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ABSTRACT: A significant number of studies have been published on the field perfoenoi@@eosyntheti
Clay Liners (GCLs) in landfill covers while the use of GChslams and dikes is more recent and therefore
needs more studies. Samples of GCLs were exhumed after smasabf service from a landfill final cover
and from a dam. The samples were tested for water content, isdeM, hydraulic conductivity and ex-
changeable cations. The tests performed showed that the hydraulic cotydactl swell index of the ben-
tonite evolved at the contact of the surrounding soil which containedimal®epending of the duration of
service of GCL, very different hydraulic conductivities were obthifup to 3 orders of magnitude) in relation
with the number of hydration-desiccation cycles experienced by ths.@@ose results will be discussed in
the light of previous results obtained on excavations and in tests performed with cditoude solutions.

dams under study are “dry” and the GCL may be
subjected to cation exchange and stressed by desic-
1 INTRODUCTION cation as in landfill covers.
The general features of the landfill cover, of the
Geosynthetic Clay Liners (GCLs) are sealing eledam and of the GCL samples at the time of sampling
ments which contain bentonite encapsulated betweere presented. Recommendations made by Zanzinger
geotextile components. They have been mostly emand Touze-Foltz (2009) as to how GCLs should be
ployed to replace clay liners in landfill cover systemsexhumed, transported and tested were followed in
over the past years (Egloffstein 2001, Bouazzarder to obtain reliable and complete results. GCLs
2002). A significant number of studies have beerirom landfill cover and from the dam were tested for
published on GCLs behavior based on field data ansaturated hydraulic conductivity, water content,
have underlined several parameters of influence oswell index and composition of the exchange com-
GCL field performance, as cation exchange and deplex. Samples of the overlying and underlying soils
iccation hydration cycles, for the case of this specifidrom each field site were also tested for water con-
application of GCLs (Touze-Foltz et al. 2010a). tent, cations in the pore water and carbonate content.
In comparison to landfill applications during the Data from these tests were evaluated in conjunc-
last 20 years, the acceptance of GCLs as sealing sy#n with data reported by others recent studies con-
tems in hydraulic engineering applications increaseducted on virgin GCL samples in laboratory with Ca
more slowly (Heibaum and Fleischer 2010; Werth etilute solutions and conducted on GCL samples ex-
al. 2010). Different requirements have to be takemmumed from landfill covers.
into account for the lining elements for ponds (with
permanent hydraulic loads), dams (with permanent
or temporary hydraulic loads) or dykes (with wave2 EXHUMATION OF GCLS AND COVER
pressure loads). SOILS
The objective of this paper is to present the re-
sults obtained on GCL samples exhumed from &CLs were exhumed from a landfill final cover and
landfill cover and from a dam after 8 and 3 years ofrom a small dam. The landfill site is located in the
service respectively. east of France (continental climate) and receives 730
The small dams under study used as barrier pranm of precipitation annually. GCLs were overlain
tection against flooding are only subjected to hydrauby a protective geotextile and a 500 mm vegetated
lic loads during short periods when water levels arsurface layer containing some gravels, tile pieces and
high following heavy rainfalls; most of the time theroots (Fig.1). The dam is located in the west of
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France (oceanic climate) where the precipitation is
comprised between 700 and 1200 mm/year. This
dam is used to prevent flooding during heavy rain-
falls and since its construction it has never been suk
jected to high hydraulic loads (Fig. 2). The coverg
profile consists of a 200 mm vegetated surface laye
with flint stone pieces and roots. A description of}
both sites is summarized in Table 1. All of the stitc
bonded GCLs were originally composed of naturaf
powdered sodium bentonite sandwiched betwee%
two woven geotextiles. At the landfill site, sample
L-1 and L-2 were exhumed from two adjacent areal
whereas in the dam, the two GCLs D-1 and D-Z
were installed one on top of the other. In fact the
first GCL was installed during a rainfall event and
had swelled without confining stress; a second GC
was thus placed above the first one a few days la
to address this installation problem.

