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Abstract  
In recent decades, due to the limitations of water resources, much research has been done in relation to 
the optimal operation of water distribution networks. In this regard, the use of appropriate methods to 
control and set the performance of pumps, valves, reservoirs and tanks in these systems are of 
considerable importance. In this paper, the aim is to regulate the optimal number and speed of pumps in 
pumping stations to maximize the hydraulic performance of water distribution networks. For this purpose, 
a new index is presented based on the pump speed optimization process to determine the number of turn-
on pumps. In addition, the Nodal Pressure Reliability Index (NPRI) is used to evaluate the hydraulic 
performance of the network. The hydraulic analysis of the network is performed using EPANET and the 
optimization process is performed using the Modified Standard Particle Swarm Optimization algorithm 
(MSPSO), both of which are done in MATLAB code. The proposed method has been implemented in the 
form of four scenarios on the Khomam water distribution network, Gilan province. Scenarios include 
current status with Single Speed Pumps (SSP), Best Setting of Rotational Speed Pumps (BSRSP), Best 
Number of Turn on Single Speed Pumps (BNTSSP) and Best Number and Speed of Turn on Rotational 
Speed Pumps (BNSTRSP). Comparison of the results shows that the BSRSP and BNSTRSP scenarios 
with the slightest difference have the highest reliability and the lowest leakage. So that they increase the 
reliability of the network by 66.10 and 66.06 percent, respectively, and reduce the leakage by 23.53 and 
23.48 percent, respectively. However, in the BNSTRSP scenario, the number of turn-on pumps is 13.16 
percent less than the BSRSP scenario. Also, in the BNTSSP scenario where the number of turn-on pumps 
is less than the SSP scenario, the reliability of the network increases 21.36 percent and the leakage rate 
decreases by 10.36 percent, which emphasizes the efficiency of the NTPI index in improving network 
performance. In general, determining the number of turn-on pumps in pumping stations and optimizing 
the speed of variable speed pumps has a significant effect on increasing the hydraulic performance of 
water distribution networks, which can be very effective in saving energy and water resources and 
increasing network performance. 
 
Keywords: Optimization, Single and Rotational Speed Pumps, Khomam Water Distribution 
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Fig. 2. Procedure flowchart 
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Fig. 3. Khomam WDN 
2B��5�� 
@G�,A�,  (� �� �� 

SSP�� +� � 
'�(� ��H'� � �V�� /#4 	��k
��'�(� 4�&�-� *��-� �
��� b��� *��#/ 	����� 
�� ��r+� �� # 4�&�-� 
�'�(� ���H'� #

1 Best Setting of Rotational Speed Pumps (BSRSP) 
2 Best Number of Turn on Single Speed Pumps (BNTSSP) 

Set WDN hydraulic model and MSPSO algorithm parameters  

Find the best pump speed with the highest NPRI index using the MSPSO 

Determine NTPI index in each hour and pumping station 

Find the best speed of turn on pumps using the MSPSO 

Evaluate the leakage and NPRI index 



�����* ��@ �
�)��78 L�
� �BE  +B�$����	 +…dx.doi.org/10.22093/wwj.2021.275013.3118 
42

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 32, No. 6, 2022 

��  �V�� /#4 *�#/ 	��k��(3� l���3 
��4� /4 
) &� 
�? "  H3 /4

� 0� R� S� D��) I/�; 1�� 0��� /4 .4�� l���3 
� z�� � 	��

I/�G� ����/�'� *�� Min ��S3 0����� $ %� DE�&8 ���� !&'�4
�#/ /4 �Max ����S3 ������ !&��'�4��#/ /4 0������ $ ��%�  })�&��8 

Ave ��S3 ��#/ U�N /4 0���� $ %� K���� !&'�4P��S3 !&'�4
 ! �" /�S? /�&2� # 
@G�� /4 	�Imp r���S3 /4 4��G(� ��Y��� !&�'�4

.+�� 4�.�� +�-O# 0'-� 
��� 	��/�'� �� 
���2� 

�5�5�& �909� `$/��SSP 
0��/ � 4�.�� +�-O# /4 
@G� 0@��#/&�� 0��/�) ��/�'� *�� /4

 /��H'� *��� 	� � .&��# 0:�;� _��`� !�Q����� /4 4��.�� ���
b� *�'c� # +���p +� � �� 0� ? _�`� !�Q���� /4 4�.�� ��


� I/�;r{ (�� 
@G�� .+��� !&�� 
��? "  �H3 /4 *��#/ 
����

� /4 !4 ���" !/#4 # 0@���'�4 I/�; U��Nr{
3�G�� +���� �#/

 !&� 
G��Z� /�S? # 0���� +S3 ���'�N� +�:��E /�&2� # !&� � .�
 U#&. /4 .+��k# +�S3 ����'�N� +��:��E /�&2� 
� z�� � l���3
������ /4 /���S? *���'c� # 0������ $ ��%�  })�&��8 �DE�&��8 	����


� .+�� !&� [/�Y" 
3��#/ K���� I/�; 

��60�5/�&2�:��E+�N�'����+S3 /�S? #! " 	� � 
@G� 	�

 	��/�'�SSP 
Table 1. The reliability, leakage and nodal pressure of 

the network for the SSP scenario 

Leak 
Imp 
(%)

Leak 
(l/s) 

NPRI 
Imp 
(%)

