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Construction of Expert System for Hazard Assessment
of Unconfined Vapor Cloud Explosion
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ABSTRACT

To evaluate readily the effect of unconfined vapor cloud explosion(UVCE) having high possibility of
accident and risk in chemical industries, the expert system of UVCE was developed and its applicability
on a real accident was analyzed.

We found that the hazard of UVCE could be well evaluated from the TNT equivalency model and the
empirical loss data produced by overpressure for chemical facilities. By using the developed expert
system, the size of vapor cloud, the quantity of vaporization, the released energy, the overpressure
range from’explosion point, and the impact damage of each installation could be estimated respectively.

Also, probable maximum loss and catastrophic loss potential for real accident(cyclohexane release in
Flixborough Nypro company) were estimated and compared with damages of the accident. As a result,
the developed expert system could be well applicable to real accident.
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Fig. 1 UVCE expert system procedure
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Table 1 Input data of Flixborough accident
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Table 3 Overpressure range by UVCE

PML CLP
Distance Overpressure Distance Overpressure
(ft) (psi} (ft) {pst)
3828.63 0.5 8593.75 0.5
2129.71 1 4572.23 1
1388. 36 2 3023. 06 2
1170. 37 3 2779.13 3
805. 44 5 1734. 48 5
701. 82 7 1538. 64 7
561.42 10 1223.89 10
485. 86 20 1106. 60 20
347.92 ’ 30 767. 62 30

Table 4 Overpressure of each installation

No. Parameters PML CLP Unit ) Distance | Overpressure!pst
- - Installations
1 |Name of process material Cyclohexane | Cyclohexane| — (ft) PML | CLP
2 | Quantity of process material 18,52 | 1240.19 | m® Control house(steel roof) 9000 Non Non
3 | Explosion factor(f) 0.06 0.06 - Control house(concrete roof) 7000 Non 0.5
4 |Operating temperature 155 155 c Cooling tower 5000 Non 0.5
5 |Process pressure 8.9 890 | atm Cone roof tank 4000 Non 1
6 |Density 675 675 kg/m? Instrument cubicle 3500 0.3 1
7 {Molecular weight 84.16 84.16 - Fired heater 3000 0.5 2
8 | Specific heat 1.95 1.9 {k]/kgC Chemical reactor 2500 0.5 3
9 {Heat of vaporization 357.65 357.65 | k]/kg Filter 2000 1 3
10 {Heat of combustion 46970.06 | 46970.06 | kJ/kg Regenerator 1600 1 3
11 {Boiling point 80.8 80.8 T Floating roof tank 1500 1 7
12 {Lower flammable limit 1.3 1.3 % Cracking reactor 1200 2 10
13 | Upper flammable limit 8.3 8.3 % Pipe ‘supports 1000 3 20
Gas meter({utility} 800 5 20
z0 rea ngsasa vo P g [ et B
g i"’% 80ton$ AHESHAL CLPY 2 [gowr T T
Sol Melg 3 %2 AgH I A st Fractionation column 550 10 30
Udd 843ton(330 000gal)ol =HF 3 ZAAFAA F Pressure vessel horizontal 500 10 30
2" Ao7w A 0}931;}_17) Utilities gas regulator 490 10 30
Table 18] 2tz 28 E A7} A\ 2] &) A I;xtractionbfzolumn 480 20 30
28 Ao BRAPo N Adgugte Ay I T
£ Table 29} 3¢ 27 Yehfgich. Eg duld Sphere tank 350 0 | %
Fete] A E A2ty B3 Tdxgogy Pressure vessel vertical 300 30 30
Table 2 Results of the calculations by developed expert Pump 20 0 %

system for UVCE

Parameters PML CLP Unit
80001. 00| 843203. 25 kg
32365.01 | 341124. 22 kg
227.79| ton TNT
3026. 26 ft

Quantity of material

Quantity of vaporization

Released energy 21.61
932.15

Size of cloud
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Table 5 Blast overpressure effect of each installation for
PML

Installations Overpressure Effect

Control house(steel roof) | Non

Control house(concrete roof )| Non

Cooling tower Non
Cone roof tank Non
Instrument cubicle Non
Fired heater Non
Chemical reactor Non
Filter Non
Regenerator Non
Floating roof tank Non
Cracking reactor Non
Pipe supports Non

Gas meter(utility) Case is damaged

Electric transformer(utility) | Debris-missile damage occurs

Electric motor Debris-missile damage occurs

Blower Case is damaged

Fractionation column Unit overturns or is destroyed

Pressure vessel horizontal | Unit overtums or is destroyed

Utilities gas regulator Controls are damaged and

case is damaged

Extraction column Unit overturns or is destroyed
Steam turbine Unit moves on foundation
Heat exchanger Unit overturns or is destroyed
Sphere tank Unit overturns or is destroyed
Pressure vessel vertical Unit overturns or is destroyed
Pump Unit moves on foundation
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Table 6 Blast overpressure effect of each instafiation for
CLP

Installations Qverpressure Effect

Control house(steel roof) | Non

Control house(concrete roof)| Windows and gauges break
Cooling tower Louvers and fall at 0.3-0.5psi
Roof collapses

Cone roof tank

Instrument cubicle Non
Fired heater

Chemical reactor

Brick cracks

Windows and gauges break

Filter Debris-missile damage occurs

Regenerator Unit moves, pipe breaks &
flame deforms
Unit uplifts

Unit moves & pipe breaks

Floating roof tank

Cracking reactor

Pipe supports Piping breaks & frame deformg

Gas meter(utility) Case is damaged

Electric transformer(utility) | Unit overturns or is destroyed

Electric motor Unit moves on foundation

Blower Unit overturns or is destroyed

Fractionation column Unit overturns or is destroyed

Pressure vessel horizontal | Unit overturns or is destroyed

Utilities gas regulator Controls are damage and

case is damaged

Extraction column Unit overturns or is destroyed
Steam turbine Unit moves on foundation
Heat exchanger Unit overturns or is destroyed
Sphere tank Unit overturns or is destroyed
Pressure vessel vertical Unit overturns or is destroyed
Pump Unit moves on foundation
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