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Abstract - Korea Gas Safety Corporation is developing consequence analysis system for com-
bustible materials release events to enhance risk assessment technology and its efficiency.
Unlike general consequence analysis programs, the final consequence area was implemented
through ETA analysis based on API-581 standard, and a convenient user interface was con-
structed based on HTML5-based responsive web technology. In addition, a phase equilibrium
module using third-order state equations (such as Peng-Robinson, SRK, and RK) and fugecity
was implemented to analyze the mixture quality. Also. using the consequence analysis algo-
rithm introduced in CCPS books and TNO Yellow Book, we developed material leak analysis
module, fireball, pool fire, jet fire, flash fire, and vapor cloud explosion consequence assess-
ment module. In addition, the conditions for calculating the safety distance were prepared with
using the control values in the EIGA standard, PAC, and Bevi Reference Book.
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Table 1. Chemical Properties required from Con-
sequence Analysis System

Molar Mass

Critical Temperature

Critical Pressure

Boiling Point

Liquid Heat Capacity

Gas Heat Capacity

Density

Heat of Combustion

Auto Ignition Temperature

Flash Point

Lower Flammable Limit

Upper Flammable Limit

Temporary Emergency Exposure Limit
Protective Action Criteria

Threshold Limit

Permissible XPS Limit

Recommended XPS Limit

Maximum Workplace Concentration
Viscosity

Vaporization of Heat

Frame Temperature

Fuel Mole Fraction Concentration
Mole Fraction of Reactant per Product
Average Number of Carbon in Molecular
Flammable Number

Bubble Temperature at Ambient Pressure
Bubble Pressure at Temperature 298 K
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Table 2. The Characteristics of SLAB Algorithm
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Fig. 15. SLAB Calculation Process
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& A &sth

SLABZ 324 7t g4t REEA, &4, oY
A 2@ wElgel tigk REAZLSIY Fr]9] 3
A o= dith o] mHll 03 HEfE2] dense
gas TE AUl g ZAE & 57 19,
20]. SLAB &892 5437 A2 Table 29
Table 35 53] AASIATH

1990»101] 1Y SLABS @A EAo thaf At
Axt 7Hs3E 2 o] A THS], % AFA =
=2 A4 AL 2dd JEy mdS o] 83t &
FEAY g F& BAVL 7RSS HYAIA
o =3 siA =Y, 23 vy 24 FE2Rdy)
AA N Z|HAA, SLABS HA el g aFg 7} Al
9] g 98-S A HAUTh

SLAB 29& 7}-9-A¢t mwr oA 2 A4
FErdel 9y &715E 2dl HEE ud
t}. SLAB ¢ »dg %Xl vl ol whet i
ik £ s Aktsh AltEE S84 0tH19,
20]. SLAB &9 &, AA A, oux] BE
28 (2] 19~21)3} 2}

d(mpuA)/dx=0 (19)
d(pur)/dx =2p, (hw,, +b,w,.) 20)
d(PUAC T)/dX: (21)
20, (b0, b, Ve, T, Byt By

o]ojA SLAB &4 5% A4t
9} 719, 20].
c(x,yz) = 2bbeC(X)F

2de (4] 22~25)

y(y,yb,Cy)FZ(thvaz)
(22)
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dheight h, width B, thickrena &

Fig. 16. The Plume Dispersion Model of SLAB

Algorithm[19]
c(x) = pum (x)/ (g + (g, — pg)m (x)) (23)
F,(y,yyC,) = (erf((y+y,)/(v2C,))
—erf((y—y,)/ (V2 C,))/(4y,)
4
F,(zh,0,) = (exp(— (2 —h)*/(20?)) (25)

+exp(—(2+n)*/(207)))/ 4/ (2m6?)

by, bz= FEE 7t~ FEO I7E Y=
A 3EOITH19, 20]. us & pa &= 242} S5E4, F
9 3719 EAHS eI ef & oE] &4

=3k, yb Cy & E% Igtu|goltt. = gt}
HEES (4 2602 =319, 20].
C, =1/3(b°— w2 6)

hE Fo| FrE ) oze T3 ﬁ° Hhof| o
gk gtetu|golt). 2 229 e (2] 27
Zo] AojH Z3 A, XlEtﬂoﬂAM FZh <=
0.5 bz, Grounded)¥} A EHET} & FoA2 F

Z(h > 0.5bz, lofted) =52 183+ A o|TH19, 20].

o, =(b,—h)/V3 (grounded) @7
o :0 5b,/v3  (lofted)

xy,2)0 4 Azt FFEe AR FF AL tav
o Foln, Zad =AW H AT G
el U 5 g G At HF 55 AL
21& (2] 28)3F ZTH19, 20].

