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Abstract

This research aims to analyze the 4D signals of a deep water Brazilian turbidite field and to perform the 4D seismic modeling with a reservoir simulation model. The focus is to discuss the challenges in 4D seismic interpretation using acquired 4D streamer data and modeled time-lapse seismic amplitude data. One simulation model was provided for this study, which corresponds to the P50 scenario and included detailed geological, and reservoir simulated properties, as well as production and injection data from the field, which gave insight into reservoir’s fluid flow and pressure behavior over time. The field is characterized by intricate reservoirs of high-quality siliciclastic Miocene sandstones with an average porosity of 30%, an average absolute permeability of 3000-md, and 16.5 to 21.5°API oil.

The first part of the research presents a workflow to estimate elastic properties and obtain acoustic and shear impedances using a Petro-elastic model through a plug-in being developed in the Sclumberger Petrel 2021 software platform. The plug-in is a specialized tool with capability to estimate elastic rock properties from direct reservoir simulation model outputs and to generate synthetic seismic amplitude volumes at different timesteps. For this objective, the extended unconsolidated sand model (Pires and Santos 2017) was used to estimate the rock’s elastic properties, considering the effects of porosity, grain size, grain shape, and mineralogy. Furthermore, the Voigt-Reuss average was employed to estimate the elastic properties of the solid matrix. The fluid characteristics were estimated using the empirical relationships of Batzle and Wang (1992). Finally, Gassmann (1951) equations were applied to calculate the saturated rock elastic properties.
This workflow entails utilizing different rock-physics models for the different facies, encompassing sand, shaly-sand, and shale formations. The inputs include pore pressure, gas-oil ratio, porosity, and fluid saturations outputted from the simulator. Velocity model was also applied to the simulation model for the depth-to-time conversion to allow for scale transference from simulation to seismic. 
The 4D seismic modeling creates the synthetic seismic trace by calculating the reflectivity profiles from the impedances of the different timesteps, and convolving them with a wavelet, which was estimated statistically from the full-stack seismic data in the 2005 survey. The seismic modeling was performed using simulation date of two simulation timesteps of years 2005 and 2012, and the results were subsequently compared with the observed seismic data which allowed us to highlight regions of good/bad mismatches between them. 
The 4D seismic modeling study showed that the studied field had undergone significant changes in fluid saturation and pressure, with water injection being identified as a key factor in the observed 4D changes. The study also identified several areas of the reservoir that were particularly susceptible to production-induced changes, including high-permeability zones and by-passed oil areas.
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