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Abstract

Petroleum systems modelling (PSM) assesses fluid migration in sedimentary basins to help estimate charge volumes and hydrocarbon fluid
phase and properties such as gas-oil ratio (GOR) and saturation pressure. Basin simulators apply various migration algorithms such as mass
balance along flow lines, invasion-percolation or, in the most accurate case, solving the compositional transport Darcy equation for multi-phase
flow in porous media. No matter which method is used, a thermodynamic equilibrium determination is required for migrating fluids oil, gas
and water at any timestep of the simulation. The most accurate way to calculate thermodynamic equilibrium is to solve an appropriate equation
of state. To avoid this very time-consuming calculation in each grid cell over a large model area and at each time step in the geological history,
other methods are commonly used. One of these is the tabulation of equilibrium coefficients for each component as a function of pressure and
temperature. This method is used in reservoir engineering but cannot be directly applied to PSM because of the high variability of natural
geological conditions (fluid composition from heavy oil to dry gas, pressure and temperature...). An alternative method for PSM uses tabulation
of repartition coefficients, but this method requires huge tables to achieve the required accuracy. To overcome this limitation, we propose to
use neural networks as a proxy for solving the equation of state, which is much more efficient in terms of computational time while
maintaining the required precision of thermodynamic equilibrium. In this paper, we will show how we can successfully implement neural nets
to efficiently describe the multi-phase multi-compositional space of PVT calculations of evolving hydrocarbon fluids. We demonstrate this
with test cases of a 5-component scheme and its improvement both in terms of accuracy and computing efficiency in a multi-phase Darcy flow
migration algorithm. Our goal is to reproduce in the model effects such as selective gas leakage, spill and overfill, appearance and
disappearance of a gas cap depending on tectonic history and mixing of fluids of very different origin and maturity. Thus, the presence of a
potential gas cap and the resulting GOR are the direct consequence of complex mixing and leaking processes that dynamically depend on
geological P, T conditions and lateral and vertical fluid migrations.



