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Abstract  
Due to the importance and widespread applications of oil products as well as their threats to 
surface water bodies in Iran, it is inevitable to apply suitable simulation models to develop  
management plans, actions, and appropriate scenarios. There are two modified versions of CE-
QUAL-W2 and both can be used for simulations of emergency pills of toxic waste in 
transpotation roadways. In this research, both modified versions were employed to simulate the 
fate of Methyl tert-butyl ether (MTBE) (a gasoline oxygenated addetive) during an emergency 
spill.  As a case study, the application of both models was used to evaluate the MTBE emergy 
spill that occurred on March 2003 near Khalifeh Torkhan river. Several remediation techniques 
including artificial turbulent, mixing, and aeration were used during the simulation study. 
Results showed that the modified  version of the model (CE-QUAL-W2) depicted  a better 
temporal and spatial distribution of MTBE pollution in reservoir compared compared to the first 
version of the model. Multiple scenarios were simulated in this study under various 
meteorological, hydrological, and MTBE loading for Gheshlagh reservoir.  The simulation 
results showed that lower air temperature and  higher  wind speed are among the factors that 
reduces the reservoir recovery time.  In addition,, another parameter that found to decrease the 
recovery time of Gheshlagh reservoir is an increase in reservoir inflow and/or outflow rate. 

Keywords: 2D Hydrodynamic and Water Quality Model, Gheshlagh Reservoir, Modified CE-
QUAL- W2 Model (Ver. 1), MTBE, Volatile Organic Compound. 
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 ��$#,� ���#�	 (���� ����	 ��� ��U��	 � 7  ��G =,=�� ��	,����� .

���� ' ���G (D� 3��2�� ��0 (�D� %=���`� ����	 4�7� ��=�����G
 �� %���� �  ���0�=�R2� �/7 ��D7 =�� '(-� ��G) ��$�� =�,	  ��G

 ���	,�� (���C� =��2  � %=��� %=��,?�F) (B�����D��� 4�7� (��R��, 
CE-QUAL-W2 ����� ( (��	 ����0 7 (��B���G 3���C�)* .=���,

 d��2�7 J����H 7  ���G (�D� %�	 (����� T��G J�D.  � ���, ��
���%���� �	,�� ��� �� ��7 7 �� (	 �S� �  ��G (D� %�	 ��0 ��� 

)Feizi et al., 2015  � �#�<�� 3��S�U .( � ��	 � ��	 3`���	
 4=	 ��0�� %�8, 7 %�/#0�CE-QUAL-W2  � � (���G d�7gY

 40���� %=� �S� � .-0� 
4=��	  �CE-QUAL-W2 'J����H) 4��I#,� 4=��	 �����#	� Y

BR�7�#�����F������IG� (�(WH '�(IG� (F=�<$Y J��XJ��H 7

1 Hor. Eddy Viscosity (AX) 
2 Hor. Eddy Diffusity (DX) 
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������ (�����F �#���BR�7Wd��2�7 J���H d��2�7 7���
���� '(B���G�(B���D��� 7 ((��� '(F��D� -��P J����H 3 ��C

 _�j�� �� 2 !0��(	=,�� ����U -���0  � ����l� � 77 � �	�
���� % 7� �0�E]C� 4=	 !0��(	=,��5  � 
�� . ��2 -0� (D

�� 3 �C  � %V#�0� �� %�/#�0� �� ��R&� 3	�=.� ���F 2 ���
 %V#��0� '����� -�U ����� %=���	� ��� 7p���. -�2�5 ���� �����	 �

�� (��� %��B�Y  � ><#k� 7 _�]� �?�� 7 (���)	 (�����  �j�	
���0 O[5 O=� � 7 4�I#,� J����H '(�#/,  ���G %��	 (F���D� ��

  � d�2�7�	� 3=	 ��
�� ���F 2>7  �=�����*��l#	 =�� �� .
 
