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In-situ evaluation of gas permeability in engineering rock masses: Theoretical
model, equipment development and field pilot testing
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Abstract: In-situ permeability evaluation of rock masses at the engineering scale is crucial for deep energy
extraction and subsurface energy material sequestration, including CO,, hydrogen, and nuclear waste storage.
Compared to laboratory-scale tests, this approach more accurately reflects the seepage behavior of rocks under
their original in-situ conditions. This study proposes a theoretical method for calculating the in-situ gas
permeability of rock masses at the engineering scale, systematically analyzing key parameters that influence
permeability results. Special emphasis is placed on determining and conducting sensitivity analyses of the
effective testing radius. Through simulated engineering-scale permeability tests under in-situ conditions and

comparative analysis with core-scale results, it is observed that permeability values differ by no more than a factor
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of three. This discrepancy is primarily attributed to the confining pressure of 0.8 MPa applied during core-scale
tests and the presence of interconnected pores and microcracks induced by local air bubbles during the casting
process. Based on these findings, a series of pilot field tests were conducted in a deep underground laboratory and
in both coal and sandstone roadways of a coal mine in Shandong Province, utilizing a self-developed portable
in-situ gas permeability testing system. The results demonstrate that the proposed method and integrated system
exhibit strong adaptability, stability, and repeatability across diverse engineering scenarios, thereby facilitating
effective evaluation of rock mass permeability and grouting effectiveness. This research offers a novel technical
pathway and theoretical foundation for the in-situ assessment of reservoir exploitability and the sealing
performance of barrier systems in deep subsurface energy material sequestration projects.

Key words: rock mechanics; engineering rock mass; deep energy extraction; deep subsurface energy material
sequestration; gas permeability; in-situ evaluation
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Fig.1 In-situ evaluation system for fluid flow evolution in

engineering rock masses
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Fig.2 Schematic diagram of scaling gas permeability tests from core to engineering scale
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Table 2 Core-scale permeability test results
> Y , e ?é%jé% N,
HURE L B WA 5 (injection pressure)/m? HHEBME G BREEE 1 391H)
(sampling position) (sample No.) (average value of each surface(excluding sample 1))/m?
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Fig.8 Fracture differences between core sample 1 and sample

2(front view)
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Fig.9 Comparison between simulated engineering-scale and
core-scale permeability test results
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Fig.10 Schematic of test layout in chamber and tunnel
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(a) Field evaluation in underground laboratory
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Fig.11 Field test and spatial layout of boreholes and grouting

packers
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Table 3 Permeability test results before and after grouting for

different boreholes

e ..
(glt;;: ii/)lie FEUE i(injection (permeability)/m?
name) pressure)/MPa ST TRIE
(before grouting)  (after grouting)
0.2 472x10 15 2.33x10 15
0.4 1.56x10 15 7.99%x10 16
fL1
0.6 6.37x10 16 3.14x10 16
0.8 9.26x10 16 7.09%x 1016
0.2 1.43x10 4 5.03x10°13
0.4 4.65x10 13 1.10x10° 15
fl2
0.6 4.48x10 15 9.77x10 ¢
0.8 457x10 15 9.57x10 '®
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Fig.12 Permeability changes before and after grouting for
different boreholes
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Fig.13  Pressure drop curve changes before and after grouting

for different boreholes
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Fig.14 Field test and borehole layout in coal and rock layers
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Fig.15 Pressure drop curves and permeability results of

boreholes in coal and rock layers
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Table 4 Permeability test results of coal and rock layers

e L& BB
(lithology)  (borehole name) (permeability)/m?

BiE RV H (average
permeability)/m?

T 6.68x107 15

s 13 7.66x10°15 7.25%10°15
1S 7.41%x10°15
Al 6.04x10° 15

[z A3 7.41x10°15 6.30%10 715
%S 5.45x10° 15

E: R EILISE RN G RN E R E TSR RGsE
ESHRSSli

JEoR T E S0 E EAFMNR LS IE R A S5 5 .
gL BIR, WEBEHRI(6.68~8.15)x10 ° m?
JaE, SPMERN 7.25x10° 5 m?; M EERZE
HIEENG.A45~741)x10 5 m?, FIMEN 6.30%
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