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Abstract @ The F&EI technique is one of the risk assessments with many advantages. It
can save time and effort compared to quantitative risk assessment (QRA). By using the
evaluation result of this technique, it is possible to check the effectiveness of the
investment cost. In addition, a relative risk ranking can be created and used to establish

the facility management cycle and to prioritize investment. However, evaluating the
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target process can be evaluated more than the actual risk since the LCCF, a loss
prevention measure, is too limited. In addition, calculating premiums via this method can
result in excessive premiums, making it difficult to evaluate the risk precisely. Therefore,

new safety guard was added to the LCCF of the F&EI risk assessment with reference to
HAZOP and LOPA techniques. Newly added LCCFs are Deflagration arrester, Check
valve, SIS, and Vacuum beaker, etc. As a case study, F&EI risk assessment was
performed on Acetone storage tank of a API (Active pharmaceutical ingredient) plant to
compare actual MPPD. The estimated loss amount was 592,558% for the existing
technique and 563,571% for the improved technique, which was reduced by about 5%
compared to the previous one.This proved that a more precise evaluation is possible and
that the efforts for safety at the workplace are reflected in the evaluation results.
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Fig. 1. Procedure for calculating fire & explosion index and
other risk analysis information,
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3.1 HAZOP Safety guard

Acetone AAHTE Ao 2 3 HAZOP Study 2}
£ okt 2k Acetoneold B o] s e ul 2}
AAF o]l o7t 7= 2|al S T Aue| et
7P ARt AR ZRIEQIY. Safety guard2=
Flexible hose pre-check, Trench drain, Supervisor

enrollment, Gas detecter, Form monitor, High alarm &

olgitt. H7lAx= Table 13} Zth

Table 1. HAZOP study worksheet

Deviation Causes Consequence Safe guard
No/Less flow |Pump failure| Process delay Spare pump
Flexible hose precheck
Trench drain
Workplace Gas detecter
Flexible pollution Supervisor enrollment
No/Less flow hose leak | Fire or explosion | Pump EOCR
worker injury Form monitor
Earthing
Emergency response
Dike
Operation Overflow High alarm
- Workplace
mistake - Gas detecter
More level pollution .
Level gauge Fire or explosion Form monitor
failure P Earthing

worker injury Equipment inspection
Process delay
Workplace
pollution

No/Less level | Backflow Check valve

Safety guard o 70| LCCFol| = SPARAIE°1A
9t Emergency response, Equipment inspection> LCCFo]|
954 ke

3.3 LOPA Protection Layer

7H Z2015¢)0f] WEE Guidelines for Initiating
Events and Independent Protection Layer of Protection
Analysis®] TPLY} F&EI Guide 7%¢] LCCFE H|w3f
X A7} Table 22} Z+o| Explosion control(Rupture)-
F&EI Guide?} LOPAY| = H5F E-8-E it}
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Table 2. F&El guide LCCF and LOPA IPL
Method

Feature F&EIL LOPA

Process control credit factor (C1)

Emergency power

Cooling

Explosion control (Rupture)

Emergency shutdown

Computer control

Inlet gas

© O0/0|0 0|00

Operating instructions/Procedures

Deflagration arrester
Check valve
SIS

Vacuum breaker

Explosion isolation valve

Explosion panels on process equipment

Excess flow valve

Multiple mechanical pump seal system with
seal failure detection and response

Material isolation credit factor (C2)
Dump/Blowdown (0}
Drainage (0)

© O|/0/0|0|O0 0O O

o

Interlock
PPE

© /o0 O

Fire protection credit factor (C3)
Leak detection
Structural steel

e)

Fire water supply

Special systems

Sprinkler systems

Water curtains

Foam

Hand extinguishers/ Monitors

|00 /0|00 0|0 O
o

Cable protection

71 9]of| %= Dump/Blowdown, Structural Steel, Sprinkler
Systems’. = 717 WPlol A SS9k Let SIS,
Deﬂagratlon arrester, Check valve, PPE 52 LOPAO9j| 4]
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3.4 Advanced LCCF of F&EI

F&El Guide LCCFo] o1z ¢S LOPAY]
Protection Layer?} HAZOPO| A T=%% Safety guardE
F7Fsl HSkeh

Table 3. Advanced LCCF of F&EI

Feature o Method LCCF Reference
Process control credit factor (C1) 7

Emergency power 0.98

Cooling 0.97 to 0.99

Explosion control (Rupture) 0.84, 0.98

Emergency shutdown 0.96 to 0.99

Computer control 0.94 to 0.96

Inlet Gas 0.91 to 0.99

Operating Instructions/Procedures 091 to 0.98
Deflagration arrester 0.99 LOPA
Check valve 0.99 LOPA
SIS 0.99 LOPA
Vacuum breaker 0.99 LOPA
Explosion isolation valve 0.99 LOPA
Explosion panels on process equipment 0.99 LOPA
Excess flow valve 0.99 LOPA
Nl i sl en o9 1o
Material isolation credit factor (C2)

