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A ne.v ~...::l w.s stnr"-~ by the CSU Scd.irecnt-Seal..ing Reoeo.rch G:roup . 
1n 19€,o ~th ~.lide :prlncl.l)8.ls as llotcd. bel®': 

I.. !lhe setl:1r.ent-Gqa.ling ~tm-ial vou.1.d. be locally available Color-i;.® 

c1eys:, C'.raluat.ed by direct merunt:..~:1.ts ~ see.Jing :potentio.l ,;i th 

. labarator., test procedures to b.-:! developed. 
2. ~ trial 1.nGttl.lution \o"Ould bi! ccncentr.lted in test oections ot 

Colorado ca.nnJs where (o.) Geer,aee losa~s ere high-.-in exccsG of -
5(1? tlDC-re pon:.ible e.nd1 (b) the r.,err.ious bed me.terlnls &...~ coo.rse--
grnvelly to rocky 1.ruere l)OSziblc. 

These in~tf&ltions 3X'e nO\I nee.ting CQt!PU!t.1on. Tw'O re~ a.re being 

readied -ror pub.lication: 
1. ».1~, :a. n., Jr.! Clay /1..E e. Ctl.I?.'ll Ceru.ant, c. literature review, 

prepared for Revictr, Vol ll, Div. ot Enzrz. Geol. Soc. of fu'Jer. 

(In pr~paration) 
2 .. D~cr, B. D., Jr., S'.:d.n..11er, M. z.t., Lutz, C. A, a.nc1 White, L. Q., 

Eval.uction of Colorado Clays fo:i: Socllng P-JI1)00e~ (Fnrt I--Labor.ito...7 
Testing V-l"ld FEl..rt II--Field Trlnl Evaluation) EA-pt . st.tt. Bull., 
Coh-cdo s~tc Un.iverc1ty. (In pre?O,rution) 

The infar-iwl.l.tion 01..ttl.L'led in tlrl.::; ::paper i s restricted to s~ ata.te-
mento develor.,ed i'rat'l the rer,arts above . It 1.n felt. that thiG u'ill e'Jffico 

· ,rr,r tlOGt. reade.-s, har.-evcr, sboUl.d coro dcte.tled. info:rnution be de.sired, 
please do not. h~itatc in :rcqucating it fron the authors or 'thlo po.per. 

1'hi.s 5~iUi'.:l, in it.self .t ernphzlsizcS tm:l.t the Ce.n.!11 lining need.a of 
~ ~tioo. sytrtCI:tl are well recogn.:l.=:cd. It is also veil recognized 
that 1.a.rge-acE:J..c<l efforts of sccy..iga control e:rc, in t:eny inste.nces , blocked 

or scalcd--c!a'.ni P./'. , this a.11 i mporte.nJc. fnct-ar of cost. 'l'hua it ~ be- seen 
that. th~ idea o:r l0tr-er.i.ng the costs by tJ.Zine flmling ce..nal \later £o.r plo.cing 
en im~bl.c clay (or ot~ sealant) in t:.'1.e lc.u.1:y zones is (lU extremely 
attractive one. J'udg;ing -frco the vidcly varlc.b:lc rccUltn or such vorl:, it 
JIJey also be s~en th.ci.t mny. troublccooe problem can be encountered in wing 

these shoo.1.-cut methods . 
It. v.tll be recoenlzc:d thut there are ~-'flY clay ri...otcrials n."ld. ~thodn '£or 

applying these clcys in oenllng irrige.tion car...n.J...o, but the S~.f cte.tel'.lents 
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that tolla.r our rectric:tcd to general 1-te~ that it 1s 'believed apply 
equally CS ll~ll t,b~ .. t all Giltins and cley-c.eallng t:lOt.hod.s mlfl they~ be 
ar aome hell) ~ the :rtel"..r..'l}oint of deoizn end control of construction. 

:!Iater-ti~v---1'.aether the rntcrltl.l :ts coJ.led cilt, cl.o.y ar bentonite, 1t 
llUSt hs.ve one i"ce.tu:rc c.bove nil othcrc-it t:i'.lSt be vatcr-ti&,'it or in other 
Vords 1 capable of holding -wetcr 'when used cs e. s-eo.:l.ing egcnt in cannl.D. Th...J.s 
~ sec:a 11.lr.e on av-C-T- ob'vious &tAtcrent but during the cOUI":)e or ou::- r<..?zcru:-ch 
~~vi.ties , lle have cncourw-_red. :t~n.ny jobG (ec:pecla1.l,Y the silting exa:nples) 
where the- r:1.aterl.aJ. used for silting_ or cley-scalillg aF,tm:-cntly vns not to3-
ted to see if :tt 1--aD ~ble-at l east no r eco:rcl or the testing can be 
:tound~ 

