r e . : - .  ,+~+ + . ,~+ : + . m ~ ,  ,,+ ' . m ,  .: ..,.47 
" --9-.~+~te~_ :~?,:...~,.:,#'~ ' ,.¢e&+ :,,, :. , . . . ! - - . t . :  ~ (9~..+=. , ~  .: ,+;m=P, .: ; ~  
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+,.,,.,s~ , , a m , .  : l , O 0 ~ l + ~ l : , l ~ + - ~ + .  ,i,,u Immu+Ll. ' ' . . . .  + ' - ' 0 -  " -  • 
+ ~ +  + - , , - -  • , ~ 3 :  . _ . .- - , :. Z,e':mee~"~',e,&,e,e, ~r+aol~ ~ o  +~o,_ s ~ e e e  o f + +  
~ .  w ~ + + ~ , , . . ~ m ~ +  ~ m ~ r ~  +]~or~ . o ~  l h ~  + . + t a ~  ~mo~n+ o r  sL- t+  : i n  + ~ a l ~ a ~  ~n + 
1~0 ~'~I~I~ ~ , ~ . ~ i r ~ l  ~ I J ~  ma~er,lel ~++ pa,~e~ ~o -~o. 500 a . t . o r ~ .  - 
This ma~p+L-.ItU~..:lt~S , ~ m l ~ y  .found to b~ fairly eq~ml~y distr_ll,uted ~ k ~ o u p ~ o ~  
%he.reCital ~r ~1~+.~o~It!es ~ n  which to~ts ~e~ m a ~ o ,  +-ncl~zdi~c in"  a o m e  
l~st~m~a mo~ ~¢~i~le~ of ~ than t~o-lh~ ~ per ~cond Lu:mmll 
la~mPA~Ii~,.~ y~ o~hep 1~or~a, a~y velooi~y %~t ia ,~a~tlc~l ~cc~ Lu irrlga- 
~ion + e e ~ u ~ l  will,..mS~ I= ~ u ~ l o n  ~ ~ea~r pa~t o f  ~ h o  all~:~aa~port- 
ad ,b+y.',,khe ,~aI~8 of Oolor~O RIvl.~. 4~+hough it ~quir~m very lit~lo vel- 

v u i r  ~ t ~  : ~ I t ~ t d l "  " " + ~ '  " " ' - - 

• . : + . .  ',~,,, +: + . ~ .  5~: . ,  
" . ~ .  ~ - -  ~ " . . ,  . 

~.+,,: , + . ~  . . .  : : ~  ~_~P+ ~. ,4ate=, 'm~e t,l~o o'Zmrac'ker o'r a.t.+I.~ ::Lu ca.ua.1. ~ d s  bo'~h 
~ : , , m ~ . r ~ p . , . L , ~ . ~ o o  +yy_~ ~.~,,+, , + . L ~ . . o ~ + +  or ,m, m.',,~.,,,, ,,,re- 

x. . - 

) 

, . . ,  . 

, ,  I 

x+'5 
i, + 

[ 

" I  

\ 
\ 

-.,..+ 

+/- 

/ 

f ,~., 



6 8  

Do 

~g 

*q 

5~ 

• t r  

• , / + ~  ' 

o+, 
. o 

• : c J 
{ . ; +  

4" "" + !; • " j ' + ,  • . . " • 

+ -  ++ 
- " . . .  "3" 2 :  "r + ' ' ' ' ; :  ' 

, , . .  - - ~ _  L . . _  . , ~ .~ i~  ...+ _: .. ' ' ' " ' " ,  ' ; ;  h ; '  : : ~ Y  ; , , . + ; , . : ' - ' , 0 :  ' .  :. .-., : .  ' ~+'+~ . . ' . . " .  . ' . . .  , ,  I.~ 

~.m.,.,,.T',i,;,+ " ' :~ .-> " - . ~ ' . C  ~ . : , :  . - - ; -  ,,.~-~.-.-u.-:+-+-+~-+-(-~-"/ITL/~/_X -. -v . . . .  • ,-- - . , ; ' ~ . - ~ .  _ ' . , :  : . -  . i . . . .  . !I 

~ . ~  . .  . ~ t t e ~  : . .  ~ e  ~po~"+- . - , 4 J l ~ t , .  ~ ~ - "  - - . ' " ? ? + .  - • i, 
~ V ~ " "  " " : :  " " : • .. , ' . ' • . . . , .  . ~ r ~ o  . ~ a ~  . ~  4 o . t ~ + . I 0  ~, , :  . 

, - - + + . - "  . . . .  . . . .  ":+ ~,. i . : _  . ' : . . ,  . : : L ~  . : . ~ z o ~ ' . . ~  ; ~  a o  . :Oa ~ . u , , , , . . , ~ : . . . . , , , . ~ , , , . . ,  . ,,,,-.,, . 

~.,, , , , . , o . - , x , , ,  . . . . , , , . . . . , . .  , I I , . 7 1 9 - .  1 9 . 0 0  . . . Q ' , O 5 " -  I . I M B j , . . + ; , { B ~ , O " ~  ; ~ 1 . 5 0  : . ; ' ~ , 4 . y : ~ . . : '  ? . ~ ? I  

: ' + _ + -  ' ;: +. "(~ .'~z's"+'-"'-". s~'Om'+tm+m ?'ao,;m"-+~.A,.~ ~o.,m :'-+ :,..m , ..,.m :+.;. z . ~ :  
+ k + I I + ° I [ 4 + + ' .'..,--,,,++- .~o, . ' Ip141 ,141  . :" + ~. • • : : +~.: . ,  : , "  

j ,  

::,~ - , +, Mo ; B l 4 ' . e + ( ~ n t ~ . , . , j  ;ll~i3,:'~;r,,+V,.,j . 0 0 " ,  . ,~ ,0 '  : . ' { ' 0 ' : ' : ~ I . ' ~ 0 " .  , 0 0  
• / + ,  

• + " , s  
;z ,~-~z,+ oa,.,,~:,~.: ] . . .+  : :  ; .. 

;QI~I,..+,~ 
: . .  + , + , :  . ~ . . - 

• , - (~mms+l.  . 3 " u l Y 1 8 . , . . . . .  :8.+~;~tP+: .,; O0 
;I.al~a.,-mi.1. Z+~. . . I~,  ; ;: ~ ~ : 

: ] ~ , . 4  d e r t ~ V e ' z , y ,  +,: • ,  ..: : : : 

::"J~awh~.,'"aaL~-',~-,+,d,~-'~#'i+~,,,.~+i~,.~TQ, ; 0 0  : 
-'No. 6 "  "'~",t&~,'L~, + + :- '  "++" : : : 

" : " ~ ~ O Z  + n  r/ + ~  " : ~ : 1 "  ' ' " ' "  t++eSl: . . 0 0  : 

' ~.zo + " + a . s o  :~,4,o ~ / , ~ m , l o = : , :  
i .  : . + • : g . ~ O  

• " - ' ' + : "  '"  '- + ~  Z '~ + + +  , 

,00  +;~++':+;,  9;9.0 : 4 , 1 o  ~ , : ~ , ~ )  :81 .+0  I : - '~ . - - ;  : .  : 

: ; ( }0  ~+ ,,{9~0 : . ; , . 0 0 . :  .,:~tO : ~ , . 8 0  : ~ 4 , . ~ 0  

. ~ 5  : .00 : ; ~ 0 . :  0 + 5  : ~ 8 " ~ 0  :~O.,O0 
I z . : :  _- , | 

, 0 0 0 +  I . ¢ 0  : + . ~ 0  ~'l,~,,?O-:50.~O---:~O.P..O 

~ 0 0  : ; T O  : , 4 . ~ 0 " , 9 , ~ 0 : 0 0 . ~ 0 ,  : ~ I $ . 0 0  

: :+ : . ' :  . - . ~ z  
+, +.e+ : , . . o o . : ~ t ' , _ ~  :+~--~0 :-'~emo~-+~.~o 

+ - -  _ i 

: " ;  . +. ,+, ,+ . . . . .  , , .  , . 

5+ m a g . p . . . . . , ,  ...,.+ ,, . . ,Tul]rX'P'IIW~, .., . d + l O :  . . . . . . . . . . . . . . .  ..,-I,3 ~ _ _  
- . +.  . . . . . . . . .  . . , , ,  . 

- ~ " -  + , ~ -+ + . 

+,CO.- 

.. . . + m +  

+ . ~ . t , , t , m _ ~ w , ~  m.,,~+ +,,,, ~ .  ~ . ? :  

• p +¢+ 

• ' ~ I W . .  + " . + • . 0 .  . . . "  • • . _ . ~  . . 1  . .  . . ~ l q t ~ l , . ~  ~ M ,  q l W ~  U W L ~ E . . r : "  

' • . - ~ w : . / . < m ~ , i ~ , a - e ~ - .  +-. ~.~. t ~  

. J  

. . # . .  , f .  

" - + - . ' ~ , . ' ,  . ~ i . . ~  ~ + ~ i  • . 

/ 
/ 



i i  

..; 

++!'if,, 

: ' ' t  

k'L: 

. - , . 

"~tlm ~:J~mo ~:Oimll ,  a~e~eelel ' 8%~57 co'f +mow ~ : o f  ': e~I~m.:~O1~-~t; io~,~,~e + ~ I ~  

:o+ i_ + . m .kl domm  .'m ;ooo  mot mm- 

!~!:,~ :]~ekm~d ~a~ in ~ khoad o::of +:~ae~eual. : i ?: 

i 

.~, 

= . ~+ [L~L .... 

:I-I#2 . . . . . . . .  
• r + | • . . ., 

& -- .+ ...------_~.-T-*..-- . + : + ' , - - - ~ , , , : : T - - ' , ; : + : ; .  "'~'~':  . " T  "- . . . . . . . . . . .  + ,  + -  

~ I . ~ 1  ~, 1912  ~'.1 • ~ ' 4  ~++15 I P 1 £  

C 
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"h~sonal Chants. It -was found that in ~:the ,sv~in~ vhile :~the 
miver,was rlsi~ from its low i(winter) to~.a:high (spring(an~ sumner)~.sta~., 
more silt was deposited in.the:oamal than ~its..watsr::could :transpoz~. ~The 
esnal+bed, at least in+Its upper s~et~hea, rose=.to~a,highast ~position ~im 
• ame and was lowest in told-winter. C~nsi4e~img :only ~the seleeted.3.S,.milem 
of oa~l, this rise, due to the deposit in %he :liTer four .or :-five:months 
of the?year, ranged fr~:a minimum.of 1 ~foot Linilgl~, %o ia:maximum~of,:~.4 
f~t :in 71916. Thereupon, ~nerally: beginnlng !n/3une or July, the "m~e 
s~ch~'of~mmal ~was :deepened by eroslon; %he a~unt of ~hls deepening 
w~s.about 3.5 feet in 1911, about 2.1 feet :in igT~, and+about~S,7 feet 
"ini~lg~. ~eme '.eh~s in ~-%he average elevations of the ,!eamal~.~ ~are 
~,diagrnatleslly i n  Figs. 6+and~.?. On these diaZrams-each point-r'ep- .  
• elen~ .the average elevation of the %haiwe~ or of three parallel :lines 
x~entlmg the eanal bottom for the particular stretch of canal as msmMed. 
~e~eux-vee-brim~ the information relatin~ to bottom elevation for~mrd to 
%~',%1~e when ~L~e~i~ operations in the head of the canal modified the  
ea~ller eondit ions. 

From O'mmsl~'s Paper. 

47 



. ' r ! "  

I i" 

~?-.' r. 

