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Chapter I 

ADVANCE SUMMARY 

The present cooperative sediment lining project was organized 

at Colorado A and M College (Civil Engineering Department) in July of 

1953 as result of a contract with the Bureau of Reclamation. In this 

contract it was recognized that since the loss of water from irrigation 

systems prevents full, beneficial use of waters and often causes damage 

to irrigated lands, an urgent need exists for a low cost method of seep­

age control in canals and reservoirs. Since sediment linings offer 

promise of fulfilling this need for an effective and low-cost method of 

lining, it was mutually agreed by contract that a coordinated College 

and Bureau effort be initiated for the purpose of developing a dependable 

and effective sediment lining method. The contract was subsequently ex­

tended to cover fiscal year 1955 operations and it is believed that it 

will be extended again to cover fiscal year 1956 operations. 

The contracts with the Bureau include provisions for admitting 

other cooperators in the research and development work on the sediment 

lining method. Additional cooperators now include: The Central Nebraska 

Public Power and Irrigation District and five other irrigation districts; 

the U. S. Geological Survey; six bentonite companies; one chemical com­

pany; and two mixing companies. 

The objective of this report is to summarize the initial re­

sults of the first two years· activities of the cooperative sediment 

lining project at Colorado A and M College. The cooperative work with 

the Bureau of Reclamation is of primary interest, but the work with the 
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ether cooperators is also sUMmarized.. Much of the detail of the previous 

progress (College) and Bureau laboratory reports has been omitted. 

It will be realized that in some instances the evaluation and 

research wort is not yet complete" It is expected that subsequent yearly 

or individual reports will be prepared to cover each completed phase of 

fundaaeatal and applied research worka 

Sediment Lining Method 

A large portion of the costs of most canal lining methods is 

incurred by (1) preparing the canal sub-grade, and (2) hauling and 

placing the lining material. Sediment lining is a method in ~ich 

these costs ca.n be materially reduced or eliminated by utilizing flow­

ing canal water for transporting and placing the sealing material in 

only the leaky areas. These possibilities have motivated the cooper­

ative research and development work in sediment lining .. 

The method is best described as a low-pressure injection or 

grouting procedure wherein a controlled charge of water and suspended 

sediment flowing down the leaky canal does the pel1etration sealing .. 

The flowing water provides a stand-by reservoir of sealing material 

aad at the same time supplies the pressure head causing the infiltrationo 

The selective action occurs because of the seepage of the sedimentlDg 

water into only the leaky areas of. the canal o It can occuroftly if 

the se4illlenting material re ... ins stably dispersed, for otherwise the 

sediaeJlt would settle out as a surface layer, which can be easily daII­

aged. Under this selective infiltration action the lining material is 

coaceatrated in the cracks and voids where the major loss of water oc­

curs. In caaal bed areas where there is little or no loss there is 

virtually no lining action. 
-2-



There are considerable precedents in nature for the sedimenting 

method: (1) pervious materials have been sealed and cemented by geologi­

cal processes involving the seepage injection of water-borne sediments 7 

and (2) the natural silting of irrigation canals by muddy waters is as 

Old as irrigationo While the latter process suggested the sediment 

lining method there are significant differences o Silting» which usually 

involves the settling out of suspended materials by gravity, normally 

deposits a layer more or less uniformly over the canal bed regardless 

of whether the bed is leaky or nato In addition, this material usually 

does not penetrate the leaky zones and consequently is readily destroyed 

by erosion or dryingo A major objective of the sediment lining method 

is to achieve penetration of the suspended material into the voids of 

the perviOUS materials of the canal beds o Of the natural materials that 

have infiltrated and sealed permeable materials, colloidal cl~ys seem 

to be the most practical and availab1e o 

Advantages of ~dimenting Method For conventional lining 

methods, accurate location of the leaky zones in the canal bed is desir­

able since these are the ones to be lined o The expense of this work can 

be largely avoided in the sedimenting method because of its selective 

nature 0 The only equipment necessary is for canal cleaning? if needed, 

prior to the sedimenting, and for mixing or dispersing the sediment at 

the head end of the canal section being treated a The normal excavation 

and placement costs associated with most canal lining installations are 

almost entirely eliminated o The method is fasto An entire canal sys­

tem can be treated in a relatively short period probably not exceeding 



a few weeks. Costs are accordingly very low because most of the work 

consists of a water running operation accomplished by regular irriga­

tion crews. It is expected that if and when the demand develops, the 

services of experienced mixing contractors will be available for the 

larger installations. 

Research Objectives and Methods 

The general research objective of the cooperative sediment 

lining project work is to determine methods and materials to be used 

in the sediment lining of canals. A coordinated and integrated lab­

oratory and field investigations approach is being utilized. 

In general there seem to be four main variables in the sedi­

menting method: (1) sedimenting material, (2) irrigation water, 

(3) pervious canal bed material, and (4) canal operating conditions. 

In the initial cooperative work the sedimenting variable has been re­

stricted to one class of clay materials -- high-swell bentonites .. 

They were selected because of their colloidal characteristics, general 

availability and low-cost, and because methods have already been de­

veloped for dispersing them in water by the oil well drilling industry. 

The other variables were restricted by working on specific seepage 

problems in three major pervious soil types: loess, dune sand, and 

fractured rock6 These pervious materials are causiag major seepage 

problems on irrigation projects in the four-state area of Colbrado, 

Wyoming, Nebraska, and Kansas. It is believed that they cause similar 

problems in other areas where irrigation is practiced. The initial 

work has been restricted to use in laterals that operate more or less 

continuously during the normal irrigation seasono It has been assumed 
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that a lew-flow, full-ponding method of seditaenting could be u.sed iI'l 

the three major experimental installations. Under these conditions 

of sedimenting and af normal canal operation, a stably dispersed sedi­

menting mixture is a necessity. 

Even under restricted conditions, major problems remain. 

These include development of operating and installatiott procedures, 

and understanding and controlling the side effects of bentonite sedi­

ment liningso The types of materials where high-swell bentonites may 

be effectively used need to be delineated and procedures for evalu­

ating the effect of treatment developed and perfected~ 

Where possible, the preliminary devel~pment work--such as 

the dispersion testing involving site water and bentonite--has been 

performed in. the laboratory. Field application, however, involves 

many impo.rtant variables that cannot be readily duplicated in the lab­

Oratoryo These include existing soil structure, natural sediment 

cates, crayfish holes, depth to water table, salt status of soils and 

ground water, and canal operating conditioDS. On large systems wide 

variations of these factors may exist in various parts of the syste •• 

Thus, much of the preliminary testing has become an integral part of 

the initial field installation work. By restricting the initial in­

stallation work to small sections of laterals, which are a small rep­

resentative part of their respecti.e over-all canal systems, these 

canal variables have been economically taken into account. 

Field Installations 

Most of the cooperative research and development work has been 

conducted at three main experimental sites.. Two experimental 
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installations were ma.& by the Bureau of R.eclamation: (1) Kend.rick 

Project installation ~ lateral 128; and (2) North Platte Project in­

stallation in a section of the Horse Creek lateralo The third. major --...... --- - - --- --- ----
installation was made by The CeBtral Nebraska Public Power and Irri-

gation District: .!!:!-County installation in .! section of their !!.::!2. 

!!!! lateral system. The results are summarized in the order of in-

stallation work at the field sites • 

.!!:!-County Installation ~ Loess Materials -- The entire B-65 

system of the Tri-County Project traverses loessial materials exc1u-

sive1y. In the experimental installation in this area the lateral 

conditions before sedimenting s bentonite mixing, and sediment ponding 

procedures were favorable" The losses, as determined by ponding tests, 

were reduced from about 1 cubic foot per square foot per day to about 

0 0 2 cubic foot per square foot per day" The losses are calculated on 

a water surface area hasis o It is estimated that 5300 acre-feet of 

irrigation water was saved by the sediment lining during the 1954 irri-

gatioD season.. This, according to project estimates, is worth to the 

water user about $79,500 as compared. to the experimental costs of 

$15,000. The costs of lining was about 7 cents per square yard or 

about $1200 .. 00 per mile of lateral. The average wetted perimeter is 

about 30 feet. 

North Platte Installation in Dune Sand Materials -- In this 

installation the intermittent lateral reaches in dune sand are of fore-

most interest, but some sealing was also obtained in fractured silt-

stone, and sandy to silty slopewash.. In this experimental installation 

the presedimenting conditions of lateral, bentonite mixing, and sediment 
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ponding procedures were not entirely satisfactory. Before and after 

ponding tests were not run so no estimate of .. ater saved can be made .. 

Seeped land below the lateral must also be considered in evaluating 

this iastallatioD t however, a final determination of the decreased ex­

tent aDd the value of this has not as yet been .ade. Seepage meter 

results indirectly indicate that the losses were reduced to between 

four-fifths and two-thirds the original amount, but the final rates 

of 0.9 cubic foot per square foot per day and greater seem to indicate 

that theexperilllental sedimenting produced only a partiaJ sealing .. 

The seepage meter method of evaluation, however, is not entirely reli­

able. The general wa.ter table conditions are at the lowest stage in 

30 years, but this is in part due to local drought conditions. The 

'total cost of the experimental work was about $11,000 or a.bout 10 cents 

per square yard or about $1010 per mile of lateral.. The average wetted 

perimeter of the treated section is about 18 feet. 

Kendrick Insta.llation in Fractured Rock Materials -- In this 

installation the intermittent reaches in fractured shale and sandstone 

are of primary interest, but some sealing was also obtained in sandy 

to silty slopewash. In this experimental installation the lateral 

conditions before sedi1'llentingand the be.tonite mixing operations were 

favorable, but the water rwming procedures were inadequate. Even 

though none of the reaches received an adequate ponding, some sealing 

was apparently obtained. No pondiRg tests were run se no estiMate of 

water saved can be JUde.. Seep.age meter results indirectly iJldic.ate 

that the losses were reduced to between one-third and one-ninth the 

original rate. The final indicated rates range from 1.4 to 0.2 cubic 
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foot per square foot per day and seem to indicate partial sealing in 

some inst.ances at the time of the testing o The cost of the experi-

1IleDtal work was about $3,100. Because of the operational diff lcul ties 

encountered no estimate of the cost per square yard is made. 

College Phases of Research 

With limited previous experience for a guide, "trial and 

erroru methods were mostly resorted to in. the initial experimental 

installation work at the field sites. Since many of the fundamental 

problems are now more clearly delineated, the fundamental or "diagnostic" 

research phases of the sediment lining development work have been ini­

tiated at Colorado A and M College 0 At this early stage, definite 

conclusions in most instances would be premature, but the general 

scope of the research work of the College phases of the program can 

be summ.arized o 

Dispersi~n -- The College research work on the colloidal clay 

4ispersions has included (1) testing of a trial and error nature to 

determine the amount and type of dispersant needed for each field in­

stallation, and (2) a long-range study of the dispersion character­

istics of clay minerals mixed into various waters and including work 

on chemical dispersants. Most of the first dispersant testing was 

accomplished by the author at the field sltes,and also some was com­

pleted by Mr. B. J. Acker at the College, by project personnel at the 

field sites, and by chemical and bentonite company personnel in their 

respective laboratories. A long-range cooperative program with the 

Technical Coordination Branch of the U. S. Geological Survey is being 
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conducted through Dr. B. N. Rolfe, Clay Mineralogist, who has been 

stationed at Colorado A and M College. It is expected that a. separate 

report of this year·s long-rAnge investigations will be completed 

shortly after July 1, 1955. 

Mixing -- Another phase of the dispersion problem is the devel­

opment of bentonite mixing equipment o This work has been accomplished 

by the Tri-County Project organization under the supervision of Mr. 

GeorgeE. Johnson, Chief Bngineer, and the Cranese products Company 

of Tarzana, California. A limited amount of mixing research has been 

conducted at the College by two graduate fellows, Bruce Curry and Clive 

Newman, with equipment loaned by the Mixing Equipment Compatty of 

Rochester, New York. A make-shift but very economical method utilizing 

compressed air jetting into partially wetted bentonite has also been 

experimented with for use on intermittently-operated, small-size 

canals. In general, adequate methods for mixing bentonite for sedi­

lIlenting purposes are available, but the costs could be reduced .. 

Penetration and Sealing -- As 4 supplemental activity to the 

small-scale feasibility testing performed at each field site, a College 

laboratory testing program has been conducted to determine ~y and how 

the sealing action takes place. The initial testing has been concen­

trated on laboratory sand materials. The fractured rock and loessial 

soil conditions would be more difficult and many times more expensive 

to duplicate in a laboratory ap;laratus set-np. R. Bo Curry, graduate 

fellow, is conducting the study of the penetration and sealing procesaes 

UDder the direction of Dr .. Do F. Peterson, Head of Civil Engineering 

Department, and Dr. B. No Rolfe of U. S. Geological Survey. This 
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fellowship has been financed by the bentonite compauy contributions. 

In the initial testing, penetration of suspended bentonite into the 

laboratory sands was achieved and indications of the controlling factors 

in the sealing were obtained. A continuation of this research is 

planned. The results will be in a master's thesis, to be completed 

before August 1, 1955# 

Full flow methods -- The major installation work has been 

accomplished in lateral reaches where a slow ponding procedure could 

be utilized. In many canal systems, however, sufficient cheek struc-

tur~s are not available .and the ponding procedure is consequently 

uneconomical. A limited amount of researclt work has been conducted 

by the College on the development of alternative procedures involving 

a full flow method of sedimenting. The work has been conducted on a 

lateral of the North Poudre Irrigation Company .and possibilities of 

$imilar work have also been investig.a.ted for the Platte Vally Public 

Power and Irrigation District () Preliminary investigations have also 

been conducted for the Shell IrrigatioB Company through the Wyoming 

Natural Resource Board and the University of Wyoming. 

~ Bffects -- It has been recognized that bentonite sediment 

liJlingscould produce effects other than sealing in the canal or 

lateral being sealed.. One of the most frequent questiollS Cbncerns 

the possible sealing effects that the bentonite could produce on irri-

gated soils. Research activities en this possibility were originally 

p1anaed, but initial installation experience and precautions indicate 

that for practical purposes all of the bentonite is used in the canal 

being sealed. A normally muddy water could and co_only does spread 

much larger amounts of clay over irrigated laBdso 
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Another ' .• ossible side effect relates to the stabilizing effect 

that the colloidal clay material could have on fine non-cohesive mate­

rials, such as dune sands.. A $500,,00 grant has been made to Professor 

10 S. Dunn, who is studying this effect as part of a doctor's disserta­

tion i. preparation. 

A third possible side effect relates to the effect on sub­

merged water weeds. It seems that s01IIe varieties will not thrive in 

muddy waters.. Thus, for a time it was felt th.&t a. periodic sedi­

Blellting procadure could be used in some instances for a combined pur­

pose of water weed suppression and canal sealing 0 It seems likely, 

however, that in most inst.ances this type of weed s1:1ppress.ion would 

be too expensive. 

Discus.sions and Conclusions 

In the initial experimental installations, generally favor­

able results in sealing loess, dune sand, and closely fractured rock 

in canal beds have been produced, but the method bas not been tested 

under a wide range of canal conditions. It is concluded that while 

the initial results are promising, especially from the standpoint of 

cost and ease of installation, the bentonite sediment method is still 

in the developmeat stage o Many problems remain to be solved through 

research both in the field on actual canals, and in the laboratory.-

The rese.arc~ and development problems being encountered in 

the initial cooperative sedimenting work are probably similar in 1II.8lty 

respects to those encountered in the development of earth dam con­

struction procedures. In the first earth dams the earth materials 

were not carefully selected and construction was not carefully controllede 
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Basic relationships were not understood. Today. after many years of 

development, earth dam construction is highly successful. This is only 

because a very specialized and closely controlled procedure has been 

developed over a long period of title. Similarly a long period of tiJI.e 

and much effort may be required to develop the techniques necessary for 

successful application of sediment linings under widely variable CaRat 

conditions. Adequate research, however, should materially reduce the 

time needed to perfect successful sedimenting methods. 

For the above reasons, the bentonite sedimenting method of 

sealing canals is not reco'ftDllended for general use at this time. Wbe.re 

adequate technical help and facilities are available it is believed 

that the feasible limits of application for a given project area can 

be determined, but the results from one project area should be applied 

with caution in other project areas even if the conditions appear 

similar. Methods developed and problems encountered in the cooperative 

project work to date are presented in Chapters VII and VIII. 
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Chapter II 

PROJECT ORGANIZATION 

The potentialities of the bentonite sedimenting method were 

outlined in preliminary work by the Bureau of Reclamation field office 

at Casper, WY01llillg. While the inherent advantages of the method were 

evident in this early work, it was also apparent that there were major 

research and development problems to be solved. Development of the 

techniques require experience from among several fields of engineering 

and science, viz., irrigation engineering, colloidal chemistry, clay 

mineralogy, soil mechanics, drill mud engineering and other fields of 

practical experience and scientific knowledge. 

Because of the diverse problems involved, it was felt that a 

broad-based cooperative research approach was required. Thereupon, the 

Bureau of Reclamation and the Colorado A and M College entered into a 

contract agreement to initiate the cooperative sediment lining devel­

opment project with provisions for admitting additional interested 

participants. 

General Program. 

The general cooperative project prograM as outlined in the 

initial contract is summarized below: 

I. Determine, by prior field and laboratory investigations, 

methods and materials to be used in sediment lining of 

canals and laterals in bed materials such as loess, dune 

sand, alluvial sands and gravels, and fractured sandstone 

and shales. 
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2. Install several demonstrational sediment linings in canal 

or lateral reaches, each representing one of the bed ma­

terials mentioned above. 

3. Bvaluatethe effectiveness of the linings in preventing 

or retarding bed erosion and water loss. 

4. Bvaluate detrimental or beneficial changes in soil struc­

tures of lands irrigated by canals or laterals which have 

been sediment lined. 

S. Mutually share all available technical data relevant to 

sediment linings. 

Responsibilities ~ Financing 

The initial contract outlined specific work items to be accom­

plished by the College through a project le.ader acceptable to both 

parties. It provided that the College would be reimbursed in an amount 

not to exceed $9,375.00 for project leader planning and assistance ac­

tivities pertaining to the Bureau installation phases of the program 

and during fiscal year 1954. The author, who as a Bureau employee had 

worked on the preliminary sediment lining investigations, was employed 

as project leader by the College. The renewed contract for fiscal year 

1955 operations covers a slightly wider range of reimbursable activities 

by the College, and the maximum amount of the contract was increased to 

$12,000.00. 

The initial project funds we~e closely restricted to the 

Bureau installation phases of wort. The initial contract, however, 

outlined several basic or fundamental research problems, to be worked 

on by the College provided financing from other sources could be obtained. 
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The contract also indicated that the Bureau laboratories would perfo.na 

the applied research aspects of the preliminary development work re­

quired for the Bureau field site installations provided. personnel were 

available. As it developed, the Bureau was able to do most of there­

quired applied research. During the busy spring se.aso.ll of 1954, however, 

some College research money waS expended on applied research work re­

lating to the field installations. Thus, a strict division of separate 

work spheres, the one of applied research performed by the Bureau and 

the other of fuadamental research perforaed by the College, has aot been 

fe.asible. 

The research and development wo.rt has been accomplished. wltere 

the active interest, facilities, and support could be found. The initial 

College research work therefore ·was of an applied nature. Some of the 

Bureau laboratory work was ofa fundamental rese.arch character, and 

some of the best applied researCh work has been accomplished at the 

field sites by!field. personnel. The Tri-County work has been especially 

helpful. Some of the research problems have been conducted. directly 

by several of the cooperating benton.ite, chemical, and mixing compaJ'lies 

and by the U. S. Geological Survey. In some respects, therefore, the 

serious lack of research funds, personnel, and facilities has been an 

advantage in that it has produced a broad-based support for and iDterest 

in the sediBent lining work. Dealing with so many different people, 

however, also has had its disadvantages. 

During the past year and half the followinB sums of money 

have been received by the College Research Foundation for sediaent 

lining research work: 
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Irrigation Districts (4 at various amounts) 
Bentonite Companies (5 at $500 each) 
Bentonite Mixing Company (one) 
Chemical Company (one) 

$2,520.00 
2,500.00 

500.00 
500.00 

$6,020.00 

In addition, 810 sacks (100 Ib each) of bentonite and numerous samples 

of chemical dispersants have been denated. t.o the College project. Sig-

nificant contributions of technical information, particularly regarding 

chemical dispersants, have been received. The sediment lining expendi-

ture by Tbe Central Nebraska Public Power and Irrigation District (Tri-

County Project) is not included above -- $15,000 in 1954, probably 

about $12,000 in 1955. 

The funds received forreaearch activities at the College 

exclusive of project leader activities and finaacing covered in the 

Bureau contracts -- have been budgeted as follows: 

Dispersion Research 
Pertaining to field installations 
Cooperative research by USGS 

Penetration Research 
Bentonite fellowShip 

Stabilization R.esearch 
Grant 
Uncommitted Standby Fund 

500&00 
100 00 ,. 

Total $6,020.00 

1 Full-time employee, discharged when funds expended.; does not 
include contract support by the Bu.reau to this salary for the 
months of July, Aupst, and Sept~hJber, 1954. 

2 Another $1,000 due July 1, 1955 -- amount, however, is covered 
by potential collections froll a DOll-federal contract. 

3 Will be expended by .about July 1, 1955. 
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Chapter III 

REVIEW OF PREVIOUS l«lRK 

The general problem of canal seepage and the high cost of 

canal linings have been briefly mentioned in Chapter I. For the cen­

veDience of readers not directly engaged in irrigation or related 

industries, more details of the generAl problem are outlined in this 

chapter v This is followed by sections relating to (1) example set by 

silting, (2) preliminary sediment lining work (prior to organization 

of cooperative project), and (3) review of literature o 

Canal Seepage Problem 

Of the water annually diverted for irrigation in the 17 

western states, it is estimated that 35,000,000 acre-feet or about 40 

per cent is lost before it reaches the farm (2l)~ On 46 operating pro­

jects constructed by the Bureau of Reclamation it was determined that, 

on an over-all basis, approximately 25 per cent of the diverted water 

was lost in transit (20),. In addition, the growth of supplemental irri­

gatioR in many of the remaining states is making the problem of seepage 

losses from unlined gravity flow distribution systems a problem of in­

creasing national importance. 

