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ABSTRACT

Numerical modeling the deep subsurface at a regional scale has become a routine tool in the exploration for oil and gas.
However modeling techniques are now expanding to new subsurface applications motivated by the need for gas storage
and energy decarbonization, which include carbon sequestration, the exploitation of new energy resources such as
geothermal, and the exploration for natural hydrogen, helium, or lithium.

Modeling tools that were initially developed for O&G purposes have become generic tools that can address an
increasingly wide range of problems: new geological features, new physics, and new workflows tailored to different
application domains. To meet this need, we have developed functionalities that can simulate a growing number of
physical phenomena and their interactions in increasingly complex basins.

Over the last decade or so, we have developed, in our research department, a suite of numerical tools, including specific
tools to enable working at large scale applications with few data:

. Process-based 3D stratigraphic forward modeling to simulate the sedimentological history of a basin

. 2D and 3D structural restoration to predict structural changes over geological time in faulted zones, coupled
with forward thermal and hydraulic modeling

. 3D modeling of the evolution of multiple simultaneous physical phenomena over geological time, such as multi-
component multiphase fluid flow with crustal thermal processes to better assess natural resources potential

. Automatic uncertainty analysis and automatic calibration to assess risk.
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In stratigraphic modeling, we are adapting erosion, transport, and sedimentation laws to highly varying depositional
environments. Considerable efforts have been made to model carbonate and evaporitic environments (applied among
others to the modeling of the Hith and Gotnia formations), and contouritic environments. Coupling with marine currents
calculations are now being developed to model marine sedimentary processes more accurately.

In subsurface flow modeling, we have developed a calculator particularly suited for modeling fluid circulations in
faulted zones. The calculator relies on an unstructured 2D or 3D mesh, discontinuities at faults, and includes specific
meshing for the damaged zone and fault core.

Backstripping has been replaced by a restoration phase, performed in 2D or 3D. Restoration is computed using a
geomechanical approach based on elasticity. This basin simulator is particularly suited for modeling systems controlled
by fault hydrodynamics.

We have also developed a strong iterative coupling between a 3D geomechanical finite-element code and a flow
simulator. It employs a constitutive law specifically designed to represent rock compaction. This code is fully
parallelized and allows for the simulation of entire basins where tectonics control the development of overpressure and
stress distribution. We are adapting this code to simulate, over short time scales, the hydro-mechanical impact of gas
injection.

Regarding fluid rock interaction, we are implementing a reactive transport model to simulate new Kinetics such as
hydrogen reactivity and lithium geochemistry, and ultimately, some diagenetic processes of interest. The coupling is
achieved through operator splitting. Various strategies are employed to maintain computational performance: each
geochemical system is simulated using a meta-model, which can be an analytical or an Al-based solution.

All these developments demonstrate the potential of new large-scale modeling capabilities, both for the oil and gas
industry and for new subsurface applications in the context of the energy transition.





