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In high-level radioactive waste disposal (HLW) concepts, compacted bentonites are being considered in
many countries as a sealing material because of their low permeability, high swelling capacity and high
plasticity. In the case of the geological disposal of nuclear wastes in argillaceous host formations, concrete
will be also used as support of tunnels and galleries and as waste containment material. Therefore, the
bentonite barrier will become saturated with the water resulting from the host-rock/concrete interaction. An
understanding of the rate and nature of the bentonite alteration, as well as the evolution of the bentonite
pore water in the long-term is important for performance assessment.

In this work the behaviour of the bentonite has been simulated in a laboratory test. A concrete-bentonite
interaction experiment has been performed at a high solid to liquid ratio with FEBEX bentonite (ENRESA,
2006). The aim of the experiment was to analyse the buffering capacity of the bentonite and the clay
mineral stability in a high-pH environment over a long contact period. The rate of pH buffering capacity
of the bentonite is related to its surface hydroxyl sites (≡SOH) located along the edges of the clay platelets
(fast reaction), and the montmorillonite crystal lattice itself (governed by reaction kinetics).

Two infiltration tests with hyperalkaline water were performed with FEBEX bentonite compacted at a dry
density of 1.65 g/cm3 with a hygroscopic water content (w.c.) of 13.4% in small-scale hermetic cells (50-
mm diameter and 25-mm high). The experiments were running for 1.65 years under anoxic conditions
inside an anoxic glove (< 1 ppm O2) box and at temperature of 30-35ºC. The type of alkaline solution was
a Na-K-OH water in equilibrium with portlandite, Ca(OH)2, at pH 13.5. This water is representative of an
average pore water of a mortar made with CEM-I-SR type Porland cement (sulphate-resistant) at a
0.6 cement/water ratio and a 3:1 sand/cement ratio.

Hydration of the bentonite took place at the bottom part of the cell through a geotextile filter. The
infiltration water was injected with a pressure of 15 bars by means of a 307 Gilson piston pump. At the
top of the cell the outflowing pore water coming from the bentonite through another geotextile disk was
collected over time inside a vacuum vial closed by a septum, and analysed (Figure 1).

Figure 1: Schematic representation of the infiltration tests with hyperalkaline fluids
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At the end of the test, the cells were dismantled, and the study of the state and alteration of the bentonite
was undertaken. The saturated bentonite (29% of w.c.) had a final dry density of 1.53 g/cm3. No significant
changes in the hydraulic permeability of the bentonite was found, reaching a value of 9.59·10-14 m/s, which
was the expected value for the reference material at similar conditions of saturation. A total of 3.1 times
the bentonite pore volume was recovered (∼60 mL) during the test period and twelve chemical analyses of
the resulting pore water were obtained (Figure 2). The ionic strength of the outflowing pore waters
obtained from the bentonite decreased with time from 0.20 M to 0.03 M.

The pH increased from 7.9 to 9.0, but it was always lower than the infiltrating hyperalkaline water.
Therefore, after 595 days, the FEBEX bentonite maintained its buffer capacity, lowering the pH of the
infiltrating water. Calcite precipitation seems to be the pH-buffering process. However, a modification in
the mineralogy and geochemistry of the bentonite was observed. A decrease of the CEC was detected, as
well as a modification in the adsorbed cation population. A significant variation in the potassium content
and a slight increase of sodium at the exchange positions were measured, resulting in a decrease of calcium
and magnesium contents. These changes imply a modification in the structural characteristics of the
montmorillonite in the 2.5 cm of the compacted bentonite sample, which was evidenced by XRD, FTIR
and SEM analyses. There is an increase in the Na-smectite and K-smectite type particles (increasing the
percentage of illite/smectite mixed-layers up to 40%); and a trioctahedral smectite (saponite) was observed.
Accessory minerals, such as feldspars (anorthite and albite) and quartz, do not present any dissolution
signs; and the precipitation of CSH minerals, CASH-phases were not detected. However, zeolites were
identified by XRD. It seems that at these experimental conditions, the montmorillonite has undergone an
alteration that seems to affect the total length of the sample (2.5 cm).
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Figure 2: Chemical evolution of the bentonite pore water over time in infiltration tests with hyperalkaline
pore fluid through a bentonite compacted at 1.65 g/cm3 (Test CW-1: filled symbols; Test CW-2: open
symbols)