SLAB THE9o] HF A= tavA e $x
a*

%&
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Fig. 17. The Puff Dispersion Model of SLAB
Algorithm[19]

e (ov2) = 1/, | cleyz.t)at 28)

-2& SLABS| H Z (=77 2d) 2ot} 2|4
Z9| A9 Azt 2 FEF qoll o EIAINE &
FrES F A Qo sl T &40l 2 HT H
Zo) 57, A%, AR Y F7] o the B
(4 29~32)<} 2 HH19, 20].

&
iy
>
flo

d(mpV)/dt=0 (29)
d(pV)/dt=p,V, (30)
d(pVe,T)/dt=p,V.c,, T, +2b (E,.TE,) (3D
Vc = 4(bybzwc~,x +bxbzwc,y +bxbywc~,t) (32)
olojA HZol 33 X ALklo|th Y3
A2 48 Be FFARLE B HF 55
22 JHO19, 20]. 412 Th(A 33~36)3F 2.

Co (x:v52) =4bbb,e(ty) £, (5,C oty (33)
X< F (y.4, C,) F.(2,h,0,)

%1 = (5, 5 ut, )/ (V2C,) (34)
%3 = (x,~ 3ut,)/(VEC,) (35)
£ (Cuty) = (xerf(x)  (36)
av \ XpLxolay \/gxbutav Xperi\xy

—xgerf(a,) + 2mept))

1
7(612
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Fig. 18. The example of SLAB Dispersion
Results

Flash Fire Analysis Result

Flash Fire Event Concentration [PPM] V.S. Downwind Distance{m]

Fig. 19. The example of Flash Fire Conse-
quence Distance

36. AlIRE Y TEYEEN DS

o BAA7A] dEHE, FE A A e
A A3}E %38}, Flash Fire, Pool Fire, Vapor
Cloud Explosion, Jet Fire, Fireball T 714 918 AL
gl 2ol ti3te] Faf| G 3T AYE AT A Al
U o= A A& 20 @4 E s e,
A= BAE R V| T E, e | T ¢
S 71 Ao 2 A, N3P A9 25 E 13|
I AYE A=, 5]

3.6.1 Flash Fire&} &4 ma g A=

E Al ZFo]ol = CCPS < TNO2| A| A of] whz}
72 9] LFL(Lower Flammable Limits) &% #t& 7]
o2 93P FAeE &S TH23]. SLABOIA 4=
HAYE B TEE 7|E S Z LFLY A& 94t
gl om, A 2=Hl o A= ©] 72| & Flash Fire 2] ¥
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e s

Estimate Surface Estimate Received
Emitted Flux Thermal Flux

l T

Estimate
—+  Atmospheric
Transmissivity

Estimate Geometric
View Factor

Fig. 20. Fireball Consequence Calculation Pro-
cess

ol

19922 A 8sTh F7149 U4 ghe glo
¥R LEL gt 540l mhek 21319 3 A 2] 2 ks

e=)
ot
o

o}
=438 A 2] = Flash Fire?} vl 2 =4 7]

E 71EHoE AYE T3k, 94 SLAB &
md o] A9E 83ty 54 7]F 55+ TEELO,
PAC-1,PAC-2, PAC-3, TLV, PEL, REL, MAK & A} &
27F D3ke g A8 E &= 9tk o] F PAC(Pro-
tective Action Criteria) ZtE-= 201213 H]= oA F
(DOE)°ll Al AEGL, ERPG, TEEL #E< 7|Wto =
A FoB HIZ SV 7E FEE &

=L ek

=
—

2 AN

3.6.2 Fireball I3]93F A

glo]oj B2 wfj o)} B T A 2 Astd B
o] &H 02 H3E & uf YA g golo] B2
Ak Eg] % Zdbolu} BLEVESH 3| A8 3k 24].

S#H|(BLEVE)® vl #o|u} A48 2 ol &
AZE A7 A S o, A E 9 1A o] wrolx]
3, U5 g3 dA| 9] v 5o 2 lE) dEdSeE
T Ee F4S VdERATH24, 25]. AR I 0E &
B3 i g8 3439 gastARE A9 7t
V27t 5453] St A A 32 Bl 30] 27}
< 150 2 HAAZIT o|uj7hA| o] @S £
2} B 20424, 25].

