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Abstract
In this research, Fault Tree Analysis (FTA) with fuzzy and crisp approaches were used to

assess the risk associated with the performance of water treatment plants. The fuzzy logic was
used to consider the uncertainties in expert opinions and the nature of threats. This modelling
approach was implemented as a case study in Jalaliyeh water treatment plant in Tehran. One
undesirable event in such structure was improper water quantity and quality. The results of
this case study showed that probability of treatment plant failure under fuzzy and non-fuzzy
methods are 19% and 10%, respectively. The risk treatment plant failure was found to be
within the low to medium range. For risk assessment, multiple components were found to
influence the failure of treatment plants. Our evalutation showed that the following items
were ranked as highest to lowest to influence the treatment plant failure: inappropriate tank
design, power equipment failure, failure of transmission line, and inadequate repair and
maintenance of the pumps.
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Table 2. Aggregated crisp numbers for probability of each basic event

Basic event number 1 2 3 4 5 6 7 8 9 10 11

Probability 0.13 0.47 0.32 042 0.31 0.5 0.31 0.33 0.27 0.46 0.42

Basic event number 12 13 14 15 16 17 18 19 20 21 22

Probability 0.15 0.5 0.48 0.65 0.21 0.35 0.65 0.8 0.4 0.5 0.42

Basic event number 23 24 25 26 27 28 29 30 31 32 33

Probability 0.42 0.47 0.4 046 0.31 0.19 042 036 0.27 0.46 0.52

FIM asls bl el slasla s, gunes, - Ydga
Table 3. Ranking of basic events based on FIM index
fvaes;i 5 26 25 24 23 13 12 4 3 2 1
FIM 23.05659 23.06381 23.06381 23.06381 23.0638 23.0934 23.0934 25.65743 25.65743 25.65743 107.265
Ej‘;‘; 32 17 28 14 6 10 11 9 8 16 7
FIM 22.81568 22.84543 22.88181 22.89037 22.8934 22.91494 2291543 2292122 2294122 2298022 23.0558
Ej‘;‘; 20 19 18 21 30 29 27 33 22 15 31
FIM 22.78571 22.78571 2278571 22.79725 227982 22.7982 22.7982 22.8044 22.80493 22.80854 228156
Journal of Water and Wastewater oML ;ﬂ e
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Table 4. Ranking of basic events from the aspect of influencing undesirable water quantity based on FIM index

Basic event 1 2 3 4 5 7 8 9
FIM 111.1563  26.14125  26.14125 26.14125  23.34521  23.34422 23.2276  23.20717
Basic event 11 10 6 12 13 16 14 17
FIM 23.20176  23.20115  23.17812 23.0934 23.0934  23.08463  23.07615  23.07085
Basic event 22 15 21 18 19 20
FIM 23.06661  23.06655  23.06581  23.06426  23.06426  23.06426

FIM asls ol o osthol i 53b olsen 5 51l sloslag g5 e, =0 Jso

Table 5. Ranking of basic events from the aspect of influencing undesirable water quality based on FIM index

Basic event 12 13 23 24 25 26 16 14
FIM 141.4215 141.4215 141.4215 141.4214  141.4213 141.4211 137.8455 135.5553
Basic event 28 17 32 15 31 33 22 27
FIM 135.1757  134.7304  134.1568 134.116  134.0973  133.9455  133.8827  133.8748
Basic event 29 30 21 18 19 20
FIM 133.8748  133.8746  133.7222  133.5892  133.5892  133.5892
BI 2si ol 4l slesl gy gunas s -7 Jsi
Table 6. Ranking of basic events based on BI index
Basic event 6 5 25 23 26 24 13 3 4 2 1
BI 8.16E-04 8.16E-04 2.15E-03 2.34E-03 2.70E-03 2.84E-03 3.63E-03 1.17E-02 1.82E-02 2.21E-02 0.1013591
Basic event 33 32 31 11 10 9 8 16 15 12 7
BI 2.21E-04 2.21E-04 221E-04 4.48E-04 4.48E-04 4.48E-04 4.48E-04 6.00E-04 6.00E-04 6.41E-04 8.16E-04
Basic event 22 21 20 19 18 17 14 27 30 29 28
BI 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.01E-05 6.41E-05 8.09E-05 1.84E-04

BI as Lt Golol T oslanl a5l 0lme S5 51 0y gloslag o e, -V Jso
Table 7. Ranking of basic events from the aspect of influencing undesirable water quantity based on BI index

Basic event 1 2 4 3 5 6 7
BI 0.104509  2.28E-02 1.88E-02 1.21E-02  8.42E-04 8.42E-04  8.42E-04
Basic event 13 8 9 10 11 12 15
BI 4.83E-04 4.62E-04  4.62E-04 4.62E-04 4.62E-04  8.53E-05  7.98E-05
Basic event 16 14 17 18 19 20 21
BI 7.98E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 8. Ranking of basic events from the aspect of influencing undesirable water quality based on FIM index

Basic event 12 13 21 24 22 23 14 16
BI 6.69E-05 1.98E-05 1.98E-05 1.72E-05 1.34E-05 1.34E-05 1.07E-05  4.77E-06
Basic event 25 26 27 19 18 15 29 20
BI 4 47E-06  3.34E-06  3.04E-06 2.98E-06 2.74E-06 2.56E-06 9.54E-07 4.77E-07
Basic event 17 28 30 31 32 33
BI 3.58E-07 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00
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