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Summary. Key issues associated with CO2 storage include injectivity limits, leakage estimation for the injected CO2 as well as the displaced brine, and long term fate and transport of the CO2.  Any models of CO2 injection and transport need to address these issues while respecting the spatial and temporal scales of the overall problem.   The enormous amounts of CO2 that need to be injected imply large spatial footprints, and the need to keep the CO2 out of the atmosphere for time scales relevant to the climate system implies long (millennial) time scales.  Superimposed on these length and time scales are the additional scales associated with the dominant physics of the two-phase flow problem, including buoyant segregation and large-scale layering in the sedimentary sequence.  Important small-scale features include the width of fracture and fault zones, and the characteristic length scales for leakage pathways associated with abandoned well.

Within these scale constraints, a range of practical models for the CO2-brine system may be formulated.  These models should accommodate, at a minimum, the layered macroscopic structure of typical deep sedimentary basins, the gravity override associated with the CO2-brine system, the critical small-scale leakage pathways, capillary trapping, and dissolution dynamics.  In standard three-dimensional, multi-phase, multi-component simulators these minimum requirements lead to impossible computational demands.  With suitable simplifications to the governing equations, and the development of a flexible multi-scale framework, practical models for the CO2 injection system can be created that address both the short-term dynamics of leakage and the longer-term fate of the CO2.  We will describe the salient features of such simplified models and present a series of example calculations to demonstrate the range of practical questions that can be addressed.
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