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Abstract. In view of the urban gas safety management work in China, the con-

cept of full-chain management is introduced. Through in-depth analysis and re-

search on construction, supply, use, supervision, emergency response, and other 

aspects, hidden danger investigation work is carried out to identify existing prob-

lems in the current urban gas safety management work. Effective safety manage-

ment strategies are formulated to reduce the occurrence of gas safety accidents 

and improve the overall safety of the gas system. 
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1 Introduction 

In recent years, with the rapid development of society, the level of urban gas safety 

management has been continuously improving, and the development situation is con-

stantly improving. However, gas accidents occur from time to time, and gas safety man-

agement is facing increasing challenges. Traditional safety management methods can 

no longer meet current needs, and the form of single point prevention and control has 

become increasingly outdated. Therefore, in order to consolidate the responsibilities of 

all parties in gas safety management, further improve the level of urban gas safety man-

agement, introduce the concept of full chain management[1],Full-chain management re-

fers to sorting out safety-related elements from multiple gas safety management links, 

such as construction management, supply management, usage management, safety su-

pervision, and emergency management, identifying loopholes and weak points, and 

studying countermeasures and solutions for improving the safety management level of 

the entire chain. 
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2 Analysis of the Current Situation of Urban Gas 
Management 

Gas management is a complex, multi-directional, multi angle, multi process, and multi 
link system engineering. Multiple departments including emergency response, urban 
management, market, and housing construction are involved in collaboration. It in-
cludes multiple management processes such as construction management and supply 
management. Due to its complex and diverse characteristics, the current urban gas 
safety management highlights the problems of isolated management work, limited de-
partmental linkage, and single risk identification. Therefore, urban gas management 
can refer to successful cases such as the long-term mechanism of safety management 
for the entire chain of hazardous chemical transportation [2], and carry out research on 
the entire chain. 

3 Risk analysis of Multi-source Factors in Urban Gas 

3.1 Weaknesses in Pipeline Construction 

As the lifeline of gas supply, gas pipelines face significant safety risks in various as-
pects such as pipeline design, material quality, construction control, pipeline renova-
tion, and external damage during the construction process. In the design phase, design-
ers need to conduct a comprehensive analysis of the pipeline requirements and potential 
extreme situations. Once there is a deviation in the understanding of the gas pipeline 
laying environment, it is highly likely to cause situations such as intersection between 
the gas pipeline network and municipal facilities, leading to accidents such as pipeline 
corrosion and damage. In terms of material quality, due to the concealed nature of gas 
pipeline laying, if the quality of pipe materials entering the construction site is not 
strictly controlled, the construction party may choose materials that do not meet na-
tional standards in order to reduce costs, resulting in a shortened service life of the 
pipeline. In terms of construction control, there may be issues such as gas leaks and 
pipeline ruptures due to loose pipeline connections, unqualified welding, and other rea-
sons. In terms of pipeline updates, gas pipelines have exceeded their service life, the 
pipeline network is severely aging and corroded, and updates and renovations are not 
timely. A comprehensive safety assessment of gas pipelines has not been conducted, 
resulting in the continuous operation of hidden danger pipelines with problems. In 
terms of external damage, with the acceleration of urbanization and frequent construc-
tion of infrastructure such as subways and roads, gas pipelines face the risk of being 
excavated and damaged, which also poses a serious threat to gas safety. 

3.2 The Safety Management Capability of Gas Enterprises Needs to be 
Improved 

Due to the high-risk nature of the gas industry, the safety management level of gas 
companies has a significant impact on the overall safety situation of the gas industry. 
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Due to financial reasons, some gas companies fail to maintain their equipment and fa-
cilities in a timely manner, resulting in equipment running with problems and frequent 
safety hazards. Some gas companies neglect employee training, resulting in weak safety 
awareness and insufficient operational skills among employees. Some enterprises have 
weak internal management, and there may be problems with gas equipment and facili-
ties in factories, stations, or pipelines. However, due to the relatively single regulatory 
measures of enterprises, relying solely on human inspection to identify hidden dangers, 
there are situations where problems are not discovered in a timely manner. Some enter-
prises involved in gas transportation business may have hidden dangers such as unqual-
ified transportation and driver fatigue. 