In most unlined canal systems, 10 to 60 per cent of the di­

verted water is lost prior to delivery to the farmer's field o Most of 

t"he loss consists of seepa~e from the canal banks and bottom. While 

this seepage water is not physically destroyed, it is seldom available 

for use by those who divert ~r pay for ito Large storage and delivery 

The number in parentheses is the entry number in the Bibliography. 
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facilities are required to handle the extra water that must be diverted 

into the canals to compensate for the delivery losses. In many in­

stances, however, the extra water or canal capacity is not available, 

and duriBg periods when irrigation water is most needed, a shortage may 

occur .. 

In drought years this seepage water, if recovered, could be 

used to reduce crop losses, ranging frem outright failure to planting 

and irrigation cut-backse Perhaps of greater economic importance than 

the value of the lost water is the seep damage produced in nearby lands. 

The seepage from unlined canals serving hydroelectric generators results 

directly in energy and monetary losses. Considering all aspects of the 

seepage problem, the economic losses undoubtedly total millions of 

dollars annually, 

The prospects are that the over-all seepage problem will in­

crease in magnitude. This potential increase is related to the tren.d 

toward clearer irrigation water supplies.. In many areas m.uddy irriga­

tion waters are becoming less common owing to the increased use of 

pumped well waters and to the construction of upstream soil conservation~ 

flood control~ and irrigation storage structures. Consequently, the 

bad effects of excessively sandy sediments are being excluded from many 

irrigation canals, but unfortunately, the good effects of the colloidal 

clay content are also bein, eliminated. The resulting clear waters 

have ca:used extensive problems of increased seepage) bank erOSion, and 

growth of submerged water weeds (16). Thus, at a time when the demands 
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on available water supplies are producing critical shortage problems in 

many areas, the delivery problems in many canal systems are being aggra-

vated by the trend toward clearer waters. 

High Cost of Canal Linings 

Seepage losses may be satisfactorily reduced through the in-

sta1lation of relatively impervious linings or by special treatment of 

the canal section, but the costs of generally accepted and dependable 

types of canal linings have long been prohibitive for most irrigation 

systems. In many instances, by ignoring the seepage losses, large cash 

capital investments have been avoided initially, though not actually, 

inasmuch as extra costs are eventually involved such as, seep da.m.a.ge 

payments, digging and maintaining drainage ditches, or constructing and 

pumping from drainage and irrigation wells. 

Normal unit costs of canal linings recently installed on 

Bureau of Reclamation projects are listed below: 

Type of Lining 2£!! ~ 2,g !!! 
Unreinforced concrete (2 in. to 5 in. thick) 
Asphaltic concrete (2 in. thick) 
Buried asphalt or bentonite membraJl\ef) 
'Heavy compacted earth (over 2 ft thick) 
Thin compacted earth (up to a ft thick) 

$2 .. 00 
2.00 
o~ 
040 
.17 

to $5 0 00 
to ~.OO 
to 2.00 
to 1.00 
to .50 

These costs vary over a wide range from one canal to another depending to 

a large extent on the ,availability of suitable local materials and the 

procedure required to install properly, protect, and adapt the canal 

lining to the site conditions. OptimuJtt utilizatioJtof local materials and 

conditions can produce significant savings, but the costs may still be 

prohibitive in view of the magnitude of the large canal lining programs 

confronting many irrigation enterprises. In 1U.Jly areas, however, the 
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high cost of conventional canal linings can be afforded and small sec­

tions of lining are being placed each year. It seems likely that many 

irrigation systems will eventually be entirely lined, but in the .ean­

time there will be serious losses of water occurring from unlined canal 

reaches. 

Example Set !?I. Silting 

Natural silting is about as old as irrigation. It has been 

commonly noticed that muddy water seems to go farther than clear water 

in ditches and on irrigated land. Usually, however, the disadvantages 

of a very muddy irrigation water such as the deposition of sand, which 

has to be removed by canal cleaning operations, far overshadow the ad­

vantages., Frequently, the advantages go unnoticed until canal cleaning 

or construction of an upstream dam emphasizes that there were, after 

all, some beneficial aspects to the muddy water. 

For example, after Guernsey Dam was completed, the amount of 

sediment in. the irrigation water of the North Platte Project, Wyoming 

and Nebraska, was greatly reduced. The canal cleaning problem was sig­

nificantly reduced, but a serious increase in canal seepage losses, 

severe bank erosion, and growth of submerged water weeds were experi­

enced. Bnclosure 1 of the Appendix compares the canal losses and fara 

deliveries of the Interstate Division for the period of 1914 to 1952. 

Storage of water in Guernsey Reservoir was begun in 1927. 

In recent years the sealing effect of infrequent muddy water 

flows in the Interstate Canal has been noted and reported on by the 

project personnel. A slight mud content in the water (maxinluBl about 

1,000 ppm) will reduce the over-all Interstate Canal losses fro. 600 c,fs 
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Plate 1 Natural Se4i.ent Linings 

Natural sediment cake in canal as a result of muddy irrigation water. 
Cracks were formed during a two-week period after water was shut off 
in Superior Canal -- Bostwick Unit, Nebraska and Kansas. 

Close-up view of sediment cake. 
Note layering of sediment. Cracks extended to depths in excess of 12 in. 
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to 500 cfs2. The normal maximum flow is about 2,100 efs at the head-

gate. The sealing effect is temporary, however, lastiB.g one week before 

the silt cake is eroded away. Thus, the possibilities of artifIcially 

introducing a sediment into the water were considered. They have s1.i-

laxly been considered, on many other irrigat~~ projects, but what kind 

of sediment Should be used and how could penetration into the canal 

bed -- with consequently longer life -- be produced? 

Partial answers to the above questions were provided by an 

accident~l bentonite silting of lateral 218 on the Kendrick Project 

during the spring of 1952. This silting resulted from having to run 

water down the lateral before a section of bentonite membrane lining 

near the head end of the ditch was completed. The bentonite had been 

placed and partially spread, but had not been covered. The bentonite 

piles in the canal bottom acted as dams which were successively over-

topped by the initial surge of water down the lateral. The initial 

release of wate'r reached the end of the lateral in about eight hours 

as 'compared to about two days for a similar head of water in previous 

years. Indications at the end of the season were that the 1952 season 

losses were about 20 per cent less thaA those for the preceding season. 

The sealing effect seemed to'relate to the bentonite, which 

was picked up by the initial release of water, and the longer life of 

the sealing effect seemed to relate to the penetration of the bentonite 

into the lateral bed materials. Similar success with bentonite silting 

has been experienced on the Belle Fourche Project, South Dakota: a 

2 Personal communicatioB from Mr. G. H. Storm, Superintendent, 
Pathfinder Irrigation District, Mitchell, Nebraska. 
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wetted bentonite membrane in the lateral bottom was stirred-up by a 

chaining method. 

An examination of the reports on silting results from various 

projects shows that silting procedures with even a relatively pure clay, 

such as bentonite, are sometimes unsuccessfuJ.. Why are the results un-

predictable and how could more controllable results be obtained? Data 

regarding the type of "siltU3 , quality of water, depth of sediment pen-

etration, etc., from past examples of silting are practically non-

existent. However, the normal characteristics and inherent limitations 

of many silting procedures can be generally outlined. 

Limitations of Silting 

The most common limitations of "silt" linings, such as the 

short life and unpredictable results, seem to relate in most instances 

to the character of the local material, which is either dumped or 

sluiced into the canal being lined. The common limitations of the 

local "silt" materials are listed below: 

I. Permeability of material -- In some extreme cases, sandy 

and silty materials have been used for silting that are 

of a pervious nature, but even the most favorable appear-

ing clayey materials from local deposits commonly tend 

to prbduce relatively permeable and vulnerable "silt" 

cake linings. 

2. Settling tendency -- When mixed in untreated canal water, 

most local clays will tend to settle to the canal bottom 

3 Catch-all term -- generally means any sediment ranging in size from 
sand to silt to clay. 
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within a relatively short distance of flow, especially 

wben they are inadequately dispersed in a hard irriga­

tion water. 

The settling can be attributed in part to the larger particles 

of silt and sand size, which are found in varying am.ountsin all natural 

clay deposits, and in part to the flocculent effect on the clay fraction 

of normal irrigation water. Bither condition will result in coarse 

particles that readily fallout of suspension, depending on factors such 

as the canal water turbulence and the effective size of the sediment 

particles. The settling condition can produce two very significant 

limitations: 

1. Transportation ~ deposition of "silt" -- The transpor­

tation of the "silt" sediment and the deposition of the 

"silt" lining become a function of water turbulence. All 

of the suspended sediment load may be dropped in the first 

ponded reach of canal and the lining action will be con­

centrated where the canal water conditions are most 

favorable for sediment settling and deposition, and not 

necessarily where the lining is needed. 

2. Penetration ~ sealing !!I. "!!!.!!" -- Manyi!;ilttt linings 

do not penetrate into the pervious canal bed materials. 

Because of the difference in fall''Velocities, the larger 

sediment particles, such as sand, tend to settle out of 

suspension first. This is unfortunate since just a small 

percentage of over-size sediment particles can produce a 

bridging action over all but the very largest void 
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openings in the pervious materials, thus preventing 

penetration of the smaller clay particles, which settle 

at a slower rate. Even if most of the particles of sand 

and silt sizes are eliminated, flocculation effects 

commonly produce flocculated aggregates of colloidal 

clay particles that could also bridge over void openings. 

Thus, the more colloidal clay, which probably produces 

the main sealing effect, is commonly concentrated at the 

canal bed surface, where it is susceptible to water 

erosion, puncturing by anim.als, deterioration by drying 

and cracking, or destruction by canal cleaning. 

Preliminary Sediment Lining Work 

Preliminary work on a more controllable type of silting was 

begun at the Bureau of Reclamation office in Casper, Wyoming, where the 

author was formerly employed as district geologist. The main problem 

in most silting work seemed to relate to the sediment settling effec.s. 

Thus, the work was concentrated on the control and elimination of the 

settling effects and on the development of more predictable penetration 

and sealing results. 

The first testing was done in the district soils laboratory. 

From the previous field observations, it seemed that bentonite offered 

the best possibilities of producing a stable:-~sedimenting mixture 4 , and, 

to verify this conclusion, .a few test mixes were run with a drilling 

4 For the purposes of this report -- silting is a process in which the 
sediment settles into place. In sedimenting or sediment lining the 
sediment is essentially stably dispersed; settling is virtually 
eliminated by one or a combination of methods, such as pre-settling, 
chemical dispersion, or water turbulence. 
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mud type of bentonite. The mixes were essentially stable after the 

non-colloidal content settled out of suspension. Permeability tests 

were then run on a number of soil samples: first with clear water, 

then with a 2 per cent bentonite mixture, and finally, after removing 

the surface cake of bentonite, with clear water again. The results 

of the testing are summarized in enclosure 2 of the Appendix (5). 

Since the apparent percolation rates for the sedimented 

samples were significantly reduced, it was assumed that the bentonite 

had penetrated the sample. After clearing the preliminary investiga­

tional results with the Regional and Chief Bngineer's offices, a field 

trial was run during the spring of 1953 in lateral 218 of the Kendrick 

Project. The first problem, however, was concerned with the bentonite 

mixing. As a result of a previous bentonite grouting job, the diffi­

cult nature of bentonite slurry mixing was well knoWDo The problem 

was partially solved by contracting the mixing of the 75 tons of 

bentonite (dry) to a drilling mud control company_ The treated later­

al is about 8.2 miles long and has an initial capacity of about 80 cfs. 

Enclosure 3 of the Appendix summarizes the details of the test' instal­

lation. 

The conclusions from this installation work are: 

1. Mixing method -- The high-pressure oil well cementing 

equipment produced lumpy mixtures of bentonite with 

the canal water. 

2. Ponding procedures -- It was estimated that about one­

third of the 75 tOBS of sediBenting bentonite was 

carried ent~ely through the lateral system aa4 was 
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Plate 2 Preliminary Kendrick Project WOrk I 

Bentonite slurry mixing operation for initial sedimenting experi.ent. 
Slurry being diluted by flow of clear water over weir(Sta 2+56, lat 218). 

May 6, 1953 

Existing check structures utilized for ponding the mixture. 
Ponding interval was about 6 to 10 hours. May 7, 1953 
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Plate 3 Preli_iaary ~eDdrick Project Work -- Continued 

Bentonite filter cake in lateral bottom after ponding interval with sed­
t.enting aixture. Irrigation deliveries were begun several weeks later. 

May 8, 1953 

Clear water remained in low sections of lateral for about a week after 
the sedimenting. Before treatment, the lateral dried up within a day or so. 

May 15, 1953 
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still suspended in the water leAving the terminal waste­

ways. It was felt that with experienced ditch-rider help 

and slower ponding procedure$ a more efficient and troUble­

free operation could be obtained. 

3. Post-sedi.enting procedures -- Directly after the sedi­

.enting, the lateral was allowed to dry out. To allow 

sufficient time for bentonite penetration, it was thought 

advisable to maintain max~ water depths (with existing 

check structures) until normal irrigation deliveries 

were begun. (Subsequent work has. not proved. or disproyed 

this postulation.) 

4. Penetration of bentonite -- During an examinationaf the 

lateral bed, just after the sedimenting aad in the better 

ponded areas above the checks, bentonite could be fouad. 

in the fractures of the sandstone bed materials. In the 

sand.y lateral reaches, the bentonite could not be detected 

visually but positive reactions were obtained in most in­

stances with benzidene staining test o Many local soils 

have a natural belitonite content so that the st.alnillg 

test results were not conclusive. 

s. R.eduction of seepage.!!!! -- SOBle reduction of loss was 

noted ill the season delivery records, but it was evident 

that While ditch-rider records are sufficiently accurate 

for their intended use, they are not very satisfactory 

for deteraining seepage los.ses. 
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Review of Literature -------- ----------
Since the formation of the cooperative College project in 

Jttly of 1953, a literature search has been carried on for information 

pertaining to the sediment lining method. Considerable inforru.tion of 

a relevant nature has been found. (See Bibliography.) 

Several reports of silting and grouting applications indicate 

the major impertance of maximum particle size in the sedimenting charae 

and its relationship to penetration into the voids of pervious materials o 

Experience from the drilling mud contrel industry indicates that the 

depth of collidal bentonite penetration inte the VOids, to some extent, 

is a function of the viscosity of sedimenting mixture o A brief survey 

of literAture on the general subjects of secondary oil recovery, soil 

physics and chemistry, colloidal chemistry, geology of ore de~Gsits, 

and foundry clays seems to support the above generalizations and indi-

Gate that the sealing and stabilizing functions of an infiltrated clay 

cOUld be related to the cumulative effects, in varying extents, of 

filtration, flocculation, adsorption, gelation, and iGnic effect. 

The earliest recorded work with bentonite slurries used for 

linings was devised and supervised by Mr. Charles H. Lee in 1929. 

Chenery Reservoir, used for storage in the San Francisco, California 

water supply system, was temporarily sealed by a method involving the 

use of a relatively concentrated bentonite slurry introduced directly 

on the lake bottom, bene.ath clear water. 

During the investigation for the All~erican Canal in 1939, 

the Bureau of Reclamation conducted tests in a hydraulic model in which 

bentonite, mixed in canal water without a dispersing agent, was caused 
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to flow over a layer of canal soil. The bentonite was deposited in a 

thin layer on the soil surface. Upon drying, the bentonite layer on 

the soil surface cracked and curled up. When water was reintroduced 

in the model the sealing effect of the bentonite layer had been lost. 

It seems possible that this result was caused by over-size sediment 

particles, related to (1) the over-size non-colloidal content of the 

bentonite, and (2) flocculation agglomerations of colloidal clay 

particles. The latter condition could have been produced by the water, 

which probably was hard to some extent. Also, if the water circulation 

caused move.ent of the sample bed material, it could prevent penetra­

tion by the bentonite. 
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Chapter IV 

INSTALlATION MATERIALS AND PROCBDURBS 

The major experimental installation work has been concentrated 

on the use of high-swell bentonite sediments in three carefully selected 

reaches of lateral within operating canal systems. The general aspects 

of the sedimenting materials and procedures, which apply equally as well 

to all three installations, are treated in this chapter. 

Sedimenting Material 

It is recognized that a great many colloidal materials fulfill 

the stably-dispersed and sealing-in-depth criterion for a sedimenting 

material 0 For example, colloidal iron oxide and other mill tailings 

wastes have been known to seal rather coarse grained sands and gravels. 

Stack dust from the manufacture of Portland Cement also seems to have 

possibilities, but of the commonly available and economical colloids, 

the colloidal clays offer the most promise as a satisfactory sedimenting 

material. 

It seems possible to control and use locally available clay 

materials -- and site clays were investigated -- but in the initial work 

it was expedient and more economical to use commercial grades of bentonite. 

These are reasonably uniform in quality. in good supply. and in common 

usage. The past uses of bentonite as a canal lining material and as a 

sedimenting material also indicated its general desirability as the sedi­

ment to be used in the experimental installations, but some bentonites 

are better than others for sedimenting purposes. 
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Bentonite ~ ~ sedimenting material-- Bentonite is a generalized 

term which refers to a rather heterogeneous substance, composed mainly 

of the clay mineral montmorillonite and fragments of feldspar, gypsum, 

calcium carbonate, quartz, and traces of other minerals (1~1). It is 

thought to have been commonly but not exclusively derived from the 

chemical alteration or weathering of volcanic ash which was deposited 

in sea water. Its chemical composition can vary to a considerable extent, 

but a highly colloidal nature seems to be one distinguishing feature 

common to all high-swell bentonites. It is the colloidal yield of the 

potential sedimenting material that is of importance in the presently 

restricted sediment lining work. 

The colloidal properties and incidentally the stable dispersion 

potential of a high-swell bentonite seem to relate to the very small 

size and inherent negative charge of the dispersed particles. The 

inherent charge is important since small size alone apparently is not 

enough to produce the desired stable dispersion feature. The character 

of the adsorbed cations is also a determining factor. When speaking of 

bentonite, therefore, it is necessary to keep in mind the two general 

classes: (1) those with a high ratio of sodium to calcium that can absorb 

large quantities of water, swelling greatly in the process, and remain 

reasonably dispersed and suspended in thin watery concentrations, and 

(2) those with a low sodium to calcium ratio that can adsorb much smaller 

quantities of water, do not swell greatly. and have a pronounced tende~cy 

to flocculate rapidly and settle from dilute suspensions in water. 

When dispersed in a relatively pure water, a high-swell bento­

nite will commonly yield 10 to 90 per cent of particle sizes finer than 
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0.6 microns (about ~42.5oo of an inch. Local clays, particularly those 

of the Kaolnite and illite types, are commonly deficient both in small 

particle sizes and high excha~~ capacity. Even with chemical treat­

ment they will seldom yield over 50 per cent of colloidal sizes. 

A good high-swell bentonite can absorb nearly five times its 

own weight in water and at full saturation or hydration it occupies a 

volume 12 to 15 times its dry bulk. The swelling is reversible; it can 

be wetted and dried an infinite number of times if the water is fairly 

pure. When mixed with 7 to 10 parts water, it makes gelatinous pastes 

which will gel or set-up; with 15 to 20 parts of water milky, flowable 

suspension is formed; and in very dilute mixtures, such as 1 part 

bentonite to 100 parts of water. a high percentage of the bentonite 

particles will remain in suspension almost indefinitely if the water is 

nearly pure or salt free. The latter concentration and condition are of 

interest in the present sediment lining work. 

Bentonite deposits or beds are found in many parts of the 

world. but the high-swell bentonites are found mainly in Wyoming, South 

Dakota. and Montana. The current prices range from $1 to $3 per ton, 

unprocessed at the pit and from $10 to $35 processed and sacked at the 

plant -- the higher prices usually include engineering service. Bento­

nites have a wide application in industry. but the principal uses are 

as a binding agent in foundry sands and as a major constituent of oil 

well drilling muds. 

The drilling mud uses of bentonite are in some respects 

similar to the sediment lining applications. In the rotary drilling 

of wells, a "mud" is pumped down the drill pipe carrying the bit, to 
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wash away cuttings and to raise them to the surface. The mud also 

functions to seal the walls of the hole and prevent water loss. Bento­

nite added to the drilling mud enhances its lubricating and wall-sealing 

properties and also, owing to its thixotropic or gelation properties, 

assists in keeping cuttings from settling in the holes in the event of 

a shutdown of the drilling equipment. The drilling muds are usually 

quite viscous in contrast to the more watery concentration~which seem 

more applicable to sediment lining uses. 

Other uses of bentonite include: as a thickening and sus­

pending agent in medicinal, cosmetic, and pharmaceutical preparations; 

as a vehicle in horticultural sprays and insecticides; as a clarification 

agent for turbid water and sewage purification; as a gelatinizing agent 

in wet mash poultry and stock foods; and in the filtering and de­

colorizing 'of mineral and vegetable oils. 

Provisions for ~table sedimenting mixtures-- The economf. and 

selectiveness of the sedimenting method depends on the sealing material 

being stably dispersed in the sedimenting charge of water. Since slow 

ponding procedures were to be adopted in the initial experimental work, 

special provisions were required to produce the desired stable conditions. 

In the preliminary mixture testing, it was found that each 

particular kind of bentonite exhibits a characteristic minimum stable 

concentration in distilled water. This stable limit varies from a 

minimum of about 2 grams of a high-swell bentonite in a liter of dis­

tilled water to a maximum of over 50 grams of the least stable low-swell 

bentonite in a liter of distilled water. Concentrations of a given 

bentonite below its minimum stable concentration will rapidly flocculate 
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Plate 4 Dispersion of Bentonite in Water 

Dispersion testing equipment and test mixtures (after 48 hours) 
A 6-volt mixer for field testing. B Hydrometer. C Laboratory mixer. 

