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Abstract

With the rapid expansion of urban gas pipeline networks, their vulnerability to lightning disasters
has become increasingly prominent. This study focuses on key facilities within natural gas transmis-
sion and distribution systems, such as stations, valve chambers, and buried pipelines. By analyzing
historical lightning location data and case studies of lightning disasters in specific regions, it
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systematically evaluates the effectiveness of existing lightning protection measures. Innovatively,
the research integrates multiple lightning parameters—including ground flash density, intensity,
and steepness—to develop a refined risk assessment model for lightning disasters. Based on this
model, a comprehensive protection strategy of “Zoning, Grading, and Key Point Protection” is pro-
posed. Ultimately, the research findings have been translated into the core technical content of a draft
local standard, providing a theoretical basis and practical engineering guidance for enhancing the
resilience of urban gas systems against lightning disasters.
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Figure 1. Spatial distribution map of cloud-to-ground lightning density in Shaoyang region (2016~2020)
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Figure 2. Lightning risk zoning map along the natural gas pipeline network in Shaoyang region
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Figure 3. Valve chamber C on a Shaoyang natural gas pipeline segment
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