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ABSTRACT: Slurry cutoff walls are fregquently relied upen to
biock groundwater flows £fres foxic waste siltes and
landfills. The long-term effsctivenass of slurry cutofl
wall materials is eritical to the euccessfiul contailnment o
these facilitiss and the orotectlion of groundwater
resourcas. & variety of lasoratory indicator tests hava
peen attempted by enginaers and academia t2 make
compatibility determinations but at pressnt there has hesan
1ittle published experisence to show which testa produce
meaningful results and how these tests can be used to
demonstrate compatibility. .

I

Hydraulic conduckivity is a useful measure of chemical/fsoil
comparibility but permeabilliy tests alane capnok asszure the
long-term stakility of a slurry eutoff wall. A sulte of
indfcator tests are used where the leachate and the propased
matsriala are comgined asd tasted in immersicn, desiccatioan,
gedimentation, and octher mocdes. Each lndicator rest
attempts to maode]l a different scenarlic of the slurcy cutoff
wall fnstallatlon and operatiocn.

This paper praseants the experience 32f a apecialuiy ceonitactor
from a numker @9+ projecta, where an incompabtibility was
discovered and alternsate materxiala were used to find a
guccessiul solution. Maonitoring results from these sites
has prowven the effectivensss cof the chasen solutian. The
laboratory test methods described are relatively =imple and
rely an worst-case geenarios, gperformed in a step-by-step
procesa, that culmlipates with flexible wall permeability
tesrs, Haged on the methode descaribaed and the yesultae from
gsuccessful projects where these methods were used,
engineers, owners and the public may becter rsly on long-
term slurry cutoff wall performance with an increasgsed lavel
aof confldence.
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INTRODUCTION

Slurry cutoff walls are permanent subsurface struchures
ueed to direct and control groundwater flow. Since the
inception of thi=z technigue in the 194073, slurry cuteff
walla have been used where relatively unpelluted groundwater
“wag diverted for civil works such as dama, dlkee and
dewatering structural excavatione (Ressli di Cervia 19%22;.
With the beginnings of CERCLA legislation and the
eavironmental movemsnt in the 157078, mere and more slurrcy
cutoaff walls are buil® o contzin contaminated greoundwater
at landfilis, hazardous waste and induatrial facilitias
{Ryan 139E87). The hydranlic conduchivity or permeabil%ty ot
slurry cutoff walls is usually the performance criterion
relied upen in the design, construetien and contracting of
theze structurss. For projects with an envircomental
functicn, the lowest practical hydraulle conductivity Lls
typically epecified for the maximum protacticn <of the cublic
and groundwater rescurces.

Hydraulic cooductivity {permeabllity}) testing has
significantly improved nver the last dacada but iz of
limited use in determining incompatibility. The time and
sxpense reguired for hydraulis conductiwvity tests limit the
user in farmulating compatible mixtures and complicates
feasikillty estimates. Furthermore, the flexibhle wall
permeaknility test, the indestry standard, regquires the
imposition of a coenfining styess, which can mask certain
incompatibilities {Evans 19%3).

In thia paper, compatibility is deflned as when two
materials, i.e., contaminated groundwater [(or leachate} and
soil-bentonite, can be mixed together or coexlst without
reactling chemically or interfering with the performance aof
the scil-beantonite. An in¢ampatible result is an increasae
in permeability Lo the socil-bentonite or chemical reacticon
which produces a degradaticn in the physical properties of
the sogil-bentonite.

Predetermining the cowmpatibilicy of sluzsry wall
matariale with contaminated groucdwaker is generally
recagnized as good engineering practice [Rvan 1987;
D'apualenia 1980; Grube 1392; Millet and Persz 1981;
Tallard 19243%. S3ocme metheds, other tharn hydraulic
conductivicy testing, hava been propoessd o determine
campatibility (MccCcapdless and Z5cdawsi 19%282; Xhara and
Thilliyar 1990; Wu and XKhera 1998) Zut these hawve had
limited experience and the results ¢f some test are poorly
vpderatood., Thig paper presenztas a suite of relatively
Bimple and guick indicator-type tests which can he used in
condert with nydraulic conduectivity Tests to @ore quickly
and betier determine the moat applicable materiales for Zhe
gontainment of contaminated groundwater with slurry cutoff
walls. .