Remote control valves 0.96 to 0.98
Dump/Blowdown 0.96 to 0.98

Drainage 091 to 0.97

Interlock 0.98

PPE 0.99 LOPA
Fire protection credit factor (C3)

Leak detection 0.94 to 0.98

Structural steel 0.95 to 0.98

Fire water supply 0.94 to 0.97

Special systems 0.91

Sprinkler systems 0.74 to 0.97

Water curtains 0.97 to 0.98

Foam 0.92 to 0.97

Hand extinguishers/ Monitors 0.93 to 0.98

Cable protection 0.94 to 0.98

Level high alarm 0.99 HAZOP
Equipment inspection 0.99 HAZOP
Emergency response 0.99 HAZOP

Z} Protection layer A& Al A4 B o] R
=7 grot 71 & 0995 T 4853 0995 4
B5HH A= AS= 0.010] Zadt=d] o= &HFH 9



LHAE - A

%7 &Sk 3 2 A0, SISO B SIL Sl
we} o B2 AR AeE A8Y = e Aotk 7
2ol oju] Yo]El LCCF Al At 44814 ersle.

o|2H¥ AJ2-& LCCF7} #7}=l Advanced LCCF7}
wrso] Ak

4. A3l A+

4.1 tHy 2

AP 9 NFOR ARIORE FA] Acetone A
JYag gom Ad A7s AN AT F
Aol 37 FM Aol /g B And B

(CAYA FFE7E 7P 2 YEbd7] diZolH.

Table 4. F&EI of Acetone storage tank

Material Acetone
Material factor 16
1. General process hazards Penalmtﬁgf:ctor Pena:lt:fesactor
Base factor 1.00 1
A. Exothermic chemical reactions 0.3~1.25 0
B. Endothemic process 0.2~0.4 0
C. Material handling and transfer 0.25~0.85 0.5
D. Enclosed or indoor process units 0.25~0.95 0.225
E. Access 0.2~0.35 0
F. Drainage and spill control 0.25~0.50 0
General process hazards factor(F1) 1.725
2. Special process hazards
Base factor 1.00 1
A. Toxic material(s) 0.20~0.80 0.2
B. Sub-atmospheric pressure (<500mmHg) 0.50

C. Operation in or near flammable range

() Inerted () Not inerted

1. Tank farms strorage flammable range 0.5

2. Process upset or purge failure 0.3 0.3

3. Always in flammable range 0.8

D. Dust explosion 0.25~2.00 0
E. Pressure 0.18
F. Low temperature 0.20~0.30 0
G. Quantity of flammable/Unstable material 139,685 Lbs
Quantity Lbs He = Btw/Lb 63,360 kg

1) Liquids or gases in process

2) Liquids or gases in storage 0.45

3) Combustible solids in storage, dust in process

H. Corrosion and erosion 0.10~0.75 0.2
1. Leakage - Joints and packing 0.10~1.50 0.1
J. Use of fired equipment

K. Hot oil heat exchange system 0.15~1.15 0
L. Rotating equipment 0.5 0.5
Special process hazards factor (F2) 2.93
Process unit hazards factor (F1 X F2=F3) 5.06
Fire and explosion index (F3 X MF)=F&EI 81
82
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Level high alarm2 ##}Ei F0f U o Over fill2
AT F&S AlYsh= AAolrt Dike: & WA Al
SAl W olE Zojzl Ax|o|t}l. PPE: 3l Ei =
Z 9 A 222 = R0 A B F=
ol

Acetone X AFE) 7.0] F&EI H7} A3l Table 49} 7+
oh F7hE SPEIA|RE 7|Re R = WS 4L
Aot =E A9 W A4b 7HES 2FSHH Base
MPPDL= $834,476 12|11 Actual MPPD= LCCE7} 4t
=7 wioll 1Rk W $592,5580] 90t H7F 7
© Table 59} 7t}

