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Summary (250 words)

The Reservoir Characterization Research Laboratory at the Bureau of Economic
Geology has built an “evergreen” 3D geological model of the Permian Basin - more
than 2.0 billion cells at five-foot average layer thickness and 1000-foot lateral grid
spacing - and uses it as a digital research laboratory for testing machine learning and
AI methods in carbonate reservoir characterization. The model integrates geological,
geophysical, petrophysical, seismological, and production data, including a 3D sealed
faulted framework, a shelf-to-basin stratigraphic framework of more than 50 zones,
digital core descriptions, and petrophysical curves computed for 16,000 quad-combo
wells.

Geophysical Insights Paradise software drives the lithofacies prediction workflow
applied in the Kingdom Abo field, the Fairfield DB1-3 survey, the Midland Farms Unit,
and the Salt Creek field. The workflow computes multiple seismic attributes, narrows
them to the most statistically representative set using principal component analysis
and Mutual Information, then classifies the multi-attribute samples with unsupervised
Self-Organizing Maps (SOMs). Well logs calibrate the resulting neurons to known
facies, and Chi-Square and Cramer’s V tests quantify the strength of that correlation,
so results are delivered as validated 3D facies volumes and geobodies.

At the Midland Farms Unit, the workflow reproduced ooid grainstone geobodies in
under 12 hours - a significant time savings over the inversion-based study it replaced.
At Kingdom Abo, a Mutual Information-augmented SOM combined with lithology
curves outperformed traditional attribute-based payzone identification and was
validated against production performance. Paradise was also applied to automated
3D fault extraction across four seismic surveys, confirming manually interpreted
faults and identifying additional faults missed in manual interpretation.

Key takeaways
e Paradise SOM-based lithofacies prediction cut a carbonate reservoir
characterization study from weeks to under 12 hours.
e Machine learning facies results are calibrated to well logs and are statistically
validated using production data.
e The 2.0-billion-cell Permian Basin model gives Paradise workflows an unusually
dense, multi-datatype proving ground.
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