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Abstract: The production of deep coal-rock gas is significantly different from that of shallow coalbed methane in terms of well types,
fracturing techniques and production modes. The production prediction model established for shallow coalbed methane cannot be used
to process the deep coal-rock gas data of multivariate heterogeneity, and can hardly adapt to the production mode of deep coal-rock gas.
To this end, this paper extracts the 2D geological features of deep coal-rock gas based on convolutional autoencoder and spatial pyramid
pooling, and the 3D fracture network features of deep coal-rock gas by means of PointNet++ method. The complete data matrix obtained
by means of mosaic is clustered through affinity propagation (AP) and then divided into training and testing sets. Finally, the attention
mechanism is integrated into the long short-term memory network (LSTM). Thus, a new deep learning model for production prediction
of deep coal-rock gas is established. In addition, its generalization ability is comparatively analyzed by virtue of different algorithms
and ablation experiments. The following results are obtained. First, the proposed feature extraction methods can effectively handle the
multivariate heterogeneity and multiple scales of deep coal-rock gas data. Second, compared with deep neural networks (DNN), the gated
recurrent unit (GRU), LSTM, numerical simulation and the BP neural network, the AP-LSTM integrated with 3D feature extraction
and attention mechanism has the highest accuracy in production prediction. Third, by incorporating 3D feature extraction, AP-LSTM
effectively suppresses data fluctuations in production prediction; and ny integrating attention mechanism, AP-LSTM improves the trend
of production prediction. Fourth, the model established on the basis of the study area still has a high production prediction accuracy
when it is applied to other blocks. In conclusion, the characteristics of the fracture network are important factors affecting the production
of deep coal-rock gas. The attention mechanism is helpful for AP-LSTM to distinguish between flowing and pumping. The AP-LSTM
which integrates 3D feature extraction and attention mechanism adapts to the production mode of deep coal-rock gas and has a good
universality, providing technical support for the large-scale development of deep coal-rock gas.

Keywords: Deep coal-rock gas; Deep learning; Long short-term memory network; 3D feature extraction; Attention mechanism; Production prediction
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