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Abstract 
Design of sewer networks involves many constraints and technical criteria. These issues make the problem 
complicated and the feasible alternatives difficult to achieve. Besides, the methods of handling these constraints 
play a major role in optimization approaches for the least cost design. In this work an integrated analysis-design 
model is developed thereby all constraints are automatically satisfied during designing. A normal design 
alternative is defined herein which is a vector of values between zero and one. This vector represents the sewers 
diameters, slopes and pump station locations. The normal alternative is then decoded to real design parameters 
based on the hydraulics rules and the problem constraints. Using the proposed model every normal alternative is 
feasible and consequently the input design parameters are totally unconditional. At the end the abilities of the 
model is shown introducing and solving a relatively large sewer network. Furthermore, to demonstrate the 
capability and easiness of integrating the model with optimization tools, a Simulated Annealing (SA) algorithm 
is also applied to obtain the least cost design of the example. The results show that the optimum design and the 
rate of optimization convergence are significantly improved using the proposed method.  
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1 Simulated Annealing (SA) 
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!;'; 1��
9GU (m) GD (m) L (m) Q (L/s) !;'; 1��
9*GU (m) *GD (m) L (m) Q (L/s) 
150/230/236087/54125/245/226063/2
220/230/235069/74225/295/123066/4
330/250/229007/194395/100/222502/2
450/240/227092/94495/100/235073/10
560/250/226057/314505/200/218064/3
650/290/222009/504620/200/223021/53
790/250/224097/954700/295/132050/68
885/290/227559/484835/295/144069/28
980/270/224087/54995/100/229098/106

1070/260/230072/95090/195/131056/18
1150/260/249086/45130/290/144025/10
1260/270/225052/175290/100/235006/5
1370/260/230063/255300/210/231005/4
1470/285/231023/25410/210/226089/7
1570/260/224003/135510/220/230022/15
1660/280/223008/205620/225/235037/208
1780/260/220069/75710/225/223062/140
1880/280/219091/85825/220/228016/328
1980/285/238052/385920/220/250077/337
2085/260/225024/36020/220/218085/12
2160/245/220087/56120/220/223072/9
2225/220/230007/66220/220/223066/4
2310/210/228072/116320/210/227042/1
2420/210/236007/66400/210/225043/154
2520/240/235010/126500/210/226048/6
2640/240/223056/186600/200/214059/13
2710/220/223004/156700/210/227004/18
2800/200/225063/26810/210/228055/172
2940/200/226018/1426910/220/228036/180
3040/240/231041/1357020/220/235094/203
3150/240/230032/1087120/220/227034/192
3250/250/218023/1007210/220/223049/7
3340/220/219092/97310/220/230091/8
3440/250/226008/77410/210/232024/3
3550/245/232052/107505/210/215004/3
3630/235/229045/47610/210/230073/10
3740/235/232567/57710/200/229072/21
3860/240/220033/117800/210/228065/135
3940/220/221016/447900/200/231003/13
4045/240/237080/29

*G�' L2�6 �	 �S�� g*!��GU2GD�'F	� %#�(/�O�� F�;� $*�(��*��O 2 @�	G�' ���2����� @�	.��"1� ��

IA	JT��S�� %��(R %�# c'��! 
��� ��	+�

(mD��� @.(�Vmaxm/s0/5
:;��� @.(�Vmin7/0 m/s (if D ≤ 500 mm, Q > 15 L/s)

8/0 m/s (if D > 500 mm, Q > 15 L/s)
:;��� $*�Smin003/0 (if Q ≤ 15 L/s)

%/��(O (mD���(h/D)max6/0 (if D ≤ 300 mm)
7/0 (if D = 350 - 450 mm) 
75/0 (if D = 500 - 900 mm) 
8/0 (if D ≥ 1000 mm)

9��O :;���Cminb m
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IA	JV��' �S�� %��(R 2 :*?l� >�,J8� %#	�,� (�	�)� ���� � O 
�B"1�� M2�' 

