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Abstract: Compressed air energy storage (CAES) is a key technology for supporting large-
scale renewable energy integration and power grid regulation. However, during the operation
of CAES systems, the temperature and pressure of the gas within the salt cavern—an
essential component—undergo periodic variations with operating conditions, which induce
creep deformation in the surrounding rock and consequently affect the long-term stability of
the cavern. To address this issue, a thermo-mechanical coupled numerical model considering
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gas thermodynamic processes and the creep behavior of surrounding rock is established in
this study. Under typical 100 MW-scale operating conditions, the effects of cavern aspect
ratio, operating pressure range, and gas injection temperature on the long-term stability of salt
cavern gas storage are systematically investigated. The results indicate that, under cyclic
charging and discharging conditions, the deformation of surrounding rock exhibits periodic
variations with pressure and temperature, accompanied by irreversible creep accumulation.
The maximum displacement occurs at the mid-height of the sidewall and the cavern roof, with
an overall inward contraction trend. An increase in cavern aspect ratio, a decrease in
operating pressure, and a rise in gas injection temperature all lead to higher stress levels and
larger displacements in the surrounding rock, thereby adversely affecting cavern stability.
Considering both stability and economic performance, it is recommended that the cavern
aspect ratio be controlled at H:D<1.75, the minimum operating pressure be maintained above
7 MPa, and the gas injection temperature be properly regulated to mitigate creep
development in the surrounding rock. This study provides a useful reference for the structural

design and operational parameter optimization of CAES salt cavern storage systems.

Keywords: Compressed Air

Energy Storage;

Salt Cavern Gas Storage; Numerical

Simulation; Thermo-Mechanical Coupling
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first 10 days of operation

BEA AT G0, ZEREROR, AEARXS T K AR
T8 BTS00 5 i JEE 3 A R IS A AT 446 2 1 5 R O A
¥,

B 27 J9LEAS [A) 78 Uil BE 1 L T 384T 30 4F )5 Y
EIUHEER S e R BT, TUBEE L,
BT, BUIRH 24 BB b T b )
AL, TSN AR (76 & 22 4 R BU M BT
MELR . ANRET S S8 E B2 etk



EOMEE: 4R EE

FhTE U T IR S R T 15

——T,=293K —— T,=303K
6} ——T,=313K T,=323K

J kkkekerEE)
BRI

BKFERMN S (MPa)
|
°

-11F

0 2 4 6 8 10

I 18] (d)
25 ARFZASEE TEITA0RBESEREERERS
HhZk

Fig. 25 Maximum principal stress curves of
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