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Abstract  
Water supply management, both in terms of quality and quantity, is facing serious problems due to growing 
municipal, industrial, and agricultural demands. Disinfection and bacterial removal from water by chemical 
and/or physical treatment processes are the minimum requirements in any water distribution system. Disinfection 
can be performed in a variety of ways, the most common and cheapest being chlorination. Selecting proper 
injection points in the network and determining chlorine dosages are basic considerations in maintaining chlorine 
residual at standard levels at nodes across the network and minimizing operation costs. Minimum chlorine 
residual levels must be determined so as to prevent bacterial growth in water and maximum levels should not be 
exceeded in order to avoid customer complaints about taste and smell or to inhibit the formation of potentially 
toxic by-products. Improper water quality management with respect to chlorine residual levels has at times led to 
serious problems to occur in many parts of the world. In this paper, the EPANET software package capable of 
water quality and hydraulic simulations has been integrated with a Genetic Algorithm nonlinear optimization  
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model to derive a combined model for optimizing chlorine dosage. Two real-life examples adapted from water 
distribution networks have been used to verify the efficiency of the proposed model in determining optimal 
chlorine dosage. The results indicate that chlorine residual at nodes in water supply networks can be maintained 
at standard levels if chlorine injection is accomplished in more than one reservoir and if these reservoirs as 
injection points are properly selected. Application of the model led to a decrease in the total chlorine 
consumption and to an increase in the number of nodes where chlorine residual met the standard. 
 
Keywords: Water Distribution Networks, Residual Chlorine, Quality Analysis, EPANET, Genetic 
 Algorithm. 
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�� #��H ^	� �� �>\ &!�-�:	"�F� ��+=	� �� * '�D��$ 
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��5� �!�$ �� Z���7� 
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g
6� 
:	� � �� :"��� L	
�� ��. ���� �95 .����4� L"�� ��� !� k". �!��$

��Z���7� &�7�� &��*� #$� 
����� ��	�� 2�$��� K�����	/ ���.
 �95� �� 
��� Z��7� �����#$� .	�� N(s) 
���� Z���7� ����� ��"F�

* "��� ��N(s) Z��7� &�7�� ��"F� Z���7� ��5�� �� K����	/ ��.
 
���s "���� Sks

s ks��5�� �� Z���7� &�7��� ����� 
���� Z���7� s

*∑ =
= sN

1scl )s(NNZ����7� &�7���� 0��� ��"��F� ����. ����.
 �����#$� .!� R�"�� 	�.�� Z��7� 	���(�  8���� ��.	�X
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:	�>\ �� :�*� M��	� �4�� ���4� &�7�� �� "�
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"� .� �@��� �� k". ��������� ���� 0�`��� ���	� ��� "� ��*"� ��
 :	� !� R�"� 	. ��	� :"� �5$�l� #�+N ��"�(� * :"���� L	
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 ���� ������ '�D��$ 
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)m(2

max

minM

1j

N

1k

)
C

CC
([EMin jk

jkjk
)Q/Q(

j −
= ∑∑ ∑
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�� ��.j 
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:	� �� k	��j&��! �� *k#$�.
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��
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 K��� !��@� ������ �� :"����3�� 	+� 	���(� �
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1�ge :"�.� &�)� 
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D��
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��*"l� "���

 ��� ���4� p�
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���g1� o$�� .* k"�. ����� ���� �5�$�l� ��	�
 	. ��	� "��� �� 
��� 
9������ L"�  :"� 	�\ ��4
��*"l� L��D�

 �� ���9��� ��� ���� 0��+l� ���59� #��F�A ����D� !� R�"���+��$*
R	� ��7��EPANET2 
�� R��@�� �� ����
� * �����8
����g1� �+��$*

 ��7��� R	�� �� ��� 
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�T MATLAB7 
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� "��� .�����	� o�$�� ��7��� R	�� *� ���� ���� M�5��� ���f�. ��
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�+N * k	�� R	�� !� �� :"���� L	�
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�?5� ��1*� ��� Ke�� �95� K�  "� :���� &� �� �1�(� ��� �� �< ��
 �� ��!�� &7-� �$��� � 	+� Z��7� �� �26�= 	�� 
��+X� '��E


+�� 	
�1 �� R	� &!�-� �� &��� * "�� R��@�� ,�+
-� ��4
1�= ��
 �	� �+E�= ���
� ����� 
$ "��	�)0?��O(.�95�� ���� �� 2�	�`

 ��� 	���	� L*� ��A�� !� 
��@= B���*1d −C*!� B����* 2�	�`
 "�� ��
�	� 	��� �� 	��E ��� 	��	� �1�1 :��"A �� L*� �A�� .����f�.