1��
9
!;';dD

(mm) 
S

(m/m) 
EU 
(m) 

ED 
(m) 

V
(m/s) h/D 

1��
9
!;';dD

(mm) 
S

(m/m) 
EU 
(m) 

ED 
(m) 

V
(m/s) h/D 

10786/035/00030/050/142/046/019/0410933/038/00030/025/147/036/012/0

20923/038/00030/020/115/049/020/0420972/038/00030/025/156/043/015/0

30492/05/00042/015/0- 05/170/020/0430361/03/00030/095/028/034/014/0

40834/038/00030/050/169/053/022/0440644/05/00030/056/0- 49/053/016/0

50131/053/00041/0- 97/1- 03/380/023/0450068/025/00030/005/151/042/023/0

60760/07/00030/0- 03/3- 69/380/022/0460208/06/00028/0- 25/1- 88/180/029/0

70926/02/10021/0- 69/3- 20/480/016/0470040/07/00024/0- 88/1- 63/280/027/0

80833/09/00034/0- 82/1- 75/280/015/0480469/038/00028/043/0- 80/070/039/0

90259/025/00030/080/108/148/030/0490150/8/00017/0- 63/2- 13/380/031/0

100213/03/00030/008/118/054/030/0500991/05/00042/0- 02/0- 34/170/019/0

110522/03/00030/050/103/044/021/0510427/03/00030/030/1- 02/055/031/0

120397/038/00041/003/0- 99/070/027/0520955/038/00030/090/0- 15/044/016/0

130479/05/00033/0- 99/0- 97/170/024/0530724/035/00030/000/107/041/016/0

140994/038/00030/070/177/034/011/0540581/035/00030/010/132/050/022/0

150604/035/00030/070/198/058/028/0550540/45/00048/007/0- 38/170/019/0

160945/053/00059/098/0- 38/080/017/0560705/02/00013/0- 33/8- 79/880/014/0

170490/03/00030/080/120/151/027/0570005/02/10015/0- 55/3- 90/380/021/0

180438/03/00030/080/123/153/029/0580783/020009/0- 79/8- 04/980/019/0

190773/07/00038/0- 38/0- 82/180/018/0590927/020009/0- 04/9- 48/980/019/0

200744/035/00030/085/110/139/014/0600008/053/00030/0- 18/0- 72/055/016/0

210443/045/00030/010/150/045/014/0610825/05/00030/051/0- 18/051/015/0

220053/025/00030/025/135/048/030/0620767/035/00030/020/151/043/017/0

230088/038/00030/012/0- 72/056/024/0630997/038/00030/020/139/030/009/0

240798/035/00030/020/112/046/019/0640228/020017/0- 20/6- 63/680/011/0

250656/038/00030/035/0- 70/056/024/0650920/038/00030/000/122/047/018/0

260032/04/00040/069/0- 22/070/026/0660642/05/00030/028/0- 15/057/018/0

270557/05/00051/0- 72/0- 88/170/017/0670105/053/00065/0- 15/0- 89/180/016/0

280720/035/00030/000/125/036/013/0680268/020015/0- 63/6- 06/780/012/0

290110/08/10018/0- 75/5- 20/680/012/0690764/020015/0- 06/7- 48/780/012/0

300217/06/10018/0- 20/5- 75/580/014/0700806/020013/0- 86/7- 33/880/014/0

310811/05/10021/0- 58/4- 20/580/013/0710104/020014/0- 48/7- 86/780/013/0

320139/035/10021/0- 20/4- 58/480/014/0720470/03/00030/010/141/050/026/0

330882/038/00030/040/183/053/022/0730219/045/00030/022/0- 68/051/017/0