"Aa waB e x p e o ' t e d ,  t h e s e  ,rStUdle8 "hS"P'e <~h.~o.u, EIO~ li~h% ;On ,-%he 
ma~ei~o~,. ~ theof dbed-l°ad ' moTemen%, o~!%he ; wa%e~. I% ap.pea~'ed : ob~ ioue ,/~hs% i ' ~  

e p o e . = l ;  mev/'esented:aooei.,=,ion,:of si'l% I'I-,... up .~st~eam,, :eL~mivins 
as bed load o r  aS ma%emial ,~Tol~ne d ~~z'~ ,' suapene ion ,  ~,and ~%ha%, oro sion mep- 
%emPoma~ily~eaented de~letlonooming toln exe~asmes%, of~the;'material~ ; aXTivlng,~fTom_ ~up ~st~eam and 

, J F ~ .  ~-:?."-JWez--iqle B] .eva l= /on  . o f  ~gmu~./::,Be4, Z=]pez.:keA :gmm.l . ,  
- - .  - . _ 

L ~ o ~ t  
'. : : ~ e m m A : m r a ~ l l e j ~ , , ~ a . , .  ^ , .  . . . . . . .  . . p o s t M i 4 .  ~ o ~ ; e m ~ o l e l ~ . ~ , ,  " 

m o ' V l l ~ ' l ;  i n  
' ~ _ ~ L - ' - - I .  ~ - e ~ _ ~ .  ~ be ~ ~ l ~ o ~ ,  ~ . b u ~ : : l ~ , m  

~ l u l r ~ e o l ; e ~  :%o ]be : ~ .  . ~ = ~ 1 o ~  : ( l i l O A O N ~ [  : t h a i ;  i t b e  o a z ~  : b e ~ ,  a t  l e a 1 ;  

' : i z l l ' t ~ l l l ~  slowl~r ; l J ~  , , , , a  , ~ , . . - _  ~._~_ . . . . . . .  " , - ' , o l . ' t  zncmala h:i.~h , h a  

I ~ t o ~  

~ J  

i I • ° .  ' 

t v .  ~. ........ ; . . ,  / ' . ~  :" . ~ • ~,;  , i ~ '  " ° " 

198 t  " ' ". . ~ -  , ' • . . . . . . . . .  ~ .  . ~ ~ , 
- O 0 , : O  : ° "  • " ' ~ :  t " . ,  . . . .  ~ .  , - ' '  " ' .  

i ! " ~.." '.. ,." i i i ! t ~ ' ~ ,  : 

• i I , *  0 . % • : I 

l 
/ 

. ' .  ' 0 o :  ' I - ~ ' "  ; ,  ~ /  t , "  I ; '  I ~. : , ' "  

: ,'.% : . "  , ,~ . 
/ : • . . ~ , .  ~ . ' : " - - - - - ~ =  

I.% : ,  , ;  • 
~. .~ . ; . "  : • , : ," 1 ~' ~ . ' - ' . - - - - - - - - - _  , -_=,. '  I " ' - . . . .  . 

i . - - ,  

-~ - _ ~  i 

! , i ' " ' "  - ' - -  

• - ~ " " ' , t : . I . . ; ~  ~ . -~ - I .  

. . . . . .  ~ . - - . ~ - ~  ' ~...~_~. ~ ' ~ o v .  , :  { ~ c .  : . . .  ' 



,f 
I" 

J 

A-~F-.. 

i 

t 

on n ~isturbod ap~ai~.,~r n %Im~ pro~tly don~IBg~ t~pora~ ~,nota- 

"The ~n~l ~a¥or' ~iel~, @f tha.eanal at ~h@ ~i~m of %hez~ 

~tUd~eS Wins about 2~O~C~'~~t. T~a-~atar slopn-waz aboutl.5 

• . . ~ "  " - 

t ~ 
I I F U  4 l i t  m II g e ~ o  J ~ @ 0 0 gt ee 

• ~ 4 g O ~ l ~ O ~ e 4 e ~ g  ~ g  ~ 

. ~,~,-.o, . ... , . : 
• ~ ' ;~-  l , I ,  a u . ~ / "  ': ..... 

~ o ' i  ~ .  ~. qk# ~ t~'e j o e ~ e , ." 

• - . ( ~ b ~ ' u a _ ~ ? . . . . . .  ; . .  : 

•. 
• ~ u s . .  ,.~o ; . . ~ . . y , ~ , .  i ; ~ .  , ,  

. ,.. , . ~.~ - . ~. ,,..-~'~. .~. 

- ~ . , ~ &  . , , .  , ~ . ,  ~ . V ~ . . .  , .  # ' ~  '.'~ 

• 

. ~ i ~ , L ~ . ~ ' . j m t ~ , , ,  . . . . .  , . . :  

( ~ l i .  ) ' ~ 

• ~'o~ ~rums}~'o Pa;pa~. 

_:~ _ '~.#.. 

" -  .~ - nL  ~ 

• " , ; ~ b l e  ~ d s  o f '  s ~ t . ~ - . ; A ~  p e r  ~ ,  
l : ~ . , o d .  " . -aemm~- m~L. ~ ~  , ~L~ a L a ~ - o - ~ e e ~ .  

, } ~ .  - ,  - * . ~ . .  - • . - - , .  ' :~P~,~CX~ ... : 
{ ~ i ~ i ~ b ~ r , .  ; ~ , . . .  , . . ' , .  w, • ~IW~400.,  : 

I ~ I B  ( O # / # o W r . . : . . . . i ~ . , .  . . . .  . '  : ~ , 0 0 0  

.1.,,irLg, 4 , ( ~ :  

" £ ~ , 9 0 0  
• "~S,~, ' iK)O ~" ' :  
' I l N 6 , ~ { W )  - ..: 

,~,,~,~. JW:X) .: 

O'A) ,  1 0 0  

" ~ 2 , ~  -: 

, ,~A~WI,,O00 
~ 7M,~ 0 ( 0 , - - - ~ - , - - ; ;  

Q D ~ t  

~ O Q @  

~ l t B  

j ,  

* e a ~  

~ o e  

o e l ~  

e o ~  

-l~'O 

~ l ,  e o  

O b l *  

Q e D b  



I ~ • 

. .  (c~nt ° ) ,. . ~  

.... • , L ' ~ b ~  y a r d . o f  ~ I t  0 ~ -  .Avorac~ !~ r "  %~or~h, 

• ..,;., . ; .  - . , • 

• (~~-,- • ;.:..,.., ...': aSS; ~0 : "'"" 
~ h , . . ,  . . . .  , , . . . . . , . . . .  ~,9~ 

I~0 . ~,IO0 
28~ ,SOD 

i,I~. ,4MDO 
Total six ~.X~s 

# 

(July : I,I~ 80G 

( o a t  " " ~ 0 o  i~0 Ob~.~--i.. -,,, .... .. : 308, 
• ~ , ' ~  " z~4.~oo 

• • If@ • ~ l , I  I ,  • 

:Tota l . ,  '~ i~ l : . :mel t lK~. . , . .  ,., . . , .  • 

o ~ . e l  

¢ S~O S,~,~.~O : 

~,~,~00 : 

-•lee 

e l . ~  

'300 

Grand ~ot~ =~A~,~e~o.o....... . ' . 14,g~l,SO0 ._'",r ~i0 - 

vol~e ~i~ Imar~ ! l ~do  ~:ff'Jrom aa~ples of ~o ~ischarge',~ excoT~t d'~ring ~ho 
early mo~'-of.~L~g,~hem tho l~oil waa u~ed Lu fi :!llng low ~round at 
the head of the e~mel .I~ canal-bank, imvol. O~ the ~lea of economy the 
amoum~-o~ .~i~,.i~ ~he he,.reach Of the canal was reduced by ~ho irri- 
gation D~t~Iot~,aa~hor1%Aee ~:m 19~,0 a~ Was s ~ o : w l ~  with ~he olo~c of the% 

. .  :rOea'pt ' l~e t h o  ~eLr~'~ aggregate v~l~me of ~e~Ing inrolvocl (n~arly 
. , ~ t o  ~ I ~ I S  ~ 1SO ~o~+. ,J~) , :  the effeQt on Mae-rtgfur~n of the 

6a~al eonsi~l~ !~ ~llala$1~e~Ms_~hlrdly ~tioeablq. General Conditions 

• . . .  - -  , . ~ : ~ . . . : ,  

. , , . . / ~ , : '  ~-~ ~.. 

r 

'I : 'c 

/ 

/ 



~ " 1  

~j 

/ 

V 

t 

t 

I 

D 

/ 

, t  

al 

Of ~ i l t  by "&~,dgtal~ ~n4~ ~1~ .~lloalt~t~M~-O~ ~NI~iI~I mortmain .  ?i~ere was 
a.ame ~-eat4mmm1£am of ~ ¢ e ] ~ r ~ t t e ~ l ~  i ~ 1 ~ .  :-the-cmnal hot%am ,~:atma a t  about 

• ,.to ' . ~ t ~ j ~ . ~  ~ mm~ Iz~t~. ~ .  ,. ~ .  aala.~ 

.. . ! ~ ' ~ * . . . ~ .  ' ' . . . . . . . .  
. .  , , * :  ~ , . :  : ,  . . . . . . .  . , "  . : t ' ~  "" • ' " "  " ' " " ' '  " "  " ~" " ' , ~X . , , "  " ' .  , ~ " "  

. ~ ~ , _ < ~  :_ _ ~ _ "~{~. ~ ~  A ~' ~ ; .~  ~ : : t ~ ,  ~ ' . ,~ ~ : , ~  - ~ . 

" ,  , ~ ' ~  ' " ~ ~ m t  ' ~ $ ~ , ~  - ~, . . . . .  " : . ~ .  . : . .  ', . . . .  

~L~.'~Lie.~kez~nL~t~on be a~ll~9~e~ Xt ~ t o r ~  me~n~ for e a t t -  
m ~ ' , t ~ , . . a ~ , ~ - ~ m t ~ t ,  ea,7. a t l e e - = ,  1tm ~ ~ a 4  o f  ta6 ~ r a ~  Ra, vor  tt4ml~-. • / 

- %  , 

/ 
"\ 

/ 

t .  

t .  

ea 



}: 

t., 

/ 

I 

• ~k~ : .  

-..~ ;;.: 

._ ~-.', ~;.; 

? 

t edcmZ 

, /  

es$ t " -.. . . . tta,~_._~=~ .Is'd~e~- 

e ~ : . ~  ~ , - ~  = t~,,a~ ~ ~ r r - a  • ' .' .. 
V . ~ m " ~ * ~ - ~  ~q~:L I~ ~I~ be " ' . . . .  " " " ' 

-. .- • . . . . . . . . . . .  ~ I ~ 1 ,  • weIA~as. . t 

~,. , o • . . . . .  - .  .. .,~....~=m.~ 

I I  , , l l , = v , . a  " W m . d q ] i l ~ , & ,  
~e 

J 
- . - _ _ . . - ,  . , • • . . . , "  , , , 

k 

" ' ¢ ' " "  " " " ~ k  " " 

r (  _ 

' I t ,  

.e)"  

m 

" . ' i  • " "  o • 

| " , . " 

# 

J 

o 

# 

L~ 

f 

J 



'~:f i 

,%' 

=,q lw 

r ~ r 

4 , .~ i l r  

, , : , :  

L . . . . . .  ~...w... ~:~, , 

, ~. ,L / '  

I l l  

? ! :  

,~ . 

L , ' ~  ~: ~ "  a 1 4  . . . .  

. . . . .  r :  i 

, !  

.;" "" ~.~-~,- " .. . 

