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The Consequence Analysis for Fire Accidents
by the Continuous Release of Butane Vapor
in the ]_)ebutanizing Process of Naphtha Cracking Plant
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Abstract

The consequence analysis for jet and flash fire accidents by the continuous release of butane
vapor was performed and effects of process variables on consequences were analyzed in standard
conditions,

For the 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 for the jet fire accident, shape and size of the flame could be predicted and thermal radi-
ation estimated by API model at 200 m distance from release point was 1.5 kW /m?, and that for
the flash fire accident, effect range was 11.2~120.2 m,

Also, simulation results showed that effects of operating pressures on consequences were
larger than those of operating temperatures and results of accidents were increased with in- .
creasing operating pressures, At this time, effects of operating pressures on Xur. were smaller
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(about 1/10) than those on XLFL for the flash fire accident.

Key words : Consequence analysis, Fire accidents, Continuous release, Butane vapor
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Table 1. Results of the consequence analysis for fire accidents by the continuous release of butane vapor.

Model Specifications Units Remarks
Source term Continuous Mass flow rate 87.765 kg /s
‘ C 0455
Concentration i 0.04552 kg /m?
Cao 0.02745
Dispersion XTo 91.853 10min
Distance XurL 120.2 m
’ XurL 11.2
Length 38.567
. X 3.8936
Tip
. Flame Yt 38.370 n
Jet fire
Xo 1.9468
Center
Yo 19.165
Thermal radiation Itn 1.4864 kW /m? 200m
XurL
Flash fire Thermal effect area 1202 m
XurL 11.2

10 wmxs - wsieams 125 2 Gas 30m) 19984

6A



Zate] 200 mAH =¥ g Fxe
0.02745 kg /m*o 2 AA3E ¥ 3H0.018X
2.368=0.042624 kg /m>) 2t} & 7] w & Ax
HAE oSS ¢+ AN 23y A=z
Qa7 7Hed HAe FEAHANAREH 1.2~
120.2 me] W2 5EAFE FAo=2 WA
120.2 molWi g g 1A 2% 9] WHEFGe
2 FEE) Falslejor & wyt ol HAF
HAge 27t gast Ao HriEd

AESA M FEAHAAN uF&EEs}
0.985 m/so] YL A EA ) thato 48°e] =9
3B me] ZAojg ztes BES IS ¢ 5 AN
th a2y BEFHozNEH £ g2 200
me| A, & FE(HY JEHNA 31.8 m9
FHAZAA WA He BALLS 1.4686
kW/m22 v 5duudde] 3 (FEMA) ¢ A
AAE AgPo] d2d dwH o= 1 kW /m?
o] BAlde 1152 =7t x&He J$E LT
FAANZCE FASE UL 2 9 ¥2
APdezHE 200 mojuly ANgL AFsigx
AzrEc,

et F&E $eZF 7|7t UVCEZ Aol =%
W3 YA AaY Aol = Agdda 7t
A% ZAHAANME 8 m Eol9 F&2AHL
FAHLo2 120.2 molW o] X Hol Hsiyg st d
< % F AU

4. AtD@ R0l 01X = SHHT| FF

3183} Zol NAS FEATE v AFAH
FTRZUAA BB ER B APqMe Y
TR EREY A G PstA et
28] FEAIR ] JEE HrHe 33 AHE )
FoZ FHASA ZAYE A EE WA )
AA ojE FANRFIL 2 ARAFH) viAlE F
Fe Yrisld 7] R&AIe A¥8Yotg @
48 £ UAXE AT oo ArnA Ao FF G
X 712 Ag 1!}7327* & 3-elA M
NEZ2AE AEEEY & JExdes 4%
o 2 Az AL %J-"‘ 2 7 o] (.22 m,
A 200 m, FiF e 70%, Il w

