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Reliability Analysis on Firewater Supply Facilities based on
the Probability Theory with Considering
Common Cause Failures
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ABSTRACT

In this study, we write down the definitions, their causes and the techniques of analysis as a
theoretical consideration of common cause failures, and investigate the limitation and the impor-
tance of the common cause failures by applying to the analysis on the fire protection as a repre-
sentative safety facility. As you can know in the reliability analysis, most impressive cause is the
malfunctions of puinping operations; especially the common cause failure of two pumps is domi-
nant. In other words, it is possible to assess system-reliability as twice as actual without CCE
From these, CCF is extraordinarily important and the results are highly dependent on the CCF
factor. And although it would increase with multiple installations, the reliability are not defined as
linear with those multiplications. In addition, the differences in results due to the models for anal-
ysis are not significant, whereas the various sources of data produce highly different results.
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Therefore, we conclude that the reliabilities are dependent on the quality of the usable data much
better than the variety of models. As a result, the basic and engineering device for the preven-
tions of CCF of the multiple facilities is to design it as reliably as to design the fire-water pump.
That is to say, we must assess those reliabilities using PFD whether they are appropriate to SIL
(Safety Integrity Level) which is required for the reliability in SIS (Safety Instrumented System).
The result of the analysis on the reliability of the fire-water supply with CCF shows that PFD is
3.80E-3, so that it cannot be said to be designed as safely as in the level of SIL5. However, with-
out CCE, PFD is 1.82E-3 which means that they are designed as unsafely as before.

Keywords : Common cause failure, Independent failure probability, Functional dependency, Parametric
model, Safety Integrity Level, Probability of failure on demand
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Table 2. Basic classifications of common cause failures'®
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Fig. 1. Procedures of analysis on common cause failures.
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Fig. 2. Simple example of fault-tree analysis with common cause failures.
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Fig. 3. Simple draft of fire protection water supply facility.
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Fig. 4. The Flowchart of study in example for fire water supply facility.
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Fig. 5. Reliability fault tree analysis of fire protection water supply facility.
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Table 4. Basic data of fault tree*>®
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Name Mean Description
FFTKANKE 1.00E-04 Fire fighting water tank empty
FFPPP-7!AR 1.71E-02 P-71A independent failure to run for 8 hours
FFPPP-7IBR 1.71E-02 P-71B independent failure to run for 8 hours
FFPPP-7!AS 2.25E-03 P-71A independent failure to start
FFPPP-71BS 2.25E-03 P-71B independent failure to start
FFPPP-71ABCCFS| 2.50E-04 Fire water pump P-71A and 71B common cause failure to start
FFPPP-71ABCCFR| 1.90E-03 Fire water pump P-71A and 71B common cause failure to run for 8 hours
FFLNP-71AC 1.00E-02 P-71A line unavailable due to line closed
FFLNP-71BC 1.00E-02 P-71B line unavailable due to line closed
FFCFP-71AF 1.00E-02 P-71A line unavailable due to fuel oil or cooling water failure
FFCFP-71BF 1.00E-02 P-71B line unavailable due to fuel oil or cooling water failure
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Table 5. The probabilities of common cause failures &
independent failures with the OREDA data

i OREDA Data
I AN EE | 8 hrAl <205
2.50E-3 1.90E-2
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=H138E
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2 I AlE AuEEe] 250E-33 A7 A&eA
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Table 6. Results of Reliability analysis

NO Value Fv Cumulative Cutset
1 1.90E-03 0.5002 0.5002 FFPPP-71ABCCFR -
2 2.92E-04 0.0700 0.5772 FFPPP-71AR FFPPP-71BR
3 2.50E-04 0.0658 0.6430 FFPPP-71ABCCFS -
4 1.71E-04 0.0450 0.6880 FFLNP-71BC FFPPP-71AR
5 1.71E-04 0.0450 0.7330 FFLNP-71AC FFPPP-71BR
6 1.71E-04 0.0450 0.7781 FFCFP-71BF FFPPP-71AR
7 1.71E-04 0.0450 0.8231 FFCFP-71AF FFPPP-71BR
8 1.00E-04 0.0263 0.8494 FFTKTANKE -
9 1.00E-04 0.0263 0.8757 FFLNP-71AC FFCFP-71BF
10 1.00E-04 0.0263 0.9021 FFCFP-71AF FFLNP-71BC
11 1.00E-04 0.0263 0.9284 FFCFP-71AF FFCFP-71BF
12 1.00E-04 0.0263 0.9547 FFLNP-71AC FFLNP-71BC
13 3.85E-05 0.0101 0.9648 FFPPP-71AS FFPPP-71BR
14 3.85E-05 0.0101 0.9750 FFPPP-71AR FFPPP-71BS
15 2.25E-05 0.0059 0.9809 FFCFP-71AF FFPPP-71BS
16 2.25E-05 0.0059 0.9868 FFLNP-71BC FFPPP-71AS
17 2.25E-05 0.0059 0.9927 FFLNP-71AC FFPPP-71BS
18 2.25E-05 0.0059 0.9987 FFCFP-71BF FFPPP-T1AS
19 5.06E-06 0.0013 1.0000 FFPPP-71AS FFPPP-71BS

