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Changes in swell potential of bentonite-sand mixture as a function of temperature and pore water salinity
were measured. Bentonite dried at 105ºC and sand was mixed in 50:50 ratio by weight for study. The
bentonite sand mix was compacted to 1.83 Mg/m3 dry density and 13.8% water content (mixed with
distilled water) obtained from Modified proctor compaction test for all test conditions. For the first series,
the mix was prepared using distilled water as molding fluid. The compacted samples were dried at
temperatures 50ºC and 80ºC for time periods 2 to 45 days. Dried samples were assembled in odeometer
cells and allowed to swell under load of 6.25 kPa. In second series, bentonite sand mixes were prepared
with 1000 ppm Na, 1000 ppm K, 1000 ppm Ca and 1000 ppm Mg solutions using chloride salts to achieve
water content of 13.8%. The mixes were then compacted and dried at 80ºC for 15 days and allowed to
swell in odeometer assembly. In third series of experiments, bentonite sand mix were compacted with
distilled water as molding fluid and heated at 80ºC for 15 days. The dried samples were then swollen
inundating with solutions simulating less saline granitic ground water and a moderately saline groundwater.
The swell behavior is compared with samples without heating treatment.

For samples prepared with distilled water and heated, the swell potential reduced upto 10-28% on heating
compared to sample without any heating. The swell reduction varied depending on temperature and time
period. The volumetric shrinkage varied from 1.4 to 3.3% of original volume of compacted sample on
heating. Addition of sand was found effective in controlling shrinkage caused by heating. Results are
shown in Figure 1.

For samples prepared with salt solutions with no heating and inundated with distilled water for swell, the
swell potential reduced from 12-20% compared to sample mixed and inundated with distilled water. The
reduction in swell increased from monovalent to divalent cation. For samples prepared with distilled water
and inundated with simulated groundwater solutions, the swell potential reduced upto 50% for sample
inundated with less saline granitic groundwater and upto 62% for sample inundated with moderately saline
groundwater.

For the samples prepared with salt solutions and were heated, the reduction in swell potential ranged from
30-42% compared with bentonite sand sample mixed with distilled water and without any heating.
Comparing swell potentials of samples heated for similar conditions, the samples prepared with
1000 ppm Na and 1000 ppm K swelled little less (3.5-3.8%) then sample prepared with distilled water. The
exchange of adsorbed cation on bentonite to K and heating did not cause collapse of montmorillonite
layers. The samples prepared with 1000 ppm Ca and 1000 ppm Mg swelled to 12-20% less than distilled
water sample. Presence of divalent cations in pore water and exchangeable cation positions, leads to
substantial reduction in swelling ability of bentonite. For the samples prepared with distilled water and
heated, and then inundated with simulated ground water solutions, the reduction in swell potential ranged
from 11-47% with respect to samples mixed and inundated with distilled water and heated for similar
conditions as shown in Figure 2.

High swelling ability is the one of the most characteristic property of bentonite and must be retained over
a span of several thousand years to fulfill its role as a containment barrier successfully. The results show
that heating of compacted bentonite sand mix samples to temperature 50-80°C which is the temperature
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range expected to prevail in the bentonite buffer in repository for a long time leads to significant reduction
in its swelling ability. Increasing the pore water salinity of bentonite with salts of monvalent (Na, K) and
divalent cations (Ca, Mg) has the effect of reducing the swelling ability but to different degrees. The
inundation of bentonite sand mix with low to moderately saline groundwater also leads to reduction of
swelling ability considerably with or without heating of the mix.

Figure 1: Swell potential plots of Bentonite-sand (BS) mixed with Distilled water (DW) heated to
temperatures 50C, 80C for time periods varying from 2 to 45 Days.

Figure 2: Swell potential plots of bentonite sand samples mixed with salts solutions and heated and
bentonite sand samples inundated with different groundwater after heating (GW1– High salinity
groundwater, GW2 – low salinity granitic groundwater).


