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A study on optimal planning of risk reduction for water
suspension in water pipe system using fault tree analysis
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Abstract : This study was carried out to analyze water suspension in the water supply system through fault tree analysis, And
quantitative factors was evaluated to minimize water suspension, Consequently the aim of this study is to build optimal planning
by analyzing scenarios for water suspension,

Accordingly the fault tree model makes it possible to estimate risks for water suspension, current risks is 92.23 m?/day, The
result of scenario analysis by pipe replacement, risks for water suspension was reduced 7,02 mé/day when replacing WD4 pipe.
As a result of scenario analysis by water district connections, the amount of risk reduction is maximized when it is connecting to
network pipe of D Zone, Therefore, connecting to network pipe for D Zone would be optimal to reduce risk for water suspension.

Key words : Fault tree analysis, Cohort model, Risk of water suspension, Pipe failure probability
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Step 1 Identify top lever fault
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Fig. 1. Structuralization of fault tree,
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Fig.2. Flow chart of this study.
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Fig. 4. Structure of FT in study area,
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Table 1, Summary of pipe failure probability models in water
transmission pipes

Category Cohort Exponential
‘ 0. 236160'2’%“ y .
Equation y= 3372 GO y=6.2 X 107e"15%"
R 0.9198 0.9091
S.E. 0.0385 0.0373
M.S.E. 0.0002 0.0003

*R : Correlation coefficient, S.E. : Standard Error, M.S.E. : Mean Square Error
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Table 2. Summary of pipe failure probability models in water o
distribution pipes = 5 *
Category Cohort Exponential § so:oo .
. O,—499 0.5499(£-0,0844) ~ o ”g 60.00
Equation y= 114’7394.1Z+Co_sw<)(:—o_omvz) y=6.9x 107" E_w.oo : . . LI ¢ .
R 0.8082 0.5765 2000 ‘”:i‘*:‘ ;’ =
S~E- 0-2540 0~2959 o 0 500 1,000 1,500 2,000 2,500 3,000
M.S.E. 0.0389 0.1327 Diameter{mm]
*R : Correlation coefficient, S.E, : Standard Error, M.S.E. : Mean Square Error Fig. 5. Distribution of pipe repair time by diameter,
Table 3, Pipe repair time by classifying diameters
Category N (Number) Min, (hr) Max. (hr) Mean (hr) S.D. Var, Ske. Kur,
over 1,000 33 4.00 49,67 16,94 11.417 130.39 1.540 2.367
under 1,000 - over 500 33 1.50 39.00 16.72 9.901 98.02 567 -.274
under 500 - over 300 39 3.00 48.50 12,22 9.733 94,72 2.261 5.174
under 300 - over 200 53 1,17 18.33 8.04 3.623 13.13 916 .906
*N : Number of Variables, Min, : Minimum, Max, : Maximum, S.D. : Standard Deviation, Var, : Variance, Ske. : Skewness, Kur, : Kurtosis
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Table 4, Current failure probability for each pipes

Pipe ID y (N/km/yr) A, (N/hr) z ., (ht/N)
YT 0.0085 0.00000660 16.95
WT 0.0172 0.00000982 16.95
NT 0.0016 0.00000019 16.88
YD1 0.0058 0.00000090 12,22
YD2 0.0019 0.00000009 12.22
YD3 0.0058 0.00000037 12,22

YD4 0.0058 0.00000028 8.04
WD1 0.2544 0.00001707 16.95
WD2 0.2544 0.00001278 16.95
WD3 0.4496 0.00003601 16.72
WD4 0.4496 0.00008401 16,72
WD5 0.4496 0.00000009 16.72
WD6 0.2544 0.00000004 16.72

Table 5, Process of FT calculation to estimate current risks

woHA T g E B P ahEE A7 ghe
= Wil @ aas =5 o ¢l
o}, wheba] Gl T a3 FUHE 6
AFE A o3t f2a S EUEAe
], Z}7ko] A-teh At whe o] whe|dol v ukd
&, ¥ 9EgE Y aERTARERS HER o)
o] Z}7+9] Zone® Tt g A3F AMYSEITt
(Table 5)= ZAELE Foff &4 223 E
Aol B agt @ SET T A EAI]
g M-S A7) 913k Aot AtEe R4
of &gt e SHET T AEAE A A7
Eg] Fx9] ofoflA 9= &AF R 3 YTt

H e} o] & = UEY] fIsiA 2FE
Kol 3 AS AzolH egmoz 13
319t 1822 (Table 514 D Zone& <l

AND OR OR
Cate!
A A T A T A T A T
PP P PP hod PP P PW W
A Zone
YT 6.60E-06 16.95
- - 1.56E-04 16.61
YD(1,2,3,4) 1.49E-04 11.18
B Zone
WT 9.82E-06 16,95
- - 2.69E-05 16.95
WD(1) 1.71E-05 16.95
C Zone
WT 9.82E-06 16.95
_ - 3.18E-05 16.90
wWD(1,2,3) 2.20E-05 16.87
D Zone
WT 9.82E-06 16.95 -
wWD(1,2,3,4) 3.75E-05 16,84
4.73E-05 16.86
WD(5) 9.30E-08 16,72 3.75E-05 16.83
1.23E-13 8.36
WD(6) 3.95E-08 16,72
E Zone
wT 9.82E-06 16.95 -
wD(1,2,3,4) 3.75E-05 16,84
4,73E-05 16.86
WD(5) 9.30E-08 16,72 3.75E-05 16.83
1.23E-13 8.36
WD(6) 3.95E-08 16.72
F Zone
wT 9.82E-06 16.95 -
wWD(1,2,3,4) 3.75E-05 16.84
4.73E-05 16.86
WD(5) 9.30E-08 16.72 3.75E-05 16.83
1.23E-13 8.36
WD(6) 3.95E-08 16.72
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Table 6. Current risks for water suspension in each Zones
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Table 7, Risks and risk reductions of water suspension in all
Zones by setting a priority of pipe replacement

Zone R_(m*/day) A, (N/hr) o (D1/N) Priority Scenario R, (m%/day) | R,,(m%/day)

A 0.48 1.56E-04 11.42 O(current) - 25.23

B 4.06 2.69E-05 16.95 1 WD4 18,21 7.02

C 4.86 3.18E-05 16.90 2 wT 11,94 6.27

D 9.09 4.73E-05 16.86 3 WD1 7.06 4.88

E 3.08 4.73E-05 16.86 4 WD3 2,22 4.84

F 3.66 4.73E-05 16.86 5 WwWD2 0.50 1.72
Total 25.23 6 YT 0.47 0.03
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Table 8, Risk reductions of water suspension affected Zones by
district connection

R R R
H C DC RC
Scenario | 20N | (me/day) | (mi/day) | (me/day)
2-1 B 4.064579 1.82E-05 4.0064561
2-2 C 4.857425 6.34E-05 4.857301
2-3 D 9.086286 8.77E-05 9.086198
2-4 D 9.086286 1.15E-04 9.086171
Scenario 2-2
I I ND(1,2,4) l I wr I | WD(1,2,3) I
Scenario 2-4
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Table 9, Risks of water suspension in all Zones by district con-
nection

Scenario R, (m*/day)
2-1 21.17
2-2 20,37
2-3 16,14
2-4 16,14

Table 10, Risks and risk reductions of water suspension in all
Zones by setting a priority of district connection

Priority Scenario R, .(m%/day) | R, (m*/day)
0O(current) - 25,23
1 2-3 16.14 9.09
2 2-2 11.28 4.86
3 2-1 7.22 4.06
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