Preliminary mixture testing, Horse Creek Lateral site 
(immediately before mixing operation). 
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and settle out of suspension, leaving clear water above the settled 

bentonite. 

Normally the stable limit of a bentonite is higher when dis-

persed in canal water than in distilled water. The minimum stable con-

cent rat ion of a given bentonite seems to vary directly with the multiva-

lent cation content of the bentonite (as exchangeable ions) and of the 

irrigation water, and with the effectiveness of the mechanical dispersion 

method. Thus, the problem of producing and maintaining stable dispersions 

of bentonite in various kinds of irrigation waters may be subdivided as 

fo.1lows: 

1. Control of bentonite quality -- All bentonites have some 

non-colloidal or grit content and will vary widely in 

their yield of dispersed clay particles of a colloidal 

nature. This lack of uniformity problem was controlled 

in the project work by buying high-swell bentonite of the 

following specifications: 

Moisture 100.;' maximum 
Grit (plus 325 mesh screen-~et) 6°10 maximum 
Grind (plus 200 mesh screen--dry) 150-10 maximum 
Yield, drilling mud basis (15cp) 85 bb~ton min. 
Dispersion test No free water* 

* 5 grams of bentonite uniformly dispersed in 1000 cc 
of distilled water -- no free water after standing 
undisturbed for 24 hours. 

2. Control of .!!.!!!! water -- Since most irrigation waters are 

hard to varying extents, some tendency toward flocculation 

of the dispersed sedimenting bentonite will usually be 

encountered. With slow ponding sedimenting procedures 

the flocculation effects can seriously reduce the 

colloidal yield and the downstream extent of the sealing 
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action. Chemical dispersing or water softening agents 

can be used to control this problem. After considering 

a number of different dispersants, it was finally decided 

that the polyphosphates would be the most economical and 

effective agents~ other agents, however, could be used. 

The polyphosphates seem to have a multi-purpose applica­

tion, including the following: 

a. Sequesters the multivalent cations in the water, 

thus inhibiting the exchange reactions involving 

the cations of the bentonite and the water and 

thereby retarding the flocculation and settling 

of the dispersed bentonite clay particles. 

b. Reduces the viscosity of the bentonite slurries, 

thus facilitating the m.ixing .and pumping opera­

tions. 

Co Provides sodium ions to assist in dispersion of 

the clay colloid. 

The polyphosphate was added at a rate of from L/2 to 1 lb 

per 100 lb of bentonite. In the Bureau jobs it was added 

to the bentonite at the jet hopper, and oIr':the Tri-County 

job it was added into the m.ix water ahead of the bentonite. 

3. Control of mixing problem -- Producing large quantities 

of uniform, lump-free', and stable dispersions of bentonite 

in water is a difficult problem somewhat analagous to the 

problem of mixing water and flour. Lumps with partially 

wetted centers are commonly produced. Previous experience 
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with the single Jet method used by the drilling mud indus-

try indicated that it would be difficult to obtain satis-

factory Mixing by contract, but for the Bureau jobs there 

was no alterltative. The work had to be contracted out. 

In contrast to the many problems encountered on the con-

tract mixing jobs, the operation and the mixture prod.uced 

hy the multiple-jet set-up used on the Tri~ounty job was 

entirely satisfactory. Also the per ton mixing cost was 

about one-third the contract per ton costo 

4. Control of final concentration -- Under nearly dead-ponded 

conditions and because of the possibilities of further d1-

lution, an effort was made to uintain the initial sedi-

menting concentrations above I per cent. Soil hydrometers1 

were used to deterlline the concentratiolls. Nomograms are 

included as enclosures 4 and 5 of the Appendix. They can 

be used to cOllpute the quantities of bentonite and water re-

quired to produce ... giveJl concentration of bentonite mixture. 

Thus, when necessary a stable sedimenting mixture C.aJ1 be pro-

tinced by using a. high-swell bentonite, softening the mix water, .adequately 

Bluing the bentonite into the water, and maint.aining the initial sedi-

menting concentration at I per cent or greater. 

Field Site Procedures ------
The selection of sites for experimentation follows three general 

requirements: (1) suitability of the lateral size, grade, and structure 

1 Two types have been ~ed -- standard Bouyoucos hydrometer with ranse be­
tween 2 and 60 gr&m$lliter and special sensitive hydrometer .ith 0 to 10 
grams./liter range. (6). 
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locations for installation, (2) presence of definite seepage problem 

through pervious material assigned for each site, and (3) availability 

of water for sedimenting, of wasting facilities, of technical help, aad 

of operating help. It was not possible, however, and in some instances 

not necessary, to adhere closely to the general requirements. Some 

compromise to fit field conditions was required. 

Feasibility testing -- A pilot model approach was used in the 

field site work -- from two different viewpoints. First, small scale 

tests preceded the full scale experimental installations; and secondly, 

the reach of lateral involved at each site is but a small representative 

part of the over-all project distribution system o Bach installation was 

preceded by a comprehensive program of preliminary testing consisting 

of (1) a careful evaluation of the field site conditions under both 

flowing water and dry conditions} (2) establishment of Hbefore liningif 

records of site conditions and seepage, (3) sample collection and Denver 

laboratory evaluations of canal waters~ canal soils, and potential sedi-

mentsr(12), and (4) completion of small scale permeability and sedimenting 

tests at each site o 

Evaluation of ~ results -- In a meeting of the Technical 

Advisory Committee 2
7 the results of the field and laboratory testing 

pertaining to the Bureau sites were evaluated, preliminary planning for 

the full-scale installations was accomplished, and the Tri~ounty nOD-

Bureau site was officially substituted for the Bostwick Unit -- Court-

land Canal site in the cooperative project program~ 

2 Composed of two College members -- not including project leader 
-- and three Bureau members o 
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Plate 5 Field Site Feasibility Testing 

Test pits for feasibility tests in loessial soils, Courtland Canal. 
Permeability tests were run with clear and bentonitic water. 

Seepage .eter set-ups for feasibility tests in dune sand materials, 
Horse Creek Canal. Same equipment and procedure were used in 
Kendrick Project testing. 

-42-



Final planning -- The final planning for the three instal­

lations consisted of (1) development of tentative installation plan for 

each site, (2) completion of additional dispersion tests to determine 

the type and amount of chemical dispersant to be used 7 (3) calculation 

of total volume of sedimenting charge for each installation, (4) prep­

aration of final cost estimates, and (5) final preparations for delivery 

of water, materials, mixing operation, and ponding procedures o Tentative 

starting dates were set by backing up about two weeks from the expected 

starting date for irrigation water deliveries, but the actual starting 

date was finally determined by the Chief Engineer on the Tri-County Pro­

ject and by the irrigation superintendents on each of the other two 

projects -- the weather, the conditions of the lateral, and the need 

for irrigation water being the determinants o 

Installation work -- The order of work at each site was 

(1) presedimenting work, (2) bentonite mixing operation j (3) bentonite 

water ponding~ and (4) follow-up and clear-water-drive phases of ponding 

until normal irrigation deliveries were begun. 

10 The procedures varied at each site but in general the 

presedimenting work consisted of the following: 

a o Preliminary release and water storage -- On the 

Kendrick and Tri-County projects regular irriga­

tion water was used for the sedimenting charge of 

water and for the follow-up drive of clear water. 

This required releases into the main supply canals 

serving the test site laterals several days to a 

week prior to the start of the sedimenting work. 
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On the North Platte project sit~water from a lo­

cal creek was used. Since the creek flow was only 

3 to 4 cfs of water it had to be accumulated for 

over a week in the ponded reach above the mixing 

point. 

b. Mix point and lateral preparations -- The mixing 

equipment was assembled on the head end of each 

lateral reach being treated and a mud pit was 

constructed. The bentonite and dispersant were 

delivered. Where possible, weeds were removed 

from the test reaches of lateral and the check 

structures were water-proofed. The latter step 

was required because the small sedimenting flow 

would leak through the normal check board struc­

tures. 

c. Preliminary mixture testing -- Check mixtures were 

made with the bentonite, the dispersant, and site 

water in pre-determined proportions. The mixtures 

were allowed to stand for several days while visual 

observations and periodic hydrometer readings were 

taken. This furnished a check on the dispersion 

stability and also a calibration for the concen­

tration control testing during the slurry mixing 

operation and for the follow-up check tests during 

the subsequent ponding phases. 
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d. Operating personnel -- Arrangements were made for 

inspectors on the contract mixing for the Bureau 

jobs e This was not required on the Tri~ounty 

work as they did their own mixing. Where possible 

extra ditch rider help was arranged for the water 

running ph~ses of the sedimenting work. 

2. The bentonite mixing operation at each site consisted of two 

general stages as outlined below: 

a. Slurry mixing -- In all three jobs a relatively 

high concentration bentonite slurry was mixed by 

using the jet methods as previously mentioned. 

Even when the concentration ran as high as 10 per 

cent bentonite, the combination of cold water and 

polyphosphate dispersant produced a relatively low 

viscosity and easy flowing mud -- provided the 

mixing action was producing a smooth mix. On the 

Bureau contract jobs? many mixing problems were 

encountered that required supplemental jetting or 

gunning in the mud pit to complete the mixing. 

The mud pit cycle in the mixing provided (1) a 

control so that wheI\,J'ecessary lumpy unsatisfac­

tory mixe$ could be supplementally mixed by 

additional water or air jetting, (2) extra time 

for ffcuring" or complete hydration of the bentonite, 

and (3) a stand-by volume and better control for 

slurry additions to the lateral. 
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b. Slurry dilution -- The resultiBg slurry was then 

run into a diluting flow of relatively clear 

irrigation water. By taking periodic hydrometer 

check tests, the aaount of diluting water was 

regulated so that the desired initial sedimenting 

concentration was obtained. Mixing difficulties 

on the contract mixing jobs, however, caused wide 

variations in the rate of slurry flow and quality. 

This, in turn, considerably increased the diffi­

culties of regulating the concentra.tion of the 

final sedimentiBg flow. 

3. The actual sedimenting operation in the lateral reaches 

being treated can be subdivided into three general phases 

of work: 

a. Routing of sediaenting water -- This critical 

phase of the sediaent lining procedure was accom­

plished by the normal operating personnel in each 

project area. The normal water running sequence 

consisted of ponding back frOM the first check 

structure in each test section of lateral. De­

pending on the mix rate and volume of the first 

pond, this required from one to two days. After 

the first pond was filled, the bentonitic water 

was preferably released from under the check 

planks, at a rate equal to the inflow at the upper 

end of the pond. The procedure was repeated:for 
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successive ponds down the lateral being treated. 

Pond levels were maintained at uniform high levels 

as much as possible with the available ditch rider 

help. 

b. Follow-up clear-water drive -- Upon completion of 

the mixing, the same small release of water was 

continued down the lateral so that the checked-up 

pond levels could be maintained as uniformly as 

possible and until full irrigation deliveries were 

begun. The objective of the full-depth and low­

velocity conditions for as long as possible after 

the sedimenting was to provide a full opportunity 

for bentonite penetration into the pervious mate­

rials. Subsequent observations indicate that the 

major bentonite cake condition, and incidentally 

the least sealing effec~ is concentrated in the 

first pond o This is where the non-colloidal 

fraction of the dispersed bentonite settles out 

of suspensiono 

Co Mixture stability tests The time required for 

the bentonitic mixtures to travel down the suc­

cessively ponded reaches of lateral varied from 

about five days for the Kendrick job to about two 

weeks for the other two jobs e Owing to (1) an 

overrunning and diluting effect of the untreated 

follow-up water e (2) the pick-up of soil salts, 
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and (3) in some instances, inept water running 

procedures, varying degrees of flocculation effects 

were noted, which tended to reduce the strength of 

the sedimenting mixture. To provide a record and 

a check of the sedimenting mixture, stability and 

general characteristics, periodic samples and hydro­

meter readings were collected at various water 

depths and locations o The samples were later 

analyzed in the Bureau 1aboratories o The disper­

sion stability, position, extent, and volume of 

the sedimenting charge at various times during 

the sedimenting procedure were charted by this 

procedure. 

Final evaluations -- The most important evaluations concern 

the sealing effect produced, its life expectancy, and the amount, if any, 

of reclaimed lando In the treated section of the Tri-County lateral, a 

combination of before and after ponding tests and delivery records has 

been used to determine the sealing effecto On the Kendrick and North 

Platte installations a combination of seepage metering, ground water 

level measurements, and irrig.ation water records was used. Partial 

ponding test results are .a1so available for the North Platte insta11atioDo 

Se.ep areas also enter iRto the North Platte and the K.endrick evaluations. 

Where possible, comparishs were made of the experimental lining cost 

against the estimated value of the water and land saved or reclaimed as 

a result of the sediment linings. 
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Chapter V 

EXPERIMENTAL INSTALIATION RBSULTS 

The major experimental sediment lining installations of the 

present cooperative project progratll were made during April and May of 

1954 just prior to the irrigation Season. The evaluations contained 

herein, therefore, cover only the results after one irrigation season 

and are grouped in chronological order of installation: first, Tri­

County; second, North Platte; and last, Kendrick. The Tti·-County 

installation was accomplished entirely by project forces and equipment; 

the North P·1atte installation with contract mixing, Bureau inspection, 

and District water running, and the Kendrick installation by contract 

mixing aDd Bureau inspection and water running. 

The third Bureau of Reclamation site in the Courtland Canal 

of the Bostwick Unit in Nebraska and Kansas has been investigated, but 

up to the present time no full-scale installation work has been plaaned 

bec.ause of the large size and uncompleted status of the over-all ca.n.a.l 

system and because the cooperative project objectives for an experi­

mental site in loessial materials were fulfilled by the Tri~ounty work. 

Loessial ~ in Tri-County Project 

111 the Tri-County Project and other areas in Central Nebrasta., 

the silty loessial materials are cOlBIIonly characterized by a clay ceaent 

and by many vertical "root-hole" or tube-like voids (9). They have a 

relatively high permeability and, upon saturation, td6 to densify -.nd 

settle. Critical and dangerous conditions of foundation settlement ,a.ru:l 
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general instability can be produced (11), but on the B-65 main lateral 

system of the Tri~ounty Project the depth to water table throughout 

most of the area is in excess of 100 ft and, therefore, settlement has 

not as yet been a problem. The urgent need for canal lining in this 

system is created by high delivery losses, ranging from 80 to 50 per 

cent from beginning to end of the irrigatioB season, and a heavy demand 

for water that cannot be met by the present system. 

Feasibility testing -- Since the Tri~ounty interest developed 

after most of the feasibility testing had been completed for the Court-

land Canal site in loessial materials, the results were applied in the 

planning of the Tri-Coltnty experimental work. Of p.articular interest and 

applicability were the results from the permeability tests conducted in 

four test pits in the Courtland Canal!. The test results as summarized 

in enclosure 6 of the Appendix indicate that under controlled conditions 

(1) penetration and sealing of loessial soils with dispersed bentonite 

mixtures can be produced, and (2) the 2 per cent concentration of ben-

tonite produced the best sealing and penetration results6 Several major 

problems were revealed pertaining to (1) the equipment aspects of the 

mixing problem, (2) stability problems of dispersing high-swell ben-

tonite in hard water, and (3) penetration problems introduced by 

natural silt cakes or by the sand and silt fraction of sedimenting 

mixtures" 

With the above work as a background, the Tri-County work was 

immediately concentrated on (1) the design, construction, and field 

1 Testing involved the local project personnel, Mr. Do M. Lancaster 
of the Bureau Laboratories (13), and the author. 
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test1ng of a mixing equipment set-up, and (2) dispersion stability tests 

involving high-swell bentonite, canal site water, and chemical dispersants. 

Owing to the District's silt injection operations, most of the 

equipment and experienced personnel were already available~ The equipment, 

designed by Mro George Bo Johnson, Chief Bngineer i The Central Nebraska 

Public Power and Irrigation District, is shown in enclosures 7 and 8 of 

the Appendixo It was field tested on February 8, 1954 by sedimenting a 

2700-ft section at the head end of lateral 19 0 3 of the B-65 main lateral 

systemo Enclosure 9 of the Appendix summ~izes the details of this 

mixing trial~ It was concluded that (1) the equipment was satisfactory, 

(2) additional laboratory testing was needed to determine the type and 

concentration of chemical dispersant required, (3) the concentrated 

slurry should be run through a mud pit, and (4) sedimenting sites in 

loessial soils should be as dry and weed-free as possible e 

Preliminary planning -- In planning for the large-scale Tri­

County installation~ a site in the B=65 main lateral from Mile 23 0 7 to 

Mile 36 0 2 was selected because of the need for a dry lateral site o The 

mosaic pattern of drying cracks seems to help in the bentonite pene­

tration. The design capacity of the lateral at Mile 23.7 is 100 cfs 

and, from over-excavation during cleaning operations, the remainder of 

the test section to Mile 36.2 is the same or of larger capacity. The 

bed material in the test reach is loessial soil, which is believed to 

be representative of widespread loessial conditions common to the Tri­

County and other nearby project areas o 

A slow ponding procedure of sedimenting was planne~o Allowance 

being made for volume shrinkage from the sediment lining action, it was 
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assumed that about 1,300,000 cubic feet of sedimenting water and 400 tons 

of bentonite would be required. The project calculations are summarized 

in enclosure 10 of the Appendix. To determine the amount of dispersant 

needed, final dispersion stability tests were conducted in the District 

laboratory at Hastings, Nebraska. The results of this testing are out­

lined in enclosures 11 and 12 of the Appendix. From this testing it was 

decided that sodium tripolyphosphate at a concentration of 0.75 per cent 

(by wt. of bent.) should be used" 

Installation work -- Most of'the information in the following 

summary of installation work is from a report made by Mr. GQ B. Johnson, 

Chief Engineer, to the Board of Directors, The Central Nebraska Public 

Power and Irrigation District, dated April 22, 1954. 

The mix point was on the south bank of the main lateral near 

the turn-out structure at Mile 23.7 which is three miles directly north 

of Bertrand, Nebraska. Mixing was started at 3:30 p .. m.on AprilS, 1954 

at a rate of 300 Ib of bentonite into 400 gpM of ditch water. The dis­

persing agent -- sodium tripolyphosphate (NaSP301() -- was added to the 

mix water before the bentonite at the rate of 0 .. 6 to 0 .. 75 lb per sack of 

bentonite.. The clear mix water was pumped from the lateral above the 

turn-out structure and the slurry from the mud pit was pumped into a 

turbulent flow of diluting water being released into the test reach of 

lateral.. The release was regulated so that a final diluted concentration 

of 0.7 to 1.0 per cent bentonite was maintained. The mixing was com­

pleted at 1:00 p.m., April 8, after 59.5 hours of actual mixing time 

with a ten-hour interruption from bad weather. A total of 403 tons of 

high-swell bentonite and 6000 lb of dispersant were used .. 
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At the beginning of the mixing the lateral bottom was thoroughly 

fractured by drying cracks. The poadiag phase of filling and then 

allowing an under-flow into the next lower lateral sectioD was effectively 

Gontrolled by having a crew burn weeds ahead of the sedimenting water and 

then water-preef each sltCcessive structure with dirt.. When the mixing 

was completed, lateral sections 1, 2, and 3 (Mile 23.7 to 24.6, 24.6 to 

26.0, and 26.0 to 27.9) were full of bentonite water. After the mixing, 

the same small flow of water used in the mixing (about 10 cfs total) was 

continued down the lateral as a clear water drive, which followed the 

sedimenting water down the lateral 0 Maximum pond levels were maintained 

during the sedimenting and until normal irrigation deliveries were begun. 

At ~eriodic intervals during the ponding, samples of water and 

hydrometer readings were obtained o The hydrometer readings are tabulated 

in enclosure 13 and the sample analyses (12) in enclosure 14 of the 

Appendix. At first hydrometer readings alone were taken, but as the 

nearly dead-ponded water started to warm, temperature readings were also 

required. Then as settlement and clear-water overrun effects became 

important, samples were collected frem various water depths with an 

integratiag sediment sampler. By April 16, after 11 days of successive 

poDding, a small amount of dilute (less thaD 0.4 per cent bentonite) 

mixture was left in section 8 (Mile 35 0 5 to 36.2). To clear the main 

lateral for irrigation deliveries, the remaining bentonite water was 

run into sub -lateral 36.2 and was ponded between Mile 0.3 aad. 0.9. All 

of the sedimenting bentonite was utilized in the system: there was no 

waste onto irrigated land. 
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The major proble. encountered in this installation liea in the 

diluting andoverruJ.lIling effect of the clear-water drive which followed 

the sedimenting water down the lateral. The overrun of untreated hare! 

water caused some flocculation of bentonite. This problem cOll14. be coa-

trolled by softening the after-drive of clear water.or perhaps the after-

drivecquld be eliminated entirely. The general absellCe-of difficul.ties 

on this installation may be attribn,ted to the p:la.uniagan4 supervisory 

efforts of the project personnel. Mr. George E. Johnson., Chief Bngineer, 

pla.m1.ed and supervised the over ... all operation. Mr. Ted Johnson, ltesi4e.nt 

Engineer, and. Mr. Ja.ck Kapke, Canals Supervisor, supervised the· mixing 

operation and Mr. Orin Marquardt, Division Superintendent, .anet Mr. A. p. 

Lepik,Resident Engineer - Sup,erintendent, were directly respo.asihle for 

the ponding phase of the sedimenting work. 

The costs. of the experimental bentonite sediaeat lininl insttU-

lation in the B-65 main later.al are outlined below: 

Total cost of bentonite at job* (403 tons at $23.00) 
Total cost of mixing (403 tons .at $10.00) 
Total cost of pondinJ? engineering, etc. 

Total Cost 

UDit cost -- auprox 200,000 SCI yds.. at $15,000 
Cost per foot of canal -- approx 12.5 m.i at 

$15,000 
Cost per Dl.ile of canal -- approx 12.5 mi a.t 

$15,000 

$0,269.00 
4,030.00 
1,701.00 

115,000.00 

$.015/aq ,.4 

$.23/ft 

-* includes cost of dispersant, freight,aDd hau.lillgC~:":;ts. 

