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"Corresponding author : Abstract >> Hydrogen infrastructure is expanding. High-capacity hydrogen refuel-
Jeh1128@kgs.orkr ing stations offer advantages because they can refuel a variety of light and
Received 4 July, 2023 heavy-duty vehicles, and multi-port refueling technology is developing to reduce
Revised 12 October, 2023 charging time for heavy-duty vehicles. In this study, we suggest directions to low-
Accepted 20 October, 2023 er the risk by analyzing the risk factors for each process involved in the in-

stallation of a high-capacity multi-port hydrogen refueling station in Changwon
city. We conducted both qualitative and quantitative risk assessments of the
equipment to evaluate the station. A hazard and operability study was performed
for qualitative risk assessment, and PHAST/SAFETI were used for quantitative
risk assessment. Quantitative risk assessment was used to calculate the con-
sequence analysis of the facility to ensure secure design prior to station develop-
ment and to predict individual and societal risks in various scenarios. As a result,
the station's risk level was determined to be as low as reasonably practicable.
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Fig. 2. High capacity multiport hydrogen refueling station
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2 4] mefelA sk, Y 2R % HE o e
tor:
9172 Table 29} 7ro| TelataITt ice perator:
R&D centor Operator: 30
Hydorgen Factory 1 Operator: 5
Mobility Factory 2 Operator: 5
Center Operator: 3
Factory 3
Operator: 3
. Public: 2
Hydrogen station Operator: 2
Table 1. Hydrogen refueling station specification and scenario
Invento: Ignition probabilit
& Pioin Leak Leak - .g B 2l
Fuel | Component | Pre. | Temp. VMlass, Scenario (ir]:chf); size | frequency Emission ; . el
o olume rate mmediate | Delaye
Mpa € (mm) | (/year)
Mpa) | (©) | "
TT1 20 20 | 22900 Large Leak(10%) T 8.60 | 9.03E-04 0.7 0.053 0.027
’ Cat. Rupture - SE-07
T2 20 20 | 22900 Large Leak(10%) T 8.60 | 9.03E-04 0.7 0.053 0.027
’ Cat. Rupture - 5E-07
Low bank S0 40 0512 Large Leak(10%) 2.467 |2.98E-04 | 0.13 0.053 0.027
(8 EA) ’ Cat. Rupture - 5E-07
Medium bank 20 40 203 Large Leak(10%) 16" 2.467 | 3.72E-04 0.2 0.053 0.027
(1 EA) Cat. Rupture - 5E-07
H High bank 1034 | 40 553 Large Leak(10%) 2.467 | 3.18E-03 0.3 0.053 0.027
(1EA) ' Cat. Rupture - 5E-07
45 27 1,189 |Large Leak(10%) 2.467 | 1.52E-04 | 0.16 0.053 0.027
Comp. 93 40 803 |Large Leak(10%)| 9/16" | 2.467 | 1.52E-04 | 0.25 0.053 0.027
93 40 803 |Large Leak(10%) 2.467 | 1.52E-04 | 0.25 0.053 0.027
Di
(;Zl(’)e;‘;f)r 875 | -40 | 553 |Large Leak(10%) 2467 |627E-04| 03 0.053 | 0.027
9/16"
Dispenser
(350 bar) 45.0 -40 553 |Large Leak(10%) 2.467 | 6.27E-04 | 0.15 0.053 0.027
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T2 FZ(large leak) A] 50% lower flammable limit
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Table 3. Simulation results of dispersion
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Fig. 3. Distance of dispersion