Table 1. Description of lining systems at fieldesit

Site

Landfill cover Dam
Installation date 2003 March 2008
Sampling date August 2011  May 2011
Service life (year) 8 3.17
Cover soil thickness (m) 0.5 0.2
Sample name L-1 L-2 D-1 D-2
Sample location AboveBelow

For both exhumations, the cover soil was carefull
removed to a depth near the GCL using a diggin
machine. The remaining soil was then removed b
hand to prevent damage to the GCL. Rectangular
GCL samples (0.3x0.6 m) were cut using a razofFigure 2. Dam to prevent flooding.
knife (Fig. 3), transferred onto rigid plates and her-
metically sealed in plastic bags to prevent the loss Q
moisture during transport and storage. All GCL
samples were penetrated by fine roots but no crack
in the bentonite were apparent. 5
Samples of cover soils and subgrades were als
collected for the determination of water content anc
soluble cation content.

3 TEST METHODS

3.1 Swell index

Swell index tests were conducted according
methods described in standard test XP P84-70
(AFNOR, 2002) which is almost similar to ASTM D |
5890 (ASTM, 2011). The swell indices of the ex-""

humed GCLs are consistent with typical values obrigyre 3. Exhumation of GCL samples.
tained for calcium bentonites (<10 mL/2g) (Egloff-

stein 2001).
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Table 2. Summary of properties of exhumed GCLs.

Initial Post test Thickness Bentonite Hydraulic Post test

water water under 10 mass per Swell conducti- water Exchange Cations

content content kPa unitarea index  vity? content CEC (cmol/kg)
Site (%) (%) (mm) (kg/f) (mL/2g) (m/s) (%) (meg/100g)Na K Ca Mg
L-1 55 122 5.0 3.6 <10 3.2x10 122 84.3 83 09 37.24
L-2 49 98 6.2 4.1 <10 2.4xf0 97 94.2 85 12 41.8.3
D-1 30 74 6.9 5.3 <10 7.7x1b 74 85.2 75 1.0 29.38.3
D-2 83 148 11.8 5.7 11.0 K00 148 92.6 19.62.3 25.98.1

& Mean value obtained for the maximum hydraulic ggat

3.2 Hydraulic conductivity
Hydraulic conductivity tests were conducted on GCL

specimens in rigid-wall permeameters following thelSEE o : v
procedures in standard test NF P84-{B&FNOR P . NN
2008). The testing device was previously presentef proaaaai iy % :

in Guyonnet et al. (2005). A ToM NaCl solution
was used as the permeant liquid; this solution i
specified in NF P84-705 as the testing solution ane

is believed to yield conservative hydraulic conducf
tivities. An average vertical confining stress of 10
kPa was selected to represent the in situ condition § ©
a capping system. Tests are composed of an initi§
swelling phase and a percolation phase. During th
swelling phase in the case of the specimens test¢
here, no swell occurred at all. Consequently, the pe;
colation phase started when 90% of equilibrium ad;
sorption had occurred. Several hydraulic gradients
were applied to specimens, ranging between 1 arféigure 4. GCL specimen after test with the blue. dye
18, corresponding to hydraulic heads depending on
the observed hydraulic conductivity of the speci-

mens. When the obtained flow rate was too large
only small hydraulic heads could be applied, in order F
to ensure that the flow rate could be measured alon o AL BL2

time considering the capabilities of the measuring al: ]
devices (Fig.5). ol A A ©D-1 XD-2

To check that sidewall leakage and preferential 1
flow were not occurring, a blue dy@rilliant Blue)
was added to the influent liquid of all exhumed
GCLs at the end of testing. The blue dye spread in
homogeneous way through specimens; no sidewa
leakage or preferential flow was evident in any test
(Fig. 4).

