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Abstract - In response to climate change, each country is proposing a goal to reduce greenhouse gases in its
energy supply and demand plan, and the use of hydrogen gas is a topic that is always prioritized as an energy
resource for implementation. A popular way to use this hydrogen gas is the use of hydrogen fuel cell vehicles,
and expansion of hydrogen charging stations is essential for using these hydrogen fuel cell vehicles. However,
there are several limitations to the expansion of hydrogen refueling stations, the most representative of which
is resident acceptance. Most of the hydrogen charging stations currently built in Korea are located in the out-
skirts with low population density, so the inconvenience to hydrogen fuel cell vehicle users has not been re-
solved, and as a result, there has been no progress in the spread of hydrogen fuel cell vehicles. In this paper, we
analyzed the consequences of accident damage to determine the risks of constructing a hydrogen charging sta-
tion on a railroad site frequently used by citizens. The target hydrogen charging station site was a railroad depot
in Busan, and there are trains, national highways, and commercial facilities around this site. Assuming the
worst-case scenario, we would like to consider the safety of the hydrogen refueling station site by analyzing the
area affected by the accident and its consequence.
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Fig. 1. Hydrogen refueling station site and surroun-
ding facilities.
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Table 1. Maximum population expected in sur-
rounding facilities.
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Fig. 2. Process diagram of the hydrogen refuel-
ing station
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Table 2. System description

Variable Value Unit
# Compressor 3
# Vessel(cylinder, tanks) 6
# Valves 93
# Instruments 40
# Joints 357
# Hoses 1
Pipes(length) 200 meter
Pipe outer diameter 0.5625 inch
Tank fluid temperature 287.8 Kelvin
Ambient temperature 287.8 Kelvin
Tank fluid pressure 890 bar
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Risk Metric

Value

A » Potential Loss of Life (PLL)

Fatal Accident Rate (FAR)
Average Individual Risk (AIR)

Unit

4 400E-005 Fatalities/system-year
4.368E-003 |Fatalities in 10°8 person-hours
8.735E-008 | Fatalities/year

Risk Metric

Value

B L3 Potential Loss of Life (PLL)

Fatal Accident Rate (FAR)
Average Indwidual Risk (AIR)

Unit
1.082E-004 | Fatalities/system-year
9.290E-003 | Fatalities in 108 person-hours
1.858E-007 | Fatalities/year
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Fig. 3. Facilities and occupants information

Fig. 4. Accident scenario spot
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Risk Metriic

Value

{3 Potential Loss of Life (PLL)

Fatal Accident Rate (FAR)
Average Individual Risk (AIR)

Unit

2.055E-004 | F atalities/system-year
5.456E-002 | Fatalities in 10°8 person-hours
1.091E-006 Fatalitiesiyear

Fig. 5. Risk metrics by HyRAM

Table 3. Leak flowmeter and diameter

Leak size(%) II;/I;ZSI(E;:; diamI;te;lEmm)
0.01 0.0005 0.11
0.1 0.0048 035
1 0.0478 110
10 0.4775 347
100 47750 10.99
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Scenario Average Branch Line Risk (PLL)

Scenario

Outcome Events | Year Probability Contribution

Shutdown 0.0087219034 90.00000000% 0.00000000%

10% Jetfire 00000513623 0.53000000% 0.00623318%

Explosion 0.0000261657 0.27000000% 0.00000000%

No ignition 0.0008915723 9.20000000% 0.00000000%

A Shutdown 0.0039663142 90.00000000% 0.00000000%
100 % Jetfire 0.0000233572 0.53000000% 99.99376682%
Explosion 0.0000118989 0.27000000% 0.00000000%

Mo ignition 0.0004054455 9.20000000% 0.00000000%

Shutdown 0.0087219034 90.00000000% 0.00000000%

10% Jetfire 0.0000513623 0.53000000% 4224367488%

Explosion 0.0000261657 0.27000000% 0.00000000%

B No ignition 00008915723 9.20000000% EI[IEIDDDEIEIU%‘
Shutdown 0.0039663142 90.00000000% 0.00000000%

100 % Jetfire 0.0000233572 0.53000000% 57.75632512%
Explosion 0.0000118989 0.27000000% 0.00000000%

No ignition 0.0004054455 9.20000000% 0.00000000%

Shutdown 0.0087218034 90.00000000% 0.00000000%

10% Jetfire 0.0000513623 0.53000000% 24.98847321%

Explosion 0.0000261657 0.27000000% 0.00000000%

No ignition 0.0008915723 9.20000000% 0.00000000%

C Shutdown 0.0039663142 '90.00000000% 0 DEIDGIJDH[I%‘
100 % Jetfire 0.0000233572 0.53000000% 75.01052679%
Explosion 0.0000118989 0.27000000% 0.00000000%

No ignition 0.0004054455 9.20000000% 0.00000000%

Fig. 6. Accident scenario ranking by HyRAM
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Fig. 8. Thermal effect by 10% release

32 A2738 A4z 2023 128

el
==

@57

- 75 -



ol & - &E T

ion area (100% release]

station area (10% release)

train (10% release) train (100% release)

road_right (10% release)

road_right (100% release)

commercial facility (10% release) commercial facility (100% release)

road_down (10% release) road_down (100% release)

national highway (10% release) national highway (100% release)

Fig. 10. Thermal effect for each area

K mpawﬁﬂ.‘:‘m\?

