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The Ccechells Canal and Vicinity.‘

View dowastresa fron drop at Sia. 2083+15.

View upstreem frcm caral bridge et Ssa. T13+10.

Size distribubion curves for bed materisl samples.

Size distribgticm curves {or bank maberial samples.
Drive sampler.

Permsemeter syatem.

Leboratory set-up for 55-13 testing on 3-1in. leng cores.
Graphiceal represcnbaitlon bf rezults of loboratory testing of 58-13.
Iccation of casinzs of 8S5-135 field experiment.

Hixing of S88-13.

Mixing arrengement for 85S-13 trial.

Concentrztion profile during installation of S5-1%.

View lookivg dcwnstresm at earth dam at Sta. T30+00 during
ponding. '

Concentration history ab Sta. 695+C0 during Instellation of SS-13.
Superimposed plot of losses by reaches.
Separated plots of losses by reaches.

Plot of monthly loss by reaches. P
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The Coachella Caxel ds cae of the major swply c¢onals dellverieg
Colorado River waber into the Impevicl Volley. It delivers e limited

2

< o Po e e
arcovmb of dvvigedion waber

A ot ~mefa , rayas g - e s o] ot T2 oy B > 2.1 T
District, bub iig present main functicn is o deiiver waber to the Coachella

Valley Covnby ¥aler Distriet in the north end of the Isperiel Velley, nowth

of the Sallon Sec. Opsration of theo canal began in 12455 on Moy 1, 1932,
e l

The Eu erial Brrigsiion Digirict escumed operabtion and malnmienance™ of
ary ui@"v of the conal from the AL aﬁzmri@m Canal’ o the 6A cheeck, & disg-

tence of U9 miles. Sse Fig. 1.
The Irperial Irrigation District sovves an avea extending fwom the

X el - o - n. = ? B e I X = 2 @ om e Ve . 3
Tnternational Bowmdery ebout L5 miles north to the Salion Scs and having an

T

aversg;e width of shows &5 miles. It

;000 acres of land end delivers waber $o als

. Y s
ceonplish € this a.el.;‘ 4..; the Digiriet operates end mainbaing ainost

1600 miles of irzigation comael, T3 is nobeworthy eldse that the District

;

£

construeted end nov cperates ead maintains almost 1800 miles of open

h from b 4o 1k fest

Climatically, the Ir ri&l felley is characterized by low annual raine

Pell, low bumidity end hizh sumor Senperatures. Since the averege annual

pm\.,ini tabion is only ebout three inches in this relatively frost-fres desere

arca, all of the crops ere growa wnder Irrizatien.

=T

- At Joint empense with the Coachells V’::ll@y County Watar District.



¥ater for Ixvizetion was first brovghit from the Colorado River imto
this beolowe=gza-level arca in JS01. Cboiructing sand dmes on the Ameriean
side of the Imternationzl Bowndary and a natimral choznel on the Mexican
side made a Moxdcon roube favorcble for the original main canal. Howevaer,
dn 19%2 & owb-ofr embirely on the U.S. side was corpleted thwough the sand
dunes. The 80-mile long All-fmerican Ca;,:zl b?ings waser to the sgutharn
erd of the valisy, wheve It is cozveyed mortbward iz four maln caizala, one
of waich is the Coackalle Canal. The lstter cznals branch irto laterals
delivering water to each 160-cere trect.

The goils of the Trperiel Valley feflecfi: tlée ccorplex geological hi_s%csry
of tha exea. e m:f is a grshen which hos besn gradvally depresssd,

end at ke encroached 1wxon by the delia of ke Colorado Riwvar.

Thus, in relatiwely reccnt geologic time, the Colorsdo River has Llowed

7

slterzately into the Salton Sea bvesin, raising the weier level of the Salton
Sea, and then inio the Guif of Californis, peraitting evaporation to shrink
the Salton Sea. At the present tire, a low Llat ridge with a raximm ele-
vatior of gbout 30 feod ebove Pacific Seca level sepavaites the Salton basin
from th: Gulf. %he m,,ixi:m depth of the basin is aboul €71 feet below the
Pecific Ceean lsvel and the preseat cuxlecz level of Tthe Salion Sea is eboul
240 feel below the Pecific Occan level.

£s & resuli of the actlons dageribed shove, e random mixiure of stratified
soilsc i3 foumd im the Zperiel Velley. Colorado River delta cielcasiiz:s a;:e
interlayered with alluviel fen materials from the swrounding mowbains.
$his complex mixbucre of £oil materials has been further altered and modifisd
‘by drying and waltiing process, ond wind end wave eroslon 25 the shore line

of the Salion Sza altermately advanced and d2elined. Exbtonsive send dGune

ereas are found, especially on the east side of the walley.



The most recent iIncwrsion of the Colorado River into the valley cccourred
dwring 1504 end 1805 when the flood flouws of the river eroded the channal of
the old main cznsl past the point of control. 3Bringing the channel beack

under cortrol proved to be an extremely expensive chore, but the rampagzing

:

river did prodvce one Irmportont bénefit. Two desep chennels were formed

s

in ths valley: thz Alowo and the Few River channels. These channeis now

5]

T

sct as pain cralvage trunks, eceyvyirng the Tlow from the drainsge ditehas to

the Saliton Ses.

Toe Need for Cannl S::alj.gg

Needless to eay, water 1s lost during delivery to the Distriect lands.
Some of this loss can e ascribed to evaporation end operational wastes,
but a major part of the delivery loss is a seepage loss. Virtually all of
the Disiriet cansls eare unlined snd sapdy pervious soils are guite ccéi:.zon.
This seapage loas water is not only Irportant o the District frcm the stand-
point of its direct usa value, but its effect on the dralrage situatica in
the valley is also important.

Th2 direct vse valve 13 significant. For exarple;, it hes been stated
{2) t2at the water lost each year from the Coachells Canal only would be
sufficlent to irrigate £5,000 to 30,000 acves of land. The losses fron
other Distriet cemals exe not es high es those for the Coschella Canal;
never=the-lescs, when considered oﬁs ar, eere-foot per yeur basis, the total
Distriet losses ere significantly high.

What ebout ﬂw effect of this gcepoge vater on the District drainage
situation and aé;;o how ebou’; the ressibilities of v::e»wsing thke drainage

waters for irrigation?



The cbvious assvzi.ri_)‘ticn in respect to the effect of the canal eeepa,_,e cn
the @rsinsge nefwork is that & reduction in emmel osepoge will profuce evens
tually a proporuiconats doorecse in the outflow of nesxby (rains. This
would provide scveral bencficinl choln-resction effects, such es, (2) increa-

sed efficicncy 'oi' drainoze in nesxdy lands, (b) decreased. operation and
pairbensmce cosbs for those drodns influenced erd (e) & (ecressed inflow of
draimege water into 'Lha Salton 8eak.

In rerpect to the possibilities of re-using the drairage wvater for Ixri-
gatidn, 3% is figortent to realdze that in & ’é"ai-qm to waler teble conirol,
the wolley drzing elso hove anmotbar isportent rols of salt removal fron the
irrigated coils. Pecause of thelr origin, most of the vixrgin g0ils hkave
e.cc'tmai;:ic»ns of excess salt that must be leached fyom the eoil before they

can be fommed successfully under ixvigation. Iven then, salt ramovel proe

tade

blens revain. The irrigation veter itself coniolins choul one {ton of salts

per acre fcot of waber. Thus, eome "orer=irrigetion” or {owaward leaching
of saliz ivto the growund wabter resexvolr is Irportent if the productivity of
the fIrrigated lend is to be maintained. The dreirsge netvork then, must
remowe not only excess water Irem beassth the Ixrigsted Isnds, but glso
sighificent quentities of salt. Toe dralnage welew, thercfore, is commonly
marginal to too calty for lrrigation use.

dn mmmm*j, ‘the eanal seepage water is a contribubting factor in the;
drainmage of Disiriet londs and ouce tha cenel waber enterc the ground wabar
resarvoiyr, its quality is usvelly dowa-greded to an ex ert which eliminates

iis re-use as frrigotion water. It would be wise to prevent or control the

canal sazpoge locses to the maximum exbtent vossible.



Corventional canal linings of coneraste, asphalt or corpacted earth pos-
. 8ibly could be employed for esntrol of ths sespoge losses, bub eside fia
the trexendous cost of these linings whan goplied on & large seale, the neces-
ity of placing 'i:heée linings in & dry cancl would be a mejor stuzbling block
for tke combinuowsly-cpsrated eansls In the District erza. Therefore, the
éevelopment of a sedinsnt-senling methsd, regquiring little or no interzuption

of water deliveriesz, is o pressing recsarch resd in tke District ares.

_Dgscripticg_ of gi;jgg; Bite

&z previocusly mentioned, the gite s2lected for the research and develop=
rent work in the Distz*ict.araa is Resch To. 2 of the Coachella Canal. This
resch starts et the water measwring ccble-way &t station 300400, & short dise
tence dounstresm fronm the cheek and drop ab station 288+15. It starts in
quite & desp cut below the drop ard gradually surfaces in the section down to
the £irct curve &t cbhout station 50@@9 (Sce Pig. 2). The dounstresm end of
Peach Fo. 2 is &t ke waler measuring cai";»lesezay 3u,st e short distance wp-
sﬁraam from the canel bridge et station T1L3+10 (See Fig. 3). The reach ia
ebout 7.82 miles long. The ncarcst wmi is Foliville, California. |

This section of canal was selected as being répreSenm,tivea of ccizx‘aitioms
found elsewhere in the Coachzlls Canal, in the All-fmerican Consl, end in the
other major cansls of the District area. Cther factors leading to the galece
tion of this site for the trial werk inelude:

1. e 35-foot check-drop &t th2 uoper end of the reach walch woul

provide an  excellznt lucation to edd the sedirenting materisl into

the eanal water.



- )

2. The delivery loss, when muﬁm %o loss per wmit area, was bigher
for Reach ¥o. 2 than fm the other four reagies in the seciion of
the Cozchelle Carpal thkat is operatzd by the Melrict.

