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A Study on Fire and Explosion Index in the Petro-chemical Plant
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Abstract

The method has been proposed for the risk assessment of petro-chemical plant, specially which can
evaluate relative risk levels on the materials and process-es. The each potential risk of materials and
processes are derived Tiumerically and combined these values, finally Fire and Explosion Index was
found. Material facfor was evaluated with the flammability and the reactivity and proeess factor with
emprical factor called penalty. This F&EI can be performed for relative risk assessement at the whole
plant and directely applicable at the line.
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I 1. Operating deviations?

Major operating limits
Flow

Temperat re

Pressure

Chemical reactivity
Mechanical reactivity

Other operating limits
Corrosion

Erosion

Resistance

Fouling

Caviation

Vibration

Hammer

Loading

Expansion
Contraction

Thermal /mechanical shock
Cycles of activities
Environmental factors

Material physical characteristics
Viscosity

Miscibility

Melting /heiling points

Density

Vapouwr density

Phase

Appearance

Particle size

Chemical compositions
Hazard characteristics of mixtures

Reactions
Extent and type
Side reactions
Catalyst behaviour, e.g.
activity
toxicity
reactions
regeneration
decomposition
Planned /unplanned reactions
Contaminants including
materials of construction
Corrosion products
Catalyst
Reactor runaway
Explosion
Combustion

Time
Contact time
Sequence
Design cycle

Local effects
Distnibution
Mixing

Hot spot
Overheating
Resonance

Stress on bearing /shafts
Lubricating faults
Vortex generation
Blockage

Slugs
Sedimentation
Stagration
Adhersion
Crushing
Gninding
Separation
Siphoning

etc,

Failure to contain materials
Spillage

Leackage

Vented materials

Construction

Defective matenals of
construction

Plant incomplete

Plant unsupported

Plant not aligned

Plant not tight

Plant not level

Plant not cleal

Major deviation
Start-up /shut-down
Maintenance /inspection
Planned changes

in normal operations
Supply /equipment failure
Demand change
Unplanned ignition source
Control disturbance
Loss of communication
Human error
Climatic effects
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1. AZRE : O0AT JHSHAZAE
2. 2} =2 A 29] List
1) Cracking Furnace Section
2) Condensate Treating Section
3) Quench Oil Section
4) Quench Water Section
5) Feed Preparation Section
6) C. G. Compressor Section
7) C, Fractionation Section
8) Dehydrator & Hydrogenation Section
% 9) Ethylene Splitter Section
10) Cold Fractionation Section
11) FEthylene & Propylene Refrigeration
Section
12) Propylene Fractionation Section
13) Diluticn Steam Genaeration Section
14) Gasoline HYdrogenation Section
15) Ethylene Storage Section
16) Mixed C, Storage Section

17) NGL Storage Section
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18) LPG /PG Stroage-Section

19) LN/ Prppylg;é VStorage Section
20) NGL Storage Section

21) PFO Storage

22) LN /ARU Stroage Section

23) FRN Storage Section
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Designation BP FP
9-2

Reaction Gas
Effluent Cooler
9-3

Staem From T—471
To T—481

9—4

—45 <20

—155 <20

24 wREHEEE 7% 1RCEL B 158) 1993F 78
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500,
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24) Flare Knock-Out Drum Section

25) Flare Stack Section

26) Compressed Air Section

27) Water Storage Section

28) Emergency Storm Water Basin Section
29) Substation Section

A7 (Ethylene Splitter Section) @ #8717] List

MOL TEMP PRESS -~ MATERIAL
WT. (F) (psi)
14 113 77.3 Propane -
28 -67.2 101.6 Ethylene



