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Abstract 

 

In this work we summarize the construction and simulation results of a high-resolution 3D regional petroleum systems model. The model has 

over 300 million cells model, three to six times higher than standard regional models. Here we highlight the applied methods, and the pros and 

cons of building such a model. The high-resolution 3D petroleum systems model was developed by the Petrobras Exploration team as part of a 

Regional Project to evaluate the petroleum charge from the Pre-Salt source rocks in Campos and Espírito Santo basins, and the potential 

accumulations in their pre- and post-salt reservoirs. The study was carried out using a workflow combining commercial softwares and 

Petrobras proprietary tools developed in collaboration with Brazilian universities and companies. A high-resolution 3D facies model of the 

entire stratigraphic column of both basins was built based on interpreted seismic horizons, seismic attributes, and well data (18,881 

stratigraphic markers interpreted from 1,782 wells - defining 19 stratigraphic intervals - and interpreted lithologies from 1,357 wells). Synthetic 

logs of total organic carbon (TOC) for the source rocks were generated based on geochemical data from rock samples and well logs. Based on 

the thermal maturation, those TOC logs were restored from residual to the original (pre-maturation) values. The next step was the crustal 

thicknesses, paleobathymetry, and halokinesis restoration to estimate the thermal history. The thermal history was calibrated with temperatures 

and vitrinite reflectance data from over 200 wells and applying Petrobras proprietary vitrinite reflectance kinetics. Additionally, six distinct 

kinetic models (built from source rocks and oil samples from the studied basins) were applied to simulate the source rocks thermal maturation. 

In summary, the main advantages of this approach were: (i) simultaneously improving in thermal calibration, stratigraphic model and the TOC 

distribution resulted in better estimates of the available petroleum charges; (ii) facies refinement resulted in improved migration pathways 

simulations, thus better estimates of accumulated petroleum volumes. It was possible to reproduce fluid properties of known accumulations and 

to quantify the efficiency of the petroleum system for each compartment of the basins, for both the Pre-salt and post-salt reservoirs. Enhancing 

the calibration of known accumulations improves the estimates of petroleum systems efficiency, and the estimates of accumulated volumes and 

petroleum properties in new exploratory areas. Having such a regional high-resolution model available also has a major impact on speeding up 

the assessments for new BID rounds and Farm-ins. The major disadvantages are: (i) model building and simulations are more time consuming 

(e.g., the time to transpose the model from one software to another); (ii) difficulties in displaying results in 3D; (iii) migration simulations 

could only be run one area of interest at a time not the whole model. The applied integrated workflow and the adjustments to fit the simulation 

capabilities of the software and processors to the model size are notable advancements in petroleum systems modeling. This work can also be 

used as lessons learned guide regarding limitations of integrated workflows and identification of desirable new developments in numerical 

models towards better estimate of uncertainties and improving exploratory risk assessment. 