�� 7   � d�7g�Y 
��� ��	,�� =�2  � ����l� ��”4=�	 6�� �$�R,

���#G� E]��C�CE-QUAL-W2“)Feizi, 2012 "������ ���B	� '(
4=	  � J���H 
�� (,	� 3����l�CE-QUAL-W2 _���G=���

�� ��PQ� �#, ��� (#���=�	 3	�=�.� ���F 2������ 4=�	 u� ��0�7
0Y������D9	 '(#/,  ��G %�	 �7 7 �� (�� %���Y.��� 

"1"1$-�/��L� ��.� 
"1"1*1Y�9> (� 

 � �.�7 z]<. =0������	 'h=���0 �&�� (���k 4�� ��#	���2
 �7=�5 7 h=���0 �&� ��� �� 
�	Q� (�C����� (�H� �  �#B�

 ��Y �� 7<2-0� =�0 ��$	 _?5 .��� 7 J��B	�#	 ������	
 �� �� _�j�� T�.��� (2�* =�0 
��� .-�0� J��B	 �#	 �����	

%���V�0 h� 4�� �� �� ����� ���� N��, �� �� ��0 �� �� 7 ��#	
!0�#	 .-0� > � `0�,�I9�	�/��� (��	 �	� 
�V,�	 7 �#	

`0 �,�/����U � m���R�0 -�0� (��R, -����  !�0�#	 .��
�� -��0 !0�#	 7 =C ����,P  � �#	0�-(Iran Ministry of 

Energy, 2003) ��7 7 �,*�7  T	� z]<. =0 �� ��/��* ��
T&L 7 �*�� ��� 6�� ��� ����� �H�5 -5R	 7 %��� ��F J�����

��� 7��� �,*�7  �,`0 !0�#	 (�� 7 ���	 �#	���2  ���	 ��
�� ��, J������/�7��/�.-�0� ��,P  � J�B	�#	���� =�C �

��U _?5 �� -<&��� � 7 
�� 7�G '=�/0� ��	 �0 (� (890 3,
 � �7 z]<. =0 ��$	 �� 7  [F �,*�7 (	=,�� .(Iran Ministry 

of Energy, 2003).
� �	 ���� &L �7   ���/��/���� �#	���2  ���U�%� 

1 Max Vertical Eddy Viscosity (AZMAX) 

h=��0a% =,����  ��/��* �,*�7  ���5 ��*��'���F��7 ��P� ���
� %V#0� 6� �=� �75 �B,����� +�, � 
���� T�B	 %�	 �#�D

 � )#*�MTBE'����/��* ��,*�7  ����U � �7 �B,�� ��D��8	 
�*���=7(����2 ���R	 (� � �7 7 �� z]�<. =�0 ���$	 ���

 JU�	 (F��D�=� �� .(Iran Ministry of Energy, 2003)  �#�0
 ��� 'z]<. E�� ���8� -���=	 ��Y ��	� d��2  ��j�	 ���0

 -2�5 p��� �� (V#/�� �?�� �� %�/#0� � (����� 3���� '��$	
p�. ���0 �� ���	��� %�/#�0� '=�0 ��L� � w9�0 �� %V#�0�

 �� �� �� �  ���� -U 7 ��� %=�	���/��/����  �2  �#�0�  �
 �� �  � .���  ��. ��*��/��/���� '�7 � ����	 p�. %V#0�

 ���� -�U %V#0� �0 ��� (V#/��� ��?��  ��j�	 3����� 7 ��  �
�� N7�� (����� �� �  � 7 %���,  2��/��/���� %V#�0� 7� '

%�7�G� (����� 3���&?� ��0 ����?	 �� ��, ��� %=�	��%�/#�0� .=
�� 3���&?� 
�� �� �� �� �� ����8� �� ���I	  �j�	��/�/���� 

) -G� �	���Iran Ministry of Energy, 2003 .( 

"1T1�7X� P�7Z�MTBE 

u�#,d�7gY ����5 7 �R,� �7  ��(	 �<, =��� ��2MTBE ���
 (�	 ���* ���U � �7 z<�#0� p��� �� -��0 3�,���5  � .����

 ����� �l	 7 ���2 '=�2  � %�	 
��(	��� 3���P� �V�� �� .MTBE 
��� ��P� '�)�� ��=$� -���. '_0� d���G� � ��	 �� 3`�)8	 7

����0 '(3�,���5  � %g��7 ��) � 7 � (�R/�� (#5� �, '(���� 7
.-0� (#0�Y -�0R5 

(B�����D�2� 6��R�  (����� �X(��	 ���<, =���� ���2MTBE 7
����� (B������D�2� 3]B���<	 ����?��  � �� 3�����2�� ������� %g����7

