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Subsurface hydraulic properties are mainly governed by the heterogeneity of geological formations. Moreover, it is not possible to measure the permeability in the whole site. In order to take into account the e¤ects of heterogeneity on groundwater ‡ows and the uncertainty in the input data, we use a probabilistic model in our numerical simulations. In the ‡ow equations, governed by the Darcy law and mass conservation, the permeability is thus a stochastic given function. The Darcy velocity and the hydraulic head become then unknown stochastic functions. When dealing with fractured rocks, the domain itself and the geometry are random variables. With non intrusive methods such as Monte Carlo sampling or stochastic collocation, statistics of outputs are obtained through many simulations of deterministic equations. High performance computing is required to solve the ‡ow equations. We consider two di¤erent cases. In porous media, the domain has a simple geometry. We use then a regular mesh and a …nite volume method, leading to a structured sparse matrix. In fractured media, as the domain is a complex network of fractures, we use an unstructured mesh and a mixed hybrid …nite volume method, leading to a general sparse matrix. In both cases, we compare direct methods, Krylov iterative methods and multigrid iterative methods, used to solve the linear systems obtained by discretizing the ‡ow equations. We study the impact of the random distribution function on the condition number of the matrix and on the accuracy of the result. We also make a complexity analysis and a scalability analysis on parallel computers.