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Summary. Storage of CO2 in deep saline aquifers involves besides the multiphase flow mechanical and geochemical processes that may alter the conditions within the reservoir as well as in the cap rock. The CO2 rich brine has a potential of mineral dissolution due to the acidic conditions. Mineral dissolution affects the porosity and permeability and thus has an influence on the multiphase flow again. 

The open-source scientific software GEOSYS was used in this investigation to simulate thermal, hydraulic and geochemical (THC) processes. To represent the hydraulic and geochemical alteration during CO2 sequestration under reservoir conditions GEOSYS was extended by coupling to ECLIPSE for modelling multiphase flow and by coupling to CHEMAPP for geochemical reactions under high pressure and salinity conditions as they occur during storage of CO2.

ECLIPSE, GEOSYS and CHEMAPP are coupled using an operator splitting approach. Results of the multiphase flow are passed for each time step from ECLIPSE to GEOSYS where heat conduction and the transport of dissolved species are calculated. Whereas ECLIPSE uses finite differences GEOSYS is a finite element simulator. Therefore a transformation of the flow velocities from faces (ECLIPSE) to gauss points (GEOSYS) is necessary at each time step. Subsequently CHEMAPP considers equilibrium reactions at each node of the GEOSYS FEM model between the CO2 phase, the brine and the rock. Changes in the permeability and porosity can be transferred back to the multiphase simulator.

Application of this software to CO2 storage benchmarks proved the reliability of the process representation and the implemented coupling approach. After these tests the software is used for simulation of a case study where the long-term geochemical changes during CO2 storage are investigated for a hypothetical CO2 reservoir in the north German basin. The geochemical reactions and their interaction with the multiphase flow field are investigated in detail for both the reservoir and the cap rock.
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