_#R�0�2� ��(�� "�#$	=, �� dI, .(Major Planning Office 
of Iran Electricity and Energy, 2000) 

"1[1	  J��& 	/  �.- �(  � �7,��  DCE-QUAL-W2 \  & ��

$/>�� $-�/��L� ��.� 
"1[1*1Y�9> :]X� $�(%! P�A�<� 

%��� �� (0=�� 7(0��G � _#R�0 ��$	 =0 z]�<. �� _�0  

T�G7�Y �� ����� �<I, �� �2 ��$	 (G��F�Y�� �<I, �� =2��� ��
 m�I	 ��:���� 
�0=�&	 -2�� �� ���&� ��<I, � �  7<	 %=��

 
2 Ecological Risk Assessment (ERA) 
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��� h��$#�0� '=�� T���)�(.����U �*�� 7� �� z]�<. ���$	
�,*�7  T&L �� �/��* 7 ��F ��[l� �*��(	���� -��0 �*�� .

�/��* �*� -0�  T�&L �*�� '�� �L -�0 �*� 7 �*�� ���F
-��0� 'z]��<. ����$	 (G��F���Y�� ���<I, �� %�/#��0� ��� .��%����

� (��08	 (D�� !0�#	��� �/��* �*�  � �#	 7 �*���%���
T&L �*�  � (��08	 (D�� !0�#	 � ��F��� "���� �#	=�.

%���� o���� !��0�#	 �� ����, ������� ���#	���� %����  � ���#	 ����
 ��<I, m0� �� "�#$	 (��08	 z]�<. ���$	 (G��F��Y�� ���

 ��#G� ���0�� 4=�	 �����CE-QUAL-W2 "����� =��.�����`
 !0�#	  �=I	 � (��08	�T��G  � ��$	 p�� "���� ���� '�#	

 � �7 4=��	 ���0=��������� ����$	 
���� .=4=��	  � �*��� 7� 3 ���C 
CE-QUAL-W2 "�����%�� �� 47� �*� �2 =�����*�� 7

%�� �� +7������(�G��	 4=�	 ��� =�� %��0 . (B�D7 =��� ���
��V�� '4=	 ���� %=� "���� (��/� � +��.   � J���� �� �� �0 7

���� 7���� (��	 ��� � w9��0 �� ��`��� ���#	 =����� .(Mahab 
Ghodss Consulting Engineering Company, 2014) 

Fig. 1. Topographic Map of Reservoir 
 45�*1��$	 (G��F�Y�� �<I, =0

"1[1"1��� �� '�! ^$�%� Y�9> :]X� 	, '���� �� $,� 
�� -��0 �� z]�<. ���$	 �� ��7 7 ���U (�� �� e���	 3�]

Irandams ��&� �� (B���D7 =��� 3��D9	 m�0� ��� 
���i�� .=
�*� (�� ���I	 '7��, 3 ��7 > ��F �� E�� ��/��* �� 7 ��*��

T&L h��$#0� ��F =�)Iran Ministry of Energy, 2003(.

"1[1T1��� $��%��.! '�! 

%��� �� ���(0�� T	� �	� '��� 	���9I,������'_0�-�� 7

-&U �� 7d���Y ���� m��I	  � h=���0 6�#Y����0 %V#�R�� ��
 (,	��h��$#0� �#�0=�.

"1[1[1��� �� '��� '�! 

�� m0� �D��	 ����� (�	�F  �6�=�5�7 _�?5 �7=�8	 7����� 
6� _#R�0 (H�G �e]#*� T	2:

)Z(����	 ��4��	�F (890 ±���U �	�F (U7�* a���U 
�	�F ��7 7 =����	 ��?� 	�F 

�����U ���	�F '��7 7 ������	 �����U (���	�F ��7 7 ��(���� 
���U ��� ��7 7 ��� %��B�Y (��� 
���i�� '-�0� ����U �	��(

'(U7�* ���U (�	�F (U7�* ��p��� '��,*�7  (U7�* ���U
-����� ����'���V�� �U��� ����/, ��� ����	 ��(���	���� 7

%��k -0� .4��� '(�	�F �	�F 4��� %=� ��	 !��8	 ���� 7��
-0� �2��m0� -���.�	 %��B�Y (��� 7-�D5 �/�R��� (�	 =�,��� 

