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Abstract — For a Liquified Petroleum Gas(LPG) station, the reliability analysis, such
as Fussell-Vesely importance, risk decrease factor and risk increase factor, was carried
out and the risk ranks of events were determined. In order to confirm the degree of
the risks identified in the reliability analysis, the quantitative risk analysis was done
for the equipments which had the large values of risk ranks.

As a result of the importance analysis for the LPG station, the external event was
identified as the most riskful event. The defect of construction structure and the pipe
corrosion were riskful as well. The result of quantitative risk analysis showed that the
length of 46.3 meters were estimated to damage the process equipments by the thermal
flux from the catastrophic rupture of storage tank in Boiling Liquid Expanding Vapor
Explosion.
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Table 1. Description of Basic Event, Means value and Error factor[7].

. e Error
Basic Event No. Description Means Remark
Factor

Basic Event 01 External event 3.10E-03 5.00 Engineer Judgement
Basic Event 02 Defect at the construction 5.00E-03 3.00 Engineer Judgement
Basic Event 03 Pipe corrosion 1.00E-03 3.00 Engineer Judgement
Basic Event 04 Faulty of tank 955E-05] 3.88 CCPS
Basic Event 05 Loading frequency 3.00E+02 1.00 Engineer Judgement
Basic Event 06 Failure of safety system 1.45E-02 2.85 CCPS
Basic Event 07 Overpressure of liquid pump 5.00E-03 3.22 CCPS
Basic Event 08 Failure of relief valve 2.12E+04 3.76 CCPS
Basic Event 09 Close of back flow line 3.55E-01 3.86 CCPS
Basic Event 10 Faulty of relief valve system 5.18E-03 4,38 CCPS
Basic Event 11 Faulty of hose 4.97E-03 3.85 CCPS
Basic Event 12 Miss contact hose 4.97E-03 3.85 CCPS
Basic Event 13 Operator error 1.00E-06 3.00 Engineer Judgement
Basic Event 14 Excess flow R.G. tank 557E-04] 3.88 CCPS
Basic Event 15 Qutlet valve closed 1.61E-03 414 CCPS
Basic Event 16 P.I failure 6.02E-04 3.77 CCPS
Basic Event 17 Failure of/at ignoring L.I 7.91E-01 4.07 CCPS
Basic Event 18 Insufficient vloume in tank 1.86E-02 3.88 CCPS
Basic Event 19 External thermal heat 1.00E-03 3.00 Engineer Judgement
Basic Event 20 G.L. closed during the loading 1.00E-07 3.00 Engineer Judgement
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Table 2. Top Event Probability.

Event 1

Event 2

Event 3

Basic Event 02

Basic Event 01

Basic Event 05

Basic Event 17

Basic Event 18

Basic Event 03

Basic Event 05

Basic Event 13

Basic Event 05

Basic Event 12

Basic Event 05

Basic Event 11

Basic Event 04

Basic Event 07

Basic Event 08

Basic Event 09

Basic Event 19

Basic Event 16

Basic Event 10

Basic Event 06

Basic Event 14

Basic Event 15

Top Event Probability=1.22E-02

MCS No. | Frequency | Percentage(%)
MCS 01 5.00E-03 41,15
MCS 02 3.10E-03 25,51
MCS 03 2.41E-03 19.83
MCS 04 1.00E-03 8.23
MCS 05 3.00E-04 2.47
MCS 06 1.71E-04 1.41
MCS 07 1.71E-04 141
MCS 08 1.09E~-08 0
MCS 09 6.66E-11 0
MCS 10 3.56E-13 0
MCS 11 1.72E-16 0
MCS 12 3.56E-17 0

Basic Event 20

Basic Event 16

Basic Event 10
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Table 3. Importance of Basic Event.