A.- - l h ' . . h : :~ , , .  , d m  ,i l l  r.Jl~:~l. Y u m a  l,rojevt 
lL--.~hz:,.e~: ~le.~ :iL I l l , :  lm.~,i u[ lhe IIi;III i c;i l l .d. Y l l m a  l¢Oje¢~ 



F ~ % 

I 

\ 

~y~/- :~~.~.~,i~~:~~: • ~ ~n~..o~~ of~ ,~f~o 

z~:'~" ":"~~..~.~i~~..~:.,~'~, . r e l ~  ~ ~ ~o~ .:O 
~e~t.: -Tt... :t~:.:~ti~,,'t.~xm~ :i~,~ "~:~i~~ ~ich- .~:~y~ ~s~r to' 

.~t ~m~ ~ , ~  " " " '. ~.,~¢.:~,~on, ~n~ ~ r ~  ~_ i~4s in ~ ~ .v~oy 

. . . .  :,.. ~,:" ..(. , " . .:;" -. ., . , ~ "':. ~ : .' • , 

'.• .:.i'di~i.~tt~Ivs. .. ~ure:of th~ ~:'4~m a~d its a~s~ie~,,i~, . ,, 

~r~v,,nw, ~ ~ ~~t~rt~,,~e '~ i~t~~:o~h~ .~oJe~ ~.~£~ o~nvi.,. To* a~c~m- 

tracts ~0.a i~~:.~o~, meo~ton l~j~et, m£~, ~iQll is-~iTide6 £R~.o 
tVee ml~Ice~t@ o ~ ,  .~ch 33 fe~t "~,.In~es wi~e, ~rj Wo plor~ 8 feet 

sluice ~ .  - .. 

/ 

) 

i 

p- F 



\ 

I 

~3 

b 

~<!iho h~ed gatel for £he main oan~l is a s~/]plc ctructure '~i~.~ 
35 ~p~nlng~, eac]r.~ fo~t in %he @lear, ;bei~@n.conc.%-o%o piers, ,-~L,,~"~'~;" "~';).~:. 
On thc=o piers rea~s ~ ~a~n~%e fo~~-brldge f~om which %ha ZloT-; cb; w&'~oz 
iu regulated by the use of flash 'U~IB. ~ho watmr is sk!m~d of~ Che top 
and d~ops ~o the aa~al oTe~ Z~o ~lashboards, ~o thSt on/~ o.~;cfa~o 
stream abo~t n foot de~D, wh~c~"~i,.~elatlve/y fy~e from s!l~, ia a'Cu~i'~t,td~ : 
l~p. ~r&m~nts iudi~a~e tha~. Ba a~z~ of GO l~m cant of th~ .ei]~ is rem. o~;~d I 
.f~m the ~aal ~a%eg. ~hl, ~l%i~g proce=s keeps out Of ths canal pr~o- 
clest ~caLlYof theall e~a-~ed°f the~a~.load of:%h~ ~Iver,..• %og~th~r ~Tith ~ho ~aarm~ ~i-,. ) 

| 
• ,= 

fubll capee.i~y, ef ~ Cali~la' slmlce~ Is ~bou% 15,000 =~om~-~et, or 

~as.a scou~z~ ,Ve ]~c lW ¢ v o ~  .10 fleet ~Pe~:~,comd. ~ e n  tho-~ l~ iee  

~c:e ~B~llng oaslm :XO~d "In the a~e~ chamnal Is ~n~a l l ,7  lomB' %hsjz 

the .slUice gates. ~g,~ ~B) are o~n~d, the. di*eralon of =a%er '~to the - '- 
eea~ea, a~d the ~ la ~m~y for a~ut a. day, .~hile the send ~ud ~$it 
wl~Ich have been .deDo~i%ed. in th@, .deSt l@~ Channel "nro w~,~Q ~ h ~ g h  ~h~ 
sluice gate, baek h~%o the.~lw~r below./a~mn d~m;. 

% 

_,A , ~ t  o ~ ; ~ ¢ L ~ m t ~ : . ~ m ~  ~ d e  to. d ~ J m o  %he mol~%ionahil~ a t  
any ~Iv~qa~hme of't~e ~It =oaten% .ta .the Colora4o Riv~ above the Y,a~ 
~am amd'~)'~at~,.~.th~ :al~i~., ~a~.-well aa.~m the Intai~of the ~ ~ .  '~< 

vrnlzo '~'.aOJ~ , ~  ~e~, , ,¢~,`  ,~F~apo=tton.o f s i l t  t t  .eaoh .of t~ee, ,a~ct fons i n  
the slutc~y;...se~t~OU:~, l~,~t.abov e e~mal intake; ~eeII~n X, at th~ 

v ~m:, 4~UY~al;  a, I g ~ 8  ~ -  

~ b y  w~t~ i -~ ; ~,o.n ~# m 
Lo=atiom " .~, -: ~ :.:~e~._ No,.EO0 ,~ _ : ' ' 

- ~ - • ::'.*~.-'~ : " ~ " . , ? _ , ~ , : , - " :  ~e;~ .~n '~  : : ~ / "  c , ~ . ~ - ~  
s , , m f ~ a . , .  . . . . .  . . . . 1 , . , , , . ; , . , . . * . ; :  :0  : 0 . ~ I @  v :  O , ~  : o . , ~  

• " : 1,5 : ; ~  .: . 0 4 1  : , 5 7 5  
:~ot~om.....,,,.....~.,..,.;,..- . : ~ , 0  : .8~4 : i~. .I~5 ; .?gY 

" • " "@,6 : .,$4g :'" .~0 ": ~ ,',017 

Yo~i~ ¸ en~ ~m~y'~ ,~or¢, 

t 

¢ 

/ 
/ 
/ 

.j 

( 

• % 



J 

", -I~# 

r 
.! 

~,b~,.~.;-'~o~-tt~ ~ . , ~ o  .by .::,~ 

: ''-;r t : "' ~ W ~ g ~ . ~  "iF: . - . - - '  . . 
- . , . .  

" ' : ~  : ' ~  ' ~ -  : ~  : ~ e e -  • ~ .... " . . . . . .  - 

r ~ ! ~ h  ~ . : . ; t ~ l ~ t ~ i ~ : ~ o ~ t h : h a ~ f  : ~ ' ~ t ~ : Z ~ i r ~ h ' .  : m i ~ o  : D 0 p ~ h  : ~ . ~ r  
"~n~ ~o~ .~.~_ ' • 

-- ..... '- ~ --: ~ r  ~ " ......... .... 
- ~ For . . . .  ~ " ~ .... - 

. -  " ; . ~ 0 ~ :  ~ ; c ~  : ' @ ~  ; ~ .  : ; @ e B b :  ' ' ~ t  
. ~ u ~ f a ~ : 0 , 0 5 ~ : 0 , O ~  l O . 0 4 ~  : 0 . 0 3 4  : ~ 0 1 ~ 9  :~'ua~£s,~e'c~.O~:~fa~a:,,o.02¢; 

"4... ..= .i00: ~l~IO : .i08 : ~0:.: .O&~ :~. • :'./~0:3 .... : .0~ 

....... " , 3 . . . : . . . . , . . ~ . . , ~ O O I , . l ! ~ 6 ] i  : . ~ 0  : . S T 6 . : . ~ r ! i l K $ O  ;,,& . . . . . .  ~ . 1 9 B : 6  . . . . . .  • . . ~ 1 , ,  

.- ""- -. ,. ' r":, " '.', . . . .  . " " .. 

, . _ ~ - ~  ~ o ~ m . .  ~ ~ , ~ O , I 1 1 ~ , ~ O f  f . ~ L t a . ~ l ~  , I N  ~ o ~ , d  ~ " ~ . .  

• " " ' " i .i;. , ~:: • .. , .... .',..'~y- • ~ ' ". 

,..,, ..~: . ,. .~ .. ~, .,-,'. .... • ~...."~'..~'N ~_ .... ~_ .,, . . 

,~  -. ,'.w~ . ~ .  : -z~, ,~ . .> .~ i t  ~ ', . - ' - 

~. - - - - , - / : , l i ~ S _ - ' ~ t , : ~ ' , m " l ~ ' ~  ~ , ~ :  . .~m.~,  s ~ . . : m r ~  . ~ r u ~ ! ! I ~ .  ~ i ~  0 ; 4 ~ , 5  . a t  t l ~ l '  B , ~ t  .~t ,?, , )~ 
. ,  .~- I B m  I I  ~ , . ' ' ', . 

. ' ~  ~ d l l : ' ~ i ~ _ .  • , . z , : . .  . , . - , . . . , ,  - .~ - - .  , , ~  - ,  . . . . . . .  - :  . . . . . . .  

• .., ' ~ ~ T - : . ' ,  .':, ... ., ,. ..... _ " , :,.:.: " ,-~- ,-, :- ~, , , 

: ~ ~ :  ~ .~_, 
~ ~ / ' , I ~ ;  ~ " - ~  . . . .  - -  , " ~ ' -  . , - - -  

' "'"' t ~ %  ' ' : "~': " • " " ' . . . . . . . . . .  ' - ' ; ~ ' 

~ . ~ . ~ ~ _ _ ~ . _  .~-:~,,:.. ,:..~ .. . :~. ,. . . . 

~ • . . " ~  ~,. . - -  • . ,  ~ , ~ ' , ;, ~ "~ . ~ . , ~ .  • - , : ,  . - - ,  ,~  ~: . ,  

• ~ , _ _  _, . . .  . . . . . .  ~ . . . . . . . . . . .  .. .~ . . . , .  ~ . . ~ W ~ , ,  ~ , ~  : ~ ~ ! ~ , I r : , ~ .  ~ a ' , ' ~ . .  
. .  ' " ~ ! ~ : . ~ . . " ~ . _ . . . . ~ Y . E ~ _  ~ ,  ' ~  ~ : l a , a ~ : ' ~ .  i ~ . ~  i~,i~,: , , ~  - ~ , ~ .  ~ - :  " , 
• I ~ R .  ~ "  . :." ' ",~ . . . . . .  ,'" , .'. " - ~ . T ~ : - . . : ' ~ -  " " 

• . - . . . . _ . ,  
.... , . . , : ~  ~ m f ~ ~ U : m ~ r : ~ ~ @ ' ~ , ~ i ~ - ~ ~ i ~  ,I~ 4~'~,~" ~ , "  "_ _~_~-,x,~'~ ' , 

, :  ~ • , ~ . ~ . . ;  ", : ' ~ , / e -  " ~ " f @ * ~ ' ~ ' ~ l l  ~ ' . ~  . 

" .  t ~ I ~ l  . ,  . . " , L I ~ I ~ I "  . " , ,  " ; " ' ,  . ' .  " " . ' - . • , ; , * , ' ~  ' , . : '  ~ ~ ' 1 1 ~  . ~ ,  . .  , . " - . , ,  . - ' e " - ' - ' , , "  . , ~  , . w ~ .  , . i m m ~ k ~ .  
. ~ Y ' ~  .~ . . , ~ ) ~ m ~  ~ , • ~ " ~ . "  " : ' ~  ~ . ~  . ~ , ~ r ~ .  ' ? ~  " :  " . - . '  ' " ~ ' ~ . " "  ~ .  , "  ' ~ :  ' " - ~ - . " ' " 

. . . .  • :~:' , .'k '- - :' .' :' 'j ,-.'t~'~: • '.', .~': " .' ,,-~: :,., *:,; ' , ' " . ,. " 

. . . . .  a 
.~. -. . 

i 

. *p 

¢ 

I • 

. '~ . .. 

