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ABSTRACT

Benzene is a class 4 hazardous material according to the Act on the Safety Control of Hazardous Substances. This study
qualitatively evaluated the damage size of a “toxic” accident and “pool fire” accidents based on benzene in a virtual
scenario of a fire and leakage accident during unloading at a port facility. The KORA program was used as an evaluation
method, which is supported as a universal program by the National Institute of Chemical Safety. The range of damage
effects of a benzene-induced fire and leakage accident was predicted. In the case of toxic damage range, the accident’s
damage effect range for the “worst case scenario” was reduced by up to 5.11% with a decrease in the size of the leakage
hole. In the case of the leakage time, the damage effect range increased to 145.12% with a 10 min leakage time compared
to that of a 5 min leakage time and went up to 20 min (212.29%) with a 20 min leakage time. In the case of
pool-fire-induced damage, the damage effect range by radiant heat in the “worst case scenario” was 228.8 m in radius from
the center of the handling facility. In the “alternative scenario,” the damage effect range by radiant heat was reduced by
up to 8.26% compared to that in the “worst case scenario” since the size of the leakage hole was decreased by reducing
the cross-sectional area of the pipe.
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Table 1. Handling Amount of Each oil Cargo Port

AR

t (R/T)
Port Crude oil, Ppetroleum Petroleum Refined Product Total Ratio (%)
Gwangyang 65,749,960 63,918,550 129,668,510 35.06
Ulsan 71,580,588 51,812,547 123,393,135 33.36
Daesan 28,716,764 36,967,907 65,684,671 17.76
Incheon 8,384,983 19,424,417 27,809,400 7.52
Other 1,591,678 21,729,081 23,320,759 6.30
Total 176,023,973 193,852,502 369,876,475 100
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Table 2. Results of Frequency for Alternative Scenario
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Division Initiating Event (IE) Frequency
I-1 Pressure Vessel Failure 1 x 10°
I-2 Piping Rupture/100 m 1 x 10°
I-3 Piping Leak/100 m 1 x 107
I-4 Atmosphere Tank Failure 1 x 107
I-5 Gasket/Packing Blowout 1 x 102
1-6 Turbine/Diesel Engine Overspeed with Casing Breach 1 x 10"
1-7 Third-Party Intervention (External Impact by Back-hoe, Vehicle, Etc) 1 x 107
I-8 Lightning Strike 1 x 107
19 Safety valve open Failure 1 x 102
I-10 Cooling Water Failure 1 x 10"
I-11 Pump Seal Failure 1 x 10"
I-12 Unloading/Loading Hose Failure 1 x 10"
I-13 BPCS Instrument Loop Failure 1 x 10"
I-14 Regulator Failure 1 x 10"
I-15 Small External Fire 1 x 10"
I-16 Large External Fire 1 x 107
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Table 3. Leakage Condition According to the Size

A

of Leakage Hole

Category

Worst-case Scenario

Alternative Scenario [

Alternative Scenario 1l

Alternative Scenario 111

Leakage Type

Worst Leakage

Pipe Leakage (100%)

Pipe Leakage (66%)

Pipe Leakage (20%)

Leakage Hole (inch) - 6 4 1.2
Leakage Time (s) 600 1,200 1,200 1,200
Leakage Rate (kg/s) 3333 108.5 40.4 1.9
Total Leakage (kg) 200,000 130,226.8 48,475.0 2,287.1

Table 4. Leakage Condition According to Leakage Time

Category Alternative Scenario IV Alternative Scenario V Alternative Scenario II
Leakage Type Pipe Leakage (66%) Pipe Leakage (66%) Pipe Leakage (66%)
Leakage Hole (inch) 4 4 4
Leakage Time (s) 300 600 1200
Leakage Rate (kg/s) 404 404 404
Total Leakage (kg) 12,118.7 24,2375 48,475.0

32.8
(5.11%)

Alternative scenariclll

Alternative scenario ||

Alternative scenario |

Worst-case scenario

¥ v v
o 100 200

300 400 5000 B0O0 VOO

Damage influence range(m)

Figure 1. Comparison of the influence range of the toxicity damage of benzene.
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Figure 2. Influence range of the toxicity damage of benzene Figure 3. Influence range of the toxicity damage of benzene
(Worst-case scenario). (Alternative scenario I).

Figure 4. Influence range of the toxicity damage of benzene Figure 5. Influence range of the toxicity damage of benzene
(Alternative scenario II). (Alternative scenariolll).

167.5m
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- = r = o

o 50 100 150 200
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Figure 6. Comparison of the influence range of the toxicity damage of benzene according to leakage time.
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Figure 7. Influence range of the toxicity damage of benzene
according to leakage time (Alternative scenariolV).

Figure 9. Influence range of the toxicity damage of benzene
according to leakage time (Alternative scenario II).

A

8. Influence range of the toxicity damage of benzene
according to leakage time (Alternative scenario V).

Figure

Table 5. Diameter of Benzene Pool Fire, Maximum Height of Flame, Damage Influence Range

Type Worst-case Scenario | Alternative Scenario I | Alternative Scenarioll | Alternative Scenariolll
Diameter of Benzene (m) 70.8 57.2 38.1 114
Maximum Height of Flame (m) 80.2 67.8 51.2 222
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Figure 10. Comparison of the damage influence range of benzene pool fire.

Figure 11. Damage influence range of benzene pool fire (Worst-
case scenario).

Figure 12. Damage influence range of benzene pool fire (Alternative
scenario I ).

Figure 13. Damage influence range of benzene pool fire (Alternative
scenario 1I).
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Figure 14. Damage influence range of benzene pool fire (Alternative
scenariolll).
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