Basic Event No. FV RDF RIF Sens.
Basic Event 02 4.13E-01 1.70E+00 9.99E+99 7.44E+00
Basic Event 01 2.56E-01 1.34E+00 9.99E+99 4.26E+00
Basic Event 05 2.52E-01 1.33E+00 9.99E+99 4,19E+00
Basic Event 17 1.99E~01 1.25E+00 458E+02 3.38E+00
Basic Event 18 1.99E~-01 1.09E+00 1.14E+01 3.38E+00
Basic Event 03 8.26E~02 1.03E+00 9.99E+99 1.87E+Q0
Basic Event 13 248E-02 1.01E+00 2.46E+04 1.25E+00
Basic Event 11 1.41E~02 1.01E+00 2.46E+04 1.14E+00
Basic Event 12 1.41E~02 1.00E+00 2.46E+04 1.14E+00
Basic Event 04 9.01E~-07 1.00E+00 8.26E+01 1.00E+00
RDF gto] A W& 7jEApdozs o LAHEES Fol7] A s LPG wi#ET o}
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Table 4. Importance for Parameters.
1D Type FV RDF RIF Sens
Basic Event 02 f 5.00E-03 2.09E+00 9.99E+99 1.07E+01
Basic Event 01 f 3.10E-03 1.48E+00 9.99E+59 5.49E+00
Basic Event 03 f 1.00E-03 1.12E+00 9.99E+99 2.13E+00
Basic Event 05 f 3.11E+02 1.0SE+00 9.99E+99 1.52E+00
Basic Event 13 q 1.00E-06 1.03E+00 3.22E+04 1.33E+00
Basic Event 12 r 6.51E-11 1.01E+00 3.22E+04 1.09E+00
Basic Event 12 TI 8.76E+03 1.01E+Q0 3.22E+04 1.09E+00
Basic Event 11 r 6.51E-11 1.01E+00 3.22E+04 1.0S9E+00
Basic Event 11 TI 8.76E+03 1.01E+00 3.22E+04 1.09E+00
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Table 5. Practical Significance of the Thermal Radiation Levels.

Radiation
Intensity Observed Effect
(KW/m”)
375 Sufficient to cause damage to process equipment
950 Minimum energy required to ignite wood at indefinitely long
) exposures (nonpiloted)
125 Minimum energy required for piloted ignition of wood, melting of
' plastic tubing
95 Pain threshold reached after 8sec; second degree burns after
) 20sec
Sufficient to cause pain to personnel if unable to reach cover
4.0 within 20sec; however blistering of the skin(second degree burns)
is likely; 0% lethality
1.6 Will cause no discomfort for long exposure
- dol®E & 33 om, Tables 73 82 Z+2zt 343k gtat A
ol &9 A AR BHAAM FEA T L AL VEAGY g FoE B4
Fowe oA AHE 05mE 7HAHS A FYAMYY 2AZES JEhAG
Adod, v FF9 Folxeo AEFL 03me] Tables 67 7 283 Table 8914 A& 8 7]
o, go]lZ ol QAL steel, TFEALL 58 H  EAMGL g3 7o
T ¥EHAYD 7HAS AT
go] Lol A F&Fol WA FEFE spAVL Basic Event 01 : External Event
F71% o] ZASAE HAS AAZdYe Basic Event 02 : Defect at the Construction
2 FAHE 7AE0] oA Ax U™ 30psis Basic Event 03 : Pipe Corrosion
v wolE 196mE BEAEen, 39y M9y Basic Event 05 : Loading Frequency
o] BMxE AR 4#H 1~2psies 240m=E Basic Event 11 : Fault of Hose
A H AT Basic Event 12 : Miss Contact Hose
7t g olEslv) ) AdAE HolZoA Basic Event 13 : Operator Error
FEo] wAste FE&dolA vlR HEr) ol R
44 AE sHA(Jet Fire)7t LA}AE 3% Tables 63 7 18] Table 894 B F+=
Aol ofs) wA® gHe ofs FHY FF  AXH FV F2E%:, RDF % RIF $8%5d+e
dulo] &3 E = 5 U 94" 375kW/m’ B BEGoIU I JIAE ol dis & wss

