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ABSTRACT

Oil tank fires need to be suppressed differently from other oil-related fires, due to the high-temperature flames and hot
updraft above the tank, in the former case, that cause the destruction of large amounts of foam. We studied high-capacity
foam discharge systems based on the standards of the American Petroleum Institute (API), National Fire Protection
Association (NFPA), British Standard European Norm (BS EN), and the laws of Japan. The performance of a high-capacity
foam discharge system was measured by conducting real fire experiments with model oil tanks. We concluded that
lightweight and easily movable high-capacity foam discharge systems should be urgently introduced in domestic operations.
Additionally, the obstacles faced by major tanks, such as long-distance installation of large-diameter fire hoses and
narrowing of firefighting spaces, should be resolved depending on the conditions of the site.
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Table 1. Number of Tanks throughout Korea by Capacity
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Figure 1. Japan’s three point method.
*Source: Training Manual of Disaster Prevention
Headquarters of Petrochemical Complex, Fire and Disaster
Management Office (2016).

Figure 2. Three point and siege method failure.
*Source: Disaster Prevention Measures at Petrochemical
Complexes in Japan, Fire and Disaster Management
Office (2017).
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Figure 3. High capacity foam diacharging system.
*Source: Training Manual of Disaster Prevention Headquarters
of Petrochemical Complex, Fire and Disaster Management
Office (2016).
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Table 2. Singapore’s Big Monitors Deployment Guidelines

Tank Foam Monitors
Diameter Requirement to be Deployed
4,000 GPM
45 m~ ) 2 x 2,000 GPM
m (15,140 LPM) * o
6080 m 10,000 GPM 1 x 6,000 GPM
(37,850 LPM) 2 x 2,000 GPM
26,000 GPM 2 x 10,000 GPM
81~110 m
(98,410 LPM) 1 x 6,000 GPM

*Source: Oil Refinery Fires, Singapore Civil Defence Academy
(2016).
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Figure 4. Singapore big monitors deployment.
*Source: Oil Refinery Fires, Singapore Civil Defence
Academy (2016).
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Table 3. Fixed Foam Discharger Application Rate
Type
Flash Type [ Type 1I Type Special Type I Type IV
Point Time Rate Time Rate Time Rate Time Rate Time Rate
(min) (LPM/m?) (min) (LPM/m?) (min) (LPM/m?) (min) (LPM/m?) (min) (LPM/m?)
~21 C 30 4 55 4 30 8 55 4 55 4
21 C~70 C 20 4 30 4 20 8 30 4 30 4
70 C~ 15 4 25 4 15 8 25 4 25 4

*Source: Specific Guideline on Hazardous Material Safe Management

Figure 5. Topside application tactics with high capacity monitor.
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Table 4. Foam Application Rates from NFPA
Fuel Scenario Fuel surface Compensation design factor Required application rate
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ydrocarbon eck et (0.16 GPM/f?) 0 (0.16 GPM/f?)
6.5 LPM/m’ 9.8 LPM/m’
H, ingle 1 1.
ydrocarbon Single largest tank (0.16 GPM/f?) 5 (024 GPM/RY)

*Source: NFPA 11 Standard for Low-Expansion Foam, 2016 Edition
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Table 5. Application Rate from EN Standard

Tank diameter (m) Application rate Time
~45 m 10 LPM/m? 60 min

45 m~60 m 11 LPM/m? 90 min
60 m~ 12 LPM/m? 90 min

*Source: BS EN 13565-2

Table 6. Japan’s High Capacity Monitors Deployment

FRT diameter | Discharge capacity | Capacity per monitor
34 m~45 m 10,000 LPM
10,000 LPM
45 m~60 m 20,000 LPM
60 m~75 m 40,000 LPM
75 m~90 m 50,000 LPM
20,000 LPM
90 m~100 m 60,000 LPM
100 m~ 80,000 LPM

*Source( Petroleum Complex Disaster Prevention Act Ordinance
(1976)™9
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Figure 7. Concentration of nozzles (left) and dispersed placement of nozzles (right).

Table 8. The Result of Both Low and High Capacity Discharge Experiment

Division Application rate Nozzle pressure Nozzle iameter Radiation distance Completion time
Low capacity 53 LPM 0.8 kg/cm? 2 mm 34m~55m 11 min 40 s
High capacity 53 LPM 1.3 kg/em?® 3 mm 24 m~ 62 m 9 min 30 s
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Table 9. Nozzles Placement and Outcome Comparison
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Division Application rate Pressure Nozzle diameter Shortest radiation Foam blanket status
Dispersion 6 LPM 1 kg/em® 2 mm 35 m~5.5 m Loose
Concentration 6 LPM 1 kg/em® 2 mm 3.5 m~5.7 m Tight
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