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Th::! sl.m;-a,.,..ry of resea.:rch a'1d deYelo:;:ment. activitieo rela.tin.3 to the sedi~· 

nr.m.t aea.J.ing t1·ie.l c w xyl eted. tn t~e Cot>.chelJ..e.. Canal in C'cto'bez- 1957 ue.s 

Reseax·,;h Scrv:tc:e (1)1 
i hov:evc:·; s :i".J.r.!e n cllem:lcaJ. secler.t 88~15 1 -na.s t:.s.-:d. 

'-

in the cc,s.cheJ.la Cgqu1 t-rial rr.·t;h:=:r- th.::m e. coll o:ldsl cle.y s s originally 

plntm~d. ~.nd as usc:! in the ot.he~ sc-:l.i.m:mt s s:e.1:i.ng trial:::. , a separate report 

rdYisory ana. eve.lt:dtiou :::::ti v i t.:lefi c ;~ the U11:i."versi t:; :p:ccj ect. in th:ts tria l 

\o!~~r.e spo:::.so:red. j ointl y l1y ·(;l:J.e Dir;t r :i.ct , 't_;be A::;:iculte:rs.1 Research Se:rvic , 

burg , Ca J iforn:i.a , ~c. the Hcnscnt o Ck:r::ti.caJ. Cc;mpr'!.l1~l of Et. I:ouis , I~i.s sou.ri. 

At the ;.·isk o:L ord";·t i ns; ilr.pc:::-te.nt cor~t:dbutious b? ot.hers , the s ignifi -

I nd.i ~ii clu.als ____ ,.. ___ _ 
J. N. sn~!ldcn 
A. do Bol es 
W~ Lo Riddle 

i The Coac:tella Valley County r,rater D:L :~t;-:-·ict Lmrell He~ks 

B::coHu 1-1ud. Com:po.ny · 

A. R. Nz>.a.s heJllical Coo 

Dovr Chcrucc.!.l Co . 

~F.LF'l'~t:ENCB number . 

J. Ho G.le:Jn 
G . M. Broc~rn 

C • A • Sumner 

D,. J . Pye 
R. R •• r enn:!.ng;s 
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. . 
Valle-.v Ccmrt.;y Uuter m .. s ... Grict in t he nol"'th end of tl:e ·XT~isl Valley, no~~>h 

te.nce of 49 . .miles . Sae Fig. 1. 

lw.B com;tructed ~ no;-r cpe..~-'r.;es e.nd rr.aint-sdJ:w a.J..Eo~rt l&ID miles of open 

·dre..in, ~inz in d~pth fi>.:-m · ~~ to 14 feet . 



Water for iJ.~r~"&·i;ion \>rruJ firct bror1ght from the Color&J.o River into 

this bolov"'oea .. l~vel area. $..n 1$01. Obctru.cting &met o:unea on t he ~rican 

side rrme e. Mexic"n route f a.vo:ro:ble i"or "'cb; ol•igmal ain canal. P..om;ver, 

1n 1¢2 e. cut=,ofZ.ent1.rely on the u.s. oidz \l"OO complc:r:;ed t hl"o'l.lgh t he sand 

dunes. ~e 8o-Fi2ile long All~me:rdcM Car.al brings ~rtl(;e:r to the souths:;.'"n 

em of -'~be valleay, ~i:.ea:a it is co~ey..;; nol"tb:';;.~d i n f our I!m.in canala1 one 

of vrilich is t he Ccacl:21ls Cantil. . ~'oo l.sttel" ~ brru.1ch into l.atel"sls 

deliv.aring lfatex to each J.6o,sCl~c trf'.ct. 

Th~ so:Ua of t he ;~ial Valley l."eflect t he comple:-t e;eologi~ .. hieto:cy 

of t he. erea . The w.J.ley is o. s.1.·~en w ' ich hru;; be<an e::.-::oo~ depressed., 

and at =the ssme t:J~1 encroached 'li);On by t ho delta of ·the Colorado River . 

Thtw, in relatively reca:rt ~ologic t:ir·-o, t he Color~ River L.~ flmred 

slterna·cely into t;he Sru:ton &:a bas~.n, raio~ t he 1~.-::.·i#er level -of .t oo Salton 

Sea, snd. th~u into t he Gulf oi' CeJ :i.fm."'Uia, p~rci:l:ctin3 evsporntion to shrink 

the fk'U·{;on Sea. At t4e :present t ~.r:::e, & lov flat ridge \.rith a~ ele= 

vstion of s.bou-'4; 30 f~t clxJve P-acific Sea lkn"'el c...~ci·.:.es t~ Ba.lton basin 

from th~ G1.Uf. · ~ IDE~iM~-n dcp·ch of the basin is ahou~, 2'71 fee·~ below the 

Ps.cif:l.c O~e~ l evel c..nd. t he presc:2t Ut!rf'e.ce l.Erv-el of ·;;he Salton See i s e.bout 

24o f ee-t belo~r t ll.e Fei:ii'ic Ocean level. 

An e. · r eault of t~ action& dflri:el'ibed cllo"~re, e. randmn m:L~w.re of atx-s:i:.ifi e a. 

soil.e i 5 f ound i n t he 1xnperiu v'"t611ey. Colornil.o Rivw d@l ts dcyo3itn are 

·int~lnymooo v:tth ill.1r~:tal :fen mv.ter~~ f'rom t he a'l:!n·~·nmd~ l&luntams . 

5.lda corn.l>k"t m:ixt'Ul.~ o!' ooll matel'ls.1B m-.a boon furl~· ru.t~d and modifi ed 

by fu.oying and vat·~~ proce~o, 211 ~rind end 'tmvc eroa· on P..s the ahore l ine 

of t he . Salton Ses alt~na:ooly ·o.il.".ranced and declinoo. ~ctena:.ve rnm.~. dune 

ftrea3 are found, ,eapec~ on the e~t a ide of t he V311ey. 



Thl} moat recent 1..ncursion of tbe Color~..a.o Rive::~.· into the vall.ey occurred 

the old main ca~ :past the point of . co:r:.:rol. Bring!n:J t he chrumel back 

under control proved to be en ext.:r~J.y expensive s_hoi .. e, but tb.e raiiJ?Sging 

river did pl~:nce· ,one im]ortont benefit~ Too c!ee:p cbennels \:-ere f ormed 

iri tha m;Uley: the ft~!i'm:> e.:.ld t he Ke1:r R-ire:r chwm~ls. Tb.eEe chimnels now . . 

t he SaJ:oon Sea. 

Needl.eas to csy, ;;rater io lo~t e.u:dng delive...7 ·oo t he District la.uda . 

but a. nr.tjor p.."-l"t of the del:lvery loriis in e. seepage loao. Virtua.l.ly all of 

t he Ditr:;rict cs.na1s are unlined and rnmtcy' pervious soils are q,uite coouon. 

This ·seapage loas 'Jater is not oncy :l.m_vortant. to t he District from the at.end., 

point o~ i·ts direct uae \'Ulue, .but i to .effect on the drain2.ge sit.uat.ion in 

the w.lley is e.loo ilr{p-:>rtan·;. . 

~a direct . " e ys.lv.e i s aignif'icani~. For exe.rn;ple-9 it he.s been stated 

(2) thnt t he water loat each yea-r f'ror:1 the Coachella Canal oricy' would be 

sufficient to m ··i3ate 25, 000 to :t>, COO ac...~a ot ltmd. !the J.oe;aes f'ro 

other D:lstrict ~ ere not as higll M t hose for the Coo.cllella Ca.nal; 

~TJat about t ef.f'ect of thia GUl].lSge -ws ter on the Diatl.~ict drainage 

sittw.tion and a.1..so bo_w abott.; too :,r:oa t:i ib~.lities of re-uning "Goo ~e 

'ml:tera tor irriga.:tion1 



~e cbvioUIJ e.csl.i!:lpticn in rco:pect t~ t he effect crf t he Cilllll.l seepage on 

t he drainas;e ne·:,;t.:ork is -t~ha;t; a rea:ucti on :t.n cnnc~ oeey-P..ge will proo.u~e even-

'.... 

vou..l.d J?rovide several benci"icie.l che.in.,reection efiec-ts, ~.uch as, {a.) inc:rea= 

s ed cf'ficiency of a.r ... ~ in ne.m-by Lrmd.s, (b) decrea~ef. operat ion sm1 

mniutew..."'lce cowt~ for those dre.ins influ~ced tt.d ( c) e. c.ec.reased inflm.r of 

ga.t:lon, ;.-';;. is iJrr1;orts.nt to reilize too;c in e.dc1ition to ve.t er. table · c:ontrol, 
I 

t he va.1.J.ey drE'.ill6 o.l.so mve anotl:-.2r izlrpo:~t2.!lt role of ea.lt. """'a'l!loOvs.l fron the 

il.·r .'~"S.ted c.oils. Bei:nu.se o:f t~ir origin, rr:.ez::t of the vix·gin soils have 

ecc~mmlations of excc33 salt th:!;t mua:~ be leac:hed t'rom t he ooil before they 

. . . . . ~... . ~. . . : "~~ 

_ · .%'r;'~~laiS renBm • . The 1-n:·igation -v:ater it:se lf· cont.t>.ins c-lbout. one t on of s...cU.t13 
··' :ii '.-,_, 

: '_ J?Cr e.c1·e :f'r..o·G of v.e.ter. !!·has, OC·IT.fl "over~ilTi.~'."Cion" or C.Own:ward l eaching 

i -
8ie7.lif'icw.t ql."..S.ll't~ities of salt~ The d:!.·sin.aee ut>:ter, theref ore, 1o com.~n.l;r 
I -
marainal to too caJ.ty for irriga:'cion use • 

. Jn a~, ·t oo canru. aeey.nge -w"n·ter is a contributin_g factor in the 
I 
clra:lnage of District lnnful and Olllce the ca:au trs:~r enter.., the ground. uE".tex' 

:r eservoir, i ts q~.ality i o ueu2.lly dmul=g!.·e.fu!d. t(, sn crteut wrhich e l :iminn·oos 
I - -

.i ts ~=\We M ilTiga-tion. Volter . It voulO. be '-"i.Be to pre,;·ent or control tl~ 

canal fl~_rpGgc locsea to the ma...'ldml.ml extent :possjhle. 



