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Research progress on leakage of underground pipelines transporting natural
gas, hydrogen, and hydrogen—blended natural gas

LI Qianqgian, LEI Bohan, YUANG Xuhao, REN Jing, WANG Jinhua, HUANG Zuohua
(State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University, Xi'an 710049, Shaanxi, China)

Abstract: Driven by the "dual carbon" goals and the energy transition, utilizing natural gas pipeline networks for
hydrogen—blended transmission and constructing dedicated pure hydrogen pipelines have become the core pathways
for the large—scale storage and transportation of hydrogen. Hydrogen is primarily transported via underground
pipelines during large—scale transmission. However, due to the extremely small diameter of hydrogen molecules,
their diffusion capacity far exceeding that of methane, and their tendency to cause hydrogen embrittlement in
metals, the safety risks associated with leaks in underground environments have become a key bottleneck in
research. This paper provides a systematic review of current theoretical, experimental, and simulation research on
natural gas, hydrogen, and hydrogen—blended natural gas underground pipelines. The review primarily covers
detailed comparisons of the distinct underground leakage kinetics resulting from the differences in the physical
properties of hydrogen and natural gas; the current status of platform development ranging from laboratory—scale

experiments to full-scale underground leakage tests; the mechanical processes and experimental observations of

W EE: 2026-04-16  fEEEH: 2026-06-04

BIEEE: Z565(1988—), &, 1+, BI# 7, qiangianli@xjtu.edu.cn

F—1EH: ZME55(1988—), L, i+, Bl #% , qiangianli@xjtu.edu.cn

EEWA . EZREAHIHSE (2024YFE0211500)

SIRARSC: BAEE, W, =0, [, E4%, We . R AT B A KA T E MR BT 72 R ], AL T30, XXXX, XX(XX):
1-14

Citation: LI Qiangian, LEI Bohan, YUANG Xuhao, REN Jing, WANG Jinhua, HUANG Zuohua. Research progress on leakage of underground
pipelines transporting natural gas, hydrogen, and hydrogen—blended natural gas[J]. CIESC Journal, XXXX, XX(XX): 1-14



“ 2 i T

¥

FXXE

high—pressure leaked gas penetrating the soil layer to form cavities; and computational fluid dynamics studies

simulating leakage processes under various scenarios. Finally, the paper summarizes the current challenges in

underground pipeline research and outlines future research directions regarding the expansion of experimental data

conditions, numerical simulation methods, and underground pipeline scenarios.
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Table 1 Physical Properties of Hydrogen and Methane

[16]

, i s EIRIE AR e ZERTYHARLD N
SR -, - . MR/ KR MIE(m]) KRR (250 LFL(%)
p(kg/m?) d,(nm) (cm?/s)
A(H,) 0.0899 0.289 0.61 0.017 4.0-75.0
H4E(CH,) 0.7170 0.380 0.16 0.029 5.0-15.0
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Fig. 2 Physical models under the conditions of paved and unpaved surfaces™
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Fig. 3 Considering the leakage hole forming a frustum—shaped cavity under the action of the soil mass
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Fig. 4 The Effect of Hydrogen Concentration on Alarm Times at Monitoring Stations
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