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Our research is aimed at modelling of groundwater flow with finite element method
on meshes of combined dimensions. General problems of these models (also in many
other applications) is disability to capture small-scale phenomena in large domains and
creation of suitable conforming meshes in real world situations. The extended finite ele-
ment method (XFEM) provides a way to overcome these problems. However, its usage
in models with combined dimensions is still developing and has many open questions.
The main goal is to propose and implement a proper XFEM enrichment in a model of
groundwater flow, governed by Darcy’s law, to enable coupling between dimensions on
non-conforming meshes. In particular, we are interested in 0D and 1D singularities in
2D and 3D, respectively.

We study different enrichment methods for pressure in a steady well-aquifer prob-
lem. The finite element space is enriched with an analytical solution to a local Laplace
problem with a point source. We develop accurate quadrature rules for integration over
enriched elements to obtain the optimal order of convergence. We also investigate a
reasonable choice of the enriched area.

Further, we aim our effort at usage of the XFEM in the software Flow123d, a sim-
ulator of underground water flow and solute transport on meshes of combined dimen-
sion. Since the knowledge of an accurate velocity field is of a great importance in the
transport equation, the mixed-hybrid form of the problem is used with the lowest order
Raviart-Thomas finite elements. We are interested in finding a suitable enrichment both
for pressure and velocity, however, the satisfaction of the inf-sup condition in this case
is in question.
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