EgH A4 g3 &= H=E A8 AATL
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Table 4. The formula for fireball consequence

calculation
Objective Formula
Fireball _ 1/3
Diameter Diyax =58 My

tprpye=0-45X M)w

Combustion Duration 1/6
tprpve = 2-6 X M,

Center Height of

H, =0.75X D
Fireball from Bottom preve = 0-75

max

Inital Diameter of _
Fireball ‘l)initial =13 ‘Dmax
Heat Flux of Fireball o o RDHC
Surface E=r, QTF;’ a 2
D, max tBLEVE
. . Path < ngth =
Distance Target Point D
i 2 2 max
from Fireball VHypypt L™ — 5
L(D/2)*
View Factor le = T2 a2 32
(‘L +HBLEVE)

7 =202( Py "

Transmission Factor

Heat Flux of Target

E =71 EF.
Received = Ta o

BLEVE Fireball

Dyax
2

HELE\/E 4

Fig. 21. Fireball Consequence Model
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Fire Ball Analysis Resuit

Fireball Radiation [kW/m2] V.. Downwind Distance{m]

Downwind Distance ]

Frammable Mass o kgl
Radiation Froction,R 0.3
Feat of Combustion of Fuel e30 0671624782 | [kJfkg]

n3 %]

o Kl

Relzase Type Herizontal Release v

Fig. 22. The example of Fireball Consequence
Distance

Table 5. The formula for pool fire consequence

calculation
Objective Formula
. i AH,
Vertical rate of Ymax — 127> 10 NS
liquid Burning .
bp
kel AH*ZAHI*/ CdT
T a
urnin; A
Mass B _
ass g my, = 1x10 3 ¢
Rate AH
Pool di Vi
ool diameter Dmax =94/ £
Yy
Geometric View P = 1
Factor P 47rz2
total Ener . .
R gy E *TGQT}Z;*TantAHLAE

Ave. Emissive _ —SD —SD
Power E;“’ - E’"e +E;(1 —¢ )

=d olu L& o]ojE(Fireball) o]} FET}.
S£-& glo]ojEB-& AAkelE HAYZo|TH25.
WA go]o] B FAA ALANE T3 o) 5 HE
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Pool Fire

Estimate Vertical
or Mass Burning
Rate

I

Estimate Flame
Height

I

Estimate Maximum
Pool Diameter

Select
Radiation Model

Solid Plume Point Source
Radiation Radiation
Estimate Thermal
Effect
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Fig. 23. Fool Fire Consequence Calculation
Process

BO8 gojojEo] WEdh=
olF Zxxael A, Azt
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ks AR A H2(EE W) o8 HEEE
oA Hl&-& S3TH26).

9] AU F B gtololE I YT 4
& B ZTL5]

EALE & AlLFFTHS].
Q4(View Factor), &7

rlo
v}

3.6.3 Pool Fire T3 93 H<

& 3}Al(Pool Fire) = A &4 o4 v FolL} 21 %
B 3o A e o] QlsEdo] FEEo B
o] YA E & islE o] FAY g sAjo| T WA T2
A (Dike) 7} A & - Al ylo| 9} Zolof )
2} A8 AAEZ 9 giko] A 2 = ATh27]. 2
Al 1 & ko] A ATt shr gt x, Ak HA)
Q15 Ed ol sl E . A7 dA T, $hA)
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BLEVE &< of71& 4= 2l th28].

o] gk o] f wjEoll HHF A 2o BALE F&F =27]
9} MY d=e AFAYd oA g Faso)
Fig. 23 & 3kA FaF9] ALt FAolds, 29].
Solid Plume View Factore J}o]ojE-9] AlZtQ4
(View Factor) Al AF Wi 3} 5 5} o)

Table 6. Radiation Factor for Hydrogens[5]

Fuel Radiation Factor
Hydrogen 0.20
Methane 0.20
Ethylene 0.25
Propane 0.30
Butane 0.30
CS5 and higher 0.40
I —
Point Source
Radiation
Solid Plume -
Radiation Model Estimate Radiant
Fraction