340924/038/00030/040/162/048/019/0740923/038/00030/010/114/038/013/0

350013/025/00030/050/154/056/041/0750320/03/00030/005/160/039/017/0

360377/03/00030/030/143/043/020/0760858/038/00030/010/120/054/023/0

370168/025/00030/040/143/047/029/0770260/045/00036/014/0- 91/070/025/0

380540/04/00030/020/160/055/022/0780878/010015/0- 13/3- 55/380/027/0

390102/053/00031/0- 60/0- 25/180/030/0790188/045/00030/0- 15/0- 08/157/020/0

400039/05/00029/047/0- 60/070/027/0
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!;'; ���J� !#�2���CP
D ≤ 1m, h ≤ 3m(4/27+93/59D2+2/86D×h+2/39h2)×L
D ≤ 1m, h > 3m(36/47+88/96D2+8/70D×h+1/78h2)×L

D > 1m, h ≤ 4m(20/50+149/27D2‐58/96D×h+17/75h2)×L

D > 1m, h > 4m(78/44+29/25D2+31/80D×h‐2/32h2)×L

-�  ���J� !#�2���A�CM
D ≤ 1m, h ≤ 3m136/67+166/19D2+3/50D×h+16/22h2

D ≤ 1m, h >3m132/67+790/94D2‐280/23D×h+34/97h2

D > 1m, h ≤ 4m209/04+57/53D2+10/93D×h+19/88h2

D > 1m, h > 4m210/66‐113/04D2+126/43D×h‐0/60h2

���J� !#�2�u�v
@ ��.��w�(��CL
Q (l/s)270,021+316/42Q‐0/1663Q2

��*�2� �*����("�� $�1�(' (�!�� �S��� @P��� ���0� ���� ��� ('
 ('�(' %#	�,�VZ�

*VY/���' ����2 %�� @��	 L��� %�#(R �� .����
' 
�� 
	�	 �<������*&' ��&�2� �' %/	�� %��( � :'�; �*)��� ����
' �' =&� ��� .@���(*/��D~2� ��*�� ����>�0?# �2y ���� ('

 M����S � 2 M������ �6(� �� 
�� �"#(/(' 
	�� ="���B��b���� �	
%� L���	 p*)l� 	��]VY[.

="���B��SA r� z*"1D�"�� %�2�D�(# ~2� � ��7 @��� 
���
M� %?K� ? . ��>�* ���� M	(�7 	(�� �(�' >�0�?# %�� �=7�l"���

 ("8*' .@�� 
�� �"#(/ ���� ��%�2�D�(# ��&�2� (�� �	 �SA ��*0
�� (%#	���,� hG��� <�) %�����"'� �����)� z��� %'������� ���' :��� ����2�
 ���£# �	 ~2��D ��' ����� M� (�' 2 
��� U2(�� �?s1� ���(*q"�

=* ,� %� �(*/ z�� ��;�2 �	 p�*)l� ���� �	 %����"'� �a)� .	��	(O
 .@�� %��(R 
��J�	 �*���("���' ��7 %?7 ~2� �@�� >��K �� �7

��B�� ���(�� (� �	 ="�� SA ��' �� ����0� �'��� ����)� �*����("�� ����
 %����(Ri%��� ������l� ��(��S� M� �	 �*�����("�� z��� Q���� .����� � 

�1 � ����i' �' %#	�,� ��R�%� 	�� ����� (' 2 ��7 L�� "�� r�� 
�'�� M�0*� 2 L�� >� *C�� �' �"1'�2 �D)%�?�; ������(S� �	 ���0�

(@��?s1� �@��� �� �i@���� �' i' %�� 2 	2� � ��� M�� � �	 �����
@���i�� %;��'%�����.~2� ���� �	 ����1 � @���� ��*��� 
��l�
%?K� @�� ="���B�� �,J8� ��(� ]VY[
��� 	��� ��2� L�� (� �	 .

 ��� z� j(# �' �� 2 
�� 
	�	 ���	� $���� ��*&' ¨��O �' M�*�� ��
 k;�"� ����(S� 	��<� ��(' G�' .�� ����P 

1 Henderson et al. 

���' ����*&' ����C�� ������x �F2	 ��������� �	 L���m� �S���� ������
%#	�,� L��(� �*���("�� �? 6 �� L2� ������� �'��*�2� %<�� M����.