Initial results -- Most of the information ift the following sWIIUIY 

of initial sedbtent lining results is frOm .a re-pert by Mr. G. B. JoJulsO.D. 

to the Board of Directors, The Central Nebraska Public Poweraa4 Irriga-

tiOD District, dated December 6, 1954. 
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The before and after measurements of seepage in the treated 

sections were a.cca.plished with poDding tests. The before pondbtg test 

was JIlade with 1lOna.al irrigation water at the elld of the 1953 irrigatiaa 

Se.&SOJI; the same tes,t was repeated at the eJid of the 1954 irrip.tiOll 

seaseD. The treated sections were filled to 6 iaches, &boTe the normal 

oper.a.tiJtg level and an earth barrier was 'placed in. front of ea.chcheck 

structure with a dragliae. In the testing for both years, the tille for 

• 12.5 -in. drop from the1'1onaa..l level was recorded for each section. 

The p&D.ding tests are outlined in 'the table below: 

B-6S 
Sectiolt 

I 
2 
3 
... 
5 
6 
7 
8 

Mile S ta.t ions 
From To 
23.7 24.6 
24.6 26.0 
26.0 27.8 
27.9 28 .. 7 
28.7 31.3 
31.3 32.7 
32.8 3a .. 4 
35.4 36.2 

Total Miles 12.5 

Time for 12.5" drop­
in pond level 

hrs 
83 
74 

117 
89 

136 
113' 
162 
162 

Avg 117 

Lou for 1953 (before sedimellting) Avg 24 

Approx Loss* 

eli ft/sq ft/a4 hrs 
0.30 
0.34 
0.21 
0.28 
0.18 
0.22 
0.15 
O.lS --Avg 0.21 

Avg 1 04 _ t 

1954 Check tests in untreated sections of nearby branch lateral. 

BraJlch 
lateral 

30.6 

35.0 
36 .. 2 

0.0 0.4 14.5 1.72 
lS.O** 1.67 
16..0** 1.61 

0 .. 0 O.s 16.0 1.56 
0.3 0.9 34.0*** 0 .. 74 

• IJlClu~& evsporatiell loases. 
** Potld pumped full qaill after precediltlte.t Utl tiJle fer 

*** 
U.S-in. drop froa JlOntal water level aea.sw:e4 .a.gaiJl. 
Dilute mixture of about O. a% beatotli te w.aa.ted illto this. 
lateral .at end of se<iiaeDtiq • 
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Thus 7 the after treatment losses at the end of the 1954 season 7 

which average 111 hours for a 12.5-ill. drop or about 0.2 cu it per s4 

ft per day, were about one-fifth of the before treatment losses at the 

end of the 1953 season, which averaged 24 hoars for the same 12.5-in. 

drop or about 1.0 Cll ft per 54 ft per day. 

A significant fact is that the sealing effects were greater in 

the lower canal reaches, where the strength of the bentonite suspension 

and the ponding time was less. It would seem that the more colloidal 

sedimenting mixtures produced a better sealing effect. The non-colloidal 

materials probably settled out in the first two ponds. 

The ponding results indicate that the following amount of water 

was saved by the sedimenting during the 1954 season: 

36.809 acres(water surface area of treated section2 )x(1.0 - 0.2)x18O days 

= 5,300 acre-ft 

5,300 acre-ft x $lS~OO = $79,500 

The $15.00 value per acre-ft of irrigation water to the water user is 

based on ~roject figures. The actual value according to State-Federal 

statistical comparisons of ~ross crop income from irrisated land against 

dryland is about $40"00 (].~). 

The results of two comprehensive field examinations of the 

lateral bed indicate that the bentonite sealing effect was concentrated 

along old drying cracks, loess tubes, and crayfish holes. In most in-

stances the bentonite was found in these larger voids from the surface 

Z Actual measnrement by project, based on average of widths at 
500-foot stations along treated reach 0 
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and extending to depths greater than one foot. From petrographic exam­

inations of loess samples from the treated sections, it would appear that 

little to no bentonite penetrated into the micropores of the soil. This 

seems reasonable because the sedimentittga.ction is concentratetl in the 

zones where the major loss of water occurs. It seems unlikely that .ny 

major loss of water is occurring through the micropores of the loessial 

soils. 

Dune ~ ~.!! North Platte Project 

In the North Platte Project area and ether similar areas in 

Wy~min8 and Nehraska, the wind-deposited dune sand materials are commonly 

characterized by a relatively uniform grading of fine-grained sand 

particles.. The dune s.ands are usually quite pervious, free of clay, and 

cohesionles8. When exposed in a canal bottom, they produce high water loss 

problems ud, unless the canal grades are very flat and the cross-section 

shallow and wide, extreme bank erosion may take place .. 

The North Platte Project experimental installation was made 

on the Horse Creek lateral from Mile 7 0 6 to 20 0 9. The capacity of the 

lateral at Mile 7 .. 6 is about 100 cfs and at Mile 20 .. 9 it is about 40 

cfs. The main ponding with bentonite water was from Mile 9.1 to Mile 

20 0 0.. The intermittent canal reaches in dune sands are most prevalent 

from Mile 13 0 0 to 19 .. 6. The intervening reaches of lateral are excavated 

into fractured siltstone and sandy to silty slopewash. The need for 

lining this lateral was related to the seepage areas in adjacent lands, 

caused by high lateral losses -- a large part of the losses occurring 

in the dune sand reaches., 
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Feasibility testing -~~ The preliminary feasibility tests with 

bentonite sedimenting mixtures were originally discussed as Denver lab­

oratory testing? but the wide variety of lateral bed materials and con4i­

tioRS made this approach inadvisable. The tests were run in modified 

seepage meters set in the operating lateral. Enclosure 15 of the Appendix 

summarizes the test results. It was concluded that under controlled 

conditions (1) penetration and sealing of dune sand materials can be 

produced and (2) the one per cent mixture of bentonite produced the best 

sealing effect. Dispersion stability problems were revealed that in­

dicated a need for additional testing. Also the presence of a natural 

silt cake on the lateral bottom indicated that the sedimenting mixture 

should be run into a dry lateral: drying will crack the silt cake and 

allow penetration of bentonite mixture. 

Preliminary planning -- A slow ponding procedure was planned. 

It was calculated that about 200 tons of bentonite would be required to 

treat the lateral. Available funds restricted the amount of bentonite 

to 175 tons. The pond volumes of the lateral and the bentonite calcu­

lations are outlined in enclosure 16 of the Appe-ndix. Preliminary 

mixture stability tests with the normal irrigation water and high-swell 

bentonite indicated that 1 per cent of dispersant (by wt. of bent.) was 

required. Since the tripolyphosphate and tetrasod1ttm ~rophosphate 

produced about the same effect for equal concentrations; the latter was 

chosen for economy. 

Installation work -- Most of the information in the following 

summary of installation work is from an unpublished Bureau of Reclamation 

report dated May 26, 1954 by Mr. Wo Ko Lundgreen, Soil and Moisture Con­

servation Engineer? Torrington, Wyoming. 
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Plate 8 North Platte Project Installation 

Equipment set-up for mixing. Temporary holding pit constructed a. that 
mixing could be completed. Pump on left used for supple.ental jetting. 

Initial filling of pond at Mile 11.0. 
Note canvas for water-proofing and mixture testing by Man on structure. 
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The contractor set up his mixing equipment on the north bank 

of the lateral near the check structure at Mile 7.6, which is about ~2 

mile east and 3 miles south of Lyman ~ebraskao Mixing was started at 

10:00 a.m .. , April 23, 1954 and, beca'J.se of mixing difficulties, ran 

intermittently until 4~00 porno, April 26 1 1954 .. The mix rate varied 

over a wide range from less than 1 ton of bentonite per hour to as 

much as 9 tons per hour into 100 to 300 gpm of mix water. The dis­

persaut was added with the bentonite at the jet hopper at a rate of 

1 Ib to each sack of bentonite o 

The clear mix water was pumped from the lateral pond backed 

up from the check at Mile 7.6. The slurry was added into a diluting 

flow of clear water released at the check structure. Because of the 

lumpy character of the bentonite slurry~ an earth dike was bulldozed 

across the lateral below the check structure, and, by supplemental 

jetting in this improvised mud pit, a satisfactory sedimenting mixture 

was produced~ The concentration of the Sedimenting mixture varied 

from 1 to 2 per cent bentonite, Actual mixing time was about 78 hours 

total bentonite mixed was 175 tons; .and totl.t dispersant used was 

3,300 lb .. 

At the beginning of the mixing~ the conditions in the lateral 

were not entirely satisfactory: the lateral was partially full of 

drain waters from Mile 9.1 to about 15.0. Thus, in some reaches the 

natural sediment cake, which can block the bentonite penetration, was 

not thoroughly dry and crack~~ In addition, toward the end of the 

mixing, a heavy rain and snowstorm produced a large runoff of surface 

water into the ditch 0 The dilution of the sedimenting mixture was not 
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a problem since the initial mixture concentration was set at 2 per cent 

with the dilution possibility in mind, but the flow of runoff water into 

the untreated lateral sections did intensify the wet lateral problem. 

The ponding procedure for sedimenting process in the Horse Creek lateral 

was similar to that used in the Tri~9unty work except that earth plus 

canvas was used to water-proof check structures. 

At periodic intervals during the ponding phase of the sediment 

lining procedure, samples of water and hydrometer readings were obtained. 

The hydrometer readings are tabulated in enclosure 17 and the sample 

analyses in en.closure 18 of the Appendix. By May 10, 1954 and after 18 

days of succesive pondings the sedimenting charge was almost completely 

spent. A small amount of very dilute (less than 0.5 °10) mixture was 

left in section 11 between Mile 20.0 and 20.9. By the time normal 

irrigation was begun, all the bentonite had been used up in the lateral 

or sub-laterals. 

The major problems encountered in this installation related 

to (1) mixing, (2) wet lateral conditions, and (3) shortage of ditch 

rider help. The mixing problems may be ascribed to (1) inexperienced 

mixing personnel, (2) inadequate mixing equipment and, (3) the chemical 

quality of the drain water used for the sedimenting. The presence of 

high-sodium drain waters in the lateral ahead of the sedimenting mix­

ture probably detracted the bentonite penetration through the natural 

silt cake and into the underlying pervious bed naterials. While the 

problems above were serious, the harmful effects were largely minimized 

by a considerable amount of extra effort by Mre W. K. Lundgreen, the 
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Bureau engineer in charge of the job, and Mr. T. p. Winchell, SuperiD.-

tendeBt of the Gering and Pt. Laramie Irrigation District. 

The costs of the experimental bentonite sediment lining instal-

lation in the Horse Creek Lateral are outlined below: 

Total cost of bentonite (175 tons at $18.50) 
Total cost of dispersant (3,900 lbs.at fO•0963) 
Total cost of mixing (175 tons at $31.68) 
Inspection and overhead (assUIIled 10 % of above) 
Water running costs 

Total Cost 

$ 3,237.50 
375.57 

5,554.00 
915.70 
170.«> 

$10,253.17 

Note: Unit cost on an over-all yardage basis waa about 10 cents per 
sq yd, but for pervious areas the cost was probably nearer 
15 cents per sq yd. 

Initial results -- Most of the inf'ormation il'l thefollowiag 

Sl1lIlItary of initial sediment lining results is frOll an unpublished Bureau 

of ReclamatioB report by Mr. W. K. Lundgreen, dated October 11, 1954. 

Dttringand iJllllediately follo"iAg the sedimentirlg it was 

evi4eat that a very effective initial sealing had been obtained. The 

loss with the lateral at maximlDt ponding depths frOll Mile 9.1 to 20.0 

was not over 4 efs. This was a total loss including seepage, turn-out 

gate leakage, and evaporation. An effort is being made to haYe the 

same pouding done this spring. Bx.a.ct "before lining" loss figures ue 

not available, but according to the superintendent, the losses before 

sedilllenting ranged as high as 10 efs per mile in the dune sand. reaches 

aad at the start of the irrigation season. The lateral receives drain 

inflow and waste waters from up-slope irrigation; therefore, most of 

the c1elivery records cannot be used for determining losses. 

The only weir measuremeats considered tQ be reasonably re-

liable were IIl8de at Mile 14.3 and. Mile 25.0. This reach covers aboUt 
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the last half of the treated section and 5 miles beyond. Indications are 

that the over-all losses in the reach were about 15 per cent in 1953 and 

about 10 per cent in 1954 after part of the section was sedimented. 

Seepage meter tests were made in several reaches of the lateral 

at 100 to 2OO-foot intervals and before and after the sedimenting. The 

results are summarized in the following table: 

Mile Sta .. August 1953 August 1954 Per cent 
No. of Seep. No. of Seep. decrease 

From To Tests Avg* Tests Avg* or increase Remarks 

9.3 10 0 0 40 2.7 40 1.8 -33 Silty to sand slopewash 
11.1 12.2 39 3.0 39 2.5 -17 Sandy silt over Brule siltstone 
15.117.1 39 1.2 60 0.9 -25 Dune sand 
20.0 20.9 30 1.7 30 2.3** +35 Silt and sand 

Seepage in cu ft/24 hrs/sq ft * 
** Received virtually no bentonite water ponding 

Observation wells were established during the summer of 1953 

below the test site so that the effect' of the lining on the ground water 

table could be determined. The periodic observations were statted in 

August 1953 and have been continued till now. A set of 1953 readings 

and a set of 1954 readings are shown below~ 

Well No .. 

22-58- bbb 
22-57-l8bbb 
22-57- 7aab 
22-57- 6aaa 
23 -57 -33cbc 
23-57-33dcd 
23-57- ccc 
22-57- 3bab 
22 -57 - laba** 
22-57- 1aab** 

8-19-53* 
ft 

8.7 
5.6 
8.6 
8 0 4 
8.7 
104 
207' 
3.8 
5 0 1 
5.0 

8-23-54* 
ft 

9.6 
10 .. 2 
14.0 
13.5 
7.5 
2.7 
5.1 
6.3 
4.9 
5.1 

Remarks 

.75 mile N of Mi 9.1 

.3 mile N of Mi 10.0 

.1 mile N of Mi 11.9 

.6 mile NW of Mi 12.8 
1.0 mile NW of Mi l5~2 
.8 mile N of Mi 15.2 
.5 mile NW of Mi 16.5 
.3 mile N of Mi 16.5 

Just below lateral at Mi 20.1 
.1 mile NB of Mi 20.1 

* Depth to ground water table from surface of ground 
** Opposite reach of lateral that did not receive full ponding 
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Thus, the seepage meter results and the water table measure­

ments indicate that the sedimenting had a definite sealing effect, but 

both methods give indirect seepage results. The water table and the 

seepage lakes of the area below the treated section are both at the 

lowest levels in 30 years, but the unusually dry conditions of 1954 

also seemed to have contributed to this condition.' Additional long­

time evaluations, including a ponding test this spring, may help to 

define more accurately the sedimenting results. 

The observed penetration of bentonite, both in the laboratory 

samples .and in field examinations, into the lateral bed was variable. 

The bentonite in the drying cracks was readily visible, but the bentonite 

in the voids of the sandy materials could only be detected by laboratory 

methods. The latter determination is not entirely satisfactory because 

the presence of native bentonite in the sands makes detection of the 

sedimenting bentonite somewhat uncertain. In general, a penetration of 

over 1 ft in trace amounts seemed to have resulted in most instances. 

Fractured Rock Site in Kendrick Project 

In the Kendrick Project and other similar areas in Wyoming, 

fractured shale and sandstone are commonly found as canal bed materials 

through which loss of irrigation water occurs. This loss of water may 

contribute to seepage problems in nearby irrigated lands. On the 

Kendrick Project the seepage alleviation may be more important than 

water saving. 

The Kendrick Project experimental installation was made in 

lateral 128. The design capacity of the lateral from station 0 + 00 
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Plate 9 Kendrick Pro.iect Installation 

View of mixi~g equipment 

View of mud pit and 
gravity line to lateral 

View of bentonite water ponding. 

View of hopper where bentonite and 
dispersant was added to water. 

View of slurry addition point. 
Diluting flow released over weir. 

-67-

View of temporary structure 
at Station 90 + 00 +. 



to 179 + 00 (in feet) is 50 cfs, but the maximum flow to date has been 

about 20 cfs. The important reaches are those traversing fractured 

Shale and sandstone from station, 2 + 56 to 29 + 75 and 63 + 31 to 

96 + 00. 

Feasibility testinl -- The preliminary feasibility tests with 

bentonite sed±menting mixtures were run in the operating lateral with 

modified seepage meters. Enclosure 19 of the Appendix summari~es the 

test results. It was concluded that under controlled conditions (1) 

the penetration and sealing of closely frac~ured rock materials with 

bentonite sedimenting mixtures could be produced, (2) the one per cent 

mixture of bentonite produced the best sealing effect. Dispersion prob­

lems were revealed that needed additional laboratory testing and study. 

Preliminary planning -- A slow ponding procedure was planned, 

but because of the relatively steep grades of the lateral, a supplem.ent 

check structure at about station 90 + 00 was planned. I t was calculated 

that about 175,000 eu ft or at one per cent concentration, about 54 

tons of bentonite would be required. Additional dispersion tests were 

run aDd it was found that one per cent (by wt. of bent.) or about 1,100 

lbs of tetrasodium pyrophosphate would be required. 

Iasta11ation work -- The contractor set up his mixing equipment 

on the north bank of lateral 128 aBd just below the main canal. The mix 

location was approxiaately 20 miles southwest of Casper, Wyoming. Mixing 

was started at 10: 30 a.IIl., May 13, 1954 and, becAuse of mixing diffi­

culties, ran intermittently until 3:00 a.m., May 14, 1954. The mix rate 

varied from about 4 tons of bentonite per hour into about 200 gpm of water 
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to about 8 tons per hour into about 400 gpm of water. The dispers.ant was 

added with the bentonite at the jet hopper at a rate of one pound to each 

sack of bentonite. 

The clear mix water was pumped from the lateral pond backed up 

from the head weir at station 2 + 56. The slurry was run through a cul­

vert from the end of the mud pit into a diluting flow of water flowing 

over the head weir. Supplemental jetting in the mud pit was reqUired 

when the mix rate exceeded about 4 tons per hour, but the final mix in 

the lateral was reasonably satisfactory. Actual mixing time was about 

16.5 hours; total bentonite m.ixed was 55 tons; and total dispersant used 

was 1,000 lb. Initial sedimenting concentration was about one per cent. 

The ponding procedure was disrupted by (1) a break-out through 

an old bentonite membrane over a badly fractured rock zone at about 

station 29 + 00, (2) two successive wash-outs of a temporary check 

structure at about station 90 + 00, (3) excess leakage through the 

water-proofed structures at stations 96 + 50, 113 + 50, and 149 + 00, 

and (4) ditch rider help available for only a few hours each day during 

the sediment ponding procedure. None of the reaches, with possible 

exception of the first reach, received adequate ponding. These diffi­

culties produced dilution and flocculation problems so that virtually 

all of the bentonite had settled out of suspension by the morning of 

May 17th. 

At periodic intervals during the ponding phase of the sedi­

menting procedure, samples of water and hydrometer readings were obtained. 

The hydrometer readings are tabulated in enclosure 20 and the sample 

analyses in enclosure 21 of the Appendix. 
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The costs:6or the experimeatal work are outlined below: 

Total cost of bentonite (55 tons at $15.25) 
Total cost of dispers.ant (1,200 1b .:'t $.1002) 
Total cost .f _ixing (55 tollS at $29.90) 
Inspectioll and overhead (estimated at 10 '0 of above) 
Water rwutingcosts (aBSUJIled) 

$ 838.15 
120,24 

1,479.00 
243.Sl 
400,00 

Total Cost $3,081,79 

Be<:.ause of installation. procedure and seepage evaluation prob-

le~ it is difficult to determine the treated lateral area, therefore, no 

estimate of cost is made. 

lnitial results -- Most of the infcrmation in the following 

swnmaryof iJrltial sediment lining results is frOJll an unpublished Bureau 

of Reclamation report by Mr, W. K, Lundgreen, dated October 11, 1954, 

Some sealing effects resulted frem the partial sedimenting of 

lateral la8, Ditch rider delivery records, both before and after the 

sedfmenting, are tabulated below: 

Flow at Per cent of Total Lost in Reach Per cent of 
Sta 2+56 Sta 2+56 Sta 112+68 Sta 148+78 Flow Lost 

Date cfs to 112+68 to 148+78 to 178+50 in ReACh 

8-23-53 16,8 13.8 6,9 3,1 23.7 
8-28-53 17,3 9,5 5.1 3.2 17.7 
8-31-53 16.8 11.9 6,8 1.3 20.1 
9- 3-53 16.3 12.9- 7.' 1.9 2.2.3 
9-10-53 IS,6 7,1 5.4 0,9· 13.3 
9-13-53 14.4 16.6 1.9 14.9 33.4 
9-28-53 7.8 8.1 9,0 2,3 19.4 
9-2t-53 5,6 +0.2 9,3 19.9 29.0 

7-20-54 10.9 7.0 4.6 2.1 13.6 
7-2S-54 10,9 7.0 4.6 2.1 13~6 
7-30-54 IS,6 3.5 5.5 2.5 11~5 

While the above table indicates that less water was lost 

during 1954 than 1953, the records are not detailed enough to calculate 

water saved by the sedimenting, The losses by seasons are tabulated in 

the following table~ 
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Lateral 1948 1~49 1950 1951 1952 1953 1954 

128 and Subs. 
Inflow*' 274 259 1136 1981 2873 3197 3863 
Deliveries and Waste* 120 125 908 1609 2383 2.509 3251 
Loss* 154 134 228 372 490 688 612 
Per cent Loss 56.2 51.1 20.1 18.8 17.0 21.5 15.8 

* Units are acre-feet 

Seepage .eter tests were made in several reaches of the lateral 

at 100 to 2OO-foot intervals and before and after the sedimenting. The 

results are tabulated below: 

Aug. 1953 Aug. 1954 Per cent 
Stations in ft No. of Seep No. of Seep decrease 
From To Tests Avg* Tests Avg*or increase R.emarks 

2+00 19+00' 18 2.0 18 1.4 -30 Silt, some bedrock 
20+00 26+00 7 1.3 7 .4 -69 Fraet. shale and sandstone 
65+00 78+00 14 1.9 10 .2 -89 If tf tf 

79+00 94+00 16 2.9 " If n 

96+00 148+00 27 2.6 28 .9 -65 Sandy silt slopewash 
150+00 174+00 13 2.3 12 3.0** +30 

* Seepage in Cll ft/24 hrs/sq ft 
** Bentonite flocculation very pronounced in this reach owing to 

overrun and dilution by the after-drive of clear untreated water. 

