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Abstract 
Tehran, the capital of Iran, like many megacities in the world is faced with increasing freshwater demand and 
water resources limitation due to the rapid growth of population. In this paper, water reuse and wastewater 
recycling are considered as a sustainable solution for water supply and wastewater management of Tehran. A 
linear programming optimization model with the object of cost minimization is used to allocate water between 
users and resources, concerning the water quantity and quality of each one. Ultimately the economic and 
environmental effects of this strategy will be presented as the conclusion of this study. 
According to this study, improving wastewater treatment plants and control of water quality in canals and 
streams in order to substitute these two new resource for freshwater and groundwater have positive 
environmental and economic effects. The examples of environmental benefits are reducing pollution loads to 
receiving streams, adjusting increasing water demand and preventing groundwater level drawdown especially in 
the period of drought. In addition to the environmental benefits, although improving wastewater treatment plants 
and control of water quality in canals and streams need considerable investments, long usage of these two new 
recourses is more worthwhile.     
Keywords: Water Allocation, Reclaimed Wastewater, Tehran, Linear Programming Optimization. 
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�@� - 	B�� !�(�)����* 0� 06%/ �g ��"� a�)��� �� ���/3 	#���' 
0' ����9 06%/ A3 T'��� �5�� ����� 0�&��6� ��� �� !�  ���1 ����7 0
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�
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MB�5_�<�dki� ��d� ��1��� y�L' - 	?O�0
�2 ����+���I+��� ��d� ���)QY\\(

�^ ����^ ��!�1 
2���|

)m3/year(
���1 
(m) �^ ����^ ��!�1 

2���|
)m3/year(

���1 
(m) 

1��L��� 	?M�5 c��*26 827 500156222�d/ c��*498 2251422
2��Le 	?M�5 c��*22 995 000156523��2 c��*319 3751155
3�M)�g 	?M�5 c��*22 707 563125824�M)B1 c��*293 8251353
4��=C 	?M�5 c��*17 246 250133725������  i�' c��*358 3391359
5��d� 0C�� 	?M�5 c��*16 291 9581362268E�� ���s�� c��*224 6991141
6��"(�� 	?M�5 c��*11 497 500151027���� 	?M�5 c��*221 1081457
7��"���* 	?M�5 c��*5 748 750141228��� P��%2 c��*Q-V-Y220 4661084
8���� 	?M�5 c��*3 865 076109029�����  B/ 	?�  N�26 000 0001031
9_/�(�� 	?M�5 c��*3 832 500189330������3����� A3�B'2 000 0001080

10�
��� 	?M�5 c��*2 190 2741104317��	��@C 8��� <�~���6�)+�(600 0001030

11��1���3 c��* 1 628 813 1103 32
���1 0&��� - ���@9  N�2

8�Mi�*
700 000 1525 

12+�� D�1�C 	?M�5 c��*1 533 000127433���� <�;��B�500 0001298
13 �&' c��*1 025 194111734AE%/� 	2��- 09�@=�500 0001564
14(0���i�)a��� .�?C c��*996 450116035���* ���������� !�����2 - �(�450 0001108
15��'��� 	?M�5 c��*958 125102836	)i�' ��2 +�Mi/��300 0001729
16�s�7 c��*900 6381130370%6�� T���OVQ)Q(5 000 0001216
17��?* c��*804 8251443380%6�� T���OVQ)V(5 000 0001221
18 ?� c��*651 525156839����  N�2-Bd���� �e-� 0�300 0001026

19	/�%��G 	?M�5 c��* 597 870 1408 40
+�� 	2��- T@)=�3!���@5 �(
	�E��

350 000 1220 

20!��� T@)=�574 875113041�@��-�O350 0001567
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�2 +��� ��d�I����+��� ����2 ����� 
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MB�5h�i�<�dk T'��� ����A3��0
�2 ����+���I+��� ��d� ���)HhWW(

�^ ����^ ��!�1 
2���|

)m3/year(
���1 
(m) �^ ����^ ��!�1 

2���|
)m3/year(

���1 
(m) 