Scenario Distance to UFL Distance to LFL Distance to LFL fraction
[m] [m] [m]
TT1 Large Leak(10%) n/a 21.09 37.02
TT1 Catastrophic rupture 3.267 24.46 35.47
TT 2 Large Leak(10%) n/a 21.09 37.02
TT 2 Catastrophic rupture 3.267 24.46 3547
Low Bank Large Leak(10%) n/a n/a 12.64
Low Bank Catastrophic rupture 2.808 23.29 33.47
Medium Bank Large Leak(10%) n/a n/a 18.35
Medium Bank Catastrophic rupture 0.899 10.66 14.55
High Bank Large Leak(10%) n/a n/a 23.46
High Bank Catastrophic rupture 0.740 10.17 13.81
Comp. 700bar Large Leak(10%) n/a n/a 22.09
Comp. 350bar Large Leak(10%) n/a n/a n/a
Dispenser 700bar Large Leak(10%) n/a n/a 25.36
Dispenser 350bar Large Leak(10%) n/a n/a 16.28
> otmp AN UK =2 X343 HI52 20234 10
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Table 4. The effect of radiation

i Efect

0.9 Solar radiation in summer

4.0 Pain occurs within 20 seconds, skin blister
9.5 Pain limit within 8 seconds, risk of second

degree burns within 20 seconds

11.6 Reference value of fire-ball

12.5 Ignition of a piece of wood, plastic tube melts
37.5 Severity of damage to process machinery

Lethality Elipses (Risk) for JetFire
Caegon 1577

Fig. 4. Lethality ellipes risk for jetfire

Table 5. Simulation results of jet fire effect
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Scenario Flame Distalgce Distancze Distanc;e
length [m] (4kW/m") [m] (12.5 kW/m") [m] (37.5 kW/m’) [m]

TT1 large leak (10%) 11.30 15.01 12.90 11.03

TT2 large leak (10%) 11.30 15.01 12.90 11.03
Low bank large leak (10%) 5.392 5.952 n/a n/a
Medium bank large leak (10%) 6.126 7.071 5.676 n/a
High bank large leak (10%) 7.045 8.440 7.022 n/a
Comp. 700 bar 1 large leak (10%) 6.789 8.059 6.677 n/a
Comp. 350 bar large leak (10%) 5.241 5.707 n/a n/a
Dispenser 700 bar large leak (10%) 7.166 8.600 7.110 n/a
Dispenser 350 bar large leak (10%) 5.650 6.312 n/a n/a
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Table 6. Simulation results of exposion
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Scenario Overpressure level [bar] Maximum distance [m] Diameter [m]
TT1 Large Leak(10%) g:%g 23: ;g 1241 ;g
TT1 Catastrophic rupture gggg 3297;12 ;;ii;
TT 2 Large Leak(10%) 8%2 ?é ;(9); 1241522
TT 2 Catastrophic rupture g%g ‘7‘297‘; ;Zii;
Low Bank Large Leak(10%) ggég ;(2);2(3) 28523325
Low BankCatastrophic rupture ggég 209(1)2 Zggg;
Medium Bank Large Leak(10%) ggég ‘;;‘5‘; 245?51?
Medium Bank Catastrophic rupture ggég ;24338 238728
T 5 &0
High Bank Catastrophic rupture ggég ;47150;2 izolgg
Comp. 700bar Large Leak(10%) ggég ;iégg 30322;
Comp. 350bar Large Leak(10%) g%g ;2312 ?4;28
Dispenser 700bar Large Leak(10%) gggg iigg? 85.?6()31298
Dispenser 350bar Large Leak(10%) g:%g 32:322 2,10;;3
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Table 7. The effect of overpressure

Press(l)x},eerEkPa) Effect
2 10% damage to roof and windows
5 Structural damage to a house
7 Damage to a house
9 Damage to steel structures
20 Leaving the foundation of a building
50 Loaded truck overturns

Table 8. Risk acceptance criteria (UK HSE)

Criteria Risk of Fatality Per Year
Unacceptable / Intolerable >1x 10E-3
Maximum tolerable risk for I x 10E-3
workforce
Maximum tolerable risk for 1 x 10E-4

members of the public

ALARP region (workforce) 1 x 10E-6 ~ 1 x 10E-3
ALARP region (public) 1 x 10E-6 ~ 1 x 10E-4
Broadly Acceptable <1x 10E-6
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Number (N) of Fatalities
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