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ABSTRACT

Major petrochemical companies in the USA and the EU map out the strategies step-by-step hazard
evaluation for the efficient risk management. They adopted the risk screening methods, such as Dow
fire & explosion index, as a preliminary phase to execute detailed evaluation such as QRA (Quanti-
tative Risk Assessment). In this study, The FEDI (Fire & Explosion Damage Index), which a kind of
risk screening method proposed by Khan and Abbasi, was applied to the BTX plant in Korea. We
showed that the FEDI can be effectively used to classify the hazard potential by comparison of the
result from the FEDI and the result from QRA. And we showed that the characteristics and the quan-
tities of chemical are the factors which have a largest effect on fire and explosion by executing relative
sensitivity analysis of the FEDI. In conclusion, if the FEDI was applied as a preliminary phase of
HAZOQOP, more efficient hazard evaluation can be possible.

Keywords : FEDI, Dow fire & explosion index, Hazard identification, Risk screening
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Fig. 1. Dow risk review process flow chart.”
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W So] ¥A B9l EXog AMSE F AR
ulA © 2= Checklist £4], What-If 4], What-If/

Checklist £4], 28]2L HAZOP #4]0o] o] ARE-E 2
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4. SIFLEHX|H (FEDI)

410

Khan?} Abbasi(1998)7} Ate kA k&A1
(Fire & Explosion Damage Index, FEDI)S %A dF
3 QA F sholt) olRL V&Y T4 9¥
e Eo] 7L Ye FHES o7 FiRA Bg
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Table 1. Hazard ranking according to FEDI
FEDI
FEDI > 500
500 > FEDI > 400
400 > FEDI > 200
200 > FEDI > 100
100 > FEDI > 20
20 > FEDI

Hazard Characterization

Extremely Hazardous

Highly Hazardous

Hazardous

Moderately Hazardous

Less Hazardous
No Hazard




SAAEREANTEE o189 BTX 34 9848

- Operation conditions

- Physical properties - Chemical properties
- Chemical properties - Capacity
- Operation conditions - Type of opeartion
- State of chemical - Surrounding parameters

Estimate factors
F1, F2 and F3

4

Estimate penaities

\ 4
Calculate FEDI

tdentify type
of unit
operation

Take one unit
- ldentify all hazardous
chemicals

i

Divide compiete plant intd
managable units

Fig. 2. Systematic procedure for FEDI calculation.
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(1) oA A% (energy factors)

Fl = 0.1 - guantity - He

K
F2 = 6- PIE-V
F3 = 10x10"YERVEY
F4 = M-II;Irxn

(2) #'9E] (penalties)
(a) %% (operating temperature) : pnl
- T > TﬂashO].J— T< TFireé Iliﬂ

= 145
‘T > Tl T < 0.75TaQ W:
pnl = 1.75
T > 0.75Tyg Wl:
pnl = 1.95
-1 98 A
pnl = 1.1

(b) 2-#1%+3 (operating pressure) : pn2
-VP > AP°]3L PP > VPY uj:

F = F2 + F3, pn2 = f(PP)

-VP > AP°|3 PP < VPY uw:

F = F2, pn2 = f(PP)

“VP < APY of:

Penalty

F = F3, pn2 = f(PP)
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Fig. 3. Penalty due to operating pressure.
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o714, f(PPye Fig. 394 LAY x2)dl sigshe
HEEHyH) go=z 3.

©) 7F% 77he dAu)ele] A (location of the

nearest hazardous equipment) : pn3
pn3 = floc(dist) 12)

714, floc(disty= Fig. 4914 71 717b¢ 9184w
ko] A(xF)l sgete #HdElyE) goez Frt

@ A W 31853 2] Kquantity of the chemical
in the equipment): pn4

pndc Fig. 5904 713 7k A1@dAvieke) Adx
)l dFebe AdE (yF)Fe =2 o

Penalty

10 ' L L s .
25 50 75 100 125 150

Distance from the Nearest Hazardous Unit [m]

Fig. 4. Penalty due to location of the nearest hazardous
equipment.