1
0�Bd� 0�/��%���O AE4�� 0/�C 280 800 1678 24��'��C TG�%� 	)&��2 _�' ��d%�

	7�2 ��'�-� �' ��/
47 304 000 1403

20�Bd�+�1�� AE4�� 0/�C3 240 000147225�� 0/�C�-�#0/�C�-� �* ���34 689 6001243
30�Bd�0��6�7 AE4�� 0/�C1 211 760156226�� 0/�C�-�26 805 6001160
40�Bd�	�E;� c��2 AE4�� 0/�C2 786 4001731270%6�� !��=� +�gQ3 239 4601559
50�Bd��CAE4�� 0/A�e9 486 7201412280%6�� !��=� +�gV16 727 8911432
60�Bd�������� c��2 AE4�� 0/�C6 480 0001224290%6�� !��=� +�gY1 271 7211448
70�Bd�D�2 c��2 AE4�� 0/�C4 406 4001110300%6�� !��=� +�gZ2 370 5821543
80�Bd���2 AE4�� 0/�C �-� c��'34 957 2001093310%6�� !��=� +�g]22 658 2161392
90�Bd�A��5 AE4�� 0/�C667569601037320%6�� !��=� +�g^8 968 0791304

100�Bd�	�E�� !���@5 c��2 AE4�� 0/�C9720001116330%6�� !��=� +�gX2 979 5041268
110�Bd�c��2 AE4�� 0/�C���9720001481340%6�� !��=� +�g[7 230 8221181
120�Bd�a7 c��2 AE4�� 0/�C55080001419350%6�� !��=� +�gQb67 0901154
130�Bd���� 	�3 c��2 AE4�� 0/�C9720001569360%6�� !��=� +�gQQ13 425 2421133
140�Bd��d7 	/�
"� T@)=� AE4�� 0/�CV16200001189370%6�� !��=� +�gQV20 596 7451136
150�Bd�(0��E5)_� +��@2 A3 0/�C227 059 2001263380%6�� !��=� +�gQY1 587 0801226
160�Bd�(�N) -� +��@2 A3 0/�C252 288 0001204390%6�� !��=� +�gQZ19 084 5331161
170�Bd�+��@2 A3 0/�CY-Z(a��f/����)252 288 0001526400%6�� !��=� +�gQ]23 494 0101110
180�Bd�(	)�� 	���) .�* +��@2 A3 0/�C179 755 2001729410%6�� !��=� +�gQ^5 224 3251108
19�F�'� ��/��!�-��* !�)'� (!��g���)100 915 2001201420%6�� !��=� +�gQX2 384 6181125
20�d&��- TG�%� �F�'� ��'��C �F�'� ��/��173 448 0001131430%6�� !��=� +�gQ\1 306 9411130
21	'�� <-��' ��/��296 438 4001094440%6�� !��=� +�gQ[410 8011107
22	'�� <-��' ��/��362 664 0001034450%6�� !��=� +�gVQ16 181 9801209
23�����'�� - +�'E1 	7E� m��=�18 921 6001620460%6�� !��=� +�gVV13 444 1601265

g�a�	 B b(�# 
����� _�� �� A3 ���%)/� ���
�� 	����' #��� !��5� 0?��� ���-�

 _� 0' +���+��� ��d�  �� T'���� A3  ��B�� ��l�� ��@( 0' .
 3  ��B�� 0�' 0�5�� ��' �f� - ���&� +��� ���� ��( ����/ ����� A

+��� ��d� !�'���� z�/ _�
B� 0' ��5�� !�(���/�)�� a��� �'
 �(+��� ��d� ����&� 0
��2 �� A3 ��%)/� !��' �
@� !�(��"� #
�2 	��5-�C A���"*  ��B�� 0��
��� 0��' 0��5�� ���' .0�B��d� 0��/�C !���( 

����� �� ������� �� 	?��O� ����"� -� A���/�-� �����>@( - AE��4��
� 0�  "�/ !� �� �4��( ��- 	)&��O ���d� !��' ���)' ����

L�� !�~� !���'3 �3 ��  �&�4- 0�� P��%;� ���� �� #��� +��B)��
 ���7 	���' ����: ��1 

g�K���5�� 2�37B 
���5��  ��&7�- ��' A3 ����� T'���� 0�?� A3  �B��  ��� ��� ��

0�Bd� �4�� ��� �� .���� 	/��k@( 0/�C ������ ���2 AE4�� !�(
  �&4- �� !���dC�2 ���;� �� ���/3 A��"* - /��/ ���7 	�����

 8��B�?� - ��� 8��B�?�) 	'�
�� 	1���3 - 	)2��' 	�2���1 !���� (

  �&4- ��� �� . �� �=� +��B)��  ��-;�+��� ��d� ����� �(
 �� A3 0��� ��
��0�Bd� 0�/�C !��( A3)WTP ( ���(�g -)well(��

/��� -0' A3 T'��� }�dk� 0/�1 !���d� ���/ ���� A3 0�  ��
 ��L��� 0�' 0
��2 ��1���X/]QA3 �� ���� �� $�&
��)� ����?��

 ��L��� 0' - �(�  i*\/QQ] A3 �� ���� �� $�&
��)� ����?��
 	����������u� 	���2 - +�2 0�B�d� A��"*) ��M�� T��� -� �� -
A�/�-���"� �((0'���� +��B)�� 8�j  �B�� �)2�/ / !�	@���1.

g�_���"�	 2�37B 
	� ��� 0?��� ��� �� 0�?��� ��-L�� 0?@5 �� +��� 	����7� �' ��2

����1��� ����@/ 0���4� #!�-�- ���' m(��� #	�����7 �� 	��(���
 0���?k� �� !��1���?5 �����>@( - ��������)?��!��'E��4�� - 	��?;�

 �C�� 0' 	)&�O ���"� ��( 0�B�d� A��"*  ��B�� ����)' #0�/�C !��(
 - AE4�����'�/�- -!��'3 �� !��5��"� �(0' �� ��� �����' !�;/

 !����' #A���/�-� ���� A���"* 0���!�������* 	��?M�5 )pj(0���0��' ������ 
0��' !�����/ ����C !���(�-� �� !�����'3 - ����"/� a���@�  ��-��;�

2�' +��B)�� �'�7 #/��/ j�' ���"'  �B�� �� 	�5-�C  �B�� ����
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� �� 0�' A3 T'���� }��dk�  �&4- �� 0�/�1 A3 0��  ��� !�
 0/j��� ��L��� 0�' 0
��2 ��1���� ���d� ����/ ����X/X����?��

 #�(���  ��i* A3 �� $��&
��)�Z/VYA3 �� $��&
��)� �����?��
 #	��������QQ] �� $�&
��)� �����?��!����'�/�-� - 	;6���]/VQ

+2 0�Bd� A�"* �� $&
��)� ���?�����u� 	����2 .�����' 	�B�N
 ��'�7 0�N !�� �� 	;6� !��'�/�-� - +2 0�Bd� AE4�� T��� -�

0') 	?M�5 !��N��* !��' +��B)�� +��N ��d� �* ����9 (0r�2 ����
 �� �(��  �i* A3 �� +��B)��� #2�'\]	��&� �O��ZZ����?��

 �� 	�������� A3 �� +��B)��� - ��� �� $&r��)�X[	��&� �O��
Z/[V$&r��)� ���?��	� m(�N ��� �� .(� 

g�h�2�37B��(� M�
���  ��� ��� ��	���2 0����� �' !��K�1 !`�����
� #8�j !��(

0�Bd� 0/�C 	� !� 0' AE4�� !�( A��/�-� - AE�4�� 0�� ���
 �� .�2�' 	)&�O !�(����� - !���'3 !��' +��B)�� �'�7 +2 0�Bd�

�� 0�?� 0�  �� �3 �' ���  ��� ��� �� 0=�)/ A3 +���� ���� T'�
 0�B�d� �� �9� 0�/�C - ���(�g #AE�4�� - A3 !��( ���"� ��( !����

0' +��' $����  �B�� 0��?� 0� !��G +���� ���d� ��( A3 �� ���e
 	)�2��' A��2# ���?'�7 ���C ����/ ����� A3  ��B�� ��' $����)�

/��� �� ��/3 A3 �� +��B)�� 0N 	6���2 	�&� �� �� 	5-�C  �B��
BOD �)@� ��Qb	?�� - 8�1�)@N <�-N ��NTU V2�' ���( -
8���B�?�	��2���1 .��2��/ �3 �� ����d� ����' A3 }���dk� .����)/

 �-�5 ��  �&�4- ���� �� 0
�2 ��1������� - ��1���Z+��-3
 �
�2 -  �� +2Y �&�4- �� 0
��2 }��dk� +��;/ +��� �3��

0' ��i/ _���@2 ��G	�(�.
��� }�dk�  �&4- ��� �� 0�' A3 T'� 0�/�1 A3 0��  ��� !�

 ��L��� 0�' 0
��2 ��1��� ��d� ���/ ���� 0/j��X/QV[ ����?��
 �� $&
��)�!��'�/�-� ��L�� 0' - 	;6�\/YX$�&
��)� ����?��

 +2 0�Bd� A�"* �����u� 	���2 .0'���� 0���L( !��( �����' ��)@�
 AE�4�� 0�B�d� -  �����' 0��L( 0'  �"/ A�/�-�  �B��#��� ��L
 +2 0�Bd� A�"* �� �)i�' 	;6� A�/�-� T��� �� +��B)�� �� .

NO:_�0
�2_���@2 0)��� ����'  �&4- �� A3 T'��� }�dk� 

L�� !�~�
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MB�5g��)/�.dk��}A3��&4-� +�� �3�'�( @��0����� 0��L( !�( ���)" )��L( $&
��)� �����(
�^����^ T�=�
�^��!�1����^

12345678

5------5748-
8-------3865
6-----6130--

192046122995-1724616291---
246365-------
25--22707-----
26-----5367--

�^����^ T�=�
�^��!�1����^

910111213141516

7-21901488-53---
9------958-

10----972---
42796-------
1281-------

21--140--996--
23765-------
25---1533----
26-------900

�^����^ T�=�
�^��!�1����^

17 18192021222324

2-651------
5----519498-293

11804-------
19------319-
24--597-----
26---574----

�^����^ T�=�
�^��!�1����^

25 26272829303132

7-224------
8---220-871--

10----6000-600-
19--221----700
21-----1128--
24358-------

�^����^ T�=�
�^��!�1����^

33 34353637383940

5500-------
6-------350
7--450-----
9------300-

13-500-300----
25----50005000--

����^ T�=�

��!�1����^
41 -------
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NO:h�0
�2_���@2  �&4- �� A3 T'��� }�dk�+�� �3

�-��5 ��]- ������' #����5��  �&��4- 0���+���� �3���l/ ��
 - !��d)7�	)"�� :�;� 0�"��%� ��( ��' +�2 �/� .���(� �� 	�
�

#	)"�� :�;� !�%��� 0�B�d� 0�/�C ��(  ��B�� �����' - AE�4�� !
	���%)/� A3 ��' +2 0�Bd� A�"* 	��LM��5 #��/3 �� 	5-�C A�"*
 �����5 0�=�)/ �� - ������ ��2 ���k'3 ��  2���' m(�� - �(� ��

	��"
iC �� 	2�/ A3 ���@�  ��� �� !��1�?5 - ��C� !����� !�(
 	������� !��'3 n6� �2  ��� .���@( �-�5 �� 0�� 0�/�1J��'

	� �' #�3!�%��� 0�Bd� C0/� !�( A��"*  ��B�� �����' - AE�4��
 	B�� ��)�� - ��/3 �� 	5-�C!��'�/�-� 	;6��#�� +��B)��� �O��

 m(���� 	��������� A3 - �(��� �� 	����%)/� A3 0��)��� �� +��B)���� -
0�5�� A�/�-� �� - +2 0�Bd� A�"* ��K*	���2.

� 0'  �&4- #$���� ��	)"�� :�;� ����' ��2 0�)��� �����* -
(��C2 +�2 ����� A�"* �� +��B)�� m��L�� �' �� _� �� ���� .#
	1���3 !�(	)"�� :�;� ���2 A���5 0�' A��"* ���%)/� �� 	�2�/

	� m(�� - �(��  �i* A3 ��d� m(�� �' �M�� !�� �� - '��
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