NPRI P(m) Status 

047.83 00.250 60.77 Min 
012.37 00.266 19.25 Max
029.21 00.54839.58 Ave

U#&. l���3 o��M�k���� /4 
@G� ��'�N� +�:��E /�&2� �	��
 
�� 
3��#/ K���� # 0���� $ %�  })�&8 �DE�&8 ���  ��� � <��� �

r��/��r��/�#�{�/�
�� Y�3 A�, 
@G� +S3 /�&2� #<��� �
 ���  ��� ��t/{��t�/kr#r~/r�.+��� 
��3�p /4  ���� *���'c�

 K���� /�&2����� /4 
@G� /�S? 
� d�? 	��  ��� � <�� ���/���
r�/k�#��/t�/4 
@G�� 4 �@:� 0��/ � i��� /4 .+��  ��

 
1 Best Number of Turn on Rotational Speed Pumps (BNSTRSP) 
2 Improving 

�� �� 4�.�� +�-O# b�� 	�� 0�� ���S3 
�� �� 
�) &��4 
@G��

� ���� /4 K���� /�N /4 # /��S? 4����� �� 0����� $ %� DE�&8

���� �� +G��3 /�S? 4�G) �� 0���� $ %�  })�&8 
�'�(� /�&�2� 

)tk0�� v���� D���� *��� # 4/�4 D@�S� �( �� +��:��E 
�) 4���

���� *�� /4 Y�3 
@G� ��'�N� /4 
@G�� +�S3 /�&�2� # �B /���� ��
 
@G�� /4 
�) +��� R�O�� 
� A�J .&��� 4��� �$ %� DE�&8 ����


��3 � ��� A�, L�# � U�8 /4 ! (� 	Y�/ A���3� 
@G�� �� 	/�4 ��
03 
) 4�� /4 # +��� !&��� ��/�x� # 0�� 1�#]� /4 �� l���3

 /4 0���� ��V� A���,  (��� 4���.�� 
@G��� 
��� +G���3 ��/�'��� *����
!�Q���� �� b� �4#Y?� D��� 
) +�� !&� A��3� 
@G� _�`� 	��

 
��  �Q�4 �� b� # 0:;� _�`� !�Q���� 
�  ��� *�YQ���. ����'�
�/�'� *�� /4 
@G� 4 @:� .+�� ��� . U �') /4 
@G�� 
� +G�3 �


� �+�� !&�  �(� A�, L�# � U�8 *��� l����3 
����2� 
�) 	/�N
 # 0��� 1�#]�� /4 A��, L�# �� U�8 /4 
@G� l���3 �� ��/�'�

0� ��S3 ��/�x� �� 
@G�� 
�3��#/ ���'�N� +�:��E K���� 
) &�4
tt/�
���/����S3 
�) +��� 
��?�� 1��Y?� +�G}�  �pT�� !&�'�4

'S�� I� ��V� +��� A��, 
@G�� 4 �@:� /4 ��/�'�� *��� /4 	4�(
(Hemmati et al., 2021) 	����/�'��� 4 ��@:� 4���.# *���� ���� .

 
����2� A��, L�# �� U��8 /4 
@G�� 4 @:� �� 	&-� 	4�('S��
03 �� 4�.�� +�-O# 	��/�'� �� 
@:� 4��SSP 0� 
���2� .4�� 

�5�5;$a:ABSRSP 
4��� *���  � � ? A#4 	��/�'� /4 ��� 
�� 
�) /4 4��.�� 	���

 !�Q���� i��3 �� A��, �� ������ 
@G�� 0�� ? # 0:;� _�`�RSP 

� �� .&'��� 	 �"/�)MSPSO ��� �� b��  �� +� �� /�&2� ����


� +� �� l����3 
�) +�� !&� ��H'� �#/ U�N /4 # 0���� I/�;
�� D@� /4 ������ D@�� *��� /4 .+��� !&�� 	���RSP1 ���

RSP5 # 0:;� _�`� !�Q���� 
� z�� �RSP6 !�Q����� 
�� z��� �
��� .+�� 
@G� 0� ? _�`� D@� �� 
) 	/�N��+��� P��S�

+� � &'�� � i��� /4 �� ����� /4 ��� �� $ �%�  })�&�8 	���
 ����� /4 # 4��� 
@G� 
�) +��� ��B 
@G�� �� $ �%� DE�&�8 	���

�� +� � *�� <��'� 03��, �� � <� O # �� 
@G�� $ %� 	�Q�
0� ��S3 �/ +� � /�&2� ����3 .&�4 �� D@� /4 ���
�� z��� �
0� D��� #4 
'�(� 
��3 � 
� z�� � 0�#� 
) &��� &3��� 
�) +�� 	���

G�/� /4�� z��2� ��/�&NPRI � /4��  �!4 �+�� +� � �� <�) � �� 



����N�	 � +��# ���� dx.doi.org/10.22093/wwj.2021.275013.3118 

43

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 32, No. 6, 2022 

Fig. 4. The optimal pumps speed with the highest NPRI 
index for the BSRSP scenario 
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Table 2. The reliability, leakage and nodal pressure of 

the network for the BSRSP scenario 
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Fig. 5. The optimal number of turn on SSP pumps for the BNTSSP scenario in a) the main 
and b) subsidiary pumping station 
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Table 3. The reliability, leakage and nodal pressure of 
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Fig. 6. The optimal number and speed of turn on RSP for the BNSTRSP scenario in 
 a) the main and b) subsidiary pumping station 
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