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Multi-objective Optimization of Gas Injection for Salt Cavern
Storage Based on Simulated Annealing Algorithm
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(1. School of Petroleum Engineering, Yangtze University, Wuhan 430100, China; 2. State Key Laboratory of Low-carbon
Catalysis and Carbon Dioxide Utilization, School of Petroleum Engineering, Yangtze University, Wuhan 430100, China)

[ Abstract] The role of gas storage in regulating natural gas peaks is crucial. Improper allocation of gas injection schemes during the
injection process not only results in excessive energy consumption by compressors, but also leads to excessive pressure changes in cer-
tain individual wells and convergence of salt karst cavities, thereby affecting the long-term stable operation of gas storage. By combining
the simulated annealing algorithm with actual field conditions, a multi-objective optimization function was established considering both
compressor energy consumption and dispersion degree of wellhead pressures across all gas storage wells within the same block. The var-
iable for this optimization was set as the gas injection volume during the task period for each gas storage well, while variables such as
maximum design pressure of pipelines, minimum operating pressure, and maximum operating pressure of gas storage wells were taken
into account. Additionally, constraints were imposed based on the maximum design flow rate measured by target flowmeters for multi-
objective optimization purposes. Results indicate that compressor power consumption can be reduced by over 40% and formation pres-
sure differences can be decreased by more than 90% . It is evident that this scheme provides assurance for ensuring long-term stable op-
eration of gas storage through effective guidance on actual production operations.

[ Keywords] salt cavern gas storage; gas injection scheme optimization; simulated annealing algorithm; compressor energy consumption
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Fig. 1  Flowchart of SA optimization algorithm

DU X FHAT 55 I N T R AT 3l , 2 BT Y
VEAUT S TR SO 0 H AR R gL

S|4 CREFK, EHANRE T, 8T Me-
tropolis ViU W2 75 426 52 8 A T U7 58, 7 — 2 MR
N Bl AE 22 ) it W2

TE|S WSO, H ARG R R 45 R
JE el IR B — i R AR UK, 45 1k X P Bl ik 2
RRESTER

2 —FhE#&EE

2.1 PEfRRFRRREY

Mo ER TR SR A R AR R AT L
SRR BRAFTHRT E ek (1) 50(2)
L BWRS Jr[ 2 (4) ]SRRI A 0F T £E X% U
fif A A9 A B ZR 8, Pd it (3 ) o UMy o i
FAC AR RS T B RIR AR,

Pcav(‘, VC[IV(‘, = Zf‘,ﬂ\'(‘, nR TCBV(‘ ( 1 )
Pcave V(‘me
n - Z(‘EIVERT(‘EIVG (2>
— nRZQ TS - PCBVP VﬂaVP,ZS TS ( 3 )
PS - Z(‘,EVP, T(’,B\EPS
A C. D, E
7 =1+(B _70_70+70_70) +
® RT RT RT Rﬁp
_a _d )\, &( i) 5
(b RT RW»)+RT et )Pt
2
p
RTg(l +yp*)exp( - yp*) (4)

IS MHE - www. stae. com. cn



2025,25(5)

TR, 45 2 TRUUIR KL R U U E T R 2 BAsiife 1889

KPS IHET TS MPas VARSI AR,
m’; Z, SRR A N R T R
3 FH A8 5, U 0.008 31 1/ (mol -K) 3T, Hfik
SIHREE K PoAARHEIRGL 7, MPa; VR FRAEIR L
FRIREMAFL, m’ s Z RFRAEIRGL T 46 K5 T br
LR, Ksp RERAH N kmol/m’ ;A B .C D,
E.a.b.c.d.ay RIREFTEXN 11 AEFSE

FEEAGE R, ERARER AN ARG E
LA 4 Ry, L CH, b 3, &0 &E C,H CO, Fl
N, , W 1 iR, ER 7R R A — A s R % i —
M i, e A, S 5
MRS, % RMRFEERIRE AR RS
SN T8 53 B A i ] I LK 25 BB s N A
5 JE Bl e th

1 FSSEARE
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Fig. 2 Storage capacity and gas physical property parameters
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gas injection rate
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Fig. 5 Block diagram of the overall gas injection process
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Table 2 Pipeline parameters

ETR= LA/ (mm xmm)  KE/m it 71/ MPa
HEI 1 @114 x9.5 4500 18
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A3 @88.9 x9 4 800 18
=4 ®114 x9.5 3 800 18
IS @88.9 x9 4200 18
=6 @88.9 x9 3000 18
A7 ®114 x9.5 3 700 18
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Table 3 Parameters of gas storage well

T R/ m BRI /MPa i EEEF/104
I 1 870.9 14.83 21.41
A2 870.9 14.87 23.11
=3 898.5 14.84 18.11
iS4 879 14.86 21.39
HAIES 820 11.47 20.96
=6 836 13.36 12.16
=S 7 847 13.80 11.80

x4 EFRHEZBRAEMSEY

Table 4 Basic parameters of each well during gas injection
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H7 8.40 900. 41
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Fig. 7 Compressor power consumption varies with the

number of iteration steps
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Fig. 8 Multi-objective optimization function variation with the number of iteration steps
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Table 5 Comparison of gas injection results of each scheme

5 HHWSES ULk RERE DAL BEFEF T Sy bR s
=
EAE/104m? JE 7175 4k/ MPa TR E/104m? FES1754k/ MPa R ®/100m? JE #1754k MPa

fHE=SI 1 60 0.29 95.28 0.47 106.28 0.53
A2 60 0.27 93.90 0.43 144.74 0.67
=3 90 0.52 54.65 0.32 67.36 0.41
I 4 120 0.59 119.19 0.59 89.23 0.42
=I5 60 0.30 54.29 0.27 55.47 0.28
=6 90 0.76 62.70 0.55 47.61 0.42
=57 120 1.06 119.94 1.08 89.26 0.80
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