Table 5. Process unit risk analysis summary

1. Fire & Explosion index (F&EI) 81

2. Radius of exposure (m) 68.03 m

3. Area of exposure (m?) 14534 m?

4. Value of area of exposure 15,848,324%
5. Damage factor 0.53

6. Base maximum probable property damage (4X5) 834,476

7. Loss control credit factor (LCCF) 0.71

8. Actual maximum probable property damage (6X7) 592,558$%

A 9] F&EI guideo]] ©]3F LCCF H7FATH= 0.710]
o} B7} 22 Table 67 2t}

Table 6. LCCF of acetone storage tank

1. Process control credit factor(C1)

Credit = Credit Credit | Credit
Feature factor = factor Feature factor | factor
range | used range | used
a. Emergency | 98 | 098 |f. Inert Gas 0941 .96
power : ’ : 0.96 .
. 0.97~ g. Operating 0.91~
b. Cooling 09 ' 7 Instruction 099 | 08
. h. Reactive
c. Explosion 0.84~ . 0.91~
control 098 |1 Shemal 098 | !
CVIEW
0.96~ i. Other process | 0.91~
d. Emergency | 99 1 hazard analysis 098 | %2

e. Computer 0.93~
control 0.99

Cl1 Value| 0.85

2. Material isolation credit factor(C2)

Credit | Credit Credit | Credit
Feature factor = factor Feature factor | factor
range | used range | used
a. Remote control| 0.96~ . 091~
valves 09g 098 c. Drainage 097 | !
b. Dump/ 0.96~
Blow down 0.98 1 d. Interlock 0.98 1
C2 Value| 0.98

J. Korean Soc. Saf., Vol. 35, No. 6, 2020
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3. Fire protection credit factor (C3)

3. Fire protection credit factor (C3)

Credit | Credit Credit | Credit Credit | Credit Credit | Credit
Feature factor = factor Feature factor | factor Feature factor | factor Feature factor | factor
range | used range | used range | used range | used
. 0.94~ . 0.97~ . 0.94~ . 0.97~
a. Leak detection 0.98 098 |f. Water curtains 0.98 1 a. Leak detection 0.98 0.98 | f. Water curtains 0.98 1
0.95~ 0.92~ 0.95~ 0.92~
b. Structural steel 0.98 098 |g. Foam 097 0.97 b. Structural steel 0.98 0.98 | g Foam 0.97 0.97
. h. Hand h. Hand
o Fire Water | 0.94~ 1 04 " \tinguishers’ | 023 | 097 ¢ Fire Water supply | 00% | 094 | extinguishers | 002 | 0.97
supply 0.97 Monitors 0.98 0.97 7 Monitors 0.98
. . 0.94~ . I. Cable 0.94~
d. Special systems| 0.91 1 1. Cable protection 0.08 1 d. Special systems | 091 1 protection 0.98 1
e. Sprinkler 0.74~ 1 e. Sprinkler 0.74~ 1
systems 0.97 systems 0.97
C3 Value, 0.85 C3 Value | 0.85
LCCF| 0.71 Advanced LCCF | 0.68
QPA] e 313} o] LCCFE] %57} @ 2ol7] o o} Actual MPPDe| Hejslel 7|3 B7pipgo
2ol 28 A= 27} ukeddt LCCF H7F Zaf= 592,558 A2 Wy o B 56351788 7|& Ko}

0.680|t}. 7|&XHT} 0.03 a5t Tt 7 -2 Table

73} 2},

Table 7. Advanced LCCF of acetone storage tank

1. Process control credit factor(C1)

Credit | Credit Credit | Credit
Feature factor | factor Feature factor | factor
range = used range | used
a. Emergency 098 | 098 | Check valve 099 | 099
Power
. 0.97~ .
b. Cooling 0.99 1 Level high alarm | 0.99 0.99
c. Explosion 0.84~ Epuipment
control 0.98 ! inspection 099 0.9
0.96~ Emergency
d. Emergency 0.99 1 response 0.99 0.99
0.93~
e. Computer control 0.99 1
0.94~
f. Inert gas 0.96 0.96
g. Operating 091~
instruction 099 08
h. Reactive 091~ 1
chemical review | 0.98
i. Other process
hazard analysis 0.92 C1 Value | 0.82
2. Material isolation credit factor(C2)
Credit | Credit Credit | Credit
Feature factor | factor Feature factor | factor
range = used range | used
a. Remote control | 0.96~ . 091~
valves 0.98 0.98 | c. Drainage 097 1
b. Dump/ 0.96~
blowdown 0.98 1 d. Interlock 0.98 1
Pers_onal protect 0.99 0.99
equipment
C2 Value | 0.97

BHROIBHE|R|, H|353 H|65, 2020

oF 29,0418 TAE Ut} o5 A E|slH Table 83} Zt}

Table 8, Advanced actual MPPD

Category Actual F&EI risk Advanced F&EI risk
assessment assessment
F&EI 81 81
LCCF 0.71 0.68
Base MPPD 834,476% 834,476%
Actual MPPD 592,558% 563,517%
Actual MPPD= QFAZFA|7F el 4y 3789 A
Al Blaonh ti4 349 BAaas FrHE dole
Base MPPD2} Actual MPPD &= 7}#] R%F9o] AxlE 11
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%
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