3.3 Weak User Security Awareness 

Gas has become the most commonly used heat source for urban users, but the penetra-
tion rate of safe use of gas is still at a relatively low level. Gas users who use gas stoves 
without flameout protection devices refuse to use replaced safety accessories. The us-
er's use of gas equipment is not standardized, dragging and pulling gas facilities, result-
ing in hose damage and interface hose detachment, leading to gas leakage [3]. The mo-
bility of liquefied petroleum gas users is high, and the location of steel cylinders is 
variable, making it difficult to conduct home inspections[4]. It is particularly noteworthy 
that the probability of gas accidents in rental housing is much higher than that in ordi-
nary residential buildings. 

3.4 Inadequate Safety Supervision 

During the construction period, inadequate safety supervision may lead to the use of 
counterfeit and inferior products for construction, and secondly, construction workers 
may not follow the design requirements for construction[5]; During the supply period. 
The government may have overlapping safety regulatory responsibilities, unclear grid 
management, unclear responsibility boundaries, and management gaps; During use, 
due to inadequate inspections or frequent visits, users may use unsafe accessories; The 
government's regulatory responsibilities have not been fully implemented, and the en-
terprise's privacy work has gone through the motions and focused on formality; Inade-
quate emergency management has led to concealment, omission, false reporting, and 
misreporting of accidents, delaying the response time and affecting the investigation of 
accidents. 

3.5 Lack of Emergency Response Capability 

There are problems with emergency plan management, with missing emergency plan 
content, chaotic emergency processes, and emergency drills not conducted according 
to the prescribed frequency and content; Improper handling of accidents, failure to es-
tablish a reasonable accident handling process, and chaotic on-site handling when ac-
cidents occur; The lack of accident reporting and investigation processes has led to 
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unclear causes of accidents, and effective control measures have not been developed 
based on the causes of accidents. 

4 "1+1+N" Urban Gas Safety Management Strategy 

In response to the multi-source factor risks analyzed in the previous section, this section 
will propose a corresponding "1+1+N" urban gas safety management strategy. The first 
"1" is to organize a full chain safety management approach around construction man-
agement, supply management, usage management, safety supervision, and emergency 
management; The second "1" is to combine risk management and management ele-
ments in each link, analyze the correlation, and thus draw a correlation network; 'N' 
refers to building N platforms around the above content, and tackling risks and diffi-
culties one by one. Thus, an efficient and innovative gas safety management mechanism 
can be established. 

4.1 Sort Out a Complete Chain Management Approach 

By sorting out the existing urban gas safety management, five major links are identified, 
including construction management, supply management, usage management, safety 
supervision, and emergency management.Through in-depth analysis of the five major 
links, clarify the management elements of each link, introduce a fishbone diagram, and 
draw a fishbone diagram of urban gas safety management, as shown in Figure 1. 

 
Figure 1. Fishbone diagram of urban gas safety management. 

4.2 Draw a Correlation Network Diagram 

A gas safety management correlation network is constructed based on the relationships 
between the five links of the entire chain safety management as the core nodes. By 
drawing a correlation network diagram, as shown in Figure 2, the interdependence and 
mutual influence between each link are clearly demonstrated, providing a basis for the 
overall coordination of gas safety management. 

Between construction management and supply management, the layout of the pipe-
line network affects the safety of pipeline operation, and supply demand affects the 
selection of construction technology; Between construction management and usage 
management, the quality of the project determines the safety of the facilities on the user 
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side, and feedback from the user side can assist in optimizing subsequent construction 
work; Between construction management and safety supervision, the continuous im-
provement of gas pipeline networks can drive the continuous optimization of regulatory 
standards, while regulatory departments supervise the quality and safety of engineering 
projects; Reasonable engineering construction layout and perfect facility design be-
tween construction management and emergency management can help improve the ef-
ficiency of emergency response. The experience and lessons learned from emergency 
management can also guide the safety improvement of construction projects. 

