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A new inversion method for water holdup of gas—water two—phase slug flow in inclined shale gas wells
ZHENG Xiaomin', CHEN Meng’, LIU Heng', LUO Li', CHEN Haixiang', WANG Lun'

(1. Southwest Company, CNPC Logging Co., Ltd., Chongqing 400021, China; 2. School of Geoscience and Technology, Southwest
Petroleum University, Chengdu, Sichuan 610500, China)

Abstract: Slug flow is a common flow pattern of the distribution of gas—water two—phase media in inclined shale gas wells. Monitoring the
dynamics of gas—water two—phase flow under slug flow conditions, accurately inverting the distribution of gas—water media in slug flow
patterns, and precisely calculating the gas—water phase holdup in wells are key foundations for guiding the accurate quantitative evaluation
of production performance in shale gas wells. Based on the physical simulation experiments of gas—water two—phase flow in a laboratory well
with an inclination angle of 60°, air and tap water were used as simulation fluids, with the total flow rates of 50, 100, 200, 300, 400, and
500 m*/d, and inlet water contents of 0, 10%, 20%, 80%, 90%, and 100%, respectively. Based on the capacitance array tool (CAT) for
monitoring the gas—water fluid dynamics in the well, and combined with the dynamic characteristics of gas—water slug flow in inclined wells
and the CAT response patterns, the identification method for the distribution of slug flow media was clarified. Consequently, a
characterization model for gas—water slug flow in inclined wells was established. A new method was proposed for water holdup calculation.
For the liquid slug segment, the radial midpoint projection partition area weight method was used for calculation. For the gas slug segment, it
was calculated using the Gaussian radial interpolation—ellipse fitting method. Finally, based on the structure of a complete slug unit, the
average water holdup of the slug unit was calculated through weighted averaging. The proposed method for calculating water holdup in slug
flow was compared with existing methods, specifically regarding the characteristics of gas slug segment media distribution obtained by

different inversion methods. The results showed that the relative errors of the weighted average method, the radial equal-area weight method,
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the radial projection midpoint area weight method, and the proposed method were all generally within 20%. Specifically, the relative error of

the weighted average method ranged from —=3.14% to 14.10%. For the radial equal-area weight method, it ranged from —1.77% to 16.68%.

For the radial projection midpoint area weight method, it ranged from —8.57% to 10.41%, with an average relative error of 4.55%. For the

proposed method, it ranged from -8.10% to 9.43%, with an average relative error of 3.99%. By combining the processing and application of

monitoring data from the multiple array production suite (MAPS) in actual shale gas wells in the Sichuan Basin, it was proved that the water

holdup calculation model established in this study could accurately characterize the dynamics of gas—water two—phase flow in inclined shale

gas wells, effectively supporting the evaluation of their production performance.

Keywords: shale gas well; gas—water two—phase; slug flow; media distribution inversion; water holdup
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Fig. 1 Simulation experimental system for gas—water two—phase

flow in inclined wells
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Fig. 2 Gas—water media distribution characteristics under

steady—state slug flow
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Fig. 3 CAT response curves under steady—state gas—water slug flow
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Fig. 4 Distribution of water holdup at probe locations within slug unit under different total flow rates and water cut conditions
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Fig. 10 Processing results from MAPS monitoring data of well Y1 in Sichuan Basin
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