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INTRODUCTICN ‘

A pew progrem was started by the CSU Sediment-Sezling Research Group
in 1960 with guide principels =g listed below:

1. The sediment-scaling material would be locally availlsble Colarzdo

: cleys, evalusted by direct measurencnts of sealing potential with
- lahoratory test procedures to be developed.
2. %The trial installation would be concentrated in test cectlons of
Colorado canals where (2) seepege losses are high--in excess of
50% where possible end, (b) the pervious bed muteriels ere coarce--
gravelly to rocky where possible.

These investigniions are nov ncaring completion. Two reports cre dbeing
readied for publication:

1. Dirmcyer, R. D., Jr., Clay A= a Canral Cealont, & dtexrature review,

grepered for Review, Vol II, Div. of Engrg. Geol. Scc. of Amer. :
(Ia preparation)

2. Dirveyer, Re D., Jr., Skimer, ¥. M., Lutz, G. A, and White, L. G.,
Evaluction of Colorzdo Clays for Secling Purpoces (Part I--Leborotary
Testing and FPart II--Field Trial Evaluation) Ixpt. Sta. Bull.,
Colorzdo State University. (In preparation)

The inforcotion outlined in this paper is restricted to swumary state-
ments developed from the reports ebove. It is felt that this will suffice
for moct readers, however, should rwore detailed information be desired,
please do not hesitate in requesting it from the authors of this yoper.

This Syrmosium, in itsell, emphncizes that the ceansl lining needs of
many irrigation systemo axe well recognized. It is also well recognized
that large-scaled efforts of scerage control are; in many instonces, bdlocked
or scaled-down by this all importent factor of cost. Thus it noy be seen
thet the 1dea of lowering the costa by using flowlng cancl water for placing
an impermeable clay (or other seglant) in the lealy zonecs is en extromely
attractive one. Juiging from the widely varicble resulis of such work, it
sy also be seen thot moany trowblesome problems can be encomntered in using
these shori-cul methods.

It will be recognized that thore are many cloy materials and methods for
applying these clays in sealing irrigetion canals, but the suminyy statements
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that follow owxr rectricted to general items that it is believed apply
equally as well that all silting and cloy-cealing mothods and they moy be
of soma help from the stendpoint of design end caontrol of construction.

CEXRACTIRISTICS OF ACCEPTABLE SEALTG CLAYS

¥ater-tight--ihether the material is called cilt, clay or bentonite, it
must have one festure gbove all others--it must be water-tight or in other
words, capeble of holding weter when used €3 & seeling agent in conals. This
may scem like em over obvious sistement bul during the course of owr recearch
activities, we have encountered mony Jobs (especially the silting examples)
where the material used for silting or clay-scaling apparently wos not tes-
ted to sce I 1t vas inpermeshle--al lcast no record of the testing can be
found.

Testins methods--The variouws cloy testing methods used in our research
work axre discussed in detall in the second report listed in the Imtroductions
peper, thoy axe not in this paper. In geneéral, for uses vhere the clay is
to be washed into place in the canal bed end banks; two of the tects scen nore
pertinent than the others: (1) the £ilter pormeadility, end (2) mldbility
index. The mfxibility index gives a measwre of the ease of mixing which is
especlally imporiont if the cley is to be vweshed into suspension from dom
spaced in the connl. The filter permesdility glves a meosure of the water-
tightness after the clay is in place in the leoky zones of the cenal bottom
end banks.

Chenfcal and mincralosical--In general, those elays of moct favorsble
charscteristics for sealing purposes cxre (1) high in content of colloidally-
gized perticles, (2) montrorillonitic or denbtoniticin noture, znd (3) 103
o more sodlun-saturated. Thus, they usually exhibil some degree of owelling
upon wetting with wntor. This also means thot the silting or cloy-scaling
methods have a Mmdfed used in hard-wnter crees, since & sodiun cloy when
mixed or disperced Into hard woter (high 1a caleium and megnesium) will ex-
chenge almost Immedintely to a caleium clay. When deposited as a filter coke,
the caleiwa clay will ucunlly be much more permendle than its sodiwnm counter-
part. This action can be counter-acted by placing the clay oo a eampacted
layer rether thon oo & sedimented roterisl. It is difficult for the pormechle
structwe to develop after the clay is corpected. %




