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Abstract - This study performed a quantitative risk assessment for hydrogen-CNG complex
refueling stations. Individual and societal risks were calculated by deriving accident scenarios
that could occur at hydrogen and CNG refueling stations and by considering the frequency
of accidents occurring for each scenario. As a result of the risk assessment, societal risk levels
were within the acceptable range. However, individual risk has occurred outside the allowable
range in some areas. To identify and manage risk components, high risk components were dis-
covered through risk contribution analysis. High risks at the hydrogen-CNG complex refueling
station were large leakage from CNG storage containers, compressors, and control panels. The
sum of these risks contributed to approximately 88% of the overall risk of the fueling station.
Therefore, periodic and intensive safety management should be performed for these high-risk
elements.

Key words : complex refueling station, hydrogen-CNG, risk assessment, individual risk, societal
risk
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Table 1. Components of Hydrogen-CNG combined refueling station
Components Specification Gas Pressure
939Nm’/hr*2ea,
Compressor 137 ONm’ hr*lea CH4 25MPa
Storage 1,300 ¢ *4ea CH., 25MPa
CNG
Facility Dispenser 5,459Nm’/hr*2ea CH, 25MPa
Pipe 1/4, 1/2, 3/4 inch CH, 25MPa
Gas Detector 8ea - -
Compressor 280Nm’/hr(@200bar) H, 82MPa
St 721L*3ea H 53MPa
orage 343L%3ea 2 82MPa
Tube Trailer 4,600Nm’ H, 20MPa
Hydrogen Dispenser 0.12~5kg/min Hx 70MPa
Facility Chiller 10.40RT/43.4kW . -
Gas Detector Tea - -
Flame Detector UV-IR Type/4ea - -
Pi 1 inch, H 25MPa,
1pe 1/4, 3/8, 9/16 inch 2 82MPa
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Fig. 1. Site of hydrogen-CNG complex fueling
station
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Table 2. Leak scenarios and frequencies of H2 and CNG refueling station facilities

Inventory

Leak Size S
FUEL Components Pre. Temp. Mass, Leak Scenario (mm) Frequency
(Mpa) () Volume (/year)

Small Leak 0.40 1.07E-03

Tube Trailer Medium Leak 4.02 3.21E-04
! (TT) 20 40 340ke Large Leak 12.70 1.80E-04
Cat. Rupture - 5.00E-07

Small Leak 0.23 3.47E-03

H, Storage . 0 0.6860° Medium Leak 226 2.09E-04
(HST) Large Leak 7.16 1.02E-04
Cat. Rupture - 5.00E-07

Small Leak 0.25 3.47E-03

H, Storage Medium Leak 2.50 2.09E-04
H, 2(LST)g 40 40 0.686m° Large Leak 7.92 1.02E-04
Cat. Rupture - 5.00E-07

. Small Leak 0.23 7.06E-04
D‘?gePn)ser 70 40 . Medium Leak 226 1.85E-04
Large Leak 7.16 9.88E-05

Small Leak 0.23 2.76E-03

CO"(’CP‘;SSOT 82 40 - Medium Leak 226 2.62E-05
Large Leak 7.16 4.24E-06

o Small Leak 0.23 1.20E-03
PZE:I‘(“;% 82 40 - Medium Leak 226 8.32E-05
Large Leak 7.16 3.84E-05

Small Leak 1 7.80E-03

Storage Medium Leak 5 5.30E-03
(ST;; » 40 52m’ Large Leak 15 8.30E-03

Cat. Rupture - 5.00E-07

) Small Leak 1 7.06E-04
Dlig‘;n)ser 25 40 . Medium Leak 5 1.85E-04
Large Leak 15 9.88E-05

Small Leak 1 2.00E-02

COI?Cp;SSM 25 40 . Medium Leak 5 7.80E-03
CNG Large Leak 15 3.90E-03
‘ Small Leak 1 3.90E-03
F(lll:fgs 25 40 . Medium Leak 5 1.99E-03
Large Leak 15 1.55E-03

Small Leak 1 4.37E-03

Pﬁor(il‘)yppa“el 25 40 . Medium Leak 5 1.85E-03
) Large Leak 15 1.11E-03

Small Leak 1 4.75E-03

\Zi‘}zf)s 25 40 - Medium Leak 5 2.01E-03
Large Leak 15 1.26E-03
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Table 5. HSE individual risk criteria
Winter ) F stable - night with moderate 5
Day clouds and light/moderate wind Risk of Fatality
Criteria Per Y
Summer | D neutral - little sun and high | er Year
Night wind or overcast/windy night Unacceptable / Intolerable >1x10°
Winter L5 F stable - night with moderate 15 Maximum tolerable risk for workforce 1x10°
Night ’ clouds and light/moderate wind
Maximum tolerable risk for members 1x10*
of the public x
Table 4. Population conditions ) 1x10° ~
ALARP region (workforce) 3
1x10
Population Operator Road Sum. X 10°
. . X ~
Day 5 40 45 ALARP region (public) 1 10*
Night 2 20 22 Broadly Acceptable <1x10°
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Fig. 3. Societal risk curves for hydrogen-CNG fueling station
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Ta-CNG H5HExn AFA 9897t a4 A
Table 6. Risk ranking by risk integral percent
Model Name Vinseven | rasies | pecen | pAvseve
CNG-ST-Large Leak 8.30E-03 4.33E-02 51.81 3.59E-04
CNG-CP-Large Leak 3.90E-03 4.75E-02 26.70 1.85E-04
CNG-PP-Large Leak 1.11E-03 5.44E-02 8.72 6.04E-05
H2-HST-Large Leak 1.02E-04 1.89E-01 2.79 1.93E-05
H2-LST-Large Leak 1.02E-04 1.60E-01 2.36 1.64E-05
H2-DP-Large Leak 9.88E-05 9.94E-02 1.42 9.82E-06
CNG-CP-Medium Leak 7.80E-03 1.17E-03 1.32 9.16E-06
H2-TT-Large Leak 1.08E-04 7.75E-02 1.21 8.37E-06
CNG-ST-Medium Leak 5.30E-03 1.17E-03 0.89 6.18E-06
H2-PP-Large Leak 3.84E-05 1.07E-01 0.59 4.12E-06
CNG-DP-Large Leak 9.88E-05 3.80E-02 0.54 3.76E-06
H2-TT-Medium Leak 3.21E-04 1.01E-02 0.47 3.25E-06
CNG-PP-Medium Leak 1.85E-03 1.04E-03 0.28 1.93E-06
H2-DP-Medium LeakLeak 1.85E-04 9.93E-03 0.27 1.84E-06
H2-PP-Medium Leak 8.32E-05 1.26E-02 0.15 1.05E-06
H2-HST-Medidum Leak 2.09E-04 4.13E-03 0.12 8.64E-07
Tube Trailer Cat. Rupture 5.00E-07 1.41E+00 0.10 7.03E-07
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