Characterisation of Gas Migration in Claystone through the Modelling of a Field-Scale Gas Injection Test 
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In the field of radioactive waste confinement, the question of the gas transfers in argillaceous formations is a crucial issue. During long-term repository of radioactive waste in clayey rocks, a great amount of gases will be produced by the deterioration of the disposal components. This gas production could affect the safety function of the clay barriers. The understanding of their production and migration mechanisms in the host rock is of particular significance for the safety assessment of such solutions. A new large-scale gas injection test has been recently performed in the Meuse/Haute-Marne underground research laboratory (URL) in France. This experiment, called PGZ1, studies the migration of nitrogen in the host rock, i.e. Callovo-Oxfordian argillite. This contribution describes a finite element modelling of this large scale test and the interpretation we can perform. 
The experimental layout consists of two parallel boreholes that are equipped with a triple packer system to monitor pore pressures evolution with the gas injection conditions. A re-equilibrium phase (hydraulic phase) is first provided during 188 days after the drilling of the boreholes. The gas test is then composed by different periods of controlled nitrogen flow injection rate, interrupted by ‘shut-in’ phases when gas injection ceases. The injection is performed from the central packer of one of the boreholes.
A hydraulic modelling of the gas injection steps is performed with two-phase flow model, in order to highlight how a predictive approach could reproduce the experimental observations. The geometry of the problem and the permeability anisotropy lead to perform 3D modelling. An iterative modelling process will show step-by-step how an accurate description of each component of the experiment system allows a satisfactory reproduction and the understanding of the experimental data. For instance, the volume and the initial degree of saturation in the injection interval, as well as the presence of a disturbed zone around the boreholes, are needed to obtain good agreement with the field data.
The good agreement with the experimental data shows that a predictive model based on two-phase flow approach is able to reproduce experimental observations in large-scale system, as far as the injection flow rates and the gas pressures remain moderate and the development of preferential gas pathways is limited. More generally, the PGZ1 experiment has shown that gas would remain mainly confined in the borehole disturbed zone. Even though gas penetrates in the sound claystone, the quantities remain low and located near the injection interval with such gas injection conditions.
