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Abstract  
Network reliability is one of the most important parameter when evaluating the 
efficiency of water distribution networks (WDNs). WDN reliability is calculated based 
on the mechanical, hydraulic and water quality aspects under normal and also abnormal 
conditions such as system failures. In this paper, hydraulic reliability was calculated 
through the ratio of satisfied nodal demands. In this regard, hydraulic simulation is 
performed based on the proposed EPANET-IMNO algorithm based on a Pressure-
Driven Simulation model. This algorithm is written in Visual Studio through C++ code. 
The mechanical reliability of the network was evaluated by means of BDD algorithm 
based on  probability of having a connection between the source nodes and consumption 
nodes. DNA and RNA tools are used to evaluate the mechanical reliability based on 
BDD method. Finally, an integrated reliability is proposed for optimum design and 
operation of WDNs. A looped WDN with nine nodes and a branched WDN were 
considered in this paper. The results showed that besides the hydraulic reliability the 
evaluation of mechanical reliability index is very important in the design of WDN to 
improve the operation of WDNs. Adding 4 loops to the branched WDN increased its 
reliability by 18.3%. Also, it was determined that under a looped WDN eliminating one 
pipe in the worst case may reduce the network reliability by28%. 

Keywords: Water Distribution Network, Hydraulic Reliability, Mechanical Reliability, 
BDD, Pressure-Driven Simulation. 
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Fig. 2. Schematic diagram of EPANET-IMNO algorithm proposed by He et al. 2016 
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Fig. 3. Branched water distribution network 
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Table 1. Nodal characteristics of the water 

distribution network for figure 3 

Node 
number 

Nodal elevation 
(m) 

Nodal demand 
(cubic meters per 

hour) 
1 160 0
2 125 26 
3 120 26 
4 120 54 
5 121 26 
6 110 72 
7 116 26 
8 117 26 
9 115 72 
10 110 72 
11 111 54 
12 110 72 
13 105 72 
14 110 26 
15 114 72 
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a) First scenario                                           b) Second scenario                                                  c) Third scenario 
 

Fig. 4. Three different scenarios used for the evaluation of the reliability of water distribution network shown in Figure 3 
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Table 2. Results of the network's reliability calculation under the three different scenarios 

Hydraulic and mechanical 
reliability 

(Third scenario) 

Hydraulic and mechanical 
reliability  

(Second scenario)  

Hydraulic and mechanical 
reliability 

(First scenario) Node 

MechanicalHydraulicMechanicalHydraulicMechanicalHydraulic

0.990.9790.9450.9810.90250.9942

0.9950.930.9950.9160.90250.9783

0.99510.99510.950.9624

0.990.8820.94510.90250.8995

0.9410.8980.9590.85740.9096

0.990.360.9370.9230.85740.9737

0.9830.910.9370.890.85740.8728

0.9760.9120.890.8870.81450.9059

0.9760.9740.890.9520.81450.8710

0.9270.9730.8450.9420.77380.93711

0.97310.8450.9730.77380.92612

0.9810.93210.81450.95213

0.9820.9660.9320.9390.7738114

0.9310.9280.8860.9210.77380.91915

0.9310.8730.787Integrated reliability
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Fig. 5. Water distribution network proposed by Tabesh 
(1998) 
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Fig. 6. Different scenarios 
 Kc��9"*�Q
 ���
�	��3 

Scenario 1 Scenario 2 Scenario 3 

Scenario 4 

Scenario 8 

Scenario 6 

Scenario 11 

Scenario 7 

Scenario 5 

Scenario 12 

Scenario 9 Scenario 10 



�* ���' 78 H#�
� �VX'  �V��G  �	8�*...dx.doi.org/10.22093/wwj.2017.94520.2470 37

����� ��� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 29, No. 6, 2019 

��'Q�9<A8 TU G�'
� �A&8 $���+% ��*��/ �&3�D
 z����u"*�Q
 £��
�	��3 	$ 
Table 3. Results for the network's reliability calculation displayed in Figure 5 under different scenarios 

MechanicalHydraulicMechanicalHydraulicMechanicalHydraulicMechanical HydraulicMechanical HydraulicMechanical HydraulicReliability 

6th scenario 5th scenario 4th scenario 3rd scenario 2nd scenario  1st scenario Node 

0.946510.946510.944810.9426 10.945 10.8946 0.654 2

0.942110.940.9990.94210.9990.94 0.998 0.8944 0.579 0.8944 0.71 3

0.946510.946510.944810.9426 10.9448 10.9032 14

0.946510.946310.94450.9990.942 0.946 0.9446 0.998 0.899 0.773 5

0.94210.8870.93760.7050.9440.8770.9417 0.817 0.94 0.612 0.898 0.708 6

0.942110.943910.89910.94 10.9422 0.999 0.899 0.959 7

0.94210.9790.94750.8630.940.5570.9417 0.824 0.944 0.785 0.899 0.777 8

0.89640.3910.93950.4560.93990.5060.9395 0.495 0.9398 0.424 0.896 0.445 9

0.9380 0.9072 0.9432 0.8779 0.9374 0.8676 0.9413 0.8815 0.9369 0.7998 0.8979 0.7532 Network's 
reliability 

0.8509 0.8280 0.8133 0.8298 0.7493 0.6763 Integrated 
reliability 

12th scenario11th scenario10th scenario 9th scenario 8th scenario  7th scenario Node 

0.944810.946510.946510.9448 10.9425 10.9032 12

0.94210.9950.943910.942110.8988 10.94 10.8989 0.966 3

0.944810.946510.946510.9447 10.9425 10.8945 0.601 4

0.94450.9990.946310.946510.9445 0.999 0.9420 0.979 0.8989 0.719 5

0.94390.8110.94570.8970.94210.9810.94 0.559 0.9417 0.857 0.8987 0.72 6

0.89430.5020.93990.9990.942110.9421 10.9399 10.849 0.729 7

0.940.4930.93760.690.94210.870.9439 0.824 0.9417 0.818 0.8983 0.646 8

0.93980.450.93950.4870.89640.4040.9398 0.488 0.9395 0.482 0.8964 0.487 9

0.9396 0.7813 0.9432 0.8943 0.9380 0.907 0.9373 0.8589 0.9413 0.89210.8979 0.7313Network's 
reliability 

0.732 0.8435 0.8508 0.805 0.8397 0.6566 Integrated 
reliability 
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