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Abstract; Shale gas exploitation requires large-scale artificial hydraulic fracturing of resevoirs. In order
to study the variation law and mechanism of shale permeability during fracturing, fluid-solid coupling
physical simulation experiments on two shale samples with and without filled natural fractures were carried
out, and combined with the analysis of whole-rock X-ray diffraction of two samples, the following
understandings were obtained: (1) During the loading and unloading process, the presence of small
stress platforms in the stress-strain curve indicate the formation and closure of micro-fractures in the

sample, which is the intrinsic mechanism of permeability change; (2) When the shale sample reaches
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the fracture condition to form visible fractures, the sample will be permanently deformed to increase the

permeability. (3) In the process of loading, micro-fractures tend to develop along the fragile surface of

natural fractures and continuously accumulate to form fracture networks, which is the mechanism for the

difference of permeability changes between two shale samples.

Key words: shale gas; fluid-solid coupling; permeability; natural fracture; formation mechanism
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Fig. 1 Flow chart of fluid-solid coupling

physical simulation experiments
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Fig. 2 Structure sketch and the location of Well Longshan 1
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Table 1 ~ Shale core sample descriptions for fluid-solid

coupling physical simulation experiments
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Fig. 4 Photos of shale core samples prepared for fluid-solid coupling physical simulation experiments
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Table 2 Experiment data of shale samples
b Jin— 12 i/ [l e/ st 7] / ABRRE/ HHERE/ RSNk v4 BiBR/
al B MPa MPa h MPa MPa (ml/s) mD
8.00 5.00 0.95 1. 12 0. 10 0. 00 0. 000
15. 00 5.00 1.32 1. 12 0. 10 0. 00 0. 000
25.00 5.00 1.71 1. 12 0. 10 0. 00 0. 000
35.00 5.00 2.25 1. 12 0. 10 0. 00 0. 000
45.00 5.00 2.60 1.12 0. 10 0. 00 0. 000
55. 00 5.00 3.23 1.12 0. 10 0. 00 0. 000
65. 00 5.00 3.96 1.12 0. 10 0. 00 0. 000
E=1 75. 00 5.00 4.52 1. 12 0. 10 0. 00 0. 000
85. 00 5.00 5.26 1. 12 0. 10 0. 00 0. 000
95. 00 5.00 6. 68 111 0. 10 0. 00 0. 000
105. 00 5.00 7.30 1. 11 0. 10 0. 00 0. 000
115. 00 5.00 8. 14 1.10 0. 10 0.05 0.010
125. 00 5.00 8.65 1.09 0. 10 0.12 0.027
135. 00 5.00 9.33 1.08 0. 10 0. 24 0.054
145. 00 5.00 10.07 1.15 0. 10 0.41 0.083
125.00 5.00 10. 25 1.15 0.10 0.37 0.075
HI 105. 00 5.00 10.51 1.15 0. 10 0.36 0.074
85.00 5.00 10. 78 1.16 0. 10 0.42 0.083
T
SOEES ) 105. 00 5.00 22.27 1. 00 0. 10 0.27 0.070
E=1 115. 00 5.00 22.64 1. 00 0. 10 0.27 0.072
125. 00 5.00 22.91 0.98 0. 10 0.28 0.076
135. 00 5.00 23.26 1.01 0. 10 0.32 0. 082
145. 00 5.00 23.70 0.98 0.10 0.33 0.091
135.00 5.00 24.63 0.98 0.10 0.32 0. 088
125. 00 5.00 24.92 0.98 0.10 0.30 0.082
115.00 5.00 25.25 0.96 0.10 0.28 0. 080
105. 00 5.00 25.52 1. 09 0. 10 0.36 0.081
95. 00 5.00 25.80 1.07 0.10 0.32 0.075
85.00 5.00 26.22 1.03 0. 10 0.32 0. 080
N 75.00 5.00 26. 61 1.02 0. 10 0.32 0. 080
% 65. 00 5.00 27. 60 1. 00 0. 10 0.35 0.091
55. 00 5.00 27.43 1. 00 0. 10 0. 36 0. 095
45.00 5.00 27.81 1. 00 0. 10 0.35 0.091
35.00 5.00 28.17 1.00 0. 10 0.31 0.081
25.00 5.00 28.45 0.98 0. 10 0.24 0. 066
15. 00 5.00 28. 60 0.98 0. 10 0. 20 0. 055
8.00 5.00 29.02 0.98 0. 10 0.18 0.048
8.00 5.00 0.12 1.02 0.10 0. 00 0. 000
15. 00 5.00 0.22 1.02 0. 10 0. 00 0. 000
25.00 5.00 0. 34 1.02 0. 10 0. 00 0. 000
35.00 5.00 0.55 1.02 0. 10 0. 00 0.001
45.00 5.00 0.70 1.01 0. 10 0. 00 0.001
‘ 55. 00 5.00 0.85 1.00 0. 10 0. 00 0.001
I 65. 00 5.00 0. 94 1.00 0. 10 0. 00 0.001
75. 00 5.00 1. 06 1. 00 0. 10 0. 00 0.001
85.00 5.00 1.27 0.98 0. 10 0.01 0.003
95. 00 5.00 1.41 0.96 0. 10 0.09 0.024
2R 151-10-1 105. 00 5.00 1.56 0. 94 0. 10 0.22 0. 064
(FRRZ4E, 115.00 5.00 1.70 0.92 0.10 0.37 0.114
{E B4 5% 95 75 1) 105. 00 5.00 1.94 1. 00 0. 10 0.47 0.123
95. 00 5.00 2.07 1. 00 0. 10 0.45 0.118
85. 00 5.00 2.18 1.00 0. 10 0.48 0.125
75. 00 5.00 2.30 1. 00 0. 10 0. 47 0.124
65. 00 5.00 2.40 1. 00 0. 10 0.45 0.118
% 55. 00 5.00 2.50 1.00 0. 10 0. 44 0.116
45.00 5.00 2.61 1.00 0. 10 0. 40 0.105
35.00 5.00 2.72 1.00 0.10 0.36 0. 095
25.00 5.00 2.82 1. 00 0. 10 0.30 0.079
15. 00 5.00 2.93 1. 00 0. 10 0.21 0.056
8.00 5.00 3.04 1. 00 0. 10 0.13 0.034
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Table 3 Mechanical parameters and mineral compositions of tested shale samples
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o /A o .z - ) ” - .
i GPa Hi ES RO wERT R TR A BRSO A Ee R
LS1-9-1 (RE&RKIkZ%E) 10.72 0.16 3.3 5.2 4.2 9.4 85.6 95 1.7
LS1-10-1 (& RIkZ4E) 14. 35 0.13 4.3 5.1 2.4 7.5 87.2 94.7 1
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Fig. 5 Fluid-solid coupling experimental curves for shale sample LS1-9-1 (without natural fractures)
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