3. Bomz portions of Lthe 49-mile seetion operated by the Distrilet ave
lin=d with en wesmpected cloy blankst, ranging in thickaess iron
6 to 12 Inches in thickness; howaver, none of the lined portions
are in Reach To. 2.

Tae dagiga properties of the originsl cenzl are Gabulated below:

Station Max. Cap. Side VNot. fren Mox. Vel. BoS Width ax.Depth Grade
From T £3 Slore'  Sc. £%. £tfzec £ £t

€0 10.33 .CC01

0  283+15 2500 2401 833.3 3.0
2.0 52 10.1 L0001

285+15 E00+00 2200 2t 733.0

ﬁxe raximen discharge into the fcechzlla Canal, wp to the present tims,
is gbhout 1300 efs. The perk discharze time i3 nerme’ly from May through
Avgust. The minimm dischiwrge is seldom less than 300 cefs, and the pericd o?
miniro discharge is normally dwicg December throvgh Jamvery.

Since the District-operated sseticn of the Ccachnlla Caral runs along
the westein edge of an extensive area of sand dunes, thz canal bed end bark
materinls ere quite sanly. Mechoniceal annlysis data for o set of bed and
bank samples eré includad hevein as Figs. & and 5.

Woter enalysis Geta eve preseatzd in Tmble 1. The silt lood of the water
in the All-Snerlecon Conzl ig pericdicslly tested by; tre District end it sel-

dom excends 0.010 per cont (or 100 prm) by welght. | 1
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TABLE 1

WATER ATALYSIS DATA

COACHELIA CAJNAL, CALIF.

Date & Discolved Solids ysjoal Total Hardness
Samples ECx10 rm Tons/a.2. C& Mg Ea SR e3 Czog
3-21-431 1080 750 96 25 3 2.2 345
T-7-54€ 1112 778 82 32 103 2.5 335
11-7-573 1133 793 100 26 WD 3.0 359
1357 %6 1.3%

2:1-37 586 1.3%

3~-1-57 957 1.30

k-3-57 913 1.2h

5-1-57 €91 1.21

5~31-57 83k 1.20

7-1-57 780 1.65

T-33~37 8h7 1.15 378
&3—3:@5"{= 876 1.19 =72
10.1-57 891 1.21 376
11-1-57 876  1.19 376
11-27-57 876 1.19 385
- = N ) .

From Table 12, pzge T7, Dizgnosis and Imexo

U. S. Deph. of Agr. Hand b. €0, 105h.

3 Analysis by Babooek snd Sous, Riverside,

t 0 Salire apd Alkali Soils,

vamanv 0

Apalysis by Chemiecal Laboratory, USER, Denver, Colcrado.

Celif.

Remaining tests by Imperial Irrigstion Distriect -~ DS by evagoration,
Baxrdaess by Schvmrzepbach Methed.
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BEFOAE-YRIAL ACTIVITIES

Because of the large size and general comlexit,_{ o2 the Coachella
Canzl triel site, considersble preliminary work wes agecemplishad before

the trial installsticn wes made. e preliminary activities inclnded: (a)

|

wre for dete uiﬁirg The alin,_., rezalits, (b) develonment

settizg wp nproced
of metheds for sarpl ..:U of the sznn). bed snd bank meterials, (e) sarpling
and eveluvation of potential sediment-sealing sgeats, and (é.} emallesaale

sealiag eyporizents, both in thoe lnboratory end at the field sits, with the

most promising sedimsni-ssaling egenis.

Evalwition Motheds

Tiree methods for detection off the sealing resulis were set up:
Inflov-outflow measurerents, Plezometer readings and ground water leval
observations.

Infloy-outfiow Measuremants

In Jenuary 1955, the District-onerated section of the Coashells Cepal

wag gub-divided for wutsr maasuring purposes into the followfi;g reaches:
Reach No. 1 == Sta. 10+00 to 500400 ~- length 5.%9 niles.
Reach No. 2 -~ Sta. 300400 to 71}‘-.1»’0 -~ lenzth T7.62 miles.
Reask Mo. 3 ~- Sta. T13+10 to 165+50 -- length 17.38 nmiles.
Reach FKo. b -~ Sta. 165+50 to 2019410 (6A Check) -- length 18.39 miles.

Distz'itﬂtuoparaﬁeﬁ section -= fta 10400 to 6A Chack --Total length 48.99 miles.
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Two new cwrrent metering astetions, including continuous gage recorders,
were set-up at the cznal bridges at Sta, T13+10 srd 1653+50. Discharge
messuremants had been obitaired at the other current neterirg staticns
(Ste. 10400, 300400, 6A Check) sincs 1945.

For tkz gake of ccm};ar;&sén,, the water loazs data before the scdimenting
instellaticn are not reported here, but eve ressrved for the evaluations dis-

cussion where they will be swzwrised togebther with the post-insta intion data.

Piezcmeter Instellations

Starting in Feoxuvary 1957, pie:zo::.e‘tér ‘gtations were established as indi-
cated in Tzble 2. Thrae stations ware set in the trial reach, and one in
Reach To. 1, as e ¢ontrol station in an uatreated reach. These plezometars
were instalied et the west side of the channel bottom, each set consisting
of tkree l-inch pinpes spaced at z‘-.y;m)::i@.tely 1-foot intervals apart. The
piezoreter tips were sumk to 1, 3, and 5 fezet below the canal bed surface.
In ¥ay and June, 1957, a dezp plemomatar wss installal fest west of the
canzl center line at each station, and in z2ddition, the "D" plezcmeter was
installed about 5 fect wast of the highwater line. The purpos2 of the
piezoneters was to cbtain informztion on the hydraulic gradieat conditions
or th2 head loss incwrrad as the water percolates into ths bed materials
from the eanal. .

As with the water loss d=ta, the piezometer data are reserved for

the evaluations.
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2.

LIS? OF PIFZOMEETRS AND WELIS

STITION  IOCATION: ENTIFICATION TIP ELEVATION DATE OF IESTALLATION
(ft ebove
sea level)
AN RT o3at C+35 B A" 49.50 Inctalled Feb., 1957
15145 0+35 E "B" 47.50 stalled Feb., 1957
151:G5 0+35 E "c* 45.50 Installed Feb., 1957
151:C5 2+03 W "p" 117.92 Installed Juae, 1957
30327 0+55 B "AY 112.90 Installed Feb., 1957
303427 065 E "p" 110.90 Installed Feb., 1957
303427 065 E G 108.90 Installed Feb., 1957
303+27 2405 W "p" 93.63 Installed June, 1957
303427 o2 B Well 113.88 Installed May, 1957
Lh3gs€T7" 0+55 E " 109.58; 110.33 nsielled Feb., 1957
resel Avg.y9
k39:67 058 E "g" 107.58 Instslled Feb., 1957
b33:67 0+58 B e 105.58 Inssalled Feb., 1957
43967 216 W "Dt 93.40 Installed June, 1957
L3967 0433 E Well # 1 114.67; 112.55 Installed May, 1957
‘ reset Jan.,1k, 1958
439-67 2405 W Well # 2 11k.20 Installed Sept., 1957
|
63565 ' C+X£ E "A" 107.72; 107.85 s5alled Feb., 1957
- reset Aug.,l15
69565 0+35 E “B" 105.72 Installed Feb., 1957
65565 C+35 E "g" 103.72 Installed Feb., 1957
69565 2432 W "p" 60.91 Inssalled June, 1957
655-65 C+20 E Well s 1 110.77; 109.23 Installed ¥ay 1,1957
reset Jen. 1%, 1958

655-65 1400 ¥ Well #5815.40 ¢3.60 Originally existent
€55 65 Ci20 B Recorder Well Insitalled Oct., 1957
T13:C0 Cn  bridge Recoxder Cape talled Oet., 1957

& With refevence to mibs get on the edge of the west bank; sach set of "A" , "B" and
"g" piezcmsters at approxirately the edge of the botion of the chznnel.

€% In Feach Ne. 1, all otker stations in Reach Io. 2.
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Ground Water level szse;fvp.t_icrys

In eddition to the water level observations cbiainad from the
‘pilezozeiers in the imeediate vielnity of the canal, data have also beea
obtainai regarding the ground wabter level veriations in the East Mesa
grea below the Coachellz Canal. The Buresn cf Reclamaticn ingtalled 2
wide=-spaced network of c¢hoervation wells in this araa, starising in 1G%0.
The w*ta:r level ca"mvatmnz have beon conbinusd in the erea by the Disirict

ince 1352, and in reozmt  years 244itional wells have beszn added to the
arigm:al natwork in erecs of pavilenlsar interest. ‘
A A major purpese of the grourd water level cbzorvations was to trace
the progress of 'me ceagege waters into the East Mesa area from the All-
Ameriean mad Coachella Canals. The data obtained fron this phase of obser-

vationn are discussad in the eval: -ations saction of this chapler.

Developrent of Sexpling Eoulnment

=

Since tle canal has water In it contimously, szmples of the canal

bed, of necesslly, were collected frem & boat. Considersble difficulty was
periziced in retenition of the wet rmberials, espeelally the lcose sands,

in the smpler dixring recovery into the boat. Also, sinée the canal is sele
don cluir, the difficn’tmg ware compourdad, to some eﬂrtent,_. 'py thegeneral
. inabili 5y to cbgexrve or e::mjre the té;l ‘m,,; ials directly.

The gencral raconpalsszance yrobings of the canal bed were aceoiplished
with a :aimpla tube sagpler with a flsp valve at the top. The results of the
laboratory'maal;ﬁes of & set of prelimirary samples 'coE.l&cte:d with this saupler

nave been referved to previously. See Figs. b end 5
po
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The sonples of the canal bed paterials that were used In the pre-
liminary sealing experimentec in the Dictrict laboratery waxre collected in
& gpecisl sapler designed for this work aad consiructed by the Dictrict.

Sce Fig. 6.

Fotentizl SBedimonbinz Clays

= 2

Explorstion for possible scurees of natural eley sedirenting materisls
was bajun in 195k, Samples of neorty feposits wewe sont by the District to

the Bureon of Reclzmation {3); eddiiional sarpling aand testing subsequently

4
)

wAas x‘;i}).'le by the Diztrict, the %.i'::ersiﬁy, and several chanical coampaniszs. The
results of the USER testing are not sumrarized here becsuse the nmost :{’avoz‘ab;;a
materinls from their prelininery testing are ineludad in the later tesbing.