Corrventioool csna1 J.iningo of concrete, M!'halt O!' C'=I11II'...2Cted ea:rth :poa"' 

""" l-~ity of placing t nc:ae l:l.nings in a fu.-J ca.neJ. wuld be a majoz- atu"ltbJ iil£ block 

-
of l.':l.t ei· deliveriea, is c. !f-'l:'essmg· re:Jet:U"ch need in the Diatric·-. are."' •• 

/s.D previously n!'antioned, the aitt;: sel ected for the resea:rc 1 and develop= 

uent vox·k in tlla Distl"ict area i s R£~sch No . 2 of the Ccach2lla Ca.nsJ. . This 

U?.nce downatream f:roEl t he check and d::-op at atntion 288+15 . It starts in 

qt.U.te a cl.eep cut be~.1 t he c'!xo:p £',J;.d g:a1ually curfacea in t he section dow to 

--~be :firt'lt curve e:i; elx>u,t ste.tion 500ttX> (Soe Fig. 2) . . The doT.fru:rtree.:d end of 

Reacll !lo . 2 ic at t .he "'~ter mansuring c.abl e .. 1-:-ny j tWt o. short diatance 't..'J.l-

ctrewn ~ t he c.anel bridge at otati,)n 713+10 (See Fig. 3). The 1·each ie 

r-U>ou·t 7 e82 Irl.les J.c,ng . !lll.e nearez.t t mm i a li.oltville, Cslifo:rnia.o 

ihls section of canal 'WBS oel ec-t;;xl as bein$ r~eaents.tivr~ of cou.clitions 

found el3e'Where in the Coachella C!mu, in t he All .. ft.mer:i.cml Cmal, end in t he 

other nmj or c.anel.s o:r t he Diatrict urea. Other :factors leading to the nelec., 

tion o-r t his site -ror t ho trial \>""Orl~ include: 

provio.e an · cxcellint loc-ation to add t he aedilr.entin{J n:aterial into 

the ca.n.a..l ,.mter . 



I 

for Re~h No. 2 ·tl12.n i'ol., th~ othar i'Ot'lZ' rea~:iea in the section of 

3. Som<:~ ?Ortiona o'Z ·~he 2t-9~zr.ilc section Oj;lera.tad by the Diotr ict axe 
--

lined vlth an unco1M1~ed cl~ bla;ket, :rang:l.ng in. tldC'lmeas i'rom 

are in Reach No . 2. 

St,ntion lS3Xo Cap. Side }{;a~~· A:reo. IOO.X . Vel . Bot: lUdth H~x. Depth G:.'"Sde 
Fl."'m To cfs Slope· qa. f't~ f'"tLsen. ft. f'c. 

0 288+15 2500 2 to 1 833·3 3.0 6o 10.33 .0001 
288+15 Boo-roo 2200 2 to l 733.0 3.0 52 10.14 .0001 

Auguat. The miniuilm discb.u:rge 13 s eldom lens "'"hrul 3(Xl era ) e.n.d the period ot 

S$.nce the Dis tr:i.c:t=opera.t e section of t he Ccsehr:J.la Canal 1-unn along 

llttlterinls ar~ quite so.ndy. J.!echnnic.. annlyaj.fs data i'o:r a. uet of bed :mr-1 

bank r.m,mx>leD are included herein sa Fi.gs . 4 end 5. 

Water ~is data are preue:at.ed in Table L ~he silt loe..d of the "Water 

.· 
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Date c 
~led ECxl.O 

3-21-431 l oGO 

7-7-51}2 1112 

ll-7 ... 573 1133 

1-3~50 

2·1~57 

3-1~57 

4-3=57 

5-1~57 

5-3 .... 57 

7-1~5'{ 

7-31-57 

8-31 .. 57 

10-1-57 

ll-1-57 

11-27-57 
\ 

TABLE 1 

UM.-m AHAI,YS!S DJI..TA 
COACHEX •. L.~ C&1AL1 CALIF . 

Dieeol ved 
;ppm 

74o 

778 

793 

986 

986 

957 

913 

891 

884 

78o 

8!J.7 

876 

891 

876 

876 

Solidz 
Tons/eo:?. 

1.34 

1.34 

1. 30 

1. 21~ 

1.21 

1. 20 

l.c6 

1.15 

1.19 

1.21 

1.19 

1.19 

ca. 

82 

100 

Na 

25 93' 

32 10:3 

~'>6 14'.> 

SAU 

2 ~ . 
• t;;. 

3.0 

J 

Total Hardness 
a.a cseo3 

372 

376 

376 

~86 
" · 

1 ' 
From ~blc 12,. p2ge 77) Die.gnos :i.s and !mp~ovement o:~ Saline al:ld JUka~i Soils , 
U. S. Dept. o:r kg. Hrmd b • 60, 1.$'5-+. 

2 .Analysis by Chemical LaboTa.tory, trSBR, ~1.ver, Colo::ado . 

3 . ,An}].lysis by B&>co~..k ®d. Sons, Rivrt.:rside, Ce..lif' . 

4 Remain:J.ng teste by Imperial lrz'igittion Dintrict --- ~ms by evn1=-<>ration , 
Rerd:a.ess by Sch::mrzen'Qac,l Meth d . 
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Because o j? the Jprge size rmd general com.:9l2xity of the Coachella 

Cana l tria.l site, concider::l.OJ.e Jll"f~lirn.in.ary vork 'h'RD MCO~})lished befol'e 

t he t ~ie.l i nst:iJ J!\t ion l-l'28 nnde . ~ne preliminary e.c-1~1 vi·j;;ies included.: {a) 

setti.ng up procedure for detem:ining the sealing re:Ju.lta, (b) deYelopJient 

of n:.e-thcds for seeyling of the canJJ.l bed and bank m.~·terials , ( ~) saJr>pling 

and e·~~tm.tion of :potentiru. ne:ci~..mel.rt~ae~ling ~ents, and (d) mmtil~ecru..e 

sealbg exp~r~nts , both in the llilio::e.tory snd at the field ai·te, \lith t he 

observations . 

In Ja.nuary 1955, the D:i.stri.ct=oJ.)Grs.teJ. a ection ·of th~ Coachells. Csn.aJ. 

va.s sub-divided for Wf:'.ter mNl8U ·:l .. ng purposes into th~ f'ollmv~..ug 1•eaches: 

Rea.~h No. 2 Sta.. 30=>+00 to 713+ 10 

Read1 No . 3 Sta. 713+ 10 to 165+50 

l ength 7.82 miles . 

l el\_r,rth l. 7. 38 miles. 

Reach No. 4 -~ Sta. 165+50 to 2619+1(:) ( 6A Checl.r) -- length 18. 30 miles . 

Distri ct .. o:perated: oet:tion "'"" ' 'tn 10+00 to 6A Cru~ck ., ... Total l ength 48.99 mileso 
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Two ne'.l current metering sta:tions , including continuous gage recoroers, 

were set-1.\p at the amal brid.o---es a·~ Sta. 713+10 and 1653+50. Discharge 

mauurements h!ld been obtained at t he other current n.eterin.g stations 

For the 03Ae of CQ!J!.Psr:!..son, the -r.mte:r loss data before ·;;he aedimentir.g 

installation are not reported h~re) but .ere r~served forth~ evaluations dio$ 

cusaion vhe· e they \lill be a~!~.ri:~ed to3eth.er with the poat~inatru..l:.>.tion data. 

Piezo~eter Ing&~tions 

cated . . in Table 2 . ~ee stst:!.ons uaxe set in the trial r eaq:h, en.d one in 

Reach No . 11 ao a control station :i.n an untrea:tett r e·:1ch. T'oose piezon:ete.ra 

. were inst-illed. e t the vea·t side of t he channel botto:n, each net consisting 

piezo··ne·ter tip:;; v.ere eunk to 1, 3, and 5 f'C>e't below ·the canal bed surface . 

In !P..n.y and June, 1957, · a deep p~.ezometer ;:,an install.~ 300 :feet veat of' the 

installed shout 5 i"e~·t weat of the highwter line . T"ae p'U7.'p0ae of the 

p'iezometera l:1S.t: to obtain 1nf'or .nR£.t:i.on on the hydraulic: gradient conditions 

'!!"- •. 

As with t he \.~ter loaa da.ta, the piezo~ter data · are reserved :for 

the e-reuuationa. 



ST/.TIOI~ LOCATIOif~ 

l61{(l5'r.-if CH35 E 
.161-:-{Q 0+35 E 
1.61~05 Ot35 E 
l151-!-('l.;i 2i{)3 w 

3\)3-:-27 0+65E 
~3+27 0+65 E 
:P3~·zr o-+65 E 
3030:·27 2+05 \f 
303-<·27 0+42 E 

l}.3<)i 67 ' 0+58 E 

439.:67 0+58E 
439-i-67 0+58 E 
ls-3'9-:67. . 2+J£ w 

·~ 1~39 ' 67 0+33 E 
I 

!4Sf.67 2+05W 
I 

r95-:65 0+36 E 

695.;65 O+S{i E 
695-i65 0+35 E 
695--65 2+32 w 
~5-l65 0+20 E 

I 
695-:65 1+00 w 
695i65 0+20 E 

713i00 On br:f.c.'\ge 

TAHL~ 2. 

L IST OF PIE!?.! :CE"'i:ERS AND l<I'ELIS 

IDEi\'"TIFICATION TIP ELEVATION 
( ft above 

_________ sea level) 

"A" 49-50 
"B" 47.50 
"C" 45-50 
"D" 117-92 

"A" 112.90 
"B" 110.90 
"C" 1o8 .go 
''D" 93-63 
Well ll3.88 

"A" 109-58; ll0. 38 

".811 107-58 
"C" 105-58 

· "D" 93)!-0 
Well# 1 · u 4.67; 112.56 

· Well # 2 114.20 

"A" 107.72; 107.85 

''B" 105-72 
"C" 103.72 
''D" 90-91 

Well If 1 110.77; 109.23 

Well #5815 .11-0 >8.60 
Reco!'der Well 

Reco.:'der Gage 

DATE OF INSTALLATION 

Incta.lled Fe~ . , 1957 
Ins~alled Feb . , 1957 
Ins~ed. I<'eb ., 1957 
Ins·i;alled Jllle, 1957 

Imr;;aued Feb . , 1957 
Inz.·i;alled Feb . , 1957 
Install ed Feb . , 1957 
Instslled June, 1957 
Instslled May' 1957 

Insi;a.lled Feb ., 1957 
r eset Aug. , 9 

Ins~;e.ll.ed Feb . , 1957 
InE~llE-d Feb. :1 1957 
Inst.alle-1 June, 1957 
J:nG·;;.a.lle-1. Msy, 1957 

r eset Jan.,14, 1958 
Installed Sept ., 1957 

Installed Feb. , 1957 
r eset Aug. > 15 

Inst.a.lled Feb ., 1957 
Ins·~aJ.led Feb . , 1957 
Ins·'" s.1l.ed. June, 1957 
Jns·~lled May 1,1957 
· · reset Jan. 14, 1958 
Ol .. :i.gine.J.zy exi stent 
Insi~ed Oct . , 1957 

In.stslled O~t. , 1957 

* Witl r efe!"ence to hubs set on t he edge of t he •eat b&lln~ ; ,oocll s et of ''A" , ''B 11 and 
l "C" p:ilaz..c~tera at_ nJi?rroxilrately the <.'dg1~ of the bottom of' the cmmnel. 

t»t In r.e.ach No . 1, all oth~r ststions in Reach No . 2. 

