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Productivity prediction and influencing factors of fractured horizontal wells in ultra—low
permeability gas reservoirs

KANG Xiaofeng, MAO Yongqiang, JING Wei, XIAO Meng, ZHAO Yuting, PENG Longyi
(Sinopec Northeast Oil & Gas Company, Changchun, Jilin 130062, China)

Abstract: The third sand group of the first member of the Shahezi Formation in block J is an ultra~low porosity and ultra—low permeability
reservoir. While large—scale fracturing stimulation has been applied to enhance single—well productivity, the stimulated wells vary
significantly in both initial and cumulative production and show weak correlation with reservoir physical properties and stimulation scale.
The main controlling factors of productivity remain unclear, making the economic and effective development of the gas reservoir challenging.
The development of the gas reservoir was divided into four stages to analyze the influencing factors of productivity. At the current stage, the
main controlling factors of gas well productivity were stress sensitivity, water lock, and variable threshold pressure gradient. By integrating
these three factors, a productivity prediction model for fractured horizontal wells was established. The model was solved using the Newton—
Raphson method, and the prediction parameters, process, and results were visualized through MATLAB programming. Finally, the model was
validated using actual production data from the gasfield, and a sensitivity analysis was conducted. The results showed that in a fractured
horizontal well, not all fractures exhibited the same production rate and pressure. Instead, they gradually decreased from the well ends
towards the middle, while fractures at symmetrical positions had identical production rates and pressures. Additionally, the pressure,
permeability, and threshold pressure gradient varied with both location and time. Considering the combined effects of these factors, the new
productivity equation predicted a reasonable production rate of 4.03x10* m*/d, with a relative error of —=0.55% compared to the actual initial
production of the gas well. Gas well productivity was positively correlated with effective reservoir thickness, permeability, number of
fractured stages, fracture half-length, and fracture conductivity. The quality of reservoir physical properties plays a decisive role in gas well
productivity. Furthermore, reasonable fracturing parameters are beneficial for improving gas well productivity. Accurately predicting the
productivity of fractured horizontal wells is an important basis for parameter optimization in development plans and design, providing
important guidance for reasonable production allocation during the development process.
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Table 1 Interpretation results of pressure buildup tests for gas wells during different periods
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Table 2 Comparison of parameters of horizontal wells at different stages
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Table 3 Results of reservoir sensitivity evaluation
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Fig. 1 Influence of stress sensitivity on permeability
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