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Abstract  
Contamination of drinking water is known as a major threat of water security around the world. 
As contamination enters a water distribution network, it spreads rapidly into the network and 
poses health and safety risks to the community. Using a set of sensors to report the 
concentration of chlorine or any other chemical, useful observations can be made to detect, 
identify and manage pollution. Based on these observations, location, concentration and start 
time of contamination can be determined and decision makers can be informed. In this paper, a 
simulation-optimization approach is used to solve the problem of contamination source 
characterization in which the EPANET software is used as a simulator and the Genetic 
Algorithm is used as an optimizer. The model developed in this paper is implemented on 
EPANET example 3. Modeling of water distribution networks uses information as input data 
which can cause error in model simulation. Pipe roughness and chlorine deterioration rate are 
among these inputs. The model has been implemented to find the location, start time and 
concentration of inlet pollution and the effect of pipe roughness and chlorine deterioration rate 
on the model responses have been investigated. The pollution entry scenario is applied to the 
network and the model presented is accurate in finding the location and time of the 
contamination. As the variables increase, the model accurately estimates the location and time 
of entry of the contamination but does not have complete accuracy in estimating the 
concentration of contamination, which is calculated with standard deviation of σ = 4.8% -8.1%. 

Keywords: Contamination, Water Distribution Networks, Genetic Algorithm, Hydraulic 
Simulation Method, Pipe Roughness, Chlorine Deterioration Rate. 
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�*  %��I
1 �$
&�@ %* ��� ��18� ��� A��� C� o� ����  C����
 ��%�	0� ��%�	0�  *����, �� ��7*�=� ��%��	0�  �����  &*�63���

 -�,.(Tabesh et al., 2002, Shirzad et al., 2013, Wagner et 

al., 1988).
�� ���(��� �D�,����� EPANET *��@ � % �� ���������+�)

� <�*�=��7 %-�	
&*�63�� 
�� -�.{A��� F��� D�, �� %8�].������� 
EPANET /��N  ��Emitter � %*�FP�� A%�aI� &*�63�� -,.

�4�4Y.�-Z *+ ?���� ?�!*-����W *&&�1 *&[\1 
���787 ������ �� ����H�e� ��a����  ���/� O� � ����� A���������/01 

�* %  -.3�� 
��� ��
���D, %* �#$ � �� WD� -.��8� O-� ����
 �*�� O-� .-�8, P-�> +��/�� -�.����� �� ����3� ��H�e� ���=#N

 
4 EPANET Toolkit 
5 Head Driven Simulation Method (HDSM) 
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���3�* ��� .

&*�* �� * -�� ��D,  '�].� ���� �� <��>G:� *8�D0�  O-�� ����
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�� A��/� M�� F��� ��8��
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��D, 
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���1
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@*87� * %  ���� �D���� %* 
���� F�� %* C� o� 
��787 ����� ������ ��cn� ��� ��/� O� � ����  ��� �����3��%� ��8�.>
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�4�4GA 
'3�%8�7� �� 
	� A
/��	� ���GA �� �� �� ��� ����� �� C��� O��)

� % �.�\� ��� �	D�, ��� z8���� +s���� %* ���� �� l���8� ����
�� �� �18� ��  &-, �3I�@ %�� C� o� ���� '3�%8��7� F��� AF����

 ���� ��*�	� % ���� �� �D�� ;��N* ���� ��s�%� �/���� ����� ����

� .-�*GA 
�� &��1� �*���� *�-�=� �� +	��3� 
�3�=01 ��� -��*

*��I�9&o��  ���43�� F���8�N ���� �� &-�, +�	��� �� 
�: %* A-���
 ��8�1 F3I�� ���� �% ����� l��� A+��	� -.���I 
�8�0> ��.�\� ����

 +)-..{ ���8� %��� F�7 � ���� '3�%8�7� F�� . -�.7��  -�, 
�I�=�
 -�, +��0	� b��-/@ ��8� h}�.(Holland, 1975, Goldberg, 

1989) . 
%*GA �� �-3�� -��78� �/���� ����� ��8�1 F�-.L 
I*�x� %8:

 &-, �{ �����7 � ��=01  *%�* P��� P �8�� �� M�� ��8�1 ���Y


� &-���� �� .*8, P �8�� �� A���* 
�%�D> �3�,% ��� �� 
���� %�-�e� 
��� -�=� ��/)�� %* .-.3��� �/���� '�0x� ������3� ���� �*�\.��

