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Research on production monitoring and digital twin control of oil and gas wells based on
PSO-CNN-GRU-Attention
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Abstract: During the production process of oil and gas wells, continuous, accurate and transparent monitoring of various parameters
related to production quality plays an important role in ensuring the success rate of operations and the subsequent maintenance of
wellbore integrity. Hence, a method for transparent control of oil and gas well production quality based on digital twins and deep
learning is proposed. A high-fidelity three-dimensional digital twin model is established to achieve millimeter-level geometric
reconstruction of wellbore structures, while a multi-source data dynamic interaction mechanism and a real-time response-action mapping
collaborative mechanism are developed to bridge physical-virtual space interactions. Leveraging the mapped production quality data, a
novel hybrid prediction model based on PSO-CNN-GRU-Attention is constructed through multi-algorithm fusion. Convolutional Neural
Networks (CNN) extract spatial-temporal features of production quality parameters, Gated Recurrent Units ( GRU) with attention
mechanisms capture long-term dependency relationships among key features, and Particle Swarm Optimization ( PSO) dynamically
adjusts hyperparameters for optimal model configuration. The experimental results show that the oil and gas well digital twin transparent
monitoring and control platform can realize the effective monitoring and prediction of production parameters and quality. The proposed
oil and gas well production quality transparent control method has significant advantages.
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Fig. 1 Architecture of oil and gas well production monitoring and digital twin control platform
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Fig.2 Construction and calibration of digital twin
production models for oil and gas well cementing
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Fig. 3 Key parameter acquisition and transmission scheme for oil and gas well cementing construction
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Fig.5 Selection of quality characteristics for oil
and gas well cementing construction
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Fig. 6 Quality analysis of oil and gas well cementing construction driven by PSO-CNN and GRU Attention
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