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An adequate understanding of the short- and long-term evolution of compacted bentonite clays in
engineered barrier systems (EBS) for radioactive waste based on the KBS-3 disposal concept is an essential
requirement for demonstrating the safe performance of the system. Uncertainties in the way that the
resaturation process occurs are intrinsically tied to the thermal and mechanical evolution of the bentonite
buffer and its interaction with the disposal canister and host-rock. Furthermore, the evolution of bentonite
in the presence of changing ambient saturation states, groundwater chemistry and stress states could cause
the bentonite resaturation and long-term stability (including the so-called 'buffer erosion scenario') to
deviate from the behaviour required by the safety case; this has emphasised the need to consider adequately
coupled thermal (T), hydraulic(H), mechanical (M) and chemical (C) processes.

Historically, there have been fundamental differences in the representation of porosity and water
disposition between geochemical modelling and coupled THM modelling studies. In this paper, a model
for the porosity and water disposition in bentonite is presented that is more detailed than models used to
date in most THM modelling studies under variably saturated conditions.

The new model moves away from the conventional THM soils approach which treats bentonite as an
elasto-plastic porous medium with water or air occupying a notional porosity with the inclusion of
additional process models to take into account the very high observed water suctions, intrinsic permeability
variation and macroscopic swelling of partially saturated compacted bentonite. It replaces the empirical
parameterisation usually employed in THM models with a direct representation of the water disposition,
pore structure and relevant processes, albeit at an abstracted level.

The new model differentiates between water which can be considered to be ‘bound’ or otherwise immobile
(specifically water held in bentonite interlayer sites and double layers) and water which is ‘free’ or mobile,
comprising liquid water and water vapour. The disposition of the water is then constrained using
thermodynamic data derived directly from laboratory studies to give a localised energy balance (including
bentonite free energy and rock stress) which allows a bound water retention curve to be dynamically
evaluated. In addition, a simple mass and volume balancing approach allows the micro-scale changes in
porosity and bentonite grain volume to be converted into a macro-scale bulk volume changes and water
retention capacity. Indeed, the model largely abandons the concept of ‘porosity’ as a useful term when
describing the state of fluids in bentonite, naturally considering ‘capacities’ to hold different types of water
dependent on the physical and chemical condition of the bentonite. Migration of liquid water, air and water
vapour is handled using conventional multi-phase-flow theory with some simple adjustments to selected
parameterisation (mainly relative permeability and suction curves) to take into account the different water
and air distribution model.

The new model has been successfully applied to a series of benchmarking studies in the THERESA project
(THERESA, 2008), and examples of comparisons between model calculations and laboratory and field-test
data are described in the paper (see Figure 1). This model has been implemented in software based on
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Quintessa’s general-purpose modelling code QPAC, which employs a fundamentally different approach to
system discretisation and process representation from most THM codes. The rapid prototyping and coupled
process model development that the QPAC code facilitates has enabled the revised bentonite model to be
implemented, producing a test-bed for investigating key features of EBS evolution.

Although the application of the model is at an early stage, and further developments will be required, it is
argued that the approach employed has the potential to contribute to an improved understanding of the
evolution of the EBS and its role in the overall safety case for the repository.
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Figure 1: Reproduction of the observed swelling pressure (left) and confined suction pressure curve (right)
for the Canister Retrieval Test calculations, as part of the THERESA project (THERESA, 2008).


