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FOREHCED

The swmsry of research and devaloyment activities relating te¢ the sedi-
mz;nt see..l:ing Atz'ial ccmpleted in the Comc chellie Canal in {chcber 1957 vas
origivally ache%vl’ 3 for inclusion In the final repert For the Agricultural
Research Sorvice (1) howevar, sizez & chemleal sealmit S5-13, was vaed
in the Coachells Csnal trisl rs“:x thaon a colloldal cley as originally

1@ obther sediment szaling trialc, e sepoarate report

The $rial sctivities et this cite were sponsored by the Imperial Jeri-

gabiocn District of Zmperield, Coliforniaz, who accomplishsd mest of the pre-

M

3 - Py

liminaxy develorment end evaluabicr: work and paid for the iustallation. The

advisory and evaluation cctivities o the University project in this trisl

an .. -

rore spocsored Jointly by the Distriet, the fgricultursl Research Ssrvice,
and the Colorado ’L;«;z*muli;w:al Experiment Stction. Other coopevators in the

<

developrent work crr the Distyict iveliude: The Bureau of Reclarsticn, the

Browvn Mud Compeny of Torrance, Coliforais, the Dow Chemicael Compery of Pitts-
burg, Celifcernia, and the Monseanto Chenieal Coupony of £t. Lovis, Missouri.

Meny people have mede nolewortay contribubicns to this ccoperats

;.,.

Y2 ven-

ture. AT the risk of oritiing lmportant conirlbubtions by cthers, the signifi-

- ecant help of the follewing Srdividials is gratefully aclinowledgzd:

org.. l on va‘. on Inﬁj..‘fi (?_Uﬂ»ls

W 2 i P A e 22

The Ymperial Lrrigation Distriet J. M. Shelden
A. J. Boles
W. L. Riddle

The Coackella Valley County Water District Lowell Weaks

Brown Mud Company Jd. Ho Glez
G. M. Brown
A. R, Mass Cheuical Co. C. A. Sumper

Dow Chemicel Co. . D, J. Pye
' ' R. R. Jennings

lHF.Fr;E.’ENCE number.
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Backerownd Jnfovaation

T

The Coachelldn Cansl is cae of the mojor svpply cemals deliverieg
Colorado River waber inbo the Impericl Va.’;lesr. % delivers e limited
aown® of ireigetion water o the Husd Mesa arven of the Imperisl Trrigabtion
Disiﬁrie‘i:, but its presend main functlon is o deliver wuier to the Coachelln
Valley Comnty Waber District in the nowth end of the Topsriel Velley, nowth
of the Salton See. Operaticn of the ecomal chau in 15%5; on Moy 1, 1952,
the Iperial Trrigaiion Disi:z:ié‘l: assumed operation and zasmienanee™ of
a por:i;icn of Ahe cunal Poun The All-Hnexiomy Canol to e GA check, & dig-
tence of 49 miles. See Fig. 1.

The Irperial Irr:?{,fébién Digtrict soxves an awvea extending Dron the
Interpational Powmdery ebout U5 niles north Yo the Salton Sea and having en
average vidth of sboul &5 miles. It inelulas m.uhm its bowndaries some
906,0@0 agz;es of land end delivers woter o alu@sv BCO,C@O ecres of LE&E[].
To acconplish this c‘ieli'-.mﬁ' tha Disiwrict operates ond mainteing aimost
1%0‘ niles of iréigation canel., It is nobeworthy elsc that the District
hes constructed end rov cperates cad mainteins elmost 1800 miles of open
rein, renging dn depth frem b to b feet. |

Climatically, the kq}erial Veliey is charecterized by lcw annual, rain-
fell, lcw_mmidity end high sumer tenperatures. Sinee the aversge ennusl

precipitation do only ebout three inches in this welstively Crost-free desert

area, ell of the crops are growa vnder Irrisptien.

LAt Joint expense with the Coachella Valley Cownty Watar District. N



Water for Irrigation was Lirst brovght fronm the Colorado River into
this belnv;ceaelevel area in 1GO0Ll. Cboiructing sand ¢ mes on the Amsrican
side of the Internationzl Boundary eénd a natiwal chennel on the Mexican
side made a Moxdeen route favorchle for the original main canal. However,
in 19%2 & cut»a:i’i"entirelg on the U.8. sids was coxpleted thxrough the sand
dunes. The 80-mile loﬁ;g All-fzerican car:al b?ings waser to the southsrn
end of the vallsy, where It is coaveyed rowrthward in four main m, one
of vhich 45 the Coachslla Canel. The lstter canals branch into laterals
delivering water to each 100-cere trvact. |

The soils of the Fzperial Valley ﬁ‘ei’lect the ccmp"ue.x. geological h;story
of the erea. The valley is & grshben which hos besn gradually depreseed,
end at the same time, encroached upon by the delta of the Colorado River.
Tz, ia relatively recent geologic tiue, the Colorade River has flowed
altereately into the Salion Sea besin, raising the walter level -of the Salton
Ses, and then Into the Guif of Caiifornls, peraitting evaporation o shrink
the Sallton Sea. At the present tire, & low flat ridge with o maximm ele-=
vation of cbouk 30 feat ebom Pacific Sea level separcies the Salton basin
fron the Guif. e meadw depth of the basin is sbou’ 271 feet below the
Pacific Ccean level and the preseat suwrflece level of the S8alton Sea is eboub
2%0 feel below the Pesific Ocean level.

Ao a result of the actions do2seribed chove, & random nixture of stratified
soils is found in the Tmperiel Valley, Coloredo River delta deposits eve
interlayered with alluvial fen materials from the surrounding mowntains.

This complex mixture of soil materials has beea further altered and modified
by drying and weliing process, end wind end wave eroslon 25 the shore line
of the Salion Seza aJ.tmtely ofvanced and declined. Exbensive sand dune

ereas are found, easpecially on the e2st side of the valley.
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The most : recent incwrsion of tle Colorado River into the valley ccowxred
dwring 190% end 1905 when the flood flous of the river eroded the chamnel of A
the o0ld main canal post the point of control. 3Bringing the channel beck
under control proved to be en extremely expensive chorre, but the rampeging
river did produce cne important bénefit. Two deep chennels were formed
in ths valley: the Aloro end the Few River channels. These chennels now
act 238 main drafpege trunks, careying ﬁhe flo;;: from ‘the drainage diitches to

the Saliton Sea.

The Need foxr Conal fz‘ga:!.i.rg;

Keadless to eay, water is lost during delivery to the District lexnds.
Some of this loss can be ascribad to evaporation end operational wastes,
but a major part of the delivery loss is a seepage loss. Virtuelly all of
the Disiriet cansls are uanlined snd sapdy pervious soils are cquite cc&zaon.
This sezspage loss water is not only Jmportant to the Distriet fronm the stand-
point of its direct use ‘value, but its effect on the cﬁrainage situation in
tize valley is elso importent.

Tha direct vze veluve is significant. For exanmple, it has been stated
{2) taat the water lost each year from the Coachella Canal only would be
sufficient to irrigate 25,000 to 0,000 acves of land. The losses from
other District camals exre not as high as those for the Coachella Canal;
never-the-lecs, when considered o i, et per year basis, the toial
District losses axre significantly high.

What ebout tlze effect of this scepoge water on the District drainnge
situation and also bow ebou’; the peasibilities of -mawxing thke drainage

waters for irrigation?



The cbvioﬁs assurpbicn in respect to the effect of the canal seepage on
the drainage netvork is that a reduection in canal ceepege will produce even-
tually a proporiicnate decrezse in the outflow of neaxby (rains. This
would provide scveral beacficinl cheln-reection effects, cuch as\,\ (2) incree-
sed efficiency of drai.m.m in neexrby lands, (b) decreasel. operation and
maintenance costs for those drains influsnced end (c) a (ecreaged inflow of
drainegs wé.ter into thz.; Salton Ssea. _

In respect to the possibilities of re-using the dvairsge water for ixri-
gatilon, 3% is iiportent to redlize that in e.dc‘:.iﬁzioin to walexr teble-control,
the velley draine elso have another iaportant rols of salt removal from  the
drrigated coils. Pecawse of thelx origin, most of the virgin £olls bhave
eccrnlations of excess salt that must be lesched from the soil béfore they

can be farmed suvecessfully under irrigation. Even then, salt removael pro-

“igehlons remain.  The ixrigation vater itself conteins tbout one ton of salts
s :
. per acre fcot of weter. Tims, some “over-irrigetion” or cowaward leaching

a0

" of salts

;_:Lr"""f"‘u the ground weler reservoir is Importent if the productivity of

the izTig:s{ed lard is to be maintained. The drainnge netvork then, must
:‘rmmwe not o:ily excess walter Irom bensath the ixrrigated lands, but also
sig.xifigant quantities of salt. The drairage wabter, therefore, is commonly
inarginal to too calty for ixrigation use. j

In sumory, the canal seepoge water is a contributing factor in the

; 'dra;lna,ga of District londs and cuce the censl water entexrs the ground watex
regexrvolr, its qrality is usvelly dowa-greded to en  extent which eliminates

Ats re-use as Lrrigation water. I¢ would be wise to prevent or control the

canal seepege losses to the maxdmm extent vossible.



Cozventional canal linings of concrete, asphalt or compacted earth pose
£ibly could be employed for control of tha seepsge losses, but cside fiem
the trexasndous cost of these linings wvhan epplied on a large scale, the neces-
oity of plneing theée linings in & dry cancl would be a mjo::x sturbling block
for the continuously-cperated cansls in the District evea. Therefore, the
¢eveloprent of & sedinsnt-gealing nothed, reguiring little or no i.nterrﬂxptio;z

of water deliveries, is o pressing reseacch meed in the Districh ares.