T~ot:tng cethodn--The VS-"°10'UO cley teoting rethod.s uzcd in our re!.eurch 
vork are discusaed. in dctcl.l in too ~cond r el)OI't 11.atcd in the Introdu.::tioo.n 
paper, t hey' e.rc not in this r.o.;per. In ee.tereJ.., ~o,: mo:; \111..a:re ~ cley is 

to be w.shed into :pla,cc in the cunal becl eud b'-~ro 1 t,-.,-o ~ the te."ts seem oorc 
pertinent then t.~e ct.;!lers: (1) the !j.ltcr pc-~ abili,ty, and (2) d.:dbilitz 

1n-clex. The I:li~billty index &f.ves a zooa.sure of th~ ease of m.1.Y.J.ng ,,hich ic 
enpeclarcy i mJ?(lrl.t:mt ii' the c1cy is to be 1:m.shcd into llUGJX."lWioµ. frcr.n cb.--rn 
speced in tho canal .. Tl ... '<! .filter pcr.rU':!u.bility g:I..vcs a ~.usure o!: the vo.t.er-

~ tig;rw,czs a.~ the clcy is in r,ln.c. in. tl1e l e~ zon~ of the cnne.l bottom 
ml.d oe.nkz. 

Ghcmcal nnd trl.r..crclogicru..--In eeneral, t=iooo cJ.cys 0£ l'!lOCt ftworo.1)1c 
cba."""5.cterl.stics ~Cir ucGJ.ing pi..trr,oz,cs O.::."O (1) high in contc!lt of colloidru..ly-
aized pc.....-Uc~s, (2) oontoorlllonitic or 1)-~toniti.cin nct".lrC, nnd (3) 10-; 
en- t:10re oodiuP.-o!lturatee.. Thus, t hey usl.\.'..U.ly e¼hibit $0i:l~ degree or Di~) 1·1ng 

urJOn '-'Ctt.1-~ ldt!l vut.;;2,'". T'nis a.l!.:o t~ tlmt t he silting o:r clcy-ecnling 
metllodG haw a. 11.?:litcd w:ed in ha..7"d- i.mter are~, since e. ood1un cley wlwn 
·cued or dis:r,icrc~d !.nto hm-d ,mt.er (ltlgh in coJ..cium and ~siu::1) w1.ll ex-
chw~ ~t 1=!'11":.tcly to a calciu::i clo;r .. When deponitcd. an o. !'ilter et:1lw, 

the calci'tt!I cl..:).J' u.ill uc·U!J.lly be mu.ch r::m--e· ~nolc tru:i.n its sodiun co:unt•.!r-
pn-t. This o.c-Uon can be coun.tc:r-o.cted by :plt!.Cinz th•'! clay ao a. c~te, 
laye~ retoor thnn e.z. a. sedimentc~u tJ.O.terial . It is c1ifiicu.lt f01: the pcrmc~blc-
tJtructu::rc to dC'-welor, ui'ter t he clt';r io cot~.ctcd.. 
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Pr~0-11'; '\."Ol"k-Since the :;;Uting and clo.y-scclir.g X!l£!thodo ore, as 

:bt,plled, see.lins methods only., they have no otb?-l" s;tgo.if'icD.nt benofitc, such 
as the erosioo and vood control benefits c;-dlibited by ha.rd-surfcced ce..ruu 
J.ininas.. ~, berare going &~ad .. ,,..-1th, the cJ.a¥-s-calina vork, too clumnel 
ShoUld be cleen, eroding erec.a rer..aired c..."ld ri.r-m:r'!)ed, m:ld c:tI;/' other ne~ 
=aintcn..'1.tl.Ce "1"0rk c-ooplefud. 

stable chr!nnel--klother r~tor, c.s vital.ly 1:ar~t .e.s the cley clla....-ac-
terlatics tmd the CMU!'..Ql :prer,a;ration, i~ toot too cwal. chennel must. ® 
_stable .. tt it is not, ~ ll:fe ~ -the~r.e io cu.t cho...~. Conditions tbat 
v1ll sh.orue?l t he ~crvice lite include: 

(l) erouion or undercutting ot c~l b~. 
(2) movt>m."':nt o£ bed rnteritls (as dUneo, etc.) alori..g bottom. 

(3) burro.r-lng or :rooti..'1.S or a.i~, cuch as crcytiah, eutm1·orm, Im.lnk-
rats, pigr;~ coo.l!l, etc .. 