£o) BAZE dF%e %= AU 23me

2AHQ o0, 20% oWl HIsA EIe
Aol dAel B5¢ & & e ¢
40kW/m’e] B} ZEo] ogs we xge

}
HeFA o2 68mE A HAT

35. 38t Mg 24

Tables 67 7 18] Table 8& ztzt H#
gy F¢ AZE & AR LPG $34d
i3 AgAALe 2AstES FV $2%, RDF
9 RIF $8% 283 ¥zgE 248 £33
A#RE At 20709 JBAG F4 F
8571 2 49 749 NEAY S Ydag
t} Table 62 A9 BT A& e AL

KIGAS Vol5, No.4, December, 2001

dAEA Be

c ol AARel FAY Anrh

ZHAn e F8EE Hdg T SEe
AFEE G S ASdxE wWslx] 4] wFEo|oh

a2 Tables 63 7283 Table 8ol A #]A]
A AN EE 225%10%/vears
959x10%/year &)1 420%10 %/yearz 2
Agach ol A% dold F£3Y FaA
€ g$Hqoz HoFE ZHolth oleldd Aolr)
BAAEE olfe= AARZ Fx] 2 Aage] B
A4S A3 7] Wiy, £ Az F
St 2 BEAvbyo) Boolean A& AM£3l7)
i Eo] Al @ AjaE Wl 2Aste A
o dAEFEC] FoldFE AHGALY LA

g Fo] UEYA dd. ageg FX9 1

._46_



LPG $4AA tg JHE $4

e R FAEF ARE wZglel Z1E & vAE VAo RE FE2EY A
¥2 Bast Uk ARz 2450
Table 6. Using the Mean Parameter Values.
Top Event Frequency=959E-03
D Nom. Val. FV RDF RIF Sens
Basic 02 2.00E-03 5.23E-01 2.09E+00 9.99E+99 1.07E+01
Basic 01 3.10E-03 3.24E-01 1.48E+00 9.99E+99 5.49E+00
Basic 03 1.00E-03 1.05E-01 1.12E+00 9.99E+99 2.13E+00
Basic 05 3.11E+02 5.11E-02 1.05E+00 9.99E+99 1.52E+00
Basic 13 1.00E-06 3.25E-02 1.03E+00 3.22E+04 1.33E+00
Basic 12 2.85E-07 9.27E-03 1.O1E+00 3.22E+04 1.09E+00
Basic 11 2.85E-07 9.27E-03 1.01E+00 3.22E+04 1.09E+00
Table 7. Using the Extreme Lower Parameter Values.
Top Event Frequency=2.25E-05
D Nom. Val. FV RDF RIF Sens
Basic 02 1.28E-05 5.68E-01 2.32E+00 9.99E+99 1.25E+01
Basic 01 5.23E-06 2.32E-01 1.30E+00 9.99E+99 3.90E+00
Basic 03 4.50E-06 2.00E-01 1.25E+00 9.99E+99 341E+00
Basic 05 3.00E-01 2.73E-05 1.00E+00 9.99E+99 1.00E+00
Basic 13 1.06E-09 1.41E-05 1.00E+00 1.33E+04 1.00E+00
Basic 12 4.95E-10 6.59E-06 1.00E+00 1.33E+04 1.00E~00
Basic 11 4.95E-10 6.59E-06 1.00E+00 1.33E+04 1.00E+00
Table 8. Using the Extreme Upper Parameter Values.
Top Event Frequency=4.20E-02
D Nom. Val. FV RDF RIF Sens
Basic 02 2.00E-02 4.83E-01 1.90E+00 9.99E+99 9.14E+00
Basic 01 1.24E-02 2.99E-01 1.41E+00 9.99E+99 4.90E+00
Basic 05 9.00E+02 1.35E-01 1.15E+00 9.99E+99 2.46E+00
Basic 03 4.00E-03 9.66E-02 1.10E+00 9.99E+99 2.00E+00
Basic 13 4.00E-06 870E-02 1.09E+00 2.10E+04 1.90E+00
Basic 12 1.10E-06 2.39E-02 1.02E+00 2.10E+04 1.23E+00
Basic 11 1.10E-06 2.39E-02 1.02E+00 2.10E+04 1.23E+00
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