.\_

7} 298 K, & 3%0°]7} 8 m, 10 m¢) EololA u}
F&EE7 1 m/s, AlE, 283 714 H =7 B
o]t
AL & o3t A Es}A oA BAFG o v] X
24 229 YF2 Fig. 29 7ol =
%1%}%101 FNESE 283 2Pt A
42 HA1go] Z71E B¢ oy ZYLE
Bo o] BAlde 2A JF& vjA R Ut
oA 4 (16)ol A9} o] B3l ¥eHB}d)
oja] BEFAAMEH BAAARNA At
Halste Ao BAMEY £83 &g W
3ol ofs] ¥Algo] AA WElH/| QEoE A
ZHeoh, &, BAdY 82 4 (18)~4 (21)
o 4 & Zho] 2AYH A} Lx9] F7tol uwe} 2zt
Z A e 718 7€ 3o vdste $ 9
E2HZFL 4 (DellM 9 Zol FAYE A Fuja)
33 59 -1,40 vl s7] W Zolc}

2.00

175+ Operating temp.(K)
326.75

1.50

125¢

1.00 -

075 |

Themmal radiation(kW/m?)

4 5 6 7 8 9 10 "
Operating pressure(Pa) x 10
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Fig. 3. Effects of operating pressures and temperatures
on Xw for the flash fire model.
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Fig. 4. Effects of operating pressures and temperatures
on Xur for the flash fire model.
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NOMENCLATURES
A :Cross sectional area of the release
hole, m?
C : Downwind concentration of the plume

touchdown point, kg /m?

Caz0 :Downwind concentration at 200 m,
kg /m3

Cp : Discharge coefficient, -

Cr  : Concentration at lower explosive limit,
vol. %

Crp : Concentration parameter at lower ex-
plosive limit, -

Cm : Concentration at the maximum plume
rise, vol. %

Ctmp :Concentration at the plume touch-
down point, kg /m?

ds : Diameter of the release hole, m

D;  : Distance from the flame center to the
object, m

fs : Function of atmospheric stability, -

g : Gravitational acceleration, m /s?

4h :Height of the maximum plume rise, m
H : Height of the release point, m
He :Net heat of combustion of the re-

leased material, kJ /m3

Hr : Reference height of the release point,
m

Iin  : Thermal radiation, kW /m?

L : Flame length, m

M  : Molecular weight of the released gas,
kg /kgmol

Ma : Molecular weight of air, kg /kgmol

Ma : Mach number of jet fire, -

Pa : Absolute ambient pressure, Pa

Ps : Operating pressure, Pa

(P /Ps) : Critical flow pressure ratio,

Q : Rate of mass out flow, kg /s

Qi : Total heat of radiation by jet fire,
k] /s

R : Gas constant, J /kgmol K

Ric : Richardson number, -

ta  : Duration of the release, s

te : Travel time of released material, s

Ta : Ambient temperature, K

Ts : Operating temperature, K

u : Exit velocity of the release gas, m/s

usonic : Sonic velocity of the release gas, m /s

U : Wind speed at a release point, m / )

U : Wind speed at 10 m height, m /s

X : Distance to the downwind location of
interest, m
Xo : Horizontal distance from the hole of

the jet release to the flame center of
the jet release, m

XvrL @ Downwind distance to LFL concen-
tration, m

Xm :Downwind distance to maximum
plume rise, m

Xr  : Travel distance, m

Xs :Distance from the flame surface to the

object, m
Xt : Distance of X axis of the flame tip, m
Xtp : Downwind distance to plume touch-
down, m

Xurr ¢ Downwind distance to UFL concen-
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tration, m
: Distance of Y axis of the flame tip, m

: Vertical distance from the hole of the

jet release to the flame center of the
jet release, m

: Fraction of heat radiated, -

: Ratio of specific heats equal to
Co/Cy, -

: Density of the ambient air, kg /m?

: Density of the released material fol-
lowing any depressurization, kg /m?

: Atmospheric transmissitivity, -
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