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Abstract - Small petrol stations have great potential for a wide distribution in metropolitan area
in which the land value possesses primary installation cost of the facility. The objective of the pres-
ent study is to propose appropriate facility regulations of small petrol stations in Korea that can
be popularly installed in the future in terms of securing safety in addition to serviceability. The
hazard analysis and damage prediction from the possible fire and explosion accidents were per-
formed using a software, PHAST v.6.5. As essential components of the facility regulations pro-
posed in this study, the regulations about the refueling lot, maximum capacity of underground
tank, location of fixed refueling facilities, height of firewall for small petrol stations were sub-
sequently compared with those for regular-sized petrol stations.
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Table 1. Comparison of the petrol station related laws
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Table 2. Fixed refueling facilities and wall installation standards[2,3]
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Table 3. Dangerous substance accident statistics by hazardous facilities[4]
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Table 4. Statistic by type of dangerous substance accident[4]
ARLH-% 3k 0 FE Al
2012 24 9 2 35
2011 22 17 15 54
Table 5. Statistics of average gasoline station fire from 2004 to 2008
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Table 6. Accident scenarios for simulation
Type Scenario
X Pool fire by the separation between the car and the feeding gun during refueling
Fire 1 iy X . . .
: considering only the gasoline remained in the refueling hose
Fire 2 Pool fire by the separation between the car and the feeding gun during refueling

: considering together with the gasoline filled in the car tank

Explosion 1

VCE by the gasoline vapor discharged from the gasoline vapor return valve during
the unloading work(5 ton, 9,000 L)

Explosion 2

VCE by the gasoline vapor remained in the gasoline station

Table 7. Input data of fire accident scenario

Discharge material

Sample gasoline (Imported material set global material)

Temperature 25 C
Storage condition Liquid phase
Pressure 1 atm
1.5 , F
ms Wind speed,
. 1.5 m/s, D Atmospheric stability :
Weather condition F (Moderately stable),
5 mfs, D D (Neutrally stable)
Fire 1 Fire 2
Release mass 8.902 L (5.84 kg) 78.902 L (51.76 kg)
Scenario Line rupture Line rupture
Elevation 0.5 m 0.5 m
Surface type Land Land
Outdoor release direction Horizontal Horizontal
Area of dike 8.117 m”
T
ype of Steel
Bund None bund surface
Bund height 0.011 m
Bund failure modeling Cannot fail
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Table 8. Input data of explosion accident scenario
Discharge material Sample gasoline (Imported material set global material)
Temperature 25 C
Storage condition Liquid phase
Pressure 1 atm
1.5 , F
ms Wind speed,
. 1.5 m/s, D Atmospheric stability :
W
cather condition F (Moderately stable),
5 m/s, D D (Neutrally stable)
Explosion 1 Explosion 2
Release mass 1,800 L 51 L
Scenario Line rupture Line rupture
Elevation 05 m 05 m
Surface type Land Land
Outdoor release direction Horizontal Horizontal
Table 9. Damage from thermal radiation[9]
Thermal radiation Peopl Struct " . .
. 1] res an 1pmen
Intensity (kTW/m?) eopie ructures anc equipme
4 Pain for 20 second exposure; first degree burn Glass breakage (30 minute exposure)
125 to 15 First degree burn after 10 seconds : 1 % lethality | Piloted ignition of wood, melting of plastics (> 30
’ in 1 minute minute exposure)
Pr i 1 includi
35 to 37.5 1 % lethality in 10 seconds ocess equipment and structural damage (including
storage tanks)(> 30 minute exposure time)
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Table 10. Damage estimates for common structures based on overpressure[9]

Pressure (kPa)

Damage

“"Safe distance” (probability 0.95 of no serious damage below this value); projectile limit; some damage to

2.07 L .
house ceilings; 10 per cent window glass broken
13.8 Partial collapse of walls and roofs of houses
207 Heavy machines (3,000 1b) in industrial buildings suffer little damage; steel frame buildings distort and pull
’ away from foundations
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Fig. 1. Intensity radiation for early pool fire (1.5 m/s, F).

Table 11. Effect

distance of radiation

Scenario 1 Scenario 2
Division
1.5 mfs, F 1.5 m/s, D 5 mfs, D 1.5 mfs, F 1.5 mfs, D 5 mfs, D
Flame length (m) 17.62 17.60 17.30 6.15 6.15 6.15
Flame angle (deg) 29.63 29.64 5221 36.19 36.19 57.37
Fire duration (s) 1.21 1.21 1.26 143.78 143.78 143.78
4 kW/ni 29.76 29.76 32.92 14.15 14.18 14.74
Effect
distance 12.5 kW/ni 16.24 16.27 21.98 8.97 9.00 10.14
(m)
37.5 kW/nmi 5.94 597 7.08 4.28 4.31 5.59
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a) Scenario 1

Fig. 2. Late explosion at distance (5 m/s, D).

b) Scenario 2

Table 12. Effect distance of overpressure (explosion center : 10 m)

Division Scenario 1 Scenario 2
Over 1.5 m/s, F 5 mfs, D 1.5 m/s, F 5 mfs, D
pressure Blast . Blast . Blast . Blast .
(bar) effect(m) Time(s) effect(m) Time(s) effect(m) Time(s) effect(m) Time(s)
0.02068 61.08 67.52 n/a 18.20
0.1379 20.23 13.84 23.52 347 n/a n/a 12.12 2.87
0.2068 12.23 24.89 n/a 11.64
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Table 13. Underground tank size by capacity
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Division

50,000 L Underground tank

30,000 L Underground tank

Actual size

3,030 mm % 7,440 mm

2,950 mm x 4,715 mm

Including the size of the space
stateroom

3,830 mm x 8240 mm
(tank size + dry sand space
+ stateroom thickness)

3,830 mm x 5,515 mm
(tank size + dry sand space
+ stateroom thickness)

Table 14. Comparison of petrol stations and small petrol stations

Division Petrol stations Small petrol stations
The refueling lot 15 mx6 m 10 m x4 m
Maximum capacity of the tank 50,000 L 30,000 L

Distance to the fixed refueling
facilities

—Boundary line of road : 4 m
—Boundary line of land or wall : 2 m

—Boundary line of road : 4 m
—Boundary line of land or wall : 1 m

The height of the Wall 2 m or more

2 m or more
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