�� ����� ���	 � �7 %=��2 �-����� �	�F (�I�� ���� .�����	 ���?� 
	�F ���D��	 ��� TC5 (	��� 

)�(JA)t(TCQ)t(TCQ
dt
dTVC sPoutinPinP +ρ−ρ=ρ

�D��	 
��  � �K 
Tin(t)'T'J7As����	� ����7 7  �����	� t'����	� �����D� 

'(����08	 3=��� �����U (���	�F 7w9��0 ��=��5�7 (����08	 
(	 =��� .N��?	 ����U ��� 4�I#,� �	�F � (�	 ����� ��� 3 ��C 

�D��	^�<, ��� 

)�()eJcJbrJ(anJsnJJ ++−+=

��  � �K 
Jsn 'Jan Jbr 'Jc7Je�� J���� d��� ;D�* h���	� �=��� �* �� 
4�� h�	 '%��2 d�� ;D* h��	� ��/R��� �� 4��� h��	 '=���� 
d�� (#<F�� h��	� �4�� h�	 '=��� -G ��G 7��$�� =�#R�. �

d�7gY 
�� �� e���	 3`��	 7 h��$#�0� ���#�	 �U��	 �� +�� ��
4�	�G  � (�0����� 3��]�� m�0� ��� �� �	� ��08	 �=��

 ) =��� %=��,?�FChapra, 1997 +���,  � !����7  
���� .(  ����G�VB 
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�	,�� ���D9	 � ��	 ��I9�	 (0����� 3�]�� m0� �� 7 (R��,
 ���$	 ��� ��7 7 ����U �� ��	� (h=���0 6�#Y���0 %V#R��)

z]<. ��08	�) =Moghaddam, 2015.( 

T1�(� 'S�� 

T1*1:]X� 	�(%! :.;��7F;��D 

T�����D� �� %=� "���� (��08	 �� ��$	 =0 z]<. �  �K 

%��� ���0 7 ��$	 �0=�� T�G 3�]�� m0� �� ����7 7����
 4=��	CE-QUAL-W2 ���?�� '���(��	 d����, '= .=���� ����$	 =��0

z]<. �� 3 �C 6� %���Y (�� 7� 7"���� 4=	 ���� �*� %=� 

-0�.(�� �� >7  �� 4��)5 �������  � ����0����DK ��0=�� 

4=	 p�9� '��$	  ����, w90a_?5aN/� � TC5 �� 4=	 ��0 

� %��� �� ��<I, %=�� h��$#0�  ������
���  � ��2 -�0� d�7g�Y 
%��� ���	 (�0�	  �R� p�9� _�?5 ���aN�/� � ��.�7 7 4=�	(

.(Mahab Ghodss Consulting Engineering Company, 
2014) �#��� ��U7 -0�.

Fig. 2. Segmentation of Gheshlagh Reservoir used in 
CE-QUAL-W2 Mode 

45�"1�B�� ��$	 �=�� =0 4=	  � z]<.CE-QUAL-W2 

T1"1:]X� \;��%&���(;! :.;��7F;��D 

��  �j�	 DK�0���������� � w90 �#, '���$	  � ����� u����0�
����� �� w9���0����������0� � %=���� �����0�� 4=���	�����#G 

CE-QUAL-W2 �%��� �� 	����U�	 ��
����%	���� 

)��,��������� (�������� )��,�� �� �����I	 (���R ��=
T����)�.(���� % 7� 4����  � ��9* !��0�#	�����0�7�'�D��0��
(#,0 �#	 �� � �2 ��� +=� �� �U-��9. �� e���	 %��� ��� ��� �

f#�R, 'm�#0� ��#	� Y .-0� 4��. T�. 7 J0�	�%=���2 4��#�2
��$��  � �� >�7 -��0 7T�G ���7 7��� 4=	 (��0 �9* 7

���,�F ���$#,�=,=� p��9� �b2�=5 �2 ���	 %��� ���(,�=��	 7
u�#, ���� �0��� �j�	���0����DK �� w9�0 ����� ��?�� ����

 47=U)�.(

Fig. 3. Comparison of observed and simulated water 
surface elevation resulted from CE-QUAL-W2 and 

observed data 
45�T1���� u�#, �R�I	 �0�4=	 !0�� ��$	 �� w90 ����

CE-QUAL-W2 %��� 7��%��=,� ��F�%=� (,�=�	 

��(6 *14=	  � ��$�� 7 	� %=��2 4�#�2 ���#	� Y 
CE-QUAL-W2 

Table 1. Calibrated parameters used in CE-QUAL-W2 
model affecting water temperature and evaporation 

