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Abstract 
Wastewater collection network simulation in normal conditions dose not provide performance assessment in 
unusual circumstances. In this paper, a model has been developed for risk assessment of wastewater collection 
systems to manage their performance under natural or man-made critical conditions. In this model, certain 
criteria were defined, fuzzy MADM techniques were exploited, and a questionnaire was employed to measure 
such risk parameters as the probability of threats, the severity of their impacts, and the vulnerability of the 
network components. Based on the calculated magnitude of the risks, the threats and hazards were classified into 
groups ranging from low-risk to high-risk threats. The approaches adopted to combat the risks were also 
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classified into the following three categories: "to deal with the risk", "risk shifting", and "risk taking". This 
process was implemented for the wastewater collection system in Shahrak-Gharb District in Tehran as a case 
study. ‘Introduction of chemical pollutants into the sewers’ and ‘drastic changes in wastewater quality’ were 
identified as the most threatening crises for the district and the ‘risk reduction strategy’ was proposed for 
combating the critical conditions in this district. 
 
Keywords: Wastewater Collection System, Risk Assessment, Multi-criteria Decision Making, Fuzzy 

Simple Additive Weighting (FSAW). 
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1 Integrated Fuzzy Hierarchical Risk Assessment Model For Water 

Supply Systems (IFHRA-WSS) 
2 Risk Analysis and Management for Critical Asset Protection 

(RAMCAP) 
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$ ?��8G F�1
'� *��B 

�(1,1,.2,0) (.5,.5,.2,.2) (.9,1,.2,0) (.5,.5,.2,.2) (.2,.2,.2,.2) (.54,.56,.36,.80) 
+(.9,1,.2,0) (.5,.5,.2,.2) (.5,.5,.2,.2) (.2,.2,.2,.2) (0,.1,0,.2) (.41,.43,.28,.74) 
�(0,.1,0,.2) (.5,.5,.2,.2) (.5,.5,.2,.2) (.8,.8,.2,.2) (.2,.2,.2,.2) (.45,.46,.32,.80) 
4(.2,.2,.2,.2) (0,0,0,.2) (.5,.5,.2,.2) (0,.1,0,.2) (0,0,0,.2) (.10,.10,.07,.47) 
7(0,0,0,.2) (.2,.2,.2,.2) (0,0,0,.2) (0,0,0,.2) (.2,.2,.2,.2) (.14,.14,.14,.50) 

*(. 80, .80, .48, .86) = (. 035, .035, .015, .044) ×� (1,1, .2,0) +� (. 55, .55, .255, .444) ×� (1,1, .2,0) +�(. 177, .177, .084, .149) ×� (. 8, .8, .2, .2) +�
(. 072, .072, .038, .117) ×� (. 5, .5, .2, .2)+�(. 165, .165, .081, .145) ×� (.2, .2, .2, .2) 

L
�E�7nb
B� V
�J� +��1  
8I� |����� F�1 +��rG ���5 j���� +���!��!� �����.� �� �5�! '��.� /�� /Uz�S 

MZ� I�� ���90 I�� 
&��"��* 5!?��W&"��"� ��)�
�\E Y<w B.�".�� 5!?��W&��9� .�!��
 

ij

N

1i
ji r~wU~ ×=∑

=
N.5"����!<� �
�<0 

(. ���, . ���,. ���, . ���)(. ���, . ���,. ���, . ���)(. ���, . ���,. ���, . ���)(. ���, . ���,. ���, . ���)

��	� ��$�1Uz�S $ �� 

(���
8
5) *u�$(.8,.8,.2,.2) (.9,1,.2,0) (.5,.5,.2,.2) (.5,.5,.2,.2) (.55,.56,.38,1.0) 
(���?	�	
1) *u�$(.8,.8,.2,.2) (.9,1,.2,0) (.2,.2,.2,.2) (.5,.5,.2,.2) (.37,1.66,.28,2.71) 

b81) A�B(+#�r"(.5,.5,.2,.2) (.5,.5,.2,.2) (.8,.8,.2,.2) (.2,.2,.2,.2) (.60,.60,.41,1.03) 
(+����B) >�!(.2,.2,.2,.2) (0,.1,0,.2) (0,0,0,.2) (0,0,0,.2) (.01,.02,.01,.44) 