%... o: 

t* ~ 

\y 



/ 

I 
% 

/ 
/ 

/ 

L, i 

... J" 

.° ° 

- "C" 

a, ~ " ' ' " " # 

Q~ ~c:~t~ ~')~'o ~:u~,'/o, upon ~n~ch ~h0 follor~In~ O~oluolon;1 ~.~zt~ bnzc~'l: 

• '%~" 4 ' .  " ;, " (i). ~ L~-,~oarao.~hic..~ ~n r~adilu,.bo .ro~c~vod ~n~d roploood are no~ 

'~, (~} Whon~B~O ~eeond-feot of ~ "  I~ e~torln~ tho canal over tho 
flashbo~rds, the va~ci~, of uF~nPd cu~nts msar t'he upm~r~n .... . . . ~ , ~ , . 0  O f "  

the flashboard~ averages about ,",9. fee~ par second. 

{4) ' I ~ B , ~  tha flsshboar~ are placed iI~ ~b~'ont of tho buttrozo ",va!!~J 
~h~ nuantlip# oT sil;,p~saIBg Is,~.~eriaily ~duced. 

:~OJ'~C.. 

"~,1918 %he division ~f~ agriaultura~, ~nKineorlng mc~o ox~or- 
in=~nts o~ tl~ officiensv of deail~In~ o!~ra~;lanm at Lag-aria Dan.~ ~p 
~ud bot%~m,a~m~lea ~.X~ ~ak~n in ~th %he r~1~r and the. cannl, ~no " 
river .ss~aples were t~e~ in about the canter of the mai~ st~o.mu before - 
~ho ~at~r ranters .%he chsmnel lea~in~5 to the "Blui~;;a7 ~nd ~vcrpour ~ " 
gate~, The sam~Ima 'in the eam~l were talon in ~ con~er below th~ 
Int~ke. The re~ul%s ~ @tartar ~Iz~d i~.Table ~8, ~o s~nunt of do- 
~il~m%iOu r~ug@d f ~  t~ V~ ~er oont ~ avera&~d about 57 S~er cont. 

"Table ~O~--Amuttut~of dos~itati~at Pot/iole~ ho~dcatos in A~:~u~t and 

• ' " " " - " - -  

: A~ora~ Rroportlon of ~Ii ~. : .~o.l~r~on. o~- n- 
.... Da%e~ ; (by we~h~ ) : ~, 

: Col~a~O" :' i ~ a ~ '  ; f - :  . . . . .  ' : -Co=;~ -  

"u:,. ~. " 0.562 : 0.~0 
: : 

.~o C~t. ~ ..... : : - ,0~I 
O c t .  ',?.,,,,,, . , : " , 0 8 0  

Oot. lO.,. : . ~ 8 ; 3  : - , G S B  

0~. " I ~ . , .  : - . . 2 7 5  : .O~P~' 

, , c , .  17... : " ,. ,4~5' : ~ , I ~ I A ,  

t ,~ : G3 

. Q 

: .~. : 3~ 

i~'¢z. Fcr~ior,~nd 31~z~7.'s R~l~t. 
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' 7 ~ °  " +- "+ i.~ iea-iejii~,y of t h o  noadwol, ks at l . o o ~ n l n a  2)~_~1 ~ u  ~c~l!~Izi,, 7 o . . . . . .  , . 

~bt}i-~dho~ for-t77@ r.~-o:lu of :;eol~,ltlon i~ ]~mnd A. ](Ill, who carrlod 
-'" ~x~-,~i~e.~nt~ and c o ] X e c t ~ d ,  data at intsmvalu durlnrj several year~. 

Th~ao data have not boon u TM 

- 9 b~lshod, but Table 40 sun~marizos t h o  r~sdlts 
ho obtained, by comp~rln~, foi" es~h experlraent, tho silt c o n l o n t  of ~he 
~ater In the rlvor above ~ho In.Teas ~m with that An thp main ee~l at 
!t~ }mad. ~e amount of de~lltatlon ra~2c,~ D' i - . Im '  18 %o 7.0 p.~r ~nut w~%h 
an avera~-~ ~JO rot cent. ' 

"~3.--Comi-?~t,~on h~t~'oen-;~!It c~itent in Colorado RAvmr ~ Y~.gn~ 
~)~ an~ in ~. oS~o~ malu c~ual.. 

i!ta~lon :flea of silt (by : allen 
, - " ~ e  ~ ; - h t  ) " , . 

i,~ R~- c~ual " Actual :a~#~ : n~--..~ : . . . .  ~]~r- . 
011 " ' ~ l  " l i l t  

~.~ "- v.~,~ • ~.i2 i S2.V : 0 =~ .~ ~-- i 
'° . ~ 0  : . 0 9  : . ~ .  - -  . . ~ ' ~  O,,~e,A - 0 . ~  " • ~ 2  

• . 4 ~  : . ~ - ,  - _ _  _ . , 2 ~  , , 3 4  * : I ~ I ' , 7  

'" e ~  ° e ~ 7  ' " ~ • ' l ~  ~ . ~ . . " ~ ' ~ " "  " ~ t  j l  

J.,17 • eTCo • , 4 1  : ~ .~ : , - , ,  : . . -  . e a . ~  . • ~ l t e ~  

< , ~ 3  . u l  " .~2 ; 4 ; [ }  "~ : ' " -  ' "  . . . .  "~ " . ~ 7  

" ~  . ,~U " e4~9~ • .~ ~ : ~ - .- - . ' "."I~ " 

.77 : ;40 . :  " o ~  • /.U'." . ~ ' ~  " .A~ ~ -  ~.3~ : , ~ L ? '  

. S O  ~ . ] _ ~  • ~ .  _ _  _ / . 5  . 1 ~ 6  • ~ ] . . ~ ,  

. . ' ~ o ~  ~br~or and B!an~y,u Restart. 

° 

Tae constr~:ction o:? the Boulderlgie~ ~lil, no doubt i m:~t~r~ally 
;' cb~n':o the vol,mu_~" an& ch~raoter of the si!~ in %!:~. lo~er-ColormAo.RAver. 

TL~m has no't boon avaiimb.le to study de~91y into this pha~e of the ~mb- 
lomb.. Deoaus~ of th~ lac'k of precedent, i~ is difficult to d e%e~mlne m e -  " 
~urat~!y in advance ~ust ~hat t'-,,o ohaug~s would be. , It seem~ eer~aAm, 
?~we~er, that the silt 'nrobl~m will ~e less severe ~han umclllr pre~ent 
~onditions. ;~il, or practlmelly all, of the silt fro~ the great@r'll~Z~ 
of t~,~ dr~A:~a-~c orr, z of the Colora'lo River wlll b~- ieltlsd<out im the 
~To~Uldor dam be~j~ . ~ho floods of ths Oila River ~ill z~I/_l hrla~ in 

• . < u . D - < , . l e ~  ~ ! L t  fo~ ~;o~t p~riod~: but those ":~ll.entor tile 
C~lora~/o boion the div~rslc~n.,, Clou~burst~ on t h e  m ~ . a  trlbut~r~j %0 ths 
wLo~ado belo.w ti~o stora~o dan ulll~ no doubt~ at t~z ~odu~i a high 

;~-' ~ ~ .  ,~. ;;he nll~ fr.?,m a~ovo tim ctorn~ ds,G will prob- 
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• da~ Will plok up sil% ~rom tile ntl-eS~ ~d ~low th~ ,da~l an~ ~rry it o~ 

-ao%"l~s~Iblo to d,el;g~emlnm how raptd/~ ~:la .will ~;akm l~la~.., n " ~ach u l:':- 
arln,z will i~ore~e the gra~s .in 811%hs %rlhutarios ent~rlng this ~oc- 

disch~r~ fl~o t:~ ~Lu r£vor ~, i larzm par%, posz!bly the gr~atol. 
pmr~; of $9., m~erlal, whleh is plek~d u9 from %he str~am'~od ~:olo:~ ~l:o 
• %o2a.~ ~ %Y ~]m Cle~n. water releam~ f~'cm~ s%ora~Tm, will' be bed ~llt ~ 
~...,~rl~do~'moarser ~artlelc~ a~d %he m~i~ Im "$h~ r±vor-will therefore 
~ ~ =  @~I 9hs avo=a~ %htu~ at pr~@ent, .~&@sumim~ %Bat t|m cor~nclty 
or %1~ ~ ~ratmr to '~:n~oorg '$his ma%eri~! ..I~. not la~-th~ ,thnt of . 
:th~ msmt allty ~Oloraao Ei,s~ ~%er, it 7aD~ms probable .~hat fore ac~ 

isd by ~e~il%Im~or~ a£ %h~ i~takm of the @aaal.. I%, %hoTofore, ~eenn 
~robable ~h~t "the ailt.In~bM'of, the All-AmerlCan"Cannl, extent for th~ 

l~Ii. s~tiom, WLLI ~o. ~. aorlqus ai%er t~h~ ~-Jua~n~ off t he  r i v o r  

nn~sr, that I~ ~ela%l~Oly high vel~oitlms ~~d, a~or %h~ r].vc. ~ ban 
~-~stab~ish~d i%~if om m- ~lat1~r grade, s~n~- ~r~aim o~'- :h~ •canals may 
.$~k~ pl~. d~ %0 t ~  ~lati~ly. oloar -a~e~ m) psrt}ml~s ~roz 

fo~'ward~" ~iS Is esnocio&ly .llke~ 
,m qe~.Am .~ ~tlm~ ~d~ala~, d~J~ .%o ~ redu~io~ of%l~ ailt ca~tent 

;'& -.".: : S ~  AND 9 ~  l~.g~[~:C, kV/SN (~i~s.  . t 

..r~,mm-~ m l ~ l ~ l ~ m a  m~u0~' ~ ~.mpoeit ,iz~ g:~";i~la'tion oammlm o~tslde tho 

whe3~ m e ~ o b ~ £  ~ ~ m s ~ r t  l~h~. duac mt.a whA~h ~ b~ in~ the =ana~. 
a lar~ :'~m$_ ~he~. %kree prob!mm~ ~ dlstln~b and sobnra:~. Oon- 

@id~It~ ~Oh %hat ail$ would b~ ~ sl , ~" t ed  i. %he velocl$y fell below 
• tha~ ~ue and ermslo~,of the b~P~ w~Id ~sult if hi~er: v~locitiam - 
-obtalne~. ~his  is~*$ ~he ease, 'U~l a care~l readL~g, of ~dy'c 
orb?inLl pap~ and ~he di~c,msion i~'hls Hydrattld~.~Dl~s~.eho~ that 

~P'r~o~dt,n¢~ of ~ho In~tlt,/%l~ of Civil ~&n~ino~rs,Vol.~-IX (18~)pa~ 281. 
• ~4y~raulie Diagr.ems for. Ch,~n~n~Is in ~arth, R. [~. K~nncdy (P~bllc Work~ 

• ~ d. " 
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~,.~'.!~, (i:~... ~ ~. ~e.-~-" ~,~.~.~n.~ .~~ .: 

~~...t~ ~ I ~  ~~i~Z¢~i~~. Z~I~ .~.la~n~; ~,~~o~, 

- ,, . , .~, . .,-. :.~,:.~ . - ... - . 

% ~  ~ ~ ~ ,  , - ~ m - ~  ~ ~ : . ~ I ~  . . . . . .  - - ° ~  
i o r i ~ ,  The .~i~ei~1o~ . ~ x ~ e n ~ & ~ . ~ .  90 ~ l o u .  o~ ~ b a - l o ~  ~ao Imn o~ ~ l e  
canal ~ystem b o ~ j . n g  ~d~t ~'~I~ ~ .  ~hs ~n~akl, ~i~z~ ~be ~anal~ 

. ~.~.,~noa~ ¢~o .~..~'~ea .~--~ : .~ .~ ' i~  ~am~ an: s~l~. ,-',~I~ e'~~ 
ea;~acl.tleS Tan.~d frm~ ~ ilo.lTPO ~6n~b,2~@ m~ do~thn ~- " ~ ~--'-~ 

• ]1"  2 . / . I . I I L  &#~. ~ "#'-#1~ 

~*o aischa~'g~ ~usI~ i~ .~.eI.p~t.l~ ~.e .~mms .volocl~y a~ ~hese ~e~u~m~ was 

eanaln,%~ ~x~a%~r ;m'~ , o £  She ~Ji d ~  ~hi~h ~h~ ~..~~it~n, 

"~  . . . .  - . . . .  • ~ _ ' ~ '  ~ o ~ ~  ~ . . ~ , ~ - . ~ , ~ - ~  v ~ ,  

~o ~ % ~ . ~  Cl . , w m ~ Z ~  ~ ~ . O ' l t l ~ .  , , .  " . ~ h  o~ ,m~,,,~m~L- . 