Description of Frial Site

& previously mentioned, the gite selected for the research and develop=
nent work in the }):Zstricﬁ.a.z'ea is Resch Ho. 2 of the Ccachella Canal. tThis
reach starts et the water meagsuring coble-way at station 300+00, & short dis-
tence downstresm from the chack and drop at station 288+15. It starts in
quite a deef cut below the drop arxd gradually suvrfaces in the section down to
the firct curve at cbout stetion 50@«50 (8ce Pig. 2). .The downstream end of
Reach ¥o. 2 is ot the water maasuring ca‘-ile-»way ;jusf e short dilstance ype
stream from the canal bridge et station T13+10 (Sece Fig. 3)-. The reach is
tbout 7.82 miles long. The nearest town is Eoltville, Californis. .

This section of carval was gelected as being répre'zenta.tive of com'litions
found elscvhere in the Coachells Canal, in the All-fnexrican Canel, end in the
other mejor canels of the District area. Cther factors leading to the nelece
tion of this site for the trisl werk include:

1. The 36-foot check-drop &t tha upper end of the reach walch would

provide gn excellent locatlon to add the sedimenting materisl into

the canal water.



2. The delivery loss, when reduced to Joss per wmit area, was bigher
for Reach Fo. 2 than for the othar four reacihies in the secticn of
the Coochelle Canal that ls operated by the District.

3. Bome portions of the 49-mile section operated by thé District are
lined with an mﬁc::m__:e.c‘ced cley blanket, ranging in thickaess from
6 to 12 Inches in thicknegs; howaver, none o the lined portions
eve in Rench To. 2. | '

Tae d23iga propertics of the originel cocnal are tabulated below:

Stasion Max. Cop. Side VNox. Area lax. Vel. Pot, Hidth }ax.Depth Grade
From To c?s Slope _ So. £, ftfesc £t £t
0 283+15 2500 2% 1 833.3 3.0 60 10.33 000

288+15 80o+00 2200 2tol T733.0 3.0 52 10.1% Q001

Tn'e maximun discharge into the Cecechzlla Cannl, wp to the present tinme,
is sbout 1300 cfe. The peck discharge time is normally from May through
Angufz‘c; The minfimxa dischorge is seldom less than 300 cfg, and the pericd of
min:!xmf; discim'ge is normally dwriag December through Janvary.

Since the District-operated sseticn of the Ccachella Canal runs along
the waotern edge. of an extensive area of sand dunes, th2 canal bed and bank
naterinls are quite sandy. Mechanical annlysis data for & set of bed and
bank samples ere included herein as Figs. & and 5.

Weater enalysis deta are pregeatad in Table 1.  The silt load of the water
in the All-Zmericon Canzl ig pexiodicelly tested by tre District and it sel-
don exceeds 0.010 per cant (or 100 pram) by welght. |
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TABLE 1

WATER AIALYSYS DATA
COACHELIA CATAL, CALIF.

Sa,lrﬁ:a ECx10° Dis;;}ved %i;f}g’ ca faﬁm 'Ha SIR ngaéag;dn%s
3-21-431 1060 T 96 25 93 22 345
7-7-52  1n12 718 82 32 103 2.5 336
11-7-573 1133 793 100 26 W0 3.0 359
1-3-57" 986 1.3% |

2-1-57 686 1.34

3-2-57 C 95T 1.30

4357 913 1.2%

5-1=57 €91 1.21

5-33-57 & - 1,20

T-1-57 780 1.06

T-31-57 87 115 - I
8-31-57 66 139 ’ 372
10-1-57 ' 891 1.2 376
104157 876  1.19 376
11-27-57 | 876 1.19 | %6

o From T=ble 12, pzge T7, Dizgoosis and Improvement o Saline and Alkali Soils,
U. S. Dept. of Azr. Hand b. 60, 205L,

Analysis by Chemical Laboratory, USBR, Denver, Colorado.

3 Mnalysis by Bsbeock snd Soms, Riverside, Colif.

I Remaining testsc by Xmperial Irrigetion District -~ DS by evaroration.
Hexrdness by Schwarzepbach Method.
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BEFORE-'RIAL ACTIVITIES

Becauss of the large size and general co@lexity of the Coachella
Canel trial site, con;zsidsrz-;ltzle rrelininavy work was secomplished before
the trial instellation wes mede. 'The preliminary activities ineluded: (=)
setting ﬁp p:i‘ccedurevfor determininé 'thé sealing resalis, (b) development
of metheds for ssn:nl:.n:g of the cenn) bed end bank raterials, (e) sampling
and eveluwation of potential sediment-sealing egeats, and (d) emall-goale
sealing expaeriments, both in the luaboratory azid at the field site, with the

wost promising sedimenit-szaling sgoents.

Evaluition Methods

Three methods for detection of the sealing xesulis were set up:
Inflov-outifloy measurements, Plezonmeter readings end ground water level
cbgervations.

Inflov=outflow Messurements

In Jenuary 1955, t‘b,e District-operated section of the Coachells Capal
 was gub-divided for wmter peasuring purposes into thé follovgf.i;g reaches:

Reach No. 1 == Sta. 10+0D to 500+00 -- length 5.%9 miles.

Reath No. 2 -~ Sta. 300400 to 713+l© -~ length 7.62 miles.

Reach Mo. 3 -- Sta. T13+10 to 165+50 -- length 17.38 miles.

Reach No. L -~ Sta. 165+50 to 2619+10 (6A Chack) -« length 18.30 miles.

District-operated section -- &Hta 10+00 to 6A Check -~Total length 48.99 miles.



Two new current metering stations, including continuous gage recorders,
vere set-up at the cznal bridges at Sta. T13+10 and 1653+50. Discharge
measurensnts had been obtained at the other current metering statiocns
(Ste. 10400, 300400, €A Check) since 1945,

For the sake of cqmparisén, the wvater lcss data before the sedimenting
instellation exre not reported hore, but are reserved for the evaluations dis-

cussion where they will be summarised together with the post-instalistion data.

Piezcmeter Instellations

‘Ste.ftiug in Febrvary 1957, picza:ze‘tér ‘.s“cations were established ag indi-
cé.ted An Table 2. Three stations were set in the trial reasch, and one in
Reach To. 1, as & control station in an untreated reach. These plezometers
were installied et the wast side of tha channel botton, each set consisting
of three l-inch pipes spaced at am;m::igately l-foot intervals apart. ‘ The
piezoﬁnetlar tipz were sk to 1, 3, and 5 feet below the eanal bed surface.
In Kay and June, 1857, ‘a desp plezomzteor was installal 300 fest west of the
; canal center line at each station, and in addition, the "D" plezcmeter was
installed about 5 feet wast of the highwater line. The purpose of the'
piezometers was to cbtain informstlion on the hydraulic gradieat conditions
or th2 head loss incurred as the water percolates into the bed materials
from the eanal. ' o ol

As with the water loss data, the piezometer dam are reserved for

the evaluations.



TABLE

2.

LIST OF PIBZOMIYERS AID WELIS

D

STITION  IOCATION: IDENTIFICATION TIP ELEVATION DATE OF INSTALLATION
(ft ebove
sea level)
161 05 0+35 B A" k9.50 Inctalled Feb., 1957
16105 0+35 E "p" L7.50 Ins5alled Feb., 1957
161405 0+35 E g™ 45.50 Installed Feb., 1957
165105 2403 W g i 117.92 Installed Juae, 1957
303+27 0455 E "AY 112.60 Installed Feb., 1957
303427 065 E 'B" 110.90 Insialled Feb., 1957
303227 Ci65 E .t 108.90 Installed Feb., 1957
30327 2105 W "p* 93.63 Inztalled June, 1957
303427 o2 E Well 113.88 Installed May, 1957
20467 0:58 E "A" 109.58; 110.33 Installed Feb., 1957
reset Aug.y9
43567 0+58 E "g" 107.58 Instelled Feb., 1957
39467 0+58 B e 105.58 Installed Feb., 1957
b39:67 SR 5 "p" 93.40 Installed June, 1957
439:67 0+33 E Well # 1 114.67; 112.55 Installed May, 1957
reset Jan.,1l, 1958

L39:67 2403 W ‘Well # 2 11k.20 Installed Sept., 1957
63565 C+3€ E """ 107.72; 107.85 Installed Feb., 1957
l : reset Aug.,15
69565 0+36 B "B" 105.72 Installed Feb., 1957
69565 0+35 E "g" 103.72 Installed Feb., 1957
69565 2432 W "p" 90.91 Insislled June, 1957
65565 C+20 E Well # 1 110.77; 109.23 Instelled May 1,1957

, reset Jan. 1k, 1958
65565 1400 W Well #5815.0  98.60 Originally existent
69565 020 E Recorder Well Installed Oct., 1957
T13:C0 On bridge Recoxrder Cage Instelled Oet., 1957

& With reference to hube set on the edge of the west bank; each set of "A" , "B" and
"g" piezemeters at approxirately the edge of the bottom of the channel.

€% In Feach Fo. 1, &ll other stations in Reach No. 2.
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Ground Water lewvel Jbhzervations

In eddition to the water level observations cbteinsd fronm the
_piézo:&e‘bers in the irmediate vicinity of the canal, data have also bezn
obtainal regarding the ground waber level variations in tha East Mesa
srea below the Coachellz Canal. ihe Buresu of Reclamation inatelled a
wvide-spaced network of cbservation wells in this aren, stax'?:.iné in 19%0.
The water levél chservations have bacn continued in the eres by ths Distfict
eince'lQEZ, and In re:za years =244iticnal wells have besn added to the
original natuwork in .a:rees o? parilcular interess. ‘

A major purpose of the ground water level observations was to trace
the progress of the ceepege waters into the Ecst Mesa area from the All-

American sad Coachzlla Canals. The data obtasined firon this phase of obser-

vations are discussad in the evalvations section .of this chaptier.