The potential sodimenting raterinls evaluated st the University included
commaraial bentenites, as well es lceel elays {B). The clays weve tested for
grit content, ccllisidal yield, f£ilter loss, end {riscs:si‘cy ; the methods used
were si}:lmilax to thore recormended by Fisk (5) for evelustion of beuntonites for
drillisg md use. Distilled water vas .,13;\:1 in this testing, the resulis of
which are sw:mm;ized in Teble 3.

gd{litional ‘aestin-g of the potential sadimenting cloys was ccgﬁgleted
in the Dictrict laboratory to determire the relative efficlency of three dise-
persing agents: Scdlwm tripolyphosyhate, tetrascdiwm pyroph ephate, and

sodiua polyphosphate. 02 the three, teitrascdivm prycphesphate was found the

most 27flcient with the eanal woler uzed in this testing (6). 1
The A. R. Fans Chemieal Conparny of South Cate, Califcrnia, also com-

pleted cupplsmertel testing of potertisl sedimonts. The miseidility and filter

loss creracteristics of several sediments were evaluated. In general,. the
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Table 3

e

OF ICYERTIAL SEDIMINTS

RESUITS OF CSU IAB TEIIIHG
Sample: Grit Coilnidal Woll fudloing
Ho Matarial Contant ¥icdd Filtor Tcoos Cajza Viscosity
& G (1) (in) (centivolzes)

S1-1  Coyohe Well 1.3 53.5% 1o 3/52 3
S1-2  Ackins Cladm 12.1 k2.9 189 8/32 2
513 Thermo Clala 2.5 18.9% 88.5 1/8 2
Si- Buysiem Clain 20.7 28.9 69 3/16 2
S1-5 Armase2l. L.7 65.2 41 1/16 <l
81-6 Mess Cley 5.7 €0.1 38 1/16 1
Sl-7 HWestera Cley _ 5

(Uten) 17.5 55.5 28.5 1/16 6
s1-8 Wesbtern Clay

(5ten) re arves 5.0 %13 33.3 1/8 3
£1-9 Bant. Corp. (Utsh) k.1 &4.6 ik.5 5/64
S1-10  Barsid (Wyo)

erushed L.8 8.4 16.5 1/8 22
.§1-11  Baraid (Wyo) 3

200-mesh 2.9 €8.2" 16 3/32 25

1Disper(san'i; (Scdiwm trirolyshosghste--0.753ms) added wiere tenfency for floccu-

lation nobed.
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nigeibhility of the sedimenio or the eose with whilch the clsy paterials can
be diﬂpemy}.'i&to vater secns to bcar en inversz relationship to the collol-
dal y:‘.elé. and to the filter loss claveeter. The Wyondrg clsys ere ralatively
Aifficult to mix bub exhidbit hish colloidal yield. and high resisiances to
passIge to ».“8"“6. 'w"-:xar.e the lcecal clays, espacially the very gritty ones,
are 2asily nixcd into the water, bul exqibit a relatively low colloidal yield
and low resistones $0 weter passage (vhen filtered ot 100 psi).

Thus, in the prelininary tecting of +he potentisl s=dimenting agents,
-the sroning bentonites indieat si tke rosi Lfavoreble recults. This is not
surprising gince untll only rec n—1y the ?ry&:ing high=-swell teatonite had
been used s the test standard.

In any eas2, the results c¢f th2 clay testing sre pot directly rele-
vant o the Cozchella Cormal trial ingtellation, which uliirately utilized a

non-¢lay sealing egzal, G8-13.
o J

Prelininsry Sedivent Sealing Excooriments
% ey

Bafove initieting the large-scale f£ield trizl in Reach No. 2 of
the Coachella Canal, preliminary evaluvations -vare conducted, both in the
leborotory and at the field site, to explorz the sezliny rotential, ;éenec
tratioa capabilisies, and operationzl characteristics of the varicus sealirng
egents progoesed for usz in the Ccache‘l:m Cacal triaml. The testing was eccon-
plishod by the District, the Dow Chemicnl Company of Fittsburg, Californis,
the Monzanto Chenileal Coupany-of St. Iouis, Missouri, and the Brown Mud

Corpany of Toryance, California.
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Experimentation by District

.

A cories of laboratory pewmzerbility teste, involving drive saxples of-
the cenal bed material and several of the most promising sealing mixtures,
were conducted Zm the Disbric
1557 (5)-

The drive sziples were cbiuined dizectly fron the zanal bot ttox by means

of thz sarplinz couirmond, previously maontionzd and as shown inm Fig. 6.

This éavice was Jdesizned to obiain Tron the :m“é::—erﬂed conal bed, sample
colwng of 2-X422 inch diamster and lTizzch n‘ﬁgth, enszoed in th2 ‘ranspareat
Iucite perzeameler Iinsexrt tudes :.i; v relatively wdistirbed condition. Taese
tubes were then ssserbled and tesied in the perzeazetaer systza in Fig. 7.

In the laborabtory teosting phoss, each sample was first saturated with

-J

caral water {eolleciad af 3ta. 10M00) and its initisl rexmeadililty was deters

mined 3y actual maasvrasent. Than & sedizenting treatment wes epplied.

Y

Followirg the treatment, the suxfece layer or filter celie was removad by
Ecrapiag end the eanal water was egnin inbtroduced. The pexmachility cf the
colura was meszixed at freequint irtervels throughout the test. ‘

Tae results of thz tests with the variouws sadimenting sgents axre sum-
parizel in Table b, |

‘ Tae "ﬂ*ﬂalc;w gerarslly conslsted of fine sand with nediwm sand ;,e;yers.
The intividuel rzad grains are predenirately caleimm cardbonste. Thin layers'
cf lime, sils, emi c,acajod organic ratter are interspersed thtoa.g}mut the
gands. In sore of the sarples, o thin green ‘eozting wves found on the surface 1
of the gample; in others the green conting wa “Ibu::is:@. urder 1 to 6-irches _
of a lnose sand {possibly bed-lced send). The lirme and z:.ilmémme@ laysors

were mre often enccumbered in the top lé,:,'ers than in depth at Sta 3004C0, wh ile
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Results of Laboratory Permeameter Testing by District

Tt Sasplicg Amount of lengih of Parcolstion rate (Cu 1t/oq £%/dsy and
0. lecaticn dispersant reainent converted to £0°C weit hydreviice gradient
(staticn) (em/33ter)t (hours )2 tefore trectiont Minimum Ultimatel
Treatment with Celifenia clay (Coyste Wells--18,2 gafiiter)
£o1 305427 0.hb 0.75 0.5 L0535 - 3.28 0.3% 0.34%(5)
<82 303+27 0.k 1.5 2.23 - 2.01 0.17 0.18(5)
%7 305+27 2.72 0.75 0.75 7.38 « k.51 0.22 0.22(10)
€82 b50+67 1.36 1.00 31.90 - 0.65 0.56 2.11(31)
£30 139+67 1.36 .75 - 21.13 - "3.57 0.32 7.50(17)
Treetment with Wycmirg benionite {(10.5 gmfiiter)
£20 305+27 0.22 0.75 C.75 5.27 - h.68 0.22 0.22(6)
ook 303427 0.21 1.50 46.80 - 31.9% 2.856 2.85(5)
0325 5%"’27 ()050 0‘75 0:?5 170‘:)8 - lh.es 0052 0-&5(9)
S 4304+E7 0.21 | 0.87 22,10 - 2.53 0.4 8.87(2k)
833 459+67 0.21 0.h5 26.80 - 2.00 0.63 0.98(27)
Treatment with Uteh benteniie (1L gn/idber)
819 305+e7 0.22 0.750.75 21.82 - 3.52 0.15 0.18(8)
055, 305487 0.22 B 1.80 = 0.70 0.22 0.26(12)
0.50 0.75 0.75  3.35 - 2.99 0.9% 1.19(9)

036 305+27
Grestiment with dispersant solutdicn only (0.21 gn/iiter)

4ok 303+27 0.21 . 1.22 10.75 -

2.2h 3.20 5.59(19)
633 303427 0.21 0.67 16.12 - 6.k 0.45 2.65(50)
851 430+57 0.21 0.75 2h.8 - 1.19 0.62 2.11(19)
832 430+67 0.21 0.83 27.28 - 1.55 0.67 1.39(37)

PTreatrmeont with "S8-13" (0.58 cz/liter)

402 205+27 none 20.83 w7 - 76.b 0.65 0.75(18)
b5 205427 none 16.92 20.0 - 15.9 0.1 2.00(18)
211 €95+55 pone 21.67 8.67 - 1.28 0.27 0.85(27)
212 459467 noas 21.67 23.55 - 0.48 0.20 0.57(22)
213 303+27 nong 21.58 3.85 - 0.13 0.12 0.24(22)

Without treatmens

AN 695+65 LGRS e=ceaccs 0.65 0.16 0.15 0.16(15)
o018  695+65 e 7.58 - 0.87 0.72 0.87(15)
919 695+65 ) none 00 esecee- - 5.h2 0.19 C.1 ©.19(16)

} a0 o i
he disparaant used was tebtreosclium pyropiosyhete (Monsanbto Chewical Co., and Dow Chemleal Co.
wo separabte trostments ere shown by two figires Indicabting thelr respzctive lengths.

he lowest Digure throughout thz run, usually imediately efter treatmznt befora the surface
s scraped.

he numbars in sorentheses irdicatz the tetal nuber of days for whlch eech run was conducted.
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in 4he sesmles feom the othor coempling stabicns in Feach Fo. 2 this
tendancy was veverged. Some random clay balls were found buried in the )
sands,

The permsebility rate for rest of the saumples was significantly
greater at the ocutset than the indlested overall rate of the f£ield eile.
The Liboratory rate usunlly Aecrsesed withk dime, Virtually all of the
T2 vatreatod conkrol swaples, were evenituslly reducsd to

2.

a low rate irdleating sealing. EFecause of this dtendency for 8l of thse

seanlos $o seal with tinme, it iz diffiecult to malke valld comparison ¢

2

the effects produced by the varlicus sealing- azents. In other words, the
canal water alems profucel o sexling effect comparable to that produced

. by th: s2aling agents and no on: scaling sgent exhibited a prenounced supe=
riority over thwe other agmmis.

