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A new method for permeability test on mudstone interlayer
in a salt cavern gas storage

1,2 .1 TP 1
YIN Hong-wu~°, MA Hong-ling', SHI Xi-lin, YANG Chun-he
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Permeability of mudstone interlayer is an important factor to evaluate the sealing property of salt cavern gas storage. The
permeability of a certain mudstone interlayer in Jintan is relatively high according to pressure tests, and thus it is inappropriate for the
sealing performance. Since the borehole cores of mudstone interlayer are easy to be broken, it is substantially difficult to carry out
systematic permeability tests. To solve the problem, we proposed a new method for testing the permeability of brittle mudstone
interlayer. The brittle interlayer cores tightly wrapped by epoxy resin were cut and polished to prepare standard samples for meeting
the requirement of permeability tests. To observe the cement situation of the mudstone interlayer cores and the epoxy resin, the
synthetic samples are carried out by scanning electron microscope (SEM). It is found that the pore of the interface is lower than that
of rock and the interface cement as well, which shows that the interlayer core is the main seepage channel of synthetic samples. The
results of permeability tests on synthetic samples by using a steady-state method are consistent with other results in the literature,
which proves the reliability of this new method. The theoretical analysis also shows that the permeability results measured by the new
method are consistent with the theory, and thus the feasibility of the method is verified theoretically. The new method of testing the
permeability of mudstone interlayer proposed is feasible and reliable. This method has a certain reference value for the test of the
permeability of the irregular brittle core.

Keywords: salt cavern gas storage; brittle mudstone interlayer; epoxy resin; synthetic sample; permeability test
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Fig.1 Synthetic samples after machining
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Table 1 Geometrical parameters of synthetic samples

WA W B B LERIYEmA ik AR
%5 /cm /cm /em? / em? /em?

1 2.12 2.42 4.599 6 0.540 8 1.060 8

3 2.36 2.47 4.791 6 0.664 5 0.898 9

5 2.88 247 4.791 6 0.260 3 0.874 1

6 3.71 2.47 4.791 6 0.593 5 0.770 9
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Fig.5 SEM images of bonding surface
between the interlayer and epoxy
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Table 2 Permeability testing results by the instrument

R R FUEES i BIBER
i / MPa / MPa / (cm*/s) /10 m?
1 0.536 0.102 0.136 0.081 3
3 0.253 0.102 0.604 1.992 0
5 0.531 0.102 0.061 0.048 4
6 0.516 0.102 0.061 0.066 2
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Table 3 Test results after correction
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6 0.593 5 0.770 9 0.5345 0.4115
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Fig.6 Photos of the end face of prepared samples
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Table 4 Results of comparative tests

WA MR RES FWIES i BIEF
i R=R T} / MPa / MPa /(em’/s) /10" m?
5 I 0.531 0.102 0.061 0.048 4
5 T 0.523 0.102 0.062 0.050 8
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Fig.7 SEM images of the core of the interlayer
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Fig.8 Schematic diagram of disc crack section
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Table 5 Results of porosity tests
pg TR ERWER e b
L TRABL ORI 5 3 FLBREE
LR 3 3 /(em’/g) /(cm’/g)
/ (cm’/g) / (cm’/g)

K-1 3.178 6 3.2262 0.0476 0.443 189 0.107 403
K-2 0.019 6 0.064 7 0.0451 0.324884 0.138 819
K-3 3.2917 3.3393 0.0476 0.445450 0.106 858
K-4 3.662 5 3.7123 0.0498 0.550497 0.090 464
K-5 3.707 1 3.761 8 0.0547 0.451674 0.121 105
K-6 0.009 2 0.0552 0.046 0 0.542579 0.084 780
K-7 0.000 1 0.0515 0.0514 0.343211 0.149 762
K-8 0.002 7 0.066 5 0.0638 0.445465 0.143 221
K-9 0.000 1 0.089 2 0.0891 0.546 674 0.162 986
K-10 0.001 4 0.087 6 0.0862 0.340209 0.253 374
K-11 0.0110 0.1103 0.0993 0.455663 0.217 924
K-12 0.004 8 0.090 0 0.0852 0.548275 0.155396
K-13 0.000 8 0.082 7 0.0819 0.326 729 0.250 666
K-14 0.000 1 0.030 8 0.0307 0.444 447 0.069 075
K-15 0.000 0 0.0577 0.0577 0.548466 0.105202
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Fig.9 Mercury withdrawal curve of sample K-7
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Fig.10 Generalized parallel capillary tube bundles
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