Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 29, No. 1, pp. 076-085, February 28, 2023, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2023.29.1.076

182 FaFTHAAo) A Dispenser Module | 7-998 1A H7}

* s,k ok ****1—
AN JBI" - Y4 08
+ mms| st Z)eA 2R Bt vehel AAbebg, v o st e whg

b
St} okl whAlab, weex By stal ) g 2w

Risk Assessment of Stationary Hydrogen Refueling Station

by Section in Dispenser Module

Sanglin Lim" - MinGi Kim™ - Su Kim™" - YoonHo Lee™™"
* Master's course, Department of Marine System Engineering, Graduate School of Mokpo National Maritime University, Mokpo 58628, Korea
** Manager, Daesung Powertec Co.,Ltd, Haman 52059, Korea
*** Doctor's course, Department of Marine System Engineering, Graduate School of Mokpo National Maritime University, Mokpo 58628, Korea
*#%% Division of Coast Guard, Mokpo National Maritime University, Mokpo 58628, Korea

2 2 AARAUARZA Faol g 87t T ot 71E9] 34 A5t g FaAE 45 Fug
f3atm, olgfgk dzgt SR E A FAFHAAY AT F7 A Holof dhrt wrEkA] 2 Aol A s A A AEAdE L
84 HIE FRE FASAL Ui AFAAHE 3. H4 4 H7F= Hazard and Operability AnalysistcHAZOP) 7|
3} Dispenser Module2 72| NodeZ 3 7}3}F Criticality Estimation Matrix®l] e} Filter®] 23 o2 Q1%+ Alare} 319t A}
%7} High Level® H 7} Itk B34 A4 4 7]'% Hydrogen Korea Risk Assessment Module(Hy-KoRAM)= A}-8-3l<] 3}A]e] A+
FHE e, A A= A A f3Red g JrHE FAsddnh ANE AR FAFAA EBH °F 100m “50173 3
AV F27kA4] F7hA 1 b 2 X]7F 212 ¥ &= As Low As Reasonably Practicable(ALARP) T-7+9] 913 =
10 9] AFgR7; @AY e AL NI =7} 1E-04/year2 =% 5™ ALARP 1-7F Ul YERRtTh A4 - A 4
7HA Q1 b A oF FAFHA T2 AT g HAAHE Fote A P WS A ST

=
<
)
o
off

32 Ea
o
,ﬂ

£
N 19 ol of ud oo X

0{N' 3~

e

. 2~ =
HNBO| : FhF

2
B

L AR Y, FEAE

i)

PRIk

REEE

{0
=

, VI, 98 FrEead

Abstract : Demand for hydrogen as a renewable energy resource is increasing. However, unlike conventional fossil fuels, hydrogen requires a dedicated
refueling station for fuel supply. A risk assessment of hydrogen refueling stations must be undertaken to secure the infrastructure. Therefore, in this study,
a risk assessment for hydrogen refueling stations was conducted through both qualitative and quantitative risk assessments. For the qualitative evaluation,
the hydrogen dispenser module was evaluated as two nodes using the hazard and operability (HAZOP) analysis. The risk due to filter clogging and
high-pressure accidents was evaluated to be high according to the criticality estimation matrix. For the quantitative risk assessment, the Hydrogen Korea
Risk Assessment Module (Hy-KoRAM) was used to indicate the shape of the fire and the range of damage impact, and to evaluate the individual and
social risks. The individual risk level was determined of to be as low as reasonably practicable (ALARP). Additional safety measures proposed include
placing the hydrogen refueling station about 100m away from public facilities. The social risk level was derived as 1E-04/year, with a frequency of
approximately 10 deaths, falling within the ALARP range. As a result of the qualitative and quantitative risk assessments, additional safety measures for

the process and a safety improvement plan are proposed through the establishment of a restricted area near the hydrogen refueling station.
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Fig. 1. Methodology for risk assessment.
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Fig. 2. Dispenser module of hydrogen refueling station.
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F& W3 = Zo] FQ238}tl Table 13 Table 2=