Developrent of Serpling BEguinment

Since the canal hog water ir it continuously, samples of the canal
bed, of necessity, were colléf;ted frca & boat. . Considarable difficulty wes
experisnced in reteation of the wet raterials, especially the lcose sands,
in the serpler dvring recovery into the boat. Also, since the canal is sele
dont cl—ea:r:', the difficultics vere compourded, to some extent, by jbhfe_ genexral
| msi:uif;y 45 chuaive o sxamiiss Ko Yol meteasas directly.

The gencral raconnaiscance yrobings of the canal bed were sccomplished
with a aimple tule sampler with a flsp valve at the top. The results of the
laboratory.mmlyses of a get of preliminary smusples .coi,lectcd with this sampler

nave been referred to previously. See Figs. 4 ond 5.



The gsorples of the canal bed materiels that were used in the pre-
liminary sealing experimenitc in the District laboratory were collected in
& gpeciel sapler designed for this work and coasiruciel by the Disirict.

Sce Fig. 6.

Potential Secdimenting Cleys

Exploxation for ppssible scureeg of natural cley sedimeﬁ’cing materisls
was bzgun in 19Sh. Samples of nserty <eposits were sent by tke District to
the Bureau of Reclamation {3); edditioral sampling and testing subseq}zently
was mwale by the District, She mi-i:eréity, end several chemical companiss. The
results of the USER testing are not sumzircized here beczuse the nmost .favorab;:a
paterinla from their prelininery tecting ere included in the later testing.

The potential sedimenting raterinls evéluated &t the University included
commaraial bentenites , as well e3 lcesd clays (4). The clays were tested for
grit content, cclloidal yicld, £ilter loss, end viscosity; the methods used
were similar to thoee recormended by Fisk (5) for evaluation of benmtonites four
drilling mad use. Distilled watcr vas used in this testing, the resulis of
which are sumarized in Teble 3.

A3ditionsl testing of the yotential sedimenting cleys ves completed
iIn the District laboratory to determine the reletive efficiency of three dis-
persing agents: Scdlwm tripolyprosyhate, tetrascdium pyrophogpbate, and
sodiun polyphospbate. O the three, tetrascdiuvm pryorhosphate was found the
most elficiont with the eanal weter used in this teating (6).

The A. R. ¥aas Ckemical Conpery of South Cate, Califcinla, also come
pleted supplemental testing of potertisld sediraonts. The milseibility and filtex

doss cheracteristics of several sediments were evaluated. In general, the
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Table 3

RESUIES OF CSU IAB TESTIRG OF ZOYERTIAL SEDIMINTS

Sample: Grit Coiloidal ¥Wall Euilding
Ho Material Content Yield Filter Ia<ss Calte Viscosity
@ 9 (1iL) g (in) (centipolses)
§1-1  Coyote Well 1.3 53.5% 1o 3/32 3
S1-2  Ackins Clainm 12.1 ko.9* 189 8/32 2
§1-3  Thermo Claim 2.5 18.9% 88.5 1/8 2
S1-4%  Burslem Clein  20.7 8.9 69 3/16 2
S1-5  Armaseal LT 65.2 5 1/16 <
s1-6 ¥ass Clay 5.7 €0.1 38 1/16 i
S1-7 Westexrn Clay L : N
(Uten) 17.5 55.5 28.5 1/16 6
51-8 Western Clay
(Jten) reserves 3.0 41,3 33.3 1/8
$1-9 Bant. Corp. (Uteh) k.1 &.6 1.5 5/6%
S1-10 Barsid (Wyo) .
A erushed L.8 8.4 16.5 - 1/8 22
S1-11°  Barsid (Wyo) )
? 230-mesh 2.9 &8.2 16 3/32 25

lDisper.san‘h (Sodiwn triyolychosphate--0.75zms) added where tendency for floccu-
lation noted. :



niscibility of the gsediments or the esse with whlch the clsy materials can
be disperssd irto water secms to bear en inverse yelationship to the colloie
dal y:‘s.eld and to the filter loss clarecter. The Wyoming clays ere ralatively
Aifficult to mix but exhiibi®f high colloidal yield. and high resistanca to
passaze 1o ve.te;: ;. waereas the lccal clays, especially the very gri’ttj ones,
e.fe 2asily nixed into the water, bil exqibit & relatively low colioidal yield
and low resistence to vater passage (uhen filtered at 100 psi).

Thus, in the prelininary tecting of the potentisl sedimenting agentis,
'the Wroming bentonites :mcl:’\ca"ﬁsd.. tke most favorable recults. This is not
surprising since until only recenﬁ.‘!y the ’dy&:lning high-cwell. vteatonite had
been used a3 tke test stenderd.

In any case, the resulis cf ths clay testing tre pot directly rele-
vant o the Coochiella Cenal trial instoliation, which vliimately utilized a

non-c.ay sealing egent, 58-13.

Prelimincry Sedivert Sealing Experiments

Before initiating the large-scale field trial in Reach No. 2 of
the Coachella Canal, preliminavy evc.luationsmuere ccaducted, both in the
laboratory and et the field site, to e:mloré the sealirgz rotential, pene-
tration capobilisies, ard operationsl. characteristics of the varicus sealing
sgents propogsed Jor use in the Coache‘lla Cacal trial. The testing was accom-
plishod by the Distriect, the Dow Chemical Company of Fittsburg, Californis,
the Monsanto Chentleal cou;mny.of St. Iouwis, Missowrl, andi the Brovn Mud

Coxpany of Torrance, Califoxrnia.
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Experinentation by District

A series of ls;c:rmt@xy perzarbility testes, invelving drive sarples of-
the ceral bed material and several of the wost promising sealing mixtures,
vere conducted in the Dis%ric*—:. leboratory during the apiring and summar of
1957 (5). | |

The drive sexples wera oblained divectly from the canal botice by means

‘of the sarpling eguirmend, previously mantioned and a3 showm in Fig. 6.

This device was desizned obtzin Tron the subzmerged canal bed, sample
colurnz of 2-1/2 inch diamster and AT Anch ]_ength,: ensesed In th2 ‘ranspareat
lucite permeameber inscrt tubes :'.il o relatively wmdiestrbed condition. Taese
tubes were then gsserdblad and tesied in the permeameter systesn in Fig. 7.

Iﬁ the laboratory teﬁtirg phese, each sarple was first saturatzd with
canal water {collectzd at Stz. 1MO00) and its initiel permeshility was deter-
mined by actual mesasvremont.  Then :L.ae-aizenfing treainent wes applied;

Pollowing the treatment, the swfece loyer or filter cesle was removad by

_:écrapi=;g end thke canal waber was egain introduced. The perncability cf the

colwm was measired at frequant irtervals throughout tte test.

Tae results of the tests with the various sedimenting agents ave sum-
marizel in Table 4. |

‘e semples gererslly consizted, of fine sand with mediwn gend layers.
The iﬁ'lividual rand greins are yredinminately caleium caxrbonate. Thin la.yers'
cf lim2, 8ill, end .éeca.yad organic natter are intersporsed throuvghout the
sands. In some of the mles, a thin gr:eén“ct_}:.zting vas found oﬁ the aurfaé:e
of tha eample; in others the green coating vas.buried urder 1 to 6-inches
of a locse sand (poeaibly bed-lcsd send). The lime and silt-éemented, lay=rs

vere more offien enccuatered in the top léyers than in dep‘th et Sta 300400, wﬁ:lle

-~
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Results of Laboratory Permesuweter Testing Ly District

Expt. Sawpling Amount of Lengin of Percolation rate (Cu fi/eq f¢/day end
" No. location dispersant treatment converted to £0°C wait hydravlic gradient
(staticn) (gm/33ter )t (hours )2 befoxre treatront Minimum DRtimate
Treatment with CaliZcrnia clay (Coyote Wells--18.2 gafiiter)
Lotz 30547 0.1L 0.75 0.75 .03 - 3.18 0.3% 0.34(5)
40882 303+27 0.kbL 1.50 2.38 -« 2.01 0.17 0.18(5)
81037 303+27 2.72 0.75 0.75 7.38 - 4.51 0.22 0.22(10)
h1€82 539167 1.36 1.00 31.50 - 0.65 0.56 2.11(31)
$1£20 430+67 1.36 0.75 21.1% - "3.57 0.32 7.50(17)
Preetment with Wycming bentenite (10.5 gmfiiter)
40220 305+27 0.2 0.75 0.5 5.27 - h.68 0.22 0.22(6)
4085, 305+87 0.21 1.50 46.80 - 31.9% 2.86 2.856(5)
L1035 SC5+ET 0.50 0.75 0.75 17.08 - 1%.88 0.52 0.835(9)
5168k 430467 0.21 0.87 22,50 - 2.95 0.49 8.87(ek)
41633 539467 0.21 0.h5 26.80 - 2.00 0.63 0.98(27)
Treatment with Uteh tentenite (11 gn/iiser)
40819  303+27 0.22 0.75 0.75  21.S2 - 3.52 0.16 0.18(8)
L0835 505427 0.2 .50 1.80 - 0.70 0.22 0.256(12)
%1036 305+27 0.50 0.75 0.5 3.85 - 2.99 0.9% 1.19(9)
Preatwent with dispersent solutica only (0.21 ga/liter)

Bk 303427 0.21 1.22 0.7 - 2.24 3.20 5.59(19)
41653 303+27 0.21 0.67 16.12 - 6.h2 0.45 2.65(50)
AL L50467 0.21 0.75 2.8 -~ 1.19 0.62 a.u.(19;
11832 530+67 0.21 0.83 27.28 - .95 0.67 1.39(37

" Preatment with "SS-13" (0.58 cofliter)
1&11302!‘ 305+27 none 20.83 .7 - 76.4 0.65 0.75(18)
Lihos 205+27 none 16.02 20.0 - 16.9 0.1 2.00(18)
Leoil €95+65 none 21.67 8.67 -~ 1.28 0.27 0.85(27)
hgoi2 159467 none 21.67 23.55 « 0.48 0.20 0.57(22)
Loo13 303427 none 21.58 3.85 - 0.13 0.12 0.24(22)
JWithout treetimend
L2917 695+G5 [ONS  eeesesce 0.66 - 0.16 0.15 0.16(16)
%2918 695+65 rong | eeeeccces 7.58 =« 0.87 0.72 0.87(16)
42919 695+65 Lo |0 mescese - 5.2 « 0.19 0.17 €.19(16)

lThe dispersant uesd was tetrescdium pyrophosyhote (Monsento Chomiesd Co., end Dow Chemical Co.