·. · ... -· 
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Grotmd ~-later I.e·~el Observation.n 

In addition to the ;;oater level observations obtained fi'on the 

piczo::netera in t he i.In:red.iat e vic:l:nit~· of' t he c~J data. have also be~n 

obt.sinaJ. rega..~i.r!g t he grotmd r.--n.ter level variations in t he East Meaa. 

vide- sp:u:ed net'l<-"O.rk of oboe:r-rntio:a vells in this aren., starl; jng in 19~t0. 

A major 1fl.U'};.OfH~ of t he g:round v:ator l eYel obcel'Vations V'd.S to trace 

Since t J:-e canal b&'l ~ate:.- ¥ • it contin~oualy, aar;zples of t he canal 

bed, of' neceosi"'·y, 1rere col.lected :frcm e. boat. . .Considurable tlif'ficulty w.s 

expe1•1-e:1ced in r etention of t h2 w t n:aterinls , enpecinlly t he loose sands, 

in the sneyle:t· dtring recovery in··'-o t he boat. Also, since the canal i s sel"' 

dam clear, t he d.ii'i'icultiea ~ere oo~ound.ed, to· some e1~ent , ~)y ;-he . gclleral 

inabili"'.;y to observ~ or e::~ine t he l: ed na·teriaJ.s directly. 

nth a nimple t ute srur.-_pler with a i'lt1p \"nlve nt t he top. ~~e results of t he 

laboratory a.~ees ot s. oe·c of p;,.~el:im:l.mry s am.pl es collected li'ith thia oompl er 

:Gave bnen ref~-red to previoua}J. See Figs . 4 and 5 . 
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t he Bu::e.au of Recl..ID!'.ati on ,3h e.ddii.iorru sm.~ling and testing subsequ ... ntly 

r esalt.:1 of t he U.~ test:l.n.g sre n.o·t B\Z1'l~;r--ized he-,.e becE:.use t he moat f'avo:re.blJ~ 

. . 
m.ate:r1:'l.la fr m their :r>:-telinin2-L"'7 t er.t :i.ng ere included i n the lster t esting. 

~,.ne potential aed:.'i..!nent ll>g t"st~::. il'u.a evaluated 2.t the Uuive:rsity included 

gr it C·:mtent, colloidal yield, f:lltc·r J.osa, tmd visccoity; t hE! rr.ethod.s used 

~ere similAr to tl\ov'3 :rec~J!!lP..n.ded. b)' F isk (5) :for eve.lu2.tion of bentonites fo:: 

~.ddition.:ll t est:i.l::!g of th.e I ;oteutia.l sed:ilront:lnz c~s \-I'M completed 

1n t he D · a·trict L031oo:ra:torj to detennine the r ele.tive effic iency of -'Gh1"ae din= 

perairlg egents : Sodium tr:tpol.Y.Ph>SI'lmte, t e·traaedium pyrophoa1')ha.tc, and 

sod:bnt poly)ilJ:OoJ:;>:inte . Of the tbsea, tetrnaodi~J.':.& )?ryophOD:Pm'.t~ w.a :found the 

most e~flcic.ut l.-ri·tn -'c;;b.e cruml uatcr m;ed in tWB tc:Jtiuz · ( 6) . 

~ A. R. l!~ Chctrlcnl Coo~ of South GQ.te, California, sloo com-

pleted &u:J.Pkm.ental testing of poter .ti£~ oed5l~mtts . The miscibility and filt~ 

loss c.ae.rdeteristica of ceveral aed:hr£n~ s wre evn.luated. In general,. ~he 
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Gr:it. - ·"co:U)ith:l. 
__ .... __ 

Sem_p1e: Wall Build:lng 
No V.e:terie..l Content Yi~~~cr r~:~ Cake .Yiscositfu 

-~~- ~!..~--klfUL_I£~mt:t;po~~ 
61-1 Coyote Well 1.3 53·51 l.o 3/"52 :; 

Sl-2 Ackins Clru.m 12 .1 42.91 189 8/32. 2 

Sl-3 ~·i:::.enr.o Claim 2·5 1~.91 .88 .5 1/8 2 

Sl - 4 Ih.-..rslem Cle.ir1 20 ·7 28.9 69 3/l6 2 

Sl-5 Arrr:aseal b, . 7 65.2 41 1/16 <4 

Sl-6· Haas Cley' 5·7 6o ,l ;8 1/16 1 

Sl-7 Uestern Clay 
'6 (Utah) rr.5 55·5 28.5 1/16 

Sl-8 We::r~el"'a. Clay 
(Utah ) rese:rves 5·0 4L3 33 ·3 1/H 3 

61-9 Ban·~. Corp . (Utcll ) ~- .1 64 .6 14 .5 5/64 8 

61~10 Ba.roid (~Tyo ) 
crushed 4.8 89 .4 16.5 1/8 

I 

' 61-ll '· Baro1.d (Hyo ) 
2JO-rresh 2.9 88.21 16 3/?/2 e 

lru.sper.mn·t (Sodiu:n t ,r ipJly:oht:.s:ph.?.t.e··-0 . 75gma ) added \f.l.S:t"e tendency for floccu-
lation noted . 
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rrlsc:llJility of t he .aed.:il:1enta or th~ enae with •Nhich th.: c~ matel'"ials can 

d.i.f".!imt.lt to nix but exhibit high c.olloidal yield and 1.U.gl:l res:tstanca t o 

passage to uater; rl:wxeaa the local clays, es~cie.ll.y the ver.f gri·l;ty one~, 

are e~J.S.ily n:btul int.o the 1mte:r, bt.t e:!::l'bit m relatively low colloidal yield 

been ·.moo M t:t.e te:st stancill.rd. 

Iu any cas_, the renul·ts cf t he clay testing sxe not directly rele= 

van:i# ·oo th~ Coo.ci!al..la Cmlill. triBJ. :i rurrolJ ... s:cicn, which ultil!Jete~ utilized a. 

E:coerirents .... --·~-

the Cr.Ja.clleJ...la Canal, prelimi!mry ev-e.lustions '.:lere conduc·~ed, both in ·the 

labo~ntory Md at the f'ie.Ld. oite, to explore the seal:l:og potential, :pene= 

'b:ation ca:fk.~ili~ie31 snd opers.tiom:J.. cbn.racterintiC!; C·f the various .sealing 

egentn :PlroJ!OSed for u.ae in the Ccachelle. Ca.ual tria.l. ~..e t.eating was accom"' 

plinbr:.>d by the Diatxoict, the Do'H' Chemical. CO~ o:f Pittsburg, Csl.ifornia, 

'the ~lnUlll·to Clt~rlca.l Company ot St . Lou:lo, l>!isoouri, and the Brow Uud 



.. 

\ . 

I 
I 

I 
I . 

. 
y ere conducted :in t e District l:ilioJ:a~.;ory <.hrring the ep:.·ing and au;nrv.;r of 

1957 (6) . 

. colm::n~ oi' 2~1/2. inch Cl.i~etai" lli"i.Cl 17 . inch leng-ch,, en~.sGd in th~ ~;rar~Sparent 

l ucite pem.2.ameter ~ ~EE!.I't tti':les ~.z1 '~ relnth~ely unuis·:;ru:-bed. condition . T'a.eoe 

In t he laboratocy t est:L-ng ph!>,sn, each sro1:ple 'trAS :first satura-ted with 

.~~cra:pi•.lg sn.d t he ~ va-'r.,~r l>--s.a e~Snill i ntroduced. The pel"lleabili"l.;y of the 

colu:m 1-m.a m..~mrced. at · :D.·e-·1U';n-~ :il::t el""W..ls , tb.rou,ghout ·the t est . 

1ne r esults .o"f tha t eGt:3 wlth the w.:rioua aediment~ ... '1B sgenta a.t'e su;n-

mari zel in Tabl€! ·4. 

sanda . Ill aom o:f the E2!H_plcs , G. t hin green coot:tnz tms :fotma. on t.he aur:face 

of t m e.aYll!>le ; in ot rzrs t .1e grc:t1n c:oat:l..ng t-."M bm-ied uoo.~ 1 to 6"'inches 
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Resultn of LaboratOI"'J Pel~~.rre"ter Test:i.ng 1::.y Distr:J.ct 

Expt. sampling -Amount of: length Or- 'PeiCOiatroni·s;te rcu rtfoqff:T<G:y end 
· · No. l ocation . dis:rx;raaut treo.tn.Bnt convertec1 to ~0°C unit hy~attlic g?adient.) 

- --- ( eta~--~/J~~-_jho~s )2 _........;;b.;;.;e!2A_-e,_~~~'"'l!L_ .. ~~.1Lnimu.;9 Ul~.!_.mate~ 

~1 ;9}+27 0.41~ 0.75 Oo75 4.03 .. 3-18 0.3V, 0.34(5 ) 
4o8E'e 303+27 0 .l~h, 1.50 2-38 - 2 .01 0.17 0.18(5 ) 
4:te?'7 303+27 2 .72 0 .''[5 0.75 .. (.;sa - 4.51 0.22 0.22(10) 
41682 4;;9+67 1.36 1.00 }1.90 - 0 .66 0.56 2-11(,51) 
41830 4;;9+67 1.36 0.'{5 21.15 - ·5·57 0·32 fl- -50{17) 

T~atment with Wycmtvs bentonite (10 .5 gm/l1ter ) 

4o820 303+27 0.21 0- 75 0-75 5-27 - 1~.68 0.22 0.22(6) 
4o8B4 303+27 0.21 1.50 46 .8o ~ ?)1.94 2.e6 2.86(5) 
41035 305+~1' 0.50 0.75 0 .• 75 17 .oa ~ 14.00 0.52 o.8}(9) . 
41684 439+67 0.21 0.8'7 22 .l:.o - 2.93 o.49 8.87(24) 
41833 1~39+67 0.21 0. 45 26.&> - 2.00 0.65 0.98(27) 

TrE a.tment ·;.7i tb. Utah bentcn.ite {11 gm/li~:.e:: ) 

4o819 303+27 0.22 0. 75 0.75 21.92 - 3 ·52 0.16 0.18(8) 
• 4o8B;;, 3CP..i+21 0.22 1.50 1.8o ~ 0.70 0.22 0.26(J2 ) 

410.)6 303+27 0.50 0.75 0-75 3 ·85 - 2.99 0.94 1.19(9) 

· TJ.··Hl.t.i:oont vith diopc::c~ant solution oilcy' (0.21 &Jl/li·rer ) 

414~4 303+27 0.21 lo2?. 10.7..? - 2 .24 3.·22 5-'59(19) 
41683 303+27 0.21 Oo67 16.12 - 6. 42 0~45 2.66(50) 

. ' 41~51 439+67 0.21 o. 7:i . 24.8 - 1.19 ().62 2.U(19 ~ 
27.28-·418)2 439+67 0.21 o.S;; 1.95 0.67 1.39(37 

- \ !1..1z'E ~~nt m:th " ss..; 5 11 (0 .58 cc/ liter ) 

41tm l 303+27 none ~0-83 74-7 - 76.4 o.65 ().75(18) 
411«)3 I 303+27 none 16.92 2().0 - 16.9 0.41 2.00(18) 
42211 695+65 none .21.67 8 .~·7 .. L28 0.27 0.86(27) 
1~2212 . 439+67 none 21.6'"{ 23 -55 ~ o. L.-8 0.20 0.5'7(22) 
1t221} : 303+27 none 21.5B 3 .85 .. o.~ 0.12 0.24(22 ) 

I 
Without. tr~etmen·;;; 

42917 695+65 IKID.e 
__ ., ___ car _. 

