") Check for updates

Journal of Hydrogen and New Energy, Vol. 35, No. 6, 2024, pp. 751~762 .IHNE
DOI: https://doi.org/10.7316/JHNE.2024.35.6.751 pISSN 1738-7264 * eISSN 2288-7407

EFFECTS & RISKCURVESE S¢t 4 KIS ZAL 2 Al AlE 22
ot

lofrofstaL tfelel Sk, AT oL eT, tolohatL Sk galat

Risk Assessment of Hydrogen Product Inspection and Testing Facility
Using EFFECTS & RISKCURVES

JINSEO KIM'", YANGKYUN KIM?', SEUNGHO JUNG®

1Department of Environmental Engineering, Ajou University Graduate School, 206 World cup-ro, Yeongtong-gu, Suwon
16499, Korea
’Department of Fire Safety Research, Korea Institute of Civil Engineering and Building Technology, 64 Mado-ro 182beon-gil,

Mado-myeon, Hwaseong 18544, Korea
3Department of Environmental Safety Engineering, Ajou University, 206 World cup-ro, Yeongtong-gu, Suwon 16499, Korea

I I

TCorresponding author :

yangkyunkim@kict.re.kr Abstract >> Hydrogen is expanding in use as a measure to reduce greenhouse
processafety@ajou.ac.kr gas emissions. However, due to the inherent risks of hydrogen, ensuring safety is

. essential. To address this, Korea is working to establish a testing infrastructure
Received 7 November, 2024 o . .
Revised 2 December, 2024 for hydrogen facilities. In this study, a risk assessment was conducted on a hydro-
Accepted 17 December, 2024 gen product inspectiontesting facility. Potential leak scenarios are derived and
frequency and consequence analysis are performed for each scenario.
Additionally, individual and societal risks were evaluated with and without the
implementation of an independent protection layer.

Key words : Hydrogen(4= 4 ), Hydrogen product inspection and testing facility(4 4
HE At LA™ Al M), Risk assessment($ 4 © 7}), Probit analysis
(Z2H B M) Probit analysis(7] Q1 &, A3 ® ¥ ), Independent
protection layer(Z 2 435 A %)

1.M 2 A 7P A AR =7E 71 2AE e w2 v& 5

24 4% g8 F shuE 48 AXEa 9o

A AAR R 7|5 wste] diFh hgom SAVE S WH 9 melE o] 8- shfsthal sh &

2 A5 A8 wYska ol vkedl SRt o Al § Ao A Seke 58 HRER S 9

Al 2030E712] 2018'0 tjH] SAZES 40% 5 o BHAIEE ik 475%9] Hle A 9IS AY

TP A5 BER QYSAL BASH SN 2 B RSk ok A B Ssy]
751

2024 The Korean Hydrogen and New Energy Society. All rights reserved.


https://crossmark.crossref.org/dialog/?doi=10.7316/JHNE.2024.35.6.751&domain=https://journal.hydrogen.or.kr/&uri_scheme=http:&cm_version=v1.5

752 EFFECTS & RISKCURVESE &8t =4 MIE AL 2 AI” Al

mjRo] A W ko] 9jgiAJo] ATy, 1 01]*1
=UlollAd 20199 ZFE| A gt o)A A8 =

27} Zste] 29o] Apdeh= Abalzt %*8‘6}715
stlom HejofAl= 2019 =290] 9&= QI
O] Aol a] Fro] WHAYsto] 2Wo] FARS

AL e,

ml

olefgl 40| $FF R skl FujolAlE
4 oHdYE 2EW 2.08 B thost g4 e
obATE] ERE AABIL 9lon o] F FhE &
& AET AR A S AT QlEERE TSt 9
Of Eoh o4 F5 Alde] Hade 245k w2
A7t o Oﬁ‘ﬂ)

PHAST®} HYRAM T2 1S AMS
slo] #i%ﬁi«I AL FEF H7E skl o5
vleko 2 A15]4 YHES B84k Kwak 52
SAFETI 82788 AFgalo] 2242 20] Ao1A
AP =t AHSA YFEE Hrkehal AAtEE
Zste] PIAES aHoR Y 5 Gl Heh
AA)EFct Park SY2 RISKCURVE Z& 713
ARgBto] AR Ao X 0] A E SR Q1% A
A 1A AR e Brkekal 5 BT A
= A8 YT A Bk AASH