'� *��B $ ?��8G F�1 

(���
8
5) *u�$(.5,.5,.2,.2) (.5,.5,.2,.2) (.2,.2,.2,.2) (0,.1,0,.2) (.19,.22,.17,.65) 
(���?	�	
1) *u�$(.5,.5,.2,.2) (.5,.5,.2,.2) (.2,.2,.2,.2) (0,.1,0,.2) (.19,.22,.17,.65) 

b81) A�B(+#�r"(.2,.2,.2,.2) (.2,.2,.2,.2) (1,1,.2,0) (.2,.2,.2,.2) (.68,.68,.45,.86) 
(+����B) >�!(.2,.2,.2,.2) (.2,.2,.2,.2) (0,.1,0,.2) (0,0,0,.2) (.03,.09,.03,.51) 
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L
�E�=nb
B� V
�J� +��1  
8I� |����� F�1 +��rG �!��!��
� ���=��� �� �5�! '��.� /�� /Uz�S ���5 j���� +�� 

MZ� I�� �
��� I�� 

&h!��h� 5-h*&h!6
��!� 5-h*
5-h*
&�-�. u!��

.�!��
&��9�

ij

N

1i
ji r~wU~ ×=∑

=
N�
�<0

.5"����!<�
(.158,.158, 
.077,.113) 

(.076,.076, 
.028,.083) 

(.766,.766, 
.272,.408) 

��	� $ ��
��$�1Uz�S 

$ 0��
H /Uz�S A
a
� #) ���

��
#) �

��) 2����BOD5((.2,.2,.2,.2) (0,.1,0,.2) (1,1,.2,0) (.80,.81,.40,.52) 

/Uz�S +)$#$ �% �� F
1 F��3S�(0,.1,0,.2) (1,1,.2,0) (.2,.2,.2,.2) (.23,.24,.19,.46) 
+)$#$ /Uz�S �% �� F
1 F���(0,0,0,.2) (.2,.2,.2,.2) (.2,.2,.2,.2) (.17,.17,.17,.42) 

/� 2�S# 2
1 �� $ A-!+�
1(.2,.2,.2,.2) (.5,.5,.2,.2) (.5,.5,.2,.2) (.45,.45,.29,.59) 
�")#	� $ �")	B�S(.8,.8,.2,.2) (.2,.2,.2,.2) (.5,.5,.2,.2) (.52,.52,.33,.63) 
��<
H #�4a!� $ ��3��(.9,1,.2,0) (.5,.5,.2,.2) (.8,.8,.2,.2) (.79,.81,.43,.75) 

$ ?��8G F�1
'� *��B 

$ 0��
H /Uz�S A
a
� #) ���

��
#) �

��) 2����BOD5((.2,.2,.2,.2) (0,.1,0,.2) (.9,1,.2,0) (.72,.81,.37,.52) 

/Uz�S +)$#$ �% �� F
1 F��3S�(0,.1,0,.2) (.8,.8,.2,.2) (.2,.2,.2,.2) (.21,.23,.19,.48) 
+)$#$ /Uz�S �% �� F
1 F���(0,.1,0,.2) (.2,.2,.2,.2) (0,.1,0,.2) (.02,.11,.02,.39) 

2�S# 2
1 �� $ A-!/�+�
1(0,.1,0,.2) (.2,.2,.2,.2) (.5,.5,.2,.2) (.40,.41,.25,.55) 
�")#	� $ �")	B�S(.8,.8,.2,.2) (.2,.2,.2,.2) (.5,.5,.2,.2) (.52,.52,.33,.63) 
��<
H #�4a!� $ ��3��(.9,1,.2,0) (.2,.2,.2,.2) (.8,.8,.2,.2) (.77,.79,.42,.72) 

L
�E�UnF�1 ���# 2

<� +��08C ���5 j���� �!��J1 _���5 #)���# A����� P�89� �#$�z '�3
� 2

<� $ /Uz�S +#$� 

MZ� I�� ���90 I�� &���.�
 
���90T

S�* 
~W
�QC

�
���
~!"8 B��$3V

B.�� ��Q 
�-��R

�
���
B��Q
�-��

�� ��h�
���2
�� G�* ����C
�-�� ��
��

��	� $ ��
��$�1Uz�S 

���
8
5 *�
�:�
(�!�z���)(.32,.32,.21,.44) (.80,.80,.48,.86) (.55,.56,.38,1.0) (.14,.14,.13,.1.8) 0.7040 

F��� $ ��1�k�
���#

A
a
� #) �

��
/Uz�S

�!�z����
�)0��
H(
(.19,.21,.12,.20) (.43,.45,.29,.54) (.80,.81,.40,.52) (.07,.08,.06,.47) 0.2045 ���# P�k�!� 