0.66 - 0.16 0.15 0.16(16) 
42918 695+65 I'.on.e 

______ ..,. __ 
7-58- 0~87 0.72 o.87(16) 

42919 695+65 nane 
___ .._..,..,_., 

5·~ .. 0.19 0~17 0.19(16) 

~.ae dis}::~r~t ueed rms tet:raaodium wro:p~~s1hcte (l":ms::nto ChOJlji~sJ. Co. , e.nd DCF.-7 Ch~mical Co. 

' ~To sep...."\rate tr~~e.tments e.l"'~~ shO".fll by t1ro i'igt:'.l-es incl.icL?. :. ng "'Gh .ir reepc:c-tive l engths. 

3The 1CMest f'lgm~ throug ~.ou:l; th~ :ron, ummJ.J.Ji· :imt:."'diately after trea.m~nt bei'ora the suL""l'e.ce 
vas scra,ed. 

4 : . 
The ntmib~s in !:>arentheses i ndicate -the t ota.J. number of da~G for which ee..ch :run vas conducted. 



j.n t m orunples :f"..ron the othe1· &L!pl:!.nz st.aticM in Reach No . 2 t his 

ten~lency van reve:roed. . So:me rru~dcrr. cL~y balls "H'el~e fot-~d burie(l in t.he 

cands . 

Tha pal-m::;cllility ro.te fOl.~ J:cst of the e...n.m,ples uae significantly 

greater e.t .. .;he outset than the incU.~ted ovexall. rate o'f tha field site . 

T'ne l tw'.>rato:ry l"'""""te us1J.f\lly de-::ra~ setl Fith t :i.r-,.,e . . V:l.rt.t~.lly all of the · 

soor_p~~s , even i:-h~ l:-:lt:reatGd corri:.rol ".n.-rr,plez , :.re:-e eventueJ.ly reduced to 

a. low 1•ate indi.c9.ting sec,.ling. Bet;ntJ.De of t his tentkmcy for all of too 

sam_pl es t o seal "1i"th til:.!"', it. j:~ di.f:ficult to rl'PJr~ val~.d ~'\rison c:? 

the eft'ects p:rcduced by t :1e v-a:r •. c·m~ ncaling aJ.,!;en·ts . In o"thel' ·i:J-orcla 1 the 

ca:a.'SJ. vster along pro::'.uced a oetii:ng cf.fec·t cOllT_ps.rnhle to that produ!.!ed 

- by th ~ sealing eze!:its and no on~: sea i ·t~ agent exhl.b1t c.--d a pronounced Ol.lJ.)e= 

riori·ty ove::o tb.e o·toor as·ant.s • 

One-di~tm.·bing rae-tor "':.~ that the s.bove..;rr,:::ntio:lci ce8.llng ID.th time 

was not bebg c11.1plice.ted uury.ex m~tura.l conditions in t!:e Ccnchella. Canal. 

, It is tr-ae that a downward ~~nd in delivery loss f :rom one :ycGr to t !::.a next 

can b e note--J., but n':)t or thr~ lla,i;nitude nor l'Spid~.ty ~1_::el•ienced in the 

labor3.to:ry t e:::t in.g . 

Follo~~ the laboratory test:~g described sbova, the District ~ccom­

plis.bed si1nil.ax teoting in J..a:rgn cylinder s sunk in t oo can.:"ll bed. The 

· latter teeting ia cl'l.<.Scuaaad latul' t:.s part of the expn-:i.mentation e.c<.-c •m~ 

pllshed by the Broml l>Iud. Com_p1MY :ln regard to the Ss-. 3 rcatc:r:t.ru.. 
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sge':Lt, both into ·the nstural cs:o .. :u vm.ter &nd also intt) the clr::~ oedi.l.rent~ 

of loo :n~v:)cy "~sts, (2) e. l"llCdel ditc:h e:.q-.er:i~.,.en~; e.t Dow's Pittsburg) 

Cali:I'o:-."lliu, :vJ..e.z::.t, £nd. ( 3) amml;pi!e 'Ws-Gs in tha Coachella CBD.nl. 

In a confiC..elltial re:po:ri; 1:m1 e ::.V"ailable "to the D:lstrict G.nd t he 

.Univm .. ait;., t he ~a-ol·it :is S'l.~i:~c:i as :f'ollotro : 

1 

• 
11I..cllor~tOZ"'.f t·~sts fir at d~.on.strs.ted. the poa~ible u.tili ty of 

So:paran {R) 2.510 and B'ill3J;ansicns of fine solida f or t he sealing of 
:ll--rigatiou ca.ns la. Tne t eclmi.q.ues developed in tb~ labo;;:stor.r ve:re · 

· e.:JPlicd to oae DP_all. ditch, e.n . t ..e L~rur,nge rate ·~-a.o decreased by 
a fe.ctox of ·ten st e. ve1~y mod.~ate cost . On~sit~~ testing in the ~ed. 
o:~· the Cce.coolls. L!'..tm·ru.. · of the Jl.D. .. l.mci.T:!.ctm Caru-ll Syv-tem' gave v.n:d.Bb·le · 
l"cau.lts, altr...oven i t nr:.:p.e~t~d. that Seyaran tll5.-ght have som.e applicd;ion 
here, too . · · 

A techrdQ.Ue , inYolv:Ll'\g t he use o:f eed.inent n.stural.ly present iYl 

the '\m.ter r ~r(;b.er t h."i'l e.rdf:i.clily introduced sed:!.m~nt baa sho;m. p:ro­
m:to:.• in labol"S."vocy t ecta . ~his fX.ethcd io attraC!tive because o:f 
its J.mr cost Q.:C.{! s _il:;:p •. icit:l' . 

cOns:l.clel'ed in the light o:f r:uboaquent develo~t~., ezpecia.J..ly uhen 

!Crar-m;U.tted to :iverai'Gy by lt~ttt~, d.>!.\tcd September 10, 1957, trqm 
lt<~r . Robert R. J·enuin.r.~s , Rem::ru::·f!h :iR~t, ~· Dou C!:srlccl Company, 
to R. D. D:irmcyer, am. 
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lbwm-:1.!.¥-..ntation uith IRHA . ~ · ~-~-

1957, :ffi:.if\ v.as t 'Z'.sted in lf.")n£Mto ' a S"G . Lr.miD ~ icu.l~.;;urel. Iabora.tc~:ry, an 

a seal 'i:-a. oand rol~ . !!:he t est & t;~l<e a:b'llila..."t" to t h::Jse conducted for 

k?. a reaUlt of ·(;he )_p,1-,or::!:i;or.-y te£Jting, Dr. Slter.,;ood o"l z,~ru-~to h-00. 

t hio to oo.y1 : 

l 

"It i s o~ll:' 11nib.rst.en·ling "'Gl:i1?-t a. t!P conccn~tion of berrtonit-
h!'lD be-en a fairly st!l£clm·d ~·eg_uirez.ent in .fi(lld test~ ( ~turu..ly 1~) . 
Fnssib~r i;h jJl em nou be grna:tly red.1.~ced u :.l.nc3 our zroD·~i efficient 
mlSJ?P..ns .on conccat:r-st1.o:r.!·3 \WI'·,;) 1n t -c ratl,ge c'±' 0.2~~ 1;o 0 . 75f, be:ut o­
n1.tc :tn \~~r,m·. ObviO't~ly it hl dti'f .cult to prellici; field. concen'i:r3= 
t:i.on rwses fl"CUU JE.bm'2t.o:ry r:rG\!die!} bec:.uce f1eld cperat in,g p .-ee:sure 
g~.·sd.ient.s, au .-ell as fielc1. ar:acificstions fo:;: di~roed au.c:pcn.3:lons, 
ri?Ly clifi'er. Houever, in ap:l.te of dif':t'ezoenceo . in OO.'lCU.tiom of t ent"' 
ing, t he ood.:i.t' ou oi·· ll\:·1A to be a.toui te au.:'>!:"..A:neion:S viJ~ have the 
f'oll<mllig infl1:.enccs : .. 

1. For a given. x:ox·e sizn snd sunpert::dotl conccnt:ration, the 
add.it:ton of D?-.MA vill SL.~ed u_p ad.col'Jtc.ion of the SUSJ!enaion 
to oeal off t he: po:rea • 

2. Co.a.plete sealil:.g ol' Jr-ll'C•UD beds csn be o~tsined l<l'"ith a 
more dil\.'\te col,loidal cl.sy m:1l;penai on. Theoo dilute · s®­
:perwions do not. ne1u ii' :.t?i!A is no·!# ad:led. 

3. !lllese more dilute G~ion.s 1·eeult in obta ining &:~t:ster 
depth pan.e·trntion of the uealing ~ent . 