1*"A �� ����� �95� '��-)���4 C��s:"� _-)� "��.

15���L*� L�S� 
��$	�� �?5� 

���* 2�L*� L�S� ��. :	� '��-)� 
6)7 6��(� 8��'�+ 

))#�(
%);� 

)�#<�� )#�(
Cm|/msQ Q
OOU/mmW Q
mCU/mO� Q
sC/mmQ QmC/Q
WWO/mWQ Q
yCU/mO� QOW/Q
||/mmQ Q
U�y/mO| Q
�OU/mmW QmU/Q

CQ CU/mO� Q
CC CU/mO� Qss/Q
CO OU/mmW Q
Cm mmC QmC/Q
Cs CU/mO� QmU/Q
CW mO/mmU QOW/Q
Cy mW/mO| QmC/Q

���*��L*� L�S� &!�-� '��-)� 
&7-� ������)	
�(

AyO/mUU 
BOs/m�y 
CCs/m�Q 

���*��L*� L�S� �� k	�� 
���! ��g1� 
=>�� %);� �<��� �,?�+ 

Qym/Q
CW�/Q
OWW/Q
my/Q
s|C/Q
WUC/Q
yQO/C
|Om/C
UmO/C
�m/C

CQ C�/C
CC QU/C
CO �U/Q
Cm U|/Q
Cs UW/Q
CW Qs/C
Cy CW/C
C| OW/C
CU W/C
C� sy/C
OQ ms/C
OC O|/C
OO CC/C
Om |s/Q

3�2�2��� @��A' BC#D� ���#��E ���)� 6)
$F !��D� 
#��+N �
�	�� ��	�3 Z��(l� ��� 
��4� k".  "� �
�� �� ���g���.

 � ��+� �� :"����3�� 	+� ���"��
$� :!�� �� �95� M�(��� .�95�� ��� ��
 
�� '���E �� &!��-� �� o(� 	+� Z��7� �9��� �	� �� ��� �	���

 �� ����4� Z��7� &�7�� #��4� �� ,+
-� 'a�= 
$�	��"��� #�$� .
'��5D �4
1�= ��� �!� "� :,1�Vp� �� Z��7� :	��>\ &7-�  �V*�

 :	�>\ &7-� �V�$:	�>\ &7-�.
,1�VZ��7� K� �� :	�>\ &7-� :�95� !� ����6� �� ��A�� ��. 

'���E �95�� ��� �� �*�* !� 0�53 ��I(� K�� �� o(� 	+� Z��7�

� �	�� .
� :".�)� ����� !� ����6� �� �@�
� �� 
�>	� �� �� ���

 :	� !*� ���5� '�D�$ !� ����� "����� ��	�3 �95�� L*� �� ��� 
���.
 !�@� :!�"�� !� B�� ��4
�+N � 	+�
:	� * "��� �95�� 
���4
�� ���.
 "�
6. 	+� &�7�� ��5�� ��e�.#�6�3 ���� ��  #���H !� ��� Z���7� 

��&7-� �� o(� '�D�$ 
���� ��	B�� �� 
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6)7
2
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�
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))#�(
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CCOO/O|sm s/OWCmQ 
OOmU/CUOU m/OQCmQ 
mmsWy/OC�s s/OWCOQ 
ssWy/mW|y s/OWCOQ 
WWyys/WCOQ s/OWCOQ 
yy|yU/OQCC O/CWCOQ 
||UU/CUOU m/OQCOQ 
UU�sW|O O/CQCOQ 
��CCWOs s/OWCQQ 

CQ �CQss/Om|| O/CWCQQ 
CC CQCCss/Om|| O/CWCQQ 
Cm COWU/CUOU W/mQCmQ 
Cs CQUQU/O�Oy O/CWCOQ 
CW OCQyU/OQCC O/CWCOQ 
Cy CC|QU/O�Oy O/CWCOQ 
CU yCOQU/O�Oy O/CWCOQ 
C� COsss/Om|| O/CWCOQ 
OQ CmCsU/CUOU O/CQCmQ 
OC CmCWWy/OC�s m/OQCOQ 
OO CsCy|y/CUU� m/OQCOQ 
Om CyCWyU/OQCC m/OQCOQ 
Os CWCsUs/mO�C s/OWCOQ 
OU CsyyU/OQCC W/mQCOQ 
C| mCCWy/OC�s O/CWCmQ 
CO CCCOyU/OQCC s/OWCmQ 
O� CmUU/mQs m/OQCQQ 
Oy CC|UW/mQ| W/mQCQQ 
O| WCUyW/yCO y/sQCQQ 
mQ CWCWU/mQs y/sQCQQ 

2�$��� 	�g�� &7�-� *� !� �95�� �� 	�+� ��)�
�� 	�� !� 	��� #�$ 
L*"A �� ���
� �� #�	� '��EW#�$� :"� :��� &�)� .��I����.