CONDITION OF CAUAL CHAINEL

Prepexutory work--Since the silting end clay-sealing methods are, ss
implicd, sesling mothods only, they hove no other significant benefits, such
a5 the evosion ond weed control benefits wdildited by hard-surfoced conal
Unings. Thus, befare golng ehesd with the clay-scaling work, the channel
ehould be clemn, eroding exrees repaired and rip-ropped, and any other needed
raintenance work completed. ‘

Stable chomel--Another factor; oo vitally ifuportont as the clay charac-
teristics gnd the channel preparetion, is that the canel ¢hennel rust be
steble. I it is not, the life of themesling is cub short. Conditions that
will shorten the service life include:

(1) exrosion or undercutiing of cansl benks.

{2) movement of bed materisls (25 dunes, ete.) along bottonm.

(3) dburroving or rooting of andmnls, such as crayfish, esrthuvorms, mucke-

rats, pigs, coons, ete.

(k) groving or roiting of plant roots.

(5) leosening of canal soll by frost heeve or drying crecks.

Cenerally, the chamnels in fine-grailned materials, such as sandy to clayey
goils will be rmuch more distuxrbed Ly the ghove conditions thun those in cource
materinls, cuch as coorse sand, gravel, cobble, or talus.

BEALING OF COARSE MATIRIALS

From the sbove, it follors logicelly that the best results with silting
and clay-sealing cormonly are produced in conals traversing (or rip-rapped
‘with) rocky to grovelly meterdials. This relatzs not only to the longer 1ife
of the scaling in stoble materials, but also to the level of seepoge loss,
which is usunlly much higher in the cooyrse materinls then 1t is in the fine-
grained ones. Thug, the immedinte benefits of clay sealing in the coorse
setorials usuzlly are of & rmch higher megnitude ond they last longer then
those for trectments In fine-gralned soils.

Penctration and scaling-~-Under ideal conditions, the course channel
plating is underlain by o finer moterial in depth (say 6-12 inches doep). With
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thic condition, the senling tokes ploce on the finer-grained materiols end is
protected by the course-grained cover material. This ideal condition iv not
wmususl. It is comon in canzls in powmtainous arcas vhere coorse ncteriels
exe prevalent and vhere, with time, the flowing canclimter removes the fines,
lecving the cooxrse fragments cos a grovel, cocbble ar rock ploting. The secale-
ing~-in-depth roduced under thece conditicns is mrotected from erosion and
resisic, fairly well,; disturbing actions such as frost and drying.

Penetration without seolinz-.If the coarse materiel is very open and
lacks the necessary fipes-in-depth, the sealing clay moy penetrate very well
but not seal. In this case, such o8 in canals troversing telus slopes, the
Intervediote poxiicle sizes in the oilt end sand renge ard needed as bridging
egents and must, therefore, be fNnmished along with the sealing cley in
order to produce an adequate sealing action. Vet saw-dust hos 2lso been
wsed as the bridging or void-plugsing cgent alon with the clay for secling
coorse tolus meterials in remote alpine arces where send and sflt-size
moterials are not rezdily available.

Costs to benafiic--The rost favorable relstionship of construction cost
to benefits of clay-cenling 2s famd in mowmtainous areas, such zg in soue
parts of Colorads, whore it 1s not wncozaon to encounter canals thet have
Lrom 50 to 100 percont loss late in the sumwer--at o time shen the weter is
wost necded. In these ereas, conditions moy be unfovorzble far conventional
canal linings because of higher thuin normel construction costs commpered with
relatively low erop income. In these some arcues, however, conditions are
commonly very fevoreble for cloy-sealing. Rocky %30 gravelly moterials with
high scepage losses are conmon in such erces, with/recult that the benefits
of cloy-cealing moy be strikingly wvisidble--cuch as in the cese where woeter
is éelivered vhere it could not be delivered before the clay trectnment.