A synthesis of the hydraulic conductivity values i
and water contents of bentonite in the GCLs before -
starting the permeability test and at the end of the i
permeability test are presented in Table 2. Very higt 0% 5 10 15 20
values of hydraulic conductivities were obtained for Hydrauiic Gradient
the GCLs exhumed from the landfill cover (310
m/s) (Fig. 5). Lower hydraulic conductivities were .. : .
obtained for the GCLs exhumed from the dam (~1OF|gure 5. Hydraulic conductivity of exhumed GCLs.
'm/s). Those very different results will be subse-
guently discussed.

-

10° _

10° |

Hydraulic Conductiviy (m/s)

3.3 CEC and soluble cations

Cation exchange capacity (CEC) and the mole frac-
tion of cations present in bentonite were determined
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following the procedures in standard test NF X 314 DISCUSSION OF GCL PROPERTIES
130 (AFNOR 1999). The CEC values were deter-
mined by extraction using the cobaltihexamine chlo- 1¢C , ith test ; din laborat
ride method and chemical analysis of the extracts: .r?mﬁa.rlson r‘:‘l" _des slpe_r ormed In laboratory
was conducted using Inductively Coupled Plasma with calcium chloride solutions
Atomic Emission Spectroscopy (ICP-AES). Many studies showed that the hydraulic conductivity
CEC and exchangeable Na, K, Ca and Mg aref GCLs is sensitive to the concentration of the per
summarized in Table 2. Cation exchange has oaneant solution and the cation valence (Lin & Ben-
curred nearly completely in the bentonites; Na erigi son 2000, Jo et al. 2001, Vasko et al. 2001, Le¢ et
nally contained in the bentonites was replaced by C2005, Jo et al. 2005).
and Mg originated from overlying soils and from Results of tests performed on virgin non prehy-
dissolution of carbonates within the GCLs (Guyon-drated GCLs in the laboratory with calcium chloride
net et al. 2009). Those results are consistent Wwéh t solutions are summarized in Figure 6 (Gleason et al.
low swell indices. 1997, Norotte et al. 2004, Katsumi et al. 2007, Ka-
Surprisingly the quantity of Na cations of the ben-tsumi et al. 2008a, Katsumi et al. 2008b).
tonite contained in the D-2 GCL sample (GCL sam- The highest hydraulic conductivities were ob-
ple located below the D-1 GCL sample) is greatetained with concentrated CaCdolutions (>0.2 M).
than the one measured in the other GCL sampleblevertheless many of these studies have shown that
This tends to indicate that the GCL located abov&CLs maintain low hydraulic conductivity in the
has protected the GCL located below by limiting therange of 13* to 10° m/s when permeated with low-
water percolation from the overlying soil; the catio est calcium concentration solutions which are close
exchange was thus slowed down. to the frequent calcium concentration in the pore wa
ter of soils (range between 0.001 M and 0.004 M)
3.4 Cover soils (Egloffstein 2001).
Samples were collected from soils above and below
GCLs. Water content, CEC and exchangeable Na, K
Ca and Mg were measured for each soil. Method:
Used to determine CEC and eXChangeable Catior T L2
were the same as those presented for the GCL sar O and
ples_ 1077 prss——— -é- -------- L-l
Properties of the soils are summarized in Table 33 *
Ca is the dominant cation in the exchange comple;
of the landfill cover layer and subgrade. Ca and Ne
cations are equally abundant in the soil covehef t
dam whereas Na appears as the dominant exchanc
able cation present in the underlying soil of tlaend b+ o % i _ _ 1 p=2
This result is consistent with the greater quantity o R e e e and

10° |

A
10° |
i

Hvdraulic Conductivity (m/

o Gleason et al. 1997

Na cations contained in the D-2 GCL bentonite sam- ANorotte et al. 2004 D-1
Ie 10t | + O Katsumi 2007

p ' +Katsumi et al. 2008 b)

O Katsumi et al. 2008 a)

10'12

0 0,1 0,2 0,3 0,4 0,5 0,6
CaCl2 Concentration (M)

Figure 6. Hydraulic conductivity of GCLs percolatedth
CaCl), solutions.

Table 3. Summary of properties of soils.