8� 
�����%� �/��� AJ-� l��� �� �1 
�� *8�, P �8�� ��  ��� 
����
 ����� ��3���� h��, A-.�* �s�%� �]�*%8� �/��� ���� ��3\� ���

*-��(� -���78�T��8��1 
��� �-��� �/����� ����� ����43�� �� h�� .-��..�

 
1 Individuals 
2 Chromosome 
3 Reproduction 

P �8� �� P �8� �� �� 
�4� A�3\� ��� d� a�� '�� ��� ���U &-�,
P �8� �� �� ����* C4� %* h}� C\1 ��7 � ���r
� P�(�� *8, 


� *8, P �8� �� %�� F�� �� �� 
� -�78� �-�-1 ��� l�01 �� .*8,
 P �8�� �� �*�� A���7 � ���=01  C�\1 Ad� a�� �� +�K�) ����


� -�78� �-�-1 ��=01 
����%� -�-1 ��=01 *��I� .*8,
�-�8, 
�D�%  
����%� �� h  �-.� C�\1  d� a� +0> &%�� * A� % ���


� P�(�� �\�� ��� �/���� ��.�\� ��8�1 ��� �-���% ��� -� % F�� .*8,
 2N8� ����,GA 
�� 2���=� ��%�� ��8� �� *8�,AP-�> %* ������

 �]�*%8�� %�-�e� �� �-��% �� F�=� %��	� *�-=� %* J-� l��� %�-e�
 
�� ����*� J-�� l���� �D����� %* -����.(Zahraie and Hosseini, 

2015).

�4I4	
�$� ��-G�� 
�/��� <��x4�� F���=� A
@*8�7� l�D.� +���, F3I��� +��� l�D.� 

A
@*87� �* %  
@*87� �]/^  %��3�� g �, ���� ���� �	D, �� .
��D��, ;���6/� ������  ���.�\� ������ M��� %�a���� -��.0�%-N ������ +��) 
<G	��� %*���H8) ����-��� �� "���$ -��.��� 
������., l����.� 


@*87� %*��84�� ��'���I &*�� ���(Aral et al., 2001) . 
F�� *�	� % F�.�0� 
�-��8� M�&�% +)�cy� ���� +)�/����

 <���x4�� F����=� l��D.� 
@*8��7� -��,��.%�3$���� �/����� F����=�
<�x4�� +	, %* 
@*87� lD.�9~�H8� &*�* ���� &-�, .%*F��� 

+�,AX(t) �]/^ lD.� A&-.��� y; � ….{�|� �]/^ %*+�� ��� 

(���)) <%�]�  i4�� t���� ��D, ����� ������) %* .����
�]/^ ��D, ��� ��D�, O-�� �� &*�63��� �� &-, ���� ���6�� �����


��.=� A�� EPANET 
��� -���78� ���.�\� O-��� .-�8��, ������GA A
�]/^ 
�� F��04� &-�, ���43�� �������) ���	� %* �% �� -���  

��]/^ F�� < �6� %* 
�=N�  
@*8�7�  &-�, -��78� 
I*��x� ����
&�@ 
� �.�\� �% <%�]� ��� ������ %* 
@*8�7� A���� �,f@ �� .-.�

&�@  �3I�� ��3�@ �	D, �� �� 
��� ��	� ��8.> �3$�., ���) ���

� 
�� �%�a�@ i4��� 
����� +�K�8I %* �% �]/^ A-�8, .-�.�*

&��-�� ���@ �� �� �]/^ ��� ��D, �� ���� 
� ��* ��� ����� A-�.��
�>80(�  &-, �Dc 
���� P�@ �� O8: %* ���) ��s��N �� �� ����

 %�-�e�=N� �D.� �]/^ 
�@*87� l��	�� �% 
�
� +-.�*.������3� 

4 Crossover 
5 Mutation 
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Fig. 1. Integrated structure of simulator and optimizer 

'=��4��D, 
e�6/� %�3$�� �.�\�  ��� ��� 

D, '�0x��, �	�	� +����� A����7� * %  �]/^  ���
@*8 ���� 

��� ���� �% �� J-��� l����� ��8��� <%8��K���7*�=� 9*���� 2����=�

)Vankayala et al., 2009, Preis and Ostfeld, 2011(.
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@*8�7� ;�%a� g �, ���� *8, �	D
P�@  &-, �3I�@ �]� %* J�x� w � ���� %* a�� ��� z8���� 
�����

;�%a� ���� <-� .��� �3>�� M� ��9�� �	D, %* �3��8� <%8K
 �����  &*8�T�� ���)  &-, `�I �>��rP��(�� ��s��N ��e�N*