PURPOSE OF COMPATIBILITY TESTING

Compatibility tests should simelate the lang-term,
worst—-case performance of slurry walls in a contaminatsed
grougdwater enviropnment. As yet, no standarde exist which
can guide the usetr to determine compatibility.

The primary reason for performing cumpatibility tests
s to angure that the slurry cutoff wall perfarma az
intendad. Compatibillty testing alse makes the planning and
fonfAtruction affact more sfficient and results in a higher



gqrali=y installation. The mest important reasons for
complering compatibility tes=s are as follows:

. ensurs permanence of the materials,

msrlimate long-term performance,

. eetimate material and additive types and amaounts,
. ensure Buceess of constructian,

. accelerate feaslbility studies, and

addross regqulatory Cconcerns.

O LA o Bab b

In general, incompatibilitiss result from ehemical
reactions. It may be assumed that superiocr knnwledga of the
cehemicals invelved will praslude compatipility testing but
practical experience has skown the current state of
wnowledge to he limlted {Ryan 1587}, In scme casas [(e.4.
landfills} the types and concentraticna of chemi;ala varles
widelsy. On other sBites with more definable chemistry, tThe
supspecies which resulft from mixing with graoundwater causa
similayr uncertainty. Therefare, while a tharough )
underastanding of scil/waste chemistry 15 important, stipdies
to detect incampatibiilties must rely on experimantal
mathods.

It ida, therafore, the purpose of this paper to explain
and illustrate, ay example, %gsts wihnieh can be used to
datermine the gross compatibility cor incompatibility of
slurry cutoff w=ail materials when usesd in sontaminatad
groundwatersz.

EOTENTIAL FRILURE HMECHANISHE

Zlurry cutoff walls are susceptible to fajlurse dering
Ssonstruction and operation as a rssult of grooundwater
contamination. BEecause of che specialized nature of the
construction prucess, the materials selscted for the
installation must maeet workabilikbEy restraints. Tn practice,
thiz means that the materiale muet be suitable for the
gpecialty contractors’ reguirenents as well as the designers
obiectives for the iLnetallatien teo be mffective.

The first and meost imparsaps ingrediesnt i slurry
cutroff wall construction L= the bentanite elurry.
Ineffective slurry regults in excessive material usage, the
necedsity for additives and/or the lass of sluryy
warksmility., Fresh water for wmixing and premium grade
bentonite are the primary siurry ingradients. Pacr gualizy
water f{e.g. hard or poelluted water) andfor poor guality
Pentonite can wusweally be idencified by testlng trial
mixtures.

Excavating through refuse or concentrated washes can
have a detrimental effect on slurcsy performance. Unusual or
exce3ss material usage can reguit. Flocculation of bentonite
in a siurey trench will often rcesult in & trench gollapsae
and for massive settlement of Eolids on the botftom of the
trench whiaeh limits backfilling. ~Contaminated groundwater
hasg heen & cause of bentonite floceslation and, therafore,
te@ste to predatermine the potential for construction
failured, material usagse e&stimates and the neesed far
gdditives is critically impoctant.

Contaminants may razces with the kXey ifngredient,
bentonite clay, more slowly, in a mannar where the sffect
way be moure gradual and not readily apparent during
conetruction. The impermeability of slurry walle relies to
a congiderable degres on the swelling properties of
hentonice. Contaminants which reduyre or restrict bentonite



sweillng may ingQrease permeability but alsoc can damage the
self-nhealing properties of bentonize.

Finally, contaminants «an effect not only eenstructian
practice and bentaonite behaviocr, but alsc the propertiss of
the backfill. The slurry cuteff wall backiill may lose
plasticity, shrink, exparience weight changes, disaclve, ar
petrify in resgonse Eo lmachates all of which can affect the
slurcy cuteff walls® performance. Mixtures which use
smmentacious ingredients {i.e. cement and flvy ash) reguire
additional considerations. The more complex the blend of
mateyials in the slurry wall {e.g. plastic concrate =
cement-bentanite » soll-beatonite) the more crltical tha
nzed for sxamining propertliea of the backfill other than
hvdraulic conductlvity as they relate to eompatihility.