~uesl~n. adds mueh % 0  " ' ~ f  u ~ . i l ~ . , ~ : l '  ~t .~e ~o~m~ a~ .,sA~e the ~ri~nel" 

q u c t e ~ , I m . ~  a m  l ~ J [ o ~ i ,  
_ ~ , '  . . . . , 

• ., .Z~.~p'~,,: ~m~a. 
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"EIILT TI,I CAIIA,T,~, Ai~II)' ITS DISPO3?.L. 

"%-up~r )~o. ~ ,  01" the Proceedings of '~ho ~nt!tutlon o f  
~Ivil ~n~:Ineors for 1894~189~, glve~ %h~ da1~a then collee~ed, an~t ~l~e.' 
theory put ~orm~c~ on ~Is ~ub~ee~o The-Tollowing brief Outline of what 
token plame .when a ~mnal %akron arf ~':~ river with a eteo~r slo!~e than 
Its own, may, however, ~e'usml~, and ~:mq.~ -&he ~ m ~ r ~  ~ S ~  ~ h ~  
the river has a b o u l d ~  bed, #~'th extremely hl~h velO~Itl~e e rolling " 
boulders in floods, amul el~ar, wa%~ "In low ~u~]pl~. 

"T~ boulders ~ a. ~r~at e~ent cam ~ exglu~ed from the mamml 
by p~o~or d~sl~n of'  ~he ~r ~a~ a~ under sluices, ~o devised ~hat ~hey 
~II! roll a~ralght ..~ th~O~ ~he latter, bu% Af  ~ Is.n~ wholly ~- 

. cos~ul, then ~u~h : ~ b u ~ s  .as ~ enter the canal will ~p i n , ¢ J ~  hea~ .  
roach, and =zas~ he'cleared OU~ aa~h yoa~. 

"i littlifarther do~ the canal the shingle wi~ be d~itmd,~ 
~.n~ ,~ill have to "be ~lmilarly cleared out, : ' 

"Sti~ f~her down .~iI . ~ b b l ~  Till ~Op, m~d-.mm ~hey" ~ d -  
ually raise th~ ~ad am~ ~adlent ~ they, also must be.. cleared, but tae 
qu~ntlty bei~ ~ ,  m~ years ~ ela~so b ~ o r e  ~his n ~ d  irises, 

r 

"Lower still th~ ~ ~onreeet ssmd ~e~alts, bul at an e~- 

Gvon tmtic~d~, and.e~wen~ually, aetlom tony or .mOy mot be r~qu'lred.. 
quantity. ~ar~led .is reAn~vely m~ll, end :though ~ropped on the 'bm~ ~t 
i~ ~ot quite s~atl~mmr~, but v~ry ~lowly travels or rolls downstream; 
in i'act, no clear llz~ oe~ ~e drawn bet~en the coarses and .~in~ s~; 
what happens baLug. %hs~ bollh ~-on ~be move, but at different rates, _~ud 
3he co~sor ~ are i~ behind, gradually accumlil~tln~ on the bed of 
th~ higher reaches. ~ims, if ~h~ bed amid of an~ came! system Is mmal- 
yzed, i~ Is found ~ha% It becomes, finer and flmBr am one Goes d0wn.%he 
c~_ual, near %he :head b@~g o o ~ e e r  than that lu the river, and An the 
lower re~c~a~ m~ah f1~ler, at any ~ate in ~.he low sunply season, ~d~en the 
clenr wBtsr~ss beo~i at-work pleklnc up %he canal bsd-s~nd loi% in .the • 
flood season, ~ oea'ryin~ it forward at varying rates, The s~me actlon 
is Ibund to take place in rivers, th~ sand on ~ho bed of the river near 
the hills being ~ach coarserbthnn well out on the plains, and aS111 ~-oro 
co compared with that neaP. %he delta., 

"The fi~er grades of s~nd "enter %he ~am~l. in the flood season ° 
in such izm-~mae quantities, %~a~ ammual clearances-of branches ~ ¢L!n- 
trlbutnrlee would be Iz~poaalble, bloai~se of the la~-glos~o ~eces~mry, ~" 
nnd the :co~t; a~ it ~he~ore-~se~ ei~en~ial-~ ~rs@e all ch~mele 
zo as ~o ca~ ~his s~d dora to a~i-in~o th~ ~a~er-~uraes, fz~m.whieh 
it can be easily Cleared out by ~-m~l~llm~ors. themseAwoe, a~au~h sea- 

.sons ~zLd during the closure-.roll, l ens  which ~re mOs% ~oa.ve~J4mt t o ~ m -  
selves. Tile pur~o~ "8f ~h~ n t i t  ~a~a h~e ~Ive~i i s "  ~herefore ¢o ob~aln 
t):i~ dsaidsrat~; ~rlz,., ~ .eemh charnel ~hall be so -designed as.t~ i~s _;~ 
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flow, .p-~r, tly rolls along ~,h~ ~ed. ~e ~ama ~hln~ may happen, cv~n :k~ ~ho 
a l l i  is fairly high,,du~:to.s~ ~erai~sa~ local eddy ~alai~ u p  'this sa~d, 
~u~ in such a came ,%ha o f f t a k ~  will Be .~)vor~hmrged wi%h rotund,' and reculro 
zero ~han•Vo, and the p~ent ehmuael will be left rnthor ~uderchar&~d. On 

s o m e  cons! branches this aation.~5~ fairly'well marked, ~d the ta~l reaches 
have com?aratl~e!y little sand l~t, and can be graded to ~ive le~c than Vo-- 

-0.~0. Vo"so~'etl/~ss.- it Is cn"tho~IStrlbu~;a~±e~, howcv~,~¢h~t ~hls action 
i~ certain and ..most marked, b~aumo h~ro %~e oU~iOts are, and shoul~ be at 
~n~ bed !cvel, and draw off the rolli~g bed eand direot~ r, ltb ll%tle or no 

/ 

~uo tc~  f rom Xe~n~y, -. ~ :  GZ 

"The f" ' O~lO~l~; ar~ the Lost co.ion cases whoro.,aol~o zlodiflc~tlon 
of Vo is called for; and where .,m~h is needed we muy o ~,~ .... "-~ It~J ..... ~- 

'. by the percentage Or fram~io~, of Yo, ~hich ~tu-~t be subotitutod In.~,~.~d~ ~" ~ ~'~ 
of l ' b ,  e. C. ~ 0.8 Vo or I " i  ~b, eta. 

I:OD±~IC,..; OJ OF VO DU~ TO "~03IT!O},r O.V O?'/,,U/C7: Oil T~; 5I'~q;E. 

o~f~ke ~)f t!u~ u,%nal Ic far from. the hills, ~'~.i.o sand 
i . . . . . .  finer i~ mmsier earl~o!, a~d %harafora a !e~a .~aluo than ~ will / 

Cdfflcn{ hOW =%~ch i~ ~IfTi~'~klt ~) ~,V, ]~erh~l~s dowl~ %00)VD Vo in =c~ ~=CD/' 
but ~ho rsal Value could be a~m~#-emn~,%h.o~taln~d~b~I S~loctln~ e. fo~ ~cll-/. 
doflned eh~ne!s i~ ~arlX P~~% ~9, ~md ob:~,~y~In~ the ~oan veloclt t 
,~d d~pth. " Than $he Ta~io mY ~ .~/~cI~¥,.~o Vo (G8 Zl~en i~ per. 9 for ,I 
tha~ ~l~nth) will gi~ %Me 'fra~t£~n of~o to apply in any nay; doslgna. If, ~\ . 
on the o%hor h.amd, the canai hem~ ~ im %he hills, ~ fr~n a ~oulder 
inztead of a ,amd ~.~d, It mould be necessary ~o cont~la%e the am/oral ro- 
b:ova! of shingle, or even %he ~e~ses% s a ~ d  a ~ d  ~b~les; and t h e  head..roack, 
where this would happen, ~ ~uld h e ~ o  to he ~eeplY graded, ~ceor~di~ .to %h,~ 
:oil. Lower ~owa, wher~ only ~ho standard s~ud would reac~, ~o w~ul~ he 
ailo~ed, the s ~ o  az~ for a river with a ~and bed. 

• ) - 

" ~  "O~oionaily, means m%ybe ado n~ed ira% %ho head of a Ca1~ $o 
oroludo the full ~r~r~ 6f~sil$ ~ h ' ~ " ~  ~"ATer wa%er,~ og+n~ei~l!y in flood' . 
Ooason~. Thu~ %ha flyer m s y . ~  .g~u#imLl~ l ~ - @  on the ~f~a~ side by./" 
means of closed un~@rslui~es a~-~ivid@ . w ~ i / ~ ,  ~; r e . t ~ / a # l o n  being d~uo 
at ~h.~.f~u" slda Of t~ rii~r, seA-%Ms ;~nd.oe~.i~. seoul~d out tl~ou~ 
tim sluices. This ma%O~D ~ .  %h~ sa~ .~i~ an%aria g ~ canal, : 
~.d besides ~hia ~he whole emm'al'imay be S~ O ~  ~ i~al!y heavy flood~ 
s o  ~hat the ~~u~ly ,is z~)t ~ ~hs~.g~, s~ a less.~u~ ~han VO c~n 
be giWu, • This Be e ~ ~ .  bye "~~er~o the S~1~hkud Canul, which, 
wi~h mo~mal riveri~gula#iom, silte~ very ~v!ly ~ g  ~o too m~all a ale}c, 
hut ~:~Ic.h, a~e ~h~,iado~i~n.of a:eh~:'In ~egul~ onthe above '!In~:; 
h a s  given no % r o i t b i e i ~ d  now. %~ms Wi%h a value of 042 Vs. 

"Vo D-G~dL~>.~S IN '"/" ' " ' 
~ ~ " . ' . , "  ~ "  . . i .  , • 

. ~ ~hen a ean,~l :giVes aft a ~ranch or ;~i~trgbut~., it oocas~on~.ll~ \ 
happens t h a t  % h s . o T T ~ a k s  Sakes oT~-..mo~ %h~u: i%s ~ - ~ r  sh - ~ -  ~ ~ ~ - - ~ - ~  v 
ail.,~ue re': the m~st Bart %0 ~ha.,:lll o~ $]~ Sl~ioe~ boin~ a~ Or n e a r  the 
bed l~el, and dra':Izk.~,:~lu much of %he lO~er etrn%a sand,' ~hich i~ s~sady 
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~i.r~n,~-up ao~Ion of t.-o ~,laln body Of the f!o;:', Whici~ ?:~uid othori~'iuo 
oquullzo the distrlbutlon ~.~ -~-- , - -- 
...... • " ~ ~,~, snna i~n s~faco to .hod. 'i~i~ rosuit is 
~n.%~ ~:.o ~ont~r l'nrt of tho heavy s~_J. is dl\z~l off by 'tho ou~lotn i~ th~ 
l~IrOt f~ miles of the head reaoh of the distrlbutal-y, so %],at the lo~r 
reaches can be greded to Such le~s than Vo, aml th~ accounts for the fact 
that the ~ ~rade near the head of a dlstrlbut~ry mU~t al~sys he bud is 
~u~h a~eoner th~nu : f a r t ! l u l -  <'1o,Tn "~o 

" • ...... : ~act~on of ,Vo tobe gradsd for, t.h~re- fore, .~houltl usuall~, ,~ecrc.~se ~Tadun!1~..~.,,. , ~ .,., , .  . . . .  .. 

m a d , O , 0 5  7 o , ,  and Lu .~,~:,, . . . . . .  -,_. ~ ~;-~., , ~  ~o a., ~nc -~,,)ad t ,  0 . 9 o .  0 , 7 0  

=" '. ..,. " .... " .... ~ ~':.~ coun~zT !% nould bo * .,,~., .~ 

- - r  . . . . . .  azeovorl -~o C~rado for Vot the ~hol0 ~ 
!en~.P,~ mo.ll~d in sc~n~ , ~ a u e z  of .Po0r'so/i en,.L~o oroslon, ni~pl)" becauaa %ha 
~ater, havi~C ifttlo or no ch~.~.Ze of Itn o~,, nan ~n!on ride. lo~s~ supD!y, 

• - v  . . . . . . . . . .  "£~]D3 CI'iq[. 

