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Fine-grained saturated porous materials can act as a semi-permeable osmotic membrane when exposed to
a solute concentration gradient. The ions diffusion is hindered while water movement towards higher
concentrations takes place in the semi-permeable membrane. The capacity of the fine-grained porous
material to act as a semi permeable osmotic membrane is referred to as the osmotic efficiency (its value
is 1 when the membranes is ideal, less than 1 when the membrane is leaky, allowing diffusion). The
efficiency to retain ions in solution is dependent on the thickness of the diffuse double layer which itself
depends on the solution concentration in the membrane.

Clay rich formations have been shown to act as non-ideal semi-permeable membrane (Neuzil and Provost,
2009). Andra is investigating the Callovo-Oxfordian clay as a host rock for intermediate-level to high-level
radioactive waste (Andra, 2005). In this context, it has been feared that osmotic water flows generated by
the release of sodium nitrate salt in high concentrations, out of intermediate radioactive bituminous waste,
could induce important overpressures. The latest would eventually lead to fracturing of the host rock
around the waste disposal drifts.

The purpose of the present study was to develop a simulation code with the capacity to assess the potential
impact of osmosis on: the resaturation of the waste disposal drifts, the pressure evolution and the solute
transport in and around a waste disposal drift. A chemo-osmotic coupled flow and transport model was
implemented using the FlexPDE-finite element library. Our model is based on the chemo-osmotic
formulation developed by Bader and Kooi, 2005. The model has been extended to highly concentrated
solutions based on Pitzer’s equation. In order to assess the impact of osmotic flow on the resaturation time,
the model was also designed to allow unsaturated flow modelling.

The model configuration consists of an initially unsaturated 2D cylindrical radioactive waste disposal drift
surrounded by a saturated Callovo-Oxfordian host rock at its undisturbed hydraulic state. Evolution of
saturation of the disposal drift, pressure, osmotic efficiency and concentration were investigated through
the analyses of 9 simulation runs with ranges of physical parameters and different release scenarios
(Figure 1). The following conclusions could be drawn:

• The impact of the variation of the activity coefficient (high concentrated solutions) showed to be
negligible in comparison to the impact of Bresler’s relationship (= dependency of the efficiency
coefficient on the concentration).

• Simulated pressure and overpressure are mainly influenced by Bresler’s relationship. The assumption of
an osmotic efficiency coefficient following Bresler’s relationship induces a strong limitation of the
overpressures and limits the impact of salt concentrations above 1M.

• The maximal overpressure expected in the disposal drift is of 98 m (0.96 MPa). Therefore no fracturation
of the rock should be feared due to osmotic flow.

• Mass limitation of the source is also a factor strongly limiting the osmotic overpressure. The release
scenario has therefore a strong impact on the results.

• Further experimental studies are needed to assess Bresler’s relationship in the Callovo-Oxfordien clay.
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Figure 1: Left: Evolution of pressure at the waste disposal drift. Right: Evolution of the osmotic efficiency
during the resaturation.


