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18§ IUTUWLUNY | uauwiney | shuumidney HANISATIA % anuEnUnR
AfAvansaa #lianngaa fing23aTa dna AauUnd
1. mramsiaanAuladin (Blood Pressure) 44 0 44 39 5 11.36
2. MiATRINTNAT (Pulse) 44 0 44 43 1 227
3. MemsRsatiuIaMY (BMI) 44 0 44 24 20 45.45
4.maavinnieiagunne (Physical Examination) 44 0 44 41 3 6.82
5. MIAPIAENTIEMINEN (Chest X-ray) 44 0 44 36 8 18.18
6.015A39% MsRsaapRUlIRI s (EKG) 44 0 44 32 12 27.27
7. MIamaAuENYInfIRREen (CBC) 44 0 44 34 16 36.36
8. msAsaas2e (Urine exam) 44 0 44 48 7 15.91
9. MenmaAaluian (FBS) 44 0 44 36 18 40.91
10. NMIAIR 118U (Cholesterol) 44 0 44 22 31 7045
11. nMsmeas lasha (Triglyceride) 24 0 44 34 21 47.73
12, NM2AS 11ETWA (HDL) a4 0 44 56 3 6.82
13, mMgnsa luulaid (LDL) a4 0 44 29 28 63.64
14. MIasszsUNImgA (Uric acid) 44 0 44 as 23 52.27
15. MIRFaMIMHIuTEdR (BUN) 44 0 44 57 2 455
16. N3ATANIIILLalA (Creatinine) 44 0 44 56 3 6.82
17.013A393EATINNTNTRI124 1A (eGFR) 44 0 44 45 1 25.00
18. MIRMAVTNARY (Alkaline Phosphatase) 44 0 44 57 2 455
19. N1sAAMAY (SGOT) 44 0 44 57 2 455
20. MIRMAVIRG (SGPT) 44 0 44 45 1 25.00
21.N19AFINATIEWLEITEL (AFP) 44 0 44 57 1 2.27
22. mMsamsaATEiuzTsn 18 (CEA) 44 0 44 56 3 6.82
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Frequency Failure Frequency
Ratio Data Base Ratio Failure Data Base
{time per year) (time per year)
Smith and Warwick (1981) : Less, 1883; King ,1990

Power Failure (PEA) 10 Pressure vessels {general) 0.n26
Limil swilch failure . 1% 10" ‘Pressure vessels (high standard) 2.56 x 10
Level swilch failure 82x10° Pipes 171 % 10°
Operalor Error 1x10° Pipe joints 427 x 107
Pressure conlrol faul 1x10* Gaslela 427 x 107"
Solencid valve fail to close 1x10° Bellows 0.043
Level alarm failure 82x 10" Diaphragms (melal) 0.043
Venl Gas failure 2x10° Diaphragms (rubber) 0.0G8
Inter-unit pipe (general) 35x 10 Unlons 342 x 10”
Emergency gen. Fault 1x10° Haoses (heavily stressed) 0.342
Mechani_:_:ai failura Tx 10‘JI Heses (lighlly stressed) 0.0342
P. Trip signal 0.210 or 5.4 x 10™ ¢ Raliel valves (leakage) nmi
No immediate ignition 05D 0r 1.4 x 107 | Reliaf valves (blockage) 4.27 x 1 l]'3
Immediate ignition 0.9386 Valves (hand-operated) 0.128
Sudden Wealher Change 1x 10° Valves (ball) 427 x 107
Third Parly Error 1x10° Sels (rolaling) 0.0594