2Two separate treoatments exe shown by two figures indica%ting thelr respective lengths.
3The lowest Digwre throughout the run, usuvelly imiediately after treatnznt befors the surface

was scxeped. -

The mumibzrs in 1m‘entheées irdticate the tctal nuiber of days for which eech run was conducted.

-~



in the samples firom the othey sempling stations in Reach Ko. 2 this
terndency was reversed. Some ravdom cloy balls were :‘.’om_.\d buried in the : |
sends. ' '

The parmeebility rate for rost of. the samples vwas significantly
greatar at the m‘zﬁset t’aazi the irdicated overall rate of the field esile.
The laboratory rate usually decressed with time, Vietually all of the -
sanrolas, even the vatreated contxrol sumples, were evenbually reducsd to
& low rate indi.ca"ting gealing. PBecanoe of this dtendoncy for all of the
semgies to geal with tine, it iz Aifiiculi to m'ekg valid cozparison of
the effects produced by the varicus zsealing‘ azents. In other words, bthe
canal water alonz profuced e sexnling elfeet camparable to that prodused
- by th: ssaling egents and no on: scaling sgent exhibitcd a pronounced gsupe-
riority over the other agents.

One distwbing fector wes tkat the above-mentioned sealing with time
vas not belag duplicated mder nebural conditions in the Ceachella Canal.
. It is true that a dovnward trend in delivery loss from one year to tka2 next
can b2 noted, but not of the maynitude nor repidity experienced in tlre
iabcratcry tecting.

Following tiee lebqratczy testing described abova, ‘the Distzict sccon-
plishezd similer testing in large cylinders sunk in the canal bed. Tha
latter testi:q,g ié duscussad latuxr a3 part of the exparimentation acccme

plished by the Brown Mud Compaay in regard to the 83-13 material.



Experinentations with "Separan”

In this program, carrled out by the Dow Chamical Conpany, the effects
of adding small quaniities of Low's Separan, a commereis) flocculatirg
sgent, both into the natural canal vater and also intu the cley sediment-
sealing mixtvres, were evaluated. !l"he'tes’e;ing consisted of (1) a series
of laborabory tests, (2) a izcd.el ditch experimen®, at Dow's Pitisburg,
Calitormia, plert, end (3) stznipire tests in the Coachella Cenal.

T1 a confidential regport made cveilable %o the District end the
_lhiverr;ityl, the work is swmmarized as follows:

. "Iehoratory tasis first dwa..:t*.-oei the posaoidvle utility of
Saparan (R) 2510 and suspansicns of fine solids for the sealing of
rrigation canaizs, The technigues cdeveloped in the lsborstory were -
aplied to one zimalld, ditch, and the lealnge rate was decreassd by

e facto,x of ten &t & very mud..raie cost. On=gite testirg in the bed
of the Coachella Iaterel of the All-fmeriecan Ca.m;l, Syoterm gave varicble
results, although it eppoared that Separen nig }rve sone eprlication
here, too.

A technigue. mml\ ing th2 usze of gedinent naturally present in
the vater rather thon ertifically introduced sedimeaat hes shown pro-
rlge in laharatory teets. Uhis petkod is attractive beeause of
its low cost acd simplicity!.

Considered in the light of cubsequent developments, especially when
the doninating infivence of the moverent of sand tts.lcmw the bottom cf the

Coachella Canal ip fully ayypreciasted, this work with feparan offers several

- promising epproaches. to the Comchalla senling problen that should be explored.

The corsideretions involved .will be discussad at grester leagth letexr in this

¢hepter.

Trexguitted to University by latter, dated September 10, 1957, fxom
Mr. Robert R. Jemings, Reacarch Department, The Dow Chemical Company,
to E. D. Dirmeyer, CSU. . .
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Experinentation with IEMA

Am;&eatly gimiley in performarce to Dow's Sepaxran is a polymer
- manufacticred by the Monsanto Chemiesl Company, known as "TeMA. During
1057, IBMA was tested in Monecanto's 8t. Iouwis Agriculiural Iatoratory, es
& seal ‘in sand colums. The tesis were similar to those conduveted for
Separan, e&:éept taat no sand from. the Coachelle Canal ed wes used in this
initial laboratery testing by Monszulo. |

A3 @ recwit of the leboratory testing, Dr. “lmr’cod c? Mensento had

this %o Bayl:

"It 1z owr wndsrstending that & 2% concentration of benteonite
hes been & falrly stardard requirerent in £ield tests (eotually 14).
Fossibly this can now be greatly reduced since owr most eff ficient
sugpension wncentratioms; woers in the xange of C.25% to 0.75% bento-
nite in water. Obviously it is difficult to predict field corcenira-
tion ranges ficm lsdhorxatory situdies because field cperating pressure
gadients, 28 well as field specifications for dispersed sucpensions,
mey difdex, Emmvw, in spite of differences in coaditions of teste
ing, the eddition of JEMA to bentonite suspensions will have the
followirg iafluvences: .

1. TFor a given roxe size and suspension eonceunbtraticn, the
additicn of T2MA will speed wp edeorption of the suspension
3 4 to seal off the pores.

2. Complete scalirg of porcus beds can be obtained with &
we dilute colloidal cley suspensican. These dilute  sus-
pensions do not seal if TRA is not adlsd.

3. These more dilute suspensions resuli in obtaining greater
depth panetmtion of the sealing agent.

k., The seal which is .‘c‘o:m.ed will be nuch more permanant if
borded by IRMHA."

1 In a lettor to Mx. J. M. Sheldon of the Imperial Irrigation District,
dated May 9, 1958. ' :
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Although not a part of the before-trial activities, follow-up testing

by ¥onsanto ddrixvg 1352, Included tez:ts on one foot dinzcter cylinders
embedded in the banks of the Coochells Comal. Az result of this £ield aite
testing, Dr. Demivg of Monsento sumaxd e&l the resulis as follows:

"he pressies of the TR with bentoaite appeers to offer con-
siderable advanitage over the gesl cbhbiained with bentonlse alone.
However, with the azcunt of Cul¥ bentonite which ls already present
on the bottcn of the canal aid.thet which is in suspension in the
water, I fevor the use o? IEI eione rather then add more cluy.

The polyzer will stebllize ke "silt” seal which hos alrzady formed
oa the bottenm of tre e ml nd eecelerate the elo: xirg of any orean~
inze in this "silt" leyer: vith tke gediment which ie in suspension
ia the waber.”

24

Thus, the IEMA testing, vwhich wus cexrisd out indopendently of the
Seperan tea*’c..’mg,; ka3 resulited in gimilsx conclusicns. A gphere of action

has bezn outlined that will be di"cuzseo later in this chapter

Develomrent erd Teoting of £8-13

Ditcfaa{lzirqg the idea of usirng o dispersed bentonite o3 the sealing cgent,
%he Provn ¥ud Compeny conducted irveséigetions, both in ¢he lsboratory ond
ot the triel oite, end developed ¢ materiel designated S8-13. This is &
semi-viccous creany suspension of diesel oil and & mumber of polymr edditlives
not for public disclocure pending patent explicetion. This materisl reportedly
penetrates the bed coils eesily. Originally the sealing was attributed by

¥ In & letter to Mr. J. K. Sheldon, Imperinl Frrigation District,
dated Juiy 7, 1859. *

1l As en incidental note, we believe that paxrt of the go-called "silt"
es referred to in thils reference, is c::CO3 or & line deposition,



-

the Compeny to a delay=d reacticn with caleiwm in the canal water. In a
Foveumber 23; 1959, information circular izsued by the 83-13 Sales Cougany
of Prhoenix, Arizona, the material is deseribed es follows:

2 85:;13 consists of resinous -Pol;y‘mers and hcavy atoms rived in a
carrier of coumen diesel Tuzl. Its function is to incresse the ioaie
ettraction of the goil particles for vwater, thus increazsing the thicke-
ness of the hyzroscopic enveloge of water avound each particle. This
cecrenses the voids or pasasges throvgh vhich woter can move, and
reterds the flow throuvgh soll.” :

“he develogment testing of S5-13, prioxr to the mala Coachella triel
(instelled Cotobor 1957), consisted of (a) loborstory testing in the Company
J&bc;):x:.taxy, end (b} field site testing in ooope&atic»n with the District.
Teets corpleted with 88-13 in the Diatriciﬁ leboratory have baen repoited’
previcusly in Table L. |

the leboratory testlng by the Zrown Muld Compeny wes accomplished on
pemﬁes‘mter semples compacted so that the rate of ;.o:zs vas approximtély
the senme es the actunl inéicé’ée& ce.ne.i l.oss.' Sorples vsed in this testing
_inelured: (8) a synthetic sand patiermed a.?\:ar the raterisl depicted pre-
viously in Fig. % on page 8, ead (b) sandy bed materials actually
collected from Rench Ho. 2 of the Csachella Caral. The testing wes per-
formef. in en eguipment get-up as showa in Fig. 8. Arn interssting feature
of this equirment is the provision for simlating caral water turbulence. |
A vlot of typieal data frem thic testing is showm in Fig. 9 (7).

Following the lp—.bemtorj testing, the District installed three l2-inch
diemeter cssings in the Coachella Camal ot Ste. 695400 to test the pevfor
poace of the £35-13. These were driven to & depth of epproximately 2 feet.
Pig. 10 shovs thzs location of the casings end furnishes logs of the mnterial

encountered in neerby test borirggs.



