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Abstract >> Hydrogen is increasingly adopted as a clean energy carrier for resi-
dential applications, yet its wide flammability range and low ignition energy raise
safety concerns. This study presents a quantitative risk assessment (QRA) of the
Hydrogen House complex at the Samcheok demonstration site. The method-
ology included hazard identification (HAZID), frequency analysis using Sandia
references and UKOPA pipeline statistics, consequence modeling supported by
CFD and large-scale explosion tests, and risk evaluation based on individual and
societal risk criteria. Results show that small leaks occur more frequently than
ruptures, with jet fires as the dominant contributor to overall risk. Individual risk
levels were below the international acceptance criterion of 10’6/year, and soci-
etal risk was within the ALARP region. All major facilities, including the elec-
trolysis, compressor, and fuel cell rooms, were classified as medium risk, with
equipment damage identified as the most credible worst-case consequence.
These findings confirm that the Hydrogen House complex satisfies international
safety benchmarks, while highlighting the importance of early leak detection,
ventilation enhancement, and ignition source control. The study contributes
practical insights for the safe design and operation of hydrogen-based resi-
dential infrastructures.
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Table 1. Result of risk ranking

Table 2. Recommendations and Relevant Barriers for GH.
Leak Scenarios

Recommen

. Relevant Event/Barrier
dation

Check if fire detection is available

Develop a fire-fighting philosophy and consider

GH2 Leak in | providing necessary fire-fighting system.
Electrolysis | The room has the sides of the roof open for
Room | natyral ventilation. Its ceiling has the slope
that may collect GH2 at the highest position

that may improve gas detection function.
Check the number and locations of emergency
shutdown valves and evaluate the duration of

jet fire.
GH2 leak in

Evaluate possibility of deflagration to
Compressor | detonation considering the design of the metal
Room hydride GH2 storage system. (Remark) The
axes of the metal hydride cylinders are
perpendicular to the probable flame
development toward the opening.

GH2 leak in | Check the integrity of the corridor wall and

Fuel cell | possibility of damage by explosion in the fuel
Room cell room.

Check if a passive fire protection is necessary
GH2 leak in | against jet fire in the House Fuel Cell room.

House Fuel | Consider installing a visual warning system

Hazard Credible-Worst | Severity | Likelihood cell Room | around the house Fuel Cell room upon
azar Consequence rating rating flammable environment in it.
GH2 leak in .
Electolysis Damage of eq in 3 B
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Table 3. Geometry Factors of Components

Table 4. Incident Frequency by Equivalent Hole Size Class

Component Geometry Factor
Pipes 0.125
Compressors 0.125
Valves 0.080
Cylinders 0.125
Elbow Joints 0.125
Tee Joints 0.080
Unions 0.125
Ball Plugs 0.250
End Caps 0.250
Hoses 0.125
Rupture Disks 0.125
Filters 0.125
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. . Frequenc
Equ1va1egaiole Size I\Elgzz;t:f (Inciden(tls peryIOOO
km - yr)
Full Bore and Above 6 0.006
110 mm — Full Bore 2 0.002
40 — 110 mm 9 0.009
20 — 40 mm 24 0.024
6 — 20 mm 30 0.030
0 — 6 mm 133 0.133
TOTAL 204 0.204
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Table 5. Distribution of Pipeline Length by Product

Product Length (km) | % age of Total
Natural Gas (Dry) 21,818 92.5
Ethylene 1,140 4.8
Natural Gas Liquids 251 1.1
Crude Oil (Spiked) 224 1.0
Ethane 38 0.2
Hydrogen 14 0.1
Propylene 36 0.2
Condensate 24 0.1
Propane 21 0.1
Butane 20 0.1
TOTAL 23,587 100.0