The system ugsd to snact and direecrt the testing pregram
is srlitical to succassful implemantation as well as the
rimely complation of the projsck. By testing the materials
systematlcally, under warst-Jass ggenariocs, the procram
guickly becomes focussd on workable solutiens. Relatively
large numbers of simple and rapi¢ tests can be performed to
eliminate borderline materials.

INODICATOR TESTS FOR COMPATIBILITY

Yarious indicatsr tests have peen propoged Lo
invyestigate the efifimct of cantaminants ou slurzry cutoff wall
materials: but to date, there ig limited undersctanding af
their applicability and evsen less mxperiencs t£o degument the

succeseg of one method over another. The kasis for these
togts was previously developed by the petroleum, wall
drilling, and gectechnical disciplianss. These are

relatively simple tasts which rely on observations and
comparative results. In general, <omparisons are made
between performance or obgervatlions with tap water &3 a
control {or Q.005 N casQ,} compared to a leachats. These
tests are by lntent worst-case modsls of assumed fiald
conditions: therefore, the user must he knowledgeabla to
interpret and apply the results. The teats descrihed below
ares those most often waed oy the zuthor to evaluate
compatlosility.

Constructian

Construcktion compatibility can be modeled hy comparing
the performance of & standard bentonite slurry ln dilation
with warer and leachate using conventional bantonite slurry
test procadures (&API, RPLIB-1 19%0). Generally, a slurry
with B/W = 5% (Bentonite/Water ratiec by weight) is used and
diluted 1:1 with tap water and with leachate. Depending an
the application, variationes Ln the B/W and diluticon ratios
may be appropriata. Bacause of the uncertainty in
interpreting test results, it ls often bast te run & suite
of teasca. The usual testz include:

- relative filtrate loge (D'Appoleonia, 19207,

- videcoaity by ratational viscometer {HMcCandleszs
and Bodacsi 1%88), and

— sedimeantation (Ryan 1987; EBowderas 1%E3}.

These tests generally give a gross indieation of the
expected performance of the bentenite slurry during

construction and generally requir: wanly a few hours or days
to perform.



mhe filtrate leost test s performed bBY presgurizing a
shamber Zilled with slurry antil & cake af pure hentonite
(filter cake} Ls formad. The voluma of water whicn flaws
maut of the caks during the 30 minuks long test Ls called the
filxrate. Trench stability is degendent on 3 law filtrate.
a gecond and longer test af twa identis=al filter cakaes can
‘he performed by permeating the filter cakes with leachate
and water. A watlo of flow rate with water and lzachate is
caleulated, generally, a rate which axceeds twa Llndicates
an incompatibility. BSee Fig. 1.

gimilarly, & change lmn viscosity as measured by a
ratatimnal viscometar, may indicate the petential fer
construction difficulties. tdentigal elurries ars made and
then diluted with water and laachatse. The wiscesity of each
diluted elurzsy i3 wsested and comparesd. Changes in wiscosity
can pe suhjeect o varioud interpretations. A decresase in
viscosity may result frem flocculatien or from & beéeneficial
thinning of the slurey. Inoraases= in visgcasity can he the
rasult of a viscose ¢ocntaminant (e.0. petrcleum} which may
have no real effect on compatibilizy.

) The scdimentation test has besn ueed to modal the
nonstructlon process when the silurrcy is usad to suppeort the
treanch walls. Twa identical bentonits slurries are diluted
with leachate and wakter and chzecved. In this test, it is
aftes informative to use & wvarieby of BEfW ratieg for ths
slurry prior to dilution with the le2achate hecause
gedimentacion or fleocculaticn may be controlled to some
gxtent hy uaing a thicker (higher E/W) slurry or additives.
Evldence of floceulation Ls by pbsarvation of the slurry in
glass cylinders asually pver a pericd of days.

ITn all of the abave tasis, *ha pger musi: bhalance
workability conasoraints fprimarily vigeesity and filtrate
lose) with the need to address compatlEility. Thase nesds
may conflict and regulre new materiai=z eor slurry additives
tfo achieve the desirad result.
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Fig. 1l; Relative filtrate loss test using three bhentonite
clays with a landfill leachate.



