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: 1. 932 Z0|= 3
Exampleof a : o= = = =
Frequency range value chasen by a
from literature  company for use : 2. AI'_T'_ Hal‘*olll ?_IE% EOIE h:E_1|
Initiating event (peryr) in LOPA (per yr} "
.
_I HE Pressure vesselresidual failure 1010 107 11
*I'_l_ =2 *QH ?_ E Piping residual ftre, 00 m, ull reach 10010 11 . Comments PRDs  PFDs
Piping leak (0% section), 100 o 1ot 1t . (assuming an adequate design basis, from from
Atmospheric tank failure 1070107 1% 10 i f
Gasket fpacking blowout 107 010 1% 197 . Passive IPLs inspections, and maintenance procedures)  industry'  CCPS!
Turbineidiesel engine averspee with casing breach 1071010 Pt . ;
Thhirﬂ-wr’:y:n\mvmw"(wemal impact by hack 0010 Ll . Dike Reduces the frequency of lirge consequences e 1x10?
o, vehicle, 21c.) u : . 1
Craas load dhop W 10 . (vwidespreadspill o a tank ovell,ruplre. 10
Lightning strike i %10 : spill, ete
Safety vals s Spuri o0 2. i
7 A A 7_| HFAH H | E (;f:;fnw:;p;,u::“ el ‘":n i ¥ H Undorgroud Reduces the frequency of large consequences 1x10 310 1x10°
(I [ Pump seal failure 101010 » drainage system widespread spil) of a tank overfil, rupture, %10
gosy pread sp P
N Unioading/loading hose filure Tl . sl e
BPCS t loop fail o0t [] e
— O I' X-I Ny x 9_ OI' Rczu;:‘n‘:r(:rl:fri K T = Open vent Prevents overpressure 110t 1x10?
- O — " it
o Small external fire {aggregite catises) 1t 1r? : {aovale) Lt
Large exiernal i (aggregate causcs) 1o 1t . ” i
OI_I- IX_'i AC-)I o I: é)l- E Hl_l- % L:;%EQT],::Q:.‘.r;gﬂ]ﬁ:zﬂsmm w—e!ﬁw—n I Freproofing Reduces ratc of heat input and provides addifonal ~ 1x 10710 1107
o (overallfailure of’a muliple lement process) opportunity {opportunity) lime for depressurizng, fire Gghting,etc. 1
Operator fillre (1o execute routine procedure; 100 10 1%10? ) 4 o 4
wel lrained, unstressed, not fatgued) opporlunicy tlapportunity) Blast wallor Reduces the Irequency of large consequences ofan~ 1x 10700 110
bunker oxplosion by coafining blast and by protecting 1x107
cquipment, buildings, etc.
Inhercntlysafer ~ Ifproperly implemented, can eliminale seenarios 1% 10710 1x107
design or significantly reduce the consequences 1t
asoctated with a scenario
Flame or If properly desipned,inlalled, and maintained. can 11X 10710 1107
detonation climinate the potentialfor fashback througha 1107
arrestors piping system or into & vessel or tank
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ONics

= M Al A ol =
-1 Pressure Vessel Failure(11 2t 2 7| ot &) 1x10-6
-2 Piping Rupture/100m(Hlj 2t} &) 1x10-°
-3 Piping leak/100m(Hj 2t+=, 10% A 2l AH) 1x103
-4 Atmosphere Tank Failure(4 2 &3 1} ) 1x10-3
[-5 Gasket/Packing Blowout(Z 2 X| S 7tAZl L) 1x1072
16 Turbine/Diesel Engine overspeeciwith cgsin_g breach %10

(B8l 52| OverspeedZ ©QI3t Casing It£)
17 Third-party intervention(external impact by Back-hoe, vehicle, etc) 1x10°2
E SAKIE 8)

-8 Lightning strike(<f£|) 1x103
1-9 Safety valve open(Failure)(Qt 2 & 11 X} 1x10-2
[-10 Cooling Water failure('f 2t~ 32 FEh) 1x10"1
1-11 Pump Seal Failure(H3= 1%}) 1x10-1
[-12 Unloading/ Loading Hose Failure(2 &35} A|E £%) 1x10"
[-13 BPCS Instrument Loop Failure(BPCS Z %) 1x101
[-14 Regulator S Failure(Z=& 2= 1% 1x101

(CCPS, Simplified Process Risk Assessment: Layer of Protection Analysis, D.A. Crowl, ed. New York: American Institute of Chemical Engineers, 2001) 34
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YA ZRE| LEUSIE
P-1 Dike ('S B) 1x10-2
SaAE
Underground Drainge
2o 2 RE9| FEHRIE
P-2 System 1%10-2
SaAE
(XI5t == Hig 2H])
Open Vent
e Atk Gx|H| 1%102
with no valve
Fire Proofing ZHH| 20| EXEH S 2 oI5 )
P-4 7S - 1x10°
v HIAIZK| 7HSAIZHE 271 B 0
P-5 Blast wall/Bunker CHEALDO] Cst HRIE =AA|Z! | 1%1073
I W7t S8 mefE 2=l
Inherently Safety OFMALA| )
. . = x10-
P-6 Design QEy W xEaa e | 10
g =7)
Sl = HH=
Flame Detonation 2}‘:'112_'_%'3 EE o 29
P-7 QU HEHEAL H| A2 | 1x102
Arrestor Z=7)
7|E} 2= X
P-8 I 585 Y71 x| 0|22] -3 AsHYK|

2%

1] XK CONTENTS FAES -
A-1 ol 2| &/™ x| Hjof tiS 7ISES 1a2E MdH| | 1x10-
A-2 23HdH| NFPA 7| Z0] 2|5t 231dH| 71& | 1x10
7I2EX|7] A TE M A ZX5I =X ES
A-3 =P Sl= A 1%10-1
Fd=o e St= AH|
Relief Valve/Rupture 7|& 0|4F9| Over PressureE 2
A-4 Disc hg-xl‘oé!. 1%x10
Basic Process D o
- DX X=SFA| AL 1
A5 Control System SBxSEA = 1%10
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