� �	D�, ��� �* %  
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@*8�7� <%8�K

 
�� ��3I�@ ��]� %* �3�8� ���3� F��� %* ��� *8�, C� o� �.�����
 �� �* %  
@*8��7� ���]/^9QQ 
��/�� ������ �3����� ���3�7 %* P���@

)Preis et al., 2007.( 
%�-e� -���D�  ���� 
@*8�7� C(.�� %���=� &-��0�N�� *��� �/�

�30� ���/�
/�� -�,�� �3�7 %* P�@.&-���0�N�� ��/� �8�/#� %�-�e�
�/����
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Toolkit ������ ���� %* O��0>� 
6�� +�/�� P��.� %* 
��8� .-�,
 ��D�, A
@*87� �*� [-) %�� �� �� -�, ���1� �� ���6�� ����� &
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���� P�@ �� ���� ����) ��%�* ����A��Dc
-, 
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@*8��7� ���]/^  ;���%a ����8@ ��

C� < ��6� F��30� 
@*87� 
=N�  lD.� <�x4�� �� �� -�8, 
.��
.-.,�� �3,�* �% 

�4J4?��8� 	2��c� 
�	D,EPANET Example 3  
�,�8�� ���80� +s���� �� 
	� ��

%* [�3�* %* EPANET  F��� %* ��� ���� -�, 
��%�� C� o�
 +	,)Y+���, �	D�, F��� .(99� A��787qYA&��@T&���$V �a�4�

 A(M����) 
��8��Y �� F����� l�D.�Y����c �>��� ��0*8��� .
%* %8�f� �	D, +��� <�>G:� C� o ��%��	0�  B��� 5 &-���

��� )Xuesong et al., 2017 .( 
&�@ P�0� �� ��� F�� �� `�I ;:�.� �� �% �� �eI A�	D, %* ��


� �H�> 
�8	�� -..�.�� �	D, �� 
@*87� * %  8�%�.�  * <%8K 

Fig. 2. EPANET example 3 network, location of sensors 
and pollution entry nodes 

'=�04�	D, EPANET example 3  �����) ���@%��N +�� A
&�@ 
@*87� * %  ��� 

;�%a� &-.��� �]/^ ��rQ
/�� P�@%*�>��� %* ��3�799*�-����
���� <-���T&���@ %* �>���� �����9R ZT���	D��,EPANET 

Example 3 -��, ���3I�@ ���]� %*&�����* . i4���� ���� +���� &-��..�
%��N +��) �����) ���@ �	D, %* (<%�]� ���-.3�� [��� �� ��

C� o ��� F���A-�-, ��43�� )Liu et al., 2012.( 

�4X;+ � Y.�-Z 
&*87� A
H�I 
@*87� -�78� ���� &�@ �� %�� M� &-..�9R���* %��  

&�@ ��ZT�����3��%� .-�, *%�  �	D�, �� &-, ��V ;�%a� �8�7� ��
GA ��.�\� ���1� ����  ;��%a� g ��, ����� �*��� �-��  �����

 O -�1 %* �	D�, ��� &-�, *%�  
@*8�7� ��	�9�� +�K�) d���3�  
+	, %* O-� ���1� ����T UO �-�1  Y T.���� &-�, ��s�%�
�����% � % �� O-� � -.�  +��> '3��� �� ����4������� A
�3��

 &-���*���3�� ����/�
�/$�* ��]I�)  a������@���������@
 ��1� .-, 

�����3��%� F3I��@ �]� %* �� O-�GA ���V O -�1 %* &-�,9
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�� +�� 
��%�� '3�%8��7� *��	/0> 
����%� %8].� -�,.��8�1 ����
�.�\� *-=3� �����1� �� +K�) F������ &-, �s�%� .��� ��� 
�� A8�%�.�  * �� %* �$� +�� *��I� 
��0� &�@ W����9R ZT

�� �%  * ��� +�) %*  &*�� 
I�=� 
@*87� * %  +03�� +�� ��8.>
 A8�%�.� ;�%a� g �, �>��99��8�1 .-�, �%�a�@ *�-���� ��s�%�

 ��8� &-,GA ��D, ���� O -1 %* &-, *%�  
@*87� ���� ����Y
 TO-� ���1� ���� <-� .��� &-, �s�%�RQ.*8� �e�N* 

��5:)4����3��%�GA 
Table 1. Genetic Algorithm parameters 

Parameters value 
Population size 200

Number of generations 20

Tornoment selection 3

Coupling rate 0.7

Mutation rate 0.5

Type of mutation Gaussian
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Fig. 3. Convergence of optimizer for contamination 
entered from node 18 