On2 distwbiny fechor wes trat the above-mentioncd s2aling with %ime
was not being duplicated wnder nebtural conditions In tle Conchella Caral.
It is true tkat s dawnward trend in delivery loss from one yoar 'to. tt2 next
can b2 noted, but not of the maznitvde nor rapié.it.y axperienced in trz2
iab@rs.tc:ry tasting.

Following the labgmtox'y tosting described above, the District sccom-
plishzd similar testing in large cylinders sunk in the canal bed. T2

latter testinz is duscusszd lator 03 part of the exparimentatlon acccae

plished by the Browm Mud Compaay n regard to the 83-13 material,
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Experinzentations witk "Separan”

In this peograrm, carrled cut by the Dow Chsmieal Company, the effscts
of addiny suall quaniitien of Duv's Separan, a commeraisl flocculating
egent, toth into the patural cansl vater and also inty the cley cediment-
sealins mixteres, wers evalunted. ﬁ%he'tssi;ir..g consisted of (1) a seri_eé
of laboratory tests, (2) a &cdel diteh erperizent at Dow's Pitisburg,
ﬁal:i:?o:mia, plers, enl (3) stzndpize testo in the Coschella Cannl.

It & confidantial rep;ﬁr*:; made gveilable to the District end the
_Imivrzfr:;j.'t;rj‘, the work is simarized ss follows:

. "lehoratory tesis fivet domonstrated the possidble utility of
Soparan (R) 2513 and suspansicns of fine solids for the sealing of
Lirigation ¢onnis. The techuniques developed in the leboratory were
gnplied to oue zmall, diteh, avd the leaknge rate was decreassd by

a fector of Ten at & very medoraie cost. Cn-site teosting in the bed
of the Coachells Iaterel of the All-fmeriesn Canul System gave varisble

a
resalis, altkhough it sppeoared that Separan migat have scme epplicsiion
kere, 0.

A techninque. Involving the use of sedinent naturally precent in
the vater rather Thon artifically introcducsd sedimaat hes shown pro-
e in lekoratory tects. This pethoed is  alttractive beeause of
its low cost and sizplieity'”.

Considered in the light of cubosquent developments, espeeially when

the douinating influenca of the moversnt of sand alons thz bottom of the

Coachella Canal ip fully arypreciated, this work with Ffeparan offers. several .A
- proausing epprozcnes. o the Comachialla sealing problex that should be explorad.
The c:ers:iﬂézatio;z:; involved .wi1ll be discussed at grester length leter in this
¢hapter. |

e =

1 ‘ |

Traxrsuditied to University by lotter, dated Septexber 10, 1957, frxom
Mr. Robert R. Jemings, Reascaxch Department, The Dow Chomical Company,
t¢ E. D. Dirmayexr, CSU.



- Bxperbacntation with IEMA

Aoparently sinilay in perfozzarce to Dow's Szzaran Is 2 rolymer

ramufostived by the Monsante Chemiczl Corpony, knowm as "IBMA." During

1857, IBMA was tesied in Moncanto's St. Iouis Agriculiural Iaboratory, as

& seal ia sand colums. The

ﬁ»
1

sue were similar to those conduvcted for
Separan, except that no sand fiow the Coackells Carzl wed was used in this

initial leborabery testirg by Monsanto.

L)

5 a result of the lsboratory testing, Ir. Sherwood of Monsento had
_—y I 3
this 4o say™:

"It iz o uwdsvstonding that a 2% concentrmbion of bentonite
hus been & falrly standard requirerent in field tests (ectuslly 19).
Possibly this can now be greatly reduced since our most efficient
suspension concemirations wera in thke range of 0.25% to 0.75% bento-
nite in water. Gav*c"-su it is ¢ifficult to prefict fisld concentrae-
‘lon ranges from lzboralory studiss tecause field cperating pressuze
g’aﬁ*m;..s, 2o well as fi2ldl speeifications for discersed "w:g,ns.ims,
ory difder. However, in -p‘tﬂ of differencea in conditions of teste-
irg, the edilition of IXVA to beatonite suspensiors will have the
follewing inflveneses:

0:9' (=

1. 7Por e given rors size and suspernsion concentratica, the
PMA

. will szeed vp aisorption of the susypension
to seal off the pores.

2. C’o*"ﬁ”tn esalirg of porcus beds can be obtained with &
e dilute colloidal cley suspensicn. These dilute sus-
pem,ms do not geal if IRIA is rot adiled.

3. Those more dilute suspensions rezwli in obtalning greater
danth pa;f:ety*tifm Of the gealing sgent. :

L, fhe geal ‘a,zx 13 formed will be ruch ore per‘:un*nt if
borf=d by IRNAL"

1 In a letter teo Mr. J. M. &heldon o the mpe ial Irzrigaticn District,
datad Moy 9, 1558.
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Alzkouzh not a port of the before-vrial aci tivities, follow-up «,es‘t,.n‘,

by Yonsanto daring 1553, included %ects on one foot dinmster cylinders
-‘l.:"fl in 4he books of tha Ccachella Carnl. As result of this £ield azite
» #
testing, Ir. Deming of Monsento owmarized™ the results es follows:
"The pmreszaee of the IR with ben senite sypecrs to offer cone-
sidevrohle edvanhaze ovar the gesl chiained with bertoniits alone.
However, with the smount of Ca¥¥ be s.l/i)”’ita vhich is already present
on the bobica of the coral and.thst which is in suspension in the
water, I fevor the use of IHI glone ::'a“" her then «dd more clay.
The polymer will stebllize the "eilt” seal walch bos alrsady formed
o2 the bothom of tre cunnl and escelerzbts the closing of any opens
inzs in this "silt" 1 ,,._...l vith the sadizeat which is in suspension

"

ia the wabar.

Tnua tb_»», IEMA testing, vmeh wis earried out indaperndently of the
mma teat 3, a3 vesulted in pimiler conclusicns. A gphere of action

has bezan oublinzd thai will be diccuesed later in this chapier.

8 snc!

Dev ﬂlm*c"'; ord Teating of £8-13

Digerxding tha i«;ﬂa of ucing 2 dispersed bentonite o3 tha sealing egent,

+he Brown Mud Com gmy conéncted lrvestizations, both in the 1shoratory end

ot tre trisl site, and developed e materlal designated 83-13. This iz &

gemi-viceous crecny suspension of diesel 0il ard & mumer of pol;mr edditives

not for public @isclosure pending mt ant sxpliceticn. This paterial reportedly

penstrates the bed eolls eesily. Originally the cealing was atbrizuted by

% n a lebter to M. J. ¥. Sheldon, Imperial Jrrigation Distriet,
. dnted July T, 1629.

1 As en incidental note, we believe that pard o*’ the s<*=calla.i "gilt"
as veferred 1o in thils reference, is Cw,o3 or & live deposition.
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the Compeny to & deleyed reacticn with caleiuvm in the capel water. Ine
Noverber 23, 1859, infermation circular lfssued by the §3-13 Sales Coupany

of Froenix, Arizons, the material iz described es follows:

" 85-13 consists of resinous polyeevc end heavy atome mived in a
1. Its function is to increase the ionic

carrier of covneon disgel fuz

stirection of the soil partielss for water, thns increasing the thick-

ress of the hysrosconie envelope of woter around each particle. This
W - £

2]

Cecrenses the voids or passages throvzh vwhich water can move, and

&
L

retexrde thz flow throvzh soll.

=

The develorment testing of 53-13, prior to the mala Coachella triel
l&bc.;m;:mzy, ‘end (b) £ield site iezs“s::ﬁ_.nz in cooperaticn with the District.
Tegts corpleted with S8=13 in the Diafcri,c“t; leboratory have besun reported’
previcusly in Tavle b. |

The lsroratory testing by the Trowm 1l Compeny was accomplighed on
pex’s‘;ez*_i@ter samples compacted so that the rate of l 8 wos approximately
the ss\m:a es the actunl in(ic;tee cmgi lgss,. Semples uvsed in this testing
incluced: (8) 2 synthetic sand patierzed after the raterial depicted pre-

| viously in Fig. & on page 8, ad (b) sandy bed materials actually
collected from Remech Io. 2 of the Coachella Conal. The testing was pere
formsd, in en eguipment get-up es showa in Fig. 8. Ar dnteresting Pesture
of this equizment is the provision for simmlating capal water turbulence. |
A olot of typieal dota frem %hic testing is chowa in Fig. 9 (7).

Following the lﬂbcm‘toxzr testlag, the Dis rict dnstalled thres L-inch
dismeter czslngs .in the Ccachella Canal atb S‘LB €95+00 to test the perfor-
mance of the £5-13. These were driven to & depth of approximately 2 feet.
Fig. J._Q ghovs the locabion of the casings end furnistes logs of the materisl

encourtered in nsexrby test borirgs.
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The testing was accmélishez by noting the changes in leoss rate for
each casing upon trectment with S8-13. The loss rates were cbtalned under
consbant head conditions imposed by & flcat-velve operated Inflow from a
calibrated dvum st on top of each cosing. At the end of ysﬁ-lfs treatnent
each casing was flughed with capal water and then the aftev-trestuent loss
rate detempined. The effecis of itwo hinds ¢ ercoion on the seal were also
getermized. Se: Table 5 for o swmnry of test results from the casing
tests. (8, 9).

. | Tha first phase of the §3-13 treatuent in the casging tests was accou-
uring the pericd of Moy 28, 1957 to June 5, 1957; the follow-up
ercsion treatment was complated on June 10, 1937.