Between supply management and usage management, gas source guarantee is the 
foundation for users to use gas normally. Changes in users' gas demand will affect the 
planning and transportation of supply management; Between supply management and 
safety supervision, regulatory authorities investigate and punish illegal gas supply be-
havior, optimize supply situation and supply supervision standards; Between supply 
management and emergency management, gas source reserves ensure emergency sup-
plies, and emergency drills provide feedback on weak supply points. 

Between usage management and safety supervision, regulatory authorities ensure 
the quality of household inspections to ensure gas safety, and user safety behavior 
norms require supervision and guidance from safety regulatory authorities; Between 
usage management and emergency management, users' mastery of emergency 
knowledge and emergency response capabilities directly affect the effectiveness of 
emergency response. Publicity and training in emergency management enhance users' 
emergency level. Between safety supervision and emergency management, daily safety 
supervision can verify the level of emergency response, and emergency drills can iden-
tify key regulatory areas. 

 
Figure 2. Network diagram of safety management correlation for the entire gas chain. 
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4.3 Build N Gas Safety Management Platforms 

Gas Pipeline Construction Management Platform. 
This platform focuses on the overall process of gas pipeline construction, reducing 

risks arising from pipeline construction by constructing four core modules: pipeline 
planning and design, construction process supervision, engineering quality acceptance, 
and aging and renovation. The pipeline planning and design module mainly collects gas 
design standards and specifications, collects on-site survey information, introduces 3D 
stereoscopic drawing methods, and optimizes construction drawings; Construction pro-
cess supervision mainly involves strengthening construction team management, estab-
lishing a construction personnel information database, and implementing dynamic per-
sonnel management. Install surveillance devices such as cameras, monitor the construc-
tion process throughout, collect relevant data in real time, and issue timely warnings; 
The main purpose of engineering quality acceptance is to establish a sound construction 
quality management system, which comprehensively manages the quality of procure-
ment, construction, completion acceptance and other aspects during the construction 
period. Carry out strict completion acceptance in accordance with national regulations, 
etc; Aging renovation mainly involves collecting information on the construction time, 
operation status, and other aspects of all gas facilities to establish a comprehensive gas 
facility information database. It involves developing an aging assessment plan, con-
ducting comprehensive aging assessments at a fixed frequency, and searching for faulty 
operating equipment and facilities, especially in easily overlooked areas and equipment 
such as plants and user facilities. 

Supply Enterprise Security Management Platform. 
The platform mainly includes three core modules: equipment and facility manage-

ment, personnel training and assessment, and safety production responsibility system. 
Equipment and facility management mainly involves increasing investment and 
maintenance efforts in equipment and facilities. Gas companies should increase invest-
ment in equipment and facilities to ensure their integrity. At the same time, establish a 
regular maintenance mechanism to ensure that equipment and facilities are always in 
good condition; Personnel training assessment includes developing a comprehensive 
training mechanism, strengthening training for practitioners, and enhancing their safety 
awareness and operational skills. At the same time, establish an assessment mechanism 
to regularly evaluate the operational level of practitioners and ensure that they meet the 
job requirements; Establish a safety production responsibility system, clarify the safety 
production responsibilities of management personnel and employees at all levels, es-
tablish a reward and punishment mechanism, and motivate employees to actively par-
ticipate in safety production work. 

