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ZHOU Chao"***,HE Zuging®*, QIN Xing*,ZHANG Wei’, XU Yuzhu’,ZENG Xinghang®
(1.SINOPEC Key Laboratory of Drilling Completion and Fracturing of Shale Oil and Gas , Beijing City, 102206, China;
2.National Energy Shale Oil Research and Development Center, Beijing City, 102206, China; 3.State Key Laboratory of Shale
Oil and Gas Enrichment Mechanisms and Efficient Development, Beijing City, 102206, China; 4.SINOPEC Research Institute of
Petroleum Engineering Co., Ltd., Beijing City, 102206, China; 5.Engineering Technology Management Department of
SINOPEC Jianghan Oilfield, Qianjiang City, Hubei Province, 433124, China; 6.Research Institute of Petroleum
Engineering of SINOPEC Jianghan QOilfield, Wuhan City, Hubei Province, 430035, China)

Abstract: The imbibition law of the Jurassic continental shale in Fuxing area is not clear, which brings great challenges to the pro-
duction test after well shut-in. In addition, studies on the imbibition law and influencing factors of continental shale are insufficient.

Therefore, the experiment on the imbibition law of the Jurassic continental shale in Fuxing area was conducted based on the low-
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field nuclear magnetic resonance (NMR). First, the differences in physical properties of shale of Lianggaoshan Formation and
Dongyuemiao Member in Ziliujing Formation were tested and analyzed. Then, the changes in permeability and porosity before and
after the imbibition were set as the evaluation indexes, and the influences of lithology, fluid, fluid pressure, and clay content on
the imbibition law of the continental shale were analyzed. Besides, the wettability of the continental shale was evaluated. The ex-
perimental results show that compared with that of Dongyuemiao Member, the average porosity of shale of Lianggaoshan Forma-
tion is smaller, and the average permeability is larger; the average brittle mineral content is higher, and the average clay mineral
content is lower. During the imbibition process of the Jurassic continental shale in Fuxing area, micro-fractures are induced by clay
hydration, which provides additional imbibition channels. However, the imbibition ability of limestone is weaker than that of
shale, and there are no micro-fractures during the imbibition; in addition, the shell limestone interlayer in the reservoir may inhibit
the imbibition and micro-fracture propagation in the shale. The oil phase will enhance the micro-fracture propagation after the shale
induces micro-fractures in the aqueous phase, and the complicated oil-water phase imbibition may be beneficial to the permeability
improvement in the shale reservoir. Compared with atmospheric imbibition, pressureed imbibition has a limited effect on inducing
micro-fractures and improving permeability, and the imbibition rate is larger; the imbibition equilibrium is earlier, but the imbibi-
tion amount is smaller. The influence of confining pressure on imbibition should be considered during well shut-in. The micro-
fractures induced by hydration in shale with high clay mineral content are more significant, and the effect of improving permeability
is more obvious. The imbibition rate and imbibition amount of shale in the oil phase are smaller than those in the aqueous phase,
and the wettability of shale is hydrophilic. The experiment reveals the imbibition law and the characteristics of micro-fractures in-
duced by the hydration of the Jurassic continental shale in Fuxing area, which provides a theoretical basis for the well shut-in and
production test of continental shale during flowback.
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Tablel Geometric parameters, porosity, and permeability of
cores after test

Ay KE/em HAE/em fLBRE/% B /mD
S1 5914 2.466 4.37 0.012
S2 6.218 2.46 4.23 0.016
S3 6.068 2.418 1.14 0.021
S4 6.232 2.442 4.34 0.018
S5 5.946 2.444 4.05 0.007
S6 4.844 2.456 1.32 0.018
S7 5.486 2.448 1.95 0.008
S8 4.336 2.482 1.69 0.006
S9 4.694 2.486 1.42 0.012




120~ wmoR M B

5 R ok %

20244 11 H

KGR NE 2 Pron . Horf S1H1S2.,S4 FlS5.S8 Fl
S9 43 A A ) — TR FE 1 2 B 50

BT 3R 1 RIS W S5 T R A 0 LA, SR
17 e BT 50 TF R AL B M g gl sl ik . 434l
R4 S AL Ll 2 O A AL B R
1.27%, F-¥1185 %4 0.017 mD, F- ¥ e tew 4 & &
1 55.1%, 5 -0 Bk 42%; A IR B
DS FLBRRE K 3.57%, B %% 8 0.011 mD,
ST BN 52.0%, F A LT A BN
48%. 5785 BOM L, U L 21 s S fL R
BN, MR8 BRIt & 5
(TR i R /R e (3
1.2 RENROESH

S5 FH AR A AL 48 T 53 B0h 2% 1 KC1K
VWSRO B S EA 0.5% R B I 00 K A TR L 3
A3 FREEATT I, G v B R ) REE AT T DL 52 2% b X
MIZHA . AL RN 0.5% B i 50 iR K i i BE
AN BRI IR B T, 38055 . & WA TR
PItES O 3.

2 SEERE SRR

2.1 RIAZuEE IR
A 39 % s e e 2 — A T )23 A 1)
NI WY v e s RIS R AN S e
W B A B R W TERE L, JF 7= A s ZU R A5 5, W DAER
Fz2 FHOXRDFYHRMKER

Table2 Mineral composition of cores measured by XRD

W E R /%

HOAS A
A% vy A B Jrfga BT
S1.82 38 49 9 4 0 0 TUH
S3 13 11 0 0 73 3 KA
S4.85 35 49 8 4 4 0 U
S6 36 43 12 2 0 7 U
S7 41 48 11 0 0 0 A
S8.89 43 36 21 0 0 0 U
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Table3 Physical property of fluids
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Fig.1 Experimental device for pressured imbibition
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Fig.2 NMR T, spectra of S1 shale core and S3 limestone core
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