Modelling of localised gas pathways in long-term gas injection test 
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Over time, after closure of a deep radioactive waste repository in an argillaceous formation, steel containers will corrode, water and organic material will be irradiated. The processes lead to the generation of hydrogen gas. As such, understanding the migration of gas in the host formation and in the engineered barrier systems are important issues, which may affect the safety function of the clay barriers. Indeed some laboratory scale experiments of gas injection on clay samples exhibit complex hydro-mechanical behaviour especially for initially water saturated conditions.  Laboratory tests highlight that gas entry and breakthrough are often accompanied by the development of preferential pathways, which propagate through the sample. 

Long-term gas migration tests have been performed by the British Geological Survey on the COx, the proposed host rock for the French repository. Results show a small emergent flux during the early stages of testing, before a spontaneous increase of discharge rate after 170 days, which is interpreted as evidences of major breakthrough. The movement of gas is then through a localised network of pathways, whose properties vary temporarily and spatially within the claystone (Harrington et al., 2012).
A 2D axisymetrical modelling of this test is performed with the finite element code Lagamine. Two-phase flow model allows the reproduction of the small gas outflow noted during the first stages of testing, but is not sufficient to model the strong raise of the measured outflow during the breakthrough. We consider that gas migration is then associated with the development of preferential paths along existing or pressure-dependent discontinuities. A hydro-mechanical coupling between the pathways aperture, permeability and air entry pressure is proposed. In the finite element code, this aperture is linked with the strains in the discontinuities. 

The numerical results show that such coupling plays an important role in a successful simulation of such gas flows. The spontaneous gas outflow observed after 170 days can be reproduced with the proposed hydro-mechanical couplings. Pathway permeability increases and air entry pressure decreases with the extension induced by the experimental data, until the injection and backpressure platen are “gas connected”. When this “gas connection” is reached, the analysis of the numerical results shows it is necessary to consider that the aperture does not evolve any more despite the strain evolution in the discontinuities with the increase of the gas pressure. The “modified permeability” of the sample allows the reproduction of discharge rate observed during the last gas injection stages.
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