(ti.) growing or rot ting o:r pl..'"mt roots •. 
(5) 1oozi!."li.ng oi" canal. ooil by f'root ru.'e"./C or dr.{ing crec!--'..s .. 

CeI-..erally', the che.1·mcl5 in fine-zraincd r:;e.terl.uls.., such D.S tand.y to c'J.tr,l'cJ' 

&:>ils vill be ouch u~ d:1.aturood rr:, the above concllti.onz thm.1 those in cocr..;e 
mtcr1Ul.6, cu.ch o.s c-ooroe G.m:id; gra~1el, cobble, or taluo. 

Froo" t.he above, it follovs logice.JJ.y t hat the bezt re::;ultn v.tth nilting 
·imd cl.s-/-se:3.'1.,,f',g co::nonly a.r-~ r,rod.uced. in cmiuis trcwer~ins (or riv-rapped. 

· ~th) rock;f to SX'°.J.i..--elly !:1.0.tcrlnlz . This rcl;..U?s no't cml:;/ to the l~er life 
Qf the .scaling in st::,.b1e materials -, but eJ.r;o to the level of' rscc~e los&, 
\ihlch 1$ uzue.11:r .t:!UCh hie;.i-:.cr in tho cour:Je on.te rlo.1r; then it is in the fine-
gra.ined.. ones. Tln.13 1 the. immed.io.te beno.f'its or clay ~ealing in the coa.t"'..:;e· 
mtarlol-. ~\li!Dy a;re of a much hie,.lrer ~tud.c U."ld they laz't lonecr · th.t.m 
thooe tor treutt:icnta in fin.c-gruineu soilll. 

,renc-tra.tion c.'ld scnli°4--Undcr ideal co..'1d.i tionn I the coarse cbrul..'lcl 
pl.a.ting i s underlain by a. finer n:nteriD.l iu clcl)'""..h (sey 6-12 incill.!G dc~p). Witg 
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thts condition., the ncnHng takes plo.cc on the finer-zra,i~ed. mtlterlo.J..s and 1a 
pl"Otected by the cOtlr"...c-g:raincu caver ti:tttcrtaJ.. This ic..ca.l condition iu not 
\in~ual. It in- ~1011 in canals in tQU;:ituinou::t areas where C<.X:..~e 1na.te~ 
ere _p:eval.ent. and where , vith t~, the flov-lng canu.$rater rei'.i10voo the fines, 

' 
le...""Ving tbe. coarce ~n.ts E.S a grav-~l, c0bolc or rock plutins. The ecnJ.-
ing-in-de!ith ~ced und~r th"'~e cond.1 t:tcns it:; ;protcc'tcd f:r'O':ll er()!jion tl1ld 
~izt.o, fairl;r W:11., disturbir.g act!o%)!; such as fro;;t mid drJ.ll"..g. 

Ptmetraticn v.!.t..~ut sea!..1~-U the coar.;-e ..:l£1.tc:rieµ is v~J o~ and 
la.cks the neces""~.J !ines-in-d.cpth, the s:c~ clav my J?(metro.te verJ voll 

I . 

but not zeal. In thl..s case, ouch £?A in ca.n~ trc.vc:rsing talw slopes, the 

1nte....~fil.nte p.~Uclc ti1ze~ in tho eilt and umd range src needed t!.S bridging 
agento and must, the::;'ctorc, be furnished. alo..-.,g v:i th the sc~ cl.ey in 
orcler to r,rodt..'CC an v.dequc.te s.ealin:z action. Wet z;ai;;-dust ho.s t-Jco oocn 
UG.ed e.s the 'brio;;L.'16 or vo1d-p1U£;ein£; cecnt aloo. '11th the clay far sc:nling 
C(XU"Se tc.lus t!Stcri.'.' ]«: 1n ~i.!'.Ote u.l!)in<! u,..~e,s "Where Gand and sil.t-oizc 

mtez'" ?3 s are not l"OOd.i.ly nv,-,...il-dble. 