3.0 T T T

—— NgorhNg =1
- - NgorNg =2
—— NgorNg =3
—- NgorNg =4 /.-

251
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Quantity of Chemical [ton)

Fig. 5. Penalty due to quantity of chemical.

t=F3fA 2 uFErE] =8, A19H A3, 20059
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(e) 8}8HE-2 9] B (characteristics of chemical) : pn3
pnS = 1 + 025 * (Ng + Np) (13)
) X9 FZFUX=(space density of the equipment
at the site): pn6
pn6 = 1+ (% space occupied by the unit in

a area of 30 m radius from the unit)/100 (14)

(g) 3}8ut8-9] FF-(Type of chemical reaction)
- Oxidation:

pn7 = 1.60 (15)
- Electrolysis:

pn7 = 1.20 (16)
- Nitration:

pn7 = 1.95 a7
- Esterification:

pn7 = 1.10 18)
- Aminolysis:

pn7 = 1.40 (19
- Halogenation:

pn7 = 145 (20)
- Sulfonation:

pn7 = 1.30 @2n
- Hydrogenation:

pn7 = 135 (22)
- Alkylation:

pn7 = 1.25 (23)
- Polymerization:

pn7 = 1.50 24)
* Pyrolysis:

pn7 = 140 (25)

(h) Fu-8-9] Z£F(type of side reaction)
- Auto catalytic reaction:
pn8 = 1.65 (26)

- Non-auto-catalytic side reaction probable to occur at
above normal reaction conditions:
pn8 = 1.45 27)

- Non-auto-catalytic side reaction probable to occur at
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below normal reaction conditions: 5. Aod+
pn8 = 1.20 (28)
(3) 4 T4 damage potential) n% Aol M= E}ZH%%LLQZH‘—%‘OI ’é?ﬂi’% 3}s}
ZWEY Hed § =AY 47 E HRRIAY. °]
damg.pot = (F*pn2 + F1*pnl + F4*pn7+pn8) £ 98 AA S BTX 342 dol=2 A3 &
*pn3*pnd*pnS*pné 29 A =4 dolEel ALS B A0 71 &
(&) B F k21 x| (FEDI) AEEA ]—’F% FEATE. o]ofA], shaj kSR
o] Akl PaF F2 A i “’JZ.}E
FEDI = 4.76*(damg.pot)"? (30)  EA(Relative Sensitivity AnalysisyS 35t 2+ ¥
Eo] A ZLELAR T vAE dEFS ‘40}51_9}
Table 2. FEDI results for 29 equipments
Heat of Operating Operating | Quantity of
Unit Number & Equipment Combustion Pressure Temp Chemicals | Classification | FEDI
[kJ/kg] [Kg/em’] °C] [kg/min]

Ist Stage 1. Reactor 81448.60 27.00 180.00 2347.03 chemical 126.67
Hydro- 2. Hot Separator 81448.56 24.00 144.00 2347.22 | trans-portation | 147.04
reater | 3 Cold Separator 81448.56 23.50 42.00 60.00 | trans-portation [ 29.53

DepenSect. | 4. Depentanizer 43123.80 5.50 170.00 742.55 physical 63.29
5. Charge Heater 81448.56 30.50 483.00 704.6 physical 80.36

2nd Stage 6. Reactor 43124.80 29.00 370.00 746.52 chmical 71.94
Hydro- 7. Comp.Suc. K.O Drum 81448.56 22.50 41.00 95.00 | trans-portation 34.79
treater | g Separator 43124.84 22.50 42.00 127.62 | trans-portation |  31.38

9. Stripper Top 43124.84 5.50 172.00 618.92 physical 62.24

Predist- 10. Predist. Column 41292.90 0.84 180.00 1225.27 physical 73.85

illation 11. Xyl Column 41292.90 0.91 202.00 378.10 physical 49.74

Unit 15 Xyl Column Receiver 41297.19 0.07 136.00 298.45 | trans-portation | 35.63
13. Raindeck Extractor 42336.20 7.87 93.00 2399.57 physical 93.59

14. Raff.Water Wash Column 44403.40 4.58 40.00 382.03 physical 46.64

Sulfolane | 15. Sulfolane Stripper Column| 44403.40 1.62 174.00 2182.22 physical 87.44
Unit 16. Recovery Column 4440340 | 037 174.00 2188.73 physical 87.53
17. Solvent Regen. 44403.40 -0.32 174.00 49.17 physical 24.49

