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Probabilistic neural network to quickly access the velocity model uncertainties.
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_____________________________________________________________________________________________________________________________________________________
Abstract
The estimation of geophysical uncertainties due to time-to-depth conversion of seismic horizons still lacks a well-established method, as each project requires a different approach depending on its maturity level, available data, current conceptual model, and even the expertise of geoscientists with the area. To generate reliable scenarios, it is necessary to understand the whole flow of velocity model building (from processing stage to seismic well-tie calibration), as well as the peculiarities of the overburden geological features, such as stratified salt, salt pillows, low velocity sediments, canyons, and paleo-canyons. In addition, it is necessary to having proficiency in geostatistical tools. All these requirements end up neglecting the study of uncertainty due to time-depth conversion in favor of other reservoir characterization studies. Ultimately, due to project deadlines, a global qualitative uncertainty estimate is made, where the uncertainty due to time-depth conversion would theoretically be included. Probabilistic neural networks allow performing a probabilistic nonlinear regression that can capture both random and epistemic uncertainties. In this work, we use a probabilistic neural network to perform a regression where the input data are the points referring to the top of reservoir seismic picking horizon in two-way travel time domain (X, Y, TWT), and the desired output is the same horizon converted to depth (X, Y, TVDSS) using an average velocity model from seismic processing stage, in a pre-salt field located in the Santos Basin, Brazil. The probabilistic neural network was trained to find a rule that takes the horizon in TWT to the TVDSS domain, i.e., an implicit approximation of the average velocity model. After training, the probabilistic neural network was capable of fit the TWT horizon to the depth horizon within minimum error. As a result, we achieved a seismic horizon of standard deviation, which represents the uncertainty of the probabilistic regression. By assuming that the uncertainties of the velocity model can be approximated by the uncertainty of the trained probabilistic neural network, it is possible to estimate the uncertainties of the average velocity model used for time-depth conversion. This assumption is plausible once the main sources of uncertainties present in the area, such as the absence of wells, lateral velocity variations in stratified salt, salt domes, and regional faults are represented by the standard deviation horizon. As a result, instead of producing a deterministic output, this type of network returns a probability distribution, allowing us to generate scenarios by sampling from this distribution. These generated scenarios will encompass both the random and epistemic uncertainty of the average velocity model, enabling a quick quantitative uncertainty estimation related to the time-to-depth conversion process.
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