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Abstract

In order to properly characterise past fracturation and present-day stress field, it is necessary to take into account rock rheology, tectonics and
basin architecture evolution history. Kinematic restoration tools based on 3D finite element simulations uses elastic solid mechanics to
reconstruct the basin deformation through time. The obtained deformation parameters can be used to roughly assess basin fracturation and
principal stresses values and orientations. In this work, we propose an enhanced workflow combining kinematic restoration, classic basin
modelling and forward geomechanical modelling aiming at improving the calculation of the paleo stresses. The proposed workflow considers
the stress field evolution through geological events and accounts for sediment compaction and pore pressure field. The fracture risk at a given
time in the basin history is evaluated by a Drucker-Prager yield criterion. The workflow is applied on the Broad Fourteen Basin, where publicly
available data (structural depth maps and lithofacies distribution) was used to create an explicit 3D grid including faults and unconformities.
The kinematic restauration was performed considering two regional tectonic events, corresponding to the North Sea rifting and the Alpine
collision. The uplift and erosion events of the basin have not been considered yet and are the object of ongoing work. The unstructured
evolutive grid obtained from the kinematic restoration were exported to a basin modelling tool, in order to carry out an evolutive thermo-hydro-
mechanical forward simulation to obtain the pore pressure distribution at each geological event. This forward simulation adopts a simplified
mono-dimensional mechanical model for sediment compaction accounting for sediments weight only but it provides an estimation of the pore
pressure field evolution through basin history. The proposed new workflow combines this pore pressure field with the results from the
Kinematic restoration (basin geometries at each event) to carry out a more rigorous forward hydromechanical simulation adopting a full 3D
geomechanical model based on a porous non-linear elastic constitutive law accounting for 3D sediment compaction. The main result of this
work is the present-day stress field calculated accounting for the whole basin geological history and sediments compaction. This approach can
be valuable for assessing CO: storage capacity, as it enables the evaluation of the cap-rock integrity and the determination of the initial stress
field. Additionally, it can be applied to resource evaluation (such as oil and gas,hydrogen or geothermal lithium), by providing a better
understanding of fracture-related migration pathways.