Initial water
content CEC Exchange Cations (cmol/kg)
Site (%) (meg/100g) Na K Ca Mg
Surface layer 19 28.0 6.54 0.60 19.79 1.15
L-1 Subgrade 21 32.7 5.43 0.60 16.79 0.72
Surface layer 18 38.0 5.31 0.00 22.36 0.64
L-2 Subgrade 18 314 8.49 0.51 13.98 0.67
Surface layer 5 24.3 5.87 0.31 5.63 0.29

D Subgrade 17 17.5 5.72 0.33 3.13 0.29
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The CaCJ} maximal concentrations existing in the contents greater than 100% had lower hydraulic
real landfill and dam overlying and underlying soil conductivity (10'* to 10° m/s). According to Meer
range between 0.0005 M and 0.0037 M (Table 3)and Benson the abrupt change in hydraulic conduc-
For the same range of concentrations GCLs whichvity shown in Figure 7 suggests that GCL desicca-
were ion-exchanged in the laboratory by Gagollu-  tion to lower water content has a more dramatic ef-
tions and exhumed GCLs are compared. The confect on hydraulic conductivity.
parison shows that the low hydraulic conductivity Hydraulic conductivities exhibited no relationship
values obtained in D-1 and D-2 GCL samples are imith mole fraction of exchangeable Na because the
good agreement with the laboratory results. Na mole fraction was low on all of the exhumed

The difference between results obtained for GCLGCLs but the data could be segregated into two
samples L-1 and L-2 exhumed from the landfillgroups regardless of the Na mole fraction: GCLs
(k>10" m/s) and the GCL samples D-1 and D-2 exwith higher hydraulic conductivity (>10m/s) and
humed from the dam (k<T® m/s) can not be ex- GCLs with lower hydraulic conductivity (<10m/s)
plained only by the cation exchange occurred in théFig. 8). The lower hydraulic conductivities were
bentonites but by a combination of various criteriasimilar to those obtained from hydraulic condudgivi
cation exchange and desiccation-hydration cycletests performed on GCLs in the laboratory with di-
experienced by the GCLs. Indeed the GCL placed itute calcium chloride solutions (10 mM) by Egloff-
the landfill cover had a greater life service (&g stein (2001) and Jo (2005); whereas the very high
which lead to a greater exposure to climatic condihydraulic conductivities obtained were caused by
tion compared to the GCL installed in the damother factors in conjunction with ion exchange.
which was only subjected to three dry seasons.

4.2 Comparison with other recent field studies 10% ¢

Only a few recent field studies report on the behav-
ior of GCLs in covers in a detailed way as the one 10° ¢ X
described in this paper. i =t

Benson et al. (2007) studied needle-punched GCI 10° ¢ C SN D&
samples exhumed from the cover of a landfill lo- i A
cated in Wisconsin after 2 and 4 years of service
GClLs initially contained Na bentonite and were cov-
ered by 0.76 m of a vegetated surface layer. The hy
draulic conductivities of the GCLs were 4.2%£0
and 9.4x10 m/s for the GCLs exhumed after 2
years of service and 1.4xi@nd 8.1x10 mi/s for
the GCLs exhumed after 4 years of service. Re
placement of the native Na cations in the exchang
complex by Ca and Mg combined with dehydration
of the bentonite appeared to be the key factors-cau 0 20 40 60 80 100 120 140 160
ing the large increase in hydraulic conductivityeTh Extumed Gravimetric Water Contert (36)
overlying and underlying .SOIIS appear to be th, igure 7. Hydraulic conductivity of exhumed GCLssues gra-
SNource of Ca and Mg cations that exchanged WitQimetric water content at the time of exhumation.

a.

