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The study investigated the combined effect of chemicals and temperature on landfill liner materials.Geotechnical, hy-
draulic and solute transport characteristics of geosynthetic clay liner (GCL) were investigated using single species salt
solutions at three different temperatures. In addition to this, geotechnical and barrier performance of locally available
soils and its bentonite admixtures was investigated using different chemical species and consolidation pressures for their

use as liner materials in landfills of developing countries.

The geotechnical (swell index and liquid limit) and hydraulic (intrinsic permeability) characteristics of GCL-benton-
ite were examined using deionized water and four single species salt solution (NaCl, KCI,CaCl, and MgCl,). Concen-
trations of the salt solutions varied from 0.01 mol/L to 1 mol/L. The tests were performed at three temperatures (20 oC,
40 oC and 60 oC). Both swell index and liquid limit were found to decrease with an increase in solution concentration.
Swell index increased and liquid limit slightly decreased with an increase in temperature. Temperature dependence of
bentonite on both geotechnical properties was more prominent in samples permeated with DI water and lower concen-
tration of salt solution suggesting that osmotic swelling is a temperature dependent phenomenon. At intermediate and
higher concentrations, swelling of bentonite was mainly controlled by solution chemistry where effect of temperature
was insignificant. Strong correlations were found to exist between swell index and liquid limit at all the three tempera-
tures. Intrinsic permeability (K) of saturated bentonite samples was found to be temperature dependent for all the given
permeant solutions. A significant increase in commutative flow volume with an increase in temperature was observed.
Even after considering the temperature dependence of kinematic viscosity, the K values, generally increased with an
increase in temperature. Intrinsic permeability (K) was found to be associated with the swell index values at all the tem-
peratures. At 20 oC swell index seems to affect K values for lower swell index values. However, at higher temperatures,

the effect was noticeable at higher swell index values. The intrinsic permeability (K) was found to be mainly affected by



temperature dependence of bentonite swelling at lower concentrations. Whereas, swelling and intrinsic permeability (K)

were found to be mainly controlled by solution chemistry at higher solution concentration.

The solute transport by diffusion process through bentonite samples hydrating with salt solutions of four cation spe-
cies Na', K', Mgzﬂ Ca* having a common anion (CI") was investigated at three temperatures (20°C, 40°C and 60°C)

using specified volume diffusion (SVD) test apparatus.

The salt solutions were used as source solutions and deionized water was used as receptor solution. The experimental
data was fitted with the theoretically simulated model using COMSOL Multiphysics software. The results showed that
the relative concentration of anion (CI') decrease in the source reservoir and an equal amount increased in the receptor
reservoir with time for all the four source solutions at all the three temperatures. The cation (Na") was offered a strong
resistant to diffusion from source to receptor across the bentonite sample due to presence of abundant Na” ions at the
exchange sites of bentonite sample. The concentrations of all other cations (K, Mg*", Ca>") were found to decrease in
the source reservoir with time, whereas as only a slight increase in concentration of the cations in the receptor reservoir
was observed. Instead, significant increase in the concentration of exchangeable Na” ions in both reservoirs (source
and receptor) was observed at all the temperatures. The observations suggested that a strong cation exchange process is
ffecting the diffusion process of these cations. In general, temperature was found to have a direct effect on diffusion co-
efficient (D, ,,,) of sodium (Na") and chloride (CI') ions.

The barrier performance of locally available clayey soil in Sri Lanka and its bentonite admixtures (with 5% and 10%
bentonite) was evaluated by means of their geotechnical (swell index and liquid limit) and hydraulic conductivity char-
acteristics. The swell index and liquid limit tests were carried out using deionized water and salt solutions of NaCl, KCl,
CaCl, and MgCl, at concentrations of 0.01mol/L, 0.1mol/L and Imol/L. Hydraulic conductivity (k) tests were carried
out using water and an aqueous solution of Imol/L CaCl, on unconsolidated samples prepared by either dry or slurry
packing and pre-consolidated samples with five different consolidation pressures (p) from 10 to 200 kPa. Hydrating
liquid was found to have insignificant effect on swell index and liquid limit of tested samples. Swell index and liquid
limit of the samples were found to increase with an increase in bentonite content. Liquid limits for tested admixtures
were correlated well to the swell index values. The nature of permeant solutions had little effect on measured k values
for both unconsolidated and pre-consolidated samples. The hydraulic conductivities were highly affected by change in
consolidation pressure (p). The hydraulic conductivity (k) decreased upto two orders of magnitude as p increased from
10 to 200 kPa. The soil bentonite admixtures with 10% bentonite content at a consolidation pressure of 10 kPa were
found to be to fulfill the minimum criteria for hydraulic conductivity of liner materials. The Kozeny-Carman equation,
a theoretical permeability model that expresses the k-porosity relationship, was applied to measured data including re-
ported values. Results showed the Kozeny-Carman equation captured well the porosity-dependent £ values for tested
soils and their admixtures with bentonite under a wide range of void ratios suggesting that the Kozeny-Carman equation
is a useful tool to estimate the magnitude of hydraulic conductivity (k) for differently compacted soil and its bentonite

admixtures.
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