Effect of Staggered Deposition of Thick Layers on Pore Pressure in Petroleum Systems Modeling
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Abstract

This work presents the results of the correction of the compaction algorithm based on the staggered deposition of the gravity effect of overlying
layers with the presence of high deformation rates due to compaction. In the modeling of petroleum systems, the coverage of the geohistory of
burial by the backstripping method and of the fluid flow through differential equations must be guaranteed to perfectly capture the behavior of
both processes in the simulation, however the use of such methods presents convergence difficulties when there are high deformation rates due
to compaction in events with deposition of overlapping layers of great thickness, which causes an instability between the flow process and
compaction, which can generate non-consistent pore pressure during compaction. In order to consolidate the coupling between the compaction
of the porous medium and the migration of hydrocarbons, an algorithm for staggered deposition of the sediment load from thick layers was
implemented. To achieve this purpose, a gradual update of the loading (sediment and fluid) of the buried layers was applied, with the sediment
loads being updated, considering the pressure and weight of the phases in each compaction iteration. There was also a change in approach with
the deposition of a new layer, which acts only as loading of the underlying layers without suffering any deformation effect due to compaction,
that is, the new layer enters as already compacted with pore pressure equivalent to hydrostatic. The gradual deposition of the new layer is
introduced with a change in the acceleration of gravity for the domain of the deposited layer, proportional to the ratio between the load of the
deposition interval in each compaction interaction given by the user. To demonstrate the effect of the proposed algorithm, a simulation of
compaction with migration was carried out in a geological model, consisting of 28 layers. In the simulation of this model, it was possible to
observe under the salt layer, which behaves like a seal, the increase in excess pore pressure (overpressure) accompanying the flow and
accumulation of hydrocarbons in this region, as well as the subsequent relief of this overpressure after the opening of the salt windows. This
result is consistent with the coupling between the processes of compaction and staggered deposition of layers and consequent migration of
hydrocarbons. The implemented algorithm reduced the instabilities between the flow process and compaction, presenting consistent pore
pressure during compaction, taking account the effect of the deposition of thick layers that affect the basin's pore pressure field. One of the next
steps will be the review of the mechanical parameters (porosity and absolute permeability) of the model's lithofacies.