Grade Severity

g bs el d@ Z1E s Ak B A AR S el L | Single or minor injuries (107

o] F7% Bl Abdel Azbgel Wigk 7S ekt 2 Multiple or severe injuries (10™)
Table 3> Atare] HIEe} AZAJE Hlasle] HFTH o= 3 Single fatality or multiple severe injuries (10°)
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A o1dS sior & 8 7Fe ¥ H =] Medium Level o o _
Table 3. Criticality estimation matrix
Table 1. Classification & grade of likelihood Section Severity
Likelihood 1
Grade Likelihood 71
1 Occur several times per year per station 5
2 Occurs several times per year per operator 3 M
3 Has been experienced by most operators 4 M
4 Some accidents have occurred in the industry 5 M
5 Never heard of in the industry 6
6 Failure is not expected % L: Low Level Risk, M: Medium Level Risk, H: High Level Risk
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Table 4. Simulation parameters Table 5. Population distribution
Variable Value Unit Sites Category Population
Valve 15 pcs Hydrogen refueling station Operator 6
Hose 2 pcs Government office Public 100
Filter 3 pcs Sports center Public 100
Heat-exchanger 2 pes
Out-diameter 9.5 mm Table 6. Hole size criteria of scenario
Pipe ] . .
In-diameter 5.2 mm Scenario Hole size
Temperature 40 Celsius Small leak 0.1% 2.925E-005 (m)
Tank
Pressure 870 bar Large leak 1% 9.250E-005 (m)
Ambient Temperature 20 Celsius Medium leak 10 % 2.925E-004 (m)
Ambient Pressure 1 bar Rupture leak 100 % 9.250E-004 (m)
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Table 8. Leakage scenario and leak frequency data
Component Amount Scenario Leak size(m) Leak frequency(/year)
Small leak 2.925E-002 8.787
Medium leak 9.250E-002 8.161
Valve 15
Large leak 2.925E-001 3.707
Rupture leak 9.250E-001 7.223
Small leak 2.925E-002 1.524
Medium leak 9.250E-002 1.452
Filter 3
Large leak 2.925E-001 1.382
Rupture leak 9.250E-001 1316
Small leak 2.925E-002 4.064
Medium leak 9.250E-002 3.297
Hose 2
Large leak 2.925E-001 3.014
Rupture leak 9.250E-001 1.233
Small leak 2.925E-002 o
Heat- 5 Medium leak 9.250E-002 o
exchanger Large leak 2.925E-001 0
Rupture leak 9.250E-001 0o
# ooz Ataro] o] &S FAIFH
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Table 9. Worksheet for HAZOP study of the hydrogen refueling station

/Ré )

ol

7}

. Existing Action required
Node Guide word Cause Consequence .
control (Recommendation)
1) Install another filter in parallel
Clogged filter and flow meter
No Flow 2) Set flow failure alarm
(feeding line) 1) Leakage
Clogged 2) Fire 1) Install flow meter
heat-exchanger tube 3) Heat-exchanger PT, PL, PG 2) Set flow failure alarm
Damaged valve 4 t]l)lbe d;im;ige 1) Install flow meter
(vent) ) Drop feed rate 2) Set flow failure alarm
of nozzle
No Flow
(venting line) 1) Install gas & fire detector
Leaked pipe 2) Install flow meter
3) Set flow failure alarm
1) Install another filter in parallel
Clogged filter and flow meter
2) Set flow failure alarm
Less Flow 1) Leakage
2) Fi 1) Install gas & fire detector
ire
Leaked pipe . 2) Install flow meter
3) Explosion PT, PI, PG .
3) Set flow failure alarm
4) Heat-exchanger
tube damage 1) Install 2nd glove valve
Node More Flow Damaged valve 2) Add manual mode for pneumatic
| (vent) 3) Install flow meter
4) Set flow failure alarm
Insulation fault N
one
of heat exchanger | 1) Phase change
More Temp 2) Leakage TC, TI
Insulation fault i
nsula 10‘n au 3) Fire None
of pipe
Damaged valve 1) Install another safety valve in
(vent) parallel
Increased 1) Conduct visual inspection
temperature 2) Install by-pass line for heat
chilling water 1) Leakage -exchanger
2) Fire
Cl d PT, PL, PG, 1) Install by- line for heat
More Press ogse 3) Explosion ) Install by-pass line for hea

heat-exchanger tube

Installed reveres
(vent, check valve)

Control system
fault

4) Heat-exchanger
tube damage

Safety valve

-exchanger

1) Install another safety valve in
parallel

1) Install another safety valve in
parallel
2) Set control failure alarm

% Pressure Transmitter (PT), Pressure Indicator (PI), Pressure Gauge (PG)

Temperature Control (TC), Temperature Indicator (TI)

_81_



o

QY - AW - A5 o fE
Existi Acti ired
Node Guide word Cause Consequence HISHnS L con requlr‘e
control (Recommendation)
1) Add manual mode for valve
Damaged valve
. 3 2) Install flow meter
(nozzle inlet) 3) Set flow fail L
No Flow ) Set flow failure alarm
(feeding linc) 1) Install gas & fire detector
leaked hose 1) Leakage 4 2) Install flow meter
2) Fi .
) Fire PT. PL PG 3) Set flow failure alarm
3) Drop feed rate
Damaged valve of nozzle 3 1) Install flow meter
(purge) 2) Set flow failure alarm
No Flow
(purging line) 1) Install gas & fire detector
Leaked pipe 4 2) Install flow meter
3) Set flow failure alarm
Damaged valve 3 1) Install flow meter
(nozzle inlet) 2) Set flow failure alarm
1) Leakage
. 1) Install flow meter
Clogged filter 2) Fire 6 .
Less Flow 2) Set flow failure alarm
3) Drop feed rate
of nozzle 1) Install gas & fire detector
PT, PL, PG
Leaked hose 4 2) Install flow meter
3) Set flow failure alarm
Nod:
ode 1) Leakage
2 . 1) Set pump shut off
Damaged valve 2) Fire .
More Flow . 3 2) Set flow failure alarm
(vent) 3) Explosion
. 3) Install flow meter
4) Over charging
Insulation fault | N
M. of hose 1) Phase change one
ore
2) Leakage TC, TI
Temperature . .
Insulation fault 3) Fire
) 1 None
of pipe
1) Leak:
Less Damaged valve ) . age
2) Fire TC, TI 3 1) Install TI on nozzle
Temperature (purge) .
3) Freezing
Damaged valve 3 1) Install another safety valve in
(nozzle inlet) parallel
Damaged valve 1) Leakage 3 1) Instalillanother safety valve in
(ven) 2) Fire PT, PL, PG, paratie
More Press 3) Explosi Saf |
Damaged valve Xplosion atety valve 1) Install another safety valve in
4) Nozzle damage 3
(purge) parallel
Clogeed filter p 1) Install another safety valve in

parallel
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Fig. 3. Radiant heat distribution of jet flame for 0.1 % leak hole.
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Fig. 6. Societal risk F-N curve.

Table 10. ALARP criteria for quantitative risk assessment
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Risk Criteria
Individual Risk 1.0x10"/year ~ 1.0x10°%/year
F 1.0x10%/year ~ 1.0x10™/year
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N 10° ~ 10°
5 84 &

2 AFolM = 42549 Dispenser Moduledl] that 7
AHAZE A94RAE Fast 49H Bk
HAZOP7| W& B3] B71a19 5, %% H71= Hy-KoRAM
2 Abg3te] thgat o Ane Atk

1) B2 HE 98] P&IDE F 712 NodeZ 443}

Atk FE2 9 FA= Filter7} 9 LA = gl o

Hj Aol 3 Aow riwo] WAL Filters F7h3}
3L Flow Meter 22| 3Fo] 2|21 Q1 R B 3} A}aLjy]
7} 7hest S Wehs AAISHTE B, a1ste] o
Abal thiB] QP A 2 Safety Valve 57} A XS A ¢ka}
% th. Node 12] Heat-Exchangert= Atal W1%=47} Yo}
Alare] Y= Low Level 715 132, Node 22] Hose
AT B8 Ao® AR E O] Detector A E
Eato] Al e digh 7HA] 2 RUE PSS Aljte)

2) A4 H7}E E3}o] Dispenser Module2] 7§14 13
Lo} A3 A YIRS QT FAEH L FHY
FUAFAIET TR F27H4] JAA AP =h
1.0x10%year o]0 2 A YElR7] vl 233t
3 dukele] FF IS TR = JdE AT H Y
FHE AASHATE T3 A A P 7 PN FA4E
St oF 10189 APgAE RS W7} IE-042
ALARP 71l 87153 918k Ao e}

2 AT AT FATHAY A AA dACdA 984
S Hrrelr] flg et v 83 ¢ S Aoz I
Hm, F $ 25k, Aut 5 ohdsk Aok A e
sh= A% AEAE 2 AA 7Y T AT AREA AF
239 Aoz Yt

References

[1] Gu, X, J. Zhang, Y. Pan, Y. Ni, C. Ma, W. Zhou, and Y.
Wang(2020), Hazard analysis on tunnel hydrogen jet fire
based on CFD simulation of temperature field and
concentration field, The Journal of Safety Science, Vol. 122,
104532.

[2] High Pressure Gas Safety Control Act(2021), https://www.
law.go.kr/LSW/lsInfoP.do?efYd=20211216&lsiSeq=232897#0000

[3] Hussein, H., S. Brennan, and V. Molkov(2020), Dispersion of
hydrogen release in a naturally ventilated covered car park,
International Journal of Hydrogen Energy, Vol. 45, pp.
23882-23897.

[4] International Energy Agency(IEA)(2021), Net Zero by 2050.

[5] International Organization for Standardization(2016), International
Standard ISO 17776, petroleum and natural gas industries -
Major accident hazard management during the design of new

installations.



DG FarF Ao A9 Dispenser Module W 93 9

[6] Kang, S. K. and H. L. Kim(2020), Analysis of Damage Range
and Impact of On-Site Hydrogen Fueling Station Using
Quantitative Risk Assessment Program (Hy-KoRAM), The
Journal of Korean Hydrogen and New Energy Society, Vol.
31, No. 5, pp. 459-466.

[71 Kang, S. G. and D. H. Lee(2022), Risk Assessment for
Performance Evaluation System of Hydrogen Refueling
Station, The Journal of Korean Hydrogen and New Energy
Society, Vol. 33, No. 3, pp. 232-239.

[8] KBS news(2019a), https://news.kbs.co.kr/news/view.do?ncd=
4221248&ref=A.

[9] KBS news(2019b), https://news.kbs.co.kr/news/view.do?ncd=
4208465&ref=A.

[10] KOSHA(2012a), Technical Guidelines for the Assessment of
Accidental Damage (P-88-2012).

[11] KOSHA(2012b), Technical Guidelines for the Establishment of
Measures to Minimize Damage in Chemical Plants (P-88-2012).

[12] Ministry of land(2021), http://www.molit.go.kr/USR/NEWS/m
71/dtl.jsp?id=95085506.

[13] Ministry of Trade and Industry and Energy(2022), High
Pressure Gas Safety Management Law.

[14] Sandia Energy(2009), Analyses to Support Development of
Risk Informed Separation Distances for Hydrogen Codes and
Standards (SAND2009-0874).

[15] Sandia Energy(2022), Hydrogen Plus Other Alternative Fuels
Risk Assessment Models (HyRAM+) Version 5.0 Technical
Reference Manua (SAND2022-16425).

[16] You, C. H. and J. Y. Kim(2018), HAZOP Study for Risk
Assessment and Safety Improvement Strategies of CO2
Separation Process, The Korean Institute of Chemical
Engineers, Vol. 56, No. 3, pp. 335-342.

Received : 2023. 01. 31.
Revised : 2023. 02. 20.
Accepted : 2023. 02. 24.

_85_



