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Abstract

In the oil and gas industry, reservoir flow simulation is an essential tool for analyzing reservoir behavior and predicting production and
injection curves for wells. Furthermore, it enables the assessment of uncertainties related to geological factors (such as geometry, property
distribution, the presence and transmissibility of faults), rock and fluid properties (compressibility, relative permeability, viscosity), and even
the initial fluid distribution (positions of oil/water and gas/oil contacts and initial saturations). However, conventional 3D three-phase
simulators are computationally expensive, with processing times ranging from minutes to days for real-world models. In this work, we propose
a proxy model for 3D three-phase flow simulation, inspired by the architecture of the BERT model (Bidirectional Encoder Representations
from Transformers) but extensively modified to incorporate reservoir-specific features. Sequence embeddings were replaced with a distance
matrix in the attention layer, representing spatial relationships between reservoir points and mitigating the impact of distant regions.
Furthermore, timestep extrapolation was integrated into the model, enabling accurate predictions for future states beyond the training horizon.
The architecture is organized into two interdependent modules: one that learns physical properties of the reservoir and another that estimates
simulated fluid production. This modular structure facilitates transfer learning, enabling efficient adaptation to new reservoirs at reduced
computational cost. The dataset comprises millions of simulations of different reservoir models and realizations, ensuring a robust solution that
captures the behavior of both black-oil and compositional models. The proposed proxy is trained by varying the location and classification of
wells, integrating different geological realizations, and adjusting various reservoir model configurations, ensuring its generalization. The model
architecture is optimized for execution on multiple GPUs, allowing for inferences (or "simulations™) in seconds, depending on the reservoir
grid size and the number of GPUs used. Preliminary results estimate an error below 7% in SMAPE (Symmetric Mean Absolute Percentage
Error), ensuring robust and reliable accuracy for practical applications.



