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Abstract

Natural gas, as an efficient and clean energy source, plays a crucial role in ensuring stable energy supply through its pipeline
transportation system. However, pipelines operating under long distances, high pressures, and complex geological conditions
are highly susceptible to leakage accidents, which can lead to severe consequences such as fires, explosions, and environmental
pollution. This paper systematically analyzes the risk characteristics and causes of natural gas pipeline leaks, summarizes the current
mainstream leakage detection technologies, including physical parameter monitoring, sensor network applications, and data model
identification methods, and explores the synergistic prevention and control effects of various safety protection technologies within the
pipeline system. Additionally, in response to the trend towards integrated and intelligent detection systems, the paper proposes ideas
for constructing information fusion and remote management platforms, emphasizing the importance of both institutional norms and
technical mechanisms to enhance the intrinsic safety level of natural gas transmission systems, reduce operational risks, and provide
technical support and management references for the industry.
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