Meer and Benson (2007) detailed the investiga-

tion of needlepunched GCLs exhumed from threerouze et al. (2010b) presented the results obtained
landfills in Wisconsin and in Georgia after 4.6, 4.1on needlepunched GCL samples exhumed from a
and 5.6 years of service. All GCLs contained Nacgver of a landfill site in France after 3 and Guge
bentonite and were covered by 0.75 m and 0.80 m @ service. GCLs contained calcium activated ben-
vegetated surface layer depending on the site. Mogdnite. The thickness of the cover soil was found to
of the Na initially in the bentonite had been repthc pe approximately 0.2 and 0.5 m respectively and
by Ca and Mg in the exhumed GCLs and the bencontained a large amount of calcium carbonate. The
tonites had swell indices typical of Ca bentonitepentonite in the GCL showed a full exchange of so-
(~10 mL/2g). Hydraulic conductivities of the eX- dium to calcium; the GCL samples did not exhibit
humed GCLs varied over a wide range (5.2X10  any swelling capacity and the hydraulic conductivity
1.3x10° m/s) and were strongly related to the grameasured ranged between 1.07%%hd 6.91x10
vimetric water content at t_he time of sampling: GCLm/s. The GCL was no longer performing its lining
samples with a gravimetric water content less thafunction in relation with significant root intrusidn

80% had high hydraulic conductivities (160 10°  the GCL, desiccation-hydration cycles and cation
m/s)(Fig. 7) whereas GCLs with gravimetric waterexchange.

H
o
>
»
l>|>
o
XX+ 00> m» 60>

Hydraulic Conductivity (m/s)
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The difference between the hydraulic conductivities
of the GCL samples D-1, D-2 and L-1, L-2 can be
linked to the very different service lives of the IGC

(3 years for D-1, D-2 and 8 years for L-1, L-2); the
10° ¢ X full exchange of sodium ions and an insufficient
cover soil thickness which could not prevent the

10°

?  w GCL from desiccation combined with a long time
z N exposure to climatic conditions led to the formatio
R s of irreversible cracks in the bentonite.

g o D-1

8 108 o D-2

5 1(B.etal. 07

E =26 ctal 07 5 CONCLUSION

T 10° | A Site N (M&B 07)

O Site S (M&B 07)
O Site O (M&B 07)
1010 + 2 (Tetal. 10)

GCL samples were exhumed from a landfill cover
and from a dam after 8 and 3 years of service and

X3 (Tetal. 10) tested for water content, swell index, saturated hy-
gutend J draulic conductivity and exchangeable cations. The
0,001 0,010 0100 1,000 GCLs were located under a shallow soil cover with a

Na mole fraction (M) thickness in the range 0.2 to 0.5 m; samples of the
overlying and underlying soils were also collected
and tested for water content and exchangeable
cations.

The bentonite in the GCL showed an exchange of

Except for some points, hydraulic conductivity val-Sodium to calcium evidenced by swell indices and
ues as a function of the gravimetric water contént O‘quantlflcatlon _of the concentration in various eaf
the bentonite at the time of sampling for all exlesm in the bentonite. The difference between hydraulic
GCL samples are in good agreement with the tercOnductivity results ob_talned_ for GCL samples ex-
dencies observed by Meer and Benson (2007) (Figlumed from the landfill (k>16 m/s) and the dam
7); low hydraulic conductivity is obtained when the (k<107 m/s) cannot be explained only by the cation
water content of GCL exceeds 80%. GCL sampl&xchange occurred in the bentonites but by a combi-
D-1 and 6 (Touze-Foltz et al. 2010) have very lownation of cation exchange and desiccation-hydration
gravimetric water contents at the time of sampling-ycles experienced by the GCLs.

