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Previous studies have highlighted the great potential of shales as geological barriers thanks to their favourable
properties (very low permeability, high capillary entry pressure, swelling properties). However, the response
of shales is governed by Thermo-Hydro-Chemo-Mechanical (THMC) couplings of high complexity, often mak-
ing their study challenging. The difficulty arises mainly from the fact that the undergoing phenomena take
place in a much longer time period compared to the time-scale of experimental campaigns and thus, most mea-
surable responses have been observed only at the application of extreme, often non-representative, boundary
conditions. Taking into consideration limitations related to boundary conditions, sample size and mineralogy
the proposed work aims to investigate the CO2/caprock interaction at the microscale level using for the first
time live x-ray tomography.

X-ray tomography is a non destructive imaging tool that can provide precious insight into the 3D kinemat-
ics of heterogeneous materials and reveal localised response which otherwise is not depicted in the overall
recorded measurements of typical hydromechanical testing methods. In order to improve both spatial (pixel
size) and temporal (transport-related) resolution, very small cylindrical shale samples (d=h=5mm) are tested
in a high resistance x-ray compatible cell. First, a better understanding of the contribution of the different
mechanisms is demonstrated with simple isotropic CO2 exposure on the sample, where the chemo-mechanical
and thermo-mechanical impact of supercritical CO2 on the material’s microstructure is evaluated. A second
series of tests follows where CO2 injection under isotropic confinement is performed.

3D image analysis revealed that even at that small scale, pre-existing micro-fissures in shales cannot necessar-
ily be avoided. Pre-existing cracks are more prone than intact matrix to opening/closing (increased localised
strain activity) upon THM loading which here is imposed both by thermal loading and water evaporation in
the anhydrous COZ2, they thus have a crucial role for the integrity of the entire storage system. Application
of confinement closes pre-existing fissures (at least at a given resolution) but their contribution to the over-
all flow is yet to be quantified. CO2 breakthrough has been identified from the volumetric response of the
sample which locally expands in locations around pre-existing fissures. The current work shows that even at
resolutions lower than the average pore size of the material, 3D image analysis can reveal important insight
on the localised behaviour which in the context of CO2 storage can be related to potential leakage paths.
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