23 & comparison with the lose rates obiained in the casing tests, the
overall loss Piguwrss for Resch No. 2 dwing the same time are listed in

Teble 6. It may be seen theb the two typ2s of loss figures do not egres,

but 21l festors considersd {such 2s the najtural varistion in canal bed

conditions) the ectual rasg: in variation dozs not ssen excessive. In the

casiaz Lest procodure it would hove be2n belnful to determine the lozs
2 | &= 3 S
i

-

rate cn ’an wnirestsd casing--not only as o control to record the natural

vaz;iatims in loss during the treatment period, but also to see if the
untreatsd control would seal to the pome extent that they did in the _kbor—- -
tory testing.
Thas, a3 reml‘b o2 the lshoratory end field site testing of the S-Sbl3,
it was conecluled: ’
1. The sealing produced by §S-13 was epprecisble, although

not significently bebter than tkat produced by the other treat-

ments, ineluling the canal wabter alonz.

2. Th2 tenlency to re-geal afier eroslon wes & favorable charac-

terictic, but not coneclusively proven.
2

.3. The life of the seal was not fully evaiusted in the testing perforzed.



Teble 5

EESULINS OF 3S8-13 FIELD FEPERIMENTS
Casing To
1 2 S
Darth of water in coeirg (4nchss) 51 57 50.5
Corcentratica of S9-13 by vol. (%) 0.1 2.075 0.1%
lergth of £5-13 treatm az*;'t (bours) oh 22.5 19
Ancunt of 88-13 envlied (Iba/sq £5) 0.04¢ 0.C50 0.023
Ercsion eftor 83-1% treatment (2) (t) (e)
lozs rates (cu f.., aq £1/24 bro)
Just before 83-13 treatment 1.51 117 O_.81
t eal of 83«12 treatzent 0.561 0.55 0.4&
Av. liss during flvst 15 s
after 85-15 Tluchzd Lfrem
ea:h casing 0.68 0.%9 0.67
16 hrs alter trestmant renoved 0.54 0.2 0.50
6 days after treatment removed 0.24 0.18 0.29
After erosion
2 hrs ofbeyr 1.05 0.28 0.28
2 deys after 0.53 0.29 0.22
4 duys efier 6,1}3 0.18 0.22

.

*  S8S-1ja--~a slight varlation in

(&) Subjectzd to stirring wlth 2-ixch plke pole Lor 10 rinutes

in orsration.

(v) Subjected to jztting with 2-inch pum while l-inch pump withdrew water

fraon casing.

(c) Hot subjected to erosicn tres

forrmle

et

while puaps



VATER LI035 FOR ERACH 0. 2 DURTYNG THD FIFLD IXEPERIMELTS

* WITH 63-13 IN CASIEGS
Heed End 1oss in Webted Converied Waher LOSs
Date _Discharge. h f ____in Rezch No. 2
{(cZ5) (icd0 ev £% da)  (cu £t xer sa)
' £t er day)
DURING TREATISET TESD
May 28 1,016 & 5,167 7,180 2.25
c3 1,025 T 3,195 ’ 6,650 2.08
30 1,025 &1 3,195 6,595 2.19
June 1 1,015 &9 3,167 7,690 2.41
2 1,025 g3 %,195 8,030 2.51
3 1,037 1c2 %,0200 8,810 2.75
b 1,040 11k %,205 9,850 3.07
5 1,037 BL - 3,20 11,310 3..51;
DIRING EROSICH TIsT
June 10 1,18% 160 3,285 15,850 %.20
11 1,167 1k 3,275 9,850 : 3.01
i2 1,170 115 5,275 9,955 5.05
i3 1,170 o3 3,275 3,080 2.45
14 1,177 12 5,280 19,850 3.32
15 1,150 21 5,285 ’ 19,450 3,18
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TRIAT, THSTATIALTCN
(10,11)

In selecting the cealing matorisl to L2 used im the Coachells Cernal triznl,
rene cf the Ji=dd ond leberatory tests of the rrozesed sealing matericls was
ceasiderzd by the Districet to be culficiently fovorable o ropvesentative of
the .actzaa\l canal conditions to rrovide cenelusive reascn for edoptlion of one
material over envthoy. It was deeidsd, however, that the "disperszaat caly"
testing vas so wifsvorable that it could be climinated frem the finel considera-
tions. Thus, while the rraiiminary #iosting yrovided veluablz baskzround infor-
maticr, it 4id not answer the practleal questicn of how the rermainipg sealing
egente would perforn wnder the cendiitisas actuslly exisbing in the Ccuchalls
Cousl. Ar sctral Pleld trisl irstallasicn was resded %o res ve thie questica.
S5-13 was the sesling raterial eolenta2l for the fivst large-scels trisl.

The S8-13 motervisl, developad v The Buown Ml Company, was edopted
because of (a) its seemingly faverable sealing qualities, (b) its reedy misci-
bility with czmnl water, end (c) e cost less then estirated for the dispersed
bentoriite trealomen

The patursl clays and bentcnlios were not uged in this lerst exgariment
becance it was speculsted thel e swrface seal of ited life weould Lo w0~
duced wiless chaiuing of the c_;-az.@ bobtiom was scccmplished during the sedi-

rentirg. Also, the problem of mixing as much s 00 tons of clay 12?1‘530 ths

canal water p:»::*‘ cd of 12 hewre or less ab the time s*efmd inwrzﬁmm"mble.

Chznnel Prevaratl on

It was decided that the caral would be dreined fmmediately rprior to the

Trisl instellation and thet e migbuve of S3-13 end water would be pornded at
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least £0 howrz, o as long as presticel, in Reach ¥o, 2. This was made possible
by the Ceachells Valley Couaty Weber Distyiet asreeinz %o & %~ to 6-day intex-
ruption of sexvice from the caxal, beginning Cotober 27, 1957.

Tre dlstrict conotructed enm cavik dom st Sta. THOHD of sufficient helght

to pundl water in Dozsh Ho. 2 U0 elswaticn 117.0. The centrol portion of the
] it £ " — oY p- SRS T N X ) - < P -; e ‘
dem was left open duvring the draining of the cangl en Oobober 28, 1957.

Eo special nrepexalicrn of the chanuel wos necassery. However, since the

55-313 ves 4o be applied to a saturat wabter was run into

o
&3
i
1]
)]

4

*
:
¢
)
o
!:‘;'
[

A*Y
e
ot
o
g

rd

the porded section fow 50 minutes aheed of the stert ¢f the 88-13 application.
The Cex. at Sta. TE0H00 wos elosed ef 6:15 azm cn Octobar £9, 1957. The clear-
watsy Inflow at Sta. 288+15 of etoub 80D ofs wes stortzd st 5:%0 an, Octobar

29, 19:7.

Mixz Pcint Peerorations

Toe Brovn Mud Compeny set up & sugply end mizing plont Lo the S8-13 on
| 5 W

the bridge at Sta. 2286015 (Fig. 11). I3 coasisted of 2 22,000 gal. storess

Ty

tank, té‘o tenk frucko, & puzmp end &lscherge plyes (Fig. 12). The errangensnt
was such thet the trucks cculd allernate in supplying 39-13, =nd the stovege
tonk wes used as a s*é;:a.z;c“'?oy supnly of §8S-13. A Sparliny flowmzter was installed
in thz dizchorge plpe so that the emoundt eud supoly rate of S3-13 could be
petered eccurately. At the discharze end of the flowmater, a waber ;je't was
criginelly ireluded to eszist fa wmifomly mixing the 38-135 into the eznal
water; acwever, it woas ghult off afier 2 howrs beesuse adequate mixing vas

cobtaired without the Jet.
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AL of the £3-1% wae bevilad o the site before th2 sbert of the opcration
on Qectcber 20, 1357. The stc..ﬂ-;—: sk was full, three tiruck losds of 8S8-13

wer2 ot heald, &rl a Jourih truck and trailer load wus arked nzerby.

Tre £8-135 dlezharge pipe was bracad sgalanet the vpstresm edge of the
bridge pler ca the drep struziure ot Sta. 208+15. Thvs, the S3-13 waz zdded

into & regulated fiow of canzl waltor through the redisl gates in thz Lrop-

cheeXk ztruclure at 8ie. 238415,

Installetion Operaticn
22 e

S T B e R

Tre Coachells Cansl Drop of avoub 35 feed ot the head end of Reach FNo. 2
provided en exceellent losaition fcr‘ alditica of the 88-1% in the cspal wvater.
‘Following the U0 minnbes of a hﬁo 2fs fiow of canal woter into ths
ermity reoch, the adc’iiticn of 53-135 wus sterted et 6:30 em; Cetober 29, 1957.
The S6-13 wne in! reduced at & rata o2 11 ew £tfmin (92.2 gem) from 6:30 en.
wntil 2:02 1 or for 7 hours = : nd 38 minutes. It was then continued &t & lower
and 7 minaies o wntil all of the SS-15 hiad beea addsd st
5235 . The canal "f.le:;ar wes conbinued watil 5:b5 pa. The ficw during the

entire oreretion ranzed froan Y00 to 130 ofs.

A total of 305,620 1bs or 40,220 gal. of S5-13% was added to epmreximately
412 azre-£t of water, giviny sn overell avarage of 0.0% per cent by volums or
0.Co% lfaa/sq Pt of wetited psrimater. Coneantrations ¢ ‘ 5833 drmeedd ci“’lj
downstroem from the drop, &5 measured by & photoreter ‘e*:elou.a by the Brown
Mud Compeny, varied from 0.938 per cent to 0.01&5 per cant throwgh *h“ day.

See Fig. 13 for ccacentrailcns within the rsach.

It wos plenned that the pond swrfoce Lor the 85-125 piwtwre would reach

elevation 117.0; it cebually reached 135.65 or 1.3% feol lover thaa planned.

e cm

Lm:-.- ex2cifie gravity of SS8-17 is 0.91, and the weight is sboul 57 llba/'a-:u ft.



Toe tregied vater was zécnded in 42 reach for b0 hours end 45 mirutes.  The
amonmb of Jeakage into the sectica 'cm:c‘av‘gh the gates et the hend end of the
regch vas negligibie to consider (‘:astizmtad 3% 0.5 ofs). Ga the night of
Qotobhey 30»-';1 during the pc:*iiné intexval, about 0.38 inches of rein *"ell
on the reach. Allowance ves made for 'i*m. emount of v vater in the seeprge .

rate deterrined for the pouding inbeirval.

