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Evaluating stability of salt rock gas storage during operation period
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Abstract: Based on the features of Chinese salt rock bed, the comprehensive evaluation system of the stability of rock salt gas
storage with multilevel and multi-index has been set up; and the assessment class level of the stability of rock salt gas storage during
the operation period also has been defined. According to the test data and the result of numerical simulating, the scoring models of
evaluation indices are built and the value of the corresponding evaluation indices for every assessment class is got. The weight of the
describing layer and the index layer has been obtained by analytic hierarchy process. Both the extension evaluation and the fuzzy
comprehensive evaluation have been used to evaluate the stability of Jintan Xi-1 salt rock gas storage of the West-to-East Natural Gas
Transmission Project. And the results of the two above methods are consistent, just like the real situation, which show that it is of
great worth to set up the comprehensive evaluation system of the stability of rock salt gas storage with multilevel and multi-index.
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Fig.1 Evaluation system of stability of rock salt gas
storage during operation period
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Table 1 Scoring model of salt rock mechanical parameters
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Table 2 Scoring model of gas storage cavity parameters
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R 0<m<1 1<r<15 15<m<25 =25 Table 4 Values of mechanical index
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Table 3 Scoring model of gas storage
operating parameters
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Table 5 Values of cavity index for each assessment class
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N FEGHO WHEE  EEHSE ERE

0~0281% 0~0568 0~1.13 5%
I 1~04 100~10.0

2~1.44 25~1.94 5~3.87

0.28~0.32 2% 0.56~0.63 ¥ 1.13~1.26 1§,
I 04~03 10.0~5.0

144~1.40 194~187 3.87~3.74

0.32~0.35 8% 0.63~0.70 2% 1.26~1.41 1%,
m 03~02 50~29

140~1.30 1.87~1.80 3.74~3.59

0.35~0.40 5% 0.70~0.80 2§ 1.41~1.59 5{
IV 02~01 29~13

130~1.20 1.80~1.70 3.59~3.41

0.40~0.50 %, 0.80~1.25 5%, 1.59~2.5 &k
vV 0~0.1 0~13

0.50~1.20 125~1.70 2.5~3.41
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Table 6 Values of operating index
for each assessment class
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93 / MPa
0~0.94 5%, 0~0.78 5, 0~0.83 1, 4050
2.40~1.46 2.00~1.22 2.0~1.18 o
0.94~0.98 B 0.78~0.82 8  0.83~0.85 H{
Il 3.0~4.0
1.46~1.42 1.22~1.18 1.18~1.15
0.98~1.02 8 0.82~0.858,  0.85~0.88 1
111 2.0~3.0
1.42~1.38 1.18~1.15 1.15~1.12
1.02~1.08 8  0.85~0.90 5%,  0.88~0.92 &
I\% 1.0~2.0
1.38~1.32 1.15~1.10 1.12~1.08
1.08~1.20 8%  0.90~1.00 0.92~1.00 1§, 0—10
1.20~1.32 1.00~1.10 1.00~1.08 '
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Table 7 Dimensionless values of mechanical index Table 10 Values of weights of indices
for each assessment o - v v,
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I 000~025 000~020 0.00~0.60  0~0.50 HENFBH 03334 ;T;;;;(p 2;228
il 0.25~035 0.20~031 0.60~0.65  0.50~0.57 T e, 02500
I 035~047 031~040 0.65~0.72  0.57~0.65
v 0.47~0.63 0.40~0.60 0.72~080  0.65~0.75 WIRTEAR 0.2853
v 0.63~1.00 0.60~1.00 0.80~1.00 0.75~1 R 0.139 4
RERERSE 03333 Tk 5 i 0.194 9
B 0.095 1
K8 LEAMLEZAMER A ERESE VP IR B 0.2853
SRR EETGE
Table 8 Dimensionless values of cavity index TAAE 0.363 6
for each assessment class WAURER S 03333 EU:WE 0.1818
VA IR SRR DU R SR v 0.3636
AR ) 7% 0.091 0