L

Estimate Surface
Emitted Power

I

Estimate Geometric

I

Estimate Point
Source Location
Flame Height

Estimate Point

T S gFEI AlaE

Solid Plume Radiation =22 3} o] A
A 7o R B4 Qe ST BAME & WEEh,
HIZ7FAIH QI 81L& BAME S W3R d=val 7}
Ast= 2do|tHs, 29]. Point Source Radiation =&
2 3 oA HEH = F AR BAME oY A
¢} ZUsithy 71AstE =do|th Point Source
Radiation Z@2 WEETE 7|00 2 Al4ko] 73]
=], o]l ¥13] Solid Plume Radiation =22 A & =}
A7F A = d&EEA A7 = E SH2E 712 %
o 2 Atke YIS, 29]. (Fig. 24 =)

Solid Plume View =2 Point Source Radiation &
2 Ao o 22 733kl Ytk £ 4 Alo] & 1L
5} Point Source Radiation &2 1-2-2-0f 2|3l &
Abd 2t T2 aLE8HA] &= W, Solid Plume View
Z2E8 3123)7] W Eo|th5]. o] tol= E Ao =
717y S5 ato|7t Wol dth B AlxHe] A9 F
7HA] 25 Fd 4T 3+ A 1, Point Source Model o]
H]3]] Solid Plume View E. @ o] 7 g] o] vl &}, o]
2l BALE Algte] 7bsskdal, TNOCIA Solid
Plume View BE-& FEX 02 A A3 7] wf &
Z %2 © 2 Solid Plume View =& -& A &3l t} &
3} 4 9] £ 514 Radiation Factor= Table 6°1 A A| 3}

A

. Estimate Thermal
Jet Fire Effects

| I

Estimate Estimate Incident
Discharge Rate Radiant Flux
Estimate Flame Estimate

Height Transmissivity

| T

Transmissivity

L

Estimate Incident
Radiation Flux

View Factor !
I Source View Factor

Estimate
Transmissivity

Estimate Incident
Radiant Flux

Estimate Point
Source Location

Estimate Point
Source View Factor

\/

Estimate Radiant
Fraction

Fig. 24. Consequence Calculation for Solid Plume

and Point Source Radiation[5, 29]

Fig. 25. Jet Fire Consequence Calculation Pro-

cess[5, 30]
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Path Length

L Gas Tank Rece}ptor

Fig. 26. Fireball Consequence Model[30]

3.6.4 Jet-Fire H3]9g Azl

1shd - o] wiztolu AR AZRE 1949
AE & T2 1, o]o] M5t Ho] FEE = EH
3}7} Jojub= A2 A ESA (Jet Fire) 2 H-2
[5].(Fig 26 3+%) A E3lA = Q18 E4 o] F&5 o
g4k 7] Aol B = = Arare] 7] Wi o SLAB 2 3%
9} & 4k A2 A ESA D FFEH AFEol
FEFS VAA =T L F, FE] Zolg dF
3taL, oA A= BEAME L] AV E Ve S T
3l g A 21 5 A& TH30].(Fig 25 =) Al ESHA] 2]
o a2 7 ok s,

(4 372 AESYe) dolg dZal Aol
o] &), A2t & 4~ (View Factor), Transmissivity, Radiant
Flux 52 3o]ojE 23 FYttH5]. HAEH|
(Radiant Fraction)= & 3}o]o] A4+ W (Table 5)3
T3

Liyane 53 | T T, M,
frame:_ =g o "

J

3.6.5 Vapor Cloud Explosion 3]3]gd3F A&l

7tad o] g2 HA HEEHE FEo] ¥4
H a3 F7) 9 Aol H A W= A SatE ), oo, vk
A FEY AR BH w571 A3 M9l LFL
(Lower Flammable Limits)¥} UFL(Upper Flammable
Limits) Ako]oll $1x]3) 91-& v 4 3}=H VCE(Vapor
Cloud Explosion)©|2h= 87| Ziro] WA |
tHie]. o= E# A &A1& L Fdolth ok &
Al A= AbaLe] ARE sk et ddela BEAE
S ALSHE W, AlaLe] ARE R E A, £
1 QhE A4S, 16].