AL 7:40 am., Cetober 31, 1987, the conal Zlov was reeweed. The earth

&

erz (Flg. 1) at the lover emd of thz reach was brekea 1 hour and ! 45 rinutes
later ot 9:20 am. It teok 5 hovre end 25 minuies for all of the ﬁreai;.ad
waber 0 Tflow froz Feach Ho. 2 (Wix. 15).
e glug of treated water wos follovald dorestrean. The dlliubed nixbure
reachzd the Coachells Canal Wasbewsy Fo. 1 (Sta. L732+00) on Fovemrer %, end

23
according o data Tuzalshed by the Conchelila Valley County Water Distrlcet,

was turad indo the S2lion Sz asz folluws:

Total Daily Hzen

Date Tine Howrs efs _ Zotsl s

11557 12 F to 12 ¥ 1’ 61 L
11-5-57 12 ¥ %o 12 18 - 297 390

1 , .
11-56-57 12 M o 6:30 on 6.5 ] -

; po

The treated zaval wotor was cf a2 greonish-whilte colar, quite ope qu2,

with solotches ¢f browaish sews syperent on the walter surface for sboul two

16}
%)
2]
3
bl
o]
i
f
L:$
(34

rmiles MHeloy the voint of epplicalicn. Ths > wng caused by the
extrem turbulence: of woter at the &rcp. The troated waber hed aa olly amell
It was fatal to fish ca prolonged exporure, bubd 1t did nobt sppesy injurious

to wat:xrfowl obcerved swimiing in the ireaved water.

1 . ad_ 3%
Concartration probahly l2ss then 0.000 par ceat S5-15.

s
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AFTER=-"RILL E‘J’MM TS

The gensral elfestiveness of the preliminary plerming  eebivities, cad
of the sexling protuced by the 8513 4reninent has been eveluatad by (1) visual

. _
)boe:?m»,i%m ; end {2) cegpuse loos messwrensnts oad irdleatlicns.

‘!";"
3o 0% 23 B P oy da s o5 # o paols )
Visbusdldy ¢ of the sawpling work for the prelimi 2oy plaming activities
o« g m ‘lv’ Y o e e - oy PN e | N T 2o mea £ P Ao e
Jas acecmpaisihzi Sron o bood witiout  sobusl observablon of the canal Lotien.

Tnis cavsed AIfPizultias. 2, in the preliminsey sxmpling work 2

s Aifiicult to pleture why the canal bed was very soft &t one time or place,

while at ctler tiass in almoet ddenblsel sexpling locatioms, th2 bed wes

a 3=irch dlewebter plagticz tudbe couwld be

easily yushed irts the cznal bod et aluost all locadicas. Ioter Qus ilng the

>

ecarly peet of 1957, the bottor was Tomni to be £o very fixu that drive smop-
~irng with & gpecinl stainless sizel semler (Fig. 6) el & sladge Lerzer

| ¢ s

|

vere neceseayy. Tre drive zawples of ta: bed mpterdal showed that the bed

l
vand  wes lins-cenented, in some locadions; lader aupling at tha sore ecpoxi-

rete loceblons would cucomber locze oloen sond. I sons areas, air would

! .
r was withdeoom feom the bed.

Or: Dutober 23, 1557, the consl yos drained end for the first time it was
yossible to chaerve the canal bed lirsetly. %he chzorvations male af this
time, codvined with chzwyvatlons of bed loal gond moveront in en exgaris mml

fluze in the Hydvaunlics Indboretory eb the Univerally, helped to mnswer some

¢l the pareliny guestions posed by the ewrly sazpling work.
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The cunal botton frea Sta. 300400 gave the eppearance of being egsen-
'ti=lly steble. The bottom sends were, for the mosy part, stabilized with
& lire ((38@33) carentation, which in some areas wos found to be a coxposite

of rany very thin lesinations of lime. Infyequent blow=outs or washeouls

into the lime-stobilized sende wore noted where epparently the water hed

ercded thyough the surface encrusiation, but the sand in scme of the wash-
outs wos encrusted with o surface layer 6f lime. lncirien’cly, oot of the
gand itself is Caﬁ:oS. _

Fron Stve... L2040 to the end of_ Roach To. 2 &t Sta. T13+10, lcose sandy
paterials were fowmd as an intermitiont montle over lime-cemembed sands. | In
mst.a&e&s, the loose sand material occurred as dune deposits, with the dunes
feg;ulé.rly gspaced at ebout 20 to 30 feat epart dowm the canal From the pro-
bing and gormpling experlence, we expected more of & drop-off at the end of
each dune=-23 ruch es 2 to 3 feet rather than the .2 inckes to 1 foot found.
Since _t‘:f: ectual axount and tcpogrepky of the bed-load se,ni is of cxritical
i@om;ce in the canal sceling, this general su:a;}ec"c is discussed in more
detall later in this chapter.

AA fairl:y' well developed silt berm was found on all of the cang.l bank
areag, In en estinated 35 per cent of the totel bonk area, small localized
mud flovs of the silby to sonly bera paterisl veve triggeved by the repld
drewdown pericd on October 28 and agzein, to & lesser extent, on October 31,
1957. .

In the raz::éming 65 rer cent (estimated) of the cansd bank areas, no
plenge occwrred. The bark materials in these evess did not eppear water

saturated--at least when a chovel mle was dug, water did not collect in the



hole et an lmsedinbely chesvvoble rate. In thase smze general 3*“";. alxr
bubbled up from aome of the holes dug in the bobdlom wader woter. A fodrly
effective surface seal (bafore trantmend) in these arsess ssemed to be
inddieated.

The balfore=-Sremimant garplse of the cannl bed matsrial wawes collscbed
5 %he wvater ws dralning from the reash cn Qotober 23; the after-tresbaunt
b, 1957. Toe vesults of the

in Tablza 7. A faiat odox Qf

k“f

e layer sazples collected af

¢ dotect:d by choemicel Te3ts

oF

lngyg Measurenents

Tre geopage losses in Rezach Ho. 2, before and aftsr the £8-13 trezximent
%) ?

were evaluaited by beth direst and indirect rathods.

w-oubtllow Zeasure-
rente eonstituted a dircel methad; Indirect metheds insluded the plezonsier
end growd water level choarvations.

Tz stuldy of logses fraxo the Conchella Conal wes Indtieted in 1035 wadex
the dirzciion of Me. A, J. Joles, Chiefl Civil Eagiaeer ¢f the Imperilsl Irri@
gation Disirict. The resulis of this study have been ep m“t,}i in éstell in
Reference {2), : refore only Informotion of significaice and E&ne:lusi:ms

. . .
édravn thersfrom o2 presanted hara,

4
-

Pischarpye Analysis

~

Th2 transitory quality of thz flow ccaditicns comlicated ihe discharge

measurarenss. Many edjustment tocknigques were alopted in order to axrive at

.

8 reasoazble comparison. In any czse, since the effectivensss of the treatment
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AAReB 1Y SAMTLES

: % Soli iegs  Catim Wr:h.x,m capactiy
Sarple thon 2 ma. {2a/i00 p. 2 L. eamole)

Sta. 300+00 - Hest edze botion 0-%7 66.3 3.1

o € 1 ‘»‘«-:3 &3.9 2’}{,.

Center of canal Q-1 1/2' 956.3 3.6

3 n i :’;{vféﬂ-‘\s?’ 96 .0 .

13¢ frem W. bowk §-27 75.1 4.0

a 1 11 1t 2.517 8’8'2 2.8

siniesfier serple O-1 387 50.3 %.0

te of 7 1 1/2-6" 31.6 1.5

Sta. 350+00 - East edge 0-3 ifor 4.9 3.6

& " 3 1/2-67 35.7 L.

Canter 0-2 172" 58.6 1.k

" . /ﬂ3 5" 10000 h’as

Wesh edze 0 2" 70.5 4.8

B i 2“512 97‘}‘ 2 .:+

Trial-atisr sermole 0-3" 95.8 4.8

» Cc z‘*g ite -:f” 5 35" 97.6 1.8

Sta. 500420 - East baak 0-5" 85.7 3.5

Center o-45" 399.k 2.7

West 0-% 178" 8.4 4.3

o 1/2-5" 58.8 2.8

§S-13 Trisl-afisr sample 0-3" 85.% 1.9

Composite of 6 Fwb g7.0 k.9

Sta. 697+2C - East bank C-2 172" 82.1 3.4

: w % 2 1/2.6" 91.0 1.4
Center c-L" $8.9 1.7

" L6 99.6 3.2

HWest o-1" 3.8 3.8

3] 1_661 92&.9 2.0

S't&- rg’a:}""" ’\
S5-13 Teial-afizr sasple 0-3°
Ceaposite of 6 Bui

88
=0
&
(CIN

ﬁ, #
Testing by Soil Depariment, Coloredo State University

Resuld lovw. Sxomle cozrse, would rob pscek vwhen centrilfused, and scme fine
sberiel was mavoldebly lost.



must be oypraised in terns of water saved, the scowmnilabsd yw,r"" lces in
acre-foud should be the ultimate eriterien. PBowever, for a logicsl cone
parison, the weltizd rerimster must be talizn into aceocunt 80 28 to avold,

to some extent, the distortion due to streom disclorg: flucivationsk.

i
1]

The Ioss dote Sn this form ere plotied in Figs. 16 aed 17. It can
be sazen theb: 7
{2} Before the $3-13 sakiiamt, Reoch Mos. 2, 3, and 4 woughly
ggreed with each other and fluvcivaetizd within anaual cyeles.
Reazh Fo. 2, hovever, shovzd not oaly hisrer loszses bub also

&n erraiie behavier In relation to the time of year.

()} ATuer the §8-13 trostoont, Reseh Po3, 3 end b deviated

8lightly from thalr co. genity with Rezeh Yo, 1. Whathsye this
= o %)

Czviaticn was large enowgh o be meanlngfal 43 opan b

-

¢

conjecture. Reach fo. L, lying upstrear from Beacsh Ko, 2
end ponce Trze .%tm;l both the influence of the 8S-13 preoscuce
end the effecis of the drawdoun nseessitivied by the irvstallstion
oparation, ironleally showsd gigns of denreased losszes.

