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Research on evolution characteristics of shale pore-fracture and permeability

under freeze-thaw cycles
JIANG Changbao', LI Lin', YIN Wenming?®, LI Baicheng'
(1.8chool of Resources and Safety Engineering, Chongqing University, Chongqing 400030, China; 2. Faculty of Land Resources Engineering,
Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Shale gas reservoirs have ultra-low permeability, and liquid nitrogen fracturing has attracted much attention as a promising
reservoir permeability enhancement technology. This paper took the Longmaxi Formation shale in southern Sichuan as the research object,
and studied the physical response of the water-bearing shale core under the freezing-thawing cycle of liquid nitrogen (LN,), which was a
cryogenic fluid. The LN, freeze-thaw cycle treatment was carried out for the shale in the water-bearing state, scanning electron micro-
scope (SEM) was used to observe the microscopic pore and fracture structure of shale samples before and after the LN, freeze-thaw cycle,
digital image processing technology and fractal theory were used to quantitatively analyze the pore-fracture changes at the same location,
and then porosity and permeability tests were performed, computer tomography (CT) was used to show the macroscopic fracture failure
process of shale samples with the LN, freeze-thaw cycle, finally discussed the cracking mechanism of liquid nitrogen freezing and thaw-
ing. The results showed that the liquid nitrogen freeze-thaw cycle treatment could effectively promote the initiation and expansion of pores
and cracks. When the liquid nitrogen froze and thawed, the shale generated new cracks under the action of thermal stress and frost heave
force, and the pores and cracks developed steadily increased with the number of freeze-thaw cycles. The cumulative increase in shale
porosity under the freeze-thaw cycle was 54.6%, and the increase in permeability was very significant (up to 3 orders of magnitude).

Key words: shale; liquid nitrogen freeze-thaw cycle; pore structure; permeability; fractal theory
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Fig.1 Samples used in the test
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Table 1 Basic physical parameters of samples

RS HA/mm EE/mm il #E/(gem™)

DO 10 3 0.58 2.453

Wi 24.12 49.0 54.2 2.450

W2 24.21 50.7 56.4 2.456
1.2 KBAE

J T ST LN, VR A 25X DU 1 SO, 13
TET B 7K BUARE S 00 VR A BR300, S5 KGR 5K
7 W, IEAEGRRAERS 0. 1. 3. 5. 7 IR MR AR
BCRUEAT FRAE, RIEF B HE SEM. CT LB
BEFRT . KRS T WA ERE, 55X
PGS BRI 4. 95 DO ik
HF SEM iRE, ZEZRRR 0. 1, 3, 5. 7 Wi Fizik
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Fig.2 X-ray diffraction spectrum of shale
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Table 2 Mineral composition of shale

TSy A% KA JifG Haf mERE mika Ra

WK REBY 243 96 32 32 273 913 913
107%™
Bt 4U% 60 4 7.8 75 2.6 22 159
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Fig.4 The microstructure of rock zone 1 changes after one

freeze-thaw cycle
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Fig.5 The microstructure of rock zone 2 changes with the number of freeze-thaw cycles of liquid nitrogen
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Table 3 Shale surface porosity and fractal dimension
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Table 4 Shale porosity and permeability
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