CFW*BFW*AFW*Parameter 
20.469.2 Default Value 
30.69.5Calibrated Value 

* CE-QUAL-W2 Model Parameter name 

�� D2  �j�	��0�����	� ����0�#0� '���$	 ��(G7�Y ��� �� T
%��� ��%��=,� (�	� ���F % 7�  � ���$	 p���  � %=� (�)$<	 '

�R�	 %���, �� �U�� � 	� .-0����0����DK J���H �P�	  ����$�� 
 � 4=	CE-QUAL-W2 , 7���, ��B(	���I	 ��-��P !�0�#	 �

	� �� %=���% 7�  � ��$	 w90  � ���(,	� 7 �,�	���I	 
���� �0�'4=	 !0�� %=�(	���� �� J���I� T��. (D���. u��#, 
���� �0�� 4=	 !0�� 	�-G��[Y  � . T���G7�Y �� ����� T�

%	  � 	� �����, z]�<. ���$	  � 4�0 "��#$	�%=�� %��� d
��� .-0� �j5]	 �2 �,�F(	��� 	���%	  � ���� '�����

	� �� =�/0� 7���� �#<�� %	  � 7���� ���&�� �� -�<&����  �
	���������#�K .-0�
��i�� ��` =���(� ��5 T�.(�&U��  �
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Fig. 4. Temperature profile in various months based on  
the results of 2D hydrodynamic and water quality model 

4_�B1%	  � z]<. ��$	  � 	� ����� T�G7�Y �� "�#$	 ��

���� u�#, m0� �0�� -�/�2 76�	���7 =�� �=�� 7� 4=	 �

%	 ����` � -<&��� � c� �� ��U7 40 +�F =���N7��� "���H
(	 (	 ��* h7� ��  ���&�  � 7 ��� %	  � 7 =0  ��'=��� ��� ���

 (,�F��7 N7�� 7(#*����� 	� ��`  � ��%=��<	 ��$	 "�#$	
(	 .��� 

T1T1	;F� 75K� - `.2 � ��( &�� S� a Q �� = ;C;D 'S��

 '��bMTBE Y�9> :]X� �� 

�� ��  �j�	���0���=��7  (,��F��7 7�5 �B,���MTBE �=�#�� '
(��	���7 =�� !���� 4=	 �0�7%���DK =�xv0 7���� ���0 


�� ��=�7  3 �C -G��[Y .
�� ��=�7  ���CG  � (,�	� ���
��
%��	 =�/��0����� )�m ��	������� ( �� � 7���G�
���� 

)� 7��T���� ���� .-�0� %=� > ��F (����%��� ' ��j�	 
���
(�� �7 7�7(�U7�* 3��]�� 7(�0����� 
��� 4=�	 ��� % 7�

M�	���7 =������ %���D����K %=���������8	  � z]����<. ������$	�!
CE-QUAL-W2 ���0��%��� �� %=����'� �7 =����4=���	 7����0�

���7 =�	��6=� +?,� � .4=	 �� w90 ���� '-R$, +F �0�
%��� � %=� ���(,�=��	 %��=�,� ����F %=�� ��R�I	 ��p��9� ��2 =

�0�	(,�-��� ��U7 �)Iran Ministry of Energy, 2003(.
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��(6"1 � (-�/�2) +�U 4I#,� %=��2 4�#�2 ���#	� Y”�$R,
� E]C� 4=	 6� �#GCE-QUAL-W2“

Table 2. Calibrated parameters used in modified CE-
QUAL-W2 model affecting the transport of constituent 

* CE-QUAL-W2 Model Parameter name 

��(6T1 � (-�/�2) +�U 4I#,� %=��2 4�#�2 ���#	� Y”�$R,
 �#G� E]C� 4=	 7�CE-QUAL-W2“

Table 3. Calibrated parameters used in modified CE-
QUAL-W2 model affecting constituent transportation 

