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INTRODUCTION

In Belgium the disposal of vitrified radioactive waste in Boom Clay is considered. The Boom Clay beneath
the Mol-Dessel nuclear zone is a reference methodological site for supporting R&D. Safety studies require
to estimate the release rate of hazardous radionuclides from the host glass and their transport rate in Boom
Clay. The radionuclides are released as a result of the glass matrix dissolution. In the present Belgian
reference ‘supercontainer’ disposal design, the waste glass is surrounded by a concrete buffer, but in the
previous disposal design, a bentonite backfill was foreseen. The close interaction between the dissolving
glass and clayey materials was studied using Boom Clay as a reference clay. Dissolution of glass next to
clay is described by a model initially developed by Pescatore (Pescatore, 1994), according to which at large
times the glass dissolution rate is controlled by the transport parameters of dissolved silica in Boom Clay:
the apparent diffusion coefficient D and the product ηR of the diffusion accessible porosity η and the
retardation factor R. The values of these parameters have been measured by diffusion experiments.

These values and the Pescatore model are validated by experiments where 32Si doped glass dissolves next
to clay. These experiments allow to determine not only the glass mass loss as a function of time, but also
the 32Si profile in the clay and the pore water composition close to the glass. The combination of these
measurements makes it possible to determine all parameters of the Pescatore model. Because at 90°C silica
precipitates have been observed next to a dissolving glass by Pozo (Pozo et al., 2007), the Pescatore model
is extended with a precipitation term. Another extension takes into account the finite size of the clay
cores.

RESULTS

Three combined glass dissolution/diffusion tests with durations up to 1600 days were performed with
SON68 glass in compact Boom Clay at 30°C. These tests were described well by the Pescatore model,
which combines congruent dissolution according to a linear rate law with silica diffusion in clay. Fitting
the profile of 32Si in the clay together with the glass mass loss as a function of time, the Pescatore model
leads to parameter values consistent with those determined from diffusion experiments:

– an apparent silica diffusion coefficient D in the clay between 7 × 10-13 m2/s and 1.2 × 10-12 m2/s. Pre-
viously determined values from diffusion experiments at 25°C are around 6 × 10-13 m2/s (In-Diffusion
experiments) and 2 × 10-13 m2/s (percolation type experiments).

– a maximal glass dissolution rate for glass next to clay of around 1.6 × 10-7 gram glass/m2 s

– the measured silica concentration in undisturbed clay is around 5 mg/liter

– two ways to derive independently the silica glass saturation concentration in clay from the present
experiments and the previously measured value of the product ηR in In-Diffusion experiments (ηR =
65), both lead to value between 8 and 10 mg Si/liter.

In agreement with the Pescatore model, measurements in the clay water pressed through the clay core at
the end of the experiment also show an increase of the dissolved silica concentration in the clay close to
the glass.
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Although silica precipitation due to glass dissolution has been shown experimentally at 90°C, extending
the Pescatore model with silica precipitation did not lead to much better fits, nor could meaningful values
of a possible precipitation rate be obtained. Possibly, if precipitation occurs, longer durations might be
necessary to detect it.
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