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INVESTIGATION ON POSSIBILITY OF ENERGY STORAGE
IN SALT ROCK IN CHINA

YANG Chun-he' LIANG Wei—guo1 WEI Dong—hou2 YANG Hai—jun2
(1. Institute of Rock and Soil Mechanics Chinese Academy of Sciences Wuhan 430071 China
2. Gas Sorage Project Department  West-East Pipeline Company PetroChina Company Limited Beijing 100027 China)

Abstract As an example of a salt mining the laws of deformation of salt rock in depth are investigated by the
mechanics and creep experiment of salt rock. The 3D computational model of the deformation analysis of cavity
for salt rock is proposed. The optimization of cavity stability and long-term stability are studied on the basis of
the in-situ geological conditions and the change laws of the volume of cavity are studied under different inside
pressures. The results show that the scheme of energy storage in salt rock is acceptable in China.
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Fig.4 Schematic diagram of energy storage distribution and

rock strata of Jintan salt rock
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Table 1 Distribution of maximum displacement of ellipse
cavity under static loading

/(10* m®) /mm /m /m
46.3 3/7 70.0 30.00
25 54.0 4/7 56.0 32.00
61.8 5/7 49.0 35.00
524 3/7 75.0 32.14 5
30 577 47 615 3500 Fig.5 Characteristic of plastic area in the same volume with
66.5 s S8 37.00 different shapes
53.6 3/7 80.0 34.28 . 3
40 65.9 4/7 66.5 38.00 30« 10" m 37
74.2 5/7 57.4 41.00
25 220.0 9 m
30 130.0
40 103.0 3
2 27 m
5 54 m 3
2 3

Table3 Plastic area of cavity and reasonable space of
two-cavity boundary

Table2 Plasticareain thedifferent ellipse cavities

/(10*m®) /m
( 3/7) 30 9 /(10° m®) /m /m
30 19 ( 3/7) 30 9 54
30 17 102
2.3 30 19 114
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Fig.7 Geological section plane of Jintan salt rock storage
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Fig.6 Time-history curves of the volume of ellipse cavity

under different inner pressures Table5 Maximum displacement and cavity volume under

different inner pressuresfor wellsNo.1 and No.2

4 30a after 30 years

Table4 Volume of salt rock reservoir creep after 30 years

2 30a 1 30a 2 30a
1% /MPa /MPa /m /% 1%
5.5 55 8.757 84.42 84.59
/(10*m®) /MPa
3/7 4/7 5/7 55 10.0 9.040 84.05 90.79
5.5 80.20 75.24 73.47 69.7 55 16.0 9.456 81.04 91.59
25 10.0 86.39 80.32 82.09 78.5 10.0 10.0 5.626 89,44 29,78
16.0 93.73 89.45 91.79
10.0 16.0 5.798 88.45 94.94
55 79.90 75.12 71.37 70.2
16.0 16.0 2.405 95.43 95.56
30 10.0 86.19 80.96 80.40 80.0
16.0 93.59 90.23 90.39 923
55 78.18 72.05 73.95 75.1
40 10.0 84.95 80.90 80.37 80.9 40d
16.0 93.23 91.16 90.39 90.0 20 d 20 d 5.5 MPa
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Table6 Ratio of maximum volumewith original volume and = |
maximum displacement with different inner g |
pressures 0 ‘
/MPa 30a /m 30a /% |
5.5 8.051 69.9 10 A ( 40 d)
10.0 5.538 79.0 Fig.10 Time-history curve of the change ratio of displacement
16.0 2.596 90.4 for point A (pressure change period of 40 days)
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Fig.8 Time-history curves of volume change with different

inner pressures
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Fig.9 Time-history curve of displacement for point A

(pressure change period of 40 days)
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Table7 Maximum displacements and volume changes
under different inner pressuresfor wells No.3
and No.4
3 4 3 30a 4 30a
30a
/m
/MPa_ /MPa 1% 1%
15 16 55 5.5 6.510 89.17 89.39
55 100 6.466 88.87 93.21
880
820 ) 900 . 55 160 6326 88.74 96.54
Q40 A 920 / \\, 10.0 10.0 4.695 92.51 92.77
g } foon
£ 860l RO R 211 S 100 16.0 4575 92.32 96.98
450 J' *\ %0 \\ 160 160 2.880 95.63 96.53
§ ;| 980+ [ 3
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Fig.15 Geological sections for wells No.1 and No.2 2
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Fig.16 Geological sections for wells No.3 and No.4
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( ) 1 2
(1) 1 2
1.5 MPa 1
1.20 g/em’ 1 4.4
MPa 15.64 MPa
2 1.20 g/cm’ 2
4.5 MPa 15.43
MPa 10 min
) 12h 30 min
12h 2 0.5 MPa
0.8
MPa 16.23 MPa
2) 18.23 MPa 30 min
0.5 MPa
$215 mm
931.70 m ¢ 244.5 mm 931.20 m
¢ 127 mm 93143 m
1.20 g/em’
PV = mZRT (1) X
5 @2 R Uike: K)) 24.53 m 924.00 m 936.00 m
ko) Z T 1 104.00 m 8 2
® Vv 6.3

AV = AV, + AV, + AV, +AV, )
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Table8 Recordsof cavity pressuretest for well Xi- 2

/h ,

/MPa /m /m
0.0 10.93 0 0
6.0 1543 460 0
25.0 1543 0 0 19h
26.0 16.23 49 0
26.5 16.23 0 0 0.5h
36.5 10.93 0 520
AV AV,
AV,
AV, =aV,AT (ax =4.5x 10 *
1KV, ) AV, —
AV, = —0.085V, -
&-Se
P P
kg/m’) AV,
AV, = —kV,AP (k k
2.8x 10 ° bar)
2
37h
10 h ()
(2) AV, AV, =0

AV =AV. + AV, + AV, =
AV, +4.5x107* x159 449x[0.03x(37/24)]-

2.8x107° x159 449 x (=53) = 520.0 m’

AV, =380.15 m’

17
200 860.52 m’
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Fig.17 Approximate section and size of well Xi- 2 salt cavity
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