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In the case of creating a high level nuclear waste repository in the callovo-oxfordien clay rock formation,
canistered nuclear waste glass will become exposed for very long time to the clay rock and its pore water
will probably over thousands of years lead to container corrosion and once the container is breached, glass
corrosion will leading to mobilization of soluble radionuclides with a rate governed by the glass dissolution
rate. To simulate this scenario in the laboratory, the simulated nuclear waste glass SON68 was put in form
of powder in between two clay cores. The clay cores were machined exactly to fit into a high-pressure
stainless steel flow through reactor. After assembling, simulated clay pore water was pushed by a HPLC
pump through the reactor by a pressure of 100 bars and the out-flowing water was collected and analysed
by ICP-MS in regular time intervals. The reactor was saturated with the water at 25°C and then the
temperature was raised to 90°C to accelerate glass corrosion. The water flow rate was 240 µL/d at 25°C
and 640 µm/d at 90°C corresponding to a clay rock permeability rise for 4.10-13 m/s at 25°C to 10-12 m/s
at 90°C. Glass corrosion rates were deduced from the evolution of the concentration of soluble glass
constituents like Li and B in the out flowing solution. Parallel experiments without clay cores were
performed as well, with flow rates of about 3mL/d imposed by a peristaltic pump.

The Li/B concentration ratio in the out flowing water closely matched the concentration ratio in the glass,
indicating congruent glass dissolution, absence of significant Li or B retention by sorption on the clay.
Solution concentrations of these glass dissolution indicators rose rapidly to a maximum values and they
decreased thereafter with time for the whole duration of the experiments of one year. Initial dissolution
rates were about 10-2 g·m-2·d-1 and final dissolution rates were 10-4 g·m-2·d-1. The initial rates were much
lower than the forward glass dissolution rate indicating that silica saturated conditions and corresponding
low reaction rate regimes were attained very rapid. This is probably due to the very high surface to solution
volume ratio (for total pore volume of the reactor) of 1.6·106 m-1. Comparison of dissolution rates and their
evolution with time for the experiments in presence and absence of clay gave rather similar results: rate
decreased proportional to reciprocal time. No effect of clay on glass dissolution rates could be observed.
This is surprising since higher glass dissolution rates were expected for the presence of clay since it is well
known that sorption on clay of Si dissolved from the glass can accelerate glass dissolution1. In the present
case, silica concentrations in the water samples passing through the clay core were similar to those in
parallel experiments, where only clay but no glass was present. It is interesting to note that concentrations
of the fission product element Cs in the out flowing solutions were much lower than expected from
congruent glass dissolution. This was interpreted as resulting from the well know very strong sorption of
Cs on the clay.

All experimental data were modeled using the codes GM2004 and Phreeqc. The calculations reproduce the
very low initial rates and the onset of rate decrease with time, but the decrease of rates with time was faster
than predicted.
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