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Stability analysis of gas-water interface using carbon dioxide as cushion gas for
gas storage in low permeability gas reservoir

NIU Chuankai, TAN Yufei

(School of Municipal and Environmental Engineering, Harbin Institute of Technology ,Harbin 150090, China)

Abstract: One of the key technique problems of reconstructing underground gas storage ( UGS ) using low
permeability depleted gas reservoir is the stability of gas-water interface (GWC). To analyze the stable migration of
GWC in gas storage reconstructed from low permeability gas reservoir using CO, as part of the cushion gas during
capacity expansion by gas injection and seasonal peak shaving of UGS, a dual-porosity numerical model was
established based on the characteristics of low permeability micro fractured reservoir. Taking the reservoirs of Wen-
23 gas storage reconstructed, the Zhongyuan Oilfield, as research objects, the effects of CO, injection method on
capacity expansion of UGS and migration behavior of GWC when peak shaving were simulated and discussed. The
results showed that the method of continuously CO, injection increased capacity expansion speed but reduced the
stability of GWC and reservoir pressure field during capacity expansion. The method of CO, injection at intervals
reduced the rate of capacity expansion by 4.8% after 4 cycles, but could ensure stable migration of GWC and the
stable of reservoir pressure field. Besides, the stability of GWC and reservoir pressure field were better ensured by
the transformation between dissolved state and supercritical CO, during seasonal peak shaving of USG, and the
utilization of reservoir space were increased, simultaneously.

Keywords: low permeability gas reservoirs; UGS from depleted gas reservoirs; dual porosity media; multi well

capacity expansion; CO, cushion gas; gas-water interface control
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Tab.1  Values of reservoir physical property
FigmE  FRME waimZE wRmE R TEERS MEBERER,  HETLRE W AERRAE fifi 2
JES/MPa /K JEJ/MPa  iRE/K L/ MPa (%1073 um?) JEF/ % R /m  Jufl/m EY 4
38.29 393.15 4.56 387.45 12.0~28.5 1.27~6.12 8.8~13.9 2680 35.4~756 1.27~1.42

K2 X BEBHAEBSERCBDSHLNEESH
Tab.2

Reservoir parameter at different gas well of Wen-23
reconstructed gas storage by gas reserve

ERIE MEWE WEER AU BER
i m m % (x107% pm?)
31 2 735.75 41.14 9.15 5.64

2 750.82 40.26 9.24 4.88
32 2 692.46 42.35 10.48 4.06
2 712.48 43.15 10.89 3.53
33 2 751.15 38.74 12.54 6.83
2 770.42 39.18 11.89 6.03
4 2 790.15 36.48 13.42 2.76
2 812.56 37.45 12.87 3.38
s 2 805.24 35.62 8.92 3.23
2 828.15 35.81 9.57 2.38
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Fig.6  Curves of FBHP over time when gas injection at intervals
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Fig.7 Reservoir pressure field near the gas water boundary after
gas injection at intervals up to 700 days
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