1 0.00~0.60 0.00~0.90 0.00~0.56 0.00~0.45 0.00~0.45
I 0.60~0.70 0.90~0.95 0.56~0.64 0.45~0.50 0.45~0.50
11T 0.70~0.80 0.95~0.97 0.64~0.70 0.50~0.56 0.50~0.56
v 0.80~0.90 0.97~0.99 0.70~0.80 0.56~0.64 0.56~0.64
\Y 0.90~1.00 0.99~0.00 0.80~1.00 0.64~1.00 0.64~1
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Table 9 Dimensionless values of operating index
for each assessment class

VRS BDAIE  BOCAIE  BOCRSUEE AR A%
I 0.00~0.78 0.00~0.78 0.00~0.83 0.00~0.20
I 0.78~0.82 0.78~0.82 0.83~0.85 0.20~0.40
i 0.82~0.85 0.82~0.85 0.85~-0.88 0.40~0.60
v 0.85~-0.90 0.85~~0.90 0.88~0.92 0.60~0.80
\ 0.90~1.00 0.90~1.00 0.92~1.00 0.80~1.00
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Table 11  Values of parameters about Xi-1 gas storage
during operation period

HiAR 2 fehr)2 AHNAR T
PR R E/ GPa 185 0.66
$HE)) W F1 c/MPa 1.2 0.24
e W ff o/ C 40 0.80
Fa A R g, / (10%/h) 4.8 0.20
B TEAR 0.18 0.82
it < KEGH 3 0.97
JE Jes A THUAR )5 5 0.38 0.76
25 B 0.75 0.60
I R 1.70 0.68
[rynp. Jii/J\WJE 0.83 0.69
&4 Dﬁijf})ﬂ{ji 0.57 0.57
5% IR A 0.85 0.85
AR I K ) 25/ MPa 1.75 0.65
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Table 12 Evaluation results of the rock salt
mechanical index by extension
FLRAR IR R ZiE
PR W) WA RaliRAER SRIRE

I -0.642 11 -0.55952  -0.84932 -0.20000 -0.562 74
I -0.604 65 -0.506 67  -0.803 57 0.200 00 -0.428 72
I -0.546 67 -0.40322 -0.71053 -0.058 82 -0.429 81
v -0.37037 -0.19355 -045000 -0.27273 -0.224 89
\ 0.370 37 -0.139 53 0.45000 -0.40407 -0.069 19

e BMERLEL. BER D). R RRAIRARRAEE S B 0250 025,
0.25. 0.25; ZUAwAFAEA A 4.187.
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Table 13 Evaluation results of the rock salt gas storage
cavity index by extension

FRARBR ORI Lty
WK SR WSS SR W IR

I -0.55000 0.50000 -0.35821 -0.32692 -0.44000 -0.313 66
I -0.400 00 -0.500 00 -0.140 00 -0.12500 -0.30000 -0.308 59
r -0.10000 -0.666 67 0.41176  0.33333 -0.066 67 -0.028 53
IV 0.200 00 -0.75000 -0.18868 -0.22222  0.200 00 —0.048 33
vV -0.30769 -0.81250 -0.37681 -0.36364 -0.22222 -0.37246
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Table 14 Evaluation results of the rock salt gas storage
operating index by extension

s i I Gitr
BN AW BOORAUEE S %  E

1 -0.625  —0.35821 0.230 77 -0.30000 -0.23576

1I -0.500 —-0.18868  -0.230 77 0.250 00 —-0.277 26

1 -0.250 0.23077  -0.37500 -0.12500 —0.196 68

v 0.500  -0.06522  —0.500 00 -0.416 67  —0.049 77

\% -0.250 —0.34848  -0.54545 -0.56250 —0.403 77
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Table 15 Evaluation results of object layer by extension
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