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A Segment-based Minimum Cutset Method for Estimating the Reliability of
Water Distribution Systems
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Abstract

In this study, a methodology which is based on segments and minimum cutsets to estimate the
reliability of a real water distribution system efficiently and accurately is suggested. The current
reliability assessment models based on minimum cutset consider a pipe as only area impacted by a
pipe failure which incurs underestimation of pipe failure impact. In contrary, the suggested
methodology adopts "segment” and "unintended isolation” with the hydraulic pressure failure area to
define the actual service interruption area in a water distribution system due to a pipe failure, which
is different from the previous reliability estimating methodologies. In addition, a minimum cutset is
defined as a single segment incurring abnormal operating conditions and the success mode approach is
used to account for the probability of multiple failure combinations of minimum cutsets. The model
considers numbers and locations of on-off valves when the service interruption area is defined. Once
the methodology is applied to a real water distribution system, it is possible to define actual service
interruption areas and using the defined areas, the reliability of the water distribution system is
estimated reliably, compared with the previous reliability assessment methodologies.

keywords : Water Network, Reliability Assessment Model, Segment, Minimum Cutset, Success Mode
Approach
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Table 1. Criteria to Define Minimum Cutsets in the Sample Network

Segment Pipes in segment Unintended Isolation Hydraulic Failure minimum cutset?
S1 Pl 1,234 5 i Yes
S2 P2 2,3,4,5 9 Yes
S3 P3 N/A 3 Yes
S4 P4, P6 4 N/A Yes
S5 P5 N/A N/A No
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Table 2. Total Number of the Possible Combinations of Multiple Failures of Minimum Cutsets

if the Number of MCs is 100

Pummber Of multigle failores or Equations Number of the combinations
minimum - cutsets
100!
1 10041 = T g 100
100!
2 100%2 = 95 o8l 4,950
_ 100!
3 10005 = 3r5com 161,700
100!
98 100 08 - 98' >< 2! 161,700
100!
99 100Cg9 = 991 % 11 100
100!
100 100C100 = G015 01 1
Total number of the poss1.bl.e combinations of multiple failures of 1.26765 X 10%°
minimum cutsets
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Fig. 4. Water Network in Chester, PA, USA
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Table 3. Results of the Reliability Assessment for CWA

: . . Reliability of CWA
Pipe Failure Equation -
Sucess mode approach Failure mode approach
Su et al.(1987) 0.00067 -6.08139
Cullinane et al.(1989) 0.12181 -4.09021
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