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Abstract Gas storage is an important facility for seasonal and emergency natural gas peak shaving. The reservoir geological
conditions and injection and production processes of gas storage are quite complex, which make the design of injection and
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production schemes of gas storage more difficult. Considering that the decision of injection and production schemes of gas
storage is affected by many factors, in order to obtain the best injection and production scheme of gas storage, this paper presents
a fuzzy comprehensive evaluation method to evaluate and optimize the injection and production of gas storage. Firstly, a fuzzy
comprehensive evaluation index system of gas storage injection and production is established as the basis of analysis and
evaluation. This index system includes the injection and production well numbers, injection and production well layers, injection
and production capacity, injection and production efficiency and injection and production energy consumption. Then the entropy
weight method and an analytic hierarchy process are used to calculate the index weights. Based on a fuzzy membership function
method, trapezoidal and ridge membership functions are selected to score the evaluation indexes. After the weight and score
of each index are obtained, a linear weighting method is used to calculate the comprehensive evaluation result of the injection
and production scheme. The whole paper focuses on the method and process of establishing a fuzzy comprehensive evaluation
model of gas storage injection and production, which mainly includes the establishment method of the evaluation index system,
the calculation method of index weight and the determination method of the index membership function. Domestic gas storage
in a depleted gas reservoir is taken as an example to evaluate and optimize the injection and production scheme. This gas storage
has a storage capacity of 5.88 x108m3, a working gas capacity of 2.95 x108m3 and an injection production well number of 13.
According to the gas injection and production arrangement of the gas storage, the planned annual gas injection volume is 2.0
x108m3 and the annual gas production volume is 1.5 x108m3. Three gas injection schemes and three gas production schemes
of the gas storage are evaluated and optimized. The results show that the comprehensive scores of the evaluated gas storage
injection and production schemes are all above 70 points, indicating that the application effects of each scheme is good. Among
them, the optimal gas injection scheme is scheme 2, and the optimal gas production scheme is scheme 3. Finally, the evaluation
method proposed in this paper can provide guidance for the planning and management of injection and production of gas storage.
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Fig. 1 Fuzzy comprehensive evaluation process of gas storage injection and production plan
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Fig. 2 Fuzzy comprehensive evaluation index system of gas injection scheme of gas storage
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Fig. 3 Fuzzy comprehensive evaluation index system of gas recovery scheme of gas storage
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Table 4 Well opening plan for three sets of gas injection schemes in gas storage
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Table 5 Operating parameters of three sets of gas injection schemes for gas storage

BITSH A VE o FE E
HFEEIEGE / 7 6 7
TR m -2558.17 —-2514.67 —2540.86
HFRIHEARE 10*m*/d 102.4 93.8 110.4
LR E / 0.8 0.83 0.82

FL L 2R % 69 77 73
FEARHLAE R % 60 63 64
RGN kW - h/10°m’ 371.94 387.13 397.16
T P 5 kg/(kW - h) 0.0033 0.0036 0.0034
RARA M 1 L/min 3.51 3.43 3.73
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Table 6 Well opening plan for three sets of gas production scheme in gas storage
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Table 7 Operation parameters of three sets of gas production schemes in gas storage
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Table 8 Scoring method of gas injection program index of gas storage

BARAEEE TR sy TR ME a LFRMED BRI bR A A
TR U, / 4 12 42051
HAIFHER U, m -2750 -2430 AR
FARIERRET) U 10* m¥/d 50 120 FHETE
LR E Uy / 0.65 0.88 FHETE
ML ER Uy, % 40 90 FHEIE
JEAEHLH R Uss % 30 75 FHEIE
ARG ANLHFE U, kW-h/10°m’ 367.37 551.05 FEUAIE
T LA T i U, kg/(kW-h) 0.003 0.005 REIBTE
AR = Uss L/min 2 6 [

R BEREISARTNERFIER

Table 9 Evaluation index result of gas injection scheme in gas storage

TN FEIR Jr%— YIE E S
Uy 62.5 75 62.5
Upn 59.95 73.54 65.36
U 74.86 62.57 86.29
Us, 73 88.79 84.13
Un 62.43 84.23 74.09
Un 75 83.46 85.97
Us, 99.85 97.17 93.65
Us, 94.55 79.39 90.45
Us 68.77 71.64 60.52
A 71.68 75.45 74.43
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Table 10 Index scoring method of gas production plan of gas storage
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PEINIE HL B 2% Uns % 30 90 FHETE
PEIA TR Uss % 10 30 THETE
BRI TFE Usy m¥/10* m? 3.47 5.21 R e
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“H A Uss mg/m’ 8 20 ReUs e

ARG PR IFTE 0 OB U%E 13 TIEDRIFITRMZ SRl KRRt . B 235 PR IE R =R <07
AL AR S RO PSR AR, SRIIENR RIATIEI ALEE . e, RATREIEIRf 045
BRI S 2 BE R RTHR T, SEEE OIS, sk 11 Fon. WZERATLUR I, RS R, N



HETRUMZR A PR AR SORRAE P TR O RIS

503

F 1 MBSEXRSARTNERSIER

Table 11 Evaluation index result of gas production scheme of gas storage

LA RAECEAD Tr%— TR E
Uy 42.86 57.14 71.43
U, 77.13 76.04 70.23
Ui 89.03 94.37 98.2
Uy, 73.18 80.15 88.61
U 68.69 66.84 61.97
Uy 99.07 99.53 94.08
Uy 93.97 73.98 67.64
Uss 66.12 71.08 78.17
Us 71.79 64.25 68.26
Us, 64.24 80.97 94.99
Us, 66.74 72.39 77.71
Uss 75.79 65.2 56.92
ISy 72.41 75.17 78.06

78.06 4%; FHE AR 7517 4y Mih R —18
I, R 7241457 WL, #EERHTE =HITHAE
AR

4 ik

TERE SR TT R E L, R 2% &
Z IR N R, AR 1 A2 g0 DL
TR ANEASERAIB T TS L, ASCLAE A
SOBRBE S TR G, RIS PP 7 ik xd
DA AT ROT RAR T AT AL e . A
WZE GBI A RS R b, 5B TR

RPN
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