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Risk level prediction model for casing deformation and frac—hit in deep shale gas horizontal wells
WU Jianfa', REN Lan®>, SHEN Cheng', REN Qianqiu®>, CHEN Bowen', LIN Ran’

(1. Research Institute of Shale Gas, PetroChina Southwest Oil & Gas Field Company, Chengdu, Sichuan 610051, China; 2. State
Key Laboratory of Oil and Gas Reservoir Geology and Exploration, Southwest Petroleum University, Chengdu, Sichuan 610500,
China)

Abstract: During hydraulic fracturing of deep shale gas in the Sichuan Basin, fracturing stages near fault and fracture zones are mostly
treated with conservative control measures to reduce the risks of casing deformation and frac—hit, but this frequently leads to a significant
decline in production. To effectively control these risks while maximizing the estimated ultimate recovery (EUR) of a single well, accurate
risk identification and prediction are urgently required. Based on monitoring and fracturing construction data, the risks of casing deformation
and frac—hit in 2 156 fracturing stages in the Y well area, southern Sichuan, were systematically classified and calibrated for risk levels. Key
geological characteristics—fault fracture zones, microscopic natural weak planes, rock mechanical properties, and in—situ stress—were
statistically analyzed. Statistical analysis was further employed to reveal the influence patterns of different geological parameters on risks,
and, for the first time, a particle swarm optimization — backpropagation neural network was introduced to construct prediction models for
casing deformation and frac—hit risks, with geological parameters as inputs and risk levels as outputs. The results indicated that casing
deformation and frac—hit risks were primarily controlled by the distribution of fault fracture zones, whereas microscopic natural weak planes,
rock mechanical properties, and in—situ stress significantly influenced risks by altering hydraulic fracture propagation directions and local
stress distribution. Validated with 80% of the data as the training set and 20% as the test set, the prediction model achieved accuracies

exceeding 83% for both casing deformation and frac—hit risks, demonstrating good fitting performance and generalization capability. Based
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on the prediction results, engineering control measures were developed, forming an integrated method of “pre—fracturing risk prediction—

fracturing design optimization”. Field application results showed that this method effectively mitigated the risks of casing deformation and

frac—hit, while significantly increasing the EUR per kilometer of a single well, achieving both risk control and production enhancement. The

findings provide a new method for risk prediction in deep shale gas fracturing and offer a reference for optimizing fracturing design.

Keywords: deep shale gas; casing deformation; frac—hit; risk level prediction model; particle swarm optimization—backpropagation neural

network; engineering control measures
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Fig. 1  Calibration workflow for fracturing risk levels
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Fig. 3 Distribution of fault fracture zone parameters in different fracturing stages
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Fig. 4 Distribution of microscopic natural weak plane parameters in different fracturing stages
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Fig. 5 Distribution of rock mechanical parameters in different fracturing stages
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Fig. 8 Prediction results of casing deformation risk level prediction model
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Fig. 9  Prediction results of frac—hit risk level prediction model
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Table 3 Classification criteria for comprehensive risk levels and engineering measures for fracturing stages of horizontal

wells in Y well area, southern Sichuan Basin
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Fig. 10 Prediction results of pre—fracturing risk levels of casing deformation and frac—hit in well Y2, southern Sichuan Basin

x®5 JIEHRY1HE5 Y2 HERZITXBSH
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