The testing was accoszé:lishe;l by noting the changes in loss rate for
each casing upon Ireciment with 58-13. The loss rates were obtained uader
consbant head conditions lmsosed by o float-velve operated inflow from a
calibrated drum cet ca top of each casing. At the end of 88-13 treatmant
each casing was flushed with canal waler aud then the after-treatuent loss
rate detemuined. The effects of two kinds o ercoion on the seal were also
determined. Ses Teble 5 for o summwury of test results from the casing
tests. {8, 9). ‘

. e Pirst phase of 'i;'.de 85-13 treatnent in the cesing tests was acconme
plished Guring the period of My 28, 1957 to Juse 5, 1957; the follow-up
eroaion\ {treatiment was complated on June 10, 1957.

ks & comparison with the losg rates cbialned in thz casing tests, the
overall loss figwwes for Reich Fo. 2 dwring the same time are listed in
Table 6. It may be seen taet the two typzs of loss figures do not egres,
but all fe.i:’eor_s considered {such s the natural varistion in canal bed

| conditions) the ectvel rasg: in variation dozs not seen excessive. In the
casing test procedure, It would have been helpful to determine thé. logs
rate on en unireaisd cosing--not only es e control to. record the natural
vaxji,atians in leoss during the treatment period, but 2lso to see if the
untreatad conbrol would 'seal to the pame extent that they did in theriabora-
tory testing.

Th‘m,. as result of the lsboratory end field site testing of the s's=»13,
it was concluded: |

1. The sealing producad by 8S-13 was appreclsble, althouzgh
not significenily better than that produced by the other treat-
ments, inclulding the canal water alone.

2. The tendency to re-seal after ercsion was & favoraiale chareg-
teristic, but not conclusively proven.

.3 The life of the gz=2l was not fully evaiuated in the testing perforzed.



Teble 5

EEGULTS OF 8S-13 FIBID EXFERTMENTS

Caszing Yo.

1 2 5
Derth of water in casing (inchas) 51 57 52.5
Cozcen‘ﬁraticn of S8-13 by vol. (%) 0.1 0.075 0.1¢
lergth of £8-13 treate;eﬁt (bours) o 22.5 19
Azcunt of 8S-13 enplicd (1bs/sq £1) 0.0 0.030 0.023
Ercsion efter 83-13 treatment (a) (v) (e)
Loss rates (eu f't[éc; £L/2h brs)
Just before S3-13 treatment sl .51 1.17 0.61
At enl of S3-12 treatzent i 0.51 0.53 0.8
Av. loss during fivst 15 hrs
after 55-13 flushed fren
ea:h casing 0.68 0.%9 0.67
16 hrs after treatwent removed 0.5k 0.kp 0.50
6 days after treatwent removed 0.24 0.18 0.29
‘ After erosicn
2 hrs after 1.05 0.28 0.28
2 deys efter 0.5% 0.29 0.22
4 da;{s‘aﬁer 6-&5 0.18 0.22

*  8S-13a--a slight variation in forzmle

(a) Subjected to stixring wilth 2-inch pike pole for )0 minutes while pumps

in oreration.

(b) Subjected to jetting with 2-inch puwap while l-inch pump withdrew walter

fron cosing.

(c) Not subjected to erosion treatment.
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TABIE 5

VATER LO3S FOR REACH NO. 2 DIRING THD FIELD IXFEROITETS
WITH 85-15 JH CASIECS

Heed End Loss in HWetted Converted Water Loss
Date _Discharze.  Racch Ho. 2 Feriroter .—in Rezch Jio. 2
“{c?5) (cfE) (1600 8q %) (ic00 cu it de) {ca £% ver sq)
St : : Tt _yer day)
DURTHG TREATMEHD TESD

May £8 1,016 &2 5,167 ' 7,180 2.25
€9 1,025 T7 3,195 6)650 2.08

30 1,025 &1, 2,395 6,995 2.19
June 1 1,015 &9 3,187 7,690 2.4
2 1,025 155 2,295 8,030 2.51

3 1,057 1c2 %,200 8,610 2.75

L 1,040 11k %,205 9,850 3.07

5 1,037 By - 5,200 11,310 3.54

DIRIEG EROSICH TEST

Jwe 10 1,18% 160 3,285 15,850 4.20
b | 1,167 3L 5,275 9,850 3.01

12 1,170 115 5,275 9,955 5.03

13 1,170 o3 %,275 3,030 2.45

1% 1,177 125 3,280 19,890 3.52

15 1,180 5,285 19,450 3.18




TRIAL IHSTAIATION
(10,11)

In selecting the sealing matordial to b2 used in the Coachella Cancl triel,
ncne cf the ield and laberatory tests of the prorosed sealing matericls was
considerad by the Distriet to be culficiently fovorable o rervesentative of
the -actt.aal canal conditions to rrovide ccnclusive reascen for e,:loption- of cne
meterial over encthor. It vos éeeided, however, that the "dispersant caly"
testing waz so wfsvovable thet 1t could be climinated frem the finel considsra-
tions. Thus, while the zralimlpary ¢testing yrovided valuable backzrownd infor-
maticn, it did nct answer the practvleal questicn of how the remaining sealing
egents would yperform under the conditiocons actuelly exlsiing in the Ccachella
Censl. An sctual Pleld triel irstallation was needed %o resolve thie questica. :
SS-13 was thé s2cling material s2lected for the first large-scalé tricl.

The SS-13 moteriel, developced bv The Brown Mwd Conpany, was edopied
becevze of (a) its eecemingly feverable sealing qualities, (b) its reef& misci-
bility with ecanal waiter, end (e) & cost less than estirated for the dlspersad
“bentorite treatment.

The naturel clays and bentcnlites were not used in this ﬂrst exreriment
becauce it was speculeted thet o surfacze seal of limited life would te pro-
duced unless chaining of the caral boliom was secccmplished during the sedi-
rentirg. Also, the problenm of miwing as much es 00 tens of clay into the

canal water in a perlced of 12 heuwrs or less at the dtime see::éd insuvrrountable.

Chzmnell Preparation

It was declded that the capal would be dreined irmediately prior to the

triel installation and thet e mixbuvre of S5-13 and water would be pouded at
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least £0 how's, or as long 28 prestizal, in Reach ¥o. 2. This was nsde possible
by the Coachella Valley County Weter District agreeins %o & - to 6-doy inter-
ruption of service Ironm the camsl, beginning Getober £7, 1957.

| Tre &istrict counstructed sn eavik dom gt Sta. THCH0) of sufficient helight
to ponl waber in Resch Ho. 2 o el@:’a‘etirsﬁ 117.0. The ceatral portion of the
Gam was left opea dvring the draixning of the cangl on Ootober 28, 1957;

Ho apzeial nrepozailorn ¢f the chanael was n.c-:ssm;;r. Howrever, sinc:e tha
85-13 ves to be applied to a safurated bed materizl, clear waker was run into
the yoréed secticn for 50 winufes ah2ed of the stext ¢f the £8-13 application.
The &ex. at Sta. T30+00 wes closed ef 6:15 am cu October 29, 1957. The clear-
water inflow at Sta. 288015 of etoul LD efs wes etartad b 5:%0 am, October

29, 19:7.

2 Mix Point Prereraticns

The Brown 1'1‘2‘.».’1‘ Crm:wy get up & susply and mixing plant :f-ﬁ):-: the SE5-13 on
the bridge at Sta. 22615 (Fig. 1i). I3 ccusﬂ;é'bed of 2 22,000 gal. storage
fank, two tank trucks, e puzp and &ischorge plyes (Fig. 12). The ervrargement
was such thet the trucks could allernate in supplying 38-13, snd the storage
tonk ves used as & standby supply of 8S-13. A Sparliny flowmater was iznstalled
in the dischovge pipe so that the smouabt eaud supply rale of S3-13 could bdbe
retered eccurately. At the discharge ead of the floumater, a wabter Jet was
originelly included to assist ia wnifomly mlxing the SS-135 into the canal
water; nowever, it was shut off after 2 houwrs becauce adequate mixing ves

ovtained without the Jet.

-
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All of the £5-1% was beulsd t0 the site before k2 stert of. tha operation
on Qctcbar 20, 1357. fhe s‘c.oz:ege teak wae full, three truck loeds of £8-13
were ot hend, arl a fourth truck and trailer load wes pariked nzexrby.

Tke £8-13 diccharge pipe was bracsd sgalnst the vpsiream edge of the
bridge pler ¢a the, drop. struciure at Sta. 208+15. Thus, the S3-13 was cdded

:,

into a reguwliated flow of esmal waier tav ough trhe rediel gates in th: Lrope-

check siructure at 8ie. 222415, .

Iﬂtlv':-ll\,.\. Lo1 Oparaticn

s R L

Tre Ccachella Cansl Drop of aboab 36 Pzet ot the head end of Raach FNo. 2
provided en excellent location for additican of the 8S-13 iIn the csnal water.

‘Feliowing the 40 minubes of n.'.lmi) efs flov of canal water into the
emoly reech, the aa&.ticn of $3-13 was sterted et 6:30 am; Octover 29, 1957.
The 8§8-13 was int boducel ok & Fake oF TL i £t/xdn (82.2 gpm) from 6:30 en.
wntil 2:08 m or for 7 hours 2n? 58 minutes. It was thaen continued at a lover
rate fer 2 ;ﬁcurs and ‘F’{ minutes o wnbil all o;‘ the SS5-13 had baea addsd st
k:35 pm. The csnal flo.r wes conbinved wntil S:bS pm The ficw duri {ng the
entire oreretion rensed fron %00 to 130 ofs.

A total of 305,620 1bs or 40,220 gal. of ”“-15 was added to eppréximately
412 acre-£t of water, f;iv“.nb sn overeldl aversge of C.0% rer cent by volume or
0.02% 1‘-93/ 8q Pt of wetted psrimter. Ccoaceontraticas o?f SS--lB} :andi&taly
downstr2em from the drop, as measured by & photorgtar i'-*“elop.c. by the Brown
Mud Compeny, veried from 0.058 per cent to 0.045 per cant through the day.
See Fig. 13 for ccacentreblons within the reach.

