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The quest for more accurate reservoir modelling has pushed geological models to incor-
porate increasingly finer details. As a result, high-quality, multimillion cell models with
cell-to-cell variations in rock properties are now commonplace in practical reservoir en-
gineering applications. For many problems, however, we only need this level of detail in
confined regions of the reservoir. This is particularly true in geothermal heat storage,
where temperature variations are chiefly confined to the near-well regions.

In this work, we present a method for efficient, high-resolution simulation of geothermal
applications based on dynamic coarsening. Originally devised for isothermal, compo-
sitional transport problems [1], the method is based on apriori construction of nested
partitions of an underlying fine geological model into coarse blocks. A refinement level is
defined for each fine-grid cell by one or more suitable indicators, and an adapted coarse
grid is constructed by patching together blocks from the different partitions. Properties
are mapped between the underlying fine grid and the adapted grid in a thermodynami-
cally consistent way that ensures conservation of energy. We investigate both static and
dynamically adapted grids, and combine two simulation strategies: fully implicit, where
we solve for all variables simultaneously; and sequential implicit, where we solve for pres-
sure in a first step, and transport of mass and energy in a second step. The method only
requires that the fine-scale grid consists of non-overlapping, polytopal cells, and is thus
applicable to the highly complex cell geometries and topologies commonly seen in real
field models. It is also potentially very efficient, since it drastically reduces the number
of unknowns in the nonlinear problem.

We implement the method using the the MATLAB Reservoir Simulation Toolbox [2],
and assess its applicability through a number of geothermal test cases. We compare and
contrast different refinement indicators, static and dynamic coarsening strategies, and
deviation from fine-scale, fully implicit simulations.
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