2021 42 A ¥ E G RFFR(ERFFR) Feb. 2021

F45 K HF1H Journal of China University of Petroleum( Edition of Natural Science) Vol.45 No. 1
NEHS :1673-5005(2021)01-0101-09 doi; 10. 3969/]. issn. 1673-5005. 2021. 01. 012

Je T3 S AR BRI Y B AR o it RS 4 ) RE T2

Fooofe, EARFE, B4, WAk, HAH, %k F
(PEGHRF(EER) G W IREZE, LAFH 266580)

FEEE . UA B BUE F U A HUSTRITEHLTTZRL A, Hh 33 R A BT 0 g 2 B 2 S A, HL AR G 25 o A K
775 RN S AL A AR TR | 0 220 1 AT DO S 5T AL [T 5 5 e, 5 0T AR A B S A ] 4 ok RO BE A
BB R T RRCR A, SR ARG 1 B ] T WAL, e T4 50 A B A T — o D SO IR RO T
G5 KR EAR LB ATTHLET % B R EA SO R AR B 20 b, 5, ¥ TS B R WUR B A HLE R TE AL
JEZH AR X 5T AL B A B, 2 L SRR X P AR A 5 AN TR] R A7 7 ORI sl WL ), A 7 R WA [ A
B SRIG SR P S A B AT RUBE T, 55 2 DU R 5 10 2 L S5 R0 1 R 3 8L, -2 HH AR S A5 B S 80 i
AT X 5 |, 8 BEE S0E T 125 B IERA M, I BT A AL ) A M BT AR BR 0 B5OR 53 A1 %o D = WL i [
M BUE AU, S5 RN AU R BN TCHLIB 4 8 P g SRR OBy | T A BB AR BR 7 ok
e, LY R B 5 0 R R

R DUE T ARG RO B WA eie; RETHR

FESES TE 319 ARG A

51 e, EARSE BEAMG, 55, FE T AL BIe Y vUA B BUA RS G RBE TR T, op Bl R 224 ( AR
) ,2021,45(1) :101-109.

YAN Xia, WANG Dongying, FAN Weipeng, et al. Upscaling of hydro-mechanical coupling in shale matrix based on homo-
genization theory[ J]. Journal of China University of Petroleum( Edition of Natural Science) ,2021,45(1) :101-109.

Upscaling of hydro-mechanical coupling in shale matrix
based on homogenization theory
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Abstract: In shale gas reservoirs, gas is mainly stored in shale matrix. Therefore, to establish a hydro-mechanical coupling
(HM) model in shale is important for the macroscopic HM simulation of shale gas production. At microscopic scale, shale
matrix is usually composed of organic and inorganic matters. The mechanical properties of these two media are quite differ-
ent, and so that both gas storage type and transport mechanisms are different in the two media. Thus it is necessary to devel-
op different microscale models to accurately describe the HM process of gas in shale matrix. However, the microscale models
cannot be straightly applied to macroscale simulation due to huge calculation time and data storage requirement. In this stud-
y, an efficient upscaling method based on the homogenization theory was proposed for the HM process in shale matrix, which
can accurately represent the microscale characteristics of the organic and inorganic matters in macroscale simulations. Firstly,
the shale matrix is assumed as a heterogeneous porous elastic medium composed of organic and inorganic matters, and the mi-

croscale HM models were developed according to different storage type and transport mechanism of real gas in these two
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media. Then, the microscale HM models were homogenized to obtain the equivalent macroscopic HM models for the shale

matrix, along with the definition and calculation method of equivalent parameters in the micro and macro models. Lastly, the

accuracy and application of the proposed method were verified via several case studies, and the influence of the mechanical

properties, the content and distribution of organic matters on the macro HM simulation in shale gas production were also ana-

lyzed. The results indicate that the cumulative gas production increases with the decrease of the elastic modulus of the organic

matter, and it correlates positively with the connectivity of the inorganic matter. Besides, at early period, gas production de-

creases with the increase of the total organic content, but it will increase at late period of the process.

Keywords : shale gas; hydro-mechanical coupling; equivalent continuous medium; homogenization theory; upscaling
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Fig.1 Schematic of organic matter uniform distribution model and results of different grids
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