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Abstract - After the Paris Agreement in 2015, the government has been promoting various palicies such
as ‘Hydrogen-Economy Roadmgp(2019)' to supply hydrogen. As part of this, the government announced
the god of building 310 hydrogen refuding stations(HRS) until 2022. To this end, specid case standard
for the introduction of complex, packaged, and mobile hydrogen refuding stationgMHRS) have been
enacted and promulgated. The MHRS has the advantage of being able to supply hydrogen to multiple
regions. However, due to the movement and close distance between fecilities, it is necessary to secure
proper ingdlation standards and operationd safety through safety andlysis. In this study, the possihility
of introduction was investigated by designing a standard modd and quantitative risk assessment(QRA).

As a result of QRA, pasond and socid risk were acceptable, and the empirical test direction and
implications were derived.

Key words : Mobile hydrogen refuding station, FCEV, Quantitative risk assessment, Risk
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Fig. 1. Concept of mobile hydrogen refueling station(with tube-trailer)
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Table 2. Leak scenarios for each component of MHRS

Inventory - : Lesk

Components Pre. Temp. Mass, F?"'”g Scenarios Leag S | lEes et Frequencyl’

(inch) (mm) (kg/s)

(MPa) (c) | Volume (lyear)
Small Lesk 0.40 1.30.E-03 1.07E-03
. Medium Leak 4.02 1.31E-01 3.21E-04
Tube Trailer 20 15 340kg 3/4"
Large Leak 12.70 1.31.E+00 1.80E-04
Cat. Rupture? - - 5.00E-07
Small Lesk 0.23 1.87.E-03 3.47E-03
916", | Medium Lesk 2.26 1.81.E-01 2.09E-04
H2 Storage(HP) 87 15 1.029m3

316SS Large Leak 7.16 1.81.E+00 1.02E-04
Cat. Rupture? - 5.00E-07
Small Lesk 0.23 1.50.E-03 7.06E-04
Dispenser 70 -40 - 353638 Medium Lesk 2.26 1.45.E-01 1.85E-04
Large Leak 7.16 1.46.E+00 9.88E-05
Small Lesk 0.23 1.87.E-03 2.76E-03
Compressor 87 15 - gi]égs Medium Lesk 2.26 1.81.E-01 2.62E-05
Large Leak 7.16 1.81.E+00 4.24E-06
Small Lesk 0.23 1.87.E-03 1.20E-03
Priority Panel 87 15 - ??ffSé Medium Lesk 2.26 181.E-01 8.32E-05
Large Leak 7.16 1.81.E+00 3.84E-05

1) SAND2009-0874(2009), Andysis to support deveopment of risk-informed separation distances for hydrogen codes and standards.
2) Failure frequencies for major failures of high pressure storage vessdls a2t COMAH sites: A comparison of data used by

HSE and the Netherlands, Clive Nussey, 2006

Fig. 4. Virtua site for QRA of MHRS(Suwon-si, Gyeonggi-do, Korea)
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Table 3. Weather information for QRA of MHRS

T ahgH(m/s) 714 = 71e(C) & ¥(Windrose)
Case 1 14 A 32
Day Case 2 53 C 32
: S
Case 3 139 D 32 N . A
Case 1 14 A 17 | l ‘
Night Case 2 53 c 17 - Qe
Case 3 13.9 D 17
Table 4. Ignition source and condition for QRA of MHRS
Day time Night time
Ignition source Type/ Shape P:gtr)]:lcl)?l?ty p:arr]iot:jm(es) Traffic Average Traffic Average
density speed density speed
(car/hr) (km/h) (car/hr) (km/h)
Fueling Stations Ignition polyline 0.9 10 - - - -
Restaurants Ignition polyline 0.9 10 - - - -
Industria site Ignition polyline 0.2 10 - - - -
Main Road Transportation polyline 0.2 10 60 80 6 80
Sub Road Transportation polyline 0.2 10 6 20 1 20

Table. 5. Prediction of population around MHRS(virtual site)

Day time Night time
Area Category
Population Fraction Indoors Population Fraction Indoors
GS-LPG Operators 12 0.1 2 0.9
SK Retail Operators 12 0.1 2 0.9
SK-LPG Operators 12 0.1 2 0.9
Restaurant-1 Public 30 0.9 3 0.9
Restaurant-2 Public 30 0.9 3 0.9
Industrial site Public 50 0.9 2 0.9
Apartments Public 500 09 1500 0.9
School Public 473 0.9 2 0.9
Offices Public 50 0.9 5 0.9
AFEELT) Table 5.0] %714 F1o] QT R A ZA 2 the et
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Table 6. Risk acceptance criteria(HSE, UK)

Criteria Risk of Fatality Per
Year
Unacceptable / Intolerable > 1 x 10E-3
Maximum tolerable risk for 1 x 10E-3
workforce
Maximum tolerable risk for
members 1 x 10E-4
of the public
. 1x 10E-6 ~ 1 x
ALARP region (workforce) 10E-3
. . 1 x 10E-6 ~ 1 x
ALARRP region (public) 10E-4
Broadly Acceptable < 1 x 10E-6

Table 7. Distance of hydrogen dispersion for each scenario(50% LFL)

Scenario Westher Distance to UFL Distance to LFL | Distance to LFL fraction
[(m] [m] [m]
category 1.4/A 2.5828 23.884 32.568
Tube Trailer

Catastrophic rupture category 5.3/C 2.7748 34.131 68.281
category 13.9/D 2.9685 77.73 182.46
category 1.4/A n/a 11.749 16.314

High Pressure Bank
Catastraphic rupture category 5.3/C na 16.014 34.104
category 13.9/D n/a 34.046 85.798
category 1.4/A n/a 24.823 38.105
Compressor Large Lesk category 5.3/C nla 26.702 47.024
category 13.9/D na 18.819 49.192
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Table. 8. Flame length of jet fire for each scenario(Category 5.3/C)

Flame length Distance Distance Distance
Scenario [ (1.6 kwW/m?) (95 kW/m?) (375 kWim?)
[(m] [m] [m]
Tube Trailer
smal Lesk 0.6994 n/a n/a n/a
Tube Trailer
_Medium Lesk 5.6957 7.2205 n/a n/a
High Pressure Bank
smal Lesk 0.7498 n/a n/a n/a
High Pressure Bank
“Medium Lesk 6.0319 7.9499 n/a n/a
Dispenser
_small Leok 0.7411 n/a n/a n/a
Dispenser
_Medium Lesk 5.9111 7.6044 n/a n/a
Compressor
_small Leok 0.7498 n/a na na
Compressor
_Medium Lesk 6.0319 7.9499 n/a n/a
Compressor
Large Lesk 16.76 29.848 21.367 17.641
PP_Small Leak 0.7498 n/a n/a n/a
PP_Medium Lesk 6.0319 7.9499 na na

Table. 9. Overpressure distance for each scenario(Category 5.3/C)

Scenario Overpressure level [kPq] Maximum distance [m] Diameter [m]

Tube Trailer 7 15.7478 11.4956

_Medium Leak 20 12.5531 5.10628

Tube Trailer_ 7 153.036 266.072

Catastrophic rupture 20 83.0101 106.02

High Pressure Bank 7 16.0634 12.1267

_Medium Lesk 20 12.6933 5.38662

High Pressure Bank 7 78.1277 136.255

_Catastrophic rupture 20 40.3326 40.6653

Dispenser 7 15.9741 11.9482

_Medium Leak 20 12.6537 5.30731

Compressor 7 16.0382 12.0765

_Medium Leak 20 12.6821 5.3643

Compressor 7 54.8324 29.6648

_Large Leak 20 51.3231 2.64618

i 7 16.0634 12.1267

PP_Medium Lesk 20 12,6933 5.38662
344 184 W7h A=/ B =/ A Uerd Ak o), el AN ES 3
AYH 7o) 2gh ghow AHEE v, Teble 10 2 Aube]e.
A A Wk 2E IREE 4 () ¥ A}34] = (Frequency) 2t 3] 3l % 3(Consequency,
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Table. 10. Risk ranking for each scenario

Modd Name Outc;:x;ag:;:lrj]mcy Totad N I:[Z;:; gl :\t(eeg;r? Risk C;;)t]ribution
T{‘;?;Lﬁ"aak 3.21E-04 1.03E-02 3.326-06 31.60
Hsz_ ,\Asgigri('tzk 2.00E-04 1.14E-02 2.39E-06 275
Dp_ﬂﬂft - 1.85E-04 1.05E-02 1.94E-06 18.49
Pg_r il\ig)i/ursze;k 8.32E-05 1.14E-02 9.47E-07 9.02

TT_C;‘ﬁOL?C'e:prre 5.00E-07 1.50E+00 7.49E-07 7.13
Cpf&rggru[\ - 2.62E-05 1.05E-02 2. 74E-07 261
Té;noraal?e([g\ 3.47E-03 6.99E-05 2.42E-07 231

HP;;;?;Z%?(CHBF\ME 5.00E-07 3.96E-01 1.98E-07 1.88

Cgﬁ’gﬁ;;\ak 2.76E-03 6.98E-05 1.93E-07 1.83

;i_osr:% |PT;\|< 1.20E-03 7.08E-05 8.50E-08 081

T;‘i?ﬂ;rla'l'_:( 1.07E-03 5.83E-05 6.24E-08 0.59

Cgi’[n;;;\ak 4.24E-06 1.27E-02 5.30E-08 051

DP?iST]:}wL\eak 7.06E-04 6.90E-05 4.87E-08 0.46

Table. 11. Result of individual risk for MHRS

Group Name Group Type Tota [/AvgeY ear]
Total Risk Combination 1.0505E-05
Area Name Operators [/AvgeY ear] Public [/AvgeY ear] PLL [/AvgeYear]
Population grid 1.05048E-05 1.77983E-10 1.0505E-05
Total N) 12|l °o]& H3 2F A =(Risk)= 22 (Workforce) 2 Rt 5(Public)oll thgt £
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