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Abstract - In this study, risk assessment was conducted in case of leakage of storage facilities (tube trailer)
using the HyKoRAM program developed through international joint research. The high-pressure gas facilities
in the hydrogen filling station are divided into four main categories: storage facilities (tube trailers), processing
facilities (compressors), compressed gas facilities, and filling facilities (dispensers). Among them, the design
specifications of the tube trailer, which is a storage facility, and the surrounding environmental conditions were
reflected to construct an accident scenario with previously occurring accidents and potential accidents.
Through this, we identify the risks of storage facilities at hydrogen refueling stations and suggest measures to
improve the safety of hydrogen charging stations.
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Fig. 1. Safety distance comparison

Table 1. Domestic Plan in Korea

Domestic Supply Plan ~22 ~30 ~‘40
FCEV (unit) 67000 850000 2900000
HCS(unit) 310 660 1200
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Fig. 2. Dispenser flame length
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Table 3. Tube trailer leak scenario factor

Factor Input data
Atmosphere temperature 40 C
Hydrogen temperature 40 C
Relative humidity 50 %
Pressure 20 MPa
0.40 mm
Fig. 3. Risk assessment location.
1.27 mm
Hole diameter
Table 2. Specifications of hydrogen Charging 4.02 mm
station 1270 mm
Storage(processing) Design Qua
Facilities & bili e pressure it
capabtity (MPa) Y Table 4. Facilities factor of QRA
Compressor 785?'496 99 1 Storage mass Operating Operating
Nm'/Day Facilities ko) pressure temperature
80112 * (MPo) ©
Dispenser 3 87.5 1
Nm'/Day Compressor 26 85 40
Storage 1000 L 444 ’ Dispenser 5 76.5 -40
vessel_ Low
Storage
52 40 40
Storage. 343 L 103.4 2 vessel_ Low
vessel_ High
Storage
Tube Trailer 22,900 L 20 1 vessel_ High 30 83 40
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Table 5. Effect of radiation
radiant heat flux intensity
Effects
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Fig. 4. HCA result of leak hole size 0.2mm.
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Fig. 6. HCA result of leak hole size 1.27mm. Fig. 8. HCA result of leak hole size 12.70mm.
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Table 6. Individual risk data

Criteria Risk of fatality per year
Unacceptable/intolerable >1x10E-3
Maximum tolerable risk 1X10E.3

for workforce
Maximum tolerable risk
for members or the 1x10E-4
public
ALARP regi
regton 1X10E-6 ~ 1x10E-3
(workforce)

ALARP region (public) 1x10E-6 ~ 1x10E-4

Broadly acceptable <1x10E-6

1.0E-02

1.0E-03 =

1.0E-04 o Unacceptable

Tolerable
[ALARF]

1.0E-05 ==

Frequency of N or more
casualties(1/year)
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1.0E-07 ] }

1
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Fig. 11. Societal risk criteria.

V.ZE
B ATOIAE FaEA% U AN e FBA
ARt E Qs T 9 T hREe

FaFALANA AFLE ALEStT 3, KGS
CODE FP217°) w2} 3t w|¥k A X7} 7H55te] 1)
EE 209 AN E AR ST A B o A A
H FEA e RAA AL A 2T 58 9l
x)3ke] kAL Bt E Z o7 B, A
MAH AREE AdsEo] ALSTF AL A 3|
FEFo] A 20 F3 9] Be 5 EETPHATA
4" 5 AT A YR EE BT =Rl Aot 2
o] WA A& VI AT FE 3W (T A4 T
A )02 & A 587l AXEHA ==
o EAR 9 -2 1T RA G AR A AFE=
= 3EE/PES O AA T = Aok o] MY FH AT

KIGAS Vol. 25, No. 4, August, 2021 - 62 -

ol o3 917} BerAl o] ofF-e] 9P A
5 o) 77} o’ A8 A AP s
L

FF YA Ao o8] FaFAL A%

37 I T vl & F shes =1
B9 YA Al F71EA A=A e
3l 3227190l YA A A7} B k=
230, FOo g FAFHA TH A AN Holl =
7+3}E KGS CODE 739 we} A ARAXE A
A3, 7 F F7)8 A B E &) F4aF5H
ZoAdn) D obA A o] AR S BHH slo]of g}, I
gk ARANGS B8 Al FA B4 AE 0 2
FA B 7} o] Foj A ofut kA g1 o) FAo
aFAe BFo] £oo A FFE S AL AR

A
ZtAlel 2

H A= A T AL F(MOTIE) 9 fh=oll | A
7% 7FA(KETEP) 2] A & who} e gk AT 7}A]
(No. 20162310100020) g Y th.

REFERENCES

[1] 2B, “Ad A D43t 2 =77, (2019)

[2] F=T7FRRBAFAL, A 22 F2AFA T A
A-71%-AA 71, (2021)

[3] FF7FRAFAL, A T2 FH 9 Al
A-71&- A4 71F, (2021)

[4] Kang, S. K., “A study of jet dispersion and jet-fire
characteristics for safety distance of the hydrogen
refueling station”, Korea Institute of Gas, 2019(6),
74-80, (2019)

[5] 74P B2 F T, KOSHA GUIDE P - 107
Ao} gl gjore] F& Avke e HA B3 1%
214, (2016)

[6] SAND2009-0874, “Analyses to support develop-
ment of risk-informed separation distances for
hydrogen codes and standards”, (2009)

[7] SF4FIFH B2 F, KOSHA GUIDE P - 102
At a s o & 7]y oll B3 7] =A%, (2016)

[8] HSE, “Guidance on ALARP decisions in COMAH,
United Kingdom health and safety executive”, (2019)

[9]1 KS CIEC 60079-10-1, “Classification of areas-ex-
plosive gas atmospheres”, Korean Standards Service
Network, (2017)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