It vas planned that the pond swrface for the 35- 5 pixture would reach

elevation 117.0; it cctually reached 115.65 ox 1.34% fer:‘; loyexr thaa planned

lTh' sy2cific gav'*ty of 58-13 is 0.91, and the weight is aboub 57 1bn/cu ft.




Tae treeted vabter was ponded in the reach for b0 hours and 45 minwtes. The
amommt of lesliage into the sectiocn through the gates el the heend end of the
reach vas ﬁeg;]igible to consider (estirated st 0.5 cfs). On the night of
QOctober 50-31, during the pording interval, sbout 0.38 dnches of resn Zell
on the reach. Allowanee was wede for fb:m smouss éi‘ vater in the sserrge
rate determined for the ponding inbteirvel. |

At T:40 am., Oztober 31, 1957, the coxral Picov was reswsed. The earth
denn (Fig. 14) at Zhe lower end of thz reach was brcken 1 hour and %5 nminutés
later ot 9:20 am. Tt took 5 hovie end 25 minutes for 2ll of the treated
water %o flov from Esach No. 2 (Fiz. 315).

The slug of treated water wos Iollowed domstirsam. The dllubed nlxtuz'el
reached the Cozchalla Canal Wasteway Fo. 1 (Sta. b732+00) on Fovesiter %, end
according to data Lumalshed by the Coochelila Valley Couaty Water Dlstrlet,

was tumad into the S2lton Ses as follews:

Total Daily Meen
Date e Eours cfs Total, AF
11-k-57 128 tod2 M i2 61 a2l
1-5-57 2Mtold2 - ah C 297 390

11-6~57 12 ¥ 1o 6:30 ex 6.5 Y5 N ks
' 1 656
The treated caral wator wes cf a greenish-white color, quite opegue,
with splotches of browaish scwa ayperent on the water surface for ebeub two
riles Heloy the woint of epplicabicn. The scus gprarently was caused by the
extrem?» turbulerc2 of water at the diop. The treated watexr had an olly smzll
It was fatal to £ish cn yerolonged esporure, bubt 1t did not sppesy injucious

to wat:xwrfowl observed swiwmning in the treated water.

3‘Gcmr:r;:;'z:tnc'c-rtj.:rm probably less then 0.020 per cent $8-13.



Tha volume of $3-13 mixbire leal during the ponding interval in Ezach Fo. 2

vas estirated ab 1.05 cu ft/sq £5/2h hours.

Coss 9_{.’ Mreatrent

Pobal cost of the instalistion was $27,912.00, averaging $0.075/s ya
of wettz2d aven in Heach Ho. 2. Actunlly, acovever, the treatimnt was nod
restricted to Ranch Tio. 2, dut bezzuse of the difficully of estimgliing the

effects dommsirecn frem Baach Fo. 2, the latler possidbilities of treabrant

bove Te:x dlarezaxded.
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AFIER=-"RILL EVATUATIONS

The general elfestivenecs of the preliminary plerning mti{'ities, cnd
of the sealing producad by the S3-13 treatnsnt has been evalvated by (1) visual
observations, and (2) ceepage loss measwrements ond irdicaticus.

Vizuvel Ohearvations
S e & g

Vi;.-’cuﬁl‘i:: ell of the sumpling work for the preliminery planing sciivities
':a:. ceccamplished Dron o koot witlout  astueld uservation of the canal Lotton.
Tnis cavgad ijfi:,'xﬁ:i:,:?.ess._ For cas gi—z, in ‘Lle yzifé].m:s;ry samplié,g; work it
was difficult to ;;w:’.(.*'..::.me why the canal ved was very solt at one time ox piace,
wiile ot otker times In almost Identicel sempling locations, the bed wes
very fiym., I‘uir; {the £all of 1956, a 3-irch dlemeber plastic tubz cowld be
easily I\l:’hﬁ’a into the canal bed et almost all locaticns., Iater durdng the

carly port of 1057, the bottox was found te¢ be so very £ixn that drive samp-

idng with a specind sininless gicel semsler (Fig. 6) eid & sladge horerer

vere pneceneary. ‘The drive :ampleé of {22 bed moterial showed that the bed
rard wes limsecemented, 3in some locetions; loler saumpling at the sare epypoxi-~
rate locabions would encéunter iccse claen sznd. In soma areas, air _%ould
tubble vp when the sgorpler wvas withdaunm i’x‘m the bed.

- On Qutober 23, 1957, the conal wes drained and Por the fii;st tie 3% was
J;:osxsibi,e to cbuerve the canal bed directly. The cbse aations made et this
time, cozbined with cbservatlons ‘01‘ ﬁéo“. 1021 sond moveznrt in an exgeriman@

flwze in the Hydvavnlics Isboxatory et ths University, helped to magwer some

¢t the puzsling questions posed by the enrly sampling woxk.
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The ¢anal bottom frou Sta. 300+00 gave the sppearance of being essen-
'tielly stoble. The bottom sands were, for the most part, stebilized with
a liwe (CaCos) cementation, which in some arcas was found to be a ccxposite
of rany very thin leminations of lime, Infrequent blow-outs or washe-outs
into the lime-stobilized sende were noted where epparently the water hed
erocded through the suxrface encrusiation, but the sand in some of the wash-
outs wvas encrusted with & surface layer of lime. I.nci'iently, r:ont of the
- gopd itself is Cs!:os.

. From BSta. 120400 to the ead of Roech No. 2 &t Sta. T3+10, loose sandy
raterials were found as en intermittent montle over lime-cemented sands. , In
mqst‘a'ras.s, the loose sand raterial occurred 08 dune deposits, with the dunes
fegtﬂé.rly gpaced at gbout 20 to 30 feet epart down the conal. From the pro-
bing and gorpling experience, we expected more of a drop-off at the end of
each duae=-as rmuch &s 2 to 3 feetl rather thian the 2 inckes to 1 foot found.
Since .the ectual axount cond topogrepky of the bed-load sa.nd is of critical
1m_po;'tm:ce in the can=zl secaling, this genexral subjecf‘. is ddscussed in more
\de‘cail later in this chapter.

.A fa.irly well developed silt berm was found on all of the cang.l bank
areas., _.Tn en estimsted 35 per cent of the total bank area, small localized
mud flows of the sllty to condy bera material vei'e ‘oz'igsemd by the rapid
drawdown period on October £8 and agein, to & lesser extent, on Octcber 31,
1957.

In the vemaining €5 per cent (estimnted) of the cansl bank areas, no
plumoege occurred. The bark materinls in  these evess did not sppear water

gaturated--at least when a shovel mole vas dug, water did not collect in the



hole et tn jummediotely cbezyvoble ratz. In these ssze general srezs, air

bubbled wp from acme of the bolez duy in the bottom vnder walter. & folrly
effective surfecs zeal (bafore trantizent) in these arens seenmed to be
indiceted.

Sre bofore-trenimant garplze of the cannl bed matzrial wexe collected
as the vater was draining frem tha reash cn Qctober 23; the af“tarntrea;&manﬂ

sspples vere collscted from a booh on Novesbor 4, 1957. The resulis of the

, dgboratory testing of thz eawples axe reporbed in Teble 7. A feial odor of

£8=-13 conll be detected in wnst ¢ th2 suwrface layer sarples collected after
the §58-13 {rectment, bui ths 83-13 could not be atectad by chanicel tests

in. the lekoratory.

Secpase  Joau Measuremenis

Th2 seepoge losses in Reach Ifo. 2, before and after the 8813 trentment,
were evaluated by both direst end indirect mathods. IMlow-cutflow messure-

rents constituted a direct method; Indirect metheds included ths plezomater

_end ground water lsvel cbosrvations.

The study of losses from the Couchella Canal was initinted in 1955 underx
the direciion of Mr. A. J. Boles, Chief Civil Enginecer cof the Imperial Ia.'rif
gation District. The resulis of '&;lhiz: study bave been refpd:'bezd in déstell in
Reference (2) » Therefore only information of siznificsnce and iu:nclusians

drawn therefrom ara preconted here.

Pigcharze Analysis

Thz transitory quality of thz flow conditions complicated the discharge
peasurenents. Mayy edjusinemt techniques were adopted in order to arrive at

8 remsonchle comparison. I any csse, since the effectiveness of the treatment
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TABLE T

RESULLS OF CHEZMICAL TOSTINGY CF CATAL BOTDI SAMPIES
BEFORE AND AFIER 8S-13 Tadel

% Soll less Caliocn exchenge cepacity

Sample , thon & ma. (me2q/100 p. 2 vm. eemple)
Sts. 500t00 - Bast edge botbaz O-57 €83 3.
. n t k.=8 8)2.9 2.1“
Center of copal O-l et 963 3.8
N . i 1/z.5" 86.0 ~—
13¢ frem W. bank 0-00 75.1 h.o
3] i1 n ] 2.:-17 88.2 2-8
88-13 Teisl-after sermple 0-} 3/2" 0.3 5.0
Comcoszite of 7 1 1/2-6" 91.6 1.8
Sta. 350+00 - East eduye 0-3 1fe" 75.9 3.6
woow 3 1/9~6‘ 96.7 b7
Center /2" 58.6 1.k
" 1/2~6" 100.0 k.5
Hcst edge o-2" 70.8 5.8
) 25" 97.h 2.4
88-13 Trial-atisr serple 0O-3" 95.8 4.8
- Compasite of 5 3-6" 97.6 1.8
Sta. 500+00 - East baak 056" 86.7 3.5
Center o-6" 99.% 2.7
Vest 0-3 1/2" 80.4 4.3
" 3 12~ 5" 98.8 2.8
§S-13 Trisl-aftsr sample 0-3" 95.3% 1.9
Cozposite of 6 %5 97.0 k.9
Sta. 697400 - Bast haak 0-2 /2" 8.1 3.4
u ” 2 1/2_6:v 91'0 l'h
Centexr c-L" 08.9 1.7
i )4"'6 99-6 302
West o-1" %.8 3.8
" 1-6" 94.9 2.0
Sta. 70030
S5-13 T:i&‘!.»afwr seyple 0-3" 93.2 1.6
Composite of 6 Z o 6" 99.k 4.5

» :
Testing by Scil Depariment, Coloxedo State Univ erm.ty

Resuld low. CSammle ccarse, would rob yack when centri’u- ged, and scme f:inn '
maberiel was unavoimbly lost.

