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Evaluation of shale reservoir by estimation of TOC, Mineral composition and porosity using well logs/ Agyagpala-rezervoárok értékelése TOC, ásványos összetétel és porozitás becsléssel fúrásnaplók segítségével

Kulcsszavak: Conventional logs; Total Organic Carbon; Multiple Linear Regression; Machine Learning; Stacking Model
Formation G, a prominent part of the Mesozoic Yanchang Formation in the Ordos Basin, has attracted significant attention due to its potential as a shale oil reservoir. Despite its promise, the lack of comprehensive understanding of its Total Organic Carbon (TOC) and mineralogical composition, including clay, feldspar, and quartz, presents challenges in its efficient utilization and management. This study aims to estimate and evaluate TOC, mineralogical composition, and petrophysical properties, such as porosity, using various methods, including Passey’s, Multiple Linear Regression (MLR), Machine Learning (ML), and a Stacking Model.
The TOC results from Passey's method, MLR, and Stacking Model were in good agreement with the depth at which the TOC core data was measured, and it also shows a strong correlation with high gamma ray zones identified by gamma logs in the studied Shale Reservoir. Meanwhile, the MLR method outperformed the other techniques, producing more reliable agreement with the actual XRD TOC and the evaluated TOC. Results for evaluating three critical minerals (clay, feldspar, and quartz) and porosity in the shale plays obtained from the MLR method indicated good predictive performance. However, the advanced machine learning techniques, namely Gradient Boost and XGBoost models, demonstrated higher prediction accuracy during the training and testing phases, with error quantified using Mean Absolute Error (MAE), Root Mean Square Error (RMSE), and the square of the correlation coefficient (R²). The training phase of Gradient Boost models showed minimal errors and high correlation, whereas XGBoost models exhibited slightly lower accuracy metrics but demonstrated good predictive performance.
This study demonstrates that Passey’s method, MLR, and ML techniques are valuable tools for analyzing TOC, mineral content, and porosity in unconventional shale reservoirs. These methods offer cost-effective and resource-efficient alternatives to traditional techniques, particularly when core and mineralogy logs are unavailable. The methodologies applied here have broader implications for optimizing the evaluation and production of shale oil and gas reservoirs globally. By replacing traditional approaches, these innovative methods can advance resource exploration and development, making them invaluable for unconventional reservoir studies.