3 & Al4ehe 292 3= TNT equivalency
model, TNO multi-energy model, Modified Baker mod-
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Fig. 27. Sachs-scaled distance v.s. side-on Over-
pressure

elo] AMSETE B A 2" A= 7t T F3
9l dadE 71702 AkltE= TNO 2d-S 2435}
ATH31]. TINORE & 712~ 24| 23S 183}7)
ufj Fof], @<= A BN 18 5= TNT B3 Rd Bt A
=yl =& AHo] Ik =3, o] e s ik
T-E9 -y} 7] vn] 7t B Ry v &S
A4kt SLAB &4t il st = AA| 7} 7ssko31].

TNO 2d& A -83517] 98l std B4 37 &
SHE-9] ol A ¥ (Heat of Combustion) S Al 4+l oF gt}
B2 ol AFstuch A7, SLAB 4t A& vig
o7 EFEY A429E AL T 5 9k TNOCIA
Q8= Ad4E 9= [Energy/Volume]©] 7] W&
o) 71X TEo By E I A4adHe FE S8
AA E AUAE AL S 5= ok

A BE Aido] AAHEH Ao w2 Z <t
< Al4ksl7] Y3 Sachs-scaled distance2h= 2H2}u] €]
£ A4kl oF gt 16]. Akl (2] 38)3 2t}

= R

= o
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w3, B 42 Ao} Bk g mEAe
HEe T AEE 1002 54 S0t Aut o

St 9E AT AA Ao ARG
CCPSOIAE A W 70 A9 0.2 Astsht
3L A S O [s], E gFo] 0.5bar vHe] 75 E
= 7014 10744 8] 25 Aho] 7} vl vl Bhek A3}

Table 7. Standard Points for Consequence Dis-
tans and Area Decision

i 714

T NIGY AL A

ATH16]. & Al 2=Hl oA = L5 75 A3 Th
Z 17} = 9} Sachs-scaled distance 7} AR = H T2
E %9} 4728 53] side-on blast overpressure S | =
< = SlHH16).
P, =AP, - F (39
3.7 mfsiIEHe| ME
ATQFEA BE A= Al 2| HO 2 HE
ﬂaﬂl mot gebzith GubAl Agr | daE
T @EFol ofsixIth33]. s FIFARE A
Q,]gHA«].‘:. At g EFe] EA X A& AA ) ok s} =
kol A EA Z 9F-& Vo 2 4k, skAl Y

. LFL
o A1 =
Jﬁ}iocﬂf LFL 50% 7o A}%% 71F& 0 2 AR BITHS, 16, 34]. Table 7
° UFL = /\}ioﬂﬂ—‘?—“ Aol mpg v IdFA Y A=
2 st 71 S A AR
TEELO 531, ebalAelol e 12 & AF ) A9
iig; g o] ekH AT AA 7)<l EIGA Doc 0757]1%-S A
E/Ké 7].7,: PAC-3 _g_‘é‘]_oﬂ]:]_ O] 7]‘—'—"] 7]'78-5_76]-;(4 Hsﬁﬂ]‘:oﬂ tq'lj/}
hal LN
= TLV AFAAR B 71EHE AFIhE Aotk F 7HA
PEL
REL
MAK Table 8. Safety Distance Standard Points of
EIGA Doc 075
API-581: Personnel Injury Criteria
B ]z API-581: Component Damage Criteria Harm No Harm
[ EIGA 075: Harm to People
o EIGA 075: No harm to People Fi 9.5 KWim2 16 KW
EIGA 075 - Harm to Equipment re > kW/m 6 kW/m
API-581: Personnel Injury Criteria ERples 7 kPa 2 kPa
API-581: Component Damage Criteria
Zw o} 7| q
N {j: 1¥ | E1GA 075: Harm to People Toxic LDO1 LDool
° EIGA 075: No harm to People
EIGA 075 - Harm to Equipment LEL 100% of LEL 50% of LEL
et ity s Tt
Flash Fire 031725 5154 [m] 8345 [m2] 26.47 [m2]
Flame Font Fast VCE oxic Dispersion 053 20402 [m] 308 [m2 683[m2]
[X0z5 010575
Delayed Ingnition Fireball 0047 481 [r 6890647 [m2 32386 [m2]
X09
Elame Font Slow  Flash Fire JetFire 0 1237418 [m] 4810418 [m2] 0[m2]
X047 X075 031725
Vapor Release Immediate Ingnition Fireball Veipor Cloud Explosic 010575 263821 218650 [m?] 28128 [m2]
E X 01 0047 )
eI ol Fire 0 ofm; o[m2] o[m2]
X053 Final Consequence Analysis Result Area 350323 [m2]

Fig. 28. The example of Event Tree Analysis Results(Left) & Total Consequence Area Results(Right)
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Fault Tree Analysis Event Tree Analysis

I 1
f 1 f !

