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Abstract: Traditional oil and gas reservoir research methods usually rely on the division of labor and collaboration among different
specialized disciplines, with research and development conducted in a relay—style approach. However, this model faces challenges in
achieving efficient collaboration across different stages and has limitations in optimizing overall benefits. To address this issue, an intelligent
gas reservoir digital twin system was proposed, integrating four core technologies: artificial intelligence algorithm adaptation, data
preprocessing, data analysis applications, and automatic model updating and prediction, aiming to construct a comprehensive platform that
integrates multidisciplinary collaboration, efficient data utilization, and dynamic optimization and prediction. The results showed that, in
response to the multidimensional, heterogeneous, and high—noise characteristics of data during the exploration and development process, the
system ensured data accuracy and reliability through an integrated data preprocessing scheme incorporating outlier handling, missing value
imputation, data transformation, statistical analysis, and quality assessment. By encapsulating artificial intelligence algorithms such as
random forest and gradient boosting, the system was able to construct the optimal regression model between multiple parameters and gas

reservoir productivity, focusing on three key problems—production analysis, fracturing analysis, and “sweet spot” prediction—thereby
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improving production prediction accuracy, optimizing fracturing operation parameters, and effectively identifying “sweet spot” areas. In

addition, the system adopted an automatic modeling engine to dynamically update the structural, phase, and attribute models of the gas

reservoir, and combined it with a simulator engine for real-time simulation, tracking, and prediction, thereby ensuring model adaptability

and accuracy throughout the gas reservoir development process. By leveraging digital twin technology, the system constructed a virtual model

consistent with the physical gas reservoir in virtual space, enabling analysis, prediction, and optimized management throughout the entire

lifecycle of the gas reservoir. The research results provide strong theoretical support and technical assurance for promoting the development

of gas reservoir management toward intelligent, refined, and efficient practices.
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Fig. 2 Architecture of key technologies of intelligent gas reservoir digital twin system
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