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The Consequence Analysis for Unconfined Vapor Cloud Explosion Accident by

the Continuous Release of Butane Vapor in the Debutanizing Process of
Naphtha Cracking Plant
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Abstract

The consequence analysis for the unconfined vapor cloud explosion(UVCE)
accident by the continuous release of butane vapor was performed and effects of
process parameters on consequences were analyzed in standard conditions.

For the case of continuous release(87.8 kg/s) of butane vapor at 8 m elevated
height in the debutanizing process of the naphtha cracking plant operating at 877
kPa & 346.75 K, we found that combustion ranges of dispersed vapor estimated
by HMP model were 11.2~1202 m and overpressures estimated by TNT
equivalency model at 200 m were about 37.35~55.1 kPa. Also, overpressures
estimated by Model UVCE 1 based on advective travel time to Xir. were smaller
than those estimated by Model UVCE II based on real travel time between XurL
and Xir.. At the same time, damage intensities at 200 m and effect ranges by
overpressure could be predicted. Furthermore, simulation results showed that
effects of operating pressures on consequences were larger than those of operating
temperatures and results of accidents were increased with increasing operating
pressures. At this time, sensitivities of overpressures for UVCE accident by the
cortinuous release were about 5 kPa/atm.
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Fig. 1. Typical debutanizing process in the naphtha cracking plant.
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Table 1. Parameters calculated by the Dispersion Model.

Parameters Results Units
Wind speed at the release point 0.98450 m/s
Density 2.1232 kg/m’
Plume rise ) 41.2286 m
Downwind distance to max. plume rise 25.331 m
Concentration at the point of max. plume rise 0.2457 kg/m’
Downwind distance to plume touchdown 91.853 m
Concentration plume touchdown point 0.04552 kg./m':
200(m) 0.02745 kg/m
Distance UFL 112 0
LFL 120.2 m
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Table 2. Parameters calculated by the Model UVCEs.

. Quantities | Equivalent Overpressure
Model Agr\;eec(tsl/()m of release mass dis%gr?(l:fe(?m) at
gas(kg) |of TNT(kg) 200 m(kPa)
UVCEI 122.1 10711 112968 4.14 37.35
( UVCEI - [ 19419.1 204813 3.393 55.097
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Table 3. Effect analysis of overpressure by the Model UVCEs.

. Flameless
I c Oﬁsrt;?] of steel panel Nearly Probable
Glass wallljs & building complete total
Model br aka{ o roofs demolished | destruction | destruction
cakag of & rupture of of of
oil storage houses building
houses tank
UVCE 1 3072 m 3705 m 2774 m 190.1 m 146.2 m
UVCE O 3746 m 4517 m 3382 m 231.8 m 1782 m
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