Costs to be~:tito--T'~ moat :favorable rcJ.Ationship or cOP.ttruction cost ----------
to ~tits o~ cley-t:ee.JJ.Jl.S 1,s found in t1omWn01~ a..~, nuch tJ.c in sooe 
i:arts of Colo.redo; ·.i!:te.t'e it is not uncortelOn to encou;ot'.)r cmui.lz tll.t!.t huvc 
1'rota 50 to 100 percent loo:J late in tho S~"'.':?:r--nt &. time whe:1 the \il!.ter is 
JOOSt needed.. In tb.eGc ~, con.ditionn wxy be ur..fc.vorab.le for con·tcnticna.l 
~ linings becau=.o <:1f hieher th::tn no:rr,nl con:.tr..1ction costn cocrr.c.r.cd ·with 

.. rclo.tivcly lo~ crop incooe. In these s~ arous, hO"-JeVCl"1 conditi0lli3 m.·e 
C:Otl'ilO.~· vcr.1 f t?.Voro.ble :far c1cy .. ~ccli:ng. Roclcy- i&grn.velly nc.tcri~ '-~th 
lrl.gh. GC:C.l)a..$0 losses are c~ i n such e..i.-co.s, m.th/rccu:tt. that the bend'its 
at cl&y-se~ ~v be ~tr:Udncl.Y visible-... sucn as in the cas~ vhcre -wn.tcr 
1s delivered :r..1ier.c it could not be d(;livei"Cd.. before the cloy trec.t~nt. 

In contl:'-'.J:St to tho gcn.cnllly good re$u.lts ~ccd 111 coc.r~e ~~tcrl.o.ls, 
the leazt so.tis£e~....ory roault.o of cley-5eru ins or &iltins hc.ve ~en prcduced 
in silty to suney tte.t cr..i..cla . Tlrl.s 2-eoul-tn frcn n.. C~n!!.tion of ccvcre:t 

... 

,_. 
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Eur:t"nce &e""l:f~-The silting or cley-eeullog :c.e.terial.o 'W'ill not 
rood1ly .l)Cnetrato ~ M thQ fine-gl"'"".....1.ncd so.110. '5:'b.1.ti.,, e. su:r:fo.ce 

<;ea.ting ~ clozy- on the C"'..uw.l .mt.eria:tz is n. ~ 1:on r.esu.lt. This 
~t111G 1s VUl~lc to ;punctu::1.ng 'b".f tt.u~rois ar4'1 l)lrultc, ere.eking 
bl drflus or i'rqez;:Lne, or· remo'ml by 1.-u:tor or 1dnd erosion. 

2. Uru>tehlc clmnncl-In. oc1d.1ticn to- the prob-lefl:"; of' a :;;;urfa.._~ c.oo:cin5, 
~ at the cen~a j.:n tho t"'f.....llC-~-ined matcrieJ.s have oo un::rt,n.ble 

aection. llav~ e.."tld i'lO'.rl.ng va.tor c-i1t tho bOl:lks. An:f M."'.J:l l(ork 
the soil of the c~ cection. Sa.net duneµ oave al~ the ~1 
'bottc.ei, Md the .soils crnck u_r,on c'!Jzying or fi'cezinz nnd t1'.a1.'ing. 

In addit.io,."'l to the nb~e :rn.-obleos, it ,io difficUlt to ~o.m.n·c accurately 
t.1.e seepage lessee in fine-..gra.incd soils. b'hile soop-d~ bclO'il crin~Js in 
1':lne-gro.!Aed. &o11n r:cy be vcr.T obvious, ·the amounts of' mr...er s.ct-uc.lly loot 
1".r0tt the -cr..na.J.G in tl?.{.!!;o sails ~ be f'cirl.y loi.1--c.or.:rpare<l to the loe!;eO-
f:roo clmnnels in <:oo....""t:lc t'Atcrials. In ~tte:r:z?tL'18'. to meazure se.?r,oge loo::;c.o 
o:t n. lO"J level o~ intcnz.ity, it is :found tb.lt fev ~ter t:!etl.Cu...-ino methods 

hnve an acc~cy <:€' ± 2.oi anc1 most reth....'"'da :probc.1Jly nrc in too accurr-.cy 

:t'allt,.l'l'O o'f + 5 .tff,, to + 10.(J,-G . Since the scc,Pa..Ge 1csse-s fro.,i i'in....""-g:I't>.iucd s.o11s - -
~"""e o:rti:n or the s ar.-.. ": ~nutude '£or zho..~ JJ-.;;ngt~w ot c~ ( :::.-ny lcsc tho..~ 2 
t:i.UeG lOOG) t one is never quite C~'"'-t.n 'r..i:tcthor tho '!::lCs.Su:r-cd r;cepcgc· losG is 
1"Poet or tnnta.c;:r. 