4. !lhe oeal. w ich i o :?or~ed ·uill be nauch 1~re F .l"mlm:ent if 
bonA51.00. by I BHA. 11 

In a l et'tlmo to M!-. J. M. Sheldon o.o t he 1.Npel"ial L-r:lgnt:tcn Dis·tric·t, 
dsted }I~ 9; 1958. 
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Although not . a rm·t of the befo!'e-t:d.al ac"tivi·i;iea, i"olJ.ov ... up testing 

ex.ID~e:l in. "'.-;::;e be:iks oX ·ti·~ co~.c32eDn C'~. f.:J result of "thia field aite 

. 1* 
teotmz, Dl ... . :oem.in~ of' lf..o~to o~:a!'ized t he results as folloua: 

11The prea ~ ... ce of t he· DDU w:!.th b::m·i;o:u:.i:'r;e e.ypec.ro to offel~ con­
siderable a<.lv.~.n.-~e O'V"Gl" the oe~.l. obtained vi"i;h bentcui t8 alone . 
Ro·:lev"CX"_, vi ~h "th O! p.rcll1~:l.t o'l CuM· bentonite 'Hhich :18 ruxead~ p.."'eaent 
on t:hc bottcn of the cnnn.l v.;.i.d. t oot ~ihich is in sunpenaioD. in the 
Yi\~;e , l fo..vo:r tha ur.le ot ~B!&"t £.1c.,.a :...:.atha1~ th.F";ll ndt!. rr,.'>re cl..~. 
The po~~::e: wlll s-'~:.1:\.z;:; ·~he "eilt a seal lrf.uich ba.s nlrz~ fo:rrn2d. 
on t he bottc·::n or tre cn.n.nJ. s n.d £.ccele::-ate :.ha clouir:g of any o;pen­
inJB in "~hie 11a:Ut" .J.B.,rel.l v :.l.th tl'..e cooi~n·t which ie in suspcnaio:a. 
fu t he 'H~1.teJ.• o 

11 
• 

has be~u outlined. ·i;ha.t will be di.t~cutscc1 ln.tm- in this c"bapter. 

,P.!~~1l~ ~ ~~(G~~ 2£ eS.,l3 

Dice...."'-l.""tlii:,z the i una of ua~g a cU.s:pe.rsea. bentonite as t.be ses.ling ngent, 

•(;he Bro~n l·~u4 COOA,P811Y conc.uct ed invas·ci.gatio!l13, both in -:;:na lAboratory ·n:ad 

nt t he tl~:-:.a~ nite, and developed e. rns:teri21 dcsi@lStoo- SG--13. 'Ibis is s. 

oem:t~viecot".B crerozy- suspension of diesel o~~ and a numbeJ~ of po~'mer sdtti"'Givcs 

not fOl' nubli.c d:'Lacl.om.n."e paud.:tng p.'lt ,.mt S:f':plice.tion . Thi8 m9.terie.l r e].>Orted:cy 

1~ Iu a. let ·a- to l.(u.· . J . M. SheJ.don, ~lrial :.r.r:d.gstion Dist:rict, 
Clntea.·Jul¥ 7, 1959. 

l 1£, e.n :inc:i.dentnl note, w-e beli.~Ye t hat pert of the 8(>=-ctUl.e.i "s;ilt" 
at; rete:re.d .to i.n thifi :refex-enoo, i s c.seo3 or e lima depo~ition~ 

•;,. 



the Conr~ to s. dels.yed. 1·eru:tion with cn.lci l!lll in the C!"....na.l w&ter. In a 

'' f'8~13 co~aaioto of l'{:S:i.nous pol:>'7:-~rn e.nd. he~:.ry a.~s rni:ood. in a 
c:al-"'l~iel.. of Cc:1".:"2Dn f.lics.l'::l fu~l. lt3 1\mction is t o incrcs.se the i onic 
sttrs.cr',;:,ion 'of the soil ~&.:ti~le& for ·-~;:;.tcr, t huz increasirl.g the ·.i;hick"" 
ness of th~ hj·gt"Os co:p:!.c env~lope of "·u:ter ru.--om:lt'. c &eh :p3.r:ticle . T'nis 
c.ccxea.zec th~ voicl.s or :r.22n~ea t brot\?;h vhich -w~?.te..,. can mve, and 
l~eterv.s th~ flow ·l;iJro't'.£,;h soi l. 1' · 

~dle clevelo~nt testing of ss-13, pl'io:: to the mn:l.!1 Coachel.l..o. tr:iP..l 

( i rurtf!:nee. Or:tobt!? 1957), consiuccd of (a) :\Bborstory testing in the Company 

viouoJ~ in Fig. 4 on page 8., ·and · (b) sandy b~>d I!ID.teria.ls actual1y 

col~edml from 3('.och No . 2 of too Coar.:he.ll.a Cs.ne.J. . ~c--a t esting was per= 

of tM.s equi:PE.ent i s t~ )!:ro rieiou for s:imu.la:t.ing CWAl water t urbulence . 

A ;plot o:f t~ic:ll data f'".L"Cm thir; te.:;ting ia shmm in F:lg. 9 (7}. 

Fol.l.mrlll{l; t be lnborat-ory U:s"tmg, tbe D:.tctrict :inata.lled t hree 42=inch 
. 

dit.:mete1• cs.tJing3 in the Ccache lla. C'Ylal ~t sw .. 695+t0 to "tent t he pe!~:for-

~ce of t he SS=l3. Theae were driven to a deyth of approximate~ 2 feet. 

Jie;. 10 ahm:-3 t!.l~ locstion. of tr.e c.-laings mid furnishes logs of t he nnterial 

encouhtered in nearby tes-t. boringo. 
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The testing '1;;-o,£ SCCOl!J9lisaei by not:l'Jg the c~.ng a ·in loss rate for 

calibra-ted drum oc::t on to:9 of e3ch e2.a~. A~ th2 end of 86-13 trea.tm~nt 

r ate dctenninsd. Tte ef'factn of -i;.~o kindo o-:' erooion on the seal. vere also 

testa . {8, 9). 

plished c!u!'i7J3 t he pei-icd o:f 72-y 2Bs 1957 to J u'J.e 5, 1957; the follm; .. t."P 
\ 

eroaion treat-1l.en:t 'Wru'l ccm:pl·~ted on June 10, 1957. 

overall loss fig\u.·ea for Rell~'h No . 2 dn2·in.g the ~ tim"' are lis·ted :J.n 

Table 6. It ?:!MJ.Y be sean t ?.le.t ·cha t 1ro ty.f)2:r.> ot lo~a f · zurea dq not_ e,v. .. ee, 

bu·t; all fe.ct.o:l."~ cons,.d.e?ed {such sa the ns:cuxal ~.;ar~tion in can.B1. bed. 

condit.i•:ms) too : rcl.-u.eJ. rsng~ in v!lX"Ji-!·t ion do~a not seer.d e~ccasoive. In the 

cs.sin.z ·test proce ure, it 1rould lmvo be~n help:fu.J. to determine tha loa a 

vsr:Lations in lons d.t'l:'ing the treat-men~~ period, but ~lao to see if the 

untreat<;t1 oont1-ol w-ould oeal to tn~ l >32::le exterr·~ that t 11ey did in "'cohe Jn.bora-

tory tea · ir.lg . 

Thus, aa reault of the 1£J2or?.tm.-y and field site t~sting of t he SS~.ol3, 

it ~ concluded: 

not signi.fic&.nt~ better than tba.t produced by the o·ther treat ... 

menta, includiDS ·~..re C!W'Al fm.tex- alone . 

t eristic, but not conclusiveJ..y proven. 

, 3. Tha ife of t he eze l-r-1!3 not f\'t.lly eva.;.uated in the tenting perfo:r1!....."-'d. 



TabJ.e 5 

P.ESU11!:'S 01'' SS-·13 FIET..D EXPERr .K:iTS 

Del; th of 11a.ter i u casing ( inch~a ) 

Corcentratlcn o:f S~l-13 by vol. (%) 

Ler:gth of SS-13 t~ es.trr,.:nt (h.)u:rs ) 

A:nc,unt of SB-13 e:pplied (1bo/eq ft) 

Just aefore SS-l3 trea~~t 

At enl o:r SS-13 treu~nt 

Av. l ·)s s du:~in.z_; first 15 hrs 
af'ter SS·-13 flucbed frcm 
ea.:h cas:lng 

Afte!' erosion 

2 hrs afte·r 

4 days e.i"te:r 

·• ss-l;>a--a. slight v--ariati on in 1'onm.t.l.e. 

1 

5'-1-

0.1 

o.ot~6 

(e.) 

0.68 

0.54 

0.24 

CaGing No. 
_g_ ____ ~_.,_ 

5'7 

0.075 

(b) 

1.17 

52·5 

o.J.:;l-

19 

0.0:23 

(c) 

0.81 

Oo 46 

0.67 

0.5() 

0.29 

o.ae 

0 .22 · 

0.22 

(a ) Subjected to sth·ring wlth 2-:inch pike pole for 10 minutes iibi1e p-Jr.n:ps 
in o!Je:ret:ton.. 

(b) 8-.:.bjec-ted to j3tting w.i:~h ~-ir~ch :pun.p \.Th11e l-inch p;.nnp 1ori thd."'."e"' water 
:f'ra n casing., 

( c ) Not subjected to erosiO".l treat.tmi!t. 
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TABLE S 

vTAT.C;R LOSS JlOs...., l&J-.CH !ia . 2 DUP..If.G '1.'E.8 FIE1J) IXF.ER:Uf.C2;TS 
UITll SS..J.5 IN CASING-S 

~----...,He~~~ Lo~in.-w . H6ttea.____ C(;n'~e:r Loss 
Dlsch!U"1.v~ · R?.f'i!h No . 2 Fe:cti·::l0te~· i n Reech rf . 2 

- ·-rcrs y~~-~(c~rST-?~TiOOC>sc.trtl~TiOOO c~~1= rcai'l:. ~r sv 
~-----·-·---~.-.-~~e.; I ---~..,...._.. f't ~ .. ~~ 

111BY · ~s 
£9 
30 

June 1 
2 
3 
4 
5 

June JO 
J1 
J2 
J.; 
14 
.15 

1,016 
1,025 
1,025 
1,016 
1,025 
1,037 
1,040 
1;037 

1,184 
1 ~167 
1,170 
1,170 
1,177 
_1,180 

€2 
77 
8J. 
89 
93 

102 
111~ 
131 

16o 
ll4 
115 
93 

l26 
J21 

5,187 . 
3,195 
;;,195 
:; ,187 
;i , J.95 
; ; , 20() 
3 ,205 
3,200 

7,1~ 
6,650 
6,995 
7,690 
8,()30 
8,810 
9,850 

11,310 

2-25 
2.o8 
2.19 
2.41 
2.51 
2.75 
3·07 
3-54 

4.20 
-3-01 
3·03 
2.45 
3·32 
3·18 

-·~=·=== 
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TRI.tU.. IUSTeUJ!:.TIO!J 
(10,11 ) 

In selecti ng t he sealing m.~:cm.":tsl to b~ UBe:d. in the Coo.ch~J ]r. Crule.l t rinl, 

consid.e~.'ed by t!l"" DiEr~:t--ict to oo rm.:?:ficiently f o;y-o:r·able o~ re;:resentat:i.ve ot 

th~ e.ctu~.l canal conCd:'~io!ln to );lrm-r:tdc ccnc:lus:t ve ~'C3Son fox v..do:ption of c;m.e 

testit~g l 7M so uz:U'avora"b1e the.t it CO'.l.ld be cl.j_minat r::d. :from t .he final consid;:;ra-

Ce.ns.l . An ac"l;t:,:lJ. f :!.eld t r:t.ru. in~;talla;;:;ion uas needed i;o resolve thia question . 

