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Abstract
X-ray computed microtomography (CMT) has provided 20 years of vastly improved pore-scale data enabling improved quantification of pore structure, fluid distribution, reactive changes, and mineral distribution in geologic materials –all in 3D. Incorporation of this improved data with numerical techniques, such as lattice Boltzman, network flow and smooth particle hydrodynamics, for flow simulation has resulted in increasingly realistic numerical simulation. We focus on one such application –network flow simulation of the up-scaling, from pore to core scale, of rates of anorthite and kaolinite reaction under acidic conditions commensurate with CO2 sequestration. Due to inherent heterogeneities in structure, mineral placement and fluid velocity in rock, bulk reaction rates realized during reactive flow through porous media may differ significantly from that predicted by laboratory measured rate laws. In the studies discussed, CMT of sandstone samples is used to capture mineral distribution as well as accurate characterization of the pore network. The up-scaled reaction rates determined from these simulations incorporate mass balance principles and micro-scale reaction rate laws as well as capture the physical, mineral and flow heterogeneities in the network. In addition to investigating the time development of bulk reaction rates, the simulations allow investigation of uncertainties in our knowledge of micro-scale reaction rates under certain regimes as well as the flow dependence of bulk reaction rates. The results indicate what details are critical to capture in order to accurately predict up-scaled rates from simple models, as well as revealing the susceptibility to prediction errors in the case of reactions close to equilibrium.
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