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Application of variable weight theory and relative difference function to
evaluating stability of salt cavern for underground gas storage
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Abstract: The underground gas storage in salt caverns, mined by drilling and water dissolving solution, has low visibility and high
difficulty of cavern form controllability, so it is a very significant measure to carry out scientific stability evaluation on deformed gas
storage for ensuring its safe operation. In this study, the variable weight theory and relative difference function are introduced to build
the assessment model which can be suitable for salt cavern stability assessment. Based on the sonar data of salt cavern shape, the 3D
model is built up firstly in numerical simulation calculation, and the simulation results are used as the marking standard of relational
assessment index. This model is applied to the stability assessment process of some salt cavern in Jintan; and improving measures for
safety are carried out on the basis of assessment results. By a comparison of these results with some others, it is shown that the
stability assessment model is more reasonable, as the evaluation index weight has been recalculated by variable weight theory; and
this method has relatively better applicability in cavern stability assessment of gas storage in salt cavern.
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Table 1 Scoring model of rock mechanical parameters
E 4 [ Es
/GPa /GPa /() /(107%h)
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Table 2 Scoring model of gas storage cavity parameters
V o r r
/% /%
=5 100 [0, 10) 0.407-0.80 +100 (0,05] 50 cos[n(r,+1)]+50 [0,1) 50 cos[n(r,+1)]+50
(5, 20] -0.077/2+0.09¥ +101.25 [10, 20) -0.60°+120 (05, 1] 100 (1, 15] 100
(20, 35] -0.171%+7.09V +0.65 =20 0 2] 50 cos[n(r+1)]+50  (1.5,2.5] 50 cos[n(r2+0.5)]+50
>35 0 >2 0 >2.5 0
4 30a " r
3
Table 3 Scoring model of gas storage operating parameters
r3 ry rs e
<0.6 0 <0.8 0 <1 100 <0.6 0
[0.6,1.8] 50 cos(5mr3/3)+50 [0.8, 1) -25(10 2 +25 r, -11) [1,1.6) 231r2-714r,+580  [0.6,1.4] 50 cos(2.5mrs -0.5m)+50
>1.8 0 =1 100 =16 0 >1.4 0

I3 r4 Is Ig
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Table 4 Scoring model of other parameters 120x10°
90 100 90 100
80 90 80 90 D
70 80 70 80 FLAC
60 70 60 70
0 60 0 60
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3 Fig.3 Three dimensional graph of salt cavern sonar test
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Fig.4 Mechanical schematic of calculated model
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Fig.5 Longitudinal profile of model grid
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Fig.6 Grid subdivision graph of integrated model

422
Maxwell
5 A n

A=36x10° MPa*°year’ n=35

423

5
Table 5 Mechanical parameters of numerical simulation

/GPa /MPa /(<) /MPa

13 0.30 2.5 30 1.2
10 0.27 2.5 35 1.2
4 0.30 2.0 30 0.5
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Fig.7 Curves between volume shrinkage rate
of cavern and time
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Table 6 Weights of evaluation indexes at all levels
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Table 7 Results of different evaluation methods
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Table 8 Evaluation results of different shape salt caverns
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