F
1 F��3S��% ��
/Uz�S +)$#$(.17,.17,.11,.24) (.57,.60,.38,.62) (.23,.24,.19,.46) (.02,.02,.02,.33) 0.1258 ���# p��rG 

�%�� F
1 F���
+)$#$ /Uz�S(.04,.04,.04,.12) (.10,.10,.68,.34) (.17,.17,.17,.42) (.0,.0,.0,.04) 0.0139 ���# p��rG 

2�S# 2
1 �� $ A-!
/�+�
1(.05,.05,.03,.06) (.37,.37,.26,.46) (.45,.45,.29,.59) (.01,.01,.01,.09) 0.0348 ���# p��rG 

?��8G F�1
'� *��B $

���
8
5 *�
�:�
(�!�z���)(.32,.32,.21,.44) (.54,.56,.36,.80) (.19,.22,.17,.65) (.03,.04,.03,.86) 0.3101 ���# P�k�!� 

A
a
� #) �

��
/Uz�S 0��
H

�!�z����
�)(
(.19,.21,.12,.20) (.41,.43,.28,.74) (.72,.81,.37,.52) (.06,.07,.05,.57) 0.2335 ���# P�k�!� 

�% �� F
1 F��3S�
/Uz�S +)$#$(.17,.17,.11,.24) (.45,.46,.32,.80) (.21,.23,.19,.48) (.02,.02,.02,.35) 0.1279 ���# p��rG 

�% �� F
1 F���
/Uz�S+)$#$(.04,.04,.04,.12) (.10,.10,.07,.47) (.02,.11,.02,.39) (.06,4.4,06,45.5)×10-

30.0153 ���# p��rG 

2�S# 2
1 �� $ A-!
/�+�
1(.05,.05,.03,.06) (.14,.14,.14,.50) (.40,.41,.25,.55) (.0,.0,.0,.07) 0.0237 ���# p��rG 
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A-"��1 �1A��% )�9 +]X[F��1 �1��-� $ �
��a� '$��1 2���1�
1 .

 
8I� |����� ��� �1 &b\�	9 ��5 �1���#� ���5) ����.! +��
"
 #) |����� $) b��\ #) &('��J1 �� #) b
B�P$�C +���X�$X[

.�5 *�
�1 

��7���"� 
 &���.�
 �
��� �-�� B��� ��,"� ��� �8 B�,�� 
 �,�
��"� �� �� �?���� ��h�
� ��
�
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a
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�� 2�� �� �!��� *u�$ ��1 $ �!��."�! #	�=
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8
5

�1 $ bB�
� �1 +��)���$# .)	5 P�89� '� V1�k� #) 0\	� ���S�" #��
 P��k�!� &���1�k� $F��� ��H�  �\ �B �1 L����� &���# �1��1 #) *�5

 ���  
�k� ���# p��rG $ ���# ��� ����.� ����# ��"� .�!	�5
�!��B� �� *�=��� �����S &(����S#�� ���
! ��1 �C	� �1 *�5 j��<�) +�

F��� +��1 ����	�#�
B 2�$�� &*�5 ����� )���$# &�5�16���1�k� $
�� #) .AB� ���# �1 ����!�1 &*�=���� h	�! +��
�� ��1 ����1 A��% 2

��1 ����# �� ��#	H #) ��� �)	5 �(�#� '��J1 A����� 0��C A�B)
 ���1 �����1 &���5�1 ����8� ���Q� �!����B� ���% �� *����� $ '� ����5

A�)$�J� �� ���� +�� p��r�G ��� ���# P�k�!� +��)���$# '�	�
���# .)�� P�89� �# ���# �1 ��	� +�� 	�C	� ��^!$3S� V
�) )

V1�\ ���5 #) ����# )#	�� #) .�
���� P	�k<� {�% #) $ P	�\ +���
�#31 �8� ���%U�H ��1 &)	�C	� ���!���� $ ��C)	1 ��1 ����1 &���

�� ��� '����� $ *)��� Vk�
� P$� ��B) �1 �# �����.� V
�\ 2�� '�	�
 
1 Mitigation 

'� �1��1 #) �-��� +��)���$# ����# ���
�� ��� $ )	�8! ������ ���
'� .AS��rG �# �� 

�k� &'� P�k�!� �� p��rG �� ���# �1 ��1�k� +��1 �Q� �!��B� #�
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1

�� .�
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�B +�
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���# &���;� ��5 *#�1#) '�B�
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1
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8
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�� '����J1 $ ?����8G *�^������ A8���\ $A��
a
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