due to the very low cover soil thickness (0.2 m for Indeed, the comparison of the exhumed GCLs
both sites) but higher hydraulic conductivities ob-2nd GCLs which were ion-exchanged by Gaolu-

tained for the GCL samples 6 (Touze-Foltz et allions showed that GCLs maintain low hydraulic
2010) could be explained by the long service Iffe oconductivity in the (range of 16 to 10° m/s) when
the GCLs (6 years) which led to a greater exposur@ermeated with lowest calcium concentration solu-
to desiccation-hydration cycles. A large difference tions (<0.004 M) which are the maximal calcium
hydraulic conductivities between the GCL samples £oncentration found in the pore water of overlying
(Benson et al. 2007) is also noticed in Fig. 7etty @nd underlying soils collected in the landfill aimd

one GCL sample had a very low hydraulic conducthe dam. . . .
tivity (k = 4.2x10%° m/s) whereas the second sample The results from this study are consistent with

had a hydraulic conductivity close to1M/s; but no p_revious recent results from the Iite_rature _Which in

reason for this difference could be determined frontlicate that cation exchange combined with hydra-

data collected by Benson et al. (2007). f[lon-des_lccatlon cycle_s can'adversely affect GCL in
As described by Meer and Benson (2007) even ifts function of hydraulic barrier.

there is no apparent relationship between hydraulic

conductivity and Na mole fraction, the data colldcte

from the various studies can be segregated into tw® ACKNOWLEDGMENTS

groups regardless of the Na mole fraction (Fig. 8) _
except for two data points. Even if all the GCL sam-The urban area community of Le Havre (CODAH)

ples exhumed from the landfill cover and the danPermitted sampling and testing of the GCLs ex-
exhibit a low content in sodium ions (Na mole frac-humed from the dam. Assistance provided by the
tion range from 0.15 to 0.35), the hydraulic conduc CODAH is gratefully acknowledged.

tivities obtained for the GCL samples D-1 and D-2

exhumed from the dam match with the low conduc-

tivity value group whereas the hydraulic conductivi-

ties obtained for the GCL samples exhumed from the

landfill L-1 and L-2 belong to the high value group

Figure 8. Hydraulic conductivity of exhumed GCLsstes Na
mole fraction in the exchange complex of the beitéon



in : Eurogeo 5, 16-19/09/2012, Valence, ESP

7 REFERENCES

ASTM D5890Q 2011.Standard Test Method for Swell Index of
Clay Mineral Component of Geosynthetic Clay Liners,
American Society for testing and Materials (ASTM)est
Conshohocken, Pennsylvania, USA.

Benson, C., Thorstad, P., Jo, H, Rock, S. 2007 r&bjit per-
formance of geosynthetic clay liners in a landfiial cover.
Journal of Geotechnical and Geoenvironmental Engjine
ing 133(7): 814-827.

Bouazza, A. 2002. Geosynthetic clay line@eotextiles and
Geomembrane20: 3-17.

Egloffstein, T. 2001. Natural bentonites-Influenakthe ion
exchange and partial desiccation on permeability saif-
healing capacity of bentonites used in GCC=otextiles
and Geomembrand®:427-444,

Gleason, M., Daniel, D., Eykolt, G. 1997. Calciundaodium
bentonite for hydraulic containment applicatiofsurnal of
Geotechnical and Geoenvironmental Engineerihg3(5):
438-445.

Guyonnet, D., Gaucher, E., Gaboriau, H., Pons, GClihard,
C., Norotte, V., Didier, G.2005. Geosynthetic clener in-
teraction with leachate: correlation between pebiligg
microstructure, and surface chemistipurnal of Geotech-
nical and Geoenvironmental Engineeribhg1(6): 740-749.

Heibaum, M., Fleischer, P. 2010. Geosynthetic diagrs
(GBR-C) for hydraulic structure&™ International Sympo-
sium on Geosythetic Clay Liner#/irzburg, Germany, 15-
16 September 2010.

Jo, H., Katsumi, T., Benson, C., Edil, T. 2001. kHydic con-
ductivity and swelling of nonprehydrated GCLs peatael
with single-species salt solutiondournal of Geotechnical
and Geoenvironmental Engineeriag7(7) : 557-567.

Jo, H., Benson, C., Shakelford, C., Lee, J-M., Ed@il 2005.
Long term hydraulic conductivity of a geosythetiaycliner
permeated with inorganic salt solutionkurnal of Geo-
technical and Geoenvironmental Engineerit®fl(4) : 405-
417.

Katsumi, T., Ishimori, H., Ogawa, A., Yoshikawa,, Klana-
moto, K., Fukagawa, R. 2007. Hydraulic conductivitfy
nonprehydrated geosynthetic clay liners permeatiéd in
organic solutions and waste leachatgsils and Founda-
tions47 (1): 79-96.

Katsumi, T., Ishimori, H., Onikata, M., S., FukagawR.
2008a. Long term barrier performance of modified-be
tonite materials against sodium and calcium perinsala-
tions.Geotextiles and Geomembrar&14-30.

Katsumi, T., Ishimori, H., Ogawa, A., Maruyama, Suyka-
gawa, R. 2008b. Effect of water content distribaitan hy-
draulic conductivity of prehydrated GCLs againsikcitem
chloride solutionsSoils and Foundatiorn48 (3): 407-417.

Lee, J., Shackelford, C., Benson, C., Jo, H., HdiR005. Cor-
relating index properties and hydraulic conducyivif geo-
synthetic clay linersJournal of Geotechnical and Geoenvi-
ronmental Engineerind31(11): 1319-1329.

Lin, L., Benson, C. 2000. Effect of Wet-Dry Cycliog Swell-
ing and Hydraulic Conductivity of GCLdournal of Geo-
technical and Geoenvironmental Engineerihg6(1): 40-
49.

Meer, S., Benson, C. 2007. Hydraulic conductivitygeosyn-
thetic clay liners exhumed from landfill final cageJour-
nal of Geotechnical and Geoenvironmental Enginggrin
133(5): 550-563.

NF P 84-705.2008. Geosynthetic barriers — Detentiginaof
swelling, flow and permeability characteristics ggosyn-
thetic clay liners (GCL) using an oedopermeamei€har-
acterisation test and performance tefsssociation Fran-
caise de Normalisation (AFNOR)Paris, France (in
English).

NF X 31-130. 1999. Soil quality — Chemical methedBeter-
mination of cationic exchange capacity (CEC) anttaex
tibles cations, Association Francaise de Normalisation
(AFNOR) Paris, France (in French).

Norotte, V., Didier, G., Guyonnet, D., Gaucher,2B04. Evo-
lution of GCL hydraulic performance during contadth
landfill leachate. Advances in Geosynthetic Clay Liner
Technology: »Symposium ASTM STP 1456, R.E.
Mackey and K. von Maubeuge, Eds, ASTM Internatipnal
West Conshohocken, PA.

Touze-Foltz, N., Lupo, J., Barroso, M. 2010a. Gegenmen-
tal  applicatons of  geosynthetics. 4"European
Geosynthetics Conference (EuroGeo 4), Keypafeer Ed-
inburgh, Scotland, United Kingdom, 7-10 Septemiaa8

Touze-Foltz, N., Croissant, D., Rosin-Paumier,Prion, T.,
Ouvry, J-F. 2010b. Performance of a GCL in a ldhdfi
cover after six years in servic®? International Symposium
on Geosythetic Clay LinersVirzburg, Germany, 15-16
September 2010.

Vasko, S.M., Jo, H.Y., Benson, C.H., Edil, T.B.,t&ami, T.
2001. Hydraulic conductivity of partially prehydealt geo-
synthetic clay liners permeated with aqueous calaitlo-
ride solutions.Geosynthetics Conference 200EAI, St
Paul, MN.

Werth, K., Heerten, G., Pries, J-K., Klompmaker2d10. 20
years experience with GCLs in dams and dyR&dnterna-
tional Symposium on Geosythetic Clay Linai&irzburg,
Germany, 15-16 September 2010.

XP P84-703. 2002. Bentonitic geosynthetics - Deiteation of
the swelling capacity of clay in bentonitic geostics,
Association Francaise de Normalisation (AFNQRAris,
France (in French).

Zanzinger, H., Touze-Foltz, N. 2009. Clay geosybtearriers
performance in landfill coversGIGSA GeoAfrica 2009
ConferenceCape Town, 2-5 September 2009.