Commercial Claw

Direct ohgervatrjiona of the commercial clay product
{bentenite, attapulgite, etec.}) in contact with the leachate
may alsc be used to indicate compatibility. These tests

generally regquire a few davs %o complete. Again, multiple
tegts are used apd includes:

— cshemical desiccation (Alther =t al. 1985}, and
- free swell (McCandless and Bodooai 1988).

Theae tests tend to model the moest seversa exposure and
must be consideraed With zome caveats. The chemical
desjiccation test £z the drying of the bentonite slurry in
fantact with +he leachate an a glass plate. The same
standard alurry and dilution described abowvwe are used.
often severe cracking, chemical reactions, or dissclution of
the clay particles can be ocbserved. See Fig. 2. The clay
ia prehydrated in this test and theén air dried which may be
analogong to the field situation near the water table. The
desicration pattern of all clays are not identical. Some

clays (2.g. sepiolite} appear uwunsuitable even when tegted
with tap water.

Fig. 2: <Chemical desicration test. Sample an left with
leachate. Sample on right with water.

The free awell tezt has been used tno anEEtigatEﬂhnh Mammi;mu'
compatibility but le limited in its application’since thea; et

benteoenite is not prehydrated. In this test, dry- hantnnite;;' e
particles are sprinkled inte a graduated,cyllndaz;iillei;; -
with water or leachate. - If the bentaomite doas.-nockt. Ewell)lan-

ineompatible result is Indicated. In general, there la nc e
field maituvation analogous teo this test.




Thegte two tests capn often he used hto confirm resulta
obtained from the construction compatibility testing. The
appearance of the bentonite filter cake from the filtrate
loss test can Lbe compared to the appearance of the
desiccaticon test. Prehydrated bentonite in the
gsedimentation taest can be compared to resultsg from the fres
 Swell test. It i3 not encommeon to hawve apparently

contradictory resgults.

Backfill

The slurry wall backfill material ¢an he tested for
compatibility uwsing procedures which test the stability of
the materizl when in contact with the leachate. Modifled
varsiong of ASTM standard testse can bhe used as follows:

- immersion test (ASTM Annual Boaok aof Standards,
=267, 1991},

- fixed-wall teat ([(ASTH D-2434, 19%1), and

- plastielty (ASTHM D-4318, 1991; Bowdars ]1985).

Thease ktasts usually reguire a week to a few months ko
complete, although typically mush less time than the
flexible wall test. Experience has shown that ifandications
of incompatibility with these tests wsually ocours guite
early in the procedure, thereby reducing the overall testing
schedule.

With cement-bentonite (€B), solil-cement [(3€¢), and
plastic concrete mixtures, a modified wversion of ABASTHM C©-287,
Chemical BResistance of Mortars, Grouts, and Monaolithie
Surfacings, can he used to inveastigate the physical
stability of the slurry wall material. Thi= is an immersicn
tast whare thae waight and strength of tha sample iz meazured
over time in response to immersion in a leachats, as
compared to immersion in water. Obkservations of the samples
may give dramatlec evidence of incompatibility. Eee Fig. 3.
While immersicn may model some conditions below the water
takle, only materials with a minimum unconfined strength
{approximately 200 kFa) are applicable since slaking with
water can produce gimilar welght changes in softer
matecrtals.

Swil-bentonite and other scft siurry wall materials may
be tested in the fixed wall permealility cell to determine
compatibility. The hydraulic conrductivity developed in
these tests is often of secondary importance, what iz gained
are observations of the potentizl of the material to swell,
shrink, ar chemically react with the leachate [(Anderson et
al. 19485). S8ince limited {or uncentrolled) effective stress
is imposeed, gro=3 changes in the sample are pogslble which
may not be possible with flexible wzll permeability tests.
The author has observed cases where the reaction to the
leachate was B¢ zevere the sample foamed and then petrified e
{turnad to stone), whereas no similar effect was observed in <5
a flexible wall test. Other important physical -
characteriatics such as resistance to high hydraulic

gradiants may ke observad.
Replacament of porea water with leachate can change the

plasticgity of the backfill and therefore, hydraulic
conductivity. This test works best with snilﬂbnntnnita in .
accordance with a modified asSTM D-4318, quuid Limie, . . -
Flastic Limit and Plasticity Index of S5ails. - The user nust
take care to avold inposing artificially induced affectas a=z ¥Rt
a result of drying. In general, the materjials. are gslowly oL
air dried and rawetted with tap water and contaminated




groundwater and the results compared. Some mixturses can
loge considerable plasticity yet retain a low permeability.

fig. 2: Immersion test with svil-cement sample socaked in
corrosive grﬂundwater .