Costs to bcuci'its arc, thm:ct'oro, dti"i'ic.uJ.t to <.l~terd.no t<:1r ela.y-sealing 
- . --·~ 

• vork. in i"ine-zr'S.Lric-d ooil.5. It T1J.O,;J" be acsu:~d,. ho~revcr 1 that in zcnorel it 
· vill W-:.e a Gl)CCial set ot conaitia::is to Fod.uc.e f'a,,ore.1;;1,e remtltn in fine-

gro.iill.-"'d soils. For eY..atl)?lc, in an irrign.ti.on system w'hc..""e sh.art Cl.tJ?1u.:icz 

of wato.r w:J reg_U.ire int.ertrl.ttent o:pero..tion of the canru.s lute 1n t-he o.t.trz.ler, 
cln;f ... sealill& with the first ve.ter into the d...";/ ce.."W.l cen, undw non.~ cir-
c\lOSta.nccG ., &t'.te su.t'fi.cieut vater in one ·or tvo da.yn ot o;peret:t.011 to !)ay ror 
the· Clt;.;( wed. .. 

t.rhe needs and coot ot ~ntenn.nco of cano.!. Uni?l03 .o::re :f'roquc:1.tly ovcr-
loo...'ted., but the c01:npl.etion. of Guch i."Ork. on n. periodic buzi~ is, ncvertheleu.s, 
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~ant. This is ecpcci~ oo ta:r cley-r..c.lJ.:i..n6 install.at.ions, since in 
eeveral ~ · they are n:ore .ewcc;;tiblc to d..-,.,"1\",ge t~...n canvontiooru.c.ma.J. 
11n!nga. ~..<.! clay-seclcd cr~-mel.6 in ra<!ky to e;:ru-velly imterla.J.s eene:rc.JJ.y 
Yill. re<i',rlri:: less minte:iance tru!.n th.Qt.:e in the fine·-groincd ~o{ lo, hut in 
both cas~ rer,e.".t trenttcnt!:i n...-e .rcca:::mcn.ded... Tho best ti:."e rcrr the repeat 
~~nt.~ .iG in the n!rl,ne •;.'ith the ~ .. rt wter into the dry c~. 'Ihc 
.emo-.mt or re-treatnant "1ll ~J 1,'ith the conditiaw > but. the um:nl r,oco..""t-
Z1>e'fl&tion 10 for a J!1p trca.tocnt_.if 200 tons uced ini.tioJ.ly, 20 ums uzed 
1n re-~~n.t cc.ch !>1Jring. In ~lly or :rocey channels re-t:re;?.t.."".C!lt 
trJll..7 not/neeee..d !Nery ycn.r.-~ru:..r~ evcr-;1 othor yea::: or cvcr,1 third~ v:1.ll 
be suft'icient. 

In ::;.o:::le inot~es, specitU cley mixture~ oovc been u::sed to se_r.J. l.(~~ 

pip:llnc.o arc~ lining:;. 

In reVie1it"ins too vcrioU!l e;-..amplc-e of nilting a.-id clay-scru.iog, a. 

variety of resec.rch needs vcre encountered--sorne directly related to the 
aUbJcct. or can.al s eellng a.nd sor.::c only 1ncliri!ctly related. 

Of cli.rect i rn.~..anc·e i::. the need for bn.sic re~carch i nto t:,.e various 
factors 1n:fl~c1_nz c~ual s cc~e. The vario.hl.ll ty of co.nal. conditions 
relates not o:tly to too basic differences in ~o.ble mater.to.ls s but also 
to the modifjl'1~ in.i.'°1.uences of the cuzuu cnv-lrouncnt . The t'loid .ng canal 
vater erodes benk or bc-d eatcrial in one area. a.11c!. der100its it in O..T'lother. 

Ani?:31 lU'e of" ::any f'orrnis and acti vi tics, 11".lln.bi t:J end ~fies the cno.al 
bed n.'1d ba..."'lk r::atcrlaJ.e. With chano"'1.ng conditiO!l.$ of vater, such ns tempera-
ture, ncdin:-cnt. cont ent., harfu"l~Gs,. etc., the s ce1,aee rate Vill cha.nge--out 
hov t:UCh and wh:r. In regnrd to the oeasu..,;-enent of scc~e loss, how ouch 
or tbu highly Ycrie.bl.e rc$ult iG due to ch:mees in. actual seepage and hov 
much 1~ due to the 1.n3.ccurccy o'f the meezurir'.g method? 

Clays ere ~-tre~ly varied in conpo.sition e.n.d in their ~~bility 

cbnre.ct~ristics. Thus , thcro io a. Grcnt need at the precent tine not only 
£or i'unda.mentnl atudi.0s o~ cl:Jys ond their oeal.ing chara.ctcriatic~ but al.Go 
for ~tudics of the oochnnica involved when all 0£ the conditions of th"' 
cmtaJ. s.ite and cley nccliocnt ere interacting. 
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