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LMC@inu.ac.kr Abstract >> This study aims to reduce the quantitative damage scope by minimiz-

_ ing the amount of hydrogen leakage in the event of an accident by adding phys-
Egszzzd §7M,32’y22§§5 ical protection layer (safety separation distance) and functional protection layer
Accepted 10 June, 2025 (quick couplers, gas leak detection and shutdown system) to the tube-trailer supply

system of a hydrogen combined cycle power plant. Areal Location of Hazardous
Atmospheres (ALOHA) and Process Hazard Analysis Software Tool (PHAST) soft-
ware were used to analyze the impact range of the accident, and the addition of
physical and functional safety barriers in the design reduced the overall risk by
91% and 89% in ALOHA and PHAST software, respectively.
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Table 1. Hydrogen tube trailer spec

Vehicle type Tube trailer
The amount of hydrogen 340 kg
Pressure 200 bar
Cylinders type Seamless cylinders
Volume 22.870 m*

Vol. 36, No. 3, June 2025

drsl - o2 287
I

F7ksto] RNl SIYEA A 8 ot A
ol Fu Ed9Y 339 49 e ddEe
| et WA SRt AR S 9]

| % §ofsfolof Sk Eat Aol A}

gol glof obd BAIE thEe +84E Asishe
2010 A% F 8% o] Qo] AYEe &

o & T
wrebA] B QoA 5 SaEN ALSE Y

o 2 olxe} 10| Astow HyHYNAL B

B EdYY $4 3F A9 94¥ adS A4
ol digt FHA Al ke AEetnzt o

al

t}. A}aredgkEA(consequence analysis, CA)S 3

o] Alal A|Bdjo] e mALsla AAoke] obA

= Hhdste] thA| AlEdol ARt = ARaLe] wsf
=+

el
2
Sm
|z
[
£
e
i)
>

ATAL GO FYHUTE A GTUL FA A
Aglo] = 1749] Fu EdolelE

shol A e Fo Edadee) A
3} e FH EUY 1] F o4 AR 7

iﬂ
o
£
0,
=4
B>
&
b
i
ik
o

Journal of Hydrogen and New Energy <<



288 £ EP|2UR2 0|85 HEBIUTIA AR T3 YA CSHARIREA 7|t I3 24 F2t
L]

2.2. CA &M =7t

CA 9184 B7F At 3 B2 Fig. 13} Pk
4 FE AlLFY 9F a9l A, ARl AlvE| e
A%, CA 9184 B7F 3, A1 =2 9 249 &
O AP ATk WA S F7(4-75 vol%)', At
4(4-95 vol%) o] vl |2 7t WY, W s}
ol 2)(0.02 mN 2 =& A] Fsle} 2k 913lo] &
), g3t 7kAE ] = @89 liquefied natural
gas (LNG)9} ]SS o 42429] SHAF &= o
2k 2O oF 1.3-2.8u)) w2 =40] 24 Hs)
oA wjgke] g Sufjut Wom® di Lri
7.8uf) WhECP, Bab opujg} S FAO] BEO
B ALstERE ZA|sh] of2en dijfEe] dvhky
ol 7kael ] 18f YHofA FEE wf AAF T
AE. whahA] s ThA FE S 8902 7R3}
7] o9 = Al AU 2 5 thE ARLRE o]
ojd 4= qltk

ofof] Z=o] ZHHoA ARl Y Al F3F HL7H
s Ao® AEE ot AL AuE|eE AA
shal Zofo] Abar AlvkE]e.o] Taff FaF HelE X
a35}7] I3t WE 225 F7sto] 2717 ek

Identify hydrogen supply system risks

-

Postulate accident scenario

scenario
2

Alternative
scenario (1)

Protection layer () Protection layer ()
Protection layer @

Alternative
scenario (2)

Perform a CA risk assessment

3 ALOHA software PHAST software

Analyze the result (=Accident impact range)

Thermal

Toxic Flammable S
radiation

Overpressure

Fig. 1. The process of consequence analysis
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Table 2. The criteria of concern level given KOSHA guide

Risk Factor Level of concern (LOC)
LOC-1 PAC-1 (=65,000 ppm)
Toxic LOC-2 | PAC-2(=230,000 ppm) | O
LOC-3 | PAC-3(=400,000 ppm)
LOC-1 | LEL25% (=10,000 ppm)
Flammable | LOC-2 | LEL 100% (=40,000 ppm) | O
LOC-3 UEL (=750,000 ppm)
LOC-1 7 kPa (¢}
Overpressure | LOC-2 21 kPa
LOC-3 70 kPa
LOC-1 4 kW/m® o
;ﬁf:t“;:l LOC-2 12.5 kW/m'
LOC-3 37.5 kW/m’
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Fig. 2. The worst scenario and alternative scenarios in a hydrogen supply system using tube trailers

Table 3. Leak scenarios and frequencies of the hydrogen use facilities

Inventory . Leak size | Leak frequency
Fuel Components Scenario
Pressure | Temperature | Mass, volume (mm) (/year)
Small leak 0.40 1.07E-03
i Medium leak 4.02 3.21E-04
Hydrogen | Tube trailer | 20 MPa 40 °C 340 kg