'=�34'� %�*80� �.�\� 
���@ &�@ �� �* %  
@*87� ���� �����

Fig. 4. Failed pipes for HDSM analysis 
'=� f4�787 +�/�� %8].� �� ��	, %�L* ���HDSM 

��5:�4��81 ���� ���GA * %  ��	� ���� '�0x� ���3� �� ��

 &�@ %* 
@*87� ;�%a�) 
@*87�9R(
Table 2. Top GA solutions with three decision variables 

for pollution entry point (Injection contamination to 
node 18) 

Node Concentration 
(mg / l)

Injection  start time 
(Hosseinifard et al.) 

18 49 11 Am 

18 51 11 Am 

18 52 11 Am 

18 37 11 Am 

��5:�4��81 ���� ���GA * %  ��	� ���� '�0x� ���3� �� ��

 &�@ %* 
@*87� ;�%a�) 
@*87�ZT(
Table 3. Top GA solutions with three decision variables 

for pollution entry point (Injection contamination to 
node 63) 
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@*8�7� ;���%a� g ��, �����  * %  ����	� F���=�
 &��@) ��	� ���3�  ��� -.0��8�9R) g ��, �����  (99(*�-����

���� a���� �* %  
@*8��7� ���]/^ ������ .-�-��, &*� F���04� 
3���%* 
F�04� 
� �s�%� 
�8$ ��� '� ����� �� O-� ���*� %* .-�* ����� ����

 ����) �/� O� � W��H  �78799Q 0�O� � W���H �� &��Y/9X 

1 Hazen-William 

Node Concentration 
(mg / l) 

Injection 
start time (Hosseinifard 

et al., 2020)
63 51 11 Am
63 48 11 Am
63 53 11 Am
63 59 11 Am
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�.�\� �8(3�1 -� % %* <������ F�� O�0>� �� *�* F3I��� ����� ���

 ��� ����� ������ ���� O-� 
1 �$ .*%�-� ���cn� '�0x� ������3�
99Q �� O� � W��H  Y/9X&��@ �� &-, *%�  
@*87� ����9R%*
O -1U&-�� .��� 

��5:�4��81 ���� ���GA ���� W��H �����  '�0x� ���3� �� ��

 &�@ %* ;�%a�) �/� O� � ���  9R(
Table 4. Top GA solutions with three decision variables 
for pollution entry point and changing the coefficient of 
roughness and rate of chlorine deterioration (Injection 

contamination to node 18) 

Node Concentration 
(mg / l) 

Injection
start time (Hosseinifard 

et al., 2020)
18 51 11 Am
18 53 11 Am
18 46 11 Am
18 59 11 Am
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Table 5. Top GA solutions with three decision variables 
for pollution entry point (DDSM analysis) 

��5:J4��81 ���� ���GA '�0x� ���3� �� �� +) ���� 

+�/��)HDSM(
Table 6. Top GA solutions with three decision variables 

for pollution entry point (HDSM analysis) 

������ a�� 
�* A%��I ����� ��  &*8� &�@ �� %* *818� %��I �� �cn3�

� .-.� O-� ��787 %* ��	, *81  �� �������  ��� +�) �����

  * ��� ���  
@*8�7� �]/^  ���� A��	� '�0x� ���3� �� �� �/���
 
	�7 %-�� +�/��DDSM 9 HDSM �� +�K�) d���3� .-�, ��1�

 +�/��DDSM  HDSM ��� -�1 %* W������O ����� ������
 .��� &-, &*�* �� �18� ��F�� O -1  * &-����
���� %* ��� *8�,

 ��� ;�%a� g �, ����  
@*87� lD.� &�@ +�/��  * 
�I�=� 
3��%*
&-, ��s��N ���.�0� AO����� ��7�) �� �	D�, �-�, w%��$ �� .���

�.�\� O-� �� �% 
����8� F�� �����) %* �]/^ 
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�� �% 
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1 Demand Driven Simulation Method (DDSM) 

Node Concentration 
(mg / l) 

Injection 
start time (Hosseinifard 

et al., 2020) 
18 46 11 Am 
18 55 11 Am
18 43 11 Am 
18 41 11 Am 

Node Concentration 
(mg / l) 

Injection
start time (Hosseinifard 

et al., 2020)
18 53 11 Am
18 43 11 Am
18 41 11 Am
18 60 11 Am 
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