It 

ft 

Thus, the seepage meter results indicate a general trend toward 

lower seepage rates in the reaches that received partial sedimenting. 

Values obtained with the seepage meter are only relative, hOwever, and 

cannot be used to calculate directly the water saved. 

Observation wells were established immediately below the lateral 

so that the effect of the sedimenting on the indicated ground water levels 

could be o~tained. The depth-to-water readings were begun on September 

1, 1953 and have been continued to date. A few of the sets of readings 

are tabulated ontbe following page. 
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Well 
NQ. Sta 9-1-~1 1-29-54 5-11-54 5-20-54 6-15-54 7-13-54 9- 2-54 9-22-54 

1 10+00 
2 21+50 
3 30+50 
4 64+50 
5 100+00 
6 114+50 
7 118+00 
8 178+00 
9 239+00 

10 276+00 

* Damp 
** Mud 
*** Dry 

12.4 
1.9 

-0.3 
0.0 
5.9 
5.1 

13.0 
10.0 
18.7 
16.8 

24.7 24.1* 
15.2 15.6** 
7.5 9.2 
0.2 0.0 
6.4*** 6.4** 

14.9 14.8 
13.0 13.1 
17.2 17.8** 
18.9** 18.8*** 
17.0 17.1 

24.1* 21.7 21.7 15.6 17.6 
10.8 3.1 2.6 1.8 1.9 
-0.6 -1.4 -2.2 -3.0 -3.0 
-0.0 -0.2 -0.2 -0.2 -0.5 
6.4*** 6.3 5.2 5.2 5.9 

14.7 8.1 6.7 5.2 5.6 
13.1 13.1 13.1 11.9 12.8 
17.8** 16.5 11.1 8.1 8.7 
18.8'-** 18.St** 18.8l"** 18.8t** 18.8"** 
17.1 17.0 

Note: Negative depth indicates water level above ground surface. 
Sedimenting started 5-13-54, water in canal More or less 
continuously until end of September. 

Thus, in over half of the wells the indicated water table was 

slightly higher after the sedimenting than before. The reasons for this 

are difficult to visualize, but it does seem that only a partial sealing 

effect was obtained and that the sediMenting bentonite may have migrated 

to considerable distances in the fractures of the shale and sandstone 

bedrock materials. 

The laboratory stAining tests on six drive samples collected 

from the lateral bottom reveal that the bentonitic suspensions have 

penetrated into the canal bed materials: (1) in fine to coarse grained 

sands up to 18 in. in saal1 to moderate amounts and (2) into the less 

pervious silty to clay materials in only small amounts and limited 

penetratioa. A field evaluation of the amount and character of pene-

tration has not been made as yet. 

NotwithStanding the inadequate pending procedure followed in 

the experimental installation, there is some 4oubt~ as to whether a 
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satisfactory sealing could be accomplished in some of the More open 

fractures eyea with adequate pOlldiag. Coarser size sedilleltts 1I8.y be 

required to bridge the larger voids in badly fractured rock; and higher 

concentration of beat01'lite in the sedimenthg charge may 'be :necessary 

for successful sealiDg. 
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Chapter VI 

INITIAL FUNDAMBNTAL R.BSBAllCH R.15ULTS 

Siace neither Federal nor State support has been available for 

fWlclaaenta.l research wort on the sedillleBt lining method, fund. raisiDg 

and organi~iag of cooperative resea.rch work were the first order of 

'business. This has taken time, but a good stArt OD the fundamental 

research program has now been lU4e. For the most part defillite con­

clusions would be preaature at tUs early stage, but where possible 

the initial results are sUlIlI.arized ill the followin, sections. Bach 

section has been written by the Man .or IRea lUlely responsible for the 

work. 
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IntroductiOJl 

Dispersion, Characteristics of Clay Minerals 

by B. N. Rolfe, U. S. Geological Survey 

The research progru on dispersioJl of sediBlentiDg colloids was 

undertaken to detenli.D.e the factors affectill, susp.eltSions and their rela­

tion to sediment liltia~. 

The ealciUJll-sodi1.lll relationship in the colloid-canal water 

system affects the stability of clay suspensions. Under conditions of 

slow flow and ponding the feasibility of sediment lining and the need 

for chemical deflocculents dep.end. in part, on this relationship. A 

brief discussion of the reuons for this effect may be in order. 

Flocculation and. dispersion represent end stages in a long 

sequence. Repellelltand attractive forces are active ia colloidal 

suspensions. The prim.a.ry components of these forces are: (1) elec­

trolyte conteat of the water, (2) kind and alIlount of cations present, 

(3) tiad and amount of colloid. The attractive forces are proportional 

to the ele.ctrolyte content of the water; the effect is slight at lower 

concentrations but i1lereasea sharply to coagula.tion at higher concen­

trations. The amount of electrolyte needed for flocculation will vary 

with the kind of ions involved. GeaerAlly, the coagulant effect 

varies with ionic valence. For example, less trivalent alUMinum is 

needed for floeculatioJl thaD divalent calciWll or univalent sodium. 

Thus, the kind and amount of catioJls present must be considered. Sodium 

is generally resarded .as a dispersant but will induce flocculation when 
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present in sufficient concentration. The third factor in clay susp.en­

sions is the mineralogical nature of the colloid. Clay minerals such 

as montmorillonite have a large specific surface and cation exchallge 

capacity. Kaolinite exhibits reverse properties, having a small specific 

surface and cation exchange capacity. The response of these two minerals 

to changes in aqueous environment is strikingly different. For example, 

the effect of a native cation on kaolinite is negligible whereas that on 

montmorillonite is Significant. The clay titration curves of the two 

minerals differ, neutralization occurring at different pH values. 

Flocculation eccurs when the forces of attraction dominate, 

thereby causing coagulation. The sudden change in particle size in a 

hitherto dispersed mix may cause a fall-out, probably aided. by contact 

adsorption between newly-formed aggregates and suspended fines. Present 

data indicate that the calcium-sodium ratio of the suspension may hasten 

or delay this straining action. The time element involved in the inter­

play of forces is important. 

Dispersion takes place when the repellent forces dominate over 

the considered period of time. During deflocculation, the inherently 

negative charge of clay particles is satisfied mainly by cations with 

large spheres of hydration and high zeta potentials. The net effect is 

to keep the clay particles discrete aad sep~rated. It is likely that 

dispersion is aided by concurrent viscosity changes which impede the 

fall velocity of the discrete particles. 

It is therefore apparent that the dispersion problem is 

exceedia.gly complex. During the preliminary experimental stage, the 

variables were restricted Whenever possible. Colloid concentrations 
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~re confined to one per cent, suspe.sioas were mone.iaeralic and clay 

saturations were hoaoionic. The variables studied were quality of water 

.and chenea.l def locculeuts. 

Purpose 

The purpose of the program is to study the dispersion char-

acteristics of colloidal sedbtents in waters of varied hardness and the 

effect of chemical deflocculents thereon. 

Scope 

Materials -- The materials of the investiga.tion consisted of 

three components: colloid, water, and deflocculent. 

1. Colloid 

Reference clays from each of three principal clay 

mineral groups were studied. A brief description of 

the three groups follows. 

Clay Maer.al 
Particle Size Range G~oup Structure 

Cation 
Rxchange 
Capacity 

SWelling 
Potential 

Colloid--fiae clay<lu MORt.orin 2:1 lattice high high 
Fiae--coarse clay<2u Mica 2:1 1attice moderate-lew moderate-low 
Coarse cla.y-f ine silt<2Ou Kaolin 1: 1 lattice low low 

The reference clays from the groups were: 

(a) JIIonworitt - Volclay, a high-swell, Wyoming bentonite, 

containing the clay mineral, montmorillonite, 4i8-

tributed by American Colloid Company. 
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(b) mica - Fithian illite, type clay mineral of this 

group, from Illinois. 

(c) kaolin - Georgia kaolinite, distributed by the 

Georgia K.a.olin Company, Dry BraDch, Georgia. 

2. Water 

The waters were synthetic and within the range of irriga-

tion waters tabulated in Handbook No. 60 of the USDA 

Salinity Laboratory, Riverside, California. Anions were 

not considered a. variable at this stage of the investiga-

tiona Calcium and magnesium sulfate were used along with 

sodium chloride. The bicarbonate ion was not included. 

The following table presents the chemical composition of 

the two synthetic waters used in the dispersion experiment. 

Hard Soft 
pH 7.0 6.9 
TDS (ppm) 3445 1400 
Ca (meq/liter) 17 3 
Mg (meqlliter) 8 2 
Na (meq/liter) 17 l5~ 
0/0 Ca and Mg 59 24 
°4 Na

1 41 76 
SAR2 4 0 8 10 
BSP 3 6 12 

1 o~ Na SSP - soluble sodium percentage 

Na x 100 

2 

Na + Ca + Mg 

SAR sodium adsorption ratio 

Na 

3 ESP exchangeable sodium percentage 
exchangeable Ha(_eo/100 gm soil) x 100 

gation exchange capaeity(meq/100 gm soiU 
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The USDA Salinity Laboratory investigated equilibrium re­

lations between soil (colloid) and irrigation waters. They 

arrived at an empirical parameter, namely, the sodium ad­

sorption ratio, which indicates the probable replacing 

power of an irrigation water with respect to the soil ex­

change complex. This ratio, defined in footnote to Table 

1, hereinafter referred to as SAR, provides an index to 

the expected composition of the exchange complex at 

equilibrium o The ESP value or exchangeable sodium per­

centage, defined in footnote 3 to Table 1, therefore de­

fines the cation relationship on the exchange complex. In 

the present investigation, the ESP values of the various 

clay minerals at maximum dispersion will be determined o 

This will yield information on the equilibrium Ca-Na 

ratios on the exchange complex of stable suspensions o 

3 0 De flocculent 

The sediment lining method is dependent on the long-range 

availability of colloidal suspensions in canal reaches. 

The effect of hard water on the dispersion characteristics 

of clays has been discussed. The colloid-water environ­

ment MUst be beneficiated to overcome the coagulant 

influence of hard waterso 

Commercial phosphate deflocculents improve the dispersion 

environment by sequestering the divalent cations like 

calcium and magnesium and replacing them with sodium 0 



This action consists of tying up the calcium and magnesium 

as complex phosphate ions, so that they are soluble and 

unavailable for reaction with the clay. Introduction of 

the sodium aids dispersion as described previously. 

Three commercial deflocculents were used during the course 

of the experiment. These were (1) sodium tripolyphosphate, 

(2) sodium hexametaphosphate, and (3) a 50-50 mixture by 

weight of sodium hexametaphosphate and soda ash. 

Methods -- The three clay minerals were made homoionic with 

respect to calcium and sodium by respective saturation with IN calcium 

acetate and sodium chloride. Ten grams of the saturated clay were then 

placed in 1,000 cc of distilled water plus dispersant. Maximum dis-

persian of the clay suspension was considered effective when the peak 

amount of colloidal particles was recorded. i.e., the hydrometer reading 

at the twenty-six hour interval was at a maximum. The size distribution 

curve ofa clay mineral under standard dispersion conditions was a ref-

erence goal toward which suspensions of the same mineral in synthetic 

waters were directed. 

Chemical deflocculents were added in small amounts to the 

colloid-synthetic water mix until the zone of maximum dispersion was 

reached or approximated. The pH of the suspension was then deteI'nlined 

and the colloid saved for later determination of exchangeable cations. 

The large amount of phosphate in the suspension made it difficult to 

determine soluble ions in the water. The competition between the phos-

phate and versenate1 for calcium and magnesium caused interference during 

1 Commonly used for determining calcium and magnesium content in water 
analysis procedures. 
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the determination. It was therefore decided to analyze the colloid for 

exchangeable cations at the conclusion of the dispersion run. The ESP 

value for each clay mineral in stahle suspension will then be computed. 

Results and Discussion 

The experimental program for the 1955 fiscal year is not com­

pleted. The data indicate the importance of the aineral composition of 

the sedimenting colloid, its exchange cations, quality of canal water, 

and kind and amount of deflocculent used. R.esults thus far point to 

the complexity of the Ca-Na clay-water system, especially at high elec­

trolyte concentration. 

A final report on the year's dispersion research will be 

published shortly after July 1. 

Future Research 

The program to date has been concerned with end members of 

the Ca~a system in exchange cations and in canal waters. Clays have 

been homoionic with respect to calcium or sodiUM; synthetic waters have 

been hard or soft. 

Future research will be directed toward the investigation of 

field prototypes in colloid and water. The native Ca-Na ratios of a 

Wyoming bentonite such as Volclay will be taken as standard and Ca-Na 

of exchange ratios for illite and kaolin will be adjusted accordingly_ 

Similarly, a low grade native bentonite with a different Ca-Na ratio 

will be used and the illite and kaolin so adjusted. 

The synthetic waters will be patterned after such prototypes 

as Tri~ounty and Horse Creek sedimenting waters. This will yield a 
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contrast in waters as in this year's wort and, additionally, will produce 

data pertinent to a particular field installation. 

The present investigation indicates that there is close relation­

ship between viscosity and dispersion. A decrease in fall velocity of 

particles may be accomplished by decreasing the size diameter, by in­

creasing the viscosity of the medium, or by a combination of the two. 

Apparently, maximum dispersion represents the coincidence of peat values 

for least size diaeeter and viscosity increase. Future research will be 

directed at analysis of the water chemistry at stages during a dispersion 

test along with determination of the suspension viscosity at similar 

times. It may be possible to develop this relation to the point where 

simple viscosity tests will indicate the degree of dispersion of a 

colloid-water mix. 

Summary 

Clay minerals from the montmorin, mica, and kaolin groups 

were made homoionic by saturation with calcium and sodium solutions. 

One per cent co~centrations of the saturated clay mineral were then 

suspended in synthetic waters of varied chemical composition. The 

effect of kind and amount of co~ercial phosphate deflocculent was 

studied. A report of this year's investigation will be completed 

Shortly after July 1, 1955. 
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Introduction 

Studies of Penetration ~ Sealing 

by D. F. Peterson and R. B. Curry 

The long-range study on penetration and sealing has as its 

objectives rather fundamental research ott two important aspects of the 

sediJllent lining process: (I) to determine conditions under which bell­

tonite particles in suspension will penetrate ,& soil matrix and, (2) to 

determine conditions under which these particles will be deposited in 

the soil pores. For the first phase of the work herein reported only 

simple sands and stable suspensions of high-swell Wyoming bentonite in 

distilled water were used. This restriction was made in order to reduce 

the number of variables to a minimum and to allow examination of these 

variables under simple and thus more readily interpretable conditions. 

Analysis of the problems of penetration and sealing lead to 

some rather obvious hypotheses o Once the bentonite particles are trans­

ported to the desirable location and the suspellSion passes through the 

saad pores, they might be filtered out by simple physical filtration to 

form a surface filter cake, they might be deposited immediately in the 

first thin layer of sand, they might penetrate rather deeply, or they 

aight simply pass on through the sand without deposition, or some com­

bination of the foregoing might occur. As far as sands are concerned, 

the first practical question to be answered is under what conditions 

peAetration can be expeeted. 

The second phase of the problem is concerned with sealing by 

deposition of the bentonite in the pores of the sand. One might suspect 
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that this could be accomplished by either adhesion of the bentonite to 

the sand particles or by the formation of flocs within the pores. Factors 

which might have bearing on this phenomenon would appear to be the sand 

grain size, the surface activity of the sand grain, the drag forces on 

the bentonite particles resulting from seepage, and the chemical euvi­

ronmeBt of the bentonite particles. By choosing inert sand, the surface 

activity of the sand is essentially eliminated and the chemical environ­

ment of the bentonite particle remains fixed. Chemical theory and experi­

ence leads to the belief that adhesion or flocculating forces are more 

predominant under a calcium environment than under the sodium environ­

ment existing in the stable suspension. One might thus infer that sealing 

could be improved if the calcium component of the suspension could be 

increased once the sand pores have been penetrated. Thus the current 

experiments contemplated some attempt at providing available calcium in 

the sand for some of the runs. 

While rather basic in their nature, the current experiments were 

designed with some practical application in sight. Field soils tend to 

have a describable effective size as far as permeability and filtration 

poteDtial are concerned. Furthermore, most soils of the region tend to 

possess available calcium this is probably true even of the high-sand 

soils such as the dune sands -- likewise some surface activity probably 

exists in even the coarsest and cleanest sandy soils found extensively 

in nature. 

Laboratory Tests and Results 

Detection of bentonite -- As a tool for evaluating the sealing 

aspect of the study, some means of detecting the bentonite deposited in 
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the pares was necessary. After considering a number of possibilities, 

benzidine staining was adopted. This stain produces a bright blue color 

in the presence of bentonite, and very small amounts can be detected 

readily. While satisfactory for these tests because there was no ben-

tonite in the test sand, the benzidine test would not appear useful for 

soils that contain bentonite naturally. 

Tests ~ inert sands -- The following sands were used: 

10 Ottawa sand, median diameter 0.4~ BUll, uniformity 
coefficient 1,,08 (almost spherical)" 

2. Loup River sand, median diameter 0 .. 200 mM, uniformity 
coefficient 1.50 (rounded). 

3. Barton sand from Loveland Lake, median diameter 
0.160 rom, uniformity coefficient 1,,00 (angular). 

For the foregoing, the uniformity coefficient is defined as the 

ratio of the grain size for which 60 per cent of the particles are finer 

to the grain size for which 10 per cent are finero 

For these tests, suspensions conta.ining 0.5, 1.0, 1.5 and 2.0 

per cent bentonite by weight were used" After the sand specimen was 

placed in the permeameter and its initial permeability determined by 

conventional testing methods, the bentonite suspension was placed in a 

4-foot high standpipe connected to the test cylinder and allowed to pass 

through the sand. Under these conditions, the hydraulic gradient was 

initially very high, gradually reducing to unity as the suspension passed 

through. In all runs, the suspension passed through the specimens fre-ely 

without reducing their permeabilities o For the size range of sands tested, 

penetration would appear to be no problem; however, under the hydraulic 

gradients used, no sealing occurred. Plate 10 shows the permeameter set-

up for permeability testing and for injecting the bentonite using the 

standpipe. 
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Plate 10 Equip.ent for Penetration aDd Sealift« StGdiea 

Apparatus for sedimenting 
phase of study with dis­

persed bentonite mixtures. 

Apparatus for deter.iftA­
tion of permeability of 
sand sample with clear 
water befare sedt.eBtiD,. 
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Tests !!.!!. calciWll -- In order to i1IIprove the opportunity for 

adhesion forces to be effective, efforts were made to supply calciua ia 

the saad. The first step was to use a calcium carbonate sand described 

as follows: 

Salt Lake sand, median diameter 0.310 mm, UDiformity 
coefficient 1.74 (Calcium Carbonate). 

The Salt ~e sand WAS tested using the same procedure as for the 

chemically inert sands, with silllilar results. Since calcium carboute 

is relatively insoluble, an attempt was made to increase the available 

calcium by treating the Barton sand with a saturated solution of calcium 

acetate. This left a coating of calcium acetate on each grain. Using 

the same technique, a 1 per cent bentonite suspension was passed 

through the specimen. Again no change iJl permeability resulted and no 

bentonite was retained within the sand. 

In order to provide a still greater source of calcium, a 

S-iRch layer of calcium saturated zeolite, having similar grain size, was 

placed Olt top of a S-inch layer of the Barton sand and the procedure 

repeated. Again the permeability was Dot affected, nor was any bell-

tonite deposited in the specimen. In this instance, however, the effluent 

bentoRite was in a flocculent condition. 

Because the seepage drag might be expected to inhibit adhesion, 

tests were conducted in which this factor was reduced to zero. The last 

series of tests were repeated, except that after only a small 8JIlount of 

the suspension had passed through the column, the valve at the lOwer end 

was closed leaving a 2-foot colWlUl of the suspension above the %eolite 
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layer standiJtg for 24 hours. At the end of this time the valve was 

reopened. No water passed through the coluan and bentonite was found 

to have been deposited throughout the zeolite layer and the upper two 

inches of the saa4 layer. 

A uaifora mixture of one-half zeolite and one-half Barton sattd 

was tested using the same technique as before, i.e., the flow of the 

bentonite suspension was stopped for 24 hours soon after passage through 

the column of material had started. Under these conditions the column 

was effectively sealed. Bentonite was found to have been deposited in 

the sand-zeolite material with the greatest amount in the upper two­

thirds of the column. 

As a check on the importance of the bentonite, the unmodified 

Barton sand was treated with a one per cent stable suspension in such a 

manner that the flow was stopped for 24 hours. In this case the treat­

ment did not cause reduction of permeability and no bentonite was de­

posited in the sand. 

Summarizing the results of the tests involving calcium, no 

difficulty was encountered in obtaining adequate penetration for the 

sands used in the tests under the raBge of hydraulic gradients used. 

Sealing of fairly coarse, clean sands occurred under conditions of high 

calciua availability and zero seepage velocity for a 24-hour period. 

Sealing did not occur in the Barton sand when calcium availability was 

~ero even with zero hydraulic gradient for 24 hours. No limits, were 

established regardins the minimum amount of available calcium necessary 

or the maximum seepage velocity permissible in order for sealing to 
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occur in the various sands. Undoubtedly both of these limits would be 

related to pore size and it is conceivable that sealing may occur in 

materials with very small pores under conditions of very low calcium 

availability and fairly high hydraulicrgradients. 

