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Geological carbon storage (GCS) technology has become increasingly relevant due to global warming.
Numerical simulations play a crucial role in understanding and implementing this technology, as well
as in assessing long-term storage risks. To provide a common baseline for GCS numerical simulations,
the Society of Petroleum Engineers launched the 11th Comparative Solution Project (SPE11) [6].
The problem considered is modeled by a highly nonlinear system of degenerate partial differential
equations governing a multicomponent, multiphase porous media flow. The numerical simulation of
such models is computationally expensive, particularly for long-time simulations. The central question
in the numerical approximation is how large the simulation error is.
In this work, we focus on the Coats model [2] for the SPE11 benchmark, approximated using a finite
volume scheme in space and a backward Euler scheme in time. The resulting nonlinear equations are
solved using Newton’s iterative algorithm, and the linear systems obtained after linearization are solved
with an iterative algebraic solver. Another important question that arises at this stage is whether it
is possible to improve the computational efficiency without compromising the accuracy of the results.
To answer the two above questions, we first propose to bound the total relative error by extending
the fully computable a posteriori error estimate developed in [3]. We then quantify the contribution
of each individual error component, namely those arising from spatial, temporal, and linearization ap-
proximations. Next, based on these a posteriori error estimate components, we propose to improve the
computational efficiency through adaptive stopping criterion for the Newton algorithm and adaptive
control of the time-step size.
Finally, since the complex model involves nonsmooth, highly nonlinear, and possibly degenerate consti-
tutive laws, Newton’s algorithm may face convergence difficulties. To address this issue, we propose
an adaptive regularization of these stiff nonlinearities, as proposed in [4] for Richards equation.
Numerical results are performed using the Geoxim platform, which is based on Arcane [5, 1].
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