SEALIIG OF FINE MATERTALS

In controst to the generally good results mroduced in coarse matorials,
the least satisfectory results of cloy-sealing or eilting hove been produced
in sility to sendy malericls. This results from o carbination of seversl
foctors:
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1/ Swrface senling--The silting or clgy-cealing meterisls will not

/ . yeedlly penstrate many of the fine-greined solls. Thus, e swface
coeting of cloy on the cunal moierlals is & comuon resuli. This
conting is vilnerable to puncticing by animels and plents, cracking

’ by dxying or freezing, or removal by woler or wind erosiom.

2. Unstchle chammel--In a2dditicon to the problems of a swicce coaling,
oy of the canels in the finc-grained materials have an wmsicble
section. Waves end flcuwing woter cul the bonks. Animals work
the 801l of the cansl cection. Sand dimes cove along the conal
botton, and the soils crack upon drying or freezing and thawing.

In 2ddition to the above rroblens, it is difficult to messuwre scowrately
the secpage lossec in fine-grained Soils. Uhile seep-~demage below conalds in
fine-grained solls moy dbe very obvious, the smounts of water actuelly lost
fromt the conels in theso soils may be falrly lov-~compered to the losces
from chamels In cocrse raterisls. In attermbting to messure seepoge losses
of o lovw level of intensity, it is found that few wnler meoswuring methods
have an accurcey of + 2.07 and most methods probebly ave in the accuracy
renge of + 5.07 to + 10.0%. Since the scopage losses from fine-grained solls
gxe often of the saxme pagnitude for shoxt lengtho of cansl (soy less than 2
nlles long), one Is never cuite cerbtain vhother the measured scepage loss is
foct or fantosy.

Costs to beonefits are, tharefore, difficult to determine for clay-sealing
work In fine-gralined soils. It may be assuued, however, that in general 1t
will teke o special set of conditions to produce favorsble resultc in fine-
grafnad solls. For exoople, in en irxxigotion system vhere shord supplies
of water may require intermittent operation of the conals lnte In the swumer,
elpy-cealing with the first woter into the dry cenal cen, wnder some ¢ir-

cugtances, save sufficlent wnter in one or two days of operation to pay for
the ¢loy used. '

VATHTITIANCE OF CLAY-CZALSD CINTIELS

The needs and cost of medintensnce of canal linings cre frequently over-
looked, but the completion of such work on a periodic basis is, neverthelese,
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importont. This is especially so far clay-sealing installations, siree in
geveral woys they are more susceptible to damuge than convemtionolconel
linings. The clay-senled channele in rocky to gravelly materiels generally
vill require less maintenence thon those in the fing-grained solls, but ia
both cases repeal treatronts are roccmuonded. Thoe best tinme for the repeat
trestoonts 15 in the spring with the first weter into the &ry canal. The
emount of re-tweatment will very with the conditions, bub the usual rocom-
nendation 15 for o 10p treatment--if 200 tons uced imttially, 20 tans used
in re-tggstmc - coch spring. In gravelly o roclky chanmels re-irecotoent
may not/needed every yeor--perhnps every other year or every third yoor will
be sufficient.

In some instances, speciel cloy mixtures hove been used to seal lesky
vipelines or canal linings.

RESEARCH HEXDS

In reviewing the various examples of cilting end clay-scaling, a
variety of research neods were encountered--some éirectly related to the
subject of canal scaeling end soe only indirectly related. '

Of direct impoxrtance is the need for basic recearch into the various
fectors influcacing cunald scepege. The variability of canal conditions
relates not oxly to the dbasie differcnces in permeoble materlals, dut also
to the modifying influences of the canal envivrouncut. The flowing canal
water ercdes bank or bed material in one eres and deposits it in encther.
Anizal 1ife of many forms and activities, inhabits and modifies the canal
bed end bank mmteriale. With changing conditlons of weter, such o5 tempera-
ture, sediment content, hardness, etc., the scepage rate will change-~but
how puch and why? In regurd to the measuroment of scepage loss, how much
of the highly veriable result is due to changes in actusl seepege and how
much is dus to the inoccwrney of the meesuring method?

Clays ere extremcly varied in composition and in their impermesbility
chargcteristics. Thus, thers 1o a great neced at the present tire nol only
for fundamental studies of cluys and their ccaling characteristics but alse
for studics of the mochanics involved when all of the coaditions of the
canal site and clay sediment are interacting.
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