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The Characteristics of Relative Permeability Curves in the Development of
Heavy Oil Reservoirs Using Supercritical Multi-thermal Fluid

DONG Ming-da, GAO Yu, YAN Wen-de ", QI Zhi-lin, YUAN Ying-zhong,
TIAN Jie, FU Jin-gang, PENG Jin-mei, LING Xiao
(College of Oil and Gas Engineering, Chongqing University of Science and Technology, Chongqing 401331, China)

[ Abstract] The performance of supercritical multi-thermal fluid injection in heavy oil reservoirs is markedly superior to that of steam
flooding. However, the underground seepage law of injecting supercritical multi-thermal fluid is not yet clear. Therefore, the “high-
temperature and high-pressure steady-state method” was proposed to test the oil-water and oil-gas relative permeability curves at
different temperatures. The viscosity of produced heavy oil and the contact angle between oil sand and water at different temperatures
were tested, and finally, combined with the oil-water, oil-gas relative permeability and Stone- Il prediction model, the isoperms of oil
phase relative permeability in different hot areas during three-phase seepage were obtained. The results show that after the action of
supercritical water on heavy oil, the measured viscosity of produced heavy oil decreased by 31.03% at 50 °C compared to steam, and
the contact angle between oil sand and water decreased from 139.5° to 100. 9°, indicating that the wetting properties of the oil sand
develop towards a water-wet direction. Compared with the relative permeability of oil phase, the relative permeability of water phase is
very small, and the characteristic value of oil-water relative permeability curve changes gradually and then suddenly at supercritical
temperature. The relative permeability of oil-gas increases gradually with the increase of temperature. In the isoperms of oil phase
relative permeability, the area of the oil flow zone expanded as temperatures rose, and under supercritical conditions, the flow zone
area grew to 54.59% , highlighting a significant enhancement in oil-phase flow capacity. The research results of this paper can provide
theoretical basis for the seepage mechanism and numerical simulation of supercritical multi-thermal fluid injected in heavy oil
reservoirs.
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Table 1 Physical properties of oil sample
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Table 2 Experimental scheme of relative permeability test
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Fig. 1 High temperature and pressure relative permeability curve test experimental equipment
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Fig.2  Region division of thermal recovery of heavy oil by supercritical multiple-thermal fluids
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Fig. 3 Oil sand contact angle diagram
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Fig. 4 Relation between oil sand contact angle and temperature
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Fig. 5 Viscosity-temperature relation of crude oil and

viscosity-temperature fitting curve
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Table 3 Characteristic parameters of oil-water relative
permeability curve at different temperatures

W/ AUk BRANE FRATIRK B AK
C /% /% HHAE MR/ %
150 25.5 24.8 0.010 5 72.8
200 25.3 23.5 0.011 5 73.4
250 25.1 22.9 0.012 5 74.6
300 24.9 21.1 0.014 6 76.8
350 24.6 19.5 0.017 9 78.2
400 24.1 7.5 0.0227 89.3
420 23.8 6.9 0.023 5 90. 3
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Fig. 7 Oil-water relative permeability curve at different

temperatures
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Table 4 Characteristic parameters of oil-gas relative

permeability curves at different temperatures
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Fig. 8 Characteristic points of oil-water relative permeability curve at different temperatures
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Fig. 10  Characteristic points of oil-gas relative permeability curve at different temperatures
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