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Abstract

To address the challenges of inaccurate liquid-loading diagnosis and delayed drainage measures in
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the mid-to-late stages of horizontal gas wells, which lead to production decline and poor economic
performance, this paper proposes a hybrid model coupling a physics-informed neural network with
a bidirectional long short-term memory network (PINN-Bi-LSTM). To achieve precise characteriza-
tion of liquid loading initiation, the partial differential equation describing pressure gradients is in-
corporated into the loss function of neural network, as a physics-informed regularization term. In
addition, a three-level intelligent optimization framework for drainage strategy selection-encom-
passing foam lifting, gas lift, and velocity string technologies-is constructed. Field test results verify
that, under dynamically changing and complex operating scenarios, the proposed model attains a
liquid-loading diagnosis accuracy of 93.5%, which surpasses the performance of both traditional di-
agnostic models and approaches relying solely on data-driven methodologies. After the deployment
of the intelligent decision-making system, the average flowing duration of each well has been pro-
longed by 14 months, operational expenses have been cut by 18.2%, and the investment payback
period has been reduced to 0.67 years. By fusing data-driven efficiency with physical interpretability,
the model presented herein delivers a reliable technical approach for intelligent drainage and full-
lifecycle economic assessment of horizontal gas wells.
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Figure 1. Physics information transfer architecture of the coupled PINN-Bi-LSTM model
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Table 1. Accuracy comparison of different liquid loading diagnostic models in complex operating conditions
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Figure 2. Analysis of practical effects of conventional drainage and recovery vs. intelligent strategies
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