AZMAX*DX*AX*K(20◦C) Parameters/Time 

0.000010.0001 0.0005 0.0003 March 5 to 12 

0.02 0.04 0.001 0.095 March 12 to 15 

0.02 0.04 0.001 0.1 March 15 to April 
5

0.000010.00010.00050.0003April 5 to the end 
of Simulation
* CE-QUAL-W2 Model Parameter name 

�� �	� � J0�#	�F �2��������� '3	�=�.� 
��"=,=�� .�#,�u
�����0�MTBE �.�	  � ��$	 w90  ��-�2��#	������CG

 �$�R, �� %�/#�0� �� =0 h� �� �����E]�C� 4=�	 7� 76���#G 
CE-QUAL-W2 I	  ��%��� ��� ���R ����%��=��,� �����F %=���
���� 

7 � � ��= T����,�.-0� %=� %��� d

Fig. 5. MTBE concentration at 6 km distance from dam 
structure during March 05, 2003 to April 9, 2003; 

comparing the performance of two versions of modified 
CE-QUAL-W2 model with observed data 
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�����0�����=�� 3 �C(#�P 4=	 �� ���	� ��[�Y -�0�� .�� � 

D5(� �2 -0����H 
�l� �P�  � J��V#/��  � �(�U���0 ��7 4

R2� �7 7�%V#0� �P�  � �� �7 � �� �g ��"��#$	 ��  �(% 7�
)$<	('�	� ��=�� ���I	 (�7/#	 � .=��� �#��� �	� 4��  �

 +=��� ���� ���U��(���,��� 4=��	CE-QUAL-W2 ����  ������0�
>7  �� (����� 7(V#/�� (���)	 '�����F K 
��� >7  �� ��
p��� �B	�(G��	 l���� ,�	� 3��(���H� � d��2�7 7 4�I#,� J

”E]C� 4=	 7� �$R,�G�#CE-QUAL-W2“�����_����G 4=�	
��#, m0� �� .=��$�R, 7� ��� '%=�� ��S� � uE]�C� 4=�	 ��#G� 

CE-QUAL-W2 ��7   ���� 47����0���  �.���� ��0 ��
�� J��0�	 -��.� -��j�kMTBE w9��0  � ���K (D��5  � .-��R�, 

E]C� 4=	 ��B����#G� .-0� �#&� J���	 �� '7� �$R, T��D� 
���
��=�7  -0� 
��	 ,��� +=� �� (�� CE-QUAL-W2 ���0�����#G
��  ����0���*Q� ��	 (,	� ��$�� 4]�8,� 7!����	 ��� .=���

  � �i,� m0�� �	 3��K�� (#/, -�0� E�9	'�G=���� �� 4]�8,�
��*Q� (,�	� ��� -��R, ���$�� ���N��.7 (�	 �=�,��Y .��� (� ���  �
��7 �4]8,� '-R$,MTBE �7 7 7` ����������U (I�� 
��L,  � 7 -0��?�#, -j�k��#<�� w90  �(.� (�	 =�,	 .���


D��5  �(4=��	  � ���2 -��0�CE-QUAL-W2 ���j8D �� 4]��8,�
$�� ��� ���	��� 7 -��R$,��� ���k� �(��	 ����� .���� (� ����  �4=��	 
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����� 
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��#,���� u����0�MTBE 
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At 9 km Distance on March 21, 2003At 6 km Distance on March 18, 2003

At 6 km Distance on March 27, 2003 At 6 km Distance on March 24, 2003

Fig. 6. Comparing the performance of two versions of modified CE-QUAL-W2 model with observed data; depth profile 
of MTBE concentration at MTBE spill event in different temporal and spatial monitoring situations 

4_�d1���� ��B��� u�#, �R�I	 �0��$R, ��M�E]C� 4=	 7� 7�#G�CE-QUAL-W2 %��� 7��(I�� T�G7�Y c(,�=�	MTBE  �

�75 �B,� e�I0 ��=�7   � z]<. ��$	MTBE -��.�	  � d�Y "�#$	 (,	� 7 (,B	 �� 

2��#	���% 7�  � =0 h� �� ����7  ���������0�� T����
.-0� %=� �S� � 

T1[1e�Q :��S 	0&�2� S��'��( &�� S� a Q Y�9> :]X�

��b 75K�- `.2�'MTBE 

���� �� xY  � z]�<. ��$	 (/�2 7 (B�	���7 =�� !���� ��0
�Y �	� �S� � '��=�7  
�� �P� ��	,�� 7 ����=�	 ����� ��$	 ��0