SS-13 ·Han the scn.J.:i.ng Eatez-ie.l se.:tecte:l fCJJ:' the f 'ir1rc large-seale t.ri~U. . 

bili\zy- mth canal lJt:.tcr, anu. (c) e. cos-t less ·t ill'>..n est.ili:ated f or the d:l.s:pe:rsed. 

, b-antoni t.e tree.tmer,rt. 

~he natural clays and. ben:t,cuites b-e:re not used i n ·t.his f:l.!"at exr-eriment 

becaUEe 1 t ·~ra.s s:pecul.e.ted th.~t v.. ou:d·a~e seal of limited J.j_fe vrould be: pxo-

dttced un1.ess ch..rduing of the canal bo·ttOJn vrns s.ccompliGhed duxing the sed.i-

mentir.g. Alao, t he ~ .. oblem of m:L'dng . as ruu.ch e.s 900 tons oi' clay into the 

canS.l ""&J"E.tcr i n a. per1.od of 12 hC·W :"B o:r l ess at t he t ime seemed i nsun:r.ountable . 

Ch2mr.el P.!..•e:fSJ."l'J.tion ---·--~----

It W£'~ decided that the cwal i;;'O'.Jld be dreineC! ~dia:tezy :prior to the 

t rie.l inst8.llat~ion and t h!:,t e. m:i.::r"~m-e of SS-1;> and vatm.· would be pouc1ed a.t 

I 
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The &?.ll.~ at Stu. 730+00 '"-s.s c losed. at 6:15 .run. crJ. October 29, 1957. ?n.e cleal"-

t he brHlrt,e a-t S'ca . ~&~15 (F.ig. l l ). I·t consisted of a 22 ,000 gal. sto:reze 

obta.ired. ~"ithout the jet . 

. \ 
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Xzm"!;:?.l.lo.t:!.o:l Or.e:r·a~.- :S. c~ 
-~-.:.....- : .. ~-· -.-:7 ~-~- ... .-...~ 

· l<~c11c::t1.ng th~ ~.0 minutes .of n. l}()Q cfE> f'law of canJ.l us.ter into th.;:: 

eNJI'ty rfmcb., the eci.cliticn of ss-1;; v as at:n:-ted a.t 6:31"l e..!:l; 0\!tobe~ 29, 1957· 

until 2 :08_ rm or f 'or 7 hc~~rs ~.nJ. ;;8 I·lilEltes . It was t~en cont i nued at a l crd'er 

r ate f'cr 2 hours a.ml 27 m1n".l':: ·~B m· mrt:U aD. of th~ SS-1,5 had. b ::eu adckd s.t 

4:35 pr,. 'I"11e can3.1 f l m·.T ~-e.3 co::rt i nued until 5:~5 p:.'ll . The flc:tr dm":ing the 

entire orere.tion ran&ted fro,n 4.oo to !:.30 cfa . 

A total of 306,620 lb~: or !~.0 .:>220 ga L of SS-131 
W-lS added to a?prC·xirrately 

Mud CcmJSn:r 1 -v-azoicd i'ro:n 0 .()38 :t?ar ceni:; to 0.045 ~r cnnt t!'l.ro1.1gh the day. 

See Fia . 13 f or concentreti onG ,.;i t hin the r es.ch. 

____ . _ _._......_'# _ _,_,_ , 

~;:: s~acifir.! gr::wity of SS-1} i s 0.91, a.nd the weight i s nbo'lt 5'7 lbs/ cu ft. 



t\!ooi.m.t of let'.lrege :tnto the sectic!l. t hrough tile G,.-:atea . e.t the head enC:. (:>:£' the 

renoh ;"·as ne~;lig:tbJ.e to cons:J.der (estirrsted at 0.5 cfs ). On ·~he tught of 

October ;50-311 dm.-lng the pond.ing :tn"tel"VSJ., e.bout 0.38 i nches c"! roin :fell 

latm: ut 9:20 am. I t. J~ook 5 ho:.ri'E m1cl 25 m:tnv.-te s f'VJ: all o:? the treat~d 

To·tJ.JJ. Daily I':!een 
Date Tir:;~. Hmn·s ci's .... ~ ~.~~ ..... .,.,..,_ 

i 11-~--i:;·J . , 12 N to J2 M 12 61 
i 

·- l 11-5-57 12 M to 12 11 21~ 197 

11-6-57 12 H t.o 6:;o GX!l 6.5 73 

extre'!ln turbv~enc~ of wate::- r~;t t he o~"'op . The tres.-~ed vmte:r hC!.d nn oily r.n;all 

It vran fa·caJ. to fish en pt:olongecl e~~rmre, bu:t it did not e.Jtpero• :tnj1lX'ious . 

'• . ~ .-'" . 



~as estln'?,ted e.t 1.03) cu ft/sg_ i.'t/'2)~ hoU'r:s . 

Cos-t oi~ r"l-:esttr;~n"t 
--~~ ~- ___ "_,.,_ 



I. 
I 
i 

Vimv;~ 0"'-or.~·l ... vif~~c.:tonr.; 
~- ......_~._....._~..D.~-.. 

. 
~?m.z etl< :o~ t • ..:.li'fim1lt; :l~s . Fc·:t: ci'rc*Jl- , :tn -~h.~ :pl;e li!nil~t~:-y ss-.>r:;:> l:l.xtz -w-o:rk it 

. 
t ime, cm~lJ L"l!.:d with c,.bsar"Vatiol'l.Z o r bed loa.:l crm.d ID::)Ve!M_u;:& :in rut ex.r:~1:rim~ntal 

• 
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~e e'Siml bottom fi'en Sta. 3oo-:-oo [.."G.VC t he SJ?Peal'a.tlCe of bemg essen .. 

·tiBlly stable. The bottom ue.na.s vcre, for t he rnos·t part, stsbilized with 

a l iu:c ( eseo3) ceJrent.ation, vhich in some areas \TG.G found to be a coor;poaite 

of oo.:ey very thin l.r4ninn.tiono of l ilr.e . Im"'Tequent blow-outs or va.sh .. outs 

into the l~ .. stn.bilized sa.nde were noted vhe:re e.:ppsrently t he water he.d 

eroded tbTough th~ E;m. .. face encrusta·Uofl, but the sand in sam.~ of the -wash-

outo "1:.'3S encrusted ID..th e. surface J.D.yer of l:i.!:)2 . lnciriently, moot of t he 

J eapd i tself i a caeo3• 

· Fl•om Sm. 1~20+00 to the erul of Rc~ch No. 2 e;l; sta. 713+10, ,J.oose oo.ndy 

most . m-~, the looze sand zmtertal occ.:urred o.a dune deiX>&its, with the dunes 
. . 

r egularly spaced at e.bout 20 to 3-1 feet ap3rt dom1 the Cl"...nal . From the pro., 

b ing and f!D..m!?l:lng experience, we £:~-:pccted. more of a drop.,o:ft at the end of 

each dune•"'e.s r.ruch as 2 to 3 feet rat.her t h!:m t he 2 inches to 1 foot found. 
-

Since the e.ct\W.l. amount G.nd to:pog:capey of' ·che bed-load sand is of Cl·itiool 

inr.9ortru.1ce in the canal scuin.g, this genel·e.l subject is discussed in more 

detail later in this cbapter . 

A f'a:U.·ly \rell develo:p,..nd ailt berm was found on eJJ. of' t he canal bank 

area.f.f. In e.n estims.ted 35 J;el" cen~ of t he tots.l bank area, eJllB.ll localized 

mud flowa of "'10he ail·ty to Gt-.ney berm m t eris.l ve.t·e triggered by the r apid 

drawdor.n1 reriod on October 28 and again, to a. lesser extent, on October 311 

1957· 

In t he r emn.1ning 65 J:.e:r cent ( estimo.ted) of' tbe canal bank areas, no 
. ~ . . . 

nlura,£J...~e ocC"I.lX'red. The bnnk matex5..al..s in thene er~s did not appear water 

na.tl.lr(\too~~nt l..Crurt vhen a sho•1el hale w-as dug, \13.ter did not collect. in the 
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the diroc·i;ion of Yu.·. A. J. .'3oles 1 CM.ef Civil Enzineer of t he !mpe:r:1sl :rn:ic-
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RESFJJflS OF C'Rt:!iHC.AL T.c!Si~.i1G"~ OF C./j:fl~.L BOIJ',m1>l Sl0iP1ES 
BEJ?ORE AND AFTI:B. SS-1.3 Trial 

sts. 300+00 - Es.nt edge bottctll c-4" 
fl 11 II 4.,3 

Center or cr~. 0-1 J./2" 
n 11 J~ 1./2.,·6" ' 

l;J c f'J:·cm W • 'ban·~~ Ou2n 
~, n 11 11 n t:H 

<=. . J .. 

SS-13 T:{"iul-a.f."Ger se.rr:pk: Q~l 1/2" 
cc·J!rs~s:lt.e of 7 1 1/2-611 

sta. 35\h·OO Ea.at e~e 0-3 / .. - ~- 2 .. 
II II 

3 l/2-6t; 
Center 0-2 1/21! 

11 1 2 1/'2-611 

\o1est e d.ge 0-211 

n tl 2-611 

SS-13 Tris.l~a:J}l.J.er S£!I'!Ple 0 ·•IJ ~;J 

· C~Jl}?osi·te of 5 ' 3-6!1 

Sta.. 500+00 - Ee.st bank 0-6n 
Center o-6" 
\-Jest o~;s 1/ 211 

;, 3 1/2~f;'' 
ss~lj Tr-J.al-a.f 'ter nample 0 -tt -;J 

CO!lrlJosit.e o-f 6 3-6 

sts. . 69(-\~00 - E~:..st b fmk 0~2 1/2" 
tl " 2 1/2-6" 

Cente:c" C-4" 
n 4-6 

}Jest 0-1 11 

n 1-611 

Sta. 70~-oo 
SS-13 T.dal-a?t;,~r sample 0 -n -:J 
CCnlJpsite 0~ 6 3-611 

* 

cp Sol~ l.cs3 

tbE~'1L? IF~~. 