Steam From A—470 —155
To T—481

9~5

T—481 Ethylene —155
Reflux Sub Cooler

9~-6

T—471 Etylene —155
Spliter Intermediate

Reboiler

9-7

M—-471 Ethylene —155
Spliter Intermediate

Reboiler Condensate Drum

9-8

A—470 Ethylene —155.02
Spliter Bottm

9-9

T—470 Ethylene =155.02
Spliter Reboiler

9-10

T—470 Ethylene ~155.02
Spilter Reboiler

9-11

P—474 A/S Etane —127.49
Recycle Pumps

9~-12

P—478 A /S Ethylene —155.02
Product Pumps

9-13

Line From T—412 to —155.02
A—470

9—-14

M — 470 Ethylene T —155.02
Spliter Reboiler ~

Subcooler

9-15

T-—-412 Ethylene —155.02
Refrigerant

Subcooler

9—-16

M —650 Ethylene —155.02
Refrigerant Condenser

Condenaste Drum

9-17

T—650 Ethylene : —155.02
Refrigerant Condensor

Condensate Drum

9-18

Line From T—650 To —54.4
M—660

9—-19

—~204.6

<20

<20

<20

~204.6

—204.6

GAS

~204.6

—204.6

~204.6

~204.6

—204.6

—204.6

—141.6

842

842

842

342

842

842

842

882

842

842

842

842

842

842

851

A¥A Wb g - B x5 Aol Ay o

28
28

28

28

28

28

42

—85.9

—56.2

—56.2

—85.9

~44.5

—-34.6

—44.86

-63.94

—34.6

—74.4

—0.58

89.8

161.2

161.2

161.2

89.8

103.73

232.3

162.61

259.3

109.8

232.3

109.86

227.6

498

157.3

Ethylene

Ethylene

Ethylene

Ethylene

Ethylene

Ethylene

Ethylene

Ethylene

Ethylene

Etylene

Etylene

Ethylene

Ethylene

Ethylene

Ethylene
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SRR

H3d

M —475 Erhylene —155.02 —204.6
Product Condensate
Drum

9-20

T—475 Ethylene
Product Vaporizer
No4

9A-1

M~-640

Ethylene Refrigerant
Surge Drum

—155.02 —204.6

—155.02 —204.6

9=7

ETHMLENE SPUTTER

3 6. Ethylene.Splitter Section Lay Out

- -~

842

842

842

28 42.8 101.5 Ethylene
28 14 597.41 Ethylene
28 —-36.0 227.6 Ethylene

4. N FRATT 286
5. A Al4-(Material factor)

#F& 4] Ethylene & Propane ©}7] & dj
E2AAFE A8 933 g

olFolM BHASV} ¥ &S &Y, MF:=
240t}

6. 43R Y 2 I 55493899 dax
Penalty & : £ 7

7. £4A4(Damage factor)<]
(Fig, 7 =)

8. A}, TWAF(F&EI) S 244 : ® 7.

9. £4v=x] BAA$F 2E(Loss Control
Credit Factors)

(1) T% = (Process Control : C1)

a) 8] 9 (Emergency Power) : 0.98

23 :0.89

5. 2R A X

vt % A4 (EFESFA
AR, 71 A (AxA) NFP A325M or 49 Nr=0 | Nr=1 | Nr=2 | Nr=3 | Nr=4

2d 24 Nf=0 1 14 24 29 40

FP > 93.3%¢C Nf=1 14 24 29 40

37.8C < FP < 93.3TC Nf=2 10 14 24 29 40

FP < 37.8¢, BP > 37.8TC Nf=3 16 16 24 29 40

FP < 22.8T, BP < 37.8¢C Nf=4 21 21 24 29 40
7HEY 23

St—1(Kst < 200 bar m /sec) 16 16 24 29 40

St—2(Kst < 201—300 bar m /sec) 21 21 24 29 40

St—3(Kst < 300 bar m /sec) 24 24 24 29 40
7ty 24

40mm ©) 49} %7 Nf=1 16 16 24 29 40

40mm v} k9] £ Nf=2 21 21 24 29 40

foam, fiber, powder Nf=3 24 24 24 29 40

* FP: Flash point
* BP: Boiling point at standards temperature and pressure.
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H 6. Ethylene Spilter Unit Process2| SE Al

AP Bt st - Bk A5 Ao Bg nE

FES MF He BTU /1b(x1073) Nh Nf Nr F-P B-P
Ethylene 24 20.8 1 4 2 Gas -155
Propane 21 19.9 1 4 0 Gas —45
B30 ¥ BU X MNE H8.F & EIOl 2% HHYE 72
34 : 0o NFTIE T FH : Ethylene Spliter F & EI A4¥2=
A7}:'93.7.2 1-60 Light
Hgegd 924 61—96 Moderate
2349 : Ethylene & Propane 97127 Inter Mediate
34 : Normal Operation Ethy | Prop 128—158 ‘Heavy
BAAF 2, 21 Penalty | Penalty 159> Severe
1 dut3 g
AL AF
(1) $LH$(03-1.29) 05 | 075 M % W RN PACOD
(2) F943(0.2-0.4) 0.4 0.5
(3) 24 HF ¢ 1$(0.25-09) 0.5 05 160
(4) 27 == 4 24 99(0.5-09 | 03 03 e
(5) = 0.3 0.2 T "60
(6) M+ 2 4288 $x1(0.25~0.5) 0.5 05 20 /7// %
YHFAYAF(FD) 25 | 2% _/7/17/ o
2. 5434 9¥ 80
Nenas /// Z,/ )
(1) 24%2(02-08) 02 |02 . // [; -/ .
(2) th715k ol tel el (<500mmHg) § /1844 Fim20
(3) Zwu g 22c)ne 23 05 T
O284830H3ey82 0 %’/7/ L] / e //—
a A8 A% A 4
b, ¥4°}4 & Purge Failure '-f-, 0 /l / /
¢ AA gl o) 08 : //f/ // //L /// _______
{4) ¥3 22{0.25~2.0) A g Foctor IF3)
(5 a8, gngy ~ T 12 |12 “ /§ 7 Z/
(6) 212(0.2—0.3) 0.3 0.3 //Z]]///
(7) v, BAAY B4% 30 77 -
Ibs He=BTU /Ib 118 | 04 WA
a 3PU A EE b2 2 //Z//
b, g4 AN £E 7h2& A//Ay/é
c. Agah 7tA4 nA /3 £3 AV/A'/
(8) %4, v}2(0.1-0.75) oy 74
(9) & - ¥¥, Packing(0.1~1.5) 0.3 0.4 f
(10) ﬁi7}g7] ° Y 4 10 14 16 21 24 29 40
(11) HOt oil %3@7](0.15—1.15) Material Factor IMF)
(12) 33717
5733 J8AF R 3.68 33 2| 7. £AX|Ee] ANE
2934 AYA5(FI xF2=F3) 9.2 743
844 /Z 825 (F3xMF=F & El) 220.80 | 156.03
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b) B ZH(Cooling) : 0.99