Sum 3.80E-03 - - - -

FV : Fussel-Vesely 285 @2 7| 2A70) £EEE 2E HAUAT W59 ot AA) vlxe] vz Ao))

Table 7. The failure probabilities on system operation
demand
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Table 8. The whole-range probabilities of common cause failures & independent failures with B factors
27| Data %71 Data
B factor model HEAJFA 8 hr )& Ay HEAl S 8 hr x4 A A
2.50E-03 1.90E-02 2.50E-03 1.90E-02
B values 359 1% & =Y 23 g8

0.05 1.25E-04 9.50E-04 2.38E-03 1.81E-02
0.065 1.63E-04 1.24E-03 2.34E-03 1.78E-02
0.08 2.00E-04 1.52E-03 2.30E-03 1.75E-02
0.095 2.38E-04 1.81E-03 2.26E-03 1.72E-02
0.1 2.50E-04 1.90E-03 2.25E-03 1.71E-02
0.11 2.75E-04 2.09E-03 2.23E-03 1.69E-02
0.125 3.13E-04 2.38E-03 2.19E-03 1.66E-02
0.14 3.50E-04 2.66E-03 2.15E-03 1.63E-02
0.155 3.88E-04 2.95E-03 2.11E-03 1.61E-02
0.17 4.25E-04 3.23E-03 2.08E-03 1.58E-02
0.185 4.63E-04 3.52E-03 2.04E-03 1.55E-02
0.2 5.00E-04 3.80E-03 2.00E-03 1.52E-02

Table 9. PFD & PSD' as the increasing number of
pumps

B= ¢]8-E5%= (PFD) ©]¢-g (1-PFD)

N | CCFz#] |CCFHlxel| CCFael |CCFHlaa
1 3.80E-3 | 4.16E-2 | 958E-1 | 9.96E-1
2 759E-3 | 8.15E-2 | 9.19E-1 | 9.92E-1
3 1.14E-2 | 1.20E-1 | 8.80E-1 | 9.89E-1
4 151E-2 | 1.56E-1 | 844E-1 | 9.85E-1
5 1.89E-2 | 191E-1 | 8.09E-1 | 9.81E-1
6 2.26E-2 | 2.25E-1 | 7.75E-1 | 9.77E-1
7 | 263E2 | 257E-1 | 743E-1 | 9.74E-1
8 | 300E2 | 2.88E-1 | 7.12E-1 | 9.70E-1
9 | 337E2 | 3.18E-1 | 6.82E-1 | 9.66E-1
10 | 3.74E-2 | 346E-1 | 654E-1 | 9.63E-1

PSD: Probability of Success on Demand(=1-PFD)

A% #AFHA) ¥v AUt gon AA) 24T 35
HAFE AE A3 B tiEE ZUE Jf{eo
AA 2 2YEAA NYdse Aoz vepia o)
ety FTALEE] AE dlolge 7t I3 A
a3, BAA Al BARE A, olHE EXHE
Ast 3l YALLAE (pseudo-specific analysis)
HES ARsked, o] W B EHES] 54 3

Jo of &

Ab dlolE] o H|Fo] Aejajetr ofo] 2AEA F
U2 HolBHE E&e WHLE o]HI B4
< M e FEEANZY 4E dlolgd gk Mg
AEE 8= gith ol s FEUAIFEAYHE
o gt BenchmarkAl o] =& ub Ut o] Alqof
Ae 29 go] EAg A5 W3 2tz e rde
AL dio} 7t T Z dlo|E] H(sources)S AHE-3}
He we] B4 AAE vw HAESF A BHnde]
aol2 QI ol v FFo|on) Ztz) e
tlolEl Y (source)E AMERE S 2 Ade & Aol
E Jeplidch debA FEUA2Y oo AgE e
RdHch= o8 7Fedt Fdolee] Fdo] 1 B4
Azte] Agge] 2 g "-Ye Ag ¢ & Joh

333 A= BAAFe i FELAF g
A wet

71718 FERATAE HAEY) 3 3 A
Heto 2 AAA 87EE FF AFEE fA 3=
Rolug Zojx A Zo] QT HE APEFFos
QA Holok Fit}, SIS(Safety Instrumented system)ell
S7EE ABE,EE YutH o2 QPHARASFE(SIL
: Target Safety integrity leve)2Z HHH &4, ols
2E 87 Al AW EE(PFD : Probability of failure
on demand)dl| tigt F7+-& o|mgict. PFDe} SIL9
FAlE “ISA-84.01: Application of Safety Instrumented
Systems for the Process Industries(1996)’} “ICE-
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Fig. 6. Plot of PFD & PSD as the increasing number of pumps.

