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Abstract

Background and Aim: Knowing the maximum radius of fire, explosion and emission of toxic gases, can play
a very important role in the operationalization of urban passive defense requirements in order to reduce
vulnerability in accidents. The main objective of this study is modeling the extent of explosion, ignition and gas
leakage Consequences in cylinders containing 26.2-liters of liquid gas, with passive defense approach.

Methods: In this study, the effective factors on discharge and release of gases are described and ALOHA
software has been used as one of the most suitable software for modeling the gas emissions of LPG (Liquefied
Petroleum Gas) cylinders. Based on the modeling results, the emergency response program during gas leakage is
presented.

Results: When the gas leaks from LPG cylinder with 1-inch vent valve, the cylinder will be empty in one
minute and the gas concentration will be 12600 ppm (60% LEL) and 2100 ppm (10% LEL) up to 11 meters and
35 meters from cylinder, respectively. In the case of vapor cloud explosion, the explosive wave pressure will be
about 3.5 psi, up to 13 meters from the reservoir which may cause serious damage, and it will be equal to 1 psi,
up to 25 meters from the cylinder which has strength of breaking the glass. In case of furious fire, fire flame with
eight meters’ length is created, with thermal radiation of about 10 Kw/m? and 5 Kw/m? up to 10 meters and 12
meters from the cylinder, respectively which can cause second-degree burns. In the event of BELIEVE, a fireball
will occur with a diameter of 14 meters within 2 seconds, with thermal radiation of about 10 Kw/m? up to 53
meters from the cylinder.

Conclusion: The consequences of flaring and explosion of LPG gas, up to 35 meters from cylinder, are the
most serious threat for human health, if gas leaks from a cylinder. Optimal positioning of gas cylinders will have
an important role in limiting the harmful effects of hazardous emissions in military barracks.
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LPG HOME CYLINDER (26/2L)

LIQUEFIED PETROLEUM GAS

Volume (L) 262
Test Pressure (kg/em2) 35
Design Pressure (kg/cm2) 17.5
Diameter *Height (mm) 301*570
Weight (kg) 14.4-148
Matecial Jis3116/SG255 equal ASTM

A285S-C (Hot rolled steel)
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Tank Diameter: 8.381 meters Tank Length: 8.578 meters -

Tank Uolume: B.841 cubic meters

Tank contains liquid

Chemical Mass in Tank: 14.5 Kilograms
Tank is 66X full

Circular Opening Diameter: 1 inches

Release Duration: 1 minute

{averaged over a minute or more)
Total Amount Released: 12.9 kilograms

Opening is 8.578 meters from tank bottom

Internal Temperature: 23° F

Hax Average Sustained Release Rate: 214 grams/sec

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

ITHREAT ZONE:
Model Run: Heavy Gas

Red : 11 meters ——— (33008 ppm = AEGL-3 [68 min])

Hote: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.

Orange: 11 meters —-- (17888 ppm = AEGL-2 [68 min])

NHote: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.

Yellow: 28 meters —-- (5588 ppm = AEGL-1 [68 min])

Hote: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.
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7 Text Summary

Tank Diameter: 8.381 meters
Tank Uplume: 8.8%1 cubic meters
Tank contains liquid

Tank is 667 full
Circular Opening Diameter: 1 inches

Release Duration: 1 minute

{averaged over a minute or more)

Leak from short pipe or valve in vertical cylindrical tank
Flammable chemical escaping from tank {not burning)
Tank Length: 8.578 meters

Chemical Mass in Tank: 14.5 kilograms

Opening is B8.578 meters from tank bottom

Total Amount Released: 12.9 kilograms
Hote: The chemical escaped as a mixture of gas and aerosol (two phase flow).

=& =

Internal Temperature: 23% F

Ma® Average Sustained Release Rate: 214 grams/sec

THREAT ZOHE:

Model Run: Heawuy Gas

Threat Hodeled: Flammable Area of UVapor Cloud

Red : 11 meters —-- (126008 ppm = 68% LEL = Flame Pockets)

Hote: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.

