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Data science-based methods, such as supervised neural networks, provide powerful techniques to predict reservoir properties from seismic and well data without the aid of a theoretical model.  In these supervised learning approaches, the seismic-to-rock property relationship is learned from the data.  One of the major factors limiting the success of these methods is whether there exists enough labelled well data to train the neural network adequately.  To overcome this issue, we generate synthetic data.  First, we simulate many pseudo-wells based on the well statistics in the project area.  In addition, the reservoir properties, such as porosity, saturation, mineralogy and thickness, are all varied to create a well-sampled dataset. Elastic and synthetic seismic data are then generated using rock physics and seismic theory.  The resulting collection of pseudo-well logs and synthetic seismic data, called the synthetic catalog, is used to train the deep neural network. The derived operator is then applied to the real seismic data to predict reservoir properties throughout the seismic volume.  Several case histories are shown using this methodology.  Figure 1 shows the application of the synthetic catalog machine learning (SCML) workflow to a North Sea dataset to characterize a Paleocene oil sand reservoir.  The SCML results better characterize the geology and well control, including a blind well, compared to a purely data science-based approach (deep neural network using only the original wells).  
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Figure 1: a) P-wave impedance estimates from DNN trained on four initial wells; b) P-wave impedance estimates from DNN trained on the synthetic catalog. Note the improved lateral continuity and prediction accuracy at the well locations when using the synthetic catalog.
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