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Abstract - This study conducted a risk assessment using the HyKoRAM program created by
international joint research. Risk assessment was conducted based on accident scenarios and
worst-case scenarios that could occur in the facility, reflecting design specifications of major
facilities and components such as compressors, storage tanks, and hydrogen pipes in the hy-
drogen charging station, and environmental conditions around the demonstration complex. By
identifying potential risks of hydrogen charging stations, we are going to derive the worst leak-
age, fire, explosion, and accident scenarios that can occur in hydrogen storage tanks, treatment
facilities, storage facilities, and analyze the possibility of accidents and the effects of damage
on human bodies and surrounding facilities to review safety.
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Table 1. Domestic Hydrogen Charging Station and
FCEV Plan in Korea

Domestic Supply Plan ~25 ~30 ~‘40
FCEV (unit) 67000 850000 2900000
HCS(unit) 310 660 1200
Hydrogen Storage System Fueling Window and Target Density - 70 MPa
100
® Overpressure (P > 87.5 MPa) -
s SOCX100%
_ 0 (p>40.2g/liter)
:
g w g Tank Temperature
g 0 50C=100% < Operating Limit
- 9 (p=40.2 grams / liter) s (T=85°C)
w
3
» 3
3
10 -
0
% 2 0 2 20 © 0 100
Temperature ("C)

Fig. 1. Normal H70 boundary condition on SAE
J 2601 data.
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tion
Desi Table 3. Factor of ETA
. esign
Facilities Storaf:(g{)(;;fssmg) pressure Sjltla . .
P: Y (MPa) Y Leak Ignition probability
Facilities frequency
7850.496 (/year) Immediate Delayed
Compressor Nm3/Day 99 1
Compressor 2.09E-04 0.053 0.024
. 80112
dispenser 87.5 1
Nm3/Day dispenser 8.32E-05 0.008 0.004
Storage
- 1000 L 44.4 2 Storage vessel | 4ok 04 0.053 0.024
vessel_ Low Low
Storage Storage vessel
43 L 103.4 2 - -
vessel_ High 343 03 High 2.09E-04 0.053 0.024
Chiller 10.71 RT - 1
Table 4. Factor of HCA
o Leak size Rela.n?fe Atmosphere
Facilities (mm) humidity temperature
(%) (T)
Compressor 5 69 36.4
dispenser 25 69 36.4
Storage
vessel. Low 25 69 36.4
Fig. 2. Conditions of risk analysis for Hydrogen Storage 25 69 36.4
. . vessel_ High
Charging Station.
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Table 5. Factor of QRA for before Expansion

facilities
Storage Operating Operating
gege temper-
Facilities mass pressure
(kg) (bar) o
()
Compresso
. 26 850 36.4
dispenser 15 765 -40
Storage
vessel_ 52 400 36.4
Low
Storage
vessel_ 30 830 36.4
High

Table 6. Factor of QRA for Expansion facili-
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ZATHETA 3|4 A3 FAFA L] F3 AL A AL
82 jet fire2} vapor cloud explosion .2 A+EF T},
AbaL 88 4HES 918 sandia A EE 23R o,
BE AR A jet fire¥] F1=7} vapor cloud explosion
Boh £} o] jet fireol] W& I8 M7 F4FA
4 AT Aol =8 118 Algre] Fth

HCA 3|4 A% g2 0l & 457] 16 m, T =3 A
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FHor =HTh 7 EARL ] o3 3] FEF

ties Table 7. Effect of radiation
Storage Operating Operating radiant heat flux intensity
Facilities mass pressure temperature Effects
(kg) (bar) (C) (Btu/hr/ftz) (kW/mp)
Compressor(1) 26 850 36.4 11900 375 A g Ayt &4
Compressor(2) 26 850 36.4 QP EQL &2
. 7900 25 23| oA o ]3]
Dispenser 15 765 -40 27} 2}
Storage
B4 wE Feja
1 52 400 36.4 s -
ZZS;?I_) 4000 125 Fuo| s fEshe)
FES a9 oA
Storage Sl s o
vessel_ 5 400 36.4 8% o= Ald 152
Low(2) 3000 9.5 L7H, 20&% Foll& 2%
S de
Storage
vessel_ 30 830 36.4 20x Wol REHA|
High(1) 1300 4 ¥oH 535S iy
DRt RE] 05
Storage
17 e EH Y BUe
vessel_ 30 830 36.4 500 L6 o ELQ] E
High(2) =7
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(c) Flame (dispenser)

Fig. 3. ETA/HCA result of dispenser.
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Fig. 4. ETA/HCA result of compressor.
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Storage Leskage . Storage Leskage :
Vessel Low | detection/shut lr‘”m.et.d'ate Delayed larition VesselHigh  detecton/sht lr‘”m.etq'ate Delayed lantion
Leak down gnition Leak doum aniion

system shut down (1.53E-04) system shut down (1.35E-04)

Jet Fire (1.1E-06) Jet e (1.19E-06)

Yes (B2T) Vapor Cloud Exploslon (3.34E-07) ) va por Cloud Exploslon (3.34E-07)

No (0.073)

Mo (0.973)

Leakage (1 43k-) Leakage (1 93k-0s)

(a) ETA (storage vessel_low) (a) ETA (storage vessel_high)
£ {z=000 X=233 £ {z=080 X=347
550 3
z 25
W (A I~ A
200l -l o ] ; ; ol ot ‘ ‘
y—1ol -0 -5 0 5 10 J=102 -10 0 10
0 Perpendicular Distance (z) [m] Perpendicular Distance (z) [m]
E £ 10
T s g
M g 5
2 o
3 0 125 35 § 5 0 125 315
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foo
-10
T T T T T -15 T T T T
-5 0 5 0 15 -0 -5 0 5 10 15 20
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Fig. 5. ETA/HCA result of storage vessel_low. Fig. 6. ETA/HCA result of storage vessel_high.
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Fig. 8. QRA result of before Expansion facilities.

Table 8. Effect of radiation

Criteria Risk of fatality per year
Unacceptable/intolerable >1x10E>
Maximum tolerable risk Ix10E*

for workforce
Maximum tolerable risk
for members or the 1x10E*
public
ALARP region IX10E® ~ 1x10E*
(workforce)

ALARP region (public)

1x10E® ~ 1x10E*

Broadly acceptable

<1x10E*®
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