"(luttm a eo~z~on e a s e  1~ ,n<~oro a can~!  r o a c h  ]ias b~on ~ e ~  ~oo 
~-¢a.o, or When %)Io banks are  cr~dln[~ from %oo ~ea~ depth end V~loc~Ity, 
th~s oveXchargln~ the supnly to au~l,~ an extent the% the branch.as or di~- 
tTlbut~rios io~or d~wa ,r~a sro unable to c~auV tho exoees aan~. The rmm- 
edy ho~e I s ,  of course, to s~op ~ho eauzo, ~',,Lou~i" very often this may ~ 
on for years ~foro the evil I s  r-eco~nlzed, and many rx~re may ~lapae bef~o 
~he =emedy can ~o applied. - I n t o  any ~ils an excess 8madir~ ~tVinz omly 
Ii ~'IV0 will-oauso ~his trouble (asAeci ~aL!~ if dop~h is ZTmat), armistiCE 

of corred~ .g~ladlng in  %he flrat "olac~ + ' 
~.~udlesa d!fl'Icnlt ies" farther ~o~nl, mn~ . h i . 3  .all Points to the miOmi~Ity 

aria ~o O~er of temmmr~ug wi~h 
oxis~n~ ~ll-mstnblish~d regime, espoclally when we l ~ l e m b e r , . t l ~ ¢  euoJ~ 

Years,alZtakaa c~nmmt Be remedied st. . once, but ~ra~ wait ~opperCunlty, :@~ To~ .. 

"!i~'..'~'IgT. O~ ~O}m~_a~-T~ IN n~G ,cDrc, " 
• ~ . O . .  L ~ o .  - /  

• ' " "Soma~Imms whore a e a s e !  b i i 'uroa- :es ,  o o " . •: - 
=oafling-u~ of the au-~i~ io'-~'---=~ ...... : ,  n ~anch me7 r~q~ira a 

o~a~ 1~ rum ~ltorma%e]4r. InTot-~.~- ,~.~+ ~" . . -i: ' ~nch 

.--al;e, :~gm~L~.Up aeegmp~le~ b;; sand co!leatlon on the be~, ,emd t h e n  1011erlng 
of tm~ le~il ~i l th  a ~en~oquent e e o c ,  oalnVinj all ,thl, acolmAl~i6~.ii~il~it 
t~Io .thl Z6iiz le.vel oha~n~l, i~us tho ImWor eh~un~l b¢le~ImOa ~r-ehai~d., 
ga~e t ~ s  hl~i uad~a'-eh~ro~d.  This m o t i o n ,  as .el/ aS " '" .- . 
.I~aaTaph .l~i_ can o~IX h0, -~.~ ~_ -~ . . . .  ~- ~ha% msa~ioned Is. 
ol~ftakas ........ : . . . ,  , _ ~ - - ~  .v~ ~,u aeai=~zm~ a/.~ i'm i - - ~ - + - - ~  , - - - - , -  - -  

- - - ~ -  ~ u , ~ l  o r  ~.ll, W i t h  l l o " l t n l i l i ~ , . u l . l i ~  

o!dwr "Wo~k~, ' " ' " . ; ,e .ca# wlib..i el ~h~ 

W~h~n n canal runs all tbe, y~.ap rotunC, the . i i l ~ a r  ~ti~r ' O f  ; t d l ~  ; • . .  
minter p i o k s  Up %ho ezbess S~"~:t "~l~l~Si% of %!~n £1cod mt~son',?~o .%~. ,~litl 

• va!u,,., a~glic~ble. - onlyto ~or~Innial. tannin, in Inum~atlan g i l l a . l s , . . t h e - :  ' 
:"uotc~ from 7 & n n o , ~ v .  " . . , :  
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~le~ ~ s S e r . ~ l e n  ~m ' e ~ t r ~ l Y  llmit~d, or even 110n~xln~e~t, no *~hat 
. i.a im2~Va~ $~, ~o'~ht be cx!~e~tod to.'be' nemO~umy. Agai~1~t th~c •, 

• whi= h ~ Z ~ ' ~  ~'~ no~t~. ~ . .  ~ ~ ,  wluo or Vo r~ui~a 
.. ~.ill: ~3,~e~r~ vary :~ good deal, a~..;/~ ~xl~!,,ir~d in ~r, ll, it cau b~ 

, ~ ,  V-~J~E. OF .re. 

'"When a ch~mnel !~" ~lltlnc badly an~ ~ho cou&e ~e:~ in.u..~l~c..bl.+,~. " ,' ", 

a-fret ellmlmat!n~ the I~.~mlbL~tty.Jof any ~>f ~ho abovo-n<.,~Dd ale=cuts, ~cf- 
er~nce ~III no doubt k bemade to~ t,:e longd~u~inol section, and it nay ocam 
t~at the f~:ll ¥o ob~Nins,.zn-I tha~ the diagrams ~itow there should bo no 
g~@h tTOuhlo. Thls:Is, howevcT, t~cItly :u~sumlnz tlmt the vSl,~o qf K~ittor:c 
N" ia, really 0"0225, w-~mre~s i t  ~s a n~t tuucomm~n ocourrenoe that from ion,z 
~oglaOt t h e  aide ,~l.~ Uro in very bad order, • and t~ real value may in 
s~m~as~ be'O,,025, o~ in a vary h~d ease 0,~75, wblch, of courze, would 
by. no me~:m give Vo, Tor %hi~ rea~n, Ifthe real ratio of Vo i~ ~tcd 
i~ any .~ar~lm/lar mmme, it ~lll nor be enou.gh ~re~ to ~onsul~ r< dra~:Im~, 
ao~ual o~orvation ~~e~L"y, and net at are el~e ~U$ ~ many, 

" S ~ I ~ l y  speakln~, a ~spar~e v~luc of.Vo ~hould obt~In n~ G~ch 
seUom aT ~he y emr.,, a~d for each class of sand ~arrled in oaeh roach ~f 
~han~!,-h~t ~%h/s,~etng impusaibla, [~he value8 of Vo glven ~ust be ~n ao 
'~ mli-~umd flg~re for what m~y be oalled ~he~atend~rd •sand, fe~u~ in the 
• .r~ver beds .meat ~h~ hil~s. •~e ~m@s~ion ~hem ~arises how ~o defino~hls 
mend, mud a par~i~u~.]~e~ly cnn be fu~ishe~, by taklng.as %ha crlt~..ion.of 
e6ar~em~sm, the rate Of fall sf•the grains in still water. Thus grade •O,lO 
would cunuslst.ontlrely of ~ whL~h dro..aged at the rate of.O-,lO i~et per 
mecona; ~.ud mlae@ •O.I.~O ~eUlfl i~elud~ ator~ of all' osar~e~mms which fall 

between ~ho" ra~e~ of 0-I0 m~d 0,15 fe,t Per meeond, OI.~ou~ea, S~ .on a 
river bed ~ill u~mally ~n~i~ el g~admm rxtendtng ovbr a eonslderable ran~, 
~u~ eac:~ rlTer ~ vary somewhat : ~  %~ ~'es~ItlnZ a~al~ig, hut/pr~mtleal~y 
thm~e I~ not anT. ~glVe dlTz'~Tenes.in ~hls rosr~oe~, In.Ncd~hcrn India at 

" . ' ,  - . . . .  , L T "  " ~  " " "  " . ' . ' 9  

~ m o . l ~ o r ~ a t t ~ n  ,i~ ~en on tklS q~lon,_!n .~n~ab :rrlgatlon, 
Paper No. ~, na~ %he-~.follo~In~;•~Ely~im tar the..Riv~rs ~u%l~ re:d (~zenab 
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" : .00 : .0.5 : .I0 : .15 ; .20 : .30 " -iO 
.a nd. : ---- : .--i-g : .IS : .2o " : 

ta~ , . , , : ii : 4~ : 25 " ll : 7 " ~ - 
River ~henab---. ~ : : :" : :' ~ "~" i 

parentage.... : i_1 : 28 : 27 : 18 : %_4 : 4 : I 

~orro~o~lon ofj~ils, it has ~oon hotrod that thc canal channels the~ 
rs  ui , more., Vo, ' 

& ."Au~ grade of ~mnd ovor grad~ 0;'I0 may bo Con~id d, mS CO~e, 
a~,~Peaklag~ generall~, ~t I~ omly Bared coarser %~an t:%is whlch tends %0 
,=lowly ~lleet on ~he~ ca~al hcad reaches. 

- "~he aam~ prlnCiplc of a ~%raduated mcalo of Vo for various •depths 
:ghg~ld be a~pil~mble to other them sand beds; o. g., to shlngle or finer 
se~LLment, but me far no data sxiSt 0~ which rebase  any reliable f!gu~s.,.' 

" '~J~o.~ed from Kennedy. " 
"" / 

-'Possibly %he most Im~or~t polnt in.th£s discussion iO %hat 
Z~hnedy advocated a variable eO~fTlclemt in plame of the ~,a4 of hls orig- 

,~ i~a! f~z'mula, the value of the coefficient varying fr=~' 0~95 to !.i0 so- 
.-. c~rdln~, to)condltlons, 0,84. b~Ing the coefflcl.nt for avera.@e conditlon~, 
A~other important pert of the dlacu~slon Is the cmmpositlen of • ~an~ .which 
Eanne~ believes ~,lld fit ~he 0.~ cooffle~1~an% of his foz~r.~la. 1% shoul~~ 
be notmd~ .~ever, that the sand ~hlah ~nnedy thought would glvea c~ef- 
fleien% ~-O.~ was from the Sutlej River, while ~ccordlng to'F. W. ~Yec~a, 
"The en~l~rs of the SutleJ Valley canals in th~ Pun~a~ have been toylm~ 
:with Vo - O.G7 d 0.64., or a. eoef_~i~lent of 0.67. 

