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Abstract >> In this study, two leakage scenarios for a liquid hydrogen fueling sta-

tion were constructed using different frequency analysis methods to perform a
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quantitative risk assessment. The results identified the equipment with the high-
est risk in both cases, and a comparison was made between the risk levels in the

context of individual/societal risk and the societal risk ranking grid for both
scenarios. This research proposes effective risk mitigation measures through
the analysis of assessment results and provides an understanding of frequency
analysis methods, aiming to enhance the safety of liquid hydrogen fueling

stations.
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Table 1. Specifications of LH; fueling station

Inventory
Component . Volume | Mass | Unit
P(MPa)| T (C
M Ty | e
LH; tank 0.45 -250.9 56,483 4,000 1
Booster 1y 11 ouga | 553 | 2576 | 1
pump
High
pressure 86.21 -235 553 25.76 1
pump
Heat | o586 | 07 64 304 | 1
exchanger
Hostorage | g9 | 211 | 53 | 2576 | 3
tank
Dispenser | 85.86 | -41.5 553 25.76 2
Table 2. Atmospheric conditions
Factor Input data
Atmosphere temperature (C) 11.8
Relative humidity (%) 66.3
Wind speed (m/s) 2.5
Pasquill stability F
Solar radiation flux (kW/m?) 0.5
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Fig. 1. Wind rose of nearby area (16 directions)
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Table 3. Ignition probability and population

Source Ignition Population
number probability'*'" Day Night
1 0.9 55 2
2 0.9 1 0
3 0.9 11 0
4 0.9 5 0
5 0.9 0
6 0.9 0
7 0.9 80 8
8 0.9 6 0
9 0.9 1 0
10 0.9 2 0
11 0.9 2 2
station 0.2 8 0
Me;:él;r;lcal 02 3 0
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Table 4. Facility failure frequency of case 1

Mgk Lzl & Ignition probability'”
Components Unit Scenario” caksize ca equ‘fgcy & - B Yy
(mm) (/year) Immediate Delayed

1% a leak 2.54 2.80E-05 0.008 0.004
Vessel 1 10% a leak 8.03 5.70E-06 0.008 0.004
100% a leak 254 1.20E-06 0.053 0.027
| 1% a leak 0.64 8.10E-04 0.008 0.004
((\)’azzf) 15 10% a leak 2.01 3.75E-04 0.008 0.004
' 100% a leak 6.35 7.20E-05 0.008 0.004
1 1% a leak 2.54 3.78E-04 0.008 0.004
\ﬁ ,,‘;e 7 10% a leak 8.03 1.75E-04 0.008 0.004
100% a leak 254 3.36E-05 0.053 0.027
wl 1% a leak 3.81 7.02E-04 0.008 0.004
( la S‘ff; 13 10% a leak 12.05 3.25E-04 0.053 0.027
' 100% a leak 38.1 6.24E-05 0.053 0.027
N 1% a leak 0.635 9.48E-05 0.008 0.004
LH, tank ( 0021151}’) 12 10% a leak 2.01 9.00E-05 0.008 0.004
' 100% a leak 6.35 7.68E-05 0.008 0.004
_ 1% a leak 2.54 7.11E-05 0.008 0.004
J(‘;',f‘)t 9 10% a leak 8.03 6.75E-05 0.008 0.004
100% a leak 254 5.76E-05 0.053 0.027
_ 1% a leak 3.81 5.53E-05 0.008 0.004
(Jl"‘srf,t) 7 10% a leak 12.05 5.25E-05 0.053 0.027
' 100% a leak 38.1 4.48E-05 0.053 0.027
o 1% a leak 2.54 9.60E-07 0.008 0.004
(i‘f’; 1 10% a leak 8.03 4.60E-07 0.008 0.004
100% a leak 254 1.50E-07 0.053 0.027
o 1% a leak 3.81 4.80E-06 0.008 0.004
( llls’ff) 5 10% a leak 12.05 2.30E-06 0.053 0.027
' 100% a leak 38.1 7.50E-07 0.053 0.027
| 1% a leak 127 5.40E-05 0.008 0.004
(\(’)a SV,,e) 1 10% a leak 4.02 2.50E-05 0.008 0.004
' 100% a leak 12.7 4.80E-06 0.053 0.027
1 1% a leak 2.54 1.08E-04 0.008 0.004
\ﬁ ,,V)e 2 10% a leak 8.03 5.00E-05 0.053 0.027
100% a leak 254 9.60E-06 0.053 0.027
wl 1% a leak 3.81 1.08E-04 0.053 0.027
Booster pump | la Sv,f; 2 10% a leak 12.05 5.00E-05 0.053 0.027
' 100% a leak 38.1 9.60E-06 0.053 0.027
N 1% a leak 2.54 1.58E-05 0.008 0.004
81,‘,1; 2 10% a leak 8.03 1.50E-05 0.053 0.027
100% a leak 254 1.28E-05 0.053 0.027
1% a leak 2.54 9.60E-07 0.008 0.004

.
(;Iis 1 10% a leak 8.03 4.60E-07 0.053 0.027
100% a leak 254 1.50E-07 0.053 0.027
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Table 4. Continued

Components Unit Scenario’® Leak size Leak frquellsl)c Y e probabilitym
(mm) (/year) ™ Immediate Delayed

Valve 1% a leak 1.42875 5.40E-05 0.053 0.027

(0.56") 1 10% a leak 4.52 2.50E-05 0.053 0.027

100% a leak 14.2875 4.80E-06 0.23 0.12

Valve 1% a leak 1.905 2.16E-04 0.053 0.027

(0.75") 4 10% a leak 6.02 1.00E-04 0.053 0.027

100% a leak 19.05 1.92E-05 0.23 0.12

Joint 1% a leak 0.635 2.37E-05 0.008 0.004

(0.25") 3 10% a leak 2.01 2.25E-05 0.053 0.027

100% a leak 6.35 1.92E-05 0.053 0.027

High pressure Joint 1% a leak 1.905 3.16E-05 0.053 0.027

pump (0.75") 4 10% a leak 6.02 3.00E-05 0.053 0.027

100% a leak 19.05 2.56E-05 0.23 0.12

Pipe 1% a leak 0.635 9.60E-07 0.008 0.004

(0.25") 1 10% a leak 2.01 4.60E-07 0.053 0.027

100% a leak 6.35 1.50E-07 0.053 0.027

Pipe 1% a leak 1.42875 9.60E-07 0.053 0.027

(0.56") 1 10% a leak 4.52 4.60E-07 0.053 0.027

100% a leak 14.2875 1.50E-07 0.23 0.12

Pipe 1% a leak 1.905 3.84E-06 0.053 0.027

(0.75") 4 10% a leak 6.02 1.84E-06 0.053 0.027

100% a leak 19.05 6.00E-07 0.23 0.12

1% a leak 1.905 2.80E-05 0.053 0.027

Vessel 1 10% a leak 6.02 5.70E-06 0.053 0.027

100% a leak 19.05 1.20E-07 0.23 0.12

Heat Joint 1% a leak 1.905 1.58E-05 0.053 0.027

exchanger (0.75") 2 10% a leak 6.02 1.50E-05 0.053 0.027

100% a leak 19.05 1.28E-05 0.23 0.12

Pipe 1% a leak 1.905 1.92E-06 0.053 0.027

(0.75") 2 10% a leak 6.02 9.20E-07 0.053 0.027

100% a leak 19.05 3.00E-07 0.23 0.12

1% a leak 1.42875 2.37E-06 0.008 0.004

Vessel 3 10% a leak 4.52 1.35E-06 0.053 0.027

100% a leak 14.2875 6.90E-07 0.23 0.12

Valve 1% a leak 1.42875 4.86E-04 0.008 0.004

(0.56") 9 10% a leak 4.52 2.25E-04 0.053 0.027

100% a leak 14.2875 4.32E-05 0.23 0.12

H, Flange 1% a leak 3.81 9.60E-04 0.053 0.027

storage (1.5") 4 10% a leak 12.05 1.08E-04 0.053 0.027

tank 100% a leak 38.1 1.16E-05 0.23 0.12

Joint 1% a leak 1.42875 9.48E-05 0.008 0.004

(0.56") 12 10% a leak 4.52 9.00E-05 0.053 0.027

100% a leak 14.2875 7.68E-05 0.23 0.12

Pipe 1% a leak 1.42875 9.60E-06 0.008 0.004

(0.56") 10 10% a leak 4.52 4.60E-06 0.053 0.027

100% a leak 14.2875 1.50E-06 0.23 0.12

1% a leak 1.43 1.74E-04 0.008 0.004

Dispenser 10% a leak 4.52 8.32E-05 0.053 0.027

100% a leak 14.29 3.84E-05 0.053 0.027

Vol. 35, No. 6, December 2024
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Table 5. Facility failure frequency of case 2

Leak Leak Ignition
frequency probability'”
mm) | (0™ | Im- | Del-
1% leak 3.81 | 2.14E-03 | 0.053 | 0.027

. 13 .
Component| Scenario )| size

LHtank | 10% leak | 12.05 | 1.09E-03 | 0.053 | 0.027
100% leak | 38.1 | 3.49E-04 | 023 | 0.12
1%leak | 2.54 | 2.87E-04 | 0.008 | 0.004
Bp‘;";::r 10% leak | 8.03 | 1.40E-04 | 0.053 | 0.027

100% leak | 25.4
High 1% leak | 1.905
pressure | 10% leak | 6.02
pump 1 100% leak | 19.05
1% leak | 1.905
10% leak | 6.02
100% leak | 19.05
H, 1% leak | 1.43
storage | 10% leak | 4.52
tank 1 1009 leak | 14.29

3.70E-05 | 0.23 | 0.12
3.31E-04 | 0.053 | 0.027
1.80E-04 | 0.053 | 0.027
6.97E-05 | 0.23 | 0.12
4.57E-05 | 0.053 | 0.027
2.16E-05 | 0.053 | 0.027
1.43B-05 | 0.23 | 0.12
1.55E-03 | 0.008 | 0.004
4.29E-04 | 0.053 | 0.027
1.34E-04 | 0.23 | 0.12

Heat exch
anger

1% leak | 1.43 | 1.74E-04 | 0.008 | 0.004

Dispenser | 10% leak | 4.52 | 8.32E-05 | 0.053 | 0.027
100% leak | 14.29 | 3.84E-05 | 0.053 | 0.027
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Fig. 3. Individual risk contours of case 2
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Table 6. Frequency values of FN curve by number
Case 1 Case 2
Number of | Frequency | Numberof | Frequency
fatalities (/AvgeYear) fatalities (/AvgeYear)
1 7.33E-5 1 1.60E-4
2 2.06E-5 2 5.13E-5
3 1.19E-5 3 3.34E-5
4 6.56E-6 4 1.89E-5
5 2.36E-6 5 6.79E-6
6 1.60E-6 6 5.20E-6
7 7.74E-7 7 4.29E-6
- - 8 1.66E-6
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Table 7. Major indices in the risk ranking grid

Case 1 Case 2
Component |Risk integral| Risk |Risk integral| Risk
[/AvgeYear]| Pct. |[/AvgeYear]| Pct.
LH, tank 9.35E-05 |79.80% | 2.62E-04 |92.99%
Booster pump | 1.06E-06 | 0.90% | 8.08E-07 | 0.29%
High
'8 ps;:;s‘“e 349E-06 | 2.98% | 4.20E-06 | 1.49%
H
exchztger 1.78E-07 | 0.15% | 1.80E-07 | 0.06%
GHo> tank 1.67E-05 |14.25%| 1.23E-05 | 4.37%
Dispenser 2.24E-06 | 1.91% | 2.24E-06 | 0.79%
Total 1.17E-04 100% | 2.81E-04 100%
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