Causel

Cause2 Consequencel
Consequence2
Cause3
Consequence3

Caused Consequenced

Fig. 29. Fault Tree & Event Tree Connection

Chemical Release Properties Input

Liquid LEvel

Fig. 30. HTMLS based user interface

F79 YeRizel W& 7|F& A ASH=d Harm3}
No Harm©| T}. Harm-2 $ 3|91 = 0.1% 2] 7] gholm,
No Harm-= ¢ 3| W15 0.01% 2] 715 Zke] Tt} Table 82
EIGA 0759] A E] 42 7+ k-5 A A S

o]e} Bl & API-58191 4 A F3h= 7|28 = 3
At 29 549 A5 gt or x 2yl
SE 7|Hko 2 3 L5004 LDO1 3Ee) =42 A
Z5lG AR o] AR = AR BT S3kE o 9,
oheFst S tiste] AlFo] HA &7 wFol,
AEGL, ERPG, TEEL #-& E3t5le] 733 PAC H| 9]
B AL A &3 o= 608 e SA 55 i
AF3tH, o 5000 F2 318tEZ ] st F4 7]
F ¥ 5E A A3ch ALOHA Al 2E19] 749 % PAC
o] 8 A& 283t TH35].

3.8. Event Tree 24 B! S&} ulaiF & A
=k =
B A|2-"lol] ETA(Event Tree Analysis)E 3¢

o] g nE AT AU Lo e s ge s 2
THE E3}s)7] YA th YHEA O 2 Risk Matrix S

o]-g-ake] AbaLT AR =9} v]sj FFA IS FH6HA
ok N E = Al 2] API-S81 7| =S el b A S
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HTML5
JAVA SCRIPT

JQuery
2y

JSP Servlet

Chemical
Database

Fig. 31. Development structure of consequence
analysis system

Fire Ball Analysis Result

Fireball Radiation [KWim2] V.. Downwind Distance[m]

3671
[ Fireball Event Radiation [KW/m2]: 73.17236736987047
[EFireball Distance at input radiation: 12.6

Radiation [KW/m2]
g

Dowrwind Distance []

Frammable Viass 10000 kgl

3

49688 49844 [kifkg]

Fig. 32. Real-time reaction ploting system to user
mouse or keyboard input

M AN Fo2 YY) Wel, T AFeNA ANB
ETA 53 #8< A elsigleh),

ETA®] oJ3H S5 & v)-$- 2eksteh, 540 & (4]
407 Ak 4 5 Ak (FAA S, AE
31, kol o] 2, F 34, VCE) o) ke, 3 7] Eol
whe} Q15hg B 24 WA NEE A4k, 15
977} Aste} gok ol F A BE FES

3ol 5 4% 9519 G AE DL 5 ATHLL
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Consequence Area .y = Table 9. Feed mole fraction

Consequence Area p,y e > Probability p,y ;..

+ Consequence Area g, g < Probability g, cpu =4 =

+ Consequence Areay,,, X< Probab?l?tyjet fire 1=t 91.59%

+ Consequence Area gy i, X Probability gg, five

+ Consequence Area ;X Probability yop gk 55.51%
(40) T2 1.84%

Event Tree 48 53 58 s gFHH 4=

A7} Fig. 285 2, o] 4] o) AL s 3] #e 045%

AFF A L AAE shE Fosh] Wi &t o] Ale} 0.4%
U] AEEE AAE F Utk o] & B3 AR OE
A7) 918 E | w % V)58 “J, ol AL ol Azt 0.02%

Z oM EZ} dAEt AT 71 & g A o] 7] wf&ol P 0.19%
FZoMEHNZIIZ VR H?HHE} U, 7 0|
HIE BA 9= Al4HS 913} Fault Tree 440 3714

o o2 FATH T A8 9 Y= Asbo] 71sET) Table 10. Release conditions for chemical leakage
[36]. accident scenario
IV. XM & Z|= Z[2t olsiFdeEot e LNG

Al AE 7S SRR Aea
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A8 Az} glo] £4A A28 AFgo] 1sEo= & TET A% 100mm

ol Utk E=3h ARgAe] 7| HE A oo~ 91 N

o] AAZrO 2 Whgate] AstE A Aety] W) o il am
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A o 2 Al 7|uko 2 73| QIT) JAVA, ISP, JAVA o 2% 25T