• The :followlng paragrap~VTrom Emnne~y,s H~aullc ~g/~ow~ 
~h~t he mlearly z~ccg~Ized the dlfferene~ bergen hi~ erl~Ioal Velocity 
and %~t whlah .ould SCour the banks of t~m~al: I% is Interemt~g to 
aota "that for ~eptt~ o ~ r  g.O or 9.5 feelS, Ke~edy su~geated %hat t~la c r l t -  
imal ve loc i ty  l s . ~ a t e r  them the  beaks ,of ~he ea~als ~oul4 ~ l l y . m t a n d ;  

"The fine elaye~ matter  ~ar~led by %~ "water, even in the hsavl 
leer flOmds ~oes~aot give ~uy-trouble.,~h~In~ ~s~ly oarrled on %0 t~m 
-flel=1~ rang pertly.de~ositlng as side ~z~, or o~,th e bed .of ~J~e m~at 
tai~ ~As%rlb~ariem ~ water-courses,~ ~where it is useful In st~chlmc 
ths see])~g~. GlmY'~id%\~rm~, however, will only l'~rm when t,he vel~city 
is ~raou/~, ~d, .~In~e ~. ~hown below}. ,the sand queatlen nece~l%ates 
a higher me~u vo~oelty," the ~ater the depth~ Is, there murat be a ee~ain . 
d~th abov~ which harms becmmo Im~osslble, and bank-,e~,~ion ~eglmm, T h i s  
limit W~!l depend.to a ~re~% exte:~% on the kind of. ~oLl---th~/a, I ~  soils 
se~m 1:o almost ~IsSolvo away, ~oWeTer lOw.'~he velocity may be; and Ua'~ily, 
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T~}:,~n bank.~ aro bolnZ d~0~',~c~ fr~,~ thlo cauco, tho J .... dy in to ---~, 
b~d an~ d~crouso:tho ~l~t h azd voloci~y, kooginG tl:o .:~:o nloDo; ~hough 
of ~ourao ,there arm caroms wh~ro this last mu,~t 'also be deorea~od. T~no 
qu~BOign Of ~ ~ooi@m 'I~ %bmrefore q'ulto distinct from tho silt ques- 
tion, and is mo~l~..one of mx1~rionoe, .%hDu~h its undoubtcd i~portnnco in 

.as 1~e aU~or.~l!~cted~y:;~a~a 6n Ibis poin~, a m~nvoloelty of 
~'~0 -~.i@~L~e: ~n O~dlmarY,s~l; a me~u"volociSy .of ~-70 is-alton usa- 

. . . . .  , ~ , . ~  ' ~  , , ,  . . . 

' : ~  . " '  . - . .  " "  ~ .  ' ; ~ . ~ ' t . ' ~ " ~ '  . . . . - .: :.-. 

. . - - ~ ; ~ . .  • . ~  - . . . . . .  . .  . 
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l'~1~'e 9 eho~vu ~ho .valuon of vclgci~.,~IVen ~,~ach for .dopbha rtu~gln~ 
~r~ !.0 to ~0.0 Teot. M~t1@ i~. ~_k~ow~ o~-=~e.'~ond~16"~s ..for ~hlch ~on~ 
of tbe2o i'o~ulas xs~lw e o r o  ~riv~, mn~L~~an~i~rtlv~ data'was ~lseov- 
cre~ .to suppor~ aT~y o~ ~hom, o~p '~  ~e~dy'a~ ~J~a ~en~a!-way~ it i~ 

. ,  ki'io~ tl~at ~h~ ~fIto of"the ~lnd a~m. ~'Ixu~.~ha~ t~a~b~ ~he Earl Ik~ab Cunal~ 
~ * , ~ - ~  ~hich,iOanr~dy a e r i v a a  h ~ .  ; t ~ e ,  and i~ ~ ~II~..0~ ~gy~t ar~ 

sill], flnerL !4orltz d ~ s a r i b e m  £n ~ do,all .~h~, :~i~iamu~ .~o .wh!ah :hi= 
fe~ul~s a~a s a l d  to ~ p p ~ , . .  bw~ . a p p e ~ 1 ~ ~  ~ t @  ~ h a t  ~hey:. ~ , b a e e d  u!~n 

, ~ _ , ; ' "  ' . .  .~ . . ~ ;  . . r ~ ' - :  ~ ,  , , , - .  . . 

. 0 . 9 ~  d " " . .  " . . ' v  ,..-..-,:' . T r ,  ." . . . . -~ . ' :w.~. -o . ._ .  . - / " 

z . o ~ .  • a z ~ ' ~  '~a~..m~-, " " " • - " . "  "L ~. . " • • . " - • " " " . - 

" 0 , ~  d , ,  . . .. - ,,, . . . . .  , ' . .  . . • 

. . . _ . ,  • 

. , ,  

"; ' R e a ~ a t / ~ v  t h a r e  .aa~" ' -  ~ ~. "' " ; "  " .  

%hat ~he widCh :of ~h~n~l ,la 

£ o  • " " " ' ~ ~ . - - ' ~ "~ . ,~ '~ .  ' " ~ n a ,  " - ~ . o  

~ , = ~  _ _ _  i - ~ .  . . . . .  ,~.~9 ~ h  ~ ~ ~ ~ : ~ f ~ , . . : ~  z , a ~ n ~ . : ~ , ~ , ~  

. . ., .~. - . - . . . . .  , .... - ~  . . . . . . . .  :__~_ . 

• . ~ : l ~  . . . .  " ~  I . . ~ , , . e a , ~  , a , " ~  ~ • . • ~ , 

u~on; -~he  v o ~ t t e e s  ~ h  a ~ e  : - ~  u ~ ~ -  , - , . - -  ~ Z ' ~  : "  . ~  ~ w ~  = ~  

~ ; ~  e n ~ £ r e  t ~  , o f  P ~ t e n l : / ~ l  ~ e ~ D ,  o f  r e f e r  'I~ ~ l L o w i ~ ~ ~  a ~ l ~ o h )  

as  re r~m~me'n~ed b y  t h e  f a / 1 , .  ~ %0 be  ~ l ~ . ~ . ~ ' . o f  .~t~eul ~ 1 ~ 1 ~ p . :  . ' 
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:Zuo to l~.nac~ ,within ~1~hc "Strecu: l~ao!f~ It :[~J nor duo %0 s],idICg frlc~!o:~, 
e .... L~i~'b nothl.~: oLmil.~- to ~.o clidlnc~ T~iction oT-zolids oxis~o - Is .con- 
02.uulv~ly.,prov~a by the ont~£ro absence of any Inerea.~e of ~2£ctlon 12~ _ 
pipee with'an Increase ofIn:canute. It follows then thg~ the <~-ostor 
the along (or, ~'all) th~ gr~ntoy must be '~ho Intorn~l.~o~IOn,of the ..... • b - ~  

~d therefore the f~st~r the ability of t.ho ~ream ~o ~un,~ort tilt. 'Y~ 
socao ontlrol~ r~sconab!o that the ability ~kmx~'~n~/r:~ ~:o 
-~<-P silt ,in sum~)e~sion[of ¢ strewn o# water "~lo.n,i~4~,-in a .~.,~ooth con0roto 
chuunul (n m 0.01~.) ~ith VOT~y 1Zttle tua'hu/onc~ ~hou!d be 16ss ~ %ha~ 
of ~t ~.u~m~ of ~Imila~ dlm~nsione and di~h~Eo @lo~InZ in a ~ .... ~u~n" ca~nno-" 
e=:clvated in ~ock (:2 - 0.030) m~ieh :;oul(~ be thill of oddlen ,l',.ss ~ i~a.lns 
"about four gimos a o  'mU~h ono~G~£ na was u~od u9 in ~hO So.crete eha/2Zalo 
-~ai~' offset of ~lopc may have been overlooked by K~ansdy because the m~Do 

; - o f .  a l l  %h@ channolo ~hlch he observed was about %he ~e. v f 'the ubility 
' Of a atrca~, dop~ndo upon th~ vertical co~po~ontii of the...turbul~nco, and 

.~or Dass~/~ alo=g the sldc era "~hazLDx~ is glV~n .the s~me ttt17bulenecas 
ttuder slmil~r eqndltlon~ st %he bertha b2 a ~tro~m ' e XC ~9 t if:at %lI~ O vortlx:-i~ 
components are.'loSs, It ,~OUL~d fo~low that the' effect of the sldos vmuld-b~ 
th9 same ,S~ the he,tam in ~a~e~slng %he @nergy loss O r l l O iO p ~ O f" th O atrac/n 
b~xt .nut %he s~o he the bottom~In ~h~ ~Zf@et•.u~n tko. uilttransgomtinci 
power, U~er-suah conditions there ~uld ~ ~rhuads for ,Z~s, conteSt!Dn ' 
~hs% ~ lidtH~m~ an ofT~ct oa the silt-m~pporbln~ ability of w.ater flo~ 
" ~ [  i n  a ditohi/,:._mhe .~ntire aubJeat is i~le um~rstood mud ' ~ h ~ e  i s  ~ 

. ~m fgr fcrth~t ~tu~. $1no~ the~ is .very "littl~ qu~uiit~tlvo da~a to 
-'Su~;Ort the }h~o~los of oil]mr. Woo~s or }~ot.l~/~y i.t_~ould :not. norm wlso 

t o  a G o ~ t  their ~ 1 ~  at~rs~e~%. Since %he r~lil~se ~f the ~nllned suc- 
:tress of the Ail-lmarleam/C~m~l ~ILl ~r~b~bly bs'a~out-.%hO ~a~e a~ i~er 
Z-.mmedy.'m .channels,. m@.su~d~ Bottcm~1~yls conSenti@m-,~e :%Z~a, a n ~  co~ixl 
still use r~I~ody~.s fora~la'wi~h lit%q~-~rror.. .. .. 

,~obably .vmry-un~pr ~i-,ffe~ent~m~illq~. Infomma~l~:zegardlng th~ nature- 
of the ~ilt handled u~er %hmmo-~madi,~ns l~.m~t av.ailable, except for ~cne 
oftho~ i n  India. F~ none of:%he~-'ll [ ~ ]  ' l ~ %  a O n Wl~lel~.:%h~/ ~re bused 
glvon~x~e9% that glwen by ~ ~l ' ~ ~ - w ~  ~ ~ d [ f 0 r ehsnnela,:not s • 

over .'/.5. 'feo~ l a~ ~. ~ iYQO .ms~oz~t-1'eet~ ~eh~a, ~.. ~ '  ~i~h dmpths - 
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"6. Irrigation Cama~a may~be'~-desi~ed for the velooity that is pcr- 
mimnlble when •Ioamoned by age, as the ~mmand for water ~rows with the c.~o 
of the canal and the ma~Imu~ mea~ ~loolty grows with the supply necessary 
to satisfy thiI..deman~. 

"7. POWer canals are Ill'ely to be ~aoed under ~eak load eel soon 
as feasible attar oompletlon. Fo~ this x~ason a more conservative velocity 
sUould be chosen, otherwise scour may tak~ place before smesoning." - 

"8. Callals, when ,~a~m, ~y.o'BS •secreted with •velocltl,~= inoc than the 
maxlmu~1 permissible, by the use~!~f ~he~k structures. 

"@. A all~ht excess of-Yelo0i£y is preferable to insufficient "veloc- 
ity. Check-drop stru@~Rres w~ll eorraat a slope causing erosion, bu~. t~ere 
is no m~thod.with~ z~easonahle cost by which velocities may be ~ncreaa,~d. 

"I0, In'the past, e~glneers have bean led" astra~, hY too close an 
adherence td the r~utlts of experlmantal data on the transportln~ action of 
water o~ su0h materials as slay, s~it, sand, and ,.~ravel, c.6nsidered ~en~r-- 
ately rather than on cohesive or mochmnlcR1 comblnationz, and in consecuonco 
mamy ea~als have been designed and built on too flat slop~-s -'~ith corz~os_ 
~ n d ~  low velocities. , 

" , , . , . • . 

~I. ~e ~ h  of aquatic plants is only" partly co~ectsd .~i~h vel- 
ocitieS. Canals designed for ~he high~st permissible volOclties from ~'~ 

• , 51.e :,$amdtpolax% of creeled, will be as free i~rom Pleat-growth a~ deslVm al0no • can effect." 