 
��� 
����� ����� .-�0� -����� �S5  �R� ����  4=�	  � '��	�
 4�0  � �� ���� 7 (���G !�0�� ��#G� ��0��XrW^ 
��#�<�� '

-j�kMTBE ���D� ��	 �� %���  � ���$	 (���08	 ��� ���
���� (,	�  � ���, -j�k !0�#	 
��i�� .=� -�P (��G  � ��0

) =� %��*� (��G  � ��08	 � �	 ��$	Feizi et al., 2015.( 

Fig. 7. Comparing the performance of two versions of 
modified CE-QUAL-W2 model with observed data at 

water surface elevation; 9 km from dam structure 
4_��1�R�I	 �$R, ��B��� 7� 76� �� 4=	%=� E]C� 

CE-QUAL-W2 %��� � ���#	���K cz]<. ��$	 �� w90  � (,�=�	
}0 �,=� ��z]<. =
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 � T��������0�,��	�(
��#��<�� -��j�kMTBE ����$	  �
�, z]<.���?	 -�j�k .-0� %=� %��� dMTBE �� ����	  �

����'��� O )	�	�D  � +�F7�B�� m�0� ��� ��2 -�0� ��# �� 

�	��Y '  �0�F���D� �� z]�<. ���$	 T	2(MTBE �7   �

_�&L 7 =),Y '���(���7 �� =�� �7 ��� ��= Y N�.7�.-�0� �#�0�
#	Q�� �,/0 D��+=� T%��=,� ���F 
�� �#	� Y (/�K z���  �d�� ��

�� ���	�  � z]��<. ����$	  � ���#	��=���7  
���� ���P�5 ���	� '
�Y �0�%��� m0� �� ��%��=,� ���F %=� �7=�5 > ���F  ���

�$� �7 �	 %�� 
(.��� 
� +�`��� -0� �2����U -������ ��,�F �� � 4�0  ����� ��

��� 7 �#G�V, 3 �C ��$	(�U7�*(�0  � z]�<. ���$	 ���-
Irandams �  ���/C '40 
%=� > ��F .-0� 

Fig. 8. Time series of maximum MTBE concentration in 
base scenario during simulation period 

 45�f1���<�� -j�k (,	� ��0MTBE  � z]<. ��$	  �

�0���� ���7  (�  � ��Y ���  �0�

T1c1$,� 75;Q g��Q 7, �
JX� '�!.&��%� 7;Zh- $��7, 

 � ��
-�R. ��� �0 �� (T	��� "�#$	 ��7 ���� ���,�	� (7
,B	 (F��D�(MTBE' �0��� (���m0� ����!��7���(�

�T	��� ,�R,� (��� ��"����� .=���,�	� (7,�B	 (��0Y �� �
	0�,���$	 �� ��� ��" ��0��� ��0����� (7�����D7 =�B(

�7/#	(��L ����!�	� �-���0 '���� >�7 ����U 7����� �(
�7 7�� �	 � ���( ��. �i�� .-G�F� �0 
���(���� m�0� 

�QP�,R,� T	��� �(�I	 =�,	�F���D� +��U �(�7 7�7���VD��
%�&�  ���������$	 ����"7#,�u&,� � �	 0 ��( ��. -G�F.
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Fig. 9. Time series of maximum MTBE concentration in 
various air temperature scenarios during simulation 

period 
45�#1-j�k ���<��MTBE ���7  (�  � z]<. ��$	  �

���� �0��� �	� 3����l� "�#$	 ���� �0  � �

0
20
40
60
80

100
120
140
160

420 440 460 480 500 520 540

M
TB

E
C

on
ce

nt
ra

tio
n

(µ
gr

/L
)

Julian Days

0

50

100

150

200

250

420 440 460 480 500 520 540

M
T

B
E

C
on

ce
nt

ra
tio

n
(µ

gr
/L

)

Julian Days

Air Temperature Reduction
Scenario
Base Scenario

AirTemperature Increasing
Scenario

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

� �1) 5��I� ����S�� 	 �% dx.doi.org/10.22093/wwj.2017.58499.2229 
28

����� � �� 	
�� Journal of Water and Wastewater 
��� "#���� ����� ����� Vol. 29, No. 3, 2018 
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