c) Z2z4 (Explosion Control) : 0.98

d) FEE&E#E L (Emergency Shutdown) : 0.
98

e) Computer Control : 0.99

f) Inter Gas : 0.96

g) Operating Instruction /Procedures : 0.94

h) ¥g-A 31gEA ) HE 1091

c1 Suyb Toatl : 7.73
(2) MKk (Material Isolation : C2)
a) Remote Contro] Valve : 0.98
b) Dump /Blow Down : 0.93
¢) ¥}&(Drinage) : 0.98
d) Interlock : 0.96

C2  Sub Total : 3.90
(3) By X2 (Fire Protection : C3)
a) it Ra( Leak Detection) : 0.98
b) Structual Steel : 0.98
c¢) A3 2 (Buried tank) : 0.91
d) 234 T3 (Water System) : 0.97
e) 5¥4du] 1091
f) Sprinkler System : 0.97
g) Water Curtain : 0.98
h) Foam : 0.94 __
1) &371 1 0.95-
}) Cable Protection : (.98

C3 Sub Total : 9.57

HMIEE# Cn : C1 x C2 x C3=288.54
10. BT 299 P $EIY F &
El x0.84=185.47M
11 FHH H R B H O,
B 9. WO MPojo) B 72

Cn~F & El XY A f94
100> FHdd & A4 A9 A
100-50 ANy HRY - - - Ao
50—0 g net a9
0——50 LA AHE A8 x
< -5 QAN APA LR AT | B AY

28 wBESRME 7E 1RGEE B 15%) 1993F 747

12. Ethylene Spliter @934 o] <tddis] =
<]

Cn—F & EI=67.74 |22 & 9. oA ¢H0)
AL dEEeld g4 Aulsivtn #d &4
o},

13. Ethylene Spliter &332 & ¥=8 3
3]

mmxrme’:ﬂ

Ethylene Spliter
FAASIAA
YeEAHY R ’-H;ix»gng.-rz
2.50 *——~—-\———}3.se

1
PROCESS #1 o A = 7 %
FIXF2=F3
T 9.20
F3 X M4
= shx)- R 24
220.80
T oy
LS it i
Aeal-wn 185.478
A4 R
L 288.54
Suciy oy
LER 1
§2.74 ; AN AN,
i s o)

22} 8 Ethylene Spliter IS 2} 2} g8 X

iag

e

Ape Mg /3te AN AP B
3 uhg F 3. S A5y A, o9
7hsAol sty =& Hct kA 2 2 A
Dowe] #alg adj2 HRalodx FE 3k,
ZARo] BYEY penaltys] FAo) A=
AR =2 oAt Uk AR Fad 4o
£ ol £X8 AL T F de 7Y A
A AEE Ay YA e Aotk A9
FAEL o)&FQ WA o] obd A7 FAM 1}
el Alnxte 2 AA] dataE SAHZ A A
olch, wata B Aol aAHd £h& AsiA
e olaid B B FHolg & F
Aok a2y Al 2 22 x5t A g
Bliol 7] WEo] B Ao MAG 218 U

2
.Q‘JFXFOP‘_E

]
o
e
=

=



2 @3 H e TS A7t FEHA %2
AE A AT

F 7

g d7E #RAG) 247 2HA “He
shstebael 994 B7h 2 FAAGe Exolg
FUAY Y A7AHolc o] AUE Fatel A
AR AN A BT TP,
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