Conclusions 

For the size range of sands tested, full penetration was 

experienced under hydraulic gradients ranging from more than 4 to approxi­

mately 1. Sealing secured in these inert sands under conditiollS of high 

ca.lcium availabiIi ty and zero seepage ve loci ty • I t did not occur in 

even the finest sand with zero seepage velocity when no calciUl1l was 

provided. Limits of calcium availability and seepage velocity under 

which sealing and penetration are possible for the various grain sizes 

were not fully established. In general, it would appear that penetra­

tion can be expected in SQils having micropores in the size range tested 

even though they may be very high in calcium naturally, if large hy­

draulic gradients are used for the initial injection. After the injec­

tion is completed, one would infer that the hydraulic gradient should be 

reduced to the lI.illimum possible in order to facilitate sealing. This 

could be achieved most practically by draining the pool at this time 

and eliaiRating theclear~ter after-drive. 

For coarse soils having low available calciUJR 110 penetration 

problem is anticipated. The picture with regard to effecting sealing 

is not entirely clear. In order to make the most effective use of the 

calciUlll that may be aVAilable Jlaturally, one would iDfer that the sodium 

status of the initia.l suspension should be kept to the bare Dlini1lllllll 

necessary for stability. 
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Puture Wort ----
The relatiou of the factors of particle sise, calciUlK .a.yaila-

bility, a.ad hydraulic sradient or seepage yelocity, to filtration,pene-

tration, and. sealing, haTe been oJt1y partly explored. Further wort, using 

id.eal soils or fiaer sud, needs to be <loae ia order to delbeate limits 

or raases under Wbich penetratioft or sealing caa occur. These need to 

be extended to real soils. The work so far ltu COJlSidered only lIlicro-

pore pelletr~tion a:ad. sealittg. For 1Il&lly fie14 soils, the macropores 1IIa, 
be Ddt more signif lent tllan the JIlicrop.x'es .as far as seepage is COB-

cerlled., a:ad. the wort should. be extended to cover such soils. 
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Mixing ~Bentonite ~ Sedimenti.! Purposes 

by Geo. B. Johnson, 
The Central Nebraska Public Power and Irrigation District 

the following excerpts are from a revised report OR the above 

sUbject prepared by Mr. Geo. B. Jehnson, C.N.P.P. and I.D., for the 1955 

lIeetiJIs at Scottsbluff, Nebraska of the 4-States Irrigation CouJlcil: 

ttDurbg the past where best.nite has bee1l used in cOlU1ectioD 

with 4ril1iD.g of oil wells, the high pressure wm.d pumps Available on the 

oil rig were generally used. to Mix the bentonite. If the iBitial aix 

was lumpy it could be re-circulated through the pumps until saooth. 

For sedimeating purposes it is difficult to re-circulate lumpy mixes. 

Therefore, ia general a more complete iaitial job of mixing is required. 

in the lAtter wort than for Most oil well drilling mud applications. 

t'In our work, we have also been governed by previous mi~ing 

experience and. by the equipment on hand.. Beginning in 1937, wbea we 

were coastructin, our power and. irrigation project, we began mixing and 

pumpiag loess soil into cavities and arouad. our structures to preveJlt 

seepage and sett leDlent of the structures. During the period of 1937 

to 1952 we aixed. and pumped into the ground More thaa 500,000 cubic 

yards of loess. soil in silt injection operatiollS. We constructed the 

mixers Aa4 re.odeled the pumps to fit this work, and this equipment 

was available at the tble we begu cOllsid.erillg the use of bentollite for 

liDiDg of our irrigation laterals and canals. 

''When working with the be.toni te in the laboratory, I f OUDd 

that the bentonite .as such .ore difficult to mix with water thaa loess 
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soil. I observed tha.t with the labor.atory high speed mixer it was diffi-

cult to produce uniform mixes. Bx:ces8 mixiltg time was required. I re-

called an experiellce during World Warr:II in regard to the use Q.f whea.t 

flour in making alcohol at the Government plant which we cOAStructed in 

Oaaha. It was impossib.le for us to mix this flour in the regular mixbtg 

equipmeDt that was used for ground corn; so we developed a jet similar to 

the JetsW'e had been using to he.at water with steam (enclosure 7). The 

problelll was to get each grain of flour completely saturated before the 

grains could flock together into balls or lumps. I felt certsin that the 

sue type of mixer would work with the powdered bentonite. 

'~e calculated the amount of water required to give a 10 per 

cent bentonite mix at a rate of 300 pounds of dry bentonite per minute. 

The center 3-iach pipe was perforated by 110 ~-inch holes, 1 inch .apart, 

30· angle with pipe, and all converging in the center of the pipe. The 

6-inch pipe on the outside served as a jacket to give a. uniform pressure 

on all of the holes. The outlet at the bottom of the 3-inch pipe was 

. expanded to 4 inches so as to remove some of the pressure at the discharge 

end of the pipe. 

UThis jet will create approximately 15 inches of vacuum in the 

steel hopper set above the jet, and with the sliding gate perforated 

with a. !-inch orifice, we were able to regulate the feed. However, it 
4 

was necessary to place an electric vibrator on the side of the steel 

hopper in order to maintain a uniform feed of bentonite into the jet. 

To be certain that there were no lumps in the bentonite slurry fro. the 

jet mixer, a centrifugal pump was placed OD the discharge line to produce 

further mixiag. 
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tiThe slurry was discharged into one end of a long narrow 

holding pit whereaddi tional jetting could be utilized if necess.ary to 

cOMplete the break-up of lumps. The slurry was PUllPed from the opposite 

end of the pit and into a diluting flow of water required to produce the 

sedimenti.g concentration. 

"Experience with the jet mixer during the spring of 1954 and 

1955 indicates that the bentonite slurry discharge into the holding pit 

will be free of lumps. During the 1955 installation a lumpy mix was 

initially prod.uced, but after cleaning sa.J.td from the jet mixer an eatirely 

satisfactory mix resulted. 

"We have also tried other mixing methods. In trying to develop 

a mixer which could be used ollsJU.ll jobs, we tried the mixer en. the 

Koehring Mudjack Which has a rotary shaft with pac1c1les running at high 

speed in a covered trough. Differe.t sized pulleys were used to vary the 

speed aac1 the pumps were disconnected so only the mixer was in use. 

Under all conditions, however, we foundr;that this type of mixer would 

b,all up and. clog, resulting in unsatisfactory operation and mixture. 

nThe jet mixer in combination with supplemental pumping and a 

mud pit retention period of from 20 to 30 minutes has been the only method 

which we found that could satisfactorily mix large quantities of 

bentonite." 

Additional mixing methods research is outlined under the 

following section Oll, UProcedures for Intermittently Operated Canals. ff 

No iJtf ormation on the Cronese Products Company research and Method is 

available at this time. 
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Procedures for Intenrlttet!tly Operated Canals 

MaRy caaals aad later~lsare relatively ~ll. MaRy have 

relatively steep grades and widely spaced check structures. Some are 

operated, especially in water-short years, OJ!" basis of three or less 

days per week. The above restrictiOl'lS place lillli tatioRS on the sedi-

lflenting procedures that can be used. Slow ponc.ting procedures and the 

Johnson method of mixing cannot be used in .any such instances. With 

these limi tatiollS i.Jl mind a. limited amount of research work has been 

done on two small laterals near Color~o A and M College. 

Little Cache Ditch Work ----------
Three tens of bentonite were used in various tests involving 

the LightaiD. mixer method of bentoute dispersion. The flow beha.yior 

of the various sedimeating charges ill a test reach of la.teral was ob-

.served. 

A Mixco 1~ lIP mixer was mOWlted in. a. tank 40 inches deep and 

28 inches in diallleter with a 8" x 10" gate near the bottomo Water was 

pumped for the testing from Dry Creet, which is near the site. Two mix 

~ates -- ~ and I sack per minute -- were used. Both rates gave fairly 

satisfactory mixes but additional refinements in the method of adding 

the bellteaite and in the tank design could probably produce entirely 

satisfactory reSlllts. Lack of financing has pre'Veltted completion of this 

work. 

The mixtures produced in the mixing experiments were run into 

the Little Cache ditch. A Parshall fluae was used for measuring the in-

flow of water into the test reach. A secoDd Parshall flume located on 
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theel'1d of the ditch was used to .eaaure the outflQW of water from the 

last reach, which was about Olle tile long. The Donul flow during the 

test rans was about 1 eta. A total of about 2 tons of bentonite was 

used ill tlte testing. 

ItaeeMS unlikely that enough bento.Ite was used in the experi-

lIe.tal work to do mach sealiJlg, hut eyel1 though the ditch was cleaned. 

this spriRg (1955), the farmers on the ditch claim that they can notice 

.. definite reduction in losses. The losses at the st.art of the wort 

ranged from 40 to 45 per cent. The testiag during the summer of 1954 

was cut short by water not being available, thus, the a.fter losses could 

~ot be determined. 

If financing can be found. the flumes and the pump will be 

lustalled again this year so that a definite check on losses can be 

obtained. This needs to be done 8.t a time when farm deliveries are not 

being made because there are no turn-out Measuring devices. 

North Poudre Lateral ~ ~ ~ 

In aD effort to develop a mixing .ethod which could beaccom-

plislled entirely by irriga.tion district people and with nonu.lly avul-

ableequipmellt, air jetting experimellts were cOllc:htcted. in lateral 4 of 

the North Poudre Irrigation Company syste.. Seven tORS of bentonite 

were placed. in about a foot thick layer on the lateral bott-01ll and just 

Above a check structure. An air cOfIIPressor was used to supply air to a 

!-inch jet pipe which was shoved into the pa.rtially wet bentonite layer. 
4 

Jetting ruas were made on August 14, 1954 and on October 12, 1954. The 

initial results were very favorable, but .a&1itional testing work ia needed. 

Lack of fi.DanciDg has severely hampered this work. 
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Plate 11 Miscellaneous Mixing Methods 

Mixing operation on Little Cache Ditch near Fort Collins, Colorado. 

Mixing operation by air jetting into wet bentonite layer on lateral 
bottom, Lateral No. 4 near Wellington, Colorado. 
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While the primary purpose of the testing was concerned with 

mixing development work, water measure.eat records were alse collected. 

Before the first mixing test the seepage 10S8 ill A mile test reach was 

About SO per ceat; after the first testing the losses were cut to about 

3) per cent. This reduced less was also noted during several. of the 

intermittent irrigation runs which Were made down the lateral later in 

the season. The inflow measarillg device was a Parshall fltUlle. The 

measuring devices en the farm turn~uts were two Parshall flumes aJld 

one rectangular weir. 
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Stabilizing Bffect !! Sedimenti.g Bent.Bite 

by B. W. Lane .and I .. S. Dwut 

The major emphasis of the present research and development 

work has been on the seepage reduetiol'l aspeets of the sediment lilliag 

method. It has been realized that by depositing a sedimenting material, 

such as bentonite, in the pores of the canal bed aDd banks, stabilizing 

effects as well as seepage reduction effects could be obtained o The 

same void filling action.that reduces the seepage should also have a 

ceme~ting action on the bed particles and make them more resistant to 

scour 0 

This increased resistance to scour due to deposition of fine 

sediment in the interstices of the wetted canal materials frequently 

occurs naturally where the flow is increased gradually in a newly con-

structed canal. The process of bringing a. canal gradually up to full 

discharge is. called "seasoning. II If ca.aa.ls lIIt1st be put into aetion a.t 

full discharge immediately withoat seasoaing, they must be designed to 

carry lower velocities than if they can be seasoned. 

In certain areas the advantages of increased resistance te 

scour may be of greater importance than the reduction of seepage 

losses. Canals in fine materials like due sand or loess are usually 

constructed to carry only a low velocity. Higher ones would cause 

Ultd.esirable scour. To carry the desired quantity of water at low 

velocities requires a larger and therefore more expensive canal than 

if high velocities could be used. In m&JlY cases therefore a satisfactory 

sedimentlng treatment probably will provide not only a more water-tight 

canal but also a cheaper one. 
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While studies are being conducted to determine the seepage 

reduction effect of the bentonite sedimeatittg treatment, the increase 

of resistance to scoar should also be investigated. One way to make 

such a study is to measare the cohesion of the bank material before 

and after the be.tonite sedimenting by means of an instru.m.ent known 

as the "ya.ne borerfl.. A study sh0l11d also be made to determine the in­

erease in allowable velocities in canals with the increase in cohesion 

of the bank materials shown by the vane borer tests. From the results 

of these studies it may be possible to design smaller canals through 

seciimenting treatment to tAke advantage of the smaller costs of con­

struction. 

Within the limits of the available financing, work has been 

started at Colorado A and M College to construct and calibrate a vane 

borer for the testing outlined above. 

Any increase in resistance to scour of the canal bed after 

bentonite sedimenting will probably be produced by the cohesive action 

of the fine colloidal clay particles. This cohesive action should 

eause an increase in the shearing strength of the bed. The change in 

strength can be measured by means of a shear ,apparatus called the "vane 

borer" mentioned above. This instrtlDleltt will measure the shearing 

strength (cehesion) of the surface layer of the bed "in sittt". 

The relation be~een cohesion aad resistance to scour can be 

investigated in the laboratory by hydraulic shear tests on samples of 

soil with various degrees of cohesion. The hydraulic shear can be pro­

duced by a vertical jet of water with controlled velOCity impinglng OA 

the surface of the sample. The velocity of the jet is increased until 
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Plate 12 Equipment for Stabilization Studies 

Vane Borer apparatus 
for determining cohesion. 
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scour is produced on the surface. Hydra.alic shear artd cohesion may then 

be compared iB graphical fOI1ll.. Studies of the above relationship will be 

conducted during the slUII1Iler of 1955. It is plaDned, after the laboratory 

tests, to make observations in operating canals te determine the relatioD 

of the permissible velocities in canals ia natural cohesive material to 

the shear values measured by the vane borer. 
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Bffect of Sedimenting Bentonite ~ Irrigated ~ 

Research on this effect was originally planned but it was 

deferred for the following reasons: 

1. Initial sedimenting experieace indicates that all .f 

the bentonite is used up in the lateral being treated. 

2. The amount of bentonite that subs~ently can be picked 

up during normal irrigation water deliveries seems to 

be negligible. A normally muddy irrigation water 

commonly contains more clay. 

3. Studies on this effect lIIAY be started at a later date, 

but for the present the limited available financing 

is being concentrated on research and development of 

the actual method. Studies of the side effects of the 

method, which as yet is not fully defined or developed, 

would be premature at this timeD 
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Cha.pter VII 

CONCWSIONS 

Based on the bit!al research and development work on the ben­

tonite sedi1llent lining .ethod, iltcludiag both field and laboratory re­

sults, sOlIe gel1eral procedure stateaellts CaR be _de. It will be 

realized, hewever, that each pro jectarea. and pervious material presellt 

illdividual problems tha.t usually will require some modi! ication .of the 

sedimellt~ procedure. The experi:nteaul p-rocedures used in the initial 

cooperative installations produced sealing results that were (1) very 

favorable for the Tri..county insta.llation in leessial soils, (2) generally 

favorable for the North Platte Project iJlStallatioll ia dune SADds, and 

(3) slip-tly favorable for the Kendrick iut.a.llatioIt in fractured shale. 

In all three installations, the need for additional research and devel­

Op1I.entof the installation and evaluation lIlethods was evident. For this 

reasoa the followiagconclusions relating tose4t.enting procedures and 

evaluations also include references to research and developmeat problems. 

The pro~edure aad evaluation conclusions are discussed in their normal 

¢hrOllololical order. 

Before e. after sedbtenthtg record -- Direct .eas1trementsof 

Wllter losses by poDding -before and. after the sediJllenting work, supple­

__ ted by some flow aeasurellents, "ee. to be absolutely necessary iD 

orc.ter to achieve any quantitative ~.,.a.luatioD.of an installatioJl. Ollly 

'by tltese methods Call a reliable estiaate of .... ter lesses be mad.e o Wllere 

the water losses are producing 4uuage in nearby lands, detailed water 
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t.able aBd seeped area maps before aad after the sediaenting .are also 

requiredo TIlis type of information is needed so that a benefits-to-costs 

compariso1t caD. be made. 

Preliminary testing -- Some phases of the preliainary testilll 

wrk, such. as the dispersion tests, caa be perfonaed iJl the laboratory. 

Fie14 APpliCAtion, however, illvolves lUlly ilIportant vAriables that cannot 

he duplicated re.adily in the laborat.ory. These include existinl soil 

structure, natural sediJllel'1t cakes, crAyfish holes, depth to water table, 

salt status of soils .and grOUJlcl water, aad cu.al operatiq conditions. 

Thus, ill Ilally iutances 1I0St of the preliJlliaary procedure developmeat 

testl.D.g lltUst be colld.ucted at the field site. By restrictiD.g the initial 

wort to a. SlUll section of lateral, wltieh is a representative part of the 

over-all ca.tta.l systeDt, the field variables may be taken into account 

economically. 

PresediBleDtin5 condltiOll !! lateral -- It was assumed that it 

1l1OU1d be best to run the sedbtenting mixtures into the dry c.halmel just 

before the start of the irrig4tio. season because (1) cractlq result!., 

from clryiag aad frost action would provide eatry through the natural 

$e4btent cake, and. (2) the ,rOUl'ld water table aJICl the soil lIloisture _uld 

Aoraally be at the lowest stage, hence, the effectiYe sedimenting head 

would be at .. maxi.1llua. No evidence has been observed th.a.t iltdicates the 

coatr.xy, therefore :runnia, the sedt.e.tia, suspension iato a dry canal 

is recOJIIlended. 

Hip-swell beJItollite compared. with local clay -- The iDitu! 

wert has been perfO-Oled in areas relatively close to the high-$fell ben­

tollite processiDg plants. If the sedimeJlt lining wort spreads to. areas 
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.ore distant from the high-swell bentonite deposits, it may be advanta­

geous to utilize local clays, but the problems of lIiD.illg~ maintaining 

uniformity, chemical beneficiation and eliminating the over-size particles 

should. 'be fully COllSi4ered.. Differe.at mixing methods, probably similar 

to those used ia the Tri~OUBty Project silt iajeetiOR work (11), might 

be re4uired • 

.!!.!.!! water problem .... "'" Siace JIlOSt irriga.tiM waters are hard, 

soae flocculation of d.ispersed clay colloids Will occur. If a. .slow 

pODding procedure of sedimentiDg is employed flocculation and settlia, 

JIlUst be COJltrolled. This usually can be achieved by using chemical 

dispersants, which red.uce the flocculent effect of calcitUll and lUgneSiWR 

inaMition to reducing the viscosity of the bentonite slurries. The 

amount and kind of dispersant necessary depends on the water and on the 

Clay colloid being used. 

Mixiag problem -- Stable dispersions of clay colloids depend 

ltot oaly Oll chemica.l c.onditions but also on the completeness of the 

mechanical dispersing effect. Producing large quantities of uDiform, 

lump-free, and stable dispsr$ions of powdered bentonite is a difficult 

and troublesome problem when inade4ua.teequiplIleJlt is used. The Johnson 

multiple-jet device used ia the Tri~eunty work does a good job of 

aixi.ns. The aixi:ng cost en the Tri-County work was abou.t $10.00 per 

ton as c.ompared to the average cost of abovt $30.00 per ten 8Jl the other 

two installations where the mJ.xiag was accOlIPlished by contrACtors using 

the siBsle jet method.. The latter method is cOJlaOllly utilized in aixiDg 

drilling mlds. 
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~ pit cycle -- A .ud pit cycle between the mixing process and 

the addition into the lateral beiag treated is recommended because it pro­

.-ides (1) a co_trol so tltat lumpy unsatisfactory mixes. Calt be s:upfJ:lement­

ally mixed hy lIdctitional water or air jetting; (2) extr.a t.ble for (teuria," 

or COlIlPlete hydration of the clay collaiel; .and. (3) a stud-by velwae a:ad 

better control for slurry additions into the dilutiag flow of water in the 

lateral. For the conveniellCe of jettin~ .a 101lg narrow pit is preferre4. 

The pit TOltulle shou14 be 5uffici.ellt to provide. slurry retelltion time ef 

at least thirty 1Ili.m1tes. 

Sedim.enting concentration - In the initial sedimenting work in 

.bieh slow ponding procedures .and high-swell bentonite sediments were 

used, the concentration was limited to .a minimum of one per cent because 

the mixture tended to flocculate at a lower concentration and to a 

maximum of two per cent because of cost considerations. Actually it is 

risky to geaer.alize on the concentration required since it should be 

tailored to fit the canal site conditions of pervious lIlaterials, water, 

and operatingcoruiitions. Where possible the sedimenting concentration 

and dura.tion of pOllding should be determiaed by prior laboratory od 

field testins. 

Pondiag phase 2f sediment!ng -- The major problem chtring the 

critical pondiltg phase is to produce COllditioltS conducive to bentonite 

penetration aDd sealing-ia-depth~ Where spacing of check structures 

and ca.aal grade permit. the slow ponding procedure is recommended. In 

the pervious materials tested, this procedure seems to produce a. good 

-108-



penetration and sealing action because (1) ponding depths are slowly 

built-up, (2) movement of bed-load sediments is virtually eliminated, 

and (3) the non-colloidal fraction, which hinders penetration, is rapidly 

eliminated by settling. 

~ poad!n& procedure -- This water running sequence has 

normally consisted of ponding the suspension behind the first chec~~struc­

ture in each test section of channel. Depend.iJlg on the ldx rate and 

volume of the first pond, this may take from one to three days, or 

longer. After the first pond is filled, the bentoltitic water is released 

preferably frOlll under the check planks, but at a: rate equal to the inflow 

so that a uniform pond level is maintained in the first pond. The pro­

cedure is repeated down the channel being sedimented. Upon completion 

of the mixing, an after-drive of clear water is continued so that uni­

form pond levels can be maintained at the same high elevations until 

normal irrigation deliveries are begun. This full depth-low velocity 

condition should give the bentonite ample time to penetrate. The after­

drive of clear water introduces some additional difficulties to the 

process. It is possible that it may be eliminated and this point will 

be given further study. 

