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Abstract This study analyzes the risks of explosions of small LPG storage tanks installed at highway rest areas.
For this purpose, the ranges of the effect of thermal radiation and overpressure caused by the BLEVE(Boiling
Liquid Expansion Vapor Explosion)and VCE(Vapor Cloud Explosion) of a 2900-kg small LPG storage tank
installed at highway rest areas were quantitatively evaluated by applying the Areal Location of Hazardous
Atmospheres program. The ranges of influence of the derived explosion overpressure and thermal radiation were
found to have a maximum radii of 336 m and 423 m, respectively. The study determined that those within 269
m could be severely injured by an explosion overpressure of 3.5 psi, and fatalities from thermal radiation of 10
kw/m*  could occur within 192 m of the exploded storage tank. The safety management plan for the LPG
storage tank was discussed while considering the auxiliary facilities of highway rest areas and the extent of the
damage impact. These research results will help improve safety accident prevention regulations considering the
environment and facilities of the rest areas as well as the safety management of small LPG storage tanks

installed at highway rest areas.
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Table 1. Chemical Properties of Propane
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Figure 2. Small LPG Storage Tank for School Cafeteria
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Table 4. ALOHA Scenarios by Source and Risk Factor

Source TOXIF Fire Scenarios EXDIOSI.OH
Scenarios Scenarios
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Table 5. Input Elements of Weather Information
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Table 6. Thermal Radiation Text Summary

INPUT ITEM |INFORMATION

SITE DATA - Location: SAMGUG HUGESO, KOREA

- Building Air Exchanges Per Hour: 2(user specified)

- Time: November 11, 2022 1736 hours ST
(using computer’s clock)

- Chemical Name: PROPANE

- CAS Number: 74-98-6,

- Molecular Weight: 44.10 g/mol

- AEGL-1 (60 min): 5500 ppm,

- AEGL-2 (60 min): 17000 ppm

- AEGL-3 (60 min): 33000 ppm

- IDLH: 2100 ppm,

- LEL: 21000 ppm,

- UEL: 95000 ppm

- Ambient Boiling Point: -43.7°F
Vapor Pressure at Ambient Temperature:
greater than 1 atm

- Ambient Saturation Concentration: 1,000,000
ppm or 100.0%

- Wind: 1.5 meters/second from 120° true at 3 meters

- Ground Roughness: open country,

- Cloud Cover: 5 tenths

- Air Temperature: 25°C,

- Stability Class: F

- No Inversion Height,

- Relative Humidity: 50%
BLEVE of flammable liquid in vertical
cylindrical tank

- Tank Diameter: 2 meters,

- Tank Length: 2.9 meters

+ Tank Volume: 9,111 liters,

- Tank contains liquid

- Tank contains liquid,

- Internal Storage Temperature: 25°C

- Chemical Mass in Tank: 2,899 kilograms,

- Tank is 63% full

- Percentage of Tank Mass in Fireball: 100%

- Fireball Diameter: 90 yards,

- Burn Duration: 7 seconds

- Threat Modeled: Thermal radiation from fireball

- Red: 210 yards——-(10.0 kW/(sq m)=potentially
lethal within 60 sec)
Orange: 297 yards——(5.0 kW/(sq m)=2nd
degree burns within 60 sec)

- Yellow: 463 yards-———(2.0 kW/(sq m)=pain
within 60 sec)

CHEMICAL
DATA

ATMOSPHERIC
DATA

SOURCE
STRENGTH

THREAT ZONE

a8 4o 2 kw/n ©), 5 kw/m’ o), 10 kw/m’
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Table 7. Overpressure Text Summary

INPUT ITEM INFORMATION

SITE DATA | Location: SAMGUG HUGESO, KOREA

- Building Air Exchanges Per Hour: 2 (user
specified)

- Time: November 11, 2022 1736 hours ST
(using computer’s clock)

- Chemical Name: PROPANE

CHEMICALF"CAS Number: 74-93-6,
DATA - Molecular Weight: 44.10 g/mol

- AEGL-1 (60 min): 5500 ppm,
- AEGL-2 (60 min): 17000 ppm
- AEGL-3 (60 min): 33000 ppm

- IDLH: 2100 ppm,
- LEL: 21000 ppm,
- UEL: 95000 ppm

- Ambient Boiling Point: -43.7°F

- Vapor Pressure at Ambient Temperature:
greater than 1 atm

- Ambient Saturation Concentration: 1,000,000
ppm or 100.0%

- Wind: 1.5 meters/second from 120° true at 3

ATMOSPHERIC | eters

DATA - Ground Roughness: open country, - Cloud

Cover: 5 tenths

- Air Temperature: 25°C,
- Stability Class: F

- No Inversion Height,
- Relative Humidity: 50%

- Leak from hole in vertical cylindrical tank

SOURCE - Flammable chemical escaping from tank (not
STRENGTH burning)

- Tank Diameter: 2 meters,
- Tank Length: 2.9 meters

- Tank Volume: 9,111 cubic meters,
- Tank contains liquid

- Internal Temperature: 25°C,
- Chemical Mass in Tank: 2,899 kilograms

- Tank is 63% full,
- Circular Opening Diameter: 10 inches

- Opening is 1.60 meters from tank bottom,
- Release Duration: 1 minute

- Max Average Sustained Release Rate: 987
pounds/sec (averaged over a minute or more)

- Total Amount Released: 5923 pounds

- Note: The chemical escaped as a mixture of
gas and aerosol (two phase flow).

- Threat Modeled: Overpressure (blast force)
from vapor cloud explosion

THREAT —
ZONE - Type of Ignition: ignited by spark or flame
- Level of Congestion: congested, Model Run:
Heavy Gas

Red: LOC was never exceeded——(80
psi=destruction of buildings)

- Orange: 294 yards——-(3.5 psi=serious injury
likely)

- Yellow: 368 yards——-(1.0 psi=shatters glass)
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Figure 7. Google Earth Display-Overpressure Area
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