Management Information Construction Platform. 
The platform mainly includes two core modules: data center construction and IoT 

sensing device application. The data center mainly includes collecting relevant data 
from various platforms such as construction, enterprise management, and home 
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inspections, establishing databases, and using big data analysis and other technical 
means to identify weak points on each platform, providing decision-making basis for 
management. The application module of IoT sensing devices mainly focuses on in-
creasing the research and development of sensing devices and other information means. 
For the filling of liquefied petroleum gas, efforts will be made to increase the research 
and development of steel cylinder positioning to ensure the integrity of transportation 
equipment. Establish a gas hazard investigation system for pipeline natural gas, inte-
grating combustible gas detectors, pressure sensors, and other equipment with map soft-
ware, and introducing AI methods to display the real-time location and status of pipe-
lines, valves, pump stations, and other equipment in the pipeline system. 

Household Inspection Platform. 
There are five modules in the home inspection platform: record of inspection results, 

tracking of hidden danger rectification, elimination of visit failures, promotion of user 
services, and feedback on user issues. The inspection record mainly refers to the de-
tailed recording of equipment operation status, hidden dangers, and other data during 
the home inspection period by the inspection personnel, and the filming of videos as 
evidence; Tracking of hidden danger rectification, timely recording and reporting of 
hidden dangers discovered during inspections, clarifying the person responsible for rec-
tification, rectification requirements, and rectification time limit, tracking the rectifica-
tion status, and ensuring the complete elimination of hidden dangers; For users who 
visit but do not encounter each other, it is possible to establish a home network with the 
community or local area, contact users in a timely manner, or use methods such as 
locking cards to restrict gas purchases, so that users can actively contact gas supply 
companies to conduct home inspections; The user service publicity module can shoot 
short videos of gas safety publicity, and carry out publicity through microblog, Tiktok 
and other forms. At the same time, it can also carry out publicity by distributing bro-
chures, clear paper and other means to users after the completion of the household in-
spection. For special groups such as the elderly and children, special safety education 
activities should also be carried out; Establish a user feedback system to encourage 
users to actively provide feedback on problems and hidden dangers encountered during 
gas use. At the same time, strengthen the handling and response to user feedback to 
ensure timely resolution of user issues. 

Safety Supervision Platform. 
The security supervision platform includes three major modules: enterprise supervi-

sion, law enforcement information sharing, and complaint reporting. The enterprise su-
pervision module focuses on inspecting the illegal and irregular behaviors of gas supply 
enterprises, checking their safety management level, equipment and facility operation 
status, and the quality of home inspections; The law enforcement information sharing 
module is mainly used to clarify the regulatory responsibilities of various government 
departments, establish an information sharing mechanism, and share gas regulatory in-
formation; Complaint and reporting module, opening a complaint and reporting 
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channel, encouraging the public to file complaints and reports on gas safety, and con-
ducting follow-up investigations and feedback on complaint information. 

Emergency Management Platform. 
Emergency management includes three major modules: contingency plan manage-

ment, emergency command, and emergency drills. The focus of emergency plan man-
agement is to establish three systems: comprehensive plan, special plan, and emergency 
plan operation manual; The focus of emergency command is to draw a map of emer-
gency command and promote the construction of emergency rescue management sys-
tem; The focus of emergency drills is to conduct regular emergency training, organize 
emergency drills without notification, preparation, or script, conduct emergency drill 
reviews, and improve the emergency management system. 

5 Possible challenges and limitations of the "1+1+N" 
strategy 

The main challenges that the "1+1+N" strategy may face are coordination and cooper-
ation problems among various levels of units, errors in the connection between upper 
and lower levels, and the overall work becoming a single task again, lacking coopera-
tion and collaboration, resulting in individual combat. 

6 Conclusion 

In summary, an efficient and innovative gas safety management mechanism plays an 
important role in improving the level of gas safety management, solving major tech-
nical problems in social development, and achieving economic and social benefits. We 
need to continuously manage multiple processes such as construction, supply, use, 
safety supervision, and emergency response, and verify the effectiveness of the 
"1+1+N" strategy through indicators such as hidden danger detection rate and accident 
frequency, effectively prevent risks, eliminate accidents, and effectively safeguard the 
safety of people's lives, property, and social public safety. 
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