[image: image1.png]INTERPORE



 2012

Sparse Priors for Regularization of Ill-posed Subsurface Model Calibration Inverse Problems

Behnam Jafarpour
University of Southern California, Los Angeles, CA, USA
ABSTRACT 
Calibrating realistic subsurface flow and transport models often leads to severely ill-posed inverse problems due to insufficient data, heterogeneous and high-dimension parameter spaces and nonlinear relation between data and model parameters. As a remedy, regularization techniques incorporate prior model constraints (e.g., smoothness) to eliminate implausible solutions. In the face of significant prior geologic uncertainty, it is not trivial to propose a regularizing constraint that is derived from geophysical insights and is applicable to a wide range of subsurface problems. However, geologic formations often exhibit large-scale spatial correlations that make them amenable to low-dimensional representations. Hence, sparsity is an inherent property of many subsurface systems and can be exploited as a regularizing constraint. I present research progress and results in formulating and solving subsurface model calibration problems in sparse domains, inspired by recent developments in sparse signal processing under the compressed sensing paradigm. Both generic and learned sparse bases are reviewed and sparse geologic dictionaries that can be constructed from widely uncertain prior information are discussed. Several numerical experiments from multiphase flow in subsurface systems are used to discuss the properties of the proposed methods and illustrate their effectiveness in solving sparsity regularized nonlinear dynamic inverse problems. 
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