Seals (sliding) 0.0256
Impulse lines (blocked or leaking) | 0.09 Seals (" ring) 1.708 x 10”
Pressure switch 0.13 Filters (blockage) B.544 x | Ci4
Gable (fraclured or severed) 0.03 Filters (leakage) 8.544 x 10°
Loss of electric power Sleam | 0.05 Pins 0.128
shut-off system Nuts 1708 x 10°
Relay (comglete with wire) 0.08 Bolis 1.708 x 107
Sulenoid vaive 030 wizlabis (al ypes) 9398 x 10”
I nss nf plackic power 0.06 Fressure-indivating controller 1.1
Trip valve 0.25 Pressure-recovery conltroller 1.29
Air Supply line (bleck, broken) 0.02 Flow-indicaling controller 1.51
Loss of air supply 0.02 Flow-recording controller 2.4
Pump shut-off syslem Levelindicaling controller 2.37 )
Relay, elc., as above 0.08 Lavel-recording cor:lrtﬂlﬁr 2.25
Pressure reliel valve 0.02 Tenperalure-indicating :‘.:)1-1-1-&:”&-'-‘ 0.94
Flame-failure deleclor 169 Temperalure-recording — controller  Trip | 1 99

intialor
131  ILO (International Labor Organization, Mejor Hazard Gontraly 1995 o
Fvinlan 1SS teiiadandoulne $ida - Wi 589
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external)

. anuunwisnniagnld (Material defect)

. arunwiasvrantinaaing (Conslruclion defect)

(Over-pressurization)

mafansauwuinumuoluniamunanvasyviadeing (Corrosion -internal and

- « )
AnuuNrTaIniatuitaanIna e (Defect caused by pressure cycling)

e iluNSMAANAT@ (Improper operations) 1% anslauseauuniiinly

. msnn‘summmr-m'imnm'lm (Third party interference) 1% N13AaEIY
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Laumumnmvmmum?ﬁ@uh Event Tree Analysis 9l 91AMs3ATIEN Wy wamial
duanofamifiadn sansouoldie 3 shwme loun Jet fire, Fiash fire waz Fireball Gei
MwazBualuaii 5455 lagialidamasisumas! Iwasinszuuve anmzvasmioan
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A luanu: Fire ball wma’ﬁll.nﬂn‘l'ﬁ"l.ua (unconfined Vapor Cloud Explosion, UVCE)
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Eznlrifuga[ Pump, Single seal 6x10°~ 5x10™ 110"
Centrifugal Pump, Double seal 6x10° 5x10" 1x10° .
Column 8x10° 2x10™ 2x10° 6x10°
Compressor, Centrifugal - 1x10° 1x10™ -
Compressor, Reciprocating - 6x10° 6x10" -
Heat Exchanger, Shell 4x10° 1x10™ 1%10” 6x10°
Heat Exchanger, Tube Side 4x10” 1x10" 1x10° 6x10°
Piping, 0.75 inch diameter, per ft 1x10° - - 3x10”
Piping, 1 inch diameter, per ft 5%'10'6 - - 5x10"
Piping, 2 inch diameter, per ft 3x10° - - 6x10"
Piping, 4 inch diameter, per ft ax10” 6x10" ; 7x10°
Piping, 6 inch diameter, per ft 4x10" ax10” - 8x10°
Piping, 8 inch diameter, per ft 3x10” 3x10" 8x10" 8x10°
Piping, 10 inch diameter, per ft 2x10” 3x10” 8x10" 2x10°
Piping, 12 inch diameter, per ft 1x10" 3x10” 3x10° 2x10°
Piping, 16 inch diameter, per ft 1x10” 2x10” 2x10° 2x10°
Piping, >16 inch diameter, per t 6x10" 2x10" 2x10° 1x10°
Pressure Vessels 410" 1x107 1x10" 6x10"
Reactor 110" 3x10™ 3x10° 2x10°
Reciprocating Pumps Atmospheric 0.7 0.01 0.001 0.001
Storage Tank 4x10” 1x10" 1%10° 2x10”

flun:  API, Table 8-1- Suggested Generic Equipment Faifure Freguencies, AP| Publication 581
(Risk-Based Inspection Base Resource Document) , first edition, May 2000
Thomas F. Barry,P.E., Table 4.5-Generic Equipment Failure Frequencies, Historical Fire

Incident Data , June 2003
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