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Abstract  
Having a reliable rehabilitation plan with sufficient operational data is crucially 
important for the operation and maintenance of a water distribution systems. This 
research was conducted to develop a prioritization model for planning the rehabilitation 
of pipes in water networks when minimum structural data is available.  To accomplish 
the main objective of the study, WDSR-Min model with Fuzzy TOPSIS technique 
capability was used to prioritize the pipes rehabilitation. The proposed model was used 
for the prioritization of pipes rehabilitation in a two-loop water distribution system. The 
prioritization of pipes rehabilitation were evaluated under two methods by using: 1) the 
pre-defined template of the WDSR-Min model, and 2) the template consistent with the 
conditions of the study area. The results showed that the rehabilitation plan obtained 
from WDSR-Min was aligned with the real needs for rehabilitation in the water network 
pipes. Furthermore, it was found that to prioritize the pipes rehabilitation it was 
preferred to localize the model criteria for the conditions of the study area, while to 
determine the pipes rehabilitation strategies the use of the pre-defined template of the 
WDSR-Min model was preferred. Using the proposed model in this work makes it 
possible to determine the prioritization/strategies of pipes rehabilitation using the 
minimum structural data of water distribution networks and independent of operational 
data. 

Keywords: Water Distribution Systems, Rehabilitation, Prioritization, WDSR-Min, 
Fuzzy TOPSIS. 
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Table 1. The pre-defined template layer of WDSR-Min model with relevant references 

Criteria 

The pipe importance for rehabilitation according to each criteria 

Relevant 
references Very low Low Relatively 

low Medium Relatively 
high High Very high

Pressure (m) 26 30.8 ≥
23.6 ≤

35.6 ≥
21.2≤

40.4 ≥
18.8 ≤

45.2 ≥
16.4 ≤

50 ≥
14 ≤

14 > 
50 <

VPSPS 2013
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1.2 ≥
0.7 ≤

1.4 ≥
0.6 ≤

1.6 ≥
0.5 ≤

1.8 ≥
0.4 ≤

2 ≥
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2 <

VPSPS 2013

Flow rate (l/s) 75 ≥
90 ≥
75 <

105 ≥
90 <

120 ≥
105 <

135 ≥
120 <

150 ≥
135 <

150 < VPSPS 2013

Length (m) 10 ≥
108 ≥
10 <

206 ≥
108 <

304 ≥
206 <

402 ≥
304 <

500 ≥
402 <

500 < MPO 2005
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403 <

403 ≥
306 <

306 ≥
209 <

209 ≥
112 <

112 ≥
15 <

15 ≥
VPSPS 2013

MPO 2005
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1 FPI: Failure Probability Index 
2 FCI: Failure Consequence Index 
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Table 2. The criteria affecting the prioritization of pipes rehabilitation in WDSR-Min model 
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Table 3. The effects of the criteria on FPI and FCI in WDSR-Min model 
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Fig. 2. Determination of pipe rehabilitation strategies using combined effect of FPI and FCI (AWWA 2014) 
 in WDSR-Min model 
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Table 4. Fuzzy values used in the WDSR-Min model 
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Fig. 3. Computational steps of Fuzzy TOPSIS used in WDSR-Min model 
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Fig. 4. The two-loop water distribution system 
assessed in WDSR-Min model 
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Table 5. The basic data and the hydraulic analysis results for the nodes of the two-loop network using EPANET 

N7 N6 N5 N4 N3 N2 N1 Determined by Parameter 
160165150155160150210Basic dataElevation (m)
200330270120100100--Basic dataDemand (m3/hr)

30.5530.4433.8143.4530.4653.250EPANETPressure (m)
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Table 6. The basic data and the hydraulic analysis results for the pipes of the two-loop network using EPANET 

P8 P7 P6 P5 P4 P3 P2 P1 Determined by Parameter 
130130130130130130130130Basic dataCHW

25.4254254406.4101.6406.4254457.2Basic dataDiameter (mm)
10001000100010001000100010001000Basic dataLength (m)
0.321.31.11.141.121.461.851.9EPANETVelocity (m/s) 
0.265.855.7147.49189.893.6311.1EPANETFlow (l/s) 
32.232.130.536.938.648.341.826.6EPANETPressure (m) 
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Table 7. The Pipes’ RPI/Priorities in the two-loop network using pre-defined template of WDSR-Min model 

P8 P7 P6 P5 P4 P3 P2 P1 Parameter 
0.44660.35220.28820.50550.35150.65720.56770.5939RPI

56847132Rehabilitation priority 
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Table 8. The template layer consistent with the problem data 

Criteria 

The Pipe 
importance for 
rehabilitation 
according to 
each criteria

Very low Low Relatively 
low Medium Relatively 

high High Very high
Relevant 

References 
The 

corresponding 
fuzzy number

(0,0,1,2) (1,2,2,3) (2,3,4,5) (4,5,5,6) (5,6,7,8) (7,8,8,9) (8,9,10,10)

Pressure (m) 30 
33.66 ≥
29.32 ≤

37.32 ≥
28.64≤

40.98 ≥
27.96 ≤

44.64 ≥
27.28 ≤

48.3 ≥
26.6 ≤

26.6 > 
48.3 <

Problem data 

Flow velocity (m/s) 
1 ≥

0.8 ≤
1.18 ≥

0.704 ≤
1.36 ≥

0.608 ≤
1.54 ≥

0.512 ≤
1.72 ≥

0.416 ≤
1.9 ≥

0.32 ≤
0.32 > 
1.9 <

Problem data 

Flow rate (l/s) 0.2 ≥ 62.38 ≥
0.2 <

124.56 ≥
62.38 <

186.74 ≥
124.56 <

248.92 ≥
186.74 <

311.1 ≥
248.92 <

311.1 < Problem data 

Length (m) 10 ≥ 108 ≥
10 <

206 ≥
108 <

304 ≥
206 <

402 ≥
304 <

500 ≥
402 <

500 < MPO 2005 

Diameter (Stiffness) (mm) 457.2 < 
457.2 ≥

370.84 <
370.84 ≥
284.48 <

284.48 ≥
198.12 <

198.12 ≥
111.76 <

111.76 ≥
25.4 <

25.4 ≥ Problem data 

Diameter (Flow)  
(mm) 25.4 ≥ 111.76 ≥

25.4 <
198.12 ≥
111.76 <

284.48 ≥
198.12 <

370.84 ≥
284.48 <

457.2 ≥
370.84 <

457.2 < Problem data 
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Table 9. The Pipes’ RPI/Priorities in two-loop network using template layer consistent with the problem data 

P8P7P6P5P4P3P2P1Parameter
0.42800.39060.32610.42060.38880.60810.57730.7017RPI

46857231Rehabilitation 
Priorities
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Table 10. FPI/FCI of pipes in the two-loop water distribution system in WDSR-Min model 

P8P7P6P5P4P3P2P1Parameter
0.44660.35220.28820.50550.35150.65720.56770.5939FPI
0.29780.38650.34650.67330.31620.61220.52630.4826FCI
Repair 
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