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Abstract : This study analyzed cases of hydrogen (H,) and natural gas (CH4) leakage
from a hydrogen-blended natural gas pipeline to determine a range of leakage
characteristics, including leakage type, pipe material, pipe diameter, pressure, and
damage size. Based on the results of this analysis, five hydrogen-blended natural gas
leakage scenarios were selected. The national vision for a carbon-neutral society by
2050 is a very important strategic objective and promotes environmentally sustainable
economic development in the age of the climate crisis. Accordingly, zero-carbon and
low-carbon policies are being promoted in various fields, including energy production,
consumption, and industrial processes. Hydrogen-blended natural gas is eco-friendly
and is considered an important step towards carbon neutrality, with various countries
including the United States and several European countries conducting empirical
research to further investigate its potential. In Korea, a national research project
commenced in April 2023 to verify and demonstrate the life cycle safety of blending
hydrogen into the natural gas network. The results of this study will provide important
data for the analysis of the damage impacts caused by the leakage of
hydrogen-blended natural gas, such as the diffusion of gas clouds, fires, and gas
explosions.
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Table 1. Properties of hydrogen and methane

Division H, CH, Properties of H,
Molecula weight(g) 2 16 -
Density(g/cir) . .
at gas, lam/0C 0.089 0.72 much lighter than air
Diffusion .
coefficient(c/sec) 0.61 0.16 very easy to diffuse
Minimum ignition L
energy(mJ) 0.02 0.29 very easy to ignite
Combustion % very wide range of
range(vol%) 47 15 combustion

less heat emissivity

0.15-035 than other fuel

Heat emissivity(e)  0.04~0.25
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Table 2. Main properties of hydrogen blended natural gas

Division 5% H, 10% H, 15% H, 20% H,
Molecula
Weigh(g) 15.3 14.6 13.9 13.2
Combustion

Range(vol%) 493~15.62 4.87~163 481~17.04 4.76~17.85
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@, mass flow rate

C,: discharge coefficient

A: cross-sectional area of pipe
P,, T: initial pressure, temperature within process
P: final pressure of the escaping gas

M,: molecular weight of the escaping gas

g.. gravitational constant

~: heat capacities(C,/C,)

R, ideal gas constant
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Table 3. (Company A) Total status of leakage cases

Division 2014 2015 2016 2017 2018 2019 2020 2021 2022 sum %
total sum 6 2 1 3 3 5 5 9 13 47 100
S v‘;girs 1 - - - 1 2 1 - 2 17 149
? car crash - - - - - 1 3 - 4 85
Y subtotal 1 0 0 0 1 3 4 0 2 11 234
b v‘;g;f{rs 1 1 1 363
Izl carcrash 4 2 - 2 2 1 1 2 6 20 46
3 corrosion 1 - 1 - - - - 6 5 13 217
subtotal 5 2 1 3 2 2 1 9 11 36 766
Table 43 +&9119] HAA o]tk e FEo] o
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Table 4. (Company A) Leakage cases by cause
Division 2014 2015 2016 2017 2018 2019 2020 2021 2022 sum %
sum 6 2 1 3 3 5 5 9 13 47 100
other works 1 - - 1 1 3 1 1 2 10 212
car crash 4 2 - 2 2 2 4 2 6 24 511
corrosion 1 - 1 - - - - 6 5 13 277

Table 5. (Company A) Leakage cases by pipe type and location

Division 2014 2015 2016 2017 2018 2019 2020 2021 2022 sum %
sum 6 2 1 3 3 5 5 9 13 47 100
Under-  PLP - - - - - - - - - 00
ground PE 1 - - 1 1 3 4 - 2 12 255
Steel pipe 5 2 1 2 1 2 1 9 11 34 724
Ground  prp
(@vemey ~ T T - - - - 1 21
29



Table 6. (Company A) Leakage cases by pipe size

Division 2014 2015 2016 2017 2018 2019 2020 2021 2022 sum %

sum 6 2 1 3 3 5 5 9 13 47 100
pE 6mm 1 - - 1 1 3 3 - 2 11 234
PP 315mm - - - - - - 1 - - 1 2l

20A 3 2 1 1 1 2 1 8 11 30 638
Y U T
pipe

S0A - - - - - - - 1 1 21
PLP(governer) - - - - 1 - - - - 1 21
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Table 7, (Company A) Leakage cases by parts

Division 2014 2015 2016 2017 2018 2019 2020 2021 2022 sum %

Sum 6 2 1 3 3 5 5 9 13 47 100
Piping 2 1 - 3 3 5 4 3 9 30 638
Piping accessories 4 1 1 - - - 1 6 4 17 362

Table 8, (Company A) Cases by leakage size

Division 2014 2015 2016 2017 2018 2019 2020 2021 2022 sum %

sum 6 2 1 3 3 5 5 9 13 47 100
small leak 1 1 - - - 1 3 8 9 23 489
large leak 5 1 1 3 3 4 2 1 4 24 511
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(a) Gas leakage case by car crash

(b) Gas leakage case by corrosio

(c) Gas leakage case by other work(excavation)

Fig. 1. The sample cases of gas leakage from pipe(including accessories).
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Table 9. (Company B) Total status of leak cases for an
apartment complex(inspection results in 2003~2021)

~5 5~10 10~20 20 yeaIs

classification years  years years sum %
sum 4 10 21 76 111 100
gas meters - - 1 18 19 171
standing pipes 2 5 6 26 39 351
dividing valves - 2 1 2 5 45
underground pipes - 2 5 10 17 153
main valves - - - 7 7 6.3
standing valves 1 1 6 12 20 180
others 1 - 2 1 4 3.6
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Table 10. Five scenarios of gas leakage in hydrogen—blended
natural gas pipeline

case  causes parts materials  press. pipe size daSirnge
case 1 standing  galvanized ) ‘g p)soa 50
car piping steel pipe
crash ; i
case 2 horizontal - galvanized » “gp, 205 1009
piping steel pipe
case 3 stqndlng galvam;ed 25 kPa SOA diameter
COITO- piping steel pipe 2 mm
sion ; ;
case 4 meter/standing steel 2.5 kPa diameter
valves 1 mm
case 5 other underground PE(poly- 25 kPa 63 mm diameter
works pipes ethylene) 20 mm
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