Table 10. Probability of failure on demand to safety

61508-1: Functional Safety of Electrical / Electronic

integrity levels /Programmable Electronic Safety-related System
== PFD o] 22 (1-PFD) Part 1 : Geqneral Requirements(2000)” #13-& wht
o = 5 -
SILQ) 0.1 to 0.01 0.9 to 0.99 ;]j ;lfui;j]% :HT-ithII)M ;;?'4 ;;:;1;1?:1
3 = g
SIL(2 0.01 to 0.001 0.99 to 0.000 v oomen— - = il
SIL(3) 0.001 - 0.0001 0.999 - 9999 & LAE6e] AH gxsel em olf vres
] 0001to0. 1999 to 0. Table 10& 27540 Aubgze] PRD] tjat AAe
SIL(4) | 0.0001 to 0.00001 0.9999 to 0.99999 SILEFe solaty #aEd, g SISe] £ SIL
SIL(5) | 0.00001 to 0.000001 | 0.99999 to 0.999999 =322 Q58 W= §7) olokwt @t}
SIL(6) [0.000001 to 0.0000001]0.999999 to 0.9999999 mepq 2 a7 TEAATRS Tee A%

Table 11. Probability of failure on demand to fire water pump*57®

No PFD Source Failure mode Type

1 1.08E-2 | CCPS3.3.7.2.1.1 Fail t.o start on demand/Fails while Pumps- motor driven pressure
running centrifugal

9 1LO04E-4 | CCPS33.72.1.1 Fail t.o start on demand/Fails while Pumps- motor driven pressure
running centrifugal

3 1.86E-2 | CCPS3.3.7.2.1.1 Fail t'o start on demand/Fails while Pumps- motor driven pressure
running centrifugal

4 | 262E2 |CCPS33.7.3 Fail to start on demand/Fails while | p /o trbine driven
running

5 9.66E-6 | CCPS4.2.3.2 Fails to operate/Spurious operation | Fire suppression systems-water

6 1.41E-6 |CCPS4.2.3.3 Fails to operate/Spurious operation gg:; dset;ppresswn systems-dry

7 1.87E-2 |CCPS4.2.4.1 Fails to start/Fails while running |Fire water pump-diesel

8 4.25E-2 |CCPS4.2.4.2 Fails to start/Fails while running |Fire water pump-electric

9 1.70E-2 |IEEE 11.1.2.4.1.1 |Fails to start/Fails while running |Fire water pump-diesel(Centrifugal)

10 3.30E-2 |IEEE 11.1.2.4.1.1 |Fails to start/Fails while running | Fire water pump-electric(Centrifugal)

11 | 380E3 |IEEE 1112411 |Fails to start/Fails while running | L.c "ater Jockey pump-electric

(Centrifugal)
12 | 473E-3 |IEEE 111.24.1.1 |Fails to start/Fails while running | rc "ater pump-General
’ o (Centrifugal)
13 9.60E-4 |OREDA 1.3.1 Fails to start/Fails while running | Fire water pump-electric(Centrifugal)
Sty - 2etE =82 A7 H A4%, 20039



o FEAl tigh s wefd 488 AR ¥4 85

FAv g AAEEN A3 AFFFLTA A
3-5(PFD: Probability of failure on demand), & 7|
E o]& BFErE 3.80E-3°|22 973 V£ A&
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IS 2EE AE NFHREA S =] Fesie] &
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Aoz thE7)719 FF5HAIGE HAE) H%
7185o)y FEAQA Wele g AA A 235 = 4
A AHEE FAge slolEg Aol AubHEo| Q
TEE A EgEo 2 A oo dit) & SIS(Safety
Instrumented system)oll 8. FE+< AlZ L9 ok
AR FE(SIL:Safety integrity level)ol] HEsl71e] #
£2 4 7le% PFDE &8sl Fgoz wots
© Zoti(Table 9, 10). Wb £ A3ZFAE vfFe
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71718 AAske Aol 718 uidEsty, 48 W &
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3 gg e AFHER FulEe AXde Fo
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