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In this talk, recent developments addressing reduced-order representations of both subsurface flow and geological descriptions will be presented. Geological parameterizations based on Karhunen-Loeve (K-L) expansions and kernel principal component analysis (KPCA) will be described. Recent extensions of existing KPCA procedures will be shown to better capture, in a quantitative sense, the multipoint spatial statistics of geological properties. Next, a reduced-order modeling technique applicable for subsurface flow simulations will be described. This approach, called trajectory piecewise linearization (TPWL), entails linearization around previously simulated states and projection into a low-dimensional subspace using proper orthogonal decomposition. The method requires training runs performed using a full-order model, though subsequent simulations can be performed with minimal computational effort. The performance of the TPWL approach and its use in optimization will be demonstrated. Finally, a prototype ensemble Kalman filter procedure that combines the TPWL model for flow with a K-L representation for geological properties will be presented. This approach applies reduced-order representations for both flow and geology, and will be shown to provide results of reasonable accuracy relative to those achieved using full-order representations.