Tt has been the author's tactic teo uss these tesats in
approximately the seguence described above, using
incempatible results from =sarlier tests, %o guide in the
elimination of mazeriala with & low probability of saccess.
The testing program usually culminates with & limited number
of flexible wall permeability tests te document long-term
hydraulic conductivity ir the presence of the leachate.

With a knowledgeakle selection of tests, materlals and
addirtives based on the indigcator tests, the final flexible
wall tests aze nearly always successful.

CASE STUDIES

The projects described below have been selected from
the author s files ©f over a hundred successful projects.
These case studiesg have been selecied because they represent
projects where an incompatibility was discovered and/orc
alternate materials were used to provide a suitable
solution. The auther has, by intent, limited the digscussion
tn the facts of the case related to the determination of
incompatibility and the finding of an alternate sclutlion.

Case Study Ho. 1: Southern Wisconsin Landfill

An operating sanitary landfill was cleaing a formarly
uncontrolled landfill call which had received hazardous
wadtesy. Physical and hydraulic iaclation of the cell was
necessary to comply with regulatory directives to protect
the environoment. Closure of the cell included a RCRA cap,



groucvndwater collection trench and sail=-bentocnite alurry
cutaff wall.

Leachate fram the landfill was generally characrerized
by a black e¢oler and pungent oder with high chloride {abour
500 mg/l) and aulfate {azout 10 mg/l} <ontents. The
groundwater plume emanating from the site was found ta
contain toxic levels of arganic chemicals including winyl
chleride. Contaminant levels were Righ enough that reuse of
trench zpoil in the soil-bentoniite backfill was not
parmitted. Compatibility testirg of the scil-bentanite
backEiil began with the development of a bentonite slurry
for trenching. Three products were tested; two premium
grade, scdium (API 13a) bentonites and ane "contamimant-
resistant,” 53100 bentonite. & stshle slurry with a B/W =
5% was produced from all three bentaonifes with a wiscosity
{Mareh Funnel) of 40 to 50 seeondas withaout the use of
additives.

Relative filtrate loass tests using the leachate and tap
water are shown in Fig. 1. It was obeerved that the 53100
bentonite permeated with the leachate produced a relative
filtrate losa thres times greater than with tap water and
much hAigher than either of the premium hertonites. In the
desiccation test, a pattern of small cracks was observed
with the 55100 which was fot pressent in teats of the other
Dentonlites=. Finally, & sedimentatien test of the bentenites
was performed as shown ia Fig. 4. Zn this test, all three
mentonites performed similarly.

Fig. 4: Sedimentation test with three bentonite clay mixed
with landfill leachate and with water.

Bazed cn thege regults, 53100 bentonite waa excluded
fram further consideration. The remainder of the tesat
praogram, including hydraulic ¢onductivity teating, proceeded
succesafully.




A 1200 meter {4000 £z} lang &y 10 meters (25 £t) deep
slurry cutoff wall was instailed which has, sisce 1987,
preventsd the further corptaminpation of the area. Tests show
that the slurry ceuntoff wall was effective and the vioyl

chloride plume dissipated.

Eastern Hichigzn Chemical Faclliky

Lape Study NHNo. 23
A& chemical plant was cperating a gystem of treatment

lLagoong which abtutted a former brine production area
geparated by a relazively narrow earthen dike. Closure aof
the brine ponds without disturbkance ta the treatment
lagougns, using a slurry cutocff wall, wasa the aim of the
project. The brine contained high levels of metals
tneluding caloium (8,3%), maanesium {0.60%}), and sadiuam
{1.61%}. Total dissolved =a0llds in the lsachate was 25 ta
the brine was 1.04, gm/fee.

