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Abstract

The uncertain migration and diffusion patterns of natural gas in various soil types (sand, clay par-
ticles) and complex underground environments (including the presence of other municipal pipelines)
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during actual buried gas pipeline leaks pose considerable challenges to the management, mainte-
nance, and emergency response of natural gas engineering projects. Through indoor experiments,
we systematically analyzed and studied the impact and characteristics of various factors on diffu-
sion behavior, including leakage flow rate, leakage port orientation, horizontal/vertical distance
between the leakage point and the diffusion tube, and soil surface coverage. Our analysis revealed
that leakage flow rate is the primary driving factor, with increased flow rates significantly enhanc-
ing diffusion speed, concentration accumulation range, and ultimate concentration (with notable
synchronization at remote measurement points). Soil porosity emerged as the key determinant of
diffusion patterns, with natural gas in sandy soil (characterized by low porosity) exhibiting a
broader lateral diffusion range but slower concentration accumulation, whereas in clay particles
(with high porosity), the diffusion rate is swift but the impact range is limited, resulting in a steep
concentration gradient. The influence of soil type on leakage port orientation varies significantly.
In sandy soil, a downward-facing leakage port accelerates diffusion and expands the scope of influ-
ence, whereas in clay, a downward-facing port inhibits diffusion. Furthermore, an increase in the
horizontal distance from the pipeline significantly reduces the speed and concentration accumula-
tion of natural gas diffusion towards other municipal pipelines. Surface cover hinders upward dif-
fusion of natural gas, forcing it to migrate laterally over a broader range and increasing the risk of
entering adjacent enclosed spaces. The findings of this research provide a solid scientific basis for
the prevention, monitoring, and emergency response to gas leakage accidents.
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Table 1. Specific experimental conditions
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Figure 1. Shows the concentration changes of various measuring points in sandy soil at horizontal distances of 30 cm, 60 cm,
90 cm, and 110 cm
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Figure 2. Concentration changes of measuring point 2 in sandy soil at different horizontal distances
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Figure 3. Concentration changes at various measuring points in clay at horizontal distances of 30 cm, 60 cm, 90 cm, and 110 cm
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Figure4. Concentration changes at various measuring points in clay particles at a horizontal distance of 110 cm
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Figure 5. Variations in sand concentration at the 30 cm and 0 cm vertical measurement points
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Figure 6. Variations in clay particle concentration at vertical heights of 30 cm and 0 cm
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Figure 7. Variations in sand particle concentration at measurement points with and without soil surface cover
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Figure 8. Variations in clay particle concentration at measurement points with no soil surface cover
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