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In this research, the simulation and phase transfer of heavy metal solution in the 

river has been done by developing a one-dimensional qualitative model. 

Environmental parameters (T), temperature, dissolved oxygen, (DO) (pH) and 

salinity (EC) are considered as influencing parameters on the change in the 

concentration of the solution phase of heavy metals lead, cadmium and zinc in 

springs and wells of the displacement-diffusion equation. Became to determine the 

above hydrodynamic and environmental parameters for use in the developed 

model, Hec-Ras hydrodynamic model and Qual2kw qualitative model have been 

used. In decoupling the spring and well terms of the displacement-diffusion 

equation of the qualitative model developed using the measured data from the 

Sarouk River, various relationships were considered to relate the kinetic 

coefficient of the first-order reaction of the dissolved phase of heavy metals to the 

above environmental parameters. And to find the constant coefficients of these 

relations, the method of minimization of simulation errors and Vba coding was 

used, and the linear relation including all the above parameters is considered as the 

final relation. The kinetic coefficient of the reaction is different in different parts 

of the river, and to simulate and determine the concentration of the solution phase 

of heavy metals at each point, the kinetic coefficient of the reaction corresponding 

to the same point should be used. Also, there is a significant increase in the 

accuracy of the developed model if the above environmental parameters are used 

in the spring and well term of displacement-diffusion equations and the effect of 

other qualitative parameters is insignificant, which indicates its proper efficiency 

in simulating the dissolved phase of heavy metals in the river. 

 

Cite this article: Khalilzadeh Poshtegal, M., & Mirbagheri, S. A. (2022). Simulation of Surface Water Quality 

Parameters, Suspended  Sediments and Heavy Metals in the River (Case Study: Sarouq River) . Journal of Water and 

Irrigation Management, 12 (4), 763-781. DOI: http://doi.org/10.22059/jwim.2022.347604.1015 

 

 

© The Author(s).                                                                  Publisher: University of Tehran Press. 

DOI: http://doi.org/10.22059/jwim.2022.347604.1015 

 



  

  

 
گاه ���ان  ا��شارات دا�ش

  ���� آب و آ�یاری
Homepage: https://jwim.ut.ac.ir/ 

 ۲۳۸۲-۹۹۳۱شا# ال! رو�ی�ی: 

 

���� ���	 ��
��
���� ���� �� ����	 ����	� ���
 � �� �! "�#$	 )�&�'(�� )���	( 

  

���� ���	 �
��
 ����1 | �������	 ���� ���2  

  

1 ����� �	�
 .�
�� ���������� ������ ������� � ����� ������ ����  !��"���#� $%��& �'(�) �*+����. :$�*�*��- mkhalilzadeh@mail.kntu.ac.ir  

2 . �/�0
� ���
��� ����� �	�
�
�� ����� ������ ������ ������� ����� ������ ����  !��"���#� $%��& �'(�) �*+����. :$�*�*��- 
mirbagheri@kntu.ac.ir  

  

����	 �� !"�  ���#$   

 :����	 &'(��1	23 4"*5�  

  

  

)�*�+ )��,-�: 01/06/1401 

)�*�+ ��
(��� :12/06/1401  

)�*�+ .
�/� :21/06/1401  

)�*�+ )���(� :04/10/1401  

  

  

  

  
  

���0�1�2 :�3   

$:*% �;<3 	 ��*%   

 ��*= 	 $��=  

;�>�	 ?�'��� @��A �  

BC ��*���D 	 ���E�F G*1�'��-*3 /��.  

� -�!� ;1	23 HD�$�*�G +�� I�EJF /�J�� �*F /*5'�� 	� /�� $(��� *: $�*&�	- -� !�>K� 

?� G�(: ��-�:�-�� -��L �F�
 . G*1�'��-*3�M��� )T(  �*���/�J�� �2�
> �DO �pH  G-�D 	

)EC$: ( ����� �*F �PJQ ���R� �: -�S
��TU� G*1�'��-*3  !�+�� I�EJF /�J��G	- 	 V���*> �B�� 

$:*% $"�*(� �*= 	 $��= $J�% -� ��*%-  G*1�'��-*3 !��(� G��: .���D $'F�
 �P� -� ;<3

�*���	-��1���� $(��� /�� -� ��*K'�� G��: X�F �M��� 	 ��� ����*���	-��1 /�� �� ���D Hec-Ras  	

 �K�> /��Qual2kw Y#K�� -� .��� ��D ��*K'�� $:*% $"�*(� �*= 	 $��= Z�� G�*� ��*% -  ;<3