PRGN " ISR

g
FIQ-%Z-.J_? 5,

(10% release, 100% release) T

Unit : KW/m?

Fig. 11. Maximum thermal effect

KIGAS Vol. 27, No. 4, December, 2023

b
1z
N
rO
ry
IS
B>
ol
5

52
)

Lo
)
[>
r
T
fu
&)
e
_'>; ut
o kI £

v
ofy
P 2

(R ™
4y o
o
L
It

4o
b
X

Ao B

o o -
rr 3L et > b

(
=
[ox

i oo
o
2
o
)
_|>:,
2
off
O
&
N
rr
IS
b b
b @
e
x

=721 HyRAM S ©]
Rave] S Ago
2% sk 1 FHe) Y

FAZHAA A .\517].

)

N
ol
ol

ﬁﬂz
&

o

N
-

QL
paed
I

8 R
4

g
g
B

_0|£

o
%o, rlr

i og

—ﬁj_c:»ﬂ.‘

mO
2
e

¢

off o
12

[‘lr rO

_?L
3@k
rr
=
1o ©
of
&

)O]:L z«lEx]—El:
3) FaFUL A Y £
4) o]: )\}-0-1}\]/@1
5) ol ZL o g A %

HyRAM< 534 Ueld 9184 H7F 23 X9
A& Q5= AFaL PGS 100% Jet 3G 0 & ENG

7] &l BArd el ot Y-S B on, A
3 = AFgA ol BB 4.7 kW/m? o] ol 3 d =
EAYL T304 BAYGJAEER J91 HE
A7 ZQlo] Hlem, A A F2 Ao F-
3+ 422<1 1.6 kW/m? |8+ & Febstth

HIE e = e Hoto AlvEl = 7g ek

oz
&

270 A 0191 A=) B 71D

vl

= 7ol = 3tol AU o] A Al
O E A% D-Fr<ol 4.7kW/m’ o) o] E 9;1

o
fu

FAaFAL EAGRJEER, J83 F

o] 7 90| s FHrh SFA| T 1 G ol °‘°%% =5
217} vl @ A3k o] Fiof o gk Bek-2 3
of whsly A 2 A HAS FA F 2
Aoz Aok}

¥ ot %0 b | (m v fo
LﬁWﬁmﬁw

tlo o UE

\1

ZAte =2

o] ATE 2022 = A EAAY R 2 9] )&

37192 Y(KEIT) A7) Aol 23 A9 (No.
RS-2022-00156544)

REFERENCES
[1] Ministry of Trade, Industry and Energy, “3rd

Energy Master Plan Korea”, MOTIE, 30, (2019)
[2] Ministry of Trade, Industry and Energy, “10th

- 76 -



(e}

Z] A ]

Ll

A AR S

ofj
Ho

Basic Energy Plan”, Korea Energy Agency, 13,
(2023)

[3] Korea Hydrogen Economy Roadmap, MOTIE,
(2019)

[4] Kim, G.D., Kim, J.D., Lee H.M., “Development of
recycle energy storage on electric rail car”, Journal
of the Korean Society for Railway, 24-28, (2005)

[5] Ni, X., Yang, B., Xu, J., “Application of SAFETI in
the Analysis of Natural Gas Pipeline Leakage
Accident”, ICPTT 2011: Sustainable Solutions For
Water, Sewer, Gas, And Oil Pipelines, 1761-1770,
(2011)

[6] Hansen, O. R., Gavelli, F., Ichard, M., Davis, S. G.,
“Validation of FLACS against experimental data
sets from the model evaluation database for LNG
vapor dispersion”, Journal of Loss Prevention in
the Process Industries, 23(6), 857-877, (2010)

[7]1 Gye,H.R,, Seo, S.K., Bach,Q.V.,Ha,D., Lee, C.J.,
“Quantitative risk assessment of urban hydrogen
refueling station”, International Journal of Hydro-
gen Energy, 44, 1288-1298, (2019)

[8] KANG, S.,HUH, Y. S., MOON, J.S., “A Study on

- 77 -

2 9T AP 9T

[9]

[10]

[11]

[12]

Al
A

Sh

i)

Safety Improvement for Packaged Hydrogen
Refueling Station by Risk Assessment”, Trans. of
Korean Hydrogen and New Energy Society, 28(6),
635-641, (2017)
Ehrhart, B.D., Hecht, E.S., “Hydrogen Plus Other
Alternative Fuels Risk Assessment Models (HyRAM+)
Version 5.0 Technical Reference Manual”,
SANDIA REPORT, SAND2022-16425, (2022)
Lee, J.Y., Lee, J., Song, H., “A Study on the
Analysis of Risk Factor for Hydrogen Fuel
Stations Based on Quantitative Risk Assessment”,
Journal of the Korean Institute of Gas, 24(6),
70-76, (2020)
KGS FP216 2022, Facility/Technical/Inspection
Code For Fuel Vehicles Refueling by On-Site
Hydrogen Production, KGS, (2022)
LaChance, J., Houf, W., Middleton, Fluer, 1.,
“Analyses to Support Development of Risk-Infor-
med Separation Distances for Hydrogen Codes
and Standards”, SANDIA REPORT(SAND2009-
0874)

Sk 7k~ 8k 3] 4] A27d Al4% 2023 129