Scnptg S0 Z FE AL AR o] AEE ST H o] e 21.3%

EjHo] 2= ISP Al 2=Hl 3} QA7 a1, 8= AW

H MY-SQL A|2=8l-& & -83l At o] ¢} Bl Eo] ALE & 4.5m/s

2} IEH o) 2~ AFEAL AL ARE wEA] E1l ot

o] 7153t =% AAlt) 9 7] EHTMLS)3} A4l A} R P
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Table 12. Consequence Distance Analysis Results

Risk Event Distance

Flash Fire 5.15m

Toxic Dispersion 2.04m
Fireball 148.1m

Jet Fire 123.74m

Vapor Cloud Explosion 26.38m

Release Rate V.S. Time

Process Pressure V.. Time

15
[iRelease Rate [ky/s| 100.0195928

Released Amount V.. Time Residual Quantity in Tank V.S. Time

Fig. 34. The Natural Gas Dispersion Analysis
Results

Fig. 33. The release analysis result over time
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Event Tree Andlysis

Flame Font Fast VCE
[xo25 010575
Delayed Ingnition
X0.9

Flame Font Slow  Flash Fire
X047 X0.75 031725

Vapor Release Immediate Ingnition Fireball
1 X01 0047

No Ignition

X053

Risk Event Probabiity  EffectDistance  Effect Area Prob. X Area.

Flash Fire 031725 5154 [m] 2647 [m2]

0402 [m] 308 [m2] 6.93[m2]

firebal 004 1481 [n 6890647 [m2 32386[m?]

ool Fire 0 ofml 0[m2] 0[m2]

Final Consequence Analysis Result Area 350323 [m2)]

Fig. 35. Final Consequence Analysis Results
from Event Tree Analysis Results
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A . the area of the hole

A, the area of the pool

C : a constant developed from experimental date

Cp : the discharge coefficient

Cr : the fuel mole fraction concentration in a stoi-
chiometric fuel: air mixture

D : the diameter of the pool

D_ .« :Maximum diameter of the fireball

d; : the diameter of the jet, that is, the physical
diameter of the nozzle

E : the charge combustion energy

E, : Average Emissive Power

E, : the maximum emissive power of the lumi-
nous spots(approximately 140kW/m?2)

. : radiative flux received by the receptor
A : the emissive power of smoke (approximately

20kW/m’)

F : the molecular weight of feed

F, : the point view factor

9. . the gravitational constant

H : the heat flux to the pool

H, : the net heat of combustion per unit mass

AH, : the net heat of combustion

hy . the height of liquid above the hole

K : Kvalue

k . the heat capacity ratio, Cp/Cv
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: the mass transfer coefficient

: the molecular weight of liquid phase
: the length of the visible turbulent flame

measured form the break point
: the heat of vaporization of the pool

: the molecular weight of the gas, the
evaporating material
. initial mass of fuel in the fireball

. mass flow rate of gas thorough the
hole

. vaporization rate

: the mass burning rate

: the ambient pressure

. the pressure upstream of the hole

. the gauge pressure at the top of tank

: Side-on overpressure

: saturation vapor pressure of the liquid

: Sachs-scaled side-on overpressure

: the volumetric spill rate after flashing

: the total energy rate from the combustion

: the heat flux from the ground

: the distance from the charge or radiative
fraction of the heat of combustion
. the ideal gas constant

: the Sachs-scaled distance from the charge
: an experimental parameter(0.12m-1)

: temperature of liquid pool

: the adiabatic flame temperature

: jet fluid temperature, respectively
: the temperature of the liquid
: temperature of the soil

: the time after the spill
: the duration of the fireball

: the molecular weight of vapor phase

: the volumetric liquid spill rate

: i th component mole fraction in liquid phase
: the vertical rate of liquid level

: i th component mole fraction in vapor phase
: I th component mole fraction of feed

: the thermal diffusivity of the soil

: angle between the pool surface and the
vertical axis perpendicular to the ground
: the pool radius
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(1]

(2]

3

—_

(4]

(5]

(6]

(7]

(8]

[

A~
St

: the fraction of the combustion energy
radiated, typically 0.14 to 0.35

: viscosity of the liquid

: the liquid density

: the atmospheric transmissivity

S =

: a chemical property of the mixture
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