 
� &�)� L*"A �< � &7-� ��� �� Z��7� &�7��  ".������ ����� �� 
&7-� !� "F� :	� ��1*� #�+NB):	�W(��"�(� ��	
)��� ��� 	���	�

!���@� )mg/L W/Q(����� .
��� :".�)��� ���� �����g���. �� �����
:	� ��.C O � CQ Cm Cs CW*Cy��
9�1*�"��. o��	� #+D

 
���� Z��7� �5�� !� ��*� * �95� !� 	�
�� :"�����3�� 	�+� #��+N 
!�@� #�+N 03�"= mg/L)O/Q(��� .��� !���� �@�
� �� &7�-� ���

 :	�>\ &!�-� 	+< Z��7� ��	� 	
)�� ������� :"�����3�� 	�+< &"�$� 
:	� hi��� ���"��
$� &�7�� �� �. #$� ��4)� .��� 	�+< Z��7� ���	���� 

:	�� �� :"�����3�� 	+< #�+N ��A*  �I(� p� �� �4�� #��H !� �� ��.

�� ����� !�@� :�*"l� �� "�<.

�V*� �� Z��7�:	�>\ &7-�:�� #���H ^	�� ��� Z���7� ��@��� ��
 *� �� '�D�$ 
����:	�>\ &!�-�)(A,B *)C,B (������ ��� �� ��

 �� �A����41*"A y*| !� "�F� :	�� ���1*� #��+N :	��>\ &!��-� 
!�@� ��"(� ��	
)�� �� 	��	�)mg/LW/Q(���#�	� '��E  ���� 


� :".�)� ��A* ��� �� ��� �< �� Z���7� #1�= �� :	��>\ &!��-� 
)B,A(:	� �� #�+N  ��.Cm Cs CW*Cy�� Z���7� #1�= �� *

:	�>\ &!�-� )C,B(:	� �� #�+N  ��.C O � CQ��03�"=!�	

!�@� 
�F� O/Q
+�� #�$� 	�
�1 �� R	�)1*"�A��4 y*|.(���� ��

 7�� #1�="���� p� �� ��~X� #1�= :	�>\ &7-� 
�� :".�)�� ����
 *� �� 	S��"= Z��7� &�7�� ��A* �� �< :	�>\ &7-� 
�>	� 8�. !���  

:	� !� 
�� ��	3 	�� ���� :!�� �� �. "�	��.

���*3�Z��7� ���>\ &7-�:	A

6)7 6��(� 2���3JKLM2N222�2�2�232J
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� )#
� �� O)7(
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6)7 6��(� 2���3JKLM2N222�2�2�232J

#�+N 
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� �� O)7(
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���* K��� Z��7�:	�>\ &!�-� C, B 
6)7 6��(� 2���3JKLM2N222�2�2�232J
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� )#
� �� O)7(
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:	�>\ &7-� C,B,A �6��(� * �
�	� R�@�� '��E *� �� 
�"���:

CV�$ �� '�D�$ 
���� ��	� #��H !� �� 	+� :	��>\ &7�-� Z���7� 

� 
�� ����4� K��
�T 8
����g1� o�$�� Z��7� &�7�� �� ��� ��	��.
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����F� 
������! �����g1� ����� #
(Time Pattern) ��	�� �95�� �� 
������� :���� Z���7� �� M��	� 

#��H '�D�$ 
����#$� .��$ 	�. �� 2�$��� Z��7� &�7�� &7�-�
:	�>\ 1*"�A ��  ��;��	� K��
�T 8
���g1� ��.	
����/ *��4 U*�

"�� :"� :��� &�)�.

���*L�#��H ^	� �� &7-� �$ �� ���4� Z��7� &�7�� ��+� ��	�
'�D�$ 

6��(�6)
$F !AD� @��A' !+A
�)�C
� )#
� �� O)7(

AOUC/Q
Bsy|/Q
COm�/Q

���*M�#��H Z��7� ��	� K�
�T 8
���g1� ��.	
����/&7-� �$ �� 
P
#<Q R#��,?�+ ���)#�+��S �+��� 

#�F�A :!�"�� WQ
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g
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 � �95� �� 
��� Z��7� ����������� ��#�$� '�D��$ 
����� �� ���

�	�� ��	3 ���"��
$� :!�� �� :"����3�� 	+� &�7��.
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�� Z��7� &�7��
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�� Z��7� &�7��! :�*�
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�	� '��E 
:��� &�)�� &����?�. * 
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1 South Central Connecticut (SCC) 
2 Branford 
3 Mass Booster 
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