(e} Tnere 15 no ohservable evidence that the £8-13 treatment of
Reach Fo. 2 slfected the secpege rote in any wey. While this

statement E2y be considered valid in a genersl sense, it can be

4

Purther subsiontistad by en anslysis of the dlscharge rezerda.

-

1 It is evideont it pd‘"mz stion rate would not iacrusse in direct proporiion
with volure of dlscharg? unless ti}e wrzer bank zoned were satwrated alresdy

ami bydramlic gradicnt within the Ded remains constant durilng sny Incresse
or decrease of dischurgne.
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It 1o to be expected that the variations in ciream dlscharge systerati-

]

cally affzet the coapuied loss rabes boceuse of the Lluctustions in flcw
velcoitiss end water surfece clevation. From Fig. 18, it can be szen that
i Rosech ¥om. 3 apd b definite rolatlonghipe exist within & rzez;mmblﬁ: range
of seatter wiile ia Rench Hes. 1 end 2 the relstionshilps ere rather evasive

tecpuze of the wide seatber of doba,. I3 ghould be polnted oub theb since

the outfloy discherye wveadings of Reach No. 1 also gerve as the inflow dige

{

chorge reedings of Feach Ho. 2, any ineccuraey in the measwrznent b Ste. 300400
would yield mislendicg data in both reaches. Other possible causes Lor this
deta soobter muy be moss growhh, growmd-witer condition, shortiness ol reach,

end wnateble depth.

-

Botwithsiending the scatiter of dota, one can state with reasonable
certalaty that no evidence ¢f mny change In Joos rate 28 & result of S3-13
erplicztion Ia Dooch Fo. 2 can b2 detected frem the dlschargs ennlysis.

L3, AN | - P £ I Y Sot
Comoarison with the All-Awmenicen Csnal - These two canals are ccastrueted

!
'

SN

cf the sore maberinl, traverse over simllar topograzhy and geology, carTy
water of the ’szzf;a quaiity and celiment of the seme emovat and type. The
cnly differcmee is that the Aldl~iwerlcea Capmal is coniroiled by closely
spaced drop structures whereas the Coachella Canal 1is zartly wmeontrollied--

-

Yo. 4). Mr. A. J. Boles

o
Q
P
o
=
7
o
’—o
[a]
s
(o}
-
2o
O
)
&
sl

Renel Fos. 2 end 3 {2nd the

Uasil 19556-1657 “he vattern of loss frea the two coapals wus in
fact siwllor. However, beglpaing in 1956-57 there was chservad a
radical drop in the anount of Joss fran the All-Amevicen Cans 1.
Taie drop in loss has not be obaervel ca the Coachella.”



Plezcmetrie Annlysis

As mwention=2d yreviously, s study To::? the plazometric kezad im the vicinity
f the test reae;h was indtiated ‘in 1957. Date from a nunbsr of piezcneters
have bsen collected; most walis were began in the spring of 1957, others have
been in existence belore 1957, end still sthers were instelled later (see
Tehie 2). For ccmgleﬁe recawds of the fluactuatlens in pleszamatric hoad, sce
Ref. (2). .

Sta. 153405 {in Recech Ho. l) - Chamnnl plezcmeters have remained dry;

ewrfece crust leas parmesble than the undorlying meteriels 1s evident.
Gromd-water level 210 % west of the chenel has been more then 30 £ Jower

than the water-surface elevabion in the canal.

Sta. 303+27 (besd end of Rench Mo, 2) - Chcnnzl plezcreters bave beecns

-

ary exc winter, shoving a surface crust of slipghtly less permesbility ther
the u.xwrly?rc, maber ,aln. Growad water livel 8h0 £t wast of the chennel hes
beer 5 to 7 f% lorsr than the wuler surfa-e elevabiorn in 4he cansl. o chienge

aiter t'""'a,m;—nt cen b2 detzoted.

Sta. 1}59+6‘? (m2ddle of Resch Fo. 2). - Ho swface crust is menifest

ererace sawbe

ol

here. ’ﬁ.ﬁar the trontment, e lovering of aboul 2.5 £% in the plezcusirie
e ;

- C g s‘ 1)
head was seen; this was reduced to 1.5 £ in the pext :,*e::' ("Af‘%ﬂ. This

4

temporaxy ssaling effzet mey have boen the resuli of 85-13 4resireat. Oua
the ctiher hend, it eculd also kave baen cousad by obher factors, such &s

entr apped elr Introdiced during the dravidown before tbe itreabment opsrts 57 oa

- end tremsitory clay lopses carrizad in by €
Ste. 695755 (Gowastresn end of Resch Mo. 2) - The plezcmebric hied

a3 behaved 1n approximaiely the same warver es b Sta. 439 6; » bub to a less

rongucad degres., There & & sld U.:t surizca erust. The scealing yns sliphi

and o

SOTRIY -
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Crownd-Haker Becords

A network of wells hus heen installed, sce &3 ewrly as 1940, for

determining the groml-water level in the viecinity of the All-American Canal

and the Coochelle Canal. Slrcee the sourcs of grovad water in the Eest Masa

area depends solaly oa the ceepage from these two cangls, the water-table
elevation gsrves 23 & good indiestor of the waler loss trend. Althouzh no
w
quantitative mepsureniends of seerege can be chisined, this methed 1s very
usaeful. beeauce ¢f the relishle socwacy in dsfining the trend. A detailed
deseription of the study from 1970 to éste is containsd in Ref (2).
Results of this situdy shor that the waltsr table near the All-fuwerican

Cazal and the Ccoochells Ceuel had been rising steadily wmbtil sboub 1651,

saowing sirikingly oimiler behavier. From 1951 to 1956, the water teble nsar
the All-Amoricen fanzl beecanms aluest consbent while that nser the Cozchelis

Connl conbloued to riszs b sprrarizately the same rate as befors. In October

1956 the 83-13 itrestment tock pisee in RBeach Ho. 2 of the Cecack2lla Cansl.

>

Frea Saovtenber 1055 to Juze 1959, the water tabls ia the All-Aumsrican Canel

- ! (]

showaed @ stesdy dzcline. I, Boles wveporis:
|
... It seoms probable thed in later 1956 or early 1957 there vas
saome change in the cenal welier, suspanded sedimsnt or csral peri-
wmater along the All-fmericen, vhich practically sealed the cana
a2d reducad ths lesses aboul L£ifty T2r cent. If a ressen for
this sezling can be found and a sizilax situstion created and
myintolined in the Coochielis Canel, the problem of szeopege frem
the Ccachella Canel would be solved : :

S:J ot E‘v L

Wnat fow wells w2 heve close to the Ceachells Cancld chow
that the drep in water tabls and redueltlica in loss cbserved alony
tae All-fmerican Conol begliping 3n 1956-1957 did not ccecur
aleng the Cozchells Canal.

- -

It ray be postulated That the appereat seepnzs roduction in the All-

Arerican Capal is & patiwal resw’i frenm combinued operation for a length of

-

time, a rhencmenca conflirpad in the parmesmeter tests In the laboratory.

e ndl



» a shorter pericd thon the

by

Sinc? the Cozmchelle Caunld hes boen in operailion
AJJ,g.;i‘mriczm Comal, the permzeblility of 1ts chazxnel will requlre several more
years of use before it will denlipe to o minimum. Acecrding to this line of
it weuld bolp to install coadrol dvop struetuwres in Beach I"c'z 2,

3, end b 80 thet 2 lower and more waiform velocibty of flow cen te chiained

3 EXY ahd Y2 R i
to bhasten the stebilizablon procesns.

(o3

Everorabica Los

very losses in the Coachelie Cornl. As con be seen in Ushle 8, evaporztica
loss does not exceed 0.5 :!,z:-ch/ dey. Whese figures ave aversgss of measuring
ren evaporation eb thres stablons on the Selion Sea; o pan comversica fackor

of eprroxiuetely 0.7 is applicoble for the Ccechella Canal (12, 13, 1b)

2

¥

TAL

joe}

G

MRASURED PAY EVAFORATION DATA AP SALTON SEA

Yesr Jen Feb lMer Apr Yoy  Jues July fwg  Sept Oct Moy IDec

1956 .57 5.37 7.98 10.c0 12.28 12.15 11.82 12.%h 10.k9 8.65 5.34% L.é2
2957 2.91 3.30 T7.13 10.06 11.35 315.1 13.25 11.57 10.2) 6.78 L.76 £.61

obe: Theme Liguvxes (in 1 X
records ob three staticas cn the shores of Saltcn Sea equipred with
buried Towag-Type serecaed pan, 2-0% dlsmeber, 3-Tt depth, end 1/b-
irnch mash scraen. '

Y~ >. >, “ & ~T Do son, - A
nehesz) axrs averazes of the fresh-watsr eveporaticn
]

-

T2d Ssnd Analysis

s

Tn the svimsr of 1658, whan it was sysarvent that the SS8-13 trestvrent ked

not sicnificontly roduced the scepage in Reach No. 2, & specwlsticn was advancs
(g B gty b

thet the yrescace of & moviag bad-lcad hald prevenisd the eealipg actica fra



penetrating into the shable bed mroper. To verlfy this theory, en exeminstion

o Y
s

of the chamuel b2d was made on July 20 to £5, 1855

Ivvestisative _§'§-”3Weff

1

It can be recognized that dwing the wintsr mpontis of low

valozity, the bed-lcad moveomsnt fe not erusial, ¥

ronths of hizh £icow szud relsblvely grest velocily, the bed-losd

-

Ticwy exnd sawll

neyeas durdng the sumner

- N -
movenznt becores

en active Tacter. This 1s the roesca the erazinaticn was made on July 20 to

£3, 1558; however, bzcsuse the woler was i,urbi*‘% direct observalions of the

eznal bed were not pessible. Conseqguently, with linmited oboervations and

equipzsat, the bed-icad study was nod a3 t""w*ough as cold be desired. The

obszrvaticns of this study in Reoch Ho. 2 miy be suwmarized as follows:

1. The dopth of wader vsrie tween 5.1 and 7.8 £, with sznd-
ber crests measuring 0.2 to 1.0 £L in height.

2. Phe chanunel bobboa itzelf ssemed filem with 1 tient lime
crust; while the szl bars or dunes ware soft. The egofl and

firm edternatica alspg the chennel centerline were cach 4

to 10 £t in length.