18. Water Stripper Column 44403.40 0.49 121.00 39.80 physical 22.83

19. THDA Feed Surge Drum 41138.06 5.60 169.00 230.62 | trans-portation 37.44

Thermal- | 20. THDA Reactor 67349.47 32.00 746.00 452.53 chemical 68.37
:ﬁ:ﬁgn 21. THDA Heater (Rad.Section)|  67349.47 30.44 684.00 452.53 physical 62.18
Unit | 22. THDA Products Separator | 113936.50 27.00 38.00 48583 | trans-portation | 7421
23, THDA Stripper 113936.50 7.38 175.00 217.27 physical 61.11

24. Clay Tower 40634.12 16.87 199.00 420.98 physical 51.29

25. Heavy Aro. Stripper 40955.00 091 271.00 19.27 physical 16.42

Fraction- {26 Ben Column 40634.12 091 138.00 1141.95 physical 71.73
Ut [27. Tol Column 40957.10 0.84 181.00 33752 | physical | 5084
28. Clay Tower Charge Tank 41459.40 40.00 240.93 storage 40.35

29. Benzene Day Tank 40596.60 0 40.00 268.75 storage 44.37

T of Korean Institute of Fire Sci. & Eng., Vol. 19, No. 1, 2005
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o viRgte g, Hrigt 2E Al tis|A] Zhzt A4
2 &3 dojd F de AE 2 inY S 9% F
Ertae} 8719 v AF &AL AU
748t PHAST Professional® HAFSH 2 9} 312 Z
WEAXFE ¥R EH SAZ USR] A

B A (selectivity) S E215ATH

5.1 SiZeEAX Al

BTX FA 34 F 29709 Hu|E o= A E
BEARFE st o] F-L N il 74
Hof gtk SAZUEAAH HIHAHE Table 3
o) eI

Table 3914 & & R0l E2F] /M B2 1¥
stage reactor?} 1% stage hot separator®] Z}A|ZdE4]
A7t 74zt 12673 147.048 7P BA Ueigton,
o] & Mul= EFES 48y T HEE v =
Skth o vgez EFFo] g
sulfolane stripper column, recovery column HA] 3}x|
Zuk&AR 7 O Ogo 2 22 kg e B
A Hou EFEY A4de] 1 FH 4HH
257} & 2 stage charge heater= 3hAl|Zah&44]
F7t =& & JEpIT v 3R < 2=t
2" stage charge heater2r} Fou} Edgo] H3 &
FE9] A4ge] @& THDA reactor®t THDA heater
< o] Bt} H2 A LSR5 B

AFEE Table 19 28AIA B3E o, 24 Aula¥
stage reactor, 1% stage hot separator)e] 79 S| &=
AA7) 100 o424 ZF 98 H(moderately haz-
ardous) AL 2 VNG, 1709 Aulr} shAE a4
F7F 20 32X AFAA Be(no hazard) RO
W, Yz 267¢] vl shEaEAR g7t 20007

raindeck extractor,

Table 3. Relative sensitivity analysis results

At - A - el -

473 - a4
100 o]8}2A4 @ ¥ 3k(less hazardous) 222 VERITEH

52 QiE B4

A ZdEAR] g Al dEste F8 EFEQ
A FubE AR o) U)X FFE golrr] st F
8 W tig Auuds B4 AABIH? o
A2 AR s7f dulel diste 7k A4, I8 &
B FHex, o212 EFF) s Zzh £10%E)
 712)9] Wl 3o ¢ gig A U7 B4
S Ao 2R B 2 AR ol 7 Wvt vl
= 9] A=E dolEyor, 1 A3+ Table 49}
7. oA 7HAe] A BEF A48 %Y 7
A5t He 033024 SR REAR] o] wjg- 1
et HEY S & 4 AN, T 259} k] o
MM gz 2L WelE BT

Xylene column, solvent column, 28] 3 solvent col-
umn receiverd] 4 2= M3 -10%)E FA4 2 4
5 E3E9| flash pointth 2+ k& 7HAA Ho| &
Sofl #8 penalty7} pnl®] Zke] 1.45004 1.100] HI
A (5)~(8)), 2 A3} &4 XA (damg.pot)et S| Z2
22X 49] W7t AXA o} o] A9 AUzt
= EHa 090024 d4hdon} EF Mg A
NATCRTE E2 22 Bt A3 s 349 9
F=E £°17] 98iE 255 s (flash point) ©]
stz deAY Bde 244 ute Rl 7MY £
Holw), 1 02 AHEFE Fole Ao AY
< ¢ F U