30% =and the density of
Implementation of the praject was complicated by at

least threa compatibhllity caoncerns:
1. brine ia known ko flocculate bentonite slurry,
2. wchemicals in the treatment lagoons coald hawve an

unknown esffect on the slurry wall, apd
the dike was unstable (satfety factor < 1.0) ans

reguired reinforcing.

3.

The compatibility testing for this project began with
af ap altesrmate clay tw replace bhentonite.

the selectian
"saline=resaistant” beantonite

Testing of premium kentonite,
and attapulglte was conducted as shown in Fig. &, In this
a nonswalling moptmorilite clay {Tobin

cass, attapulgite,
and Wild 1986} was found to be most effactive. In addition,
attapulgite <ould be mixed with brine water farc the
trenching alurry. Using attazpulgite with The hrine water

gnd wastewater aleso produced successful resylts in the
dediccation and gedimentation tests.
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Stabilization of the dike reguired & cementaciaus
backfill which would reinforce the dike and increass the
factor of safety against aliding. Cement-attapulgite | &
variation of cement-bentonite gelf-hardening slusry) and
pmlasgtic concrete mixtures were teszaed with permeapillitlies
iegs than 1 x 10° cm/facc. Resultzs of the uneonfined
compressive strength teskte are Ehown in Fig. 6. Tmmersicn
teate and long-term pesmeaplliby testa with the leaclhate
wera parformed which demonstrated the compacibility of the
cement—attapulgite with the brine water.

Eaged on the results descrihed above, a 700 wm {2,000
£t} long cement-attapulgite slurry Erench about 10 m (30 £t
deep was conpstructed through the center of the dike. EBrine
water was used ag the mix water for the slurry. Eince 1%88,
the project has aerved to saesparate the wastewater pond and
the nrine pand. The stability of the dike has bheen ensured

by the Jdge of Lthe cement-attapulgite.

Case Studwy Mo. 3: Unstate Hew Yark Tagoon Clasures

A former wmine and processing plant producad two
byproductas whiech were co-mingled in a single earchen-lined
lagaon. Ona byproduct, semet, has & pH < 9.5 acrd the cthep
eyproduct has a oH > 13. Etorage of the two byproducta in a
single lagoen did not produce neutralizatien and the
leachaces were found to9 be existing separately and seeving
ocut of the lagoon Llaotoe the groundwater.
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Fig. 6: Unconfounded compressive strength of cement-
attapulgite jmmersed in water and low pH leachats,
Comparative trenda for Millet and Perez (Millet and
Perez 1981)



At this time, o9ne gf the notential remedies to the
gites iz containment with a cutoff wall. The wall will he
wore than 320 m (100 ff) deep Bo deen s0i] mixing {DEM) and
plastic concrete are considered as prime candidatega far the
guteff wall., Compatibility testing for this site provides
an opportunity to test the limits cof the testing methods.

Testing began with separate tests of the high and low
PHE leachates with a variety of commercial clay products. As
previgualy described, a step-ky-step prucess was enacted
which focused the program on the most critical compatibility
challenge. The high pH leachate was campatible with all
clays in the filtrate, sedimentaticon, and desiccation tests.
Therefore, the majority of the rrogram was focused on
compatibility of materials with the low pH semet leachate.
Filtrate, sedimentation, and desiccation rteating proved that
attapulgite wasg the hesgst commercial clay to resist the
gemat . What remained, therefore, was to find a2 combination
af 8cil andfor <¢ement to complement the attapulgite,

Initial test= with socil-attapulgite were carried out with
fixed wall permeameters. The results were dramatic and
unsucceasful. The leachate reacted violently with =seil-
attapulgite producing a gas and turning the sample into a
petrified mass. Immersicn 2ests with sail-csement-
attapulgite (at relatively low total cemenzt contents} were
equally unsuccesasful. As shown in Fig. 2, many of the
samples dissalved in the immersion tests, Finaily, cement-
attapulgite blends {with gelatively nigh total cement
contents] were found which survivad the immersion tests.
The strength of immersed cgment-attapulgite wasz similar tao
cemant-~bentonite mixture as shown in FiLg. 6. Long-—tezm
flaxihle wall permeability tests confirmed the compatibility
of the cement-attapulgite by the display of a stahle
hydranlic conducktivity over three pore volumes of flow.
Digssectlon of a cement-attapulgite sample after permeation
ig shown in Fig. 7 to illueustrate the success af the
compatible mixture.

