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In models of porous media flows, the porosity of the solid matrix is often treated as a static quantity.
However, under certain circumstances, such as in soft sedimentary rocks or in magma flows, the porosity of
the solid material can evolve under the influence of fluid pressure which can lead to the formation of solitary
porosity waves and of higher-porosity channels. We consider a system of nonlinear PDEs for porosity and
effective pressure, based on a poroviscoelastic model, which describes such phenomena. We briefly recall well-
posedness results for this PDE problem [1]. Then we turn to results on an adaptive numerical method [2], which
is based on a fixed-point scheme inspired by the analysis, combined with a space-time least-squares formulation.
This yields an appropriate treatment of discontinuities and enables spatially varying time steps, which are
required for efficient approximations of the strongly spatially and temporally localized features of solutions.
We numerically also show its quasi-optimality. Furthermore, we show first results on a preconditioner for the
space-time least-squares method to allow for efficient iterative solvers also in higher dimensions. Lastly, we
indicate the potential of the space-time approach to solve related inverse problems since it allows to calculate
the solution of (time-reversed) adjoint equations in a memory-efficient manner.
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