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Abstract: [Objective] As a key component of the natural gas supply chain, natural gas pipeline networks link the production, trading,
storage, and sales of natural gas. Establishing target reliability for these pipeline networks is a prerequisite for enhancing their operation
regarding safety, stability, and efficiency. However, prior research on the reliability of natural gas pipeline networks has primarily focused on
reliability indicators and the development of calculation methods related to gas supply reliability. Few studies have addressed the
establishment of target reliability, often overlooking the gas demands and characteristics of users. [Methods| This paper presents a method
for establishing the target reliability of natural gas pipeline networks based on user satisfaction. First, a user satisfaction indicator system is
developed, which focuses on several factors: supply volume, supply pressure, gas quality, supply strategy, emergency response, and pricing.
Consequently, gas supply reliability is defined as user satisfaction that considers only supply volume and pressure. Second, a user
classification method based on supply guarantee attributes is introduced, categorizing natural gas users into four groups: full guarantee,

tolerance to limited pressure reduction, tolerance to pressure reduction, and tolerance to disruption. The weights of user satisfaction
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indicators for different user groups are calculated using an analytic hierarchy process (AHP), and a correlation function is established
between gas supply reliability in pipeline networks and user satisfaction. Finally, utilizing historical data on user gas demand and supply, the
weight of the first-level user satisfaction indicator is calculated and the target reliability for natural gas pipeline networks is determined
taking into account the target user satisfaction. [Results] The proposed method for determining the target reliability of natural gas pipeline
networks was applied to a real-world pipeline network, resulting in target reliability values of 0.9941, 0.9900, and 0.9867 for users in the first
three groups, respectively. In contrast to risk-based and economic benefit-based methods, this new approach refines target reliability at the
individual user level, fully accounting for user attributes concerning supply guarantee. This alignment with the actual conditions and market
requirements of natural gas pipeline networks enhances the feasibility of this method. [Conclusion] The proposed method quantitatively
evaluates the reliability of gas supply in natural gas pipeline networks, providing a basis for scientific decision-making regarding pipeline

networks and offering technical support for the practical application of reliability theories in natural gas pipeline network systems. (4 Figures,

7 Tables, 28 References)
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Fig. 1 User satisfaction indicator system for natural gas pipeline networks
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Fig.2 Comparison of two classification methods for natural
gas users
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Table 1 Comparison of two classification mechanisms for
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Table 2 Satisfaction judgment matrix for users across four groups

e e . Fabrt bl 2 B
PR PRI PSR AR UEURMORRE MSROUEERE MR
PEA AT RESE 1 5 7 3 9
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L AT VO R 13 5 3 1 8
Mk B 1/9 1 1/4 1/8 1
T 1 5 6 4 9
SRR 1/5 1 12 1/4 1
Al g PSSR R 1/6 2 1 12 2
W L VO T R 1/4 4 2 1 7
Wi B 1/9 1 1/2 1/7 1
PEA RS 1 5 6 6 9
SRR 1/5 1 1/2 1/3 1
A A P LR 1/6 2 1 1 2
LA T 1/6 3 1 1 6
Wk = 1/9 1 12 1/6 1
PRI 1 5 7 9 6
SRR 1/5 1 2 3 1
A AT PSRN R 1/7 12 1 1 1
N RE DL 1/9 1/3 1 1 12
eI B 1/6 1 1 2 1
3 4 MARIEBAFNFEEEHIEERE BRI ERR
Table 3 Consistency check results of satisfaction judgment matrix for users in four groups
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R AT A 5.076 0.019 1.12 0.017 it
F4 ETERDETEBEN 4 MAEXBARHEENELERE
Table 4 Calculated weights of satisfaction for users across four groups based on AHP
fr— _ _ FRPR A _ _
PSR AT PSRN R N A 0 R eI
e A IR R 0.513 50 0.055 01 0.116 64 0.272 82 0.042 03
Y e g 0.546 40 0.064 63 0.108 49 0.229 11 0.051 37
CIERC 0.588 45 0.067 89 0.123 73 0.167 30 0.052 63
AT F T 0.610 89 0.140 12 0.079 70 0.060 84 0.108 45
3 HpiIRiH S 19 AN FEGRHLLL, 146 AMEF B 50 A IR
ﬁﬁF'o 4 FTREBNRIERNIGAEHEZERGEKS),
31 EMER AIRCLRH. FIEACN T AR S S S5 KX Sy,

HRRKEME 3H 4 FTFELEEAR, BFE E’J%ﬁﬁﬁﬁ%ﬁﬁ%ﬂ% 140 X 10* m’/d. 1 468 X 10* m*/d.
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Fig.3 Composition of a natural gas pipeline network system
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Table 5 Statistics of parameters of trunk pipelines in a Table 6 Satisfaction judgment matrix for users across three
natural gas pipeline network groups
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Table 7 Weights of user satisfaction evaluation indicators for
a natural gas pipeline network
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Fig. 4 Calculation results of target reliability for a natural gas pipeline network
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