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Development of low-permeability materials for underground gas storage

lining and research on gas sealing effect
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Abstract: Aiming at the problem of insufficient sealing of surrounding rock and lining in the
underground space of the abandoned coal mine used for compressed air storage, a new type of
cement-based ultra-low-permeability material was prepared using quartz sand, barite powder, and
iron concentrate powder as aggregates, and sulfoaluminate cement as binder. A three factor
three-level orthogonal test was designed to determine the physical and mechanical properties of
materials. In order to verify the sealing performance of the new cementitious materials,
continuous-discontinuous numerical calculations were carried out to simulate the sealing effect of

the lining of underground gas storage tunnel in Da’an mountain. The results show that the
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uniaxial compressive strength, split tensile strength and modulus of elasticity of the specimen
increase significantly with the increase of the content of sulfoaluminate cement, and decrease with
the increase of the porosity of aggregate grading and the dosage of cement additives. The
permeability is significantly reduced with the increase of sulphuraluminate cement content, and
significantly elevated with the increase of aggregate grading porosity, and slightly increased with
the increase of cement additives dosage. The new type of cement-based ultra-low-permeability
material can be used in the shotcrete or grout layer of gas storage chambers, with a permeability
as low as 1. 06 X 107" m’ and better performance than P12 grade impermeable concrete. The
numerical calculation results show that adding a cement-based ultra-low-permeability material
with a thickness of 0.1 m on the concrete lining can effectively reduce the air leakage rate of the
gas storage chamber, with good sealing performance, and a single cycle air leakage rate of only
0. 84%.

Key words: underground gas storage; ultra-low-permeability material; lining; gas sealing effect;
orthogonal test
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Table 1 L, (3*) orthogonal test scheme of sealing materials
s | s BRAR R AR | K V8 5 a———
ikt /g Btk /g

1-1 90 0 18~35 H

1 1-2 90 2 35~60 H

1-3 90 4 18~60 H

2-1 120 0 35~60 H

2 2-2 120 2 18~60 H

2-3 120 4 18~35 H

3-1 150 0 18~60 H

3 3-2 150 2 18~35 H

3-3 150 4 35~60 H
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Table 3 Range analysis results of strength

b A IS KF1 | KF2 | KF3 | M
g | BRERRER KR AR | 6,114 | 8,005 | 10.523 | 4.409

J a8 B/ BRI 6.894 | 7.548 |10.223 | 3.329

MPa | Skmmmaai | 9.285 | 7.790 | 7.589 | 1.495

ppagy | AR KU A AL | 0.868 | 1.041 | 1.239 | 0.371
75 i /
MPa | Skpvmmal&d | 1.127 | 1.018 | 1.003 | 0.125

BRI 1.212 | 0.998 | 0.938 | 0.274

PRk KR A HE | 0.773 | 0.871 | 1.092 | 0.319

e
AL (2 e 0.798 | 0.910 | 1.029 | 0.231

H#/GPa

KIEF A EGE | 0.925 | 0.888 | 0.837 | 0.088
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Fig. 2 Influence law of each factor on strength of specimen
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Fig. 3 Principle and diagram of triaxial coupled

seepage test system
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Fig. 4 Penetration test results and variation trends
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Table 4 Range analysis results of permeability

BIBER E/1077 m?
A
K1 K- 2 K3 &=
TRERMREh KU Fr i | 3.584 0.969 0.694 3.261
B R 3.199 1.558 0. 490 2.709
IRV n 3 = 2.557 1. 446 1. 244 1.313
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Fig.5 Influence law of each factor on
permeability of specimen
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Fig. 6 Designation for coupling calculation of

pores and cracks
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Fig.7 Numerical calculation model and grid division
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Table 5 Calculation parameters of block element model
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0 R #E+ 2.3 10 5 35 3
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Table 6 Calculation parameters of virtual interface element model
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Fig. 8 Air pressure variation in chamber under a

single injection cycle
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Fig.9 Variation trends of air leakage rates and surface

gas flow rates in chamber under a single injection cycle
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Fig. 10 Numerical calculation model and grid division

when adding new sealing materials
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Table 7 Numerical simulation permeability parameters
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Fig. 11 Comparison of gas flow rates on surface of
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Fig. 12 Air leakage rate of gas storage when sample

3-1 being used as sealing material
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