ZibSHKEE IS

F41HE 1M OIL & GAS GEOLOGY 2026 4E 2 A

XEHS:0253 - 9985(2026)01 - 0241 - 15 doi:10. 11743/0gg20260116

= 50 R Eh SR K IR SUOR — 4 J) I IR AR R KR B IR E L F

#oALE L RES L KES 2TE L0 &R’
(1. PR 77 TR TR, DO A 61050052, e R ST I 523 ) BT VS22 -6 JFL1 063004)

WE:aWMAmEE TEAMENNRELAEEMERXRFNEIEE THEREN R BRARTFZRER-RFTER, £HA
BREREENRE U EmBRRREEAEEER, UXBEINARSL WERHA S GHEER  E o E RNHEA,
RGBT KEAROBHEAR. ZTEIRELAERNTHARBELN, S HMEENT A AR WREHNE, BT T T
Wk A E A WO A FAE R AR, W T AR E R AR o K IEACER R SRR A A REAE R T SR I AR AR E IR AR B
b, EFHREREN O AMEM ARG E/ XL, TRV ELN L FEMNFEERERFF NTEKA-RFATRERE, QK
WART X 2 AW WA EHEI 3NN, MHERNBEZEASREAES WA EEEIFEFARRTERE, M
Wy #EH £ RERHALZY B RMES R,

KB AR AR e A IR AE SR 00 0k A AT A o AT AR B R o R T R A e R

FESES TE312 X ERARIZAD: A

2D profile-based physical simulation and gravity stabilization mechanism of water-
to-gas flooding in high-dip-angle reservoirs
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(1. Petroleum Engineering School , Southwest Petroleum University, Chengdu, Sichuan 610500, China; 2. Exploration and Development
Research Institute, Jidong Oilfield Company , PetroChina, Tangshan, Hebei 063004, China)

Abstract: In high-dip-angle reservoirs, the strong intra- and inter-layer heterogeneity combined with pressure
propagation between injection and production wells renders top gas injection-assisted gravity drainage prone to trigger
instability of the gas-liquid interface. Maintaining the stability of the gas-liquid interface is crucial to enhancing oil
recovery from these reservoirs. Focusing on the X oil reservoir, we construct a 2D profile-based physical model with high
dip angles. By combining saturation monitoring techniques, we systematically simulate the displacement process of
water-to-gas flooding. Based on the analysis of the dimensionless gravity number and capillary number, as well as the
visualized gas saturation profiles from 2D physical simulation, we explore the microscopic mechanical mechanisms
behind top gas injection-assisted gravity drainage and elucidate the stability mechanisms of the gas-liquid interface.
Based on the residual oil distribution after water and gas flooding, we determine the conditions required for stable gas
flooding. The results indicate that increasing the formation dip and the injection-production ratio (IPR) can enhance
gravitational differentiation and compress the pressure drop funnel, thereby extending the stability period of the gas-
liquid interface. The gas flooding process can be divided into three stages: the initial, effective, and gas breakthrough
stages. The first two stages are primarily subjected to gravitational differentiation, which drives the upward migration of
the gas phase and helps maintain the interface stability. In contrast, the breakthrough stage is governed by viscous
forces, which accelerate the fingering expansion and promote the formation of preferential seepage pathways.
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Fig. 1  Frequency histogram showing the porosity distribution of the

X oil reservoir
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Fig. 2 Frequency histogram showing the permeability distribution

of the X oil reservoir
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Fig. 5 Flow chart showing the 2D physical simulation experiment on water-to-gas flooding
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Table 2 Displacement results of water-to-gas flooding experiment
fisifh/(°) 30 30 50 50
HER I 4 8 1 3
RN/ (mL/min) 0. 005 0 0.002 5 0.0200 0.006 7
FREK BRI AR/ % 50. 84 49.98 51.62 50. 98
SYRBK AR /% 17.42 20. 87 16.17 20.93
IR IR S IR BRI AR % 68.26 70. 85 67.79 71.91
BRIR % 35.73 36.70 46. 80 37.71

W 7E95.9 °C, 30 MPa £5 15 F HEAT /K UK S BR S 86, b /K B3 B 9 0. 10 mL/min, “HRE FE 4 0. 06 HCPV/a(HCPV S 2 5 3t A LB AR , 52

I S IR E A 0. 02 mL/min)

100 - - 100
90 - =90
80+ -80
70+ =70

£ 60F 60 =

*‘Q s0f 150 Q

QU401 440 B

—@— 30°Mi ff I ¥ & 7K 3

or 30°fitf FRier 730
20 =@ 50°f5Uff FRIERAE 420
10 e 50°MUAA T HRICR o
0 1 1 1 1 0
0 02 04 0.6 0.8 1.0 1.2
EKE/PV
16 ZRIRER RS K K G BEA R8T T B 5 K SR AN
St Rk

Fig. 6 Water cut and cumulative oil recovery under varying dip

angles during water flooding in the water-to-gas flooding experiment
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water-to-gas flooding experiment
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number and oil recovery under varying IPRs in the water-to-gas

flooding experiment
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from the relative permeability experiment
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Fig. 20 Contour maps showing oil saturation distribution under
varying water injectivity during water flooding in the water-to-gas
flooding experiment
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Fig. 22 Contour maps showing oil saturation distribution at the end of gas flooding under varying dip angles and IPRs in the water-to-gas

flooding experiment
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Fig. 23 Comprehensive production curves of the test area derived from the water-to-gas flooding experiment
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