Mine Engineering %™ 1L 7%, 2025, 13(6), 1542-1549 Hans X
Published Online November 2025 in Hans. https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2025.136169

RBBEFH TRHESUEERMRINS
S AR SRR GR A

¥ &
HRBHE R A S R TR B, IR

Wk HEA: 2025410 H24H; S HB: 20254E11H21H; KA HE: 2025411 H27H

R

WIS EARR TR R AR RN R, HEEBITNRESRT RN A L ZEEREE. R
M, BETEAERBREERR. BT TAESR. BEERAEREK AANETRERTHENZER
Ry PRAS T IRAE L “ S HOE ” 2 4 T EABRAR . ASCRGME T B WA T RARTBME (A — AL T3)
REFN S LUHBT AR . &, 28T B ERE PN T EEER LIRS THRREE;
W, ERGRTET MG, BHER. KREOREERFOEANHE S B TSR E &0
5B pAsR: SR F TIHIERETN . BRWEREHR. REFR3HREURERMS
REAE AR ZBEF MM R, BIITR T REMNRRR(SIERLE THRETEMEEH(SIL)
PEX—RERMEENRE; R, ESSRITHEMLE, BHTHAHANAR, HRETREES
A TR T HE SR TN S W IR KRBT T, AR TR R RS S EEE e 5 W EALE
B RTINS WIHE SR A b B

XK ia

WIS, TR, KGN, SRSk, TR

Research Literature Review on Accident
Risk Prediction and Diagnosis Methods
for Urban Gas Distribution Stations
under Data-Sparse Conditions

Tingting Luo

School of Petroleum and Natural Gas Engineering, Chongqing University of Science and Technology, Chongqing

Received: October 24, 2025; accepted: November 21, 2025; published: November 27, 2025

XEEH: PiEtE. FEIEAE N E S SO T S 2 W iR FOCRGRAD]. B LU AR, 2025, 13(6): 1542-1549.
DOI: 10.12677/me.2025.136169


https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2025.136169
https://doi.org/10.12677/me.2025.136169
https://www.hanspub.org/

B

Abstract

Urban gas distribution stations, as critical nodes in the natural gas transmission and distribution
system, are crucial for ensuring urban energy supply and public safety. However, their safety risk
assessment faces significant challenges under “data-sparse” conditions due to scarce historical fail-
ure data, complex operating conditions, and coupled causative factors. Traditional safety risk as-
sessment methods relying on extensive statistical data are thus difficult to apply effectively. This
paper systematically reviews the domestic and international research status on risk prediction and
diagnosis for natural gas facilities, particularly distribution stations. Firstly, it analyzes traditional
risk assessment methods for distribution stations and their limitations under data-sparse condi-
tions. Secondly, it focuses on reviewing the research progress of methods handling uncertain infor-
mation—such as Bayesian networks, fuzzy theory, and grey system theory—in quantitative risk
analysis and diagnosis. Thirdly, it explores the application of dynamic risk prediction, scenario con-
struction and deduction, safety barrier effectiveness modeling, and complex network risk propaga-
tion in risk modeling. Furthermore, it specifically discusses the special and important topic of Safety
Integrity Level (SIL) assessment for Safety Instrumented Systems (SIS) under data scarcity. Finally,
based on a comprehensive review, the paper points out the shortcomings of existing research and
prospects future research directions for accident risk prediction and diagnosis of urban distribu-
tion stations under data-sparse conditions, particularly emphasizing the necessity of constructing
an intelligent prediction and diagnosis framework integrating dynamic data-driven approaches
and physical mechanisms.
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