E3} Shin & 2A7lA 7)ul 224 HA| A9

o o mlo ftlo mk

= 9% 571 1A 3l didt f1948 Bk 9
I 24 24 7S AREsto] kRt
OJAY TRt AFY B ZRIAWES ARSI
ChRE o4 Fa Al AR B7PE ol FefA L
o= d] whate] =4 ] AJE Hrtel that 91 A
k= %iﬁi.‘—& dAoltk
aets B oA QA Hrt =z o]

EFFECTS v12 ‘3—4 RISKCURVE v12 (Gexcon AS,
Bergen, Norway)S ARg3lo] o4 AlE AAF 2 A
A AES o= 919 H7HE skl e
Az ek AABALAL B

> SRAAUMO|LIX/3tE] =27

APA 4= A (event tree analysis, ETA)S 27] A}

ol SJsl] WAYs=

x]—xﬂ;a 0] /\}_ﬂ 73_‘,]_ x%al:z% o

o

2 griehs 7IHOR AL Al 9y His
w&o] A8 TFsstt’. $a pEol W2 Uyl
ETAS 1302 Yehfd Fig. 13} gon 427}

=
Y

YIS 3718

NEN

o] by,

2.2 Al

221 HE

AE

Chamberlain =92 0]-835}0]

SF
S

g

HI

SHH

M= 4
Shedof] <fsf X‘QEM tii’%“% + ok & Al
2]

1
=

Aststd AE (et fire), A
ZHdH(vapor cloud explosion, VCE)

o) B BANE BE(E)E el ol £,

4

a4 grolc.

E
)
o
N
Im
foorlr foo ex o

ol AA7ks st rRE Ao

_ FAH X107 |

Fg: (021 00032311/+0 11) (]\/IW) (2)
1 MW< 21

f(MW){(ZW//Ql)1/2 21 < MW< 60 3)
1.69 60< MW

Leak

—

No Ignition

4‘

_’

Fig. 1. Event sequence diagram from hydrogen leakage
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E: surface emissive power (kW/mz)
F: fraction of heat radiated

@: mass discharge(kg/s)

A H,: heat combustion (J/kg)

A: flame surface area (mz)

u;: initial jet velocity (m/s)

MW: molecular weight (kg/kmol)
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r: distance from facility of explosion (m)

E: combustion energy of explosion (MJ)

p,: atmospheric pressure (kPa)

P,: peak side on overpressure (kPa)

P, : scaled peak side on overpressure
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Pr: probit value

Q: heat radiation (W/m®)

t: exposure time (S)
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erf: error function
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Table 1. Population data near by inspection-testing facility
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Tube Trailer

High Pressure

hydrogen gas pressure

Nitrogen lab. |

High Pressure

Number of people Fig. 4. Layout of inspection-testing facility
Time e Office Lecture room Play
FaCIhty High Pressure gas equipment Ultra-High Pressure hydrogen gas
(A,B,C) (L II) gTOuIld Validation test pressure cycle test
Day 10 100 200 23.75/ha Recovery Tank —
Night 0 1 38 4.75/ha E

Table 2. Weather condition of target site

1% Compressor
(200 bar)
M

15t Buffer Tank

Buffer Tank
(200 bar)

(200 bar)
2" Booster

Wind Atmospheric | Humidity | Temperature
Parameter | speed stabili %) (C)
(ms) v '
Value 32 D 63 16

2n Compressor

Storage Tank
(1000 bar)

Test Chamber

2nd Buffer Tank
(500 bar)

Test Chamber
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Fig. 5. Process flow diagram of each test carried in facility
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Table 4. Leak scenario for each node
2} A= Thd Ak MES A 27 Ak
Node Scenario Leak diameter | Release rate
(mm) (kg/s)
. o Rupture 9.53 0.764
Table 3. Detailed specification of each node
Sunl Large 3.01 0.082
- Capacity | Pressure Pipe upply -
M . .
Node Facility @© (barg) (inch) edium 0.95 0.0085
Small 0.30 0.00085
Hydrogen supply system
Ruptur 9.53 3.17
Supply | Tubetrailer | 22,600 | 200 | 38 prTe
- - . Large 3.01 0.32
High pressure gas equipment validation test Node 3
Medi 0.95 0.034
Node 1 | Recovery tank | 2,000 40 9/16 i
Small 0.30 0.0035
Node 2 Ist compressor 1,210 200 3/8 R 6.35 1.41
ode , t . .
Buffer tank pture
Large 2.00 0.14
2nd compressor Node D
Node 3 2,300 1,000 3/8 Medium 0.64 0.014
Storage tank
Small 0.20 0.0015
Ultra-high pressure hydrogen gas pressure cycle test ma
Node A | Recovery tank | 1,000 17 3/8
1st booster Table 5. Hydrogen ignition probabilities
Node B 96 200 3/8 — —
1st buffer tank Release rate Ignition probability
2nd booster (kg/s) Immediate Delayed
Node C 96 500 1/4
2nd buffer tank <0.125 0.008 0.004
3rd booster 0.125-6.25 0.053 0.027
Node D 96 1,000 1/4
3rd buffer tank >6.25 0.23 0.12
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Fig. 6. Supply system accident frequency using ETA