I 3. The lcose sand cresie noved gred f,,..'L_J dormstrenn.

Ab 2 loca-

tion, they were tim:d to move eypavently 9 to 13 £ per hour, but

this rale cannolt be considerad genersl.

4. The softness in the ted, hense ths awwuns of loccse send, was less

prevalent ab this tiwe then in the previous fall,

(0

was dried oubl in zespavabion of th

w}_xen the csnal

88-1% treatment

5. The axcunt of sand n mobion on the bottan of the canal seems to

be related to the sicwed of sand dxifiing over the nearby land. ’

Bank or bed erosicn does nobt sesem to be important ss a source of

bed-load sand in th: Qoachelln Canzl.
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Theoretical Consideraticas

ezent experimeontation carrisd oub by the U. S. Caolegical Survey has

td

fo}
ot
(8
14}
i
3
[=7]
gzu
&
o'
L)
by
:
(o]
51

wncover:d saich velusble informebion in regar
Regines of ripple, dune, plane bed, standing wave, and satidune can now
be delizcated with reasonshle prenision (15). The case of the Coachella

Caral can e ensiyzed from the dabs Iisted in the Table belwow:

TADLE
DATA FOR 223D DUNE AVALYSIS

gfj.njzfzuml Maschman

Streen discharge ab Sia. 2715%%-10 s Glees )2 170 1,070

Veloclty of £lov, V(£us) . 1.0 2.2

¥odlan dlameter of particles, a[it)” 7.0100"8 1.18:1072
o ‘ (0.22 pm) (0.36 vm)

Wabter depth, D(£h) I 1.5 7.8

Slope, S{dizensicnlaess) 0.C0013 0.00053

Pemmerature  (°F)2 6 52 87

Fall valocity of sedimant, o{fps) 0.072 0.197

Kinematic viscosity, v(£4%/s2¢) 1.37:1077 0.825x1077

QU2

k3 : . .
At winizmam end radomum dlecharg:s snd temperatures.

\
Crvan necorded figures for 1827 =nd 1958.

Srrom Tz, 4.
From recorded readings of vobtion ard water-sweface elevabicns for 1957
-~ ]
and 1955,

5‘5‘2’@&1 everages recordad in Ref. 2. )
6Frcw Ref. 16 (ehnpe factor has haon asswed to be 0.5 to 0.9 sccording
to Re?. i7.

7Fm~n Ref. 18.



. 3

The ronge of Frowle mmber [-—-—. vwhere g 1s the gravitalional

accel-raticn} is caleulsted frea <he ebove dota to be 0.216 to 0.139.

Althouszh the Frovde murber calewiated fraa local devistions of velcelly end

dopth may woll fell oulside thic

0
H
2 ]
f;
2
@
-
(BN

+ ig expected to be Jess thon unity,
bence tha trangdl flovw reglms.

'3
P

, . Ve V.
Taz rapge of g is corguted to be 1.10 to 1.45, and the range of ¥

k.2 to 1.6 [wherc Y, = VglS). Ite velusc of these ravexsters as shown
4n the Simcns' curve define a doredr lying larzely within the realm of dunes
& v

b »

for th2 rpedion diamcter stipmlat:d.

rboiclui:!;g‘:,:_

Tie Tield survey, end theor:ztical analysis bave confirmed beyond dcubb
that sand dunss are pravalent as & poving bad-lead. Thls fector easlly
explaias the pericdic shifilng of the rabing curves for the gaugling stations.
Simons has produced in e laoboratsry flume variegated loops of rating curves

P

by increasing end decreasing the discharge over en alluvial bed (19). In

field atvdy of fan waves in the 2ississippi River, Carey established a simi-

)

lar looped curve for the rilver discharge atb Tarbart Lawding, Mosissippl (20).
t psens likely that the S3-13 madnly cealed the surdace of the bed-lcad sond,
which subsequently shiifted ond dzstroyed the seal. In the light of tae sand

dume phaenctencn, the eealing powsr of £8-15 would be irrelevant unless i

c¢an be rade to act, through the swving saad, coa ths chaunel bed proyer.
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CCHICLUSICYS ARD RUCHEMEIDATICNS

rom the cbssrvabticns made of the conditions of the bed and the banks
o? the Cozehelln Cannl, szveral conelusicoms can be made.

1. %he bank moberiols in Reach Ho.2 ere essenblally steble--at

ot

east from the stonlpoint of ercsion or bank cutting. The
shereline is trotosted by & nerrow band of grass. Where loeal
wesh-oubs cveur, thay are controlled irmedigltely--mainly Oy
installation of chishen~wive deflectors. 811t berms ave form-
ing, howsver, and the benks mmst be re-sloped periodically.
Tre "silt" esems 4o consis‘::; zorve of serd blovm in frea the

éenert then of sediment deposited by the conal water.

2. The bobicam or bed zmaterials in Reach Ho. 2 very in several

jamortent respacts frem the bank materials. VFhile the canal
t2d in this roach 13 esasntially stoble, it is mantied by
ehifiting dunes of bad-lead &..3.1 xaterisls. The stoble base
raterisls ere cemonbed with CaCls. Cley materisels are 2130
found in see arsus as 8 binding materlal. The rresence of
the cloy msierials can be explained by & depositicn shzad of
the bzd-load send Aunes (15) bub the reascus for the lime
deposition ere lsos evident. The lime scems Yo be precipitated
€s & solubillty scticn as the hzuwd cansl Hatef see;ds into the

canal bed.

the bod-lcad sand seawms to ke malnly from the

&

3. The souree

AR G STRETI T SIS

pearby desert rathar then from benk or bed erosion. Each yeer
the amouat of bad-load sond seens o very with the emownt of

wind and vegetatics cn the nearby land.



Thi

An undersianding cf these site conditions sre imporbant because the
1life of the sedimaont seal is diraetly luvolved. The prelimivery tesbing
end prozedure dzvelopment cn & lzborvatory scale ie elso directly involived.

For evemple, it is now cbvicus thaabt most of the lwberatery tesling was

concertroted on the send dune metsrisls rather than cn the stoble base

materials. Cuviously, rroceduves d2sigped to zeal e transient maberiel

-~

]

that s in mobica when the carsl water is flowling are nobt helplful.
Thvs, in consideratica of thas:z important si‘.ce coadliticns, the follow-
ing recormerdations ars oifered:

1. The ponding methed of sediventing is hobt recoamended. £
sedimenting method im nezded that can be utilized withoh
disturbing or interrupting the roreal lrrigadica water
deliverics. v

) -

2. EBecouse of the nseld for reriodic sloplrg of the ceanal

banks sad also bocauss cf the shifting bed-leozd send problem,
en extramely low-cost methed of sedimerting is needed that
czn be repested poricilcally withoubt ircurring costs thot
exceed the bersfiis.

3. The use of one of the lessl low-szwell cleys, such 83 the
Coyote W2lls clay, la recoumended. is materisl caa b2
rixed by dwwing Za at & drop structure. Its excess cal-
clum content zrcbebly will enhance the natweal lixx‘e precipl-
tetion end cermsntuticn of the caaal bed as well as mz.teriel]&

eseist in the settling of the clzy ouvb chead of the sand dumes. |

!



RN

The major inctellstlicon should be eccomplished ef mexinm flow

vhen the moverant of bed-lead sand is also et & maximr.

The vse of chewleal floceul f:.s.’a.né agents elong with the clay
sedimont should he iavastlgated. Faterials, such as Separan
end IEA nem be wsed To ssitle the cloy out ghzad cof tha sand
tnes. Tae fleccuwlaabs also heve scie stebilizioy ox binding
properties that ave gsesded IT the clny is to be'm’otacte-’i
Lrom evoslon.

The usz of gromd-taiter level and plezometer cbsarvaticns as
the main evaluatioy method is reccmmended, supplemenied Lo

the moximm poosibl2 extent by woter-loss measuraitents of canal

flcw.

)

nereased abiencion shouwld be dirscted toverd drift fence
or other zimilsr dovices thul would keep the desert sands out

of the carnsls.
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Flg. 3 View upstrean from canal bridge et Sta. T13+10.



1* Slot located approx.
I’ above driving head

Two sections of pipe
each of 3’ Jength
Joined by coupling

Tygon flexible
Plastic tubing
W'Mstal tubing
34'pipe recessed
and welded to
driving head
Throe Ye"dia. holes
equally spaced

34" Stainless
steel head

/8" Rubber
.~ spacer

Aluminum
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Fig 6 Drive sampler
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Fig. 6 Drive Sampler
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Manomefers

Supply reservoir
24" Lucite
tube

17.7cm —“1

‘.— 177¢cm

Fbr{a/alz

Fig.7 Fermeameler system

Fig.. 7 DPermzemzter systam.
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Overflow

Hard water

-

Agitator
300r g

O

E‘D?‘Y"f‘»?““,@f't?.'ﬂ:z\" {3 one e |
# X

Intake

Lucite cylinder

3" D x12”
P

Sorl samplte
548 P

‘4____3”

v
Filtrate

L 20-30 mesh sand
N Pea gravel

Fig.g Laboratory Setup for $5-/3 Jesting on 3-/n. long cores
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Log of Samples

A

01" Fine sand with dark
decayed organic matter

/p"™ 11" Medium sand

B
0'-3" Medium sand
3”- Thin film of fine sand

I
|
. 310" Medium sand
|

| | C
| - 0-3" Medium sand
| o8 - 3"-15" Medium sand with
N RE clay balls
S| 5! i
& -1 ‘OA Q |
S| S | D
3 5 0" Thin film of fine sand
S £ 012" Medium sand
W g ‘
2 ANy
2 |
L |
Nos. 1,2, &S are fest casings Samples were taken July 26,1957

A, B,C & D are sample locations.

Testing was conducted at $12.695, TI5S5-RI8E.

/[;g 10 [Location of casings oFf S$S-13 Freld experiment
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Fig. b View locking downstrezn

st earth éam
at Sta. 30+C0 durinz ponding.
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Water Loss in Cubic Feet per Square Foot per Day by Months
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