Overrun problem -- The clear water after-drive, instead of 

staying behind the ~entonite suspension slug, has shown a definite 

tendency to overI"Wl the sedimelltiJtg water. This produces problems of 

dilution. The introduction of Dew chemical ions causes flocculation 

atld settling problems. There are apparently two ways to ilIIp:rove this: 

(1) softening the after-drive of clear water, and ·(2) increasins the 
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initial concentration of the sedimenting charge. Actually in the case 

of loessial soils, the flocculation tendency of the diluted sedimentiRg 

water may have helped the sealing action. This point, however., needs 

more research. 

Penetration !.!.!! sealing -- During slow ponding procedures 

iJtvolving the transportation of a bentonite sealing JJtaterial, a sodiUII 

environment seems most favorable. With respect to retaining the ben­

tonite colloid in the pores of the pervious canal bed-materials tested, 

there is evidence that a calcium environment, or at least one dominated 

by a multivalent cation, is besto While a sodium water may have some 

beDeficial effect by causing dispersion of the clay fractions of the 

site soils, this would be a secondary effect since the primary objective 

of the treatment is to inject the new colloids into the pores and 

macropores of the site materials. In permeable clayey soils, however, 

the sediment lining method of injecting the dispersing a.gent alone may 

provide an effective and economical sealing. In very pervious materials, 

where penetration is no problem, the sediment sealing action probably 

would be enhanced by the presence of coarser sedimeat particles which 

would ACt as bridging agents. 

Depth of penetration -- If the pervious soils possess a natural 

bentonite content, and many of them do, evaluation of penetration is 

complicated because the new bentonite cannot be distinguished froa the 

natural by the benzidine test. It was thought that the sodiUJI-zinc uranyl 

acetate test might be helpful because this depends on a reaction involving 

exchallgeable sodiU1ll. However, the exc1la.nge reactions 1U.ke this method 

equally uncertain. Thus, direct measurements of penetratiQn in the field 

-110-



have been virtually unobtainable but indirect indications are that 

penetrations to depths of 1 foot and more has been achieved in instances 

where installation conditions were fairly favorable. 

Costs -- In the initial experimental work, the costs have 

ranged from about 7 cents to 30 cents per square yard. The higher 

extreme in cost is attributed to experiment~l procedure problems and 

an abnormally high cost for mixing, the lower extreme in cost may be 

improved still by promoting efficiency of material handling and 

sedimenting procedures. 
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Chapter VIII 

RECOMMENDATIONS 

1. There are iadieations that sedimenting materials other 

than bentOBite ma.y be required to seal adequately some types of pervious 

materials. The extremes of permeability, the slightly pervious and the 

extremely pervious, ap~.r to preseJlt the most difficult p~oblems for 

the bentonite sedimenting method. The bultof the perviou.s tlaterials, 

however,are between the two extremes. For the presellt, therefore, it 

is reCOMmended that the sediment lining project work remain concentrated 

01'1: (1) the use of colloidal clay sediments, and (2) the sedimentiag of 

loess, sanda, and fractured bedrocko 

2. To avoid the evaluation problems of the 1954 experimental 

installations, the following order aad timin, of future work is recom­

mended: 

a. Systematically sample, evaluate, and describe the 

pervious canal bed-materials before sedilllenting. 

b. Determine "before-linillg" seepage losses by both 

ponding and flow measure_eats, preferably for one 

full season ahead of the sedimenting. Are. of 

seeped land measuremeats should also be included 

if necessary. 

c. Evaluate and develop the sediBenting research aethods 

aad materials to be used in the field site iastallations. 

I...aboratory testiRs would 'be utilized to the fullest 

practica.l extent. 
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d. Install the experimental sedim:ent lining, probably at 

the beginning of the irrigation season following the 

seepage loss determinations. 

e. Determine "after-lining" seepage losses and areas, .and 

collect "after-lining" canal bed S&lIIP1es for penetra­

tion and sealing evaluations. The same aethodsas in 

a, b 7 and c above would be used and repeated 2nd 

and 3r4 years if needed. 

3. To accomplish the specialized research, development, and 

e~uation work outlined above and to Obtain a c1esr understanding of 

the basic sediaent lining pr~cip1esiRvo1ved, a three way cooperative 

progrAm. is proposed. The following program provides for an integration 

of efforts of a research team of sediment lining specialists, irrigation 

ergaJ'lizations, aBd private industry. 

a. Research ~ -- The over-all objectives of this team 

would. be to (1) arrive at an understanding of basic 

principles involved in the sediment lining method, 

(2) develop methods of applying this under practical 

conditions, and (3) report these in such a way that 

operation and construction engineers may use them. 

It is believed that the initial sediment lining results 

and the magnitude of the canal seepage problem constitute 

ample justification for the following research and 

development team: 

(1) Project leader -- ,eneral supervision. 
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(2) IrriS!tion engineer -- assistant to project 

leader, and techni'cal reports writer and co­

ordinator. 

(3) Hydraulic engiAeer -- responsible for "before 

udafter" measurements of canal seep.le and 

for pondiag phases of experimental sediment 

liDing iRstal1atioBS (including laboratory 

hydraulic mode 1 deve lopment work if required). 

(4) Soils eD.Jineer -- respollSible for prelimiaa.ry 

testing involving. site soils, water and sedi­

menting material, and for "before and after" 

evaluations of sediment sealing effects in 

pervious canal bed soils. 

(5) Bguip!ent foreman -- responsible for testing 

of bentonite mixin, methods and for mixing 

phases of experimental installations -- quali­

fied for "trouble-shooter" work on mixing 

equipment problems. 

h. Cooperation ~ irriga.tion industry -- Since the major 

objective of the sediment lining research is to develop a 

depeDdable and effeetive canal lining method it seems 

logical to coJtd.uct the maxilma possible amOWlt of the 

research aDd developmellt wort ill operating can.als or 

la.terals aDd in cooperation with interested irri~tioa 

districts. SiBce the research team would perform the 
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preliminary research and development work for several 

representative field site installations, it is proposed 

that the local irrigation district involved install these 

experiment~ linings and pay for the aaterials and mixing. 

c. C!,!,eration from private iDdttatry -- Since the development 

of the sediment lining method would benefit private in­

dustry, such .as bentonite, chemical, and mixing companies, 

their continued support to the sedi~ent lining program 

seems warranted o It is proposed that they continue their 

support of the fundamental phases of the sediment lining 

research at Colorado A aDd M College. This research would 

be coordinated and supervised by the appropriate research 

team members and it would also include the College phases 

of the presellt cooperative work with the U. S. Geological 

Survey. Help on materials and mixing for experimental 

installations probably would also be solicited. 

4. The prepo.sed cooperative research and development approach 

seems to have several advantages. Probably of primary importance are the 

practical experience and nowledle of local irrigation operations perso.­

nel, whose cooperation will assist in the development Gf sedimm ting 

procedures that are both practical and adaptable to local conditions. In 

addition, iltfonu.tion obt.ail1ed froll. the comprehensive evaluation of field 

site conditions offers a convenieat .ad practical way to restrict sedi­

.eating variables of soil, water, and sediment? especially in the funda­

mental phases of the research and development work that can be conducted 
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in the laboratory. III the follow-up phases of the cooperative research 

work, including the installatioll work, .a1ua.b1e irrigation water CaD be 

SAved and training of local operating persoBllel can be accomplished. 

It is therefore believed that lIlUch can be ga.iJled by the close integratin 

of ftutdamellta1 and experimental field installatioD phases of the research 

and. developMent work for the sediment lining method. 
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Proposed Budget and Organization 

The following three way cooperative program is proposed as a 

long-range goal of organization and financing: 

1. Research ~ -- Organization of the following research 

team with a reasonable assurance of stable financing over 

a minimum period of five years. 

Budget Item 
Project Leader (Federal GS-12 level) 
Irrig. Bngr. and Assist. Proj. Leader 

(GS~ll level) 
Hydraulic Engineer (GS-ll level) 
Soil Chemist (GS-ll level) 
Bquipment Foreman (GS-ll level) 
Bquipment (laboratory, office, 

automobile, etc.) 
Operating expenses (laboratory and office) 
Travel 

Total Per Annum 

5,940.00 
5,940.00 
5,940.00 
5,940 .. 00 

14,500.00 
24,700.00 
5,000.00 

$75,000.00 

2. Field installat;ions -- It is proposed that the cooperating 

irrigation projects pay for the installation costs. 

Possibly industry may help by donations of materials or 

equipment.. The cost of the field installations is estimated 

as follows: 

Budget Item 
Assume three installations per year 

Total Per Annum 

Per Annum 
$35,000 .. 00 

$30,000 .. 00 

3. Industry support -- It is assumed that Industry support of 

the College Fellowship Program and the U.S.GoS. cooperative 

work on sediment lining research will continue -- estimated 

as follows: 
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Fellowships (3 at j time -- $1800 each 
plus $700.00 expenses) 

Cooperative program with U. S. Geological 
Survey matched by Federa.l Funds 

Total Per Annum 

Total Annua 1 Program 
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4,500.00 
4,500.00 

$16,500.,00 

$121,500~00 
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Bnclosure 2 
Results of Laboratory Testing 

Lateral 218 -- ~eDdrick Project -- Wyoming 

Sample Clear Water 2 per cent Clear Water 
Sta1 Before2 Bentonite2 After2 

Lat. 218 8.5 +00 34 min 10 hrs 3 hrs 10 min 

98 + 00 16 min 1 hr 35 min 

104 + 00 16 min 2 hrs 1 hr 8 min 

126 +00 12 min 2 hrs 15 min 1 hr 24 min 

137 + 00 15 mitt 2 hrs 30 min 1 hr 57 min 

354 + 00 12 min 2 hrs 35 min 1 hr 35 min 

end 6 min 1 hr 30 min 37 min 

Lat. 218-10 15 + 25 19 min 22 hrs 1 hr 45 min 

29 +00 17 min 6 hrs 25 min 1 hr 15 min 

44 + 00 11 min 16 hrs 1 hr 45 min 

49 +00 10 min 3 hrs 45 min 1 hr 5 min 

66 +00 29 min 17 hrs 3 hrs 20 min 

1 All samples were silt with varying amounts of clay and sand, except 
for sample from end of lateral, which was a dune sand. 

2 Samples were compacted into large size juice can (4~ ino diameter 
7 in. high with perforated bottom). Two-inch space left for water 
on top of each sample. Times shown are for two-inch drop in water 
level from top of can to sample" "After" tests were run after 
bentonite cake was removed from surface of sample. Testing was 
accomplished during winter of 1952-1953. 
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Bllclosure 3 
Summary of Mixiag aad Pending Data 

Lateral 218 -- Kendrick Project -- Wyoming 

Mixillg period -- Started 6:00 a .... , May 6, 1953 -- ended 
2:00 p.11'l .. , May 1, 1~53. A few delays ill delivery of be.tonite caused 
some gaps in the mixiJtg G Total mix time -- 29.22 hours. 

!!!! pOiDt location -- Station 2 + 60 at head weir in lat-
eral 218. 

Mixing equipment -- Single jet hopper mixer used by con­
tractor -- Halliburton Oil Well Cementing Company_ Pumps to supply 
jet -- trn.ck-mounted .. 

Mix water source -- From head weir pond -- 0 + 00 to 2 + 56. 

Total bentonite -- 75 tons or 1500 sacks. 

TotAl dispersMt -- None -- need. for dispersant not 
recognized in this early work6 

Mix l?ate -- Varied from 2.5 tons/hr to 2.9 tons/hr into 
an average-rIow of mix water of about 168 gpm. 

Slurry concentration -- varied. froJll 6.0 per cent to 6.9 per 
cent of bentonite to water (by wt.) -- mix seldom free of lumps. 
Slarry was discharged from jet hopper directly into turbulent water 
spilling ever head weiro 

Diluted conceatration -- DilutiDg flow over head weir 
varied from 1.0 to 200 cfs -- regulated from head-gate for lateral. 
Fina.1 concentration varied from 1.0 per cent to 1.6 per cent. 

Total volume !f sedimeJltittg charge 3.68 acre-feet. 

C,n@l bed conditions -- Fairly dry just before sediMeating 
started, ~l check boards in existing check structures -- some 
temporary checks pnt in at drop structures. 

Water running procedure -- Sedimenting water ponded as high 
as possible iD each checked reach of canal. A clear water drive 
following the sedimenting was not utilized; thus, canal bottoa was 
allowed to dry out for several weeks until the normal ran of 
irri«ation water was begun. 
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NO 4.0 1.0 ... 0. • ", . SPMIl Z •• 7 ... 
5.0 Ii 

100 0." .... 1.0 w""" 
0.15 

IIF II milling flow (CFS) - 7.0 
0.. 

• .0 SPII· 100 Ib .tlc" of b."tonltw 

0.. t.o PH minut •. 

• KEY •.. 0...,. 10.0 C. COttCHt,."tlon PM cMf 
byw.;,ht 

."" "" cnJ CI'S " . . ,' , 
" . 

" 
" ". 

" 
BUREAU M RECLAMATION REGION 7 
NOMOGRAM BY J. T. M. DRAFTED IY W. A.F. 

SEDIMENT UNING SINGLE-STAGE 

MIXING NOMOGRAM 
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Enclosure S 

MF 

IIINTON ITII IMIXING FLowl 

.'M CFS 
0 0 

~oo C. a % 2 ! IPOO Co) 

SPMr~ 10 50 

8 

25 
8 

W 
." 

W 3 II: 
S'JJO<) w 
Z .. 
i 4 .... 

W 

~ 2.000 
w ... 

." 5 Co) 

§a,aoo ~ 
Co) 

..I G I <r 

" ~ I '5POO 
~ 7 II. 

3 I "",!lOG .. . 8 ~ 
5 a 
)C 

1 
w 20 
.... II: 
i I 8 
i z: 

~ 5 15 ~ .. .. 
." VI 

IS 4 I g¥ c .-
10 , 

2 
I 

i4.ooo • 
0+0 4.100 10 

Based on formula t KEY 

RfFErtENCE 
LINE 

OF 

/OlLU' 
FL 
aCFS 

1+20 
." 
Ai: 

f 
.... 
w 

~ w 
I&. .... 
y 

! CD 
;:) 
Co) . It 

I S .. It 
II: ... 
I 
! 
iii 

,_ENTONT!!} 
TPH I IPM 

0-1-0 

~%5t: 
10 ... 

Qs ~ 
4 ~ 

a 
c 

15+5:f 

." . ~ 
C 

10"1 ." 

1 

• 

"I 
10 : 

Fe· 
SPM • cs • .,,. 
SPM (MF+DF) 

Where: 

Fe • final concentration ~. by weltht. 
SPM. 100 ~b lackl of bentonlt. per minute 
e S • concentration of slurry ~. by wti9ht 
MF • mixing flow (cubic f"t per .econd) 
DF • diluting flow (cubic fNt p.r .. cond) 

lif~-tM 
SEDIMENT UNING TWO-STAGE 

MIXING NOMOGRAM 

Under the condition: S,. 
C5 • ,.IT( MF ~ 

IUfltt:AU Of!' IItECLAMATfOH - .IION 1 
IIIOliloertMi IV J. T. III. - MA'" IY w,A.,. 



Enclos.ure 6&esults of Feasibility Tests in Loessial. Materi,aJ.s 
CtnlrtlaadClUlal -- Bostwick Unit -- Nehr •• lo_ uri r ••• :IIJ: 

r r 

l~f!l wafer TEST PIT No. I 
,., 
VI'" 

!\ .If) 

\..~--
~~ 

-tN 

0 

6J 
I 

~ 
C/ty wdt8r 

~,. \ I/O \.. ~ 
..... .,. 

(\f 

I I 
1.0 % Bentonite 
so/lltlon added 

t---t--t-t-+-----1~'----+_--+__f_-_II__-.....f_-_+_- Exc0f'J 'wi 2j" -+----1 
I I 

\, Benfonite !xafh,,,1Bd2l
N 

ExCIJve1fed 6' 
'~QkfJ~ nltJIOV«i 

TEST PIT N(),2 

tl 20 

~ 
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Enclosure 7 
THE CENTRAL· NEBRASKA PUBLIC POWER' AND IRRIGATION DISTRICT 

-----'so ............ - 3OO11a.,.. ... ----_J'A 

.- 'Pi,. .locket 
24- lonv -""":".l 

JET MIXER 
FOR BENTONITE 
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Enclosure 8 
THE CENTRAL NEBRASKA PUBLIC POWER AND IRRIGATION DISTRICT 

,1,4- Ej.ctor-_---.J~_ 
10 ,,1ft. 

I Yt- HOII 

EQUIPMENT SETUP 
SETUP FOR MIIING 300 POUNDS 
OF BENTONITE PER MINUTE AND 
o TO 5 POUNDS OF DISPERSING 
AGENT 'ER MINUTE. SOLUT!ON 
TO K to ,ER CENT BENTONITt 
19.93 PER CENT WATER AND 
00.01 PER C~NT DISPERSINI 
AGENT. 

I 
100,el. I 

Tank for miliinl I 
~--~ I 

'---""'"=----t~ 
2- I 

S'~~~t:o~oo. b! 
'6" I 

400"m. 
Two - Stog' Pump 

150 p.i. 

3" Ho •• ___ --t 

Twl" Strain.r ---...... 

400 Ipm. 
Two- Stal' Pump 

150 p.i. 

,- PIUI Valv. ---~IIC 

,. Pip. with 110 3/32" hoi •• 
with 6- jack.t 300 p. i. 

400 Ipm. 
Two- Stat. Pump 

150 p.i. 

"-Pit 'or 25 tllnu'" Holdlot TI"'~ 

1000 I pm. Pump at 40 lb •. pr •• lur. 

Lot.ral b.inl tr.~ot:..;:',;:..d ____ _ 
with B.ntonit • 

... .i? 

6·Pump Sh.1I 
for C,clon. 

'i 
c 
a 
o 

c 
'0 
a 

I 



Bnelosure C) 
SUJIImary of Mixing and Po.nding Data 

Lateral 19.3 -- B-65 Main Lateral -- Tri County Project -- Nebraska 

Mixing period -- Started 1:35 P ••• , February 9, 1954 -­
ended 9:45 p.m., same day_ Some gaps in mixing at beginning -­
total mix time -- 7 hours 45 minutes. 

~ pOint location -- On south bank of B-65 main lateral 
at turn-out for 19.3 lateral. Approximately 3 miles west and 3 
miles north of Bertrand, Nebraska. 

Mix water source -- PoDded reach of B-65 main lateral 
above checi=drop structure at Mile 19.3 -- normal irrigation 
water used. 

Totaa bentonite -- 26.6 to11S or 532 sacks of powdered, 
high-swell from Benton Clay Company. 

Total dispersant -- None. 

Mix rate -- About 100 pounds per minute into 200 gpm of 
ditch water:- ----

Slurry concentration -- About 6 to 8 per cent bentonite 
(to wto of water) 

Diluted concentration -- Slurry discharged directly into 
gate opening for lateral 19 0 3. Gate adjusted so final mix was 
about 0.5 per cent bentonite o total sedimenting flow around 5 efs. 
Mixing continued until 27oo-foo* section filled -- 1 foot above 
normal. 

Lateral capacity ~ condition -- Initial design capacity 
-- 26 cfs. Lateral bottom at beginning of sedimenting was partially 
covered by water? snow, and weeds o 

Sedimenting procedure -- Ponded bentonite water not ruB 
beyond first ponded section -- allowed to soat into lateral bottom 
and evaporate. 

Mixture stability -- Bentonite mixture was unstable. 
Flocculated -- clear water showing on top on second day. 

Sealing effect -- Seepage rate after sediJaenting reduced 
to 42 per cent of original ponding test rate o 
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Bnclosure 10 
Volume of Ponds 

Tri~ounty B-65 Installation 

Section Ponding Structures Approx Volume 1 Approx Wetted Area2 

cu ft sq yd 

1 Mile 23.7 to Mile 24.6 270,000 13,500 

2 " 24.6 It " !6.0 470,()(X) 23,400 

3 ft 26,,0 ft " 27.9 620,000 30,900 

4 ft 27.9 n n 28.7 246,000 12,300 

5 tt 28.7 tt n 31.3 830,000 41,400 

6 n 31.3 n " 320 8 515,()(X) 25,8)() 

7 " 32.8 ft " 35.5 835,000 41,700 

8 tt 35.5 tt ff 36.2 210,000 10,500 

Total Miles 12.5 Total 3,996,000 Total 199,500 

1 With water level about 1 foot above normal at lower end. 

2 Wetted canal perimeter area. 

Note: Assume that the volume per mile of canal is 320,000 cn ft 
and that a 30 per cent shrink per mile (or equal to drop 
in pond level of about 1.5 feet of average S.Q-foot depth) 
will take place, then the shrink per mile would be 96,000 
x 12.5 or 1,200,000 en ft. Add a safety factor of 100,000 
cu ft gives 1,300,000 eu ft. At 1 per cent concentration, 
about 400 tons of bentonite were required. 
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Bnclosure 11 

Trial Mixes 2 

Summary of Bentonite Dispersion Teetsl 
Tri-County Project Installatio. 

