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ABSTRACT:  
Perhaps the greatest challenge in making predictions at the reservoir scale is capturing the multiscale uncertainty in geologic features and material properties.  Specifically, fine-scale features, such as sedimentary layers, may extend over large portions of the reservoir. The connectivity of these features over significant distances may be their most important attribute. Thus, there is often a lack scale separation in the model parameters in practice, and methods that incorporate global information are required.  To approach this problem we assume that fine-scale realizations of the reservoir model can be generated, and propose a three-dimensional extension of the Multilevel Multiscale Mimetic (M$^3)$) method.  In M$^3$ a hierarchy of accurate, solution dependent, coarse-scale discretizations is developed that significantly increases the computational efficiency of the simulation. This approach brings together a novel subgrid-modeling algorithm for developing mimetic discretizations on coarse scales, with algebraic multigrid for estimating moments of the flux on the faces.  We demonstrate this approach for two-phase immiscible flow through highly heterogeneous porous media.  Then we discuss preliminary work on formally treating the fine-scale model as stochastic, through the use of non-intrusive sampling techniques.  Finally we comment on outstanding issues of this stochastic approach and the need for hierarchical stochastic reduction techniques.
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