Table 6. Ignition Probabilities

H> Release Rate (kg/s) P ilgrg;gzi;ate Plérl?i::ii;d
< 0.125 0.008 0.004
0.125 — 6.25 0.053 0.027
> 6.25 0.230 0.120
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Table 7. Hydrogen Leak Frequency and Ignition/Fire/Explosion Probabilities
Case 1. Integrated Control Building: 9.525 mm Hydrogen Leak (Explosion) Leak size : Rupture (9.525 mm)
Components Leak Frequency Ignition probability Explosion probability
Buffer tank 2.1E-07*0.125%1 0.004*0.3 3.15E-11
Hydrogen header 2.1E-07*0.125*1 0.004*0.3 3.15E-11
Hydrogen compressor 3.4E-05%0.125*1 0.004*0.3 5.1E-09
9.525 mm(3/8 inch) pipe 5.6E-07*0.125*11 0.004*0.3 9.24E-10
Total 6.09E-09
Case 2. Integrated Control Building: 6.35 mm Hydrogen Leak (Explosion) Leak size : Rupture (6.35 mm)
Components Leak Frequency Ignition probability Explosion probability
9.525 mm(3/8 inch) pipe 5.6E-07*0.125*2 0.004*0.3 1.68E-10
Total 1.68E-10
Case 3. Integrated Control Building: 9.525 mm Hydrogen Leak (Jet fire) Leak size : Minor (0.3 mm)
Components Leak Frequency Ignition probability Explosion probability
Buffer tank 9.8E-07*0.125*1 0.008 9.8E-10
Hydrogen header 9.8E-07*0.125*1 0.008 9.8E-10
Hydrogen compressor 2.2E-02*0.125%*1 0.008 2.2E-05
9.525 mm(3/8 inch) pipe 4.5E-06*0.125*11 0.008 4.95E-08
Total 2.21E-05
Case 4. Integrated Control Building: 9.525 mm Hydrogen Leak (Jet fire) Leak size : Medium (0.95 mm)
Components Leak Frequency Ignition probability Explosion probability
Buffer tank 6.7E-07*0.125*1 0.008 6.7E-10
Hydrogen header 6.7E-07*0.125*1 0.008 6.7E-10
Hydrogen compressor 7.9E-03*0.125*1 0.008 7.9E-06
9.525 mm(3/8 inch) pipe 1.7E-06*0.125*11 0.008 1.9E-08
Total 7.92E-06
Case 5. Integrated Control Building: 9.525 mm Hydrogen Leak (Jet fire) Leak size : Major (3 mm)
Components Leak Frequency Ignition probability Explosion probability
Buffer tank 3.9E-07*0.125*1 0.008 3.9E-10
Hydrogen header 3.9E-07*0.125*1 0.008 3.9E-10
Hydrogen compressor 2.1E-04*0.125*1 0.008 2.1E-07
9.525 mm(3/8 inch) pipe 8.9E-07*0.125*11 0.008 9.79E-09
Total 2.21E-07
Case 6. Integrated Control Building: 6.35 mm Hydrogen Leak (Jet fire) Leak size : Minor (0.2 mm)
Components Leak Frequency Ignition probability Explosion probability
6.35 mm(1/4 inch) pipe 4.5E-06*%0.125*2 0.008 9E-09
Total 9E-09
Case 7. Integrated Control Building: 6.35 mm Hydrogen Leak (Jet fire) Leak size : Medium (0.635 mm)
Components Leak Frequency Ignition probability Explosion probability
6.35 mm(1/4 inch) pipe 1.7E-06*0.125*2 0.008 3.4E-09
Total 3.4E-09
Case 8. Integrated Control Building: 6.35 mm Hydrogen Leak (Jet fire) Leak size : Major (2 mm)
Components Leak Frequency Ignition probability Explosion probability
6.35 mm(1/4 inch) pipe 8.9E-07*0.125%2 0.008 1.78E-09
Total 1.78E-09
Journal of Hydrogen and New Energy <<
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Table 8. Hydrogen Leak Frequencies and Probabilities in Hydrogen House (External, 1/2” Pipeline)

Case 9. Hydorogen house (External) 12.7 mm Hydrogen Leak (Explosion)

Leak size : Rupture (12.7 mm)

Components Leak Frequency Ignition probability Explosion probability
12.7 mm(1/2 inch) pipe 5.6E-07*0.125*1 0.004*0.3 8.4E-11
Total 8.4E-11
Case 10. Hydorogen house (External) 12.7 mm Hydrogen Leak (Explosion) Leak size : Minor (0.4 mm)

Components Leak Frequency Ignition probability Explosion probability
12.7 mm(1/2 inch) pipe 4.5E-06*0.125*1 0.008 4.5E-09
Total 4.5E-09

Case 11. Hydorogen house (External) 12.7 mm Hydrogen Leak (Explosion)

Leak size : Medium (1.27 mm)

Components Leak Frequency Ignition probability Explosion probability
12.7 mm(1/2 inch) pipe 1.7E-06*0.125*1 0.008 1.7E-09
Total 1.7E-09
Case 12. Hydorogen house (External) 12.7 mm Hydrogen Leak (Explosion) Leak size : Major (4 mm)

Components Leak Frequency Ignition probability Explosion probability
12.7 mm(1/2 inch) pipe 8.9E-07*0.125*1 0.008 8.9E-10
Total 8.9E-10

Case 13. Hydorogen house (External)
12.7 mm Hydrogen Leak (Jet fire)

Leak size : Minor (0.4 mm)

Components Leak Frequency Ignition probability Explosion probability
12.7 mm(1/2 inch) pipe 1.33E-01/km.yr 0.008 1.06E-03
Total 1.06E-03/km.yr
Case 14. Hydorogen house (External) Leak size : Medium (127 mm)

12.7 mm Hydrogen Leak (Jet fire)

Components Leak Frequency Ignition probability Explosion probability
12.7 mm(1/2 inch) pipe 3E-02/km.yr 0.004*0.3 3.6E-05
Total 3.6E-05km/yr
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House site
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