5.3 7HdAU2] 0] ChE SRIZREAX T H
BE(HYYI R atele| vl
/573l thelix] Adule] Zhatd < (catastrophic

Benzene Column Toluene Column Xylene Column Solvent Colurmn Sol Col Receiver
R R e e el el e Tl el il P
Initial Value 51.1837 - 37.4228 - 25.8913 - 13.5976 - 9.1877 -
Heat of |—10% | 49.4174 [ 032169642 | 36.1314 | 0.32169135| 24.9978 | 0.32169622 | 13.1284 | 0.32169471| B8.8708 [0.32158975
Combustion | 09 | 52.8360 | 0.34397660 | 38.6308 | 0.34397186| 26,7271 | 034397642 | 14.0365 | 034397500 9.4842 | 0.34387683
Operating -10%1{ 51.1837 | 0.00000019 | 37.4228 | 0.00001020] 25.8913 | 0.00000214 | 13.5976 | 0.00000465| 9.1876 | 0.00009365
Pressure 10% | 51.1838 | 0.00000026 | 37.4229 | 0.00001378| 25.8913 | 0.00000289 | 13.5976 | 0.00000617| 9.1878 | 0.00011445
Operating —10% | 51.1837 | —0.00000011 | 37.4228 | -0.00000596| 23.6136 | 0.86831748 | 124014 | 0.86831063; 9.1877 0
Temperature | 109 | 51.1837 | —0.00000011 | 37.4228 | —0.00000596| 25.8913 | —0.00000125 | 13.5976 | -0.00000271 | 10.0737 | 0.96764657
Quantity of ~10% | 49.4093 | 032322502 | 36.1291 | 0.32228232| 24.9972 | 0.32192369 | 13.1283 [ 0.32172758 | 8.8677 | 0.32479948
Chemicals | 109 | 52.8446 | 034572288 | 38.6333 | 0.34464729| 26,7277 | 0.34423644 | 14.0366 | 034401297 | 9.4875 | 0.34754139

or B AY £ 8lg] =], A9H A1Z, 2005
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Fig. 6. FEDI vs Thermal Flux at 200 m from the source.
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Fig. 7. FEDI vs Overpressure at 200 m from the source.

rupture)2. 2 Q1% i) 9 Zk A 0.E 7Pt
PHAST Professional2 EARSIE 1 A5 ol 7
7Heh ShAl E A R 3k (Table 3)3) ¥lastAtt. 7+ A
H 25 Y8 FFo] Are AeR 7PEsA.
ulgte FagEon XELEE 9.85°C, 7lez:
20°C, W71YE L 1.01 atm, ANEEE 70%, T5&
L5 mysol 3L t7l= tiAZ gtk 71g sttt

Fig. 69} Fig. 7& 212 Al AR 25E 200m A&
oirie] BAEH g SAZUELA TR vn
g Zolth. 2 B 4 ARe] SAF ISR
ol 714 A4 heavy aromatic stripper(#25)2.th &
Age 27 o goy g9a3] AFE BHoz 317
o] Y} =71 @2 clay tower charge tank(#28)
9} benzene day tank(#29)7} WAl # A} 25 ¢ ¥
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N=k=1

damg.pot= Damage potential

dist = Distance to the nearest hazardous equip-
ment, [m]

F = Energy factor dependent on F2 and F3

F1 = Energy factor considering chemical energy

F2, F3 =Energy factors considering physical energy

F4 =Energy factor considering chemical reaction

FEDI  =Fire & Explosion Damage Index

Hc = Heat of combustion, [kJ/kg]

Hrxn = Heat of reaction, [kl/kg]

K = Constant (3.148)

pni~8 =Penalties required for calculation of FEDI

pnrl~6 =Penalties required for calculation of TDI

PP = Operating pressure, [atm]

quantity = Quantity of chemicals, [kg]

T = Operating temperature, [°C]

Tal = Auto ignition temperature, [°C]

Trie = Fire point, [°C]

Trash = Flash point, [°C]

\' = Inner volume of equipment, [m?]

VP = Vapor pressure of the chemical, [atm]
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