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Carbon-dioxide storage: regarding phase transition processes and crack development in the cap-rock layer
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ABSTRACT:  Supercritical CO2 can be injected into deep saline aquifers to reduce the amount of CO2 in the atmosphere. Qualified reservoirs must have a sufficient depth and an impermeable cap-rock layer to provide the thermodynamical environment for the supercritical state of CO2. Safety issues might occur when deformation processes and crack development of the rock matrix and the cap-rock layer destroy these conditions and cause upward migration and phase transitions of CO2. The Theory of Porous Media (TPM) provides a continuum-mechanical basis to describe real natural systems in a thermodynamically consistent way. Thus, the TPM is applied to model the multiphasic flow of CO2 and water and include elasto-plastic solid deformations of the porous matrix. To account for the phase transition processes between supercritical, liquid and gaseous CO2, the Peng-Robinson equation together with the Antoine equation are implemented. Discontinuities arising from crack development due to solid deformations are handled with the extended Finite Element Method. Herein, special attention has to be paid to the matrix-fracture interaction of the fluid phases. Numerical examples are performed to investigate the injection of CO2 into a saline aquifer, focusing on the above mentioned problems.
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