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Semi—analytical mathematical model for imbibition of tight
sandstone reservoir considering osmotic pressure

LIU Xiong'?,ZHOU Desheng'*,SHI Yuhan', LI Ming',ZHANG Zheng'

(1.College of Petroleum Engineering ,Xi’ an Shiyou University ,Xi’ an City ,Shaanxi Province 710065,
China; 2.Shaanxi Key Laboratory of Advanced Stimulation Technology for Oil & Gas
Reservoirs , Xi’ an City , Shaanxi Province , 710065, China)

Abstract: In order to quantitatively characterize the effect of osmotic pressure on the imbibition displacement of the tight
sandstone reservoir, a semi—analytical mathematic model for the imbibition of tight sandstone reservoir considering the os-
motic pressure was established based on the capillary force function and the osmotic pressure equation. Based on the estab-
lished model, the parameter sensitivity of imbibition salinity , maximum relative permeability of water phase and oil phase,
relative permeability coefficient of water phase and oil phase and oil-water viscosity ratio were analyzed and compared with
the core experiment results so as to correct the model parameters. The research indicates that the effect of imbibition dis-
placement is more obvious when the salinity difference of reservoir fluid and imbibition fluid is larger, and the osmotic pres-
sure mainly affects the middle position of the imbibition displacement. The order of parameters influencing the imbibition
is as follows: the relative permeability coefficient of water phase>the maximum relative permeability of water phase>the ra-
tio of oil-water viscosity>the relative permeability coefficient of oil phase>the maximum relative permeability of oil phase.
The oil-water viscosity ratio has the most significant influence on the salinity distribution. The relative permeability coeffi-
cient of water phase and maximum relative permeability of water phase mainly affect the salinity distribution of the propul-
sion front. The relative permeability coefficient of oil phase and the maximum relative permeability of oil phase have almost

no effect on the salinity distribution. The correction coefficient of the imbibition displacement model is about 0.7. The cor-
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rection coefficient of the stable imbibition time has a good linear correlation with the maximum relative permeability of wa-

ter phase.

Key words: tight sandstone ; osmotic pressure ;imbibition displacement ; semi—analytical model; salinity
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Fig.2 Normalized water phase saturation and salinity
distribution at various salinities
of imbibition fluid
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distribution at various maximum relative

20

— L

permeabilities of oil phase

24 KIEHEINEERRY
MIKAHAIRNS R R E 0 2,2.65, 3 1, H
T VA A R VR R 4 A B it G o 4 A A A B 1)
Wi AR (B 5) 0] U < KR AR XS 175 58 R B0 B
VE VRS2 M 558 Sy J08 25, R 3 K 4 2 i 149 7K A
JE A3 A 5 0 A 3, KA AR X 15 35 2R R B0 /N Bk o
A AR VR R 98 W i % A0 P 5 KA AR X 18 355 %

1.0 ~ 60
0.8 —a=2 ‘9
0.6 —a=2.65 2 o
“ —a=3 ~ 40 a=2
0.4 N —a=2.65
0.2 = —a=3
1 ] ‘é 20 J

1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 0 02 04 06 0.8 1
X X

a— 3 1 fb AKCH 1 Ao b Ak
B5 REKBHEISERRZY TIREN KA
MMERT WERENH

Fig.5 Normalized water phase saturation and salinity
distribution at various relative permeability
coefficients of water phase
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Fig.6  Normalized water phase saturation and salinity
distribution at various relative permeability

coefficients of oil phase
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distribution at various oil-water
viscosity ratio
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Tablel Core parameters of imbibition experiment
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