68.} 
82 .9 
96.;; 
s6.o 
75·1 
88.~ 
90·3 
9i.6 

71;. .$' 
96.7 
98.6 

100 .0 
70.8 
97.h 
95-8 
97.6 

86.7 
99 .4 
ao .h 
98.8 
96 .;; 
9"( .o 

82.1 
91.0 
98.9 
99.6 
9}.8 
94 .9 

99 -2 
99.4 

Teatin3 by Soil D.e~o~.ent, Colm-e.do Stat-e Universit-y. 
o!.l-l} 

:;.1 
2.L~ 
;> .8 

'-1- .o 
2.8 
lt.O 
1.8 

3 ·6 
h.7 
1.4 
4.5 
4.8 
2.4 
4.8 
1.8 

3·5 
2.7 
4.; 
2.8 
1.9 
~-9 

:;.4 
1.4 
1.~ 
3·2 
3 ·8 
2.0 

1.6 
4.5 

Rem.llt l CY.r . Sal!l})le cca.l.•a21 uou.ld r.at :pack vhen cent.ri:?u.ged1 and scme fine 
~-:teria 1 ~"'.3.6 tmavoide,hJ.y lo.:rt. 



(c) The:r-e is no ohse:t""ffi.ble evidence t hat the SS-13 treatment of 

s ·l;,nt.ew.;nt rJZy be C~GiO.el"ed 1J"a..1i!J. in £\ gunel'al. Sense 1 it CC?.n be 

1 It 1~ QV1~~,-; t.l~t pero"~~tton :Cnte \T!Jlll<.1. no·t incr.:!snc 1n direct p-~or2io:D. 
with V'.Jlu•1::e of tU.scbro.•g,~ 'l.llll.eBE tre u:,~~ bmlk zon~~~ mn·e roturate! a.h-eeC,y 
aud hydr.GI.ul.ic ~adient mthin the beil. ~il:ba cowr'amt durmg rulllr in~Cn.5a 
or deccr-t;aae of ru.achl.lJ:e=r~ . 
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lt ie to bo ~:J>ected t hat "l:.h~ variations in Gtream diccba."tge syute:a<.a.ti-. -·. . .. 

c~ sc~.tter •rhill. in Ee!:;ch Nos . 1 end 2 ·the l'cle.t1.cn~.llips axe r.sther evsBive 

because cf' ·chc 1>rid.e ec~tter of' dn.tu. · X·~ :choulrl b ... ;roJ.nted out the.t since 

would yield m:I.s1eo.din.g dat.a in both r~aches . · O'Ghe:r poss1ble causes i'Cl!' t his 

dete. scatter ~r be r...oss g:ro~:rth, gl.'OlmCI.-~"3te::: condition , ahortner>s of reach, 

Notvlthstsnding t he ocatt:n~ CJf d.o;i";a, one can sts.te ;.rith r ee..sonable 

cert-ainty th?.t no evidence ?f r:::ay cle.uge in lons rate ~.a a result ot f:;S-13 

n:pplic:.tiou in Ite~,ch No . 2 can b :r! de·~ee:ted. frc~t the at~:.charg;>o ens..1ys:ts .• 

\iater of the ~.t:! qual:!.ty 3lld a.:>e ~l:i.rnent of the £>S.me enl.Ot·nt and type. '!he 

' only diffe?"e11ce is that the All-.t.n"f.lr:tc~n Canal is CO"LY~rolled by closely 

-spa.~ed drop structures vherens t l.te Coochalle. C:'3na.J is x:ertly rmcontrolled--

Reach Nos . 2 anc1. :1 (ana. the sou"'.; hEm pc.rtlcn of Reach no . 4 ) . Mr . A. J. Boles 

Un~5.1 -1956-195'7 ~•he :IJC.·~tern of los s fran tha two canals wo.a in 
f.act sirdJ·.ri.i.' . Ho-,,<-ev-e::, beg:bm:J.ng in 1956-57 the~--e 'lm.s obset"'led a 
r adiceJ. drop in tr~C amount of J.oss fran t he All-.1\t:.ericE',n Can~ . 

This drop :J.n loss has no't ~ obacrveri on the CoachelJ.B' .• " 



.. 

As n:entioned previously, e. study m~ 'the piezometric head in th3 vicin:t ty 

f!'l the test reach ;ras initia:ted in 1957. Data from a nUl!bcr of :piezc..naters 

have been collectecl; _most vella 'fflre bet."~ n in t he slf!.'illg of 1957, o·chers hl.1.ve 

been in existence before 1957, ~ld stilJ. others wre :i.nstelled late::.· (see 

Ref'. (2). 

than the. water-surf'a.•!e elevn:'Gion in the cruml . 

dry each vinter 1 ~hou:ing e. cur.f&..!e crust of sl:i.~h:Gzy lesa permce.biJi:ty th&.: . 

bee1.1 5 to 7 ~ lo;rer i:.hazl. the ~i'Hi:.Cr Si.fi'f-9- ..;e elevation in the c:ane.l. l!O change 

after treatment can l1e dete(!ted . 

here . Ai'i;er the t;ceatm~nt , e 10\r~ring of o.bcut 2. 5 ft i n the piezcr£.etric 

head ~.,..as seen.: th.:f.a -ra s reduced to 1. 5 f"';; i n the n~l;."t ·year (1956) . This 

, ~.nd 't1.·eu13it ory cJey J.enses c<zried :I.n by the bed-1oo1 _sa.r..c1. 

prouo\mced degree. There is e~ a:U.c;ht em>f':ace c:!:.·ust . The ceallv.g un-'3 slighi.; 
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A net-work of VeL1s 1mB 'be~n i n.etru.le<.l1 a~~ e.s early aa 19401 for 

deterntnil!& thg grotmd.-1rn.:ter level i n t he vicin:l"'Gy of the A.ll -P.merict;-.n Canal 

end -'(;he Co:.-.chelle. Ca.t'lal . Since tb!3 sourc·:~ of gro·t.m.d ·r;ater in t he East Mesa 

elev-at:to::1 t:'<l:l"VCG a :J e. gCC'J. im1:!.cntol' of t lle ·w.1-a1;er loan t rend . Althou,gh no 

desc~iJ}tio-a o:? tc.e s·t1.1.dy from 19:i.O to date is con:~u.in~d in Ref' (2 ). 

t he Al.l-.. ~~'Ticm Ct>....na.l becG.JDS Blls:cst constant vhile t hat near t he Coo.chella 

1956 t he SS-:15 tz~ai2ent t ook pJJ;.ce in Re!:"!.Ch rro . 2 of t he Ccnche lle. Canal. 

.••. I t seems probable ·cn.e-c in later 1956 or ear~r 1957 .. <Jhe:re vaa 
s :w.e c~e in tb~ ca:lal v.~ter , G' .. Wp::?nrled s ediment m.• canal pe:d.­
m~te:- e.J.ons t he All-JmK~rice· .. , vh.tch J..."'l"a.ct:tc~r :Jealed. the canal 
and :red.t.tced t t.-e lcaaes sbouc f:U:'ty J;~r cent . I f e. r eason f or 
t his Be3lin,z cs u be fou:a.tl a.r.<l a s::i.milw:.· ai t ue:tioil created end 
m..Unt.ru.ued :tn t he CcacheD..a Ce.n!:U., t ho p.-roblem ol see~e f'rcm 
"Ghe Cos.chella Cs:ncl llould ~ B<•lved . 

\<Jha t f ew \."ells ' ¥<3 have c lone t o t he Ccac elle. Ca.nal show 
t hat t he drop i n wate:~ t!?,.l.,l:F.) tm.tl reducticr.!l :ln J.ons vbserved along 
t he All-f..Jn'Grlc&n Canal heg-lr!!l'J.rJg in 1956-1957 did not occur 
e.lc:m.g t he Ccs.chcD.a C;:ma.J. . 

...... . . ~ _,.., .. 
·." 

.Al'r.erican. Cf.1nal is a natural resu •. t. f'x•l."llil cootinued. opo:retion fox a l ength of 
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very l.onuea in the Coo.:::hell-~ Ct'..r..al. As c O.i1 t.e seen i n Table 8; evaporation 

MF .. o\Sti1UID PA:.i EV~U:C!ttlT~,ON DAT.A. AT S'JLT'JN SEA 

.. Y£~ Jen Feb .. lS!' !~ ~;! Ju:ue J\,' l,V Au('l -~ Oct 1Jov Ilec 
-~ ~"-- -=---~ ~~ ..,..,_. w- ~ 

'i9t:6 .. ., 3o57 5-57 7.98 10.00 12 .28 12 .15 11.92 )2.44 10.49 8.63 5-34 4.62 
1957 2.91 3-.30 7-13 10.06 D..85 1;.41 u.2B 11.57 10o2l 6.78 4.76 2.61 

Ncr!;e : ~ese f igures (:.tn inches) ere ave:rt~-es cf tha fresh--w"Si::2r eil'E'.porntion 
rcco:rila nt tb:ree stattous en the shc:"Bs of E!lltvtl. Saa eqtli:P!"'ld w.t th 
bun.ed Youug-T:r.fz ECl"eeflSd v..m, 2~.f't d.ism·arl:;er ' :S-ft dept;h, and 1/4-
inch mesh scr0en. 

In the st.~ar of 1958, lrb:.;m :1.t lius a:~nt that the ss-13 trefl.tr~ent had 

t hat t he rireaauce of a. nX>ving bcd-lo:1d h&l lll"evented. the eeallng action fr~ 
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penet:rat:tng into the stnbl·e ·oec1 prope:r. To ve:df y tbis theory, en exe...lllin~.tion 

o-r the chartlle~ bed b"'a.S made on July 20 to 23, 1958. 

I v:l;•estir-;a.ti V·~ Su.~·vey ---··--c...:.. - ------

velocit y , th~ oo~l-lOfl_il movou:.'3nt :i.s not cruciP..11 ~here .. a dm:ing the s~r 

n:onths of hieh f.'low ana. rel2.tive ?:y £:,..-rent veloci ty, tit>-~ 'be--J.~lcad movement beco~~s 

sn active :factor . T'.trls is ·the r8~.no:u th-e eT..ru!!inat.ion vas 111B.de on Jt.lly 20 to 

23, 1958; ho-.zever , becc:.usc t he w.::~ter was tU!'bidJ direc·~ obeervations of the 

canal bed we:re no·t poseiblP- . Co E:e11want1;r, \lith limi:ted observe.tions and 

equ:l.pr:nt , t he De{l-j.cad. study '!!SG no-t &S thorough as COU.1d be desired. The 

obsero:rations o! this stt'.dy i~ Re£\Ch No. 2 m:::y be st.T!l1E..1Xized e.s f'ollo1rm : 

J.. T'ne depth of water ·r:1lr:i.ed between 5 • 4 &lJ. 7. 8 ft 1 vi th s ~nd-

ba.r crests ~-'lSUl"ill~ 0 .2 to 1.0 f't in he:tght . 

cru.f.lt 1 ~bile ·the ss.-c: · bars or dtiD.-38 'Wel'e soft . T'ne soft and 

to 10 ft in l.~ngth . 

t ion, they wre t:l!n:-:d to IllO'.re BI11J2.rently 9 to 15 :ft :p.~r hour, bu-t 

t his rate cannot be CO'l1Sider2:d ge~erel. 