2-3 -58
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st be ’épyraine& in terns of water saved, the geounilalted yaﬂ.riy lces in

acre-foet should be the ultimate ceriterion. Eowever, for a logical cone

pariscn, the

vebicd yerinelter mist be teken into account &5 s to avoild,

to soxe extent, the distorsion due %o siretm discharga fluctvationst.

The loss data in this form eve plotted in Figs. 16 and 17. It can

be gzen thet

(a)

{v)

()

Before the $5-13 trsstimt, Reach Mos. 1, 3, and b woughly
egeeed with each other and fivctvated within anual cycles.
Reach Fo. 2, however, showed not oaly higrer lozses buil also
an erratic beravier in ralation to the time of yesw.

Afuer the §8-13 tresiuent, Reach Hos, 3 end & deviateld
slightly frem thair cozxxenity with Reaech Ko. 1. VWhather this
dzvisticn was large enowgh to be moaningful i3 open to
conjecture. Reaeh Ho. ), lying up roam £row Rench Eo. 2

and bence foze f‘mn both the influsnce of the 8S-13 prescace
and the effecis of the dve ﬂwﬁ nncossiu vied by the ipstallation
operaticn, ironically showsd signs of dsareassd losses.

‘Ihera is no oheervable cvidence that the £5-13 treatment 6f
Rear.h Fo. 2 elfected the seepege rate in any wey. While this
statenent oy be considered valid in a genersl sense, it cen be

further subsiontistaed by en analysis of the dlscharge recerds.

1 It is evident that pereolation rale would not incrusge in direct proporiica
with volure of discharg? wnlecs tha wprex bank zones were saburated alreedy
and hydraulic gradient within tihe bed remalns constant duriag say incrensa
or decrease of dlschmug2.

1 -
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It 48 to be expected that the variations in stream diec’na*ge systerati-
cally affect the ccopuied loss rates becevse of the fluctuations in flow A
velceities end water surfece elevation. Fram Fig. 18, it can be ssen that
in Reesch Yos. 3 exd L definite rolatlonshipe exist within e ma;so:able renge
cf scatter whdle in Fench Hos. 1 and 2 the relsticnshlps exe rather evasive
because of the wide scaﬁtez’ aof éata. I% should be polnted out thet since

the outflow dischorge weadings ¢ Reach llo. 1 also seive as the inflow dig-

ckorge reedings of Reach Ho. 2, any ineccuracsy in the messwrsment at Sts. 300400

- would yield misleading @aba in boblh reaches. Other possible causez Lor this

date scatter moy be moss growth, prowd-water condition, shortness of resach,
end watsble depnth.

.E:vtv:{%hstanding the azatter of data, one can state with reesconable
certalaty that no evidence ¢f euy change In locs rate 28 a result of £S-13
applicztion in Ileach No. 2 can b2 detected frem the dlscharge enalysis.

Camporison with the All-Amernicen Cenal - These two canals are cozstructed

T I T G ST L AAD

of the some materiel, troverse cover similar topography and geoloxy, carry

water of the some quality and sediment of the ceme emornt and type. The

© only difference is that the All-fmerdcen Canal is coatroiled by closely

spaced drop structures whereas the Ccachella Canal is rertly wncontrolled--
Reaeh Nos. 2 end 3 (2nd the southern portlion of Reach No. 4). Mer. A. J. Boles
reports that
Until 1956-1957 “he pabttern of loss frem the two conals wos in
fact simllor. Howeve:r, beglening in 1956-57 there was obssrved a

radicel drop in the amount of Joss Lran the All-Arericen Canal.
Pais drop in loss has not b2 cbacrved cn the Coachella.”



Plezametric Analycis

Ag rentioned previouely, & study of the piaiome'tric kezad in the viecinity
gf the test rea,;h was initisted in 1957. Data from o nunber of piezcusters
hava been collected; most walis were began in the spring of 1957, others have
beea in existence before 1957, e2d still others were instelled later (see
Teble 2). For ccmplste recards of the flactuatlcns in pilezamatric head, see
Ref. (2). '

~ Sta. 161405 (in Resch Ho. 1) - Chamael p:’.e:zo:m’aars. have remained dry;
sm*.é&ce crust less parmesble than the uuderlying materiels is evident.
Gromd~water level 230 £t west of the chailnel has bcon more thsn 30 £t lowr
then the weter-surfece elevation in the canal.

Ste. 303+27 (head end of Reach Ho. 2) - Chenusl plezczeters bave beccue

ary each winter, shoring e surface crust of slighily less permaa‘oijj.'ty ther
the wderlyirg materiale. Ground water livel 840 £¢ west of the chaanel hes
beer 5 to 7 £ loger uh:m the water surfa.e elevatior in the carnel. o change
after treatusnt can be detecied.

Sta. k39+67 (middle of Resch Fo. 3’2‘)‘. - Ho swface crust is manifested

here: After the tresntment, & lovering 'o‘f ebout 2.5 £% in the plezcuetric
head was seen; this vas reduced to 1.5 £3 in the next year (1958). ’i'his
temporery sealing effect mey heve boen the resuit of §5-13 tréatt:‘.(m‘!;. Ca
the cother hend, it couldd also have been coused by obher fmtors ’ suc‘a. as
;entrapp,.%d elir Introdveed during the drawdown before the treatmant oreration
~end trassitory clsy lenses carried in by the bed-lcad send.

Sta. 695+65 (dowastresn end of Perch Ho. 2) - ¥he plezometric hsed
bas behaved Iz spproximately ths same wanver s ab Sta. l}j9:~67 , bub to a less

preoovmced degres. Taere is e slipht swrface cvusb. The cealing yss 3lights

and LEmnOrsIY .
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Crovmd-Waoter Pecords

A network of wells hos been installed, scm2 es early as 1940, for
determining the grownd-water level in the vieinlty of the All-Americen Canal
and the Ceochelle Cané.l. Sirce the sourcz2 of grovnd waler in the Eest Masa
avea depends solely ca the eeepepe fram these two canasls, the water~tadble

elevation serves 23 & gocd indiestor of the water loss trend. Althovgh no

]

quantitative meesuremonts of seesege can be chiained, this methed is very

useful beeause of the reliedhle azcuvacy in cl-sfimég the trend. A detalled
deseriptica of the study from 1910 to date 15 conteinsd in Ref (2).

Fesulie of this shudy show that the water {able near the All-imsrican
Cazal and the Coochalla Cenel hed been rising steedily wtil sbout 1651,
showing strikingly similar behavicr. From 1051 to 1956, the water table near
the All-Amoricen Cansl becams alwest constent while that neer the Coachellis
Canal continued to riee abt axpradimately the same rate as befors. In October
1956 the 8S-13 treatment took plice in Reoch No. 2 of the Ccachella Canal.
Frea Soptenber 1955 to June 1959, the water table in the All-Ansrican Canal
showad e stesdy dz2cline. lr. Boles reporis:

«o..It seems probable thet in later 1956 or early 1957 there vas

sore change in the canal weler, suspanded sedixent or canal peri- =

r2ter aleng the All-fmericen, vhich prectically sealed the canal g

aad reduced the lcsses gboul Lifty psr cent. If a reason for

this sealing czn be found and & similar eituation created and

myintelined in the Coschells Canel, the problem of szepage frem

the Ccachella Cansl would b2 solved. -

Vhat few wells w2 have close to the Ceoachells Canol show

that the drop in walter tablz and reductlcn In lo3s cbserved along

the All-Amecricon Conal teglirning in 1956-1957 did not cccur

along the Coachkella Canal.

It my be postulated that the appersal seepagzs reduction in the All-
Arericarn Canal is a patwwral result from comtinuved operation for a length of

time, a rhenamenon coafirmed in the parmeameter tests in the laboratory.
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Sinc2 the Coachells Czunl hes Leen in operctlicn for a shorter pevicd than the
Allf-.’%xx*.eéicm Conal, th2 xx.-meabiu:by‘ of its channel will require several nore
years of vae before it will desline Yo o minimumm., According to this line of

reasonlng, it weuld holp to install control dvop structures in Reach Mos. 2,

3, and 4 so that 2 lower end r-.'-)ré wniferm velocity of flow can b2 cbtained

to hasten ihke stebilizatlon process.

Eveporaticn Loss

It has been assumed thet asespage ccasvitubes the major rart of the deli-
very_].ossés in the Coachzlie Coral. As con be seen in Table 8, evaporetion
loss dees not exesed 0.5 inch/dry. Yhese figures sre aversges of measuring
pen eveporation et thiee stations on tha Seliton Sea; s pan conversicoa factor

of epproximetely 0.7 is appiicoble for the Coochells Canal (12, 13, 1b)

TARLE 8
MEASURED PAY EVAPORACION DATA AT SALION SEA

Year Jen Feb Mar Apr Moy June July Aug Sept Oct lioy DYee

T

2956 3.57 5.37 7.98 10.00 12.28 12.15 11.62 312.kk 10.19 8.63 5.34 L.62
3957 2.91. 3.30 T.33 10.06 11.85 313.h1 11.28 11.37 10.2) 6.78 L.76 2.6L

Kote: These figuxes (in inches) ere averages of the fresh-water eveporatica
records ot three statlcas con the shares of Saltca Sea equipred with
buried Youwng-Type scresaed poa, 2-0% dlsmebter, 3-It depth, aund l/h-
inch m2sh screen.