Fig. 7T: Digspected cemepnt-attapulgite sample afier
parmaation by low pH leachate faor threes pore
volumes.



Case Stucy Wa, &: Tormer Iucustrial Site in Vancouwver, B.O.

A elte which herders the bay in the center of Vancouver
had bean uz2ed since the city’'s founding for a variety of
induatrial pusposes includisg coal gasification, wood
treatment, and fual storage. & varisty of toxins were found
'in the golills and groundwater including cyanide {10 ppm},
hydrocarbons (100 ppm), pentachlorephenol (29 ppm), arsenie
{1 ppm), lead {4 ppm}, and zloec {6 pom). In ordsr to
reclaim and develop the site, A DSM and jet grou:z wall was
conetructed t¢ contain the ocentaminanta. Development of the
glte requires excavation eof an area of significant
contamination and eventually bullding foundations;
therefore, the cutoff walls were sraclified *g have an
uneconfined cowmpressive strength of up te 1.4 MPa {200 psij}
a3 well as 2z hydraulic conductivity less than 107% cm/sec.

Due to the stzuctural reguirements and £he availability
of resourcey, the testing program focuased on soil-cement
Blends which used a grout composed of Canadian calcium
bantonite, Wyoming zodium benkonite, gypsan, fly ash, and
cement. The uee of gypsum was selected teo sraovide improved
strength with reduced permeability. Calicium bentaonite is a
low swelling bentonite clay which mrovides gftability ta the
grout and reduces permeability. foncerns abaut the use aof
these innocvative matecials, as well as reguirements faor
campatibility, resulted in an sxtepsive teating orogram.
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Fig. 8: Immersion test result of DaN gample in water and
hazardous leachata,

Tesating of the Lantanite resulted in the fipnding that
at least three times as much Canadian caleium kentonite {[(B/W
= 15%) as Wyeomling sodium bentonite was necesaary to produce
a2 warkable slurry. The addition of cement and fly ash to
this slurry required thinners including both phosphata and
lignosulfate based products, :

The addition of gypaum providsd heneficial thinning of
the grout; and, therefore, the uss of a relatively denze
grout with no leoss in werkability. Once blended into the
mix, the gypsum bhecomes a part of the cement matrix. Nao
dilissolution or other datrimental effects were noted with the-
use of gypsum. ' :



Compatibility testing facused on immarsion testing zad
flexible wall permsakility testing of the scil-rcement.
Immersion tests were coanducted for up to 30 davs Ln the
leachata. The immerced samplesa appearecd identical in wakar
and leachate with an avarage weight changs of leas than 1%.
The majority of any weight change was usually discovered
" within the firat 28 daye of immersion. Eee Filg. 8.
Eydraulic condugtivity tests on the hardened ascil-cement
confirmed the long term stabllity of ths materlals.

The tutoff wall was constructed.in the summer of 19%2.
Each type of cutoff wall and groot mixTure was subjected teo
axtensive fleld testing Lneocluding test secticns which wers
excavated and examined. En total, over 600 m (2,000 ft) of
cutaff wall were insftalled up £to 16 m (50 ft) desp. Insitu
testing and monitoring te date has shawn the cutolf wall to
be highly effective. '

CORCLITSIONS

A& systematic apvroach to compatibility testlng bLnoludes
indieator tests along with permeability testsz.
compatibility testing wazing indicator tests provides a
ratavrively rapid and ratisnal method for predetermining the
compatibility of slurry cutaff wall materials with
contaminated groundwater. HNot all indicator tests are
applicable on every projeckt. Furthermore, some tests model
gltuations which are imposgible on some sites. The teste
are relatively simple and rapid, but the agplication of the
results to real remediation projects reguires the expertise
of a khowledgeable sngineer and specialty contractor with
experience in the materlala selacted for installation.
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