��(' U2(�SA �	 �� ��"#(/ (�C���=* �,� ����(*q"� .��	 �(�*/
��*&' ="���B�� 
�� k�(<� z� 2 (+K 
��' �	 0*� ���� ��Q�O .����

3(K WZZZ ��(S� %R	2�� �	 %���� >��YW�)*;	 
	�+"��� ��'
 >��,J8� ��' (��*���D z� ��Intel Pentium 4 2.0 GHz CPU �
@P�� ���0� �' �S�� ��*&' [(RVZ�*�]/V���2 :�K�� ��� �	 .

��*&' [(R����� @�	G�' �	 ��� O 
�B"1�� z� 
�� � X�**<� ��� 
L2��6 p'��a� 0�*� �S��� >�,J8� (��� 2|��v���	(/ ��� ���2� .

��* D :S�� p'��a� 0�*� ����0� �'��� ����Y��C�4� :�'�; @���.
�' M�A � z*"1D�"�� ��&�2� �� 
	�+"�� �	 %?D ��RSAhG� <� �

��*&' ="���B�� ��' ����x %� �(6� ���� \��,P �	 M���"' ��� 	��
�' ��*&' ¨��O 0�*� p�*)l� ���� �	 .	�� � :�K�� M��* R� 
��� @�	
��*&' >�*? . �' $�(; $?T� �	 2 �� F��� ����' ���� ��;��� ��+��

 ��*&' ¨��OVZ�*�]/V��a)� ��D ���� �� ��D ��x(� ��	(/ :K��
�' %���"'� %� 	��2 %#	�,� >��K ="����B�� �	 :���S� ��2� 2 	��

SA %� 9*O %#	�,� 0*� %���(B � N(�� �	2� ��' >2��+"� ��� @��	
%� �' .���� �' =&� ��� %��(' ��C����*&' ="���B�� 
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���6� ����

 �� ��WZZZ ������(S� :�K�# �� �	 ���(6� (mD� .	2(' 9*O ��(S�
VXZZ ��Y|ZZ :S� .���*�� %��&� ¨��O �'YU2(�� ��' �(�6� ��

�' �� %#	�,� %� M�8� ��� � M���. �z�� ��(�6� �:S�� ��� �	 .��	
��*&' �8� �� L2� ������� %#	�,� �*���("�� �' ����%� M�	 ��D ��	

 ����� �� � 2 @����� 	��62 ="�1*� �	 ���� O 
�B"1�� �*� M�
.��"��	 ��� :;��� $*� 

~2� �� 
	�+"��� ��' ��*"� 2 %�� c��� ��� �� 9*O (!�� �S��
DDDP �'VZ�*�X/V
�� ��*&' 	�' [(�R M� �	 �D�M���� >���

��*&' ��(6� @.�� ����x �' ����%��*��]|[.
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IA	J`�QO �S�� %��(R 2 :*?l� >�,J8� ��*&' �� ~2� �� 
	�+"�� �' ����SA 
1��
9
!;';dD

(mm)
S

(m/m) 
EU 
(m) 

ED 
(m) 

V
(m/s)h/D 

1��
9
!;';dD

(mm) 
S

(m/m) 
EU 
(m)

ED 
(m) 

