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Calculation of air leakage rate in lined cavern for compressed air energy storage
based on unsteady seepage process
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Abstract: To evaluate the air tightness of lined cavern for compressed air energy storage, a kind of unsteady seepage equation
considering the influence of air leakage and porosity of concrete lining in the cavern is derived based on seepage flow theory of
porous media, and an approximate analytical solution for approximate calculation of air pressure in the cavern is given. To solve this
kind of nonlinear parabolic equation accurately, an unconditional stable implicit difference scheme with second order accuracy is
constructed by using finite difference method. The results show that, compared with the traditional air leakage estimation formula
based on the steady seepage theory, the air leakage calculated considering unsteady flow process of air is slightly smaller. When the
permeability of concrete lining with a thickness of 0.5 m is less than 6x1072° m?, the percentage of air leakage within 24 hours in a
compressed air energy storage cycle is less than 1%, ordinary impermeable concrete cannot meet the requirements of air leakage
control, and special sealing measures are thus needed. The air leakage percentage of compressed air energy storage cavern is related
to lining permeability, air storage pressure, lining thickness. The lower the permeability is, the larger the gas storage pressure is, the
larger the lining thickness is, the smaller the air leakage percentage is, and the control effect of lining thickness on gas leakage
decreases with the increase of lining thickness.
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5 4

(1) 5 FETRE A Ao W)L SR 258 AT = phy o 5 o
[ ZhA& B ) = S RSB s, 1HEA
RS = A RER =T B RRE LRSS
WHEFE RS RN, Nk, A ST R 45 2
SAGREHL T g S B S v A B

(2) B4 S MRl =M B RE KN 54t
WHBIEZR. 65K FEESREA K. Hh
FIRBIE RN, BN, SRR 0.5 m
i, SRH P8 FUB R IRt (k=2.38x10"¥ m?),
% 24 h FRBIRFIZE 18.03%; KA P10 H1i%
SRR (k=1.614x107" m®), = 24 h %S
BIRFIE 14.62%; KA P12 PBERIRE L
(k=1.176x10""8 m?), J{%E 24 h TRBREN
11.89%. JE4E23 S A6 R BRIV UAE SV UG R 5 Xt
BIRRAA L, VIGa6E SRR, BIRREKA,
T A B JEE %o /S e V) 298 TR R 1 B A 2 4
WIE LK, TSR, (AR AR B 1)
BRIl ORI ES .

(3) TREE - ATWIIEE R0 48 2 S Ak et
RRAENTRBRREY RN EE, M8k
7E 5~8 MPa fl 0.5 m V& AT E T, LG4t



37 W

B A HI5

BT RSBREERN EAU#EREN 2 R R

1773

BIREEE, 1 P8, P10, P12 &%, fE—AMESIEH
WHSHBIRELB KT 1%, A2 RS2 A0
RET = 0BT R I Bk . BT R R, s
B R RFRAE 5~8 MPa, [E 2 RS AT RIS N
0.5m, HFHNBIEZR/NT 6x1072° m? i, 7 BEWEH
AT E BT RER, SR H AT PR & A BRI
BB BRI ER, Wk, UG A
HERANBN, FERIGE D% E I, 15
Ir T B B EUR R PUIS TR 5

(2]

(4]

(7]

Z % X W

BUDT M, WOLF D, SPAN R, et al. A review on
compressed air energy storage: basic principles, past
milestones and recent developments[J]. Applied Energy,
2016, 170(15): 250-268.

RUTQVIST J, KIM H, RYU D, et al. Modeling of
coupled thermodynamic and geomechanical performance
of underground compressed air energy storage in lined
caverns|[J]. of Rock
Mechanics and Mining Sciences, 2012, 52(3): 71-81.
KUSHNIR R, DAYAN A, ULLMANN A. Temperature

rock International Journal

and pressure variations within compressed air energy
storage caverns[J]. International Journal of Heat and
Mass Transfer, 2012, 55(21): 5615-5630.

PARK D, KIM H, RYU D, et al. Probability-based

structural design of lined rock caverns to resist high

internal gas pressure[J]. Engineering Geology, 2013, 153:

144-151.

KIM H, RUTQVIST J, JEONG J, et al. Characterizing
excavation damaged zone and stability of pressurized
lined rock caverns for underground compressed air energy
storagel[J].
2013, 45(5): 1113-1124.

Wi, M, B, S5 R BRI T AR
PERERIG BT TT[)]. & 1715, 2020, 41(1): 235-241+252.
JIANG Zhong-ming, LI Peng, ZHAO Hai-bin, et al.

Rock Mechanics and Rock Engineering,

Experimental study on the performance of the shallow
rock cavern for compressed air energy storage[J]. Rock
and Soil Mechanics, 2020, 41(01): 235-241+252.

JIANG Z, LI P, TANG D, et al. Experimental and
numerical investigations of small-scale lined rock cavern
at shallow depth for compressed air energy storage[J].
Rock Mechanics and Rock Engineering, 2020, 53(6):
2671-2683.

PREERE, ZRERF, HEEIbR, S T EhoXa R iR R

[10]

(1]

R K B va 6 e 7L (0], & 1%, 2019, 40038 T 1):
367-373, 389.

CHEN Xiang-sheng, LI Ying-ping, SHI Xi-Lin, et al.
Analysis of leakage risks and prevention measures of
underground salt cavern gas storage[J]. Rock and Soil
Mechanics, 2019, 40(Suppl. 1): 367-373, 389.

KIM H, RUTQVIST J, RYU D, et al. Exploring the
concept of compressed air energy storage (CAES) in lined
rock caverns at shallow depth: a modeling study of air
tightness and energy balance[J]. Applied Energy, 2012,
92: 653-667.

KIM H, RUTQVIST J, KIM H, et al. Failure monitoring
and leakage detection for underground storage of
compressed air energy in lined rock caverns[J]. Rock
Mechanics 2016, 49(2):
573-584.

Phal, W, EBR, & A& SRS HRRERE)
T35 1R B AT U S SR IR AT TE )], a kTR A,
2014, 36(2): 339-345.

ZHONG Wei, TIAN Zhou, WANG Tie-liang, et al.

and Rock Engineering,

Analytic calculation and experimental study on gas
seepage dynamics problem of surrounding rock with an
internal cavity[J]. Chinese Journal of Geotechnical
Engineering, 2014, 36(2): 339-345.

Phal, W, EBR, & BABBRET R b E
B B AEWI[)]. He R A 5 TR AR, 2020,
16(1): 35-42.

ZHONG Wei, TIAN Zhou, WANG Tie-liang, et al.
Mathematical proofs of some important assumptions in
analytic calculation on gas seepage problem of
surrounding rock[J]. Chinese Journal of Underground
Space and Engineering, 2020, 16(1): 35-42.

MR, P, St BRI =R R R R
SHTD]. FITFREEAAR CAZRBLARRD | 2016, 44(10):
1526-1532.

YE Bin, CHENG Zi-rui, PENG Yi-cheng. Analysis of
influence factors on air tightness of underground cavern
for compressed air energy storage[J]. Journal of Tongji
University (Natural Science), 2016, 44(10): 1526-1532.
RETH. AR 8 A T KB R AERE TR
FEPERTFE[D). B [RI5FR, 2019,

CHENG Zi-rui. Gas transport properties of mortar under
compressed air energy storage operate conditions[D].

Shanghai: Tongji University, 2019.

THE 1793 |