Yellow: 35 meters ——— (2188 ppm = 18" LEL})

Hote: Threat zone was not drawn because effects of near-field patchiness
make dispersion predictions less reliable for short distances.
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Text Summary =% Ech
SOURCE STRENGTH: a

Leak from short pipe or valve in vertical cylindrical tank

Flammable chemical escaping from tank {not burning)

Tank Diameter: 8.381 meters Tank Length: B8.578 meters

Tank Volume: 8.841 cubic meters

Tank contains liquid

Chemical Hass in Tank: 14.5 kilograms

Tank is 667 full

Circular Opening Diameter: 1 inches

Opening is 8.578 meters from tank bottom

Release Duration: 1 minute

Hax Average Sustained Release Rate: 214 grams/sec

{averaged over a minute or more)
Total Anount Released: 12.9 kilograms
Note: The chemical escaped as a mixture of gas and aerosol (two phase flow).

Internal Temperature: 23° F

THREAT ZOME:
Threat Hodeled: Overpressure (blast force) from vapor cloud explosion
Type of Ignition: ignited by spark or flame
Level of Congestion: congested
Hodel Run: Heauy Gas
Red : LOC was never exceeded --- (8.8 ps1 = destruction of buildings)
Orange: 13 meters --- (3.5 psi = serious injury likely)
Yellow: 25 meters --- (1.8 psi = shatters glass)

« . 3

[ 8] Overpressure (Blast Force) Threat Zone
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1 Text Summary
Ground Roughness: open country
nir Temperature: 23° F
Ho Inversion Height

== =
Cloud Cover: 3 tenths -
Stability Class: D
Relative Humidity: 25%

SOURCE STRENGTH:
Leak from short pipe or valve in vertical cylindrical tamk
Flammable chemical is burning as it escapes from tank
Tank Diameter: 8.381 meters Tank Length: 0.579 meters
Tank Uolume: 0.841 cubic meters
Tank contains liquid
Chemical Mass in Tank: 14.5 kilograms
Tank is 667 full
Circular Opening Diameter: 1 inches
Opening is 8.578 meters from tank bottom
Flame Length: 6 meters Burn Duration: 28 seconds
Burn Rate: 1.99 kilograns/sec
Total Amount Burned: 12.9 kilograms
Hote: The chemical escaped from the tank and burned as a jet fire.

Internal Temperature: 23° F

HREAT Z20HE:
Threat Hodeled: Thermal radiation from jet fire
Red : 10 meters --- (10.8 ki/(sq m) = potentially lethal within 68 sec)

Orange: 12 meters --- (5.0 kW/(sq m) = 2nd degree burns within 68 sec)
Yellow: 19 meters —-- (2.0 kW/{(sq m) = pain within 68 sec)
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[l Thermal Radiation Threat Zone =N EoR ==
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[ Text Summary

= o [

Ambient Saturation Concentration: 1,000,808 ppm or 160.0% o

ATHOSPHERIC DATA: (HANUAL INPUT OF DATA)

Wind: 18 miles/hour from ese at 3 meters

Ground Roughness: open country Cloud Cover: 3 tenths
nir Temperature: 23° F Stability Class: D

No Inversion Height Relative Humidity: 257

SOURCE STRENGTH:

THREAT ZOHE:

BLEVE of flammable liquid in vertical cylindrical tank

Tank Diameter: 0.301 meters Tank Length: 8.578 meters
Tank Uolume: B.841 cubic meters

Tank contains liquid

Internal Storage Temperature: 23° F

Chemical Mass in Tank: 14.5 kilograns

Tank is 667 full

Percentage of Tank Hass in Fireball: 1067

Fireball Diameter: 14 meters Burn Duration: 2 seconds

m

Threat Hodeled: Thermal radiation from fireball

Red - 39 meters -—- (10.0 kW/(sq m) = potentially lethal within 60 sec)
Orange: 55 meters -—- (5.8 kW/{sq m) = 2nd degree burns within 68 sec)
Yellow: 86 meters -—- (2.8 kW/(sq n) = pain within 68 sec)
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