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Abstract

This study presents the results on facies classification using supervised machine learning techniques applied to well log data from a mature
producing field. The main objective is to create a supervised model to classify facies across more than 100 wells in this field. Seven facies were
initially defined based on core descriptions and well logs from six cored wells. For the classification, these facies were simplified into five
main categories: cemented, shale, heterolithic facies, and two types of sandstone (one with a lower gamma ray (GR) mean of 68 gAPI and the
other with a higher GR mean of 82 gAPI). The well logs used in this analysis included density (DENS), neutron (NEUT), photoelectric effect
(PEF), gamma ray (GR), and DRDN, which is calculated from DENS and NEUT. The DRDN log was used to provide more features and
identify sandstones as negative values and shales as positive values. To reduce noise and high-frequency components not present in the facies
descriptions, a low-pass filter was applied to the well logs prior to classification. Four supervised machine learning models were implemented:
Random Forest, XGBoost, CatBoost, and LSTM (a type of recurrent neural network). Five wells were used for training and testing in an 80/20
split, with one additional blind test well. Only XGBoost underwent parameter optimization. The overall accuracy for the blind test was as
follows: Random Forest (77%), XGBoost (76%), CatBoost (75%), and LSTM (75%). Analysing all models, the lowest accuracy was observed
for the heterolithic facies, which is often misclassified as sandstone or shale. The best accuracy for heterolithic facies was achieved by Random
Forest and XGBoost at 40%, while the worst with LSTM at only 30%. Notably, even without parameter optimization, Random Forest achieved
the highest overall accuracy, slightly outperforming the other models. The best-classified facies in all models were the shale and the sandstone
with low GR, both achieving accuracies higher than 93% and up to 100%. It is important to note that the blind well test did not include
cemented facies for classification. When one of the wells with cemented facies was used as blind test, the accuracy for classifying this facies
was significantly reduced. Therefore, the next step is incorporate more wells containing cemented facies to improve the model performance.
The results demonstrate that supervised machine learning models, particularly Random Forest, show potential for facies classification based on
well log data. The high accuracy obtained, especially for the sandstone with low GR and shale facies, indicates that the approach is promising.
However, the challenge in classifying the heterolithic facies suggests the need to explore additional features or more complex models to
improve discrimination between these facies.



