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Abstract  
In this paper a heuristic method with ad-hoc engineering concept is proposed for design optimization of 
integrated wastewater treatment and sanitary sewer network using ant colony optimization algorithm. The 
optimal design of integrated wastewater treatment and sewer network requires that the wastewater treatment 
location, layout and size of sewer network are optimally determined. The problem of finding the optimal design 
of integrated wastewater treatment and sanitary sewer network is an expensive task that should be formulated as 
an optimization problem if an optimal least cost design is required. This problem is a highly constrained Mixed-
Integer Nonlinear Programming (MINLP) problem presenting a challenge even to conventional methods. In this 
paper an efficient heuristic method with ad-hoc engineering concept using ant colony optimization algorithm is 
proposed and used to solve hypothetical test example and the results are presented and compared with those of 
obtained with using genetic algorithm.  The results indicate the effectiveness and efficiency of the proposed 
method to optimally solve the problem of optimal design of integrated wastewater treatment and sewer network. 
 
Keywords: Layout, Sizes, Sanitary Sewer Network, Wastewater Treatment, Ant Colony Optimization  

Algorithm.

��4���5 �4�� � 67�8 � 912 ��#���� �4��:2 ����� ������ ���+�� ��,����
(����� ��� ��);<=<>?;=>;@ rmoeini@iust.ac.ir 

*���#���� �4��:2 ����� ������ ��A�B� C�5����D�� ���E �:12 FA. ��������
4���5 �4�� � 67�8 � 912 

1. Ph.D. Student, Dept. of Civil Eng., Iran University of Science and Tech., 
Tehran (Corresponding Author) 09196201603 rmoeini@iust.ac.ir 

2. Assoc. Prof., Center of Excellence of Environmental Hydroinformatic, 
Dept. of Civil Eng., Iran University of Science and Tech., Tehran 

Archive of SID

www.SID.ir


www.SID.ir
15 ��������	�
�
���� � ��

O�L��"� 
#�� �`R� d�C� �� ¢�`  ¢F���� !H�J�/ £��" �`R�� & $�3 £��.

#� (�$� �� ��� ¢` D�/ ¢�%`�'� ?��	� £��A%3 !HJ�/ £��"
��923 �� *" £��'T�) ��� ����1� ������%�� �`R�� �%��� a��V .

#� £�$� 0��	� ��923 � ¢F��� !HJ�/ £��" $[	� 0��	� ����
�'� ��QI��� �¢� ¢����$/ ¢8' � �� £$��� �;��� ��H� �T �%�

 ¢�� $7� �� #�� �`R�� ����� ĉ%�;� .������� � !H�J�/ £��"
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l,a�L1�A%A S%�lBa�N�A%A �T ���;3 ,��. Km����� ��	 D. #���3
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1 Topological 
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�	�C� S�� \ $;3 ,-�� $Tm �%�: $� -�HV ��	����� ��u�'� (���
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2 Topography 
3 Arc 

Archive of SID

www.SID.ir


www.SID.ir
18���� � ����������	�
�


��� �:���1 �V$� & DF �� %�8'� �V$� B� ����� & � B�%�� 
��%, �� �`R� �T $�R;3 & � �� � ¢1�$� £���%� ���� }�  �:���1 �T

��� ���R� S%� ��B.��$� %�8'� �V$� �� *� $� �V$� 
Nza�c :0�� � ����� �A%A 0�� �T ��� ��� £�. �$�H�J�/ #�

 �V$�� &��Y�3 (�$�� �:���1 0��� .�	���� ���[� -������ }  ��
�� ��$: $K� �� �:��1 .�$�, 

Oz���A%A £��Z��,��T ?��V ���A%A £��Z��,��T ?��V :���. #������ £���.
 .����� �:���1 � $sT���1 ���[� -������ �� �� �� �$�HJ�/ �:���1
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�� �%K	� �:��1 �%��� &�	4. . *�� $� ��`��3 �� £$�,%�� ��A�

 ��A%A �� !H�J�/ *�� $� ?�V (�$�� B���/ ��3 ��.B������ M� 
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 ���A%A ��lBa�minβ�� *��� $� ¢,���� $��) �R��'� ������� �:����1
B���A%AmaxβB���A%A �� *��� $� ¢,���� $��) �R��'� ������� $sT����1D

���A%A £����[3 £���.$7: ���V%[� B���.dl£����[3 £���.$7: ���V%[�
���A%A �����c��lBa�nB���	���� £$���� 0 $��JlA#��7�� q7���

�A%Al� a�lR�A%A ¢`�A����. ��;�l.��� a� 
S%�$/ ¢��$� *��� -�� �Q��� £�	�����.� ¢�1�$� ��u�'� ��T

 �	�C� #��� ¢ ������923 ��;�� �#� �`R� � ���� !H�J�/ £��" 
4�) ��u'� } �& �$���	� � ���� q���6 ����V� I�8U� ¢7�$�@ -�

.��� 0��	� G�� }  �Q��� �	����� *" �1 

d�L7� � X�� M� m�+ 7
�9 �B$ m�+& 
�����: �� ��%3 �� ?���3 & � �� d8 �%�FA� £��. �� B¢����T�$/ £��.

�	�C� d8 �%FA� ;��� £����	�C� S�� �1 �� *�Fp�%� ���u'� (���
 ��9��23 ����;�� � ¢ ������ #����� ¢��1�$� #��� �`R��� � ������ £��"

�� -��98�� !HJ�/ ���	�C� d8 �%�FA� �� -��98��� ��� ��;��� £����
 S�� �1 £�$� ¢��	C� ����: £�	R� $� £��`8�� ¢��� B*�Fp�%�

�	�C� �Q��� £�������	�C� ��u'� �1 �� a�, &�A�� . ��� £���� }�T
 \� $;3 .���� ��u�'� E�$�, \� $;3 ,*��Fp�%� ��;��� d8 �%FA�
 d��23 _���� ,��u�'� d��23 $��y8� \� $;3 ��	����� ��u'� E�$,

�	 D, � ��u'� £��.$�y8� ��u�'� &� � �� .���� ��%�$� d�23 £�.
 ��A%A 0��� ��� �� ¢9�8U� d�23 -$�, ��$�3 B��. ��A%A $�7: ,��. ,��.

) £�C.�F8' � ��;:%���923 �  �� ���� ¢� �� -$�@ � �. �%K	� *�%3
-$, ��$3 ?���3 & � �� .�%� �� �. $�K� �� ��u'� d�23 $�y8� *�%	V

 �8/$, ��� -$�, B��u�'� d��23 _���� B& �$���	� . �� �) ��8���� £��.
 ��	 D, &��	4. .��� ��u'� £�$� -�� \ $;3 $�. �� d��23 £��.

�8''', $ ���� Bd�23 �7�� �� £��� -$�, $�. ��$3 ��[� -����� -
��%�6 ��� -������ & � .���[ ]minmax EZ,EZ −−\� $;3

¢� �T �%�Z�`�� .���� -$�, $�. �� &���� q7�� ��$3=E�$�,
�� ��u'� �1 £�$� -�� \ $;3 ��	�C� d8 �%�FA� }T ��;��� £����

 ¢��� *����� �� *���Fp�%� £�%��V _%��7� �`��� &�� � �� .���.�
)DP,....,DP( 1K}�p%T ���� $) _%7� B��u'� d�23 _���
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,��u��'� E�$��, � ��� �) ��8����� \�� $;3 ���� £��C	����) G�� ��
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¢� }�  ¢8:� .�		T ��	T �%�RV d��23 _���� ��. �� ��p�%�B}� 
-$, �. ��$3 & �$��	� � ��� -�� �8��� !�%� �U��� ��u'� £�.

¢� E$6 �� .�%� S%C	� � �) �� *�%� $K� G�� �� ¢��D � £��.
�� ��$3 B(��C	��) �A%A £��Z,��T ��$3 �� -$, $. £�$� -��" ��� £�.

 $����$� �%�Z��� -$��, ¢����$� � £������������� . ��$��3 *�%��� a%���;�
�A%A ¢ �C8�� � ¢ ��8�� (��Z,��� �A%A S%� � �. �A%A 0�� ,�. ����: �.

 ¢���	C� ����: £�	R� $� £��`8�� G�� M  Bh�� .��� �R����
#� �`R� ¢ ���� &��;3 £�$� �� ��C	��) !HJ�/ £��" �%�� �� .
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¢� �U�� *" �� ¢��$� ����� ��� ��%3 �� .�%� ��8���� *�%�� £�
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 -�%� S%R: ���: $�@ ¢ ������ !�%� �$��@ !�%� }  B-��" ���
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1 Infeasible 

$. �� ��D� 0�� �� �A%A B���� �8��� �%�� -$, ��� �� $�3 ��A%A *�%�	V
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