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_____________________________________________________________________________________________________________________________________________________
Abstract 

Predicting pore pressure is essential for successful projects related to the exploration and exploitation of hydrocarbon. At predrill stages, conventional methods calculate pore pressures based on empirical relationships. However, these methods are often inadequate for not accounting for geological processes occurring throughout the basin geo-history. Therefore, more sophisticated methods involving geological expertise and geophysical data are essential. This study describes an approach to predict pore pressure incorporating offset well data, seismic data, and basin modeling simulations within a probabilistic framework. Moreover, to extrapolate the predictions to areas not contemplated by posterior simulations but covered by a seismic velocity model, we propose to encode the information from these resultant models into an empirical equation. 

The methodology comprises two tiers. The first one constitutes the application of Bayesian Geophysical Basin Modeling (BGBM) workflow to evaluate a section of the basin of interest. The BGBM procedure is explained by assembling a basin model computational project incorporating the geological expertise in the area. It aims to identify key geological factors that control pore pressure. This information establishes the parameters considered uncertain and their related prior probability distributions. Then, Monte Carlo simulations are performed for further conditioning models to offset well and seismic data. The latter data calibration exploits the connection between seismic data kinematic properties and velocity models. Each Monte Carlo sample is related to a velocity model through rock physics transforms. After generating the posterior models, the pore pressure results yield an uncertain-quantified forecast along the selected section. The BGBM workflow was applied to a 2D section because Monte Carlo 3D basin simulations still face computational impracticability.

The second part of the methodology tackles extrapolating the pore pressure prediction in locations within the basin but away from the selected section. Thus, we integrate the directness of empirical relations with process-based simulations of geologically-constrained Earth models by encoding the BGBM posteriors in the estimation of empirical parameters. Finally, one can predict the pore pressure at the new location of interest by applying the empirical model calibrated with posterior basin modeling simulations.

To exemplify the methodology, we utilize a real dataset of the Gulf of Mexico. First, BGBM was applied in a 2D section. Next, the pore pressure posterior results are validated with mudweight data from a blind well. Then, the posterior models are used to estimate the empirical Eaton's exponent by probabilistic means. This estimation is performed for each layer and depends on the relative depth from the bottom of the layer's boundary. Finally, we applied the calibrated empirical model at a test well away from the BGBM section. 

In conclusion, in areas with limited data, calibrated basin model results provide reliable pore pressure estimates along with the uncertainty of the forecast. Moreover, this work indicates the feasibility of including geological expertise in pore pressure prediction at predrill stages. Finally, encoding information from posterior basin modeling simulations into an empirical model allows performing the pore pressure prediction in nearby regions without running a full basin model.
Eighteenth International Congress of the Brazilian Geophysical Society

Seventeenth International Congress of the Brazilian Geophysical Society
Seventeenth International Congress of the Brazilian Geophysical Society


[image: image1.png]