Table 6. Accident frequency of supply, node 3, node D
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Node | Scenario |frequency|probabil Frequency Table 7. Max lethality distance derived from heat flux
: Type
(yr) 1ty Uyr) Heat flux
Rupture | 1.80E-04 0.053 | Jet fire | 9.5E-06 Node Scenario Lethality Maximum
0.027 VCE | 4.9E-06 (%) distance (m)
0.008 | Jetfire | 2.6E-06 99 23.7
Large |3.21E-04
0.004 | VCE 1.3E-06 Supply 50 25.5
Supply
0.008 | Jetfire | 3.3E-06 1 27.7
Medium | 4.14E-04
0.004 | VCE 1.7E-06 99 449
0.008 | Jetfire | 8.7E-06 Node 3 Rupture 50 48.2
Small | 1.07E-03
0.004 | VCE | 4.3E-06 1 52.3
0.053 | Jetfire | 1.4E-06 99 30.9
Rupture | 2.66E-05
0.027 | VCE | 7.2E-07 Node D 50 33.4
0.053 | Jetfire | 3.8E-06 1 36.3
Large |7.17E-05
Node 0.027 VCE 1.9E-06
3 ) 0.008 | Jetfire | 8.6E-06
Medium | 1.08E-03
0.004 VCE 4.3E-06 Distance vs Fatality(Heat flux)
0.008 | Jetfire | 2.7E-05 " —Suppty
Small |3.35E-03 % —Node 3
0004 VCE 1 3E—05 80 ==—Node D
0.053 | Jetfire | 1.9E-06 0
Rupture |3.50E-05 ST
0.027 VCE | 9.5E-07 S
'i 50
0.053 | Jetfire | 5.6E-06 £ 0
Large |1.05E-04
Node 0.027 | VCE | 2.8E-06 30
D ) 0.008 | Jetfire | 1.7E-05 2
Medium | 2.08E-03 10
0.004 | VCE | 8.3E-06 . | |
0.008 | Jetfire | 4.9E-05 ! " w0 o 5“ o
Small |6.16E-03 Distance(m)
0.004 VCE | 2.5E-05 Fig. 7. Lethaltiy distance derived from heat flux
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Table 8. Max lethality distance derived from overpressure

Overpressure
Node | Scenario | Explosion | Lethality | Maximum
point (m) (%) distance (m)
99 3.6
Supply 26 50 4.2
1 5.0
99 6.8
Node 3 | Rupture 42 50 7.9
1 9.2
99 3.8
Node D 13 50 44
1 5.1
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Fig. 9. IR contour of inspection-testing facility
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Table 9. Societal risk ranking for accident scenario

Rank Node Scenario Cont(r:/to) ;1 tion Value
1 Supply | Rupture 449 1.09E-05
2 Node 3 | Rupture 23.1 5.59E-06
3 Node 3 Large 7.08 1.72E-06
4 Node D | Rupture 6.18 1.50E-06
5 Node D Large 4.15 1.01E-06
6 Node2 | Rupture 3.01 7.28E-07
7 Node C | Rupture 2.99 7.25E-07
8 Supply Large 2.77 6.72E-07
9 Node B | Rupture 2.75 6.67E-07
10 Node 1 Rupture 2.12 5.15E-07
11 Node C Large 0.371 9.00E-08
12 Node B Large 0317 7.68E-08
13 Node 2 Large 0.203 4.93E-08
14 Node A | Rupture 0.0601 1.46E-08
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Table 10. Expected fatality value for each node

Node Scenario Vah.le. wit.hout Va.11.1e “.Iith
mitigation mitigation

Supply Rupture 1.09E-05 1.74E-06
Node 3 Rupture 5.59E-06 8.91E-07
Node D Rupture 1.50E-06 2.38E-07
Node D Large 1.01E-06 1.60E-07
Supply Large 6.72E-07 1.08E-07
Node 3 Large 1.72E-06 9.00E-08
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