V
(m/s)h/D

10000/02/00030/050/10/420/480/41410/00000/20/00301/250/470/390/27

20234/025/00030/01/200/150/510/34420/00000/20/00301/250/560/460/36

30000/025/00036/00/15-0/900/700/54430/00000/20/00300/950/280/360/24

40000/02/00030/01/500/690/550/56440/00000/20/00300/56-0/490/560/58

50000/03/00027/0-1/83-2/540/710/60450/00000/20/00301/050/510/420/32

60078/035/00020/0-2/54-2/980/700/70460/01560/380/0019-0/97-1/400/700/64

70234/04/00035/01/901/061/020/70470/01560/450/0016-1/40-1/890/700/59

80000/035/00020/0-0/69-1/240/700/68480/03130/30/00280/43-0/790/700/56

90000/02/00030/01/801/080/480/41490/01560/50/0012-1/89-2/240/700/73

100000/02/00030/01/080/180/550/55500/00000/250/0037-0/02-1/160/700/53

110234/025/00030/01/500/030/450/27510/01560/250/00301/30-0/020/560/40

120078/03/00039/00/03-0/940/700/38520/00000/20/00300/90-0/150/470/38

130000/03/00030/0-0/94-1/830/700/51530/02340/250/00301/000/070/430/25

140000/02/00030/01/700/770/370/25540/00000/20/00301/100/320/520/48

150156/025/00030/01/700/980/590/46550/00000/250/00420/07-1/190/700/46

160156/03/00035/00/980/170/700/43560/00000/70/0011-3/58-3/950/800/64

170000/02/00030/01/801/200/520/48570/00000/50/0019-2/75-3/190/890/75

180000/02/00030/01/801/230/540/52580/00000/70/0018-3/95-4/441/060/75

190234/035/000230/0/17-0/690/700/56590/00000/70/0019-4/44-5/371/090/75

200000/02/00030/01/851/100/410/30600/00000/20/0039-0/18-0/890/650/60

210000/02/00030/01/100/500/480/41610/00000/20/00300/51-0/180/550/55

220234/025/00030/01/250/350/480/30620/00000/20/00301/200/510/460/36

230000/025/00030/00/12-0/720/580/43630/00000/20/00301/200/390/320/20

240234/025/00030/01/200/120/480/30640/00780/60/0013-1/90-2/220/800/65

250000/025/00030/00/35-0/700/580/44650/00000/20/00301/000/220/500/43

260078/025/00037/00/69-0/160/700/53660/02340/250/00300/28-0/150/600/47

270000/025/00042/0-0/72-1/700/700/45670/00000/250/0037-0/15-1/160/700/52

280000/02/00030/01/000/250/390/27680/00000/60/0012-2/22-2/570/800/71

290000/053/00014/0-1/15-1/530/800/75690/05470/70/0012-2/57-2/900/800/57

300000/053/00015/0-0/70-1/150/800/72700/00000/70/0011-3/20-3/580/800/63

310078/053/00016/00/620/130/800/59710/00000/70/0011-2/90-3/200/800/60

320625/05/00012/01/060/830/700/68720/00000/20/00301/100/410/520/47

330000/02/00030/01/400/830/550/56730/00000/20/00300/22-0/680/540/52

340000/02/00030/01/400/620/510/45740/00780/250/00301/100/140/400/22

350156/025/00030/01/500/540/560/41750/00000/20/00301/050/600/400/29

360000/02/00030/01/300/430/450/35760/00000/20/00301/100/200/560/58

370000/02/00030/01/400/430/480/40770/00000/250/00340/14-0/850/710/60

380000/02/00031/01/200/590/580/60780/00000/50/0018-2/24-2/750/860/75

390078/035/00021/0-0/53-0/970/700/62790/00000/20/0041-0/15-1/410/660/60

400156/03/00027/00/47-0/530/700/58

*
�� � ���� ���*&' c��(� �	XM� @�	G�' �	 ��� O 
�B"1�� z� :���@��.
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�' L�S�� ��� �"11/ %/o�2 :*�	 �����(' �	 ���� 9*�O ����O �0���

.@�� 
��� 
22�D 2 �O ����(�*� ~2� �<���� �'GA-QP 	���� �� �S��� ����

��*&' �*"� ��("&' 2 ��	�	 ��(; 	�� ���� ���0� �� @#���	 �D ��
VZ�*X^/V� 2 	�' ���2��	(/ �*�I� 	�*; �*?D ��D M� �	 �"��]�[.
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M� � %� �C�4� �D ��R L��� M	��' {(� M2�' @*?'�; 	������2�
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