Large leak 12.70 1.80E-04

Catastrophic rupture - 5.00E-07
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Table 4. Jet flame and heat flux from small leak size

Risk factor and
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criteria of analysis P &
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Table 5. Atmospheric condition for CA simulation

Input date categories Criteria for worst scenario
Wind speed 1.5 m/s
Stability class F
Air temperature 40°C
Humidity 50%

Table 6. Source condition for CA simulation

Catego Worst | Alternative | Alternative
S scenario | scenario D | scenario 2
Source Tube trailer
Pressure 200 bar
Temperature 40°C
Peak flow rate 300 kg/m ‘ 30 kg/m | 3.4 kg/m
ALOHA 600 s
Release —
duration | PHAST F lamma.ble averaging time, 18.75 s
Toxic averaging time, 600 s
Total amount released] 3,000kg | 300kg | 34ke
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Four risk factors in three accident scenarios

Fig. 3. Comparison of ALOHA software's four impact ranges of
toxic, flammable, overpressure, and thermal radiation for each
accident scenario
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Table 7. The CA results from ALOHA software
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Risk factor and
criteria of analysis
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! I | o |
Flammable | 7 /r T ]
/ \ /
/ \\ \ /
S 7 < y; RS
- N P
1 o 1 2 3 200 2 0\\* = 200 pT 200 100 e 100 200 300
someters e meters
25%LEL (10,000 ppm) 1,500 m 495 m 152 m
LEL (40,000 ppm) 810 m 231 m 74 m
UEL (750,000 ppm) 165 m 50m 17m
—— meres I
T B // \\ = \\\
/ - / N // \\
\ 2
\\w / / \
I | !
Overpressure — i 1 ° i ~_ |
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Table 8. The CA results from PHAST software

Q13Hd 9] F&F M= 25% LEL, LEL, UEL 7]=0)| 4
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AUtk

npRako g2 tieke] Alute] e 9] AlEdold 4
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11.0 m, EAFIQ] A< 4 kWnt, 12.5 kWint, 37.5 kWin?
9] 7|olA 242 7.1 m, 5.6 m, 4.7 m7} =EE ]Itk

Accident impact range

Risk factor and ;
‘Worst scenario

Alternative scenario @O

Alternative scenario @)

criteria of analysis

No protection layer

Protection layer © Protection layer @ and @

Toxic
PAC-1 (65,000 ppm)
PAC-2 (230,000 ppm)
PAC-3 (400,000 ppm)

Non toxic

Flammable

25%LEL (10,000 ppm)

LEL (40,000 ppm)

UEL (750,000 ppm)

Overpressure

7 kPa

21 kPa

70 kPa

Thermal radiation

4 kW/m® 7.1 m
12.5 kW/m? 5.6m
37.5 kW/m? 47 m
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Table 90] EAIS}AC). e -2 Fefe] Ala Al
2] 2.0] protection layer D (°]4 A 715t 2
¥ okt gol Haf FaF HeAvE SaEch
ALOHA AZE§Jo] 15 A1} 5412 216 moj|A]

65 m=Z 9F 70% 7FA5sFal 23S 810 mojA
231 mZ °F 72% 7rASIE o IR 822 mofA]
229 m& °F 73% 7rAsglct

PHAST 42 E o] A}t 1342 62.9 mo]
A 247 mZ OF 61% 7FASH TS 143.5 mo||
A 45.8 m= F 68% 7FA5Hyon AL 60.1 m

Table 9. The Comparison of CA results from ALOHA and PHAST programs

Accident impact range

Risk factor and Worst scenario Alternative scenario D Alternative scenario 2
criteria of analysis No protection layer Protection layer @D Protection layer D and @
ALOHA PHAST ALOHA PHAST ALOHA PHAST
PAC-1 (65,000 ppm) 431 m 125 m 41m
Toxic PAC-2 (230,000 ppm) 216 m Non toxic 65m Non toxic 22 m Non toxic
PAC-3 (400,000 ppm) 131 m 49 m 16 m
25%LEL (10,000 ppm)| 1,500 m 104.7 m 495 m 547 m 152m 24.6 m
Flammable | LEL (40,000 ppm) 810 m 62.9m 231 m 247 m 74 m 7.7m
UEL (750,000 ppm) 165 m 1.6 m 50 m 0.6 m 17m 03 m
7 kPa 822 m 143.5m 229 m 458 m 72 m 14.7m
Overpressure 21 kPa 809 m 112.6 m 221 m 36.8m 70 m 12.0m
70 kPa *N/E 101.3 m *N/E 334m *N/E 11.0m
4 kW/m® 60.1 m 20.7m 71m
3::1’:;:; 12.5 kW/m’ *N/D 455m #N/D 158 m *4N/D 5.6m
37.5 kW/m’ 37.3m 133 m 47m

*N/E, never exceeded. **N/D, not displayed.
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