HydroMeter Readings After 

Test Bentonite3 Dispersant Initial 24 hra ends Remarks 6 

No gms 4 

1 
2 
3 

4 

5 
6 

7 
8 

9 
10 
11 

12 
13 
14 

10.0 
10.0 
10.0 

10.0 

7.5 
7.5 

7.5 
7.S 

10.0 
7 0 5 
5.0 

10.0 
7.S 
5.,0 

.05 TSP 

.05 STP 

.05 SHP 

None 

.05 TSP 

.05 STP 

.OS TSP 

.05 STP 

.06 STP 

.045 STP 

.03 STP 

.12 STP 

.09 STP 
.06 STP 

7.2 
7.2 
7.2 

6.6 

4.6 
4~6 

4.6 
4.6 

7.5 
5.0 
3.0 

7,,8 
5.8 
3.2 

5.0 5.2 (7) Nearly uniform color 
5.0 5.0 (7) IV tf " 

5.0 5.2 (7) U U ff 

4.2 2.0 (7) Bottom i darker, top cloudy 

3.8 3.8 (6) Nearly uniform color, 
4.0 4.0 (6) dispersants added to dry bentonite 

4.0 3.8 (6) Nearly uniform color, 
4.0 4.1 (6) dispersants added to water before bentonite 

6.0 5.8 (11) 
4.0 3.2 (11) Mixing conditions simulated 

~ clear i clear 10 per cent slurry diluted 

6.0 5.6 (11) .. . 
4.4 4.0 (11) M1x1ng cond!t10ns simulated 
2.8 ~ clear 10 per cent slurry diluted 

2 

1. Testing by Mr. G. B. Johnson, Chief Bngineer, C.N.P.P. and I.D. 
20 Bach in 1000 cc of canal site water. 
3. All tests with Benton Clay Company high-swell type bentonite. 
4. Dispersants used -- tetrasodium pyrophosphate (TSP), 

sodium tripolyphosphate (STP) , sodium hexametaphosphate (SHP). 
5. Number in parenthesis refers~ to number of days test was run. 
6. Refers to amount of segregation in bentonite-water mixture at end of test o 



bcloare 12 

TEST FOA EFFECT OF TEMPERATURE 
ON HYDROMETER READING OF BENTONITE SOLUTION 

SOLUTION M.ITURI CONTAINED 
1000" WATER - 10 GRAMS BENTONITE - 0.06 GRAM TRI POLY PHOSPHATE 

'! 

~ 

J'5~++~~~HH++rH~~~++rH~~HH++~~~H1~~~~~++~~ c 
t 
I 
~ to~HHHH~~~++++++++~~~~HHHH~~~++~~++~~~~~~~44++++~ 

I 
t5&~~~~~~H+~~~~~~~+H~~~~~~ 
o 

T 

Grams of Bentonite per 1000 cc Wat.r 

NOTES ON TESTS 

O Teat started with temperature of solution at 58- F. 
, Solution .armed at room temp.ratur. and remind 

in test cylinder each time before readings ..... tak.n. 

® Plac.d 80- F solution in refrigerator. Reading' .ere 
tak.n at 60 58 55 50 45 42 38 and 35- F. 

Solution r.mixed each time before readings .ere taken. 

Ii' Solution remain.d in refrigerator for 12 hours, then 
\:J removed to warm room. Solution allow.d to stand 
.ithout mov.ment. Hydrometer and thermometer I.ft in 
solution. . 

Te.t. started 4-15-54, completed 4~ !' ~ 
nc UNTRAL .IRASKA PUILIC POW!R ~ f;;? ~ 
• ""'IGATION DISTRICT. HASTINGS, NEIR. ' (/ CHIEF ENGINUIt 
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Enclosure 13 
Ry4r_tu .. ...u ... 

Trl~ty 'rej-at XutallaU ... 

SeCUOII StaUolI Ry4r,..ter .. adi..,.' -- TiM of .. &4illl -- Te.,.rature 

CII 24,6 
I 

CII 16,0 
3 

CII 37,9 
4 

ell 28,7 , 

Ck 31,3 
6 

CII 32,11 
7 

CII 35,S 
II 

CII 36,2 

4- '-54 4- 6-54 4- 7-54 4- II-54 4- '-54 4-10-54 4-11-54 

23,11 7,4 4rlOp 6,01r45a 7.1 10100a ',2 'l55a "boye headlate 
2.2 "'P 

clear 

24,6 

25,0 

16,0 

16.3 

27,4 

27,9 

211.2 

28,7 

30,2 

30,6 

31,3 

32,0 

32.8 

33,3 

35,0 

35,S 

36,2 

• .,le 1 clear 5.9 1l,100a 
!.!!!i!!....... 7,2 2140p 

!,i2~I30a 

~ 5,0 '11Sa 
~ 11.0' 'IUa 

6.0 111 lOa 
7,0' 11110a 

6,211IUa 
6,4 1110p 
6.0 "ao, 

6,0 111 aoa 
6,0 lh30p 

6.0 11130a 

6,0 11140a 
5,0 SI41p 

~:~ ~:: s.,~O t&;PJOp 
clear 

Ni a4.0 7,3 4115p 

~ 7,a 'llSa 
, I" 7.2 41aop 
~ 
5.4 7135p 

6,3 'llOa 7,0 '12Sa a,a UIOSa 
6,2 ~1I1Op 7,6 "I lOp 2,0 alOOp 
5.4 7110p clear 

~ 
6,4 '115a 3,0 101 SOa 

I a 6.2 41 4 lip 2,0 11 SOp 
, I 

6,2 7100p 

6,2 9110a 1,4 10140a d.ar 
4,4 1130p 
6.6' 11lOJ 

5.0 'IOOa 6,4 '115. a.4 sa', 
1.4 2r36, 

~ 6.3 IlISOa 6,6 '110 .. 3,0 52'1' 
• I a 6.2 4151p 4,4 3101p 3,0 52'1' 

T';'O'Til'3P ',.a '101p 3.4 Sl'P below cll 
5,4 61lOp 

6.2 11,45. 

6.2 IIr30a 6.2 '101. 5.6 SO" 
6,2 5rOOp 5,5 31ao, ,,'p 

6.1a 31ao, 54'P 

6,4 8tSS. 6,6 411'P 
6,8a 48'P 

'.4 IISO. '.2 saop 
4.11 J.4Op "'P 

8.0 •• 45. ',0 56'P 
5,6 '4100, 18'P 1I.Oa 51'P 

2,2 5S'P 
1.4 ".p 

clear 

1,1 54'P 
clear 

2,4 54'P .,.a 5aoP 

4.1 "'P 
5.0s 5aoP 

1 With extr .. aelldtive .oil hydrOlleter(rule 0_10 Ir .. llliter)--lIet carrected for te.,era,trare, 

• Ileadill, of clear ditch water -- 2,2! read ill, of aixture ju.t below dillJtioll ,oil1t -- ',0, 

S Suple collected orr bottCIII of lIond! all other ... pl •• were collected off .uf.ce, 

Notel 5...,1 .. were analyaed ill USSR DelIVer Laboratorin, 
-- No readill" for 4-13-54 and 4-16-54, 

4-11-54 

1,2 "'P 
clear 

6,1 54" 
cl.iteh t fllll 

6,5 58" 

4-14-54 

l,S U" 
Z,O 6O'P 

cleu 

3,0 66" 
5,4' SS'P 

4-15-54 

2,6 51'P 
clear 

3.0 SO" 

aeateaiUc wat:~~!!: :~.:i :r:i~!l~!~:-ju.t'be1_ ab ,.i.ri! 
(Ilycl.r_ter readi ... ,0) -- clear water coUected fr .. aaill lateral 
Jut -'>oye ab ,.bt, 

.... le MI ef MI of Appearance after SetUl11 24 lIr. 
Ife, Clear Water a •• t. Water 

400 100 'locC1IlaUol1 -- e1.ar water ~ 

II :tOO aoo P1ocC1llaUoll -- clear water ~ 

aoo :tOO SeparaUea - blat c10ndy water abaft 

1SO 3SO Separatioll -- blat c10ndy water &berre 

100 400 SeparaUn -- blat clondy water abcrre 

0 500 5_ layerl .. bat _ clear water ...... 



Enclosure 14 
Cb •• icai Analyses of Sedimenting Water Samples' 

Tri~ounty Project Installation 

Chemical Analysis 
parts per million over mil1iequivalents per liter 

fi,e1d Lab Location Date and Hyd pH TDS TSS 
No. No. Time Rd Hard. 

Ca Mg Na It C0 3 HC0 3 S04 Cl el.Na caCO, 

1 A3581 Headgate Mi 23.7 4-5-54 2.2 7.8 568 61 22 72 11 0 174 231 27 38.0 233 
Clear Mix Water 8:00 p.m. 3.07 1.8:> 3.1S 0.28 0 2.86 4.82 0.76 

2 A3582 Bridge Mi 24.0 4-5-S4 6.9 8.3 700 4552 22 8.6 179 8.6 0 208 264 32 79.1 92 
Mixture 7:20 p.m. 1.12 0.72 7.8 0.22 0 3.41 S.S 0.91 

3 A3583 Above check-Drop 4-5-54 7.4 8.3 690 5594 28 11 167 9.4 0 204 266 38 74.1 115 
Mi 24.6 -- Mix 7:30 p.m. 1.39 0.91 7.26 0.24 0 3.3S 5.S4 1.08 

4 A3584 Above check-Drop 4-7-54 6.0 8.2 708 3427 28 14 167 10. 0 210 276 33 71.7 8:> • .5 
Mi 27.9 -- Mix 8: 30 a.m. 1.41 1.20 7.26 0.26 0 3.44 5.7.5 0.92 

~ 5 A358S Above check - Culvert 4-7-54 6.2 8.3 696 3866 26 12 168 9.4 0 209 266 29 74.5 113 
t Mi 26.0 -- Mix 9:00 ,.111. 1.31 0.96 7.32 0.24 0 3.42 5 • .5.5 0.83 
I 

6 A3586 Above check-Drop 4-7-54 6.4 8.4 698 3923 U 9~5 184 9.8 3.3 204 263 34 79.2 92.5 
Mi 24.6 -- Mix 9:4.5 a.m. 1.06 0.79 8.00 0.2.5 0.11 3.35 5.47 0.96 

7 A3587 Bridge MUe 24.0 4-8-54 9.0 8.4 734 6289 15 4.2 213 6.2 3.0 207 297 34 87.8 .56.0 
Mix 2:30 p.lIt. 0.77 0.35 9.24 0.16 0.10 3.39 6.18 0.96 

1 A3454 Sub-tat 19.3 Head 2-9-54 2.2 654 312 70 26 282 
Clear Mix Water 8:00 P.IIt. 3.52 2.13 3.45 

2 A3456 Sub-tat 19.3 Head 2-9-54 7.0 672 5977 31 16 142 
Mix 8:00 p.m. 1.57 1.27 6.50 

3 A3457 Sub-tat 19.3 2-10-54 692 1447 41 17 171 
Mix 9:00 a.m. 2.06 1.36 6.08 

4 A3555 Sub-Lat 19.3 2-10-54 690 347 40 16 16.5 
Clear Mix Water 9:30 a.m. 1.99 1.31 5.82 

, By Bureau of leclaaation ~- Bnsineerin, Labs 
Oleaic&1 Lab -- Dell'l'er. Colorado 



Bnclosure 15 Results of Feasibility Tests in Dune Sand Materials 
Horse Creek Lateral -- North Platte Project -- Nebraska 

I·· I r 
CANAL WATER 

46 -
~ Wofer ouf _ 

ofletferol 
~ 

OfT 

I 

1.2 I 
T 

I 
I 

I ~ () 

~ I I I 

~ ao/ % Ben/onite 0.0/% SOLUTION 
t\I 1).4 ~r~lodied 
~ I ' 

I ~ 02 __ ~_ i • ~ Wofer alt -- i of loIeml .. I 
<t 

I I I I 
~ (J 
(I) I 

10.10 i,% 6fenfo~ite 
I I I 

~ I 
0./0 % SOLIJTION 

StIlI/han added 
Q.. 0.+ 
~ 

I ~ az Wdferouf 
~ 

f-of laf(JYf::1/ I -
~ I 0 
~ - /.0 % Bentonite I I I I 

~ solutio/? added /,0 % SOLUTION 
I 

~ 
AI 

~ if 

~ as 
J) , 

o.!; W(J/erout 
~ 

r-of lolem I 

0.4 .. -

o.t. .......... 
~ 
~ """'-- -0 

25 ~ 26 Z7 28 29 30 ~I 2 3 4 a 
~ 

October 

5 

September /953 
C(}lflpiJed fromSll1fl(Jdt:/h I/$ed l" Flgl.lteS 5-8 

~depIh in /almll vllffed Niween /,8 'ond 83: of ths LtJlIC4Sler mpDIT (13), 
-143-



Enclosure 16 
Volume of Ponds 

North Platte Project Installation 
Horse Creek Lateral -~ Mile 9 0 3 to 20.,9 

Section Ponding Structures Apprex Volume1 Approx Wet Area2 

eu ft sq yd 

1 Mile 9 0 3 to Mile 11 .. 0 323,000 22,000 

2 .• 1 11.,0 U PI 11.9 171,100 9,500 

3 ,tv 11 .. '> u 1'9 13.3 207,000 13,600 

4 " 13 .. 3 wv u 13 0 7 59,100 4 y 220 

5 9t 13
0
7 n "" 15 0 2 221,800 15,840 

6 ·n 15 0 2 n. n 16 0 2 153,000 10,000 

7 H 16 .. 2 H H 17.4 145,700 12,200 

8 1'9 17 04 ~ g~ 18 0 2 88,700 8,000 

(} 9'9 18 0 2 I'~ 99 19 0 5 123,600 II? 500 

10 '9 19 0 5 1'9 f9 20.,0 43,600 4,110 

11 '9 20 0 0 ~ '2 20 0 9 82,000 7,660 

1 Very rough approximation owing to irregular section of this old 
latera1 0 

2 Wetted canal peril8.eterarea .. 

Note: Inflow of drain water possible because of this initial 
concelltration -- 2 per cento It was assumed that 320,000 
cubic feet of mixture would be ample, especially since 
the volume could be greatly increased by inflow dilution .. 
Calculation as follows: 

320,000 x 52.4 x 0 02 • 200 tons bentonite 
axxl 

Available funds sufficient for 175 tons bentonite .. 
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Enclosure 17 

StaUoa 

7.6 

9.3 

11.0 

11.9 

13.3 

13.7 

15.2 

16.2 

17.4 

11.1 

1'.5 

ao.O 

al.' 

HydrOllleter R.eacHnss 
Horse Creek Lateral Sedi .. ent Linins Instal1atin 

Morth Platte Project -- lfYOIIIinS 

4-2~-54 4-26·54 4-27-54 4-a8-!!4 4-29-54 5- 1-54 

24.0 18.5' 30.0 18' 

7.0 15' 9.0' 17' 
15.0 21' 9.0a 18' 

7.0' 13' 12.0 ' 16' 7.0 ' 16' 1.04 ,. 
3.0a 21' 7.0a 15' 8.0a 16' 

9.01. 16' 6.0 17' 5.0 " 6.0J 21' 

13.0' 14' '.0 " 3.0· 5" 
8 •• a 21' 

8.0 17' '.0 5' 4.0' 
... 

13.0 15· 11.0 ... '.01. ... 
9.0 ao' 

".0 1'- '.0 15' .10.0a 
2.5 21' 

1.0 aa' 

4.0 a-

1 With •• lldUTe •• U.hyclr .... tar -- rUS. 0-10 s~liter. 

a AhOT. Itnctur •• 

I Below Itnetltr •• 

" Clear water. 

All tellplraturll r.c:or4ecl ·ia C •• U,rada. 

3' 

5- 2-54 5- 3-54 

1.04 11' 

7.0J 

" 2.0 10' 

".0 12' 

1.0· 8' 7.0 1"-

I.G 11' 

5.0 lao 

!!- 4-54 

2.0 II' 

".0 II' 

6.0 11' 

1.0 11)8 

5- 5-54 5- 6-54 5- 7-54 5-10-54 

2.0 12' 1.0 13' 

4.0 11' 3.0 13' 

5~5 U- 3.0 1'- J.O I.' J.O 10' 

'.5 lO'" '.0 II' 4.5 17' 5.0 11' 

1,0&'1r 1.0 SO' 

!!.!!!.I 
Mo reacllq. lae1l1cle4 f.r lI!atllrel e. 4-24-54 _ia, to miai .. pr .. 1eu(p,rNula, wi .. Tad.aU .. la ...... tuU .. ad auJ.telUty ., .ta, 



Enclosure 18 

Chemical Analyses of Sedimenting Water Saaples1 

North Platte Project Installation 

Field Lab Location Date Hyd pH TDS TSS Chemical Analysis 
No. No. Rd parts per million over milliequivalents per liter 

Na K C0 3 HC0 3 S04 Cl /. Na 
Hard. 

Ca Mg caC0 3 

1 A3S89 Clear Water Pond Mi 7.5 4-25-54 3.0 8.6 1048 26 18 5.4 384 10 18 564 345 45 91.1 68.5 
0.92 0.45 16.68 0.26 0.60 9.24 7.18 1.26 

2 A3590 Mixture at Mile 7.7 4-25-54 9.0 8.3 1148 13,300 22 6.6 500 7.8 3.6 666 426 129 92.2 81.5 
1.08 0.55 21.75 0.20 0.12 10.9 8.87 3.64 

3 A3S9l Clear Water Pond Mi 7.5 4-26-54 2.5 8.8 1056 36 IS 2.4 370 7.8 37 515 328 36 93.3 48.0 
0.76 0.20 16.10 0.20 1.24 8.45 6.84 1.02 

4 A3592 Mix at Mile 7.7 4-26-54 25.0 8.7 2ltl) 20,500 25 7.0 637 7.8 30 659 tl)8 48 93.1 92.S 
I 1.27 0.58 27.7 0.20 1.00 10.8 16.83 1.36 .... 
~ 5 A3593 Mix below check at 4-27-54 9.0 8.2 1032 7,304 19 5.2 393 5.9 570 354 33 91.7 69.S 

Mi 11.9 0.96 0.43 17.10 0.15 9.34 7.37 0.92 

6 A3S94 Mix below check at 4-27-54 8.0 8.0 1024 5,840 14 6.6 370 7.8 530 347 35 91.6 63.5 
Mi 11.0 0.72 0.55 16.10 0.20 8.69 7.23 0.98 

7 A3595 Mix at bridge near 4-27-54 2.0 8.5 988 l,ltl) 13 4.7 345 7.8 10 526 288 35 98.4 52.0 
Mi 10.2 0.65 0.39 15.00 0.20 0.34 8.62 6.01 0.98 

8 A3596 Clear Water at Mi 7.5 4-27-54 0.0 9.0 1012 38 14 4.3 345 7.8 47 477 306 33 92.4 52.0 
0.68 0.36 15.00 0.20 1.58 7.82 6.37 0.92 

9 A3597 Mix at check Mi 13.3 4-28-54 8.5 8.4 1100 4,628 17 5.2 403 7.8 7.8 567 371 40 92.3 63.5 
0.84 0.43 17.50 0.20 0.26 9.30 7.73 1.12 

10 A3598 Mix at bridge near 4-28-54 4.0 8.5 1072 3,596 15 2.9 362 11 12 543 285 42 92.5 50.0 
Mi 16.6 0.76 0.24 15.75 0.28 0.40 8.90 5.93 1.18 

1 By Bureau of Reclamation -- Engineering Labs 
Chemical ~ -- Denver, Colorado 



Enclosure 19 Results of Feasibility Tests in Fractured Shale Materials 
Lateral 128 -- Kendrick Project -- Wyoming 
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Enclosure 20 
Hydrometer Readings 

Lateral 128 Sediment Lining Installation 
Kendrick Project -- Wyoming 

Station 
5-13-54 

o 13.0 17°4 

Mi 0.6 

Mi 1.4 

Mi 1..8 

Mi 2.1 

Mi 2.8 

Mi 3.3 

Mi 3.8 

Mi 5.0 

13.0 17° 
7.02 15°· 

Hydrometer1 Readings -- Temperature 
5-14-54 5-15-54 5-16-54 

3.53 13° 
_1.0 2 .. 4 18° 

3.0 18° 

1 With sensitive soil hydrometer -- range 0-10 gms/1iter. 

2 Above structure. 

3 Below structure. 

4 Clear water. 

-148-

5-17-54 

-1.5 23 .. 5° 
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.Enclosure 21 
Chemical Analyses of Sedimenting Water Samples 1 

Kendrick Project Installation 

CheMical Analysis 
parts per .illion over milliequivalent. per liter 

Field Lab 
No. MD. 

1 A3661 

2 
2 A3660 

3 A3663 

4 A3664 

5 A3662 

6 A3665 

7 A3666 

8 A3667 

9 A3668 

Location Date Hyd pH TDS TSS 
Rd 

Clear Water Mi 0 5-13-54 0 7.8 ~76 100 

Mix at Mi 0.1 5-13-54 7.0 8.0 568 8652 

Mix at Mi 0.2 5-31-54 4.5 7.8 472 4136 

Mix at Mi 0.4 5-13-54 9.0 7.8 522 8362 

Mix at Mi 0.6 5-13-54 6.0 7.8 708 18100 

Mix at Mi 0.6 5-14-54 3.0 8.2 456 2504 

Mix at Mi 1.6 5-14-54 7.0 7.8 916 5792 

Mix at Mi 3.3 5-15-54 3.0 8.0 776 2988 

MiX at Mi 5.0 5-17-54 -1.5 7.8 470 630 

1 By Bureau of Reclamation -- Bngineering Labs -­
Chemical Lab -- Denver, Colorado 

Ca 

51 
2.56 

12 
0.60 

15 
0.76 

11 
0.56 

16 
0.78 

25 
1.24 

49 
2.43 

46 
2.31 

35 
1.73 

Mg Na K C0
3 

HC0
3 S04 Cl 'X Na 

18 38 3.5 VIO 148 9.2 28.9 
1.46 1.67 0.09 2.30 3.08 0.26 

9.2 170 5.9 190 208 14 83.1 
0.75 7.40 0.15 3.11 4,.34 0.40 

7.7 119 4.7 159 1l() 11 77 .4 
0.63 5.16 0.12 2.60 3.74 0.31 

6.8 145 2.0 155 187 10 84.4 
0.56 6.32 0.05 2.54 3.89 0.29 

8.4 199 3.5 219 258 18 84.7 
0.69 8.66 0.09 3.59 5.37 0.51 

12 109 3.5 171 172 10 66.9 
0.99 4.68 0.09 2.l() 3.59 0.29 

21 204 5.9 166 462 16 67.4 
1O!7l 8.86 0.15 2.72 9.62 0.44 

7.9 161 5.1 183 365 17 69.4 
0.65 7.02 0.13 3.00 7.60 0.48 

14 92 4.7 171 176 12 57.2 
1.14 4.00 0.12 2.l() 3.67 0.33 

Hard. 
CaCO 

3 

201 

67.5 

69.5 

56.0 

73.5 

111 

207 

148 

143 
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