4. T'ne softness in the bee., hence the an1oun~.; of l oose sand, \-m.s l ess 

pre-,--a.lent at "~his t :ilro than :ln t .b<'! pl"e'\.''ious fall, \-Then the canal 

V33 dried. O'.lt in J,T~:;rm•ation Of thf~ SS-1;1 t :reat.Llent 

5 . The mnount of sand :tn motion on t he hottom of the canal seems to 

be r~la:t~d to the a:-,".Cunt c.f s.snd dr.if'cing ove=c" the nearby la.nd . 

Bank or bed e~_:osion does not seem to be :truportent s.e a eource of 

be6.-load sand in tht;; Cosr.!heD.a Canal • 



Theol"e·~-ice.l Co.n..s:~dex&tions 

Re::ent ex:pe::;:"".lm:::ntat.ion c t:~Xi <~. out by the U. s. c~olozice.l SUrvey has 

uncove:t~d. ~ch vu..lu..c.ble info:rm.s."'"1on iu r egard t o c:;aml dune behavior. 

be o.eJJ.nen.ted m. th reasonable p.r_ecicion (JS) • 'rna cesn· of t he Coachella. · · 

st!·ean disclw.rge at St.a. 
2 

714+ 10, Q.( e:fs )2 

Ve lO<.:~. -ty of :fl.o~r) Y ( fps ) . 
Median die.ill~·ter of pa:t-ticlc~a, d(:ft? 

Wster depth, D(rt)4 
4 Sl.o~. S( dL~nsionlcss ) 

11all:P'Z!;.::\tu:ce ( 0 .F )5 
Fall velocity of sedJ.;reut l, o ( fps 6 
Kine~~~c viecosity, w (ft~/e~c )? 

----------·-------------------

! 1in:l.m.u!ll1 -----=---
170 

1.0 
7 .2u.10-~ 

(0.22 ~) 
1.5 
0.00013 

52 
0.072 . 
1·37:d0-5 

1At minin.-um e.u.d l!:'3.XimL'Iill clicchG.rgt?S ~mel te!:Iperat'l.!res ; 

' ~'l"am recorded. :figul"'es for 1927 ani 1958. 

3From Fig • IJ.. 

1,070 
2.2 
1.18r.J.o-3 

(0.36 l.ll11 ) 
7-8 
0-00033 

87 
0.197 
o.€e5:c-J.o-5 

4 . 9 From recorded readings of bottCl~\ a.n.d w--atf~r-sw:rece eJ.eve.ticns tor 1 ~7 . 

ta.'ld 1958 . 

5From c.verag0s l"ecord.Gd in Ref. 2. 

6Froru Hef . 16 (e-hs pe fa.c·tor has he~n assm:1ed to be 0.5 to 0.9 according 
toRe~~ . 17. 

1Frcn Ref'. 18. 
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· The r nnge of F:rowle nl'tibar ( ~~ where g i s t he grz.vitat:tona.l 

acce1e::-:-at:tol1) i s calcul&ted fxO'I!l ·:.he abpve data t o be 0. 216 to 0 .139. 

de!)th rJJSy well i'ell outsid. t.b.is r~-e , it ie expsctetl t o be less t hnn unit y , 

is cc:nputr!d. to be 1 .10 to 1.46, end the range of ~~ 
1 

i n the Siii1CnG ' c\ll"VC define a dc~m.in :cying ls.t;gely \·il ~hin t1::.e r eal m o! dunes 

for t h; rredian c1ia11:eter st:tpuJ..at r:.d . 

Concl ~ :;ion 

'l"ue field &U!"/ey 1 euc'l. them.·. ;;tic~al analysis lmve c c•nfi:rl!l2d beyond doubt 

th'9:'~ sand du.u-eo are IE'~vs.lnn-t a.o ~. lEaving bad- lcwi . This :?ector easily 

expla...i.:a.a t he ~ricdic shif"~:tng of t he ra"-;ing c JrVes for the g-.J.7Jg".i.ug s-tations . 

Si.:-n.ona han produced in e. J...a.borm.ory fit~ '\.CJ:"'legated loops o'f r ating curves 

fi~ld stu.cly of fan trave s i ll the }fis[;isaip:¢ River , Cro:ey established a simi-

l e.:r l o::>;e·d. curve for the r:l ver d i.scrc.W:'ge at Ta.:rber-t L!mdiug, l·ttssiasi:ppi (20 ). 

I t aee.:M like~· t1mt the SB-13 m:llnJ.y sealed. t.!le eurface of the bed- lead ss.nd, 

whl.ch sub3aquen:tly shifted. mad d ::st:r·oyed ·the s~al . !11 the light of t ne sand 

dune ll'heno~non, the eeali<lg pov~r o'Z SS-13 l TOlJ.ld be il':relevant u:alesa it 

can be n:.ade ·to act, througJl the "·l.OV:i.ng nand, on t he channel bed l_:!ro:per • 



CONCI.!JSIONS !..ED FJ~CO:\Y'JlliNDiL'l'IORS 

li'ror!\ t he obner-.rati cns m::ile o:f the ccu(tl tiono of t he be d. and t he bruks 

of -'~he Coachella Cann.l, eevm·ru. concl usions can be 1~J.!.e . 

1. lli E_~lk E?(;;e~io.l_~ in Reach Ho .2 ro'e e~sentially sto.bl c - -at 

1ea.st frezl the stnn:l:Go:tnt of ercsicu or be.nk cutt.iD.s; . The 

shoreline i s protcc·:;0a by n n~.1·2.·o-•i be.no. o:f g:resB . w'hSl'~~ l ocal 

"R'..Bh-o-~-r~s occtiZ' , "'vh~y El.Z"..! col:'.trolled :1 '~m~c.:!.ately--m?..inl;;.r b".f 

instai.J~·ri:.:i.cm of chi~k~n-1-'ire O.eflecto:.::-s . Silt be!Wl ~""~ form­

:ing, hO\<.evsx·, and the bs.ruw ~·1.wt be l~-sloJ;ed J>el"iod:tcall;r . 

The " s:tlt" seer.w ".:;o consist l"\10l'"J of E& :d blmm i n f:rcrn the 

desel"'t t ban of seti~nt c1epos1 ted b1.,r t he cc..nal ;.-s.ter • 

. 2. ~ ~ ~ ~.£. ~!~ri~ i n l1ee>.ch No . 2 vory in several. 

important rt::B)?3ctr:; fran the bank m.a.teL""'ia.ls . l>Paile the ct;.rull 

bed i n this r.aach. 1~ ?asan:t.ie~ly sto."ble , i t :ts msntled by 

eh.1.:?tiug dune.; of D-2cl··load &"lli nm.te:ctels • Tile sto.ble ba-se 

mate~lcU.s ere cer.l:.:nted. wlth CaCO.;, . Cl ey n:a.terlals &..."~"€! e.lao 

:found :tn s<V..B areas as e bSndiv.g ms.teriel . The p:>eaeuce of 

the cl::\Y me.te.rialn can be explained by a depcsi tion ahead of 

'the b-ed~ l oad send. d.un2a (1~) ) but t he r easons for t he :U.ma 

oopoa:t·;;iou c:re lens evident . The lllie seems to be )irecipite:tea 

as a aolub:ll:l: <iy e.ct ion as "'iJhe r...arc1 _ can£~ 't--mter. see:ps i n·t o t he 

eenal. ~d. 

' . !he po·.:~.~ of t he becl~lo.';1.d sa:nd. neellil to be rrsinly :.tron th~ 

n "'tll'by· fr.-:sert ratha:r than frcEa ban};: or bed erosion . Ench year 

the l'.Ulo\mt of bed~ l oad. enn{l seC:L'.LS to ve:ry v.1 th t he em~mnt of 

.ud. end vege-~aticu en the n€e.rl)y lun,1. 
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c.nd. ll't'O:!edm>e d~velo~nt on a };3.bo:::-atOTy s~ale ir. also ·di::.""ectly i n..-.rolved. 

dallve:·:-:teo . 

2. Beca."J.Se of "th8 r.r.;e i f or :r;er ioClic Elo::pir.g of t he cc.ne~ 

exceed. the benef'ii~s. 

The use of c.uo of t ?J.e loca..l lcr.-r-mrell clays, such as ·l;hc 

l!l1xcd by dunp:i.ng :.n at a c1:rop fl.i;ruct\L.""e . I ts exc:eas cs.l-

eium content 1irobabJy \iill en."b.ance the natul."al llrr.e pre~ipi-

t eticn u.nd e;e;;r~ntat:i.on of the canal bee!. as 1:ell as I!l!!.terially 

e.ssist in t he set t U ng of the c1ey out ahead of the sand dunes. 
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-4. The rraj or inste.lJ..e.tlon ehtYll.ld be acco;mpJished e.t max:i.mum flo'ii 

wen t he mcv~ut c f b etl-l c-9-d. s and. i a a lso at e. ~r.t. 

5. T"ne t\.S~ of chemica:: . floccul.n~~ing agent s nlong vrit h t he cla.y 

&eel..iment c:hmllc1 be i:a·;:·aatigated . M3.1r'-rial s 1 cu.ch es Ss]_)..?.t'an 

e.ni W.~'\ can be \tzc i to set ·tle t he c la.;:r out ab:aad. of the sand. 

lJroJ;ert:te s th~.t ~!.l't: ~.ee---Je-3. j_f the clny 1.s to be :protected. 

:f'l.•om erosia.a. 

6. The use o·t £9-'ov.nd~\;·a:~er l ·3Vel and. :pie2arneter obse:r.·va--';;ions as 

t he main ev-alue;i;iou ::nathod. is rec OiJll.'.ilenckd, suppl et1ente d i:.o 

-the ttex:inmm poosib:' . .:! ertent by wu.-~r~lof:s Ir..aac:: rrrer~n-'ca of cana.l 

flov. 

_7. Increased ntteu·C.:ton should l}e clirected. tcr:m.rd d:rift f ences 

or ot her G·im'i.l cn"' c'ic dcE:s t b.H.t -..;o'llld kaeiJ the desert sands out 

o'f the ca:aa.lc . 
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