/�� �K�> ���� �� ��*K'�� *: ��D ���� $(��� G*1 ������ G��
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$�HD  �- $�*&�	- -� BC ��K�> G�*��� ���� $#<�� /	� $Jf�� -� .��> V�
5� $Jf�� 	� $:  	 a�� ���*� �*��% G*1

�� $H�*�� ����  �- �C $> ���D�� ���� $�HD  $Jf�� g�*'� �� ��*K'�� *: 	 Z	� $Jf�� -� .���*� ?��*���	-��1 G�*�

$�HD �K�> Y���� �/	� �� G�*�  @���� !��: .���D�� ���� /�� *1$�HD G��� G  *� $
KL 	� $: �- BC ��K�> G�*�

$: $%�� *: .��> V�
5� ��K�> 	 ?��*���	-��1 /	h*� !��  $>$�*&�	- -� <� 	 *1-�& �*1 �"*+= I����R� ���*$:  -� 

���� �� aJ(� ���� 	 G-�D �*�� I����R� �� �D*�  �K�> G*1��R'� !�� I����R� �S" 	 �D*:�� ���� I*#<�� -� �

 *: .�D*: �Te� �*��% ����*���	-��1$%�� $: !��  $> �� i�1;1	23 $�HD ��A*f  I�EJF /�J�� �*F /*5'�� �K�> G�*�

�� $�*&�	- -� !�+�� �j���	 G��: 	 �D*:1  	��) �j��2 $�HD  $'F�
 I-�) G�*��� ��*: ���� �� � G*1����� 

 .��D ��*K'��/�� �*�I-�) G � -� $'F�
� !;1	23  k�� ��?� �� G�(: /�� ��%	 $: $%�� *: �F�  �� .�D*:  G*1

*���	-��1$�HD G��: ��('� ���� /�� !�� �� ��� �� ��*K'�� �$�*&�	- G�*� $�HD G��: *1  I*#<�� G�*�

 .��� $'F�
 -��L �P��� $("*M��-�� $�*&�	- -� �*��% ����*���	-��1Noori et al. )2021 ( I�EJF �PJQ ��-�: $:

-� !�+�� �E<� �� �lH� /*�D B�Q �* �� I��T� 	 ����� ����Q 	 ���:���*  .��'&���3 �)*� ���:�� Hosseini et al. 

)2017*: ( ��-�: ���-*>  /��Qual2kw -� ��_*3��& $�*&�	- $("*M�) G�-�� $�*&�	- �	-*> -� ��*: �*
-�-I�> 

��'F*�-� (���� $> !�� /�� �:�& ���-*> G��: ��-�: ��_*3��& $�*&�	- �-��. Noori et al. )2020$: ( �:*��-� �
��"C 

GEJF -� I*:��- ��M� $=*�-� �?�� .��'&���3 ����� g�*'� �*�� ��� $> �
��"C GEJF -� I*:��- ��M� $: -�  �J> 

V> ���: $=�
� �PJQ B�� -� ��
L �:��% $=*�-� ���+� ����> ��:. Noori et al. )2019( G-�E:� ���% G��: 

$�HD G�*� $�_ G��: ��-��f $'F*� ��� $&�> �� �E<�  ���/�� �� �5�KJ� $> $�Ej� G*1 ��*('�  /�� 	 @�*��CE-

Qual-w2 �� $�HD G��: $>�D*: .��� ��D ��*K'�� �E<� 	 $�*&�	- G*�� G�*� Mohammadi et al. )2016 ($: 

�:*��-� ���� ��_*3��& 	 �2�
>� ;5� /�J�� -� ��K�> BC $�*&�	- �> )$("*M� G�-�� :!��*3 ��� �� ���	-� *� 

$=*�-� ?� - �*+'<:( $: ?�> /�� Qual2kw ��'&���3 .g�*'� ;1	23 �*��� �*�� ��� $> ��%	 Y3 *1 	 I*
��U� 

BC ��: ���*� ��: ����� Y3 ��f- �*:C 	 ��: !
f �*:C �� ����� m�*: ;��EF� V l� 	 ;��EF� �1���1 	 I-�L ��_*3��& 

$�*&�	- �> 	 -� $j�'� ;��EF� ��E�� �2�
>� /�J�� -� $�*&�	- ��D. $: �J� ��TU� *1�'��-*3G �>K� -�D �*��G  ���� 	

"*+= -� aJ(�� �%� ��*�� ��*: ��TU� � -�nf�1 I_�*(� -� Y���� !��	-���*�?�  .��D $'F�
 �P� -���TU� S� Y����> -�

�"*f $"�*(� @"*L -� o_��(�3 �� �-�	 I*H�*�� -�  ��D !�: �+��*+�� [*H�-� o_��(� 	 I_�*(� �?��*���	-��1 I_�*(�

V1 .�-�� ��%	 �"*f $"�*(� 	 ��K�> ) /�J�� �2�
>� �'��-*3 !'F�
�P�-� $: $%�� *: !��=DO G*1�'��-*3 �: �	l� (

) *��T �(EC 	 pH $: $�HD �!�+�� I�EJF �PJQ ;�>�	 @��A I����R� -� -�S
��TU� G*1�'��-*3 �����  I����R� G�*�

-� �'��-*3 !��  E�� �P��-�� ������� ��*: �� .���
 Z*j�� �!� 	-� $�HD !�A $> ����*���	-��1 /�� �� ��*K'��  G�*�

 �*�� G*1�'��-*3TDS $:  �G-�D p&*D �����DO� EC 	 pH $�HD -� ��*K'�� G��:  I�EJF �PJQ /*5'�� G�*�

 	 �"*+= -� �- *1�'��-*3 !�� I����R� ��TU� �!�+��$j�'� -� �*��% ���� $: @�*�� ����+: �P� -� �"*f $"�*(� $J��	  ��

 !�� -� `*�� !�� �: .��: �1��&;1	23  ����*���	-��1 /�� ��Hec-Ras  �K�> /�� 	Qual2kw � .��� ��D ��*K'�

$�HD �: V>*f G-�0� ��*H� ��':� Y�q -�  rs� 	 ��D $t�-� !�+�� I�EJF �PJQ /*5'�� 	 �*��% ?��*���	-��1 G�*�

�� \	- Z*j;1	23 \	- 	 ��� G*1��� ��D ���� u�A�� I_�*(� Yf G.  

��	��� $: �J� -��5'�� a *�� G��D 	 ��*'�	- 	 E>��� G*1�f�	 �'(�) -�  i�� �$�*&�	- *1� !��  Z�:$�*�*� *1 $: 

I�D -� v�(� �	-	 ����_C *1 $: �2�	 ����_C *1G GEJF ��-�� -��L .-� !�� !�: I*:��- �'
: $�*&�	- $: �J� !'D�� 
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*�$x<�- �
��"C GEJF -� Z�: $�*�*� G*1 $�*&�	- G� $: B*
f ���C .$: !��1 -�P�� I*("*M� G��('� -� [*5� ]J'<� *��� -� 

$���� $("*M� !�� I�EJF -� I*:��- $�*&�	- I-�) $'F�
 ��� $> G���(� �� !�� I*("*M� ��-	C ��D ���.  �*�� -�

;1	23 G*1 Z*j�� ���� -� !�+�� I�EJF y�#& -� ��D  �� �n(: ��:C G*1;1	23 *1 $�HD @"*L -�  I�EJF /*5'�� G�*�

$: �2�	 BC -� !�+�� I�EJF $: *1 /�� $(��� $J��	  �M��� ��*���D 	 ���E�F ]J'<� G*1�'��-*3 ��TU� ��-�: 	 �K�> G*1

 $> ��� ���: !�+�� I�EJF �PJQ I����R� G	-$���� -� �� �-*D� I*("*M� !�� �� G���(� $: ��D. Mirbagheri et al. 

)2008( /�� $: $�HD 	 G�*� K�> G*1�'��-*3 G�*�V'
�� -� BC �  ����� �*'�� -� !> $�*&�	- G�-�� $("*M� �$�*&�	- G*1

.��'&��3 Mirbagheri et al. )2010 (�:*��-� G��: $�*&�	- -� G�-	*�> Z��� �: I-*P� 	 !�+�� I�EJF ��-�: $:  ��K�>

 .��'&���3 BCMirbagheri and Abaspour )2009( /�� $: V'
�� -� BC ��K�> �A*�- G�*� 1 .��'&���3 $�*&�	- G*

/�� 	 /*5'�� *: $M:�- -� G��('� I_*5� ���> m�: B��- G�*� ���. Mirbagheri )1981 (-� *��J> $�*&�	- -�  /*�D

/�� $: �*���K�"*>  .��'&���3 I*:��- /*5'�� 	 �A*�- G�*�Handayani )2019(  $�*��: �� ��*K'�� *: �
��"C -*: ��F�^ !��(� $:

Qual2kw -� $'&���3 z�*H�"*3 ���� $�*&�	-  .���Hendrasarien et al. )2020(  	 *�*:�-�� $�*&�	- -� G-�S
-*: ��	*5� $:

$&*D��  /�� *: �CQual2kw $'&���3 ���. Mohammadi et al. )2019( $���: V'�-�+"� ���J�� �:*��-� $:  BC $&�= G�*�

������H�"*> 	  /�� *:Qual2kw  .��'&���3 $�*&�	- -�Tabrizi et al. )2019( /�� $: $�*&�	- BC ��K�> G�*�   *: �	�1*D

 /�� �� ��*K'��Qual2kw  .��'&���3Gorbani et al. )2020( $�HD $:  �� ��*K'�� *: ����� -� �� $�*&�	- BC ��K�> G�*�

/��Qual2kw  ��'&���3. g�*'� ;1	23 �*��� �>*f �� �L� ��_*: HD$� G�*� -� �*� G*1 BC�3 �H
� $: �*� G*1 V> BC ��:. 

V1 !��= ;�: !��� �L� �I*K
F��-�pH� $�HD G�*� [�:�� $: Z�����C 	 rs� $: @���� �I��'�� ����1 �����'�"� �2�
>� 

�1��& 	 ��*���D��: �2�
>� /�J�� ���: ��� .Khalilzadeh and Mirbagheri )2019 I����R� ��-�: $: ( I�EJF �
��"C

$: �- !�+�� I�EJF �
��"C r>��� ��E�� 	 ��'&���3 $�*&�	- -� !�+�� ��"*(F 	 ���(� ����_C {:*�� `*���: @���� G*1 

��*
�� $��-� $A�f -� V1 �*��� .����> \-�E
 �	- {���� $: �+�� ��1	23 -� !��= 	 �:*��-� I�EJF !�+�� 	 G*1�'��-*3 

��*���D���E�F -� $A�f $��-� $�*&�	- $: �- E�+�� 	 Z������"C �!1C �
��"C ��E�� 	 ��'&���3 �*>�: �� ���_*: 	 �	-  @����

;�: `*���:  .����> \-�E
 $("*M��-�� !�+�� I�EJF !�: �
��"� -*: {���� 	 ;<3 ��E�� !���Khalilzadeh and 

Mirbagheri )2017*: ( $%�� $: ;1	23 G*1 Z*j�� ���D Z	E" HD$� G�*� /*5'�� �*F /�J�� I�EJF !�+�� $�*&�	- -� �� 

a��  $(��� ?� /�� ��K�> !D	- �� -� .��D /�� G�*� �K�> ����3 G*1 ��:C ���(� G�	��� �� /�� G*1 $(��� ���� ��D 

$: $�HD G�*� /�� 	 I�EJF /*5'�� G��� G�*� !�+�� y*#'&� $'F*� /�� i�1 *: ;1	23 !�� -� $> ��� ?� G�*�  G�(:

Z�� ���� -� !�+�� I�EJF  -�EF�Qual2kw  �� ��*K'�� *: 	����*���	-��1 /�� Hec-Ras  ��D Z��L� ��� !�� $: �H
���� 

	 �� a��  �
����> -� ���� Vba Z�� -�EF� Qual2kw �"	h*� $: Z*� heavy_metal $F*A�  $> ���� ��DY#K�� -�  G�*�

$:*% $"�*(� �*= 	 $��= Z�� ��*% - /�� ;<3 �K�> ���� $(��� ���� �� ��*K'�� *: ��D ������ G*1 G��
  �X	-*� $�*&�	- �� ��D

$M:�- [*H�-� G��: �KJ'<� G*1  X�F �M��� G*1�'��-*3 $: !�+�� I�EJF /�J�� �*F /	� $H��� ;�>�	 ?�'��� @��A ����

 $'F�
 �P� -��� .��D  

  

2 .0�� � (��
  �
 

2 .1 .1-
  Qual2kw 

 �� /*�1925 $"�*(� $t�-� �� r3 �Streeter-Phelps ;�3 G��:���: �PJQ $�*&�	- -� /�J�� �2�
>�*� �*1 ���>
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/�� *1$�HD G G�*�$�HD G��: G��('�$�*&�	- �K�> G�*�g�J& �*1BC 	 *1 $: �������� G*1  /�� .��� ���C ��%	

Qