KIGAS Vol. 25, No. 6, pp 45~52, 2021

https://doi.org/10.7842/kigas.2021.25.6.45
v (Journal of the Korean Institute of Gas)

5 ¢
20213 1149 2 A< 20213 129 149 4, 20213 12€ 159 A=)
Quantitative Risk Assessment of Mobile LNG Filling Station

Eun-Gyeong Jeon - Young-Joo Choi - Pil-Jong Kim - TChul-Hee Yu
Ingtitute of Gas Safety R&D, Korea Gas Safety Corporation
(Received Novermber 2, 2021; Revised December 14, 2021; Accepted December 15, 2021)

AREE FW vAEAL] F2 9 F syl HEFSEAS] Ad8E BFolA A ATIAANG) T2
87 A5 Agste A& Fst = A dzete] FAHEE s dskaL, LNG &89 27]
His dgsp 7] s FAARFETE 53 olsAFTHL Mt AFo] AFH vk 2 AFelA=
ATE o) TATAL el kM T AAE el AFA ADBAIHF Z2IYE B3] FoN
(A%, T3l g FAFFHAE A=A, 7 AdEl ol th3 A AR A S EE A58t
AFA 24 A A3E B4 23, o554 AFAEY AF4e 718 e U e A

o=z yehgth

o

Abstract - The government is converting the fuel for trucks, one of the causes of PM in Korea, form diesel
to LNG. Mobile LNG station are being developed to solve the problems of insufficient charging infrastructure
and facilitate the spread of LNG fuel. In this study, QRA was used th calculate the CA of the facility for a secure
design prior to the development of the mobile LNG station and to predict the individual/societal risk the
scenario. As a result, the danger of mobile LNG station was in ALARP.
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Fig. 2. Mobile LNG filling station site.
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Table 1. Mobile LNG station facility specifications
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LNG Truck

Fig. 3. Standard model of mobile LNG filling station.
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Table 2. Worst weather condition for QRA [9,10]

Meteorology For Dispersion Model
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Table 3. Population conditions Table 4. The effect of Radiation
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Intensity Radii for Fireball
Rupture

X

— Category 1.5/ 5 W/m2
— Category 15/F 125 KWim2
— Category 15/F 373 WWim2

/)

e

Fireball diameter 98.29 m
5 kW/m? 296.10 m
12.5 kW/m® 191.86 m
37.5 kW/m® 109.86 m

(a) Intensity Radii for Fireball of tank

Intensity Radii for Fireball

— Category 1.5/ 5 KW/m2
— Category 15/F 125 KW/m2
— Category 15/F 375 kWim2

Fireball diameter 27.05m
5 kW/m? 76.87 m
12.5 kW/m® 49.13m
37.5 kW/m?> 27.55m

(b) Intensity Radii for Fireball of dispenser

Intensity Radii for Late Pool Fire
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(c) Intensity Radii for Late Pool Fire of tank
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rupture
150 i i i
— Category 15/F 5 kW/m:
— Category 15/F 125 kW/m2
— Category 15/F 37:5 kW/m2
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H
: ©
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Pool Fire diameter 4.03m
5 kW/m® 1297 m

12.5 kW/m? 10.49 m
37.5 kW/m® 408 m

(d) Intensity Radii for Late Pool Fire of dispenser

Explosion Worst Case Radii

\

stegory 15/F007bar
stegory 1 5/F021 bar
stegory 15/F07 bar

Distance Crozsvind ]
L

T

Overpressure Level Maximum distance Diameter
0.07 bar 303.01 m 386.02 m
0.21 bar 232.96 m 165.93 m
0.7 bar 191.51 m 83.02 m

(e) Explosion Worst Case Radii of tank

Explosion Worst Case Radii
rpture

— Ctegory 1577007 bar
— Ctegory 1577021 bar
— Cotegory 1570 bar

o)

Distance Crozowind m]

NEZ

©

Overpressure Level Maximum distance Diameter
0.07 bar 70.19 m 120.38 m

0.21 bar 35.87m 51.7m
0.7 bar 22.94 m 25.89 m

(f) Explosion Worst Case Radii of dispenser

Fig. 4. Distance downwind to defined radiation levels and overpressure.

- 49 -

Sk 7k~ 8k 3] 4] A259 A6z 2021 129




=
HE3

o A Category 157 Poot
§ e a 150000
b /™ Cotegory 157 @ 50000 pom
4 A cotgory 157 @ 25000 50m
Path Study/tank Path Study/dispenser
Scenario Rupture Scenario Rupture
‘Weather Category 1.5/F ‘Weather Category 1.5/F
Distance to UFL [m] 18.16 Distance to UFL [m] 4.72
Distance to LFL [m] 164.79 Distance to LFL [m] 8.23
Distance to LFL fraction [m] 264.04 Distance to LFL fraction [m] 34.70

Fig. 5. Distance downwind to defined concentrations.

Table 6. Nominal Failure Rates Specified in the LNG Failure Rate Table From PHMSA.[12]

Equipment

Type of Failure

Nominal Failure Rate per
Year of Operation

Catastrophic Failure (Rupture)

5 x 10-6 per vessel

Process Vessels

Release from hole in inner tank with effective diameter of 0.01 m

1 x 10-4 per vessel

Catastrophic Rupture

1 x 10-6 per metre

Piping: d < 50 mm

Release from a hole with effective diameter of 25 mm (17)

5 x 10-6 per metre

B ATl A= UK HSE(Health and Safety Execu-
tive) ol A A A g 918 3] -87]F-& 28k [Table. 7]
[13] ol YFEFATE HSES] 913 51-871H(ALARP, As Low

Table 7. Risk acceptance criteria(UK HSE). [13]
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1 x 10-4(Public)

= 1x 10 (all)

Increasing Risk

Fig. 6. UK nuclear industry Risk Tolerance Cri-
teria.[14]
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Fig 7. Individual risk assessment.
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Fig. 8. Societal risk assessment F-N Curve.
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