P23 Sond Analysis

In the summar of 1658, whan it veos soparent that the §S-13 trestrent had
not significantly xreduced the seeyage in Deech Ho. 2, & speculastion wes advanced

that the jwrescnce of e moviag ted-lcad hed prevented the sealing actiocn from
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penetrating dinto the shabls ted propar. To verify this theory, en exsminstion

of the chanuel ted wos made on July 20 to 23, 1958.

Irvestisrative Sucvey

It can ve recognized that drring the winter montias of low flow and suall

velocity, th2 bed-load movaxant s not crueial, whereas dwring the sumzer

ronths of hizh £low sad relative'y great velocity, th: bed-lcad rovemant beccz2s

en active Tactor. Thls ic the rossca the erarinatilcn was made on July 20 to

2%, 1958; however, becsuse the waler was tu:rbid) girect observations of the

cenal bed were not peseidle. Coasequently, with limited obzervetions end

equipzznt, the bted~lcad study was no’ a3 thorough as could be desired. The

observations of this study iz Reach Fo. 2 mey be suwmardzed as Lollows: '

1.

The depth of water voried between 5.1 end 7.8 £, with sznd-

bar crests measuring 0.2 to 1.0 £t in heipght.

The channel bottoa itself ssamed firm with intermdtient lime
crust, while The sacl bars or di.m.es ware soft. The soft and
firm alternation alspg the chennel centerline Veré ecach b

to 10 £t in length.

The lcose sand creshe noved graduxlly domstreom. At onz loce-
tion, they were tim:d to move eppareatly 9 to 13 £t per hour, but
this rate cannot be considerad generel.

The sofiness in the bted, hence the amount of locse 8a.nc1,.was less
prevelent st this tiwe than in the previous fall, when the censal
wvas dried out in propavation of the 88-13% treatment

The axount of sand in mobtion on the bottum of the canal seems to
be related to the ancunt of sand dxifiing over the nearby lend.
Bank or bed erosicn does nol seem to be importent as a sowrce of

bed-load sand in th: Coachelle Canal.
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Theoreticel Consideraticns

Recent experimentation cerriad oubd by thé U. S. Czolcegical Survey has
uncover2d mch valusble informzblion in regard to sand dune behavicr.
Regimes of ripple, dune, plsne bed, s*aandiﬁg vave, and entidwne can now
be deliaeated with reascnegble yrecleion (15). The case of the Cozchella :

Carzld can be enaiyzed from the dale Jisted in the Table below:

TADLE 9
DATA FOR S2ID DUNE ARALYSIS

1

Stresm @ischarge at Sta. Tih+10, Q(cfs)® 170 1,070

Velocity of flov, V(fps )2 _ " 1.0 2.2

¥edlan diamyter of parbicles, A(ft)” 7.2100b 1.1821073
o ' (0.22 nm) (0.36 3m)

Woter depth, D{(£%) L 1.5 7.8

Slope; S(dimznsicnless) ‘ 0.C0013 0.00033

Temmerature (°F)2 6 52 87

Fall veloeity of sediment, o(fps) 0.072 0.197

Kinematic viscosity, v(£t%/s2c)? 1.37x1075 0.825210"9

lAt miainua end maxdimum locherges end tenperatures.

ah-ean recorded figures for 1927 =2nd 1958.
Srrom Tig. b.

" .
From recorded readings of bottenm and water-sw:-lace elevaeticns Lor 19,‘_37_
and 1958.

51&-&::1 everages recorded in Ref. 2.

GFTom Ref. 16 (ehape Tactor has been assured to be 0.5 to 0.9 sccording
to Re®. 17.

7F‘rcwn Ref. 18.
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The ronge of Frouvde mumber {"«TVTY@' where g 4s the gravitationel

acceleration) is celeulated fron she ebove data to be 0.216 to 0.139.
Althouzh the Froude nurber calewiaied from loesl devistions of velocity end
depth may well fell ouiside this range, it is expected to he less than waity,
beace the trangdl flow regims. ' i :

Tas rapge of ;;;*— is coxzpubad to be 1.10 to 1.46, ard the range of ;—’E,

b.2 to 1.6 {vhere Y v V&b ) TIre valuss of these rarvanebers as chown
in the Simcns' curve define a domein lying largely within the realm of dunes

for the redicn diareter stipuletad.

Thae field survey, ead theor:ztical analysis have confirmed beyond deubt
that sand dunes are preovalent as & noving bad-lcad. This fector easily
explains the pericdic shifing of the rating cuwrves for the gauging statlons.
Simons hes produced in a leboratzry flure variegeted loops of rating curves
by increasing end decrsasing the diecharge over ea alluvial bed (19). 1Ian
f field study of fan waves in the 2liseiseippl River, Carey established e simi-
lar looped curve for the river disckarce at Tarbert Landing, Mississippi (20).
It secems likely that the SS-lj rmainly sealed the surface of the bed-lcad send,
which subsequently sbii’téd. oad dzstroyed the se2al. In the light of .the sand
éune phenczenon, the sealiag powsr of £5-15 would be ixrelevant ualess it

can be rrade to act, through the moving ssad, oa th2 channel bed yroper.
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CCIICLUSICHS &£RD RUCHRMEEDATIONS
From the observabicns »ade of the cealliticons of the bed ard the banks

of the Coachellsn Canmnl, ezveral conclusicns can be mede.

1. %he bunk moteriols in Reach Fo.2 ere ecsentially steble--at

Jeast frcn the stondpoint of ercsion or bank culting. The
shereline is -pmtuc*tea by & nerrovw bend of gress. ¥Where loesl
wesh-outs oceur, thay are ccntrqu_eﬁ irmediately--mainly oy
installation of chicken-wire deflechors. S11b berms ave forme
irg, howsver, and the benks zust be re-sloped periodically.
Tre "silt" seems 4o ccnsisé more of sard blowm in frea the

Gesert thon of sediment deposited by the canal water.

2. %he p&h_tgcj or bed materials in Reach Fo. 2 very in several
$zportent x%:spec’-ss frca the bank materiels. While the canal
28 in this reach 15 esssntially stodle, it is mantlied by
ehifiing dures of bed-load sand materiels. The stable base
materials ere cemanbted with C2003. dley materials swe 2130
found in sce arens as a binding material. The preseace of
the cloy materials can be explained by a depcsiticn sghzed of
the bad-load sand dwnes (15) bubt the reasons for the lime
Geposition eve lers evident. The lime seems %o be precipitated
8s & solubility ection as the hard cansl water seeps into the
caznal bed.‘ |

3. The source of the bed-lcad cand seens to be mainly from the
e2arby dzsert rather than frea bank or bed erosion. Each year
the amouat of bed-load sand scscms to very with the emownt of

wind and vegetatica cn the nearby Jand.
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An vnderstanding cf thesz sifte conditions are ixportant dbecause t‘:;e
Life of the sedimont seeld is Qirselly involved. The prelimivary testing
end prozedure davelopment con & Jzboratory scale ie eleo girectly involved.
For erample, it ic now obvicus that most of the luboraltery tesling wes
concerireted on the sand dune meterials rathex than cn the stsble base
materials. Coviously, mroesdures dzsizned Lo zeal e transicent maeteriel
that Ls in moticn when the canel weler is flowling are not helpful.

Thvs, in consideratica of tass i*:ramt site conddtions, the follow-

ing reconmerdations ara oifered:

‘1. The ponding mothed of sedimenting 1s hot recommended. A
sedirenting method 1o nesded that can be utilized_%'i‘bho*-.r:s

- édsturbiag or Interrupting the normal irrigation water
deliveries. v

2f Because oi‘ the reeld for periodic sloplrg of the cenal
banks and elego becaues cf the shii'ting bed-lo2d send prcblen,
an extyenmely low-cost nwc’zco. of sedimerting is needed that
can be repested pericdically withoub izcur"tng costs that
exceed the benefits.

3. %The use of ne of the local low-swell clays, such es the
Coyote Walls cl&y, iz recoumeaded. This materiel can be
rixed by duwping Za el a drop structure. Its excess cale
ciunm content probebly will enhance the natwral lime precipi-
tetion ead cexentation of the canal bed as well as materdially

esgsist in the settling of the clay out chead of the gand dunes.
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The major inetalleticn ehould dbe eccomplished ef moximm flow
when the movement of bed-load sand is also &b & msxinnc.

The use of chamleal floceulat :mg azents elong with the clay
gediment should be lovastigated. Faterials, cuch es Seporan
end IBFA can be used to ssttle the clay cult shzad of tha sand
vnea. %ae Tlocccwianis also heve same stabilizing or binding
yroperties tlr at axe nesdsd if the cliny is to b2 protected
from evosion. |

The use of gromad-uater lzvel and plezoneter cbszrvaticns as

the main evaluvation method is reccawsended, supplemenied o

the maximua poosible extent by woter-loss meacuraments of canal

flow.
Incrensed obiencion shonld be directed towvard drift fences
or other sinilar dovices thatl would keep the desert sends oub

of the cagals.
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Log of Samples
) A
IO 0%y Fine sand with dark
oD decayed organic matler
| L™ 11" Medium sand
i ’
; | 0"-3" Medium sand
oC 3% Thin film of fine sand
| 310" Medium sand
| | #
| \0"-3" Medium sand
, o8 - 3"-15" Medium sand with
N S clay balls
5| 4 3
5| 1A o D
S % 0= Thin film of fine sand
b < | 0-12" Medium sand
Q S,
N S|
W
§T &
S i
'y |
Nos. 1,2, &3 are fest casings Samples were taken July 26,1957

A,B,C.& D are sample locations

Jesting was conducted at S1a. 695, T15S5-RI8E.

Frg. 10 Location of casings oFf S5-13 Freld experimert
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