,. F~rther explanation ~s giver in other par~vraohs an follows: 

For eaab gra~e of original material ~'~ In Ool~n~_u '] 
l~.recoznlze4 in 0ollmm (~) that %h ̂ ~ ....... " ' i ~-) the fact 
be , ~ z~na± condition oC 8 cans? be~ mu~-~. 

qai~e largely determined by the material throu,~h :'~hioh it f!~ws a.l~d~ like- 
wise the fact khat t'he~e is little or no mschanlcai abrasiv~ in the water. ' 
~,e f~res in 
• ~ Column (3)refer to water that cont~i~-~ "effective c611oldai 

slits, such as the waters zrom .the .Colorado River or R~o..Ch'cnde. These silt~ 
will settle ~o greeter"or Aess errant under relatively hi,,9~ vei~'~tieu. The 
"difference between coll~Id~ and colloidal silts should be ~o~,~d. The first 
will remain ,in auspe'~s~on, even if all re!salty be elimin~ted, for a lea C 

~period of time, oven years, The sil~-will ~reclpitate under re~uced valse- 
Ities, and possess sufficient colloidal m~tten- %0 forr~ a l~last'ic, nLTj~ly co- 
hesive masc.. Obviously,. such water will h~e~ a marked Influence on ~ 
ch~racte-2,of the canal, bed for all g r a ~ . a ~ o . a u p  %o the shales where the final 

the orlglnal .material is more resistant ~han :any de~slt of silts. In Column 
(4), the fi..~ur~s in~leate %hat waters con~In~ abrasive sand ,or',%ravel ~III 
make some ~'naterials mqre resistant by. fUral~hlng th6-co~stlt~ents needed fo'r 

,~'aded bed@ind.. O~u the other hand, #shales or sllok tou~b clays are tbe~- 
uolves ~reslstant, .end this z/eslstance is ~ed,Jeed when a l)oworful abrasive 
ic eo~talned in the wa~er. 

:~rom Fortler and S~.hey,s P~per. 

" ~ h T2 

.t 

•D 

'\ 

g ~ 

4.w 

\ 

% 

k 



q 

4 

i ,  

• " " " . , . - :  : ' ~  ~ I ~  .. 

: U~:,W n~ 
. , .  ~ . ' : ~ '  " , ' 

. .  - e  , '  ' . ~ i 

. .  ":'. " ..4 

":':, " '  " . . . . .  ' " ' " " ~ ' " ' "  ~ , '  : ! ; ' , " " '  " '  " "  i : • '," i " :  : . . . .  ~ ; " ''~'" ' " " 

~.~ ~" i~ l l~ .~ . l l  

~.. ~ ~  .-,~,~l~,,~i~,i~ . . . .  , i  ~ . ~ . ~  

• : : ~ :  ~ . ~ . ~  ! i . , . ,  : 

" ":i :" : : : ~  

: t e . ~  

• < 

~ = .  :if=.. ~ . ~ -  ,:: 

'~!::~ ~ . ~ ~  ~: _.". 
: ~ . . , ~ , ~ . : ~  , 

. i~ .  ~ '~. , . : :  ~!" " ,  

~ , ~ ,  " • : h .  " , . . :  • 

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

, ' . ~  : ,  - ~ . ,  , , ~ , . :  . • . . . . . .  . . . . .  : ' .  ~ . • . .  
- . ,  , , ~  . • ' ,  ' : ~  . .  . , . , , ,  . . , "  . ,. . . . .  . . . ~ : , ~ .  ~ '  .. 

, .. ~ , .  . , , .  , ~ , .  ~ ~ : r  . . . . . .  , 

' 

I 

f ,  

l 



I d l l l l l l l~  . . . , i l ~ .  I ~ . . . . . . .  ~ 

.... '::'+1 ' " . . . . . .  + 
. * 4  " 

* ,  t t  

• • 4 +  *~ 
. *u*  

,m, .k~:  i 
• , t ~  

~ + . . . .  . ! ;  

+ ~ '  . . . .  e ~ J .  : 

* . , * , o * * . * , * * * *  * * * * , .  , ,  

, * * * * * , * , , * * . * * * * * o * * , * *  

uklyrjP ~ . . . . .  , . . . , ~  

t .  ~ . . ~  . . . . . . . . . . . . . . . .  

I By I~t~P. 
i ~ ~md T ~ u t w i n e  trsm-~iatlou.  

-. : t ~ l e l .  I n  ~' }{e,mtrk,, 
'3 ! ~"  : • + i+ : 

.---'---'" + ................ i ..... ~ ....... *.. <+ 

" '  . . . . . .  " ' . .  " r l ~ l  b e !  

• * * * + * * ,  * * * ,  0 1 4 1  , , , * * ' ' ' * ' "  * * * '  ' * * *  * ' ' * ' ' ' * * ' ' ' *  

. . . . . . .  ' . . . . . . .  O l  O I ' " :  . . . .  ; . . . . . . . . . . . . . .  
. . . .  "OAf l l l r + +  IRrl l l t+:h + :  ' . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . .  

91 ~ . . . .  i ~.O [Over l l ' C r ~ l  + 1 ,  + 
"J 441~ ~.*" + f~+ ~l ~ + r  lcrmv+l d r i f t  an+J l ' ~ k .  

. . . . . . . .  • , , ,  I . g ~  I I ' ~ r ¢ ~ C l  l y  m l J  + l e d  t o  i t  l a K h l ,  s a n d y  , , o i l .  

. . . . . .  , .  ~ . 1 ~  I~411t b e i n g  d e p o s i t e d .  
i I I i  

. . . . . .  i! +~, ! ~ , , ; ~ , .  
" " " ' "  . . . ,  4 . 1 ~  El~O.IO.~ t r i f l | l S C :  10,, id l  t tOIz. 

. . . . . . . . . . . .  ' +.s~'~ , i ~ i ' ~ ' ~ ; . ; . ;  ~i ~ ' d ' , ~ ,  . . . . . . . . . . . . . . . . .  ~ , i ' ~ i ~  ,: 
Chlllinei Oovlq't.d eo441n K o f  ~'q3t~nent. b u t  fre~ j v e l ~ a U o n .  L ; . . . .  from 

~ . . "  4.~s ,, . . . . . .  . . . . . . . . . . . . . . . . . .  

. . . .  4,0~ Bed g~de. I  mlt++rtlt|, fin+. ffrl lq~l t,, f i iO.  rad lu~ .  ' 
; l l l , I  3.12 ~ , ,euure,  i cleat]..-de.s Mitred. g i l ck .  
+ I I I . ?  ~.?t . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . .  
"mLt . . . .  11.114 ,S~ t~M. depo,,t or o l ~  mmd',o ;;l~+,hY" Li(t'+: ",+,; ;~d' . ,  

: 1 ~  " . . . ,  11.4 b,%" o f  .,rlKlmll holt p ~ l  a 7l.m..~h ~cr , 'en.  
I aS0 5.4 5 .  ~1~ l I D  f l l l n I C i P l ~ t  

Ill0 4,1, 9 . t ~  O n  l a o l e n l .  +'~ 
l l~ +4.~ ) .10 .... On tu~zic~et. , 

-: 41.8 l . ~  013 tmnlL~t. 
i ' fib : l t . l  I.N Off Uu~eDI, 

' * '  . . . . .  . . . .  ] .~l  (.)U t~£eOt  
' . . . . . . .  * . . .  I . l~  O n  t l l l l l ~ l .  
. . . . . . . .  • • . .  1.00 O n  tanemt. 
• * ' * ' ' ' *  . . . . .  l , O 0  O n l i O l ~ e I D  t .  

. . . . . . . .  . . . .  II.0U On ~ t .  

. . . . . . . .  • o . .  0.,50 O ~  tltll ,rent. 

t . o * * * * . - . * * . - - , ,  

* * * * . * * *  . o . . o . . .  
1,%8 1.6 

I~.4 1 .B 

~n.s 1,5 la~.~ ~ , .  

~ ~'.~';  0.5 

11,1.8 . . . . . . . .  

~ . . 0  , . . o . , o .  

I 15 |  o * * * * * , ,  
] ~ ' ~  . . . . . . . .  

* * , , , , , *  . o * * * , , ,  

* * * o * * , o  

$.$1 

O~ I 

~ "llm~udTnt~teUmtr.i. " . . . . . . . . . . . . . . .  . ~ " ~' --- " 

I 

5.M 

S ' ~  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . ~  ~ ...... 

, . +  iil;i;ilFiiiiii'iiii>ili'iiii>iii:iiiiiiiiii.i.iii'" 
[ 

i . ~  t ~ 1  ~oureqJ cloun ~l,leq bille f. P|ick 
J 
I 

~ . ~ i  r ~ r * q | t ~ ,  ~ 1 1 1 ~  b r u s h  r i p . n i p ,  J 
3 ,  ir .o 

- + , . , , . . , . , , o . , , o . . , , . o . * * ,  . . . . . . .  . .  , . . . . .  . , , o ,  . . . . . .  

i i . * , * o , * . . * . , . * * * . . * * * *  . . . . . . . .  . . . . + . .  . . . . . . . .  

~.'~J i i n 4 , - ~ | , ~ r d ~ r . w ,  wP,-,I, 

...o 
| "" ....... .,..o.,***..o,.. 

~.IPI ~ ................................................ 

3, ld 

. U l q m b U ~ u d .  • I Re~/+0noota*un J~c, ,~ t .  J - l ) ' .  I t13. 
" R I I ~ I ~  ! ~ .  C, otoIlldlo JLIII 'tC'IIIIIIrl l Co l le l l l .  I N in th  | hp t+ l~ l  lb.pt , ,  t4e&te I-'_u~r. +~f [, l~h,,. 

~. I Bient~lltl Itepl...qtail~. gn[r, Of ld&h,J, l)ll 12 

~+ *~" ~74 



[,, 

2. 

¢ 

..~. ,. :~,. ,, ~th?;r vlaluablc da%a t r ~  t~L~ -- ,~... .-.. ~,'~:~i._. - . ' . - 

• ? 

.. . '  " :." : -' ..~ , . . . . . . .  

I 

L .  " " :~  ."~, "~ " J '  ." " - " .  :" "~ - :  • 
' ' . "  - . ,  • '_ 

I~ • , ~ , .  , " , "  : - .  . ,  , ,  : : 

. .,. ..... - . . . . .  . , ..~- ....::. - 

911 

J 

. 

%. 

~w 



I 

-f 

-o .. 

_ Oa~ifon,.%a ~ or ~he 
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. t h a t  I t  ~ m , 1 4  t l % h n % ~ , d  ~ a e l ~ c i e e  / n  e ~ c e n ~ u i  • 5 lke~  p~m d e c e n t ;  y ~ t t ~ °  
Inlndlvldualeu~p~nslonPem't~l~sat ~v-°fT%hleIOW al10k nn~ wet6 so  1'~ne that %ffO~" would remmln 

~ e . .  ~e~ : :~O l l ; I ee~  ~ T e e p l ;  when %he water was "o~rorloaded- 
with a~IL%.-,l~ ~lmse of fl~od o11%he "C~ lo~ :O  Ri1~x.-Ira Jtz~lo "~4 Io/~v," 

~/ho%h~r thl~ c o l l d ~ t ~ 1 o n  wo~Lld ,ex4~a t after %he BOu~der dem had 

rs  ~r T7 ~ " "  " / ~  ' 

The thl~d phase of %he silt ~oble~of the All-&marlean Cana~ 
Is ~he trsns~ortstlo n by %he flowla2,-~%er to the. place whe~-o it men be 

Board', " " ~ "  ,~'~ '~n'.~ne "/~port of%~ A l l - ~ r l c a n  Canal  
%he oamal(~hlels flne4~) andeh°~remmdlumt~et mosteamd, o f  %he" ma%~rl~l whleh is llkely, ~o ente~ 
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