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Abstract >> In this study, the components of packaged hydrogen filling station

were analyzed and risk factors were examined. Risk scenarios were constructed
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and quantitative risk assessments were conducted through a general risk as-
sessment program (phast/safeti 7.2). Through the risk assessment, the range of

damage according to accident scenarios and the ranking that affects the dam-
age according to the risk factors are listed, and scope of damage and counter-
measures for risk reduction are provided. The quantitative risk assessment re-
sult of the packaged hydrogen filling station through this task will be used as the
basic data for improving the safety of the packaged filling system and preparing

safety standards.
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Fig. 1. A general process of hydrogen refueling station
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Table 1. Components of packaged hydrogen fueling system

Design . . ..
Component Pressure Specification Piping
Tube Trailer| 20 MPa 2(’%{9203%1]?53‘ 3/4”, 3.96t, 3165S
H’ 82.5-87.5 3/4”,3.96t, 316SS
Compressor MPa 3/8”, 2.18t, 316SS
Priority 1/4”,3.96t, 316SS
Panel 87 MPa ) 3/8”,2.18t,316SS
) 87MPa |0.343 m’x2ea| _
H” Storage 48 MPa 10343 m*x2ea 3/8”, 2.18t, 316SS
H .
C 2.
Pre-Cooler 70 MPa (OP)| 30 g/s@30C |3/8”, 2.18t, 316SS
Chiller |70 MPa (OP)| 30 g/s@30C
. o | 1/47,3.96t, 316SS
Dispenser |70 MPa (OP)| 5 kg@15C 3/8”. 2,181, 31655
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Table 2. Accident scenario and frequency data for risk analysis of packaged hydrogen fueling system

Inventory Leak Ignition probability
Mass. . Leak size | Leak rate ca
Components Pre. | Temp. | § Scenario (mm) (kes) frequency | diat Delaved

P2y | (C) vo umg i) mmediate elaye

(kg, m’)
Small leak 0.40 1.30.E-03 | 1.07E-03 0.008 0.004
) Medium leak 4.02 1.31.E-01 | 3.21E-04 0.053 0.027

Tube trailer 20 15 340 kg
Large leak 12.70  |1.31.E+00| 1.80E-04 0.053 0.027
Cat. Rupture - - 5.00E-07 0.230 0.120
Small leak 0.23 1.76. E-03 | 3.47E-03 0.008 0.004
Medium leak 2.26 1.70.E-01 | 2.09E-04 0.053 0.027

H2storage |07 |15 | 0.686m’
(HP) Large leak 7.16 |1.71.E+00| 1.02E-04 0.053 0.027
Cat. Rupture - - 5.00E-07 0.230 0.120
Small leak 0.25 1.02.E-03 | 3.47E-03 0.008 0.004
Medium leak 2.50 1.02.E-01 | 2.09E-04 0.008 0.004

H2storage |05 | 15 | 0686w’
(LP) Large leak 7.92  |1.02.E+00| 1.02E-04 0.053 0.027
Cat. Rupture - - 5.00E-07 0.230 0.120
Small leak 0.23 1.50.E-03 | 7.06E-04 0.008 0.004
Dispenser 70 -40 - Medium leak 2.26 1.45.E-01 | 1.85E-04 0.053 0.027
Large leak 7.16 1.46.E+00| 9.88E-05 0.053 0.027
Small leak 0.23 1.76. E-03 | 2.76E-03 0.008 0.004
Compressor 82 15 - Medium leak 2.26 1.70.E-01 | 2.62E-05 0.053 0.027
Large leak 7.16 1.71.E+00| 4.24E-06 0.053 0.027
Priority Panel Small leak 0.23 1.76. E-03 | 1.20E-03 0.008 0.004
(Pre. Control 82 15 - Medium leak 2.26 1.70.E-01 | 8.32E-05 0.053 0.027
Module) Large leak 7.16 |1.71.E+00| 3.84E-05 0.053 0.027
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Fig. 2. Virtual packaged hydrogen filling station

Table 3. Weather conditions

Wind . .. Temp.
th P 11 stabil:
Weather [m/s] asquill stability (degC]
Summer D neutral - little sun and high
5 . . . 30
day wind or overcast/windy night
Winter ) F stable - night with moderate 5
day clouds and light/moderate wind
Summer D neutral - little sun and high
. 3 . . . 20
night wind or overcast/windy night
Winter Ls F stable - night with moderate 15
night ’ clouds and light/moderate wind

> SRS AUNO|LRISE] =27

Table 4. Populations

Population Operator Vehicle People
Day 3 10 23
Night 1 5 8
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Fig. 5. The contours of worst case explosion overpressure
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Table 5. Risk ranking by accident scenario

i s () Model Aver.a.ge . Risk Risk Integral
frequency (-) fatalities integral (-) percentage (%)
Tube trailer\large leak 1.80E-04 1.24 2.24E-04 29.31
H, storage (HP)\large leak 1.02E-04 1.33 1.36E-04 17.76
H, storage (LP)\large leak 1.02E-04 1.11 1.13E-04 14.84
Tube trailer\medium leak 3.21E-04 0.17 5.48E-05 7.19
Priority panel\large leak 3.84E-05 1.34 5.14E-05 6.74
Dispenser\medium leak 1.85E-04 0.22 4.04E-05 5.30
H, storage (HP)\medium leak 2.09E-04 0.15 3.17E-05 4.16
Dispenser\large leak 9.88E-05 0.26 2.53E-05 3.32
H storage (LP)\medium leak 2.09E-04 0.10 2.13E-05 2.79
Priority panel\medium leak 8.32E-05 0.18 1.50E-05 1.96
H, storage (HP)\small leak 3.47E-03 0.00 1.33E-05 1.74
Compressor\medium leak 2.62E-05 0.27 7.18E-06 0.94
H, storage (LP)\small leak 3.47E-03 0.00 5.73E-06 0.75
Priority panel\small leak 1.20E-03 0.00 4.85E-06 0.64
Tube trailer\Catastrophic rupture 5.00E-07 9.18 4.59E-06 0.60
Compressor\small leak 2.76E-03 0.00 3.75E-06 0.49
H, storage (HP)\Catastrophic rupture 5.00E-07 5.46 2.73E-06 0.36
Dispenser\small leak 7.06E-04 0.00 2.60E-06 0.34
Tube trailer\small leak 1.07E-03 0.00 2.41E-06 0.32
H, storage (LP)\catastrophic rupture 5.00E-07 4.68 2.34E-06 0.31
Compressor\large leak 4.24E-06 0.27 1.13E-06 0.15

FN Curve Plot (Smoothed)

0.001

= Run Row(Day)
= Run Row(Night)

0.0001 Minimum criterion line
**+* Maximum criterion line

1e-05

1e-06

Frequency of N Fatalities [/AvgeYear]

1e-07

Fig. 6. FN curve of virtual packaged hydrogen
filling station
1 2 3 5 7 10 20
Number of fatalities
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