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Abstract To reveal the elastic-plastic deformation characteristics of rock expansion and the development law
of microcracks, and evaluate their expansion and permeability effects, this paper conducts triaxial rock me-
chanics seepage coupling experiments to explore the expansion mechanics parameters and permeability evolu-

tion law, establish expansion-induced microcrack morphology judgment criteria, define effective expansion ra-
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dius to evaluate expansion and permeability effects, and conduct expansion numerical simulation research u-
sing injection wells in the west oilfield of South China Sea as an example. Research has shown that Athabasca
oil sands and Bohai loose sandstones have the highest shear dilation potential. In contrast, low-permeability
sandstones in the western South China Sea have the lowest shear dilation potential. Saturated samples have
higher shear dilation potential than unsaturated samples, and temperature has little effect on shear dilation po-
tential. Based on the relationship between tensile strength, cohesion, internal friction angle, and the state of
stress, the type of expansion microcracks in offshore sandstone can be quickly determined. The volumetric
strain of tensile expansion is smaller, but its permeability-increasing effect is better than that of shear expan-
sion. The author proposes effective permeability models for water induced by shear dilation, damage permea-
bility models, and permeability evolution models considering interface chemical enhancement. The ( effective)
dilation radius based on super pore pressure, porosity (or volumetric strain) , permeability improvement, and
microcrack development zone is defined. Rapid prediction of microcrack morphology and detailed evaluation of
full-size wellbore numerical simulation are carried out for water injection wells in low-permeability offshore oil
fields. It is found that after expansion, tension shear composite microcracks are generated, with an effective
expansion radius of 12. 83m. The research results can provide basic theoretical support and construction design
guidance for water injection and expansion technology in offshore oil fields.

Keywords rock mechanics; reservoir stimulation; dilation; injectivity enhancement ; micro fractures; perme-

ability
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Fig.2 Curves of shear dilation for the loose sandstone in Bohai Oilfield
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Fig.3 Curves of shear dilation for the saturated low-permeability sandstone in the west oilfield of South China Sea
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Fig.4 Curves of shear dilation for the unsaturated low-permeability sandstone in the west oilfield of South China Sea
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Tab.1 Shear dilation related mechanical parameters for different geomaterials
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Tab.2 Tensile dilation related mechanical parameters for different geomaterials
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Fig.5 Curves of effective confining stress vs. volumet-
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3) S, > c(1 - sin ¢)/cos ¢, KFN S
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Tab.3  Criteria for determining the types of microcracks in offshore sandstone for water injection
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B4 15 24
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Fig. 15 Curves of volumetric strain vs. permeability un-

der shear dilation for saturated low-permeability

sandstone in the west oilfied of South China Sea
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Fig. 16  Curves of volumetric strain vs. permeability under

shear dilation for Fengcheng oil sands in Xinjiang
P17 SRy i A [] X3t 0 g A B A8 -2
BARME LI F S O AT BT DI 48 52
BRI AR 375 A 5L 00, 2 S 30 vh AR RN, A2 TE B h
RBUZAK , B0 A A= BT IR B G o Jdad S50 30
PUZH 3 FE 7E 57 KR 25 T KA B i R
Relperm] ifAETEARBUEZ K 2 7. 97 % I}, ik K
HHZ 3 F 3K 155.00 mD, S il 7 W) 45 & i R
(0.012 mD) 19 12 916. 67 1% ; Relperm2 iR FE7E {4
UK 22 8. 00% I}, IZ IR FE K AHE 7 283K 31. 48
mD , AR EURE E A (0. 28 mD) Y 112. 43 45
AT KPR K 2 6. 56% I, iZ K AR 7%
ik 135.16 mD, HidAE R 15135 % (0. 036 mD)
[ 3 754. 44 1% TM ISAETEAA B K 22 2. 88% I,
KA B AR5K 14. 23 mD, idAe 565 5
ZR(0.42 mD) Y 33. 88 4, il SLIREI R AT,

1 1 L 1 L
-6 -4 -2 0 2 4

XA KA R 7K ARE B A KAy
B2 ARG, Fem AR S RO, L, KA
BB AR T o AT

1000 T
100 |
9
< 10}
i
i
z
1k
%
01 —=— Relperm |
TE —e— Relperm 2
—— 0 4T
—v— A0 T™
0'01 1 1 1 1
0 2 4 6 8
TRFARIAR /%

B17 ey 8 HAZs S A RN A8 18 15 4 i 2
Fig. 17  Curves of volumetric strain vs. permeability under
shear dilation for Canada oil sands
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Tab.4  Shear dilation-induced permeability enhancement parameters for different reservoirs
LIS P A Il AR B SR R PPN
SIS 0.2 MPa 0.5 MPa 5 MPa 20 C 70 °C Relperml  Relperm2 4T ™
T YNNI
12 .1 - 4. . . . . 2.
W % 0. 19 86 5.85 7.97 8.00 6.56 88
BRI
Lo 7.9 3.37 - 4.85 5.25 155.00 31.48 135. 16 14.23
/mD
BiBER
{f‘%&j—ﬂ& 3.85 1.17 - 1.71 1.85 12 479.87 112.43 3 807.32 34.20
EER
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Fig. 18  Curves of volumetric strain vs. permeability un-
der tensile dilation for saturated low-permeability

sandstone in the west oilfield of South China Sea
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Fig. 19  Curves of tensile dilation for Fengcheng oil sands
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B RE J1 3 T 5 0, R R ik B R AT 0k
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Tab.5 Tensile dilation-induced permeability enhancement parameters for different reservoirs

LI BHL T 98 PG AR 0 i XU
S 20 ¢ 50 C 70C  100C 20T 50 C 70C 100 C
BRI % 0. 08 0.036 0.03 0.025 0.58 0.52 0.37 0.31
BB/ mD 267.98  29.11  28.65 2.27 66.93 8.98 1. 44 0. 96
B R R 40.48  145.55  682.14  45.4 5.00 2.40 8.98 13.38
2.3 BEERPHTRUEE J7 #E A Touhidi-Baghini 77 2 5CIK 2 X2 175 AL
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Fig.20 Schematic diagram of dilation area based on super

pore pressure
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Fig.21 Schematic diagram of dilation area based on volu-
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Fig.22  Schematic diagram of dilation area based on per-

meability enhancement
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Tab.6 Evaluation method for dilation effect
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Fig.25 Accumulated injection volume during water in-

jection and working fluid backflow processes
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Tab.7 Identification parameters of micro crack morphology
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