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Alkaline-leachate induces pore-filling reactionsin GCLs
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Geosynthetic clay liners (GCLs) are increasinglpamant components of hydraulic barriers in waste
containment systems (Gates et al., 2009). Howeeenge leachates from the mining industry have
been shown to alter barrier hydraulic performarfdeentonites and GCLs. Often increases in
saturated hydraulic conductivity result (e.g., Hedford et al., 2010), but sometimes decreases are

observed (e.g. Benson et al., 2008); the latteewxsd to be associated with pore-filling reactions.

The purpose of this study was to investigate furthe reactions taking place within bentonite
following exposure to mock solutions of high pHngsscanning electron microscopy (SEM). We
imaged the same samples as studied by Bensoi{2€t14l) to determine whether pore-filling reactions
occurred in GCLs permeated with solutions of 1.3 @&CI (GCLA) or 1M NaOH +1.3 mM CsCl
(GCLB). CsClwas added as a tracer. Samples prepared for SEM analysis following permeation
studies by flash-freezing a section of 7-10 mmkii@€L in liquid nitrogen (LN) and cutting using a
diamond rock saw (Streurs Acutum) into ~10x10mmesesi to expose the GCL in cross section
(parallel to permeant flow). Some cubes were theher cut to expose the longitudinal face
(perpendicular to permeant flow) of the bentonitiéin the GCL. The face of each portion to be
examined was sequentially polished on a serietastip polishing papers of 100, 10 and 1 micron
grits. Samples were kept frozen with £ troughout the preparation process and placechmlerin

a -80°C freezer. Samples were analysed under vacuurg astomputer controlled Philips XL 30 CP

SEM with automated specimen stage, ultra-thin wn&®DS microanalysis and X-ray mapping.

SEM images reveal that in GCLA hydration induce@ling in 1.3 mM CsCl resulted in an open
fabric consisting of large (>30m) areas (domains) of partially oriented smectigicles with a
range of pore sizes (Figure 1). A p# thick, dense and low porosity interface of smegiarticles
having a highly orientated pore structure was olekbetween clay domains. These compression
joins resulted from swell-induced compression ef ¢dges of adjacent domains. Also observed in
GCLA was evidence of clay flow and self healingt(sloown). In contrast, hydration of GCLB in 1
M NaOH + 1.3 mM CsCl resulted in a largely featass but strongly porous matrix with highly
uniform pores covering large areas (>1 mm diamétav)ng few compression joins. Higher
resolution images (Fig. 1) of areas where compoagsins existed in GCLB revealed individual

domains to be <3dm in extent.
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Fig. 1. Comparison of the pores within clay dorsamGCLA (left) and GCLB (right).

Energy dispersive X-ray (EDX) mapping was conduetegbss a compression join and into the
domains oreither side in GCLA (not shown). A large differenia Cs concentrations was observed
between clay domains on either side of the comjmessin, with one domain containing
considerably less Cs than the other. Cs was laogeicentrated near the compression zone,
indicating that advective transport of CsCl mayalmng preferential flow paths between domains.

Benson et al. (2010) reported a slight increagbermpermeability of GCLB to ~4x10-10 m/s from
9x10-10 m/s when eluted with 1 M NaOH + 1.3 mM Cdgtit after ~8 pore volumes of flow the
permeability stabilised and decreased to ~2x10-/0 Rore water chemistry pointed toward the
possibility of pore-filling mineral precipitatioreactions taking place during the reaction of 1 M

NaOH with the bentonite and additive in GCLB. Mialegical analysis (X-ray diffraction, infrared,
thermal gravimetry and Al K-edge near edge X-ragoaption spectroscopy) identified the presence of
various hydrous silicates and carbonates subsetuém reaction of the same bentonite in batch
solutions of 1 M NaOH that could be responsibledore-filling reactions (Gates and Bouazza, 2010).

Figure 2 shows examples of direct evidence of pietion of hydrous mineral phases. In Figure 2A
a highly dispersed ‘spider-web’ phase with 4-5 micdiameter pores is observed in GCLB. EDX
analysis indicated that the ‘spider web’ matemaGICLB was a non-smectitic highly hydrous and
siliceous phase (Benson et al., 2010). The imagleet right of Figure 2B depicts a large (6@

pore. The image on the left in Figure 2B is ofoagpcast, formed during the pre-hydration phase of
the experiment, from which the geotextile fiboreke@and was subsequently pulled from the clay

80



Extended Abstracts — 2 Australian Clay Minerals Conference — Brisbanegist 2010

matrix. Both pores are surrounded by densely @lizted clay and apparently served as preferential
flow paths. The pores themselves are likely resjode for the higher overall permeability of GCLB

to 1 M NaOH + 1.3 mM CsCl compared to GCLA to 1.BIi@8sCIl. However, permeation with 1 M
NaOH +1.3 mM CsCl resulted in the deposition ofenat within both types of pores. The pore on
the right in Figure 2B has been filled by a higbitgss-linked siliceous material. Analysis of these
pores indicates that average pore diameters hasredeced by 3 to 30 times, thus the advective flow
path tortuosity increases significantly from suchesfilling reactions.

Porefilling
B precipitate =

Porefilling
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Fig. 2. (A).Evidence of a siliceous precipitate in GCLB.
(B) Evidence of pore filling reactions in GCLB éhg reaction with 1 M
NaOH.

Figure 3 shows the results of energy dispersivayX(EDX) analysis of the image in the left of Figur
2B. The matrix clearly has a smectite (aluminoate) composition, whereas the pore-filling materia
is significantly enriched in silica and carbon. these analyses were conducted on the same GCL
samples as tested by Benson et al. (2010), eaghioh retained saturated hydraulic conductivity
values < 4x18° m/s at test completion, the SEM evidence presdmeel strongly suggests that these
phases are responsible for the low permeabiliteies.

Pore-filling mineral precipitation reactions magtbafore attenuate the adverse effects of smectites
dissolution. Further studies are needed to uralgishe long-term stability of these reactions and
their relationship to the performance of bentonited GCLs as components in hydraulic barriers.
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Fig. 3. Energy dispersive X-ray analyses of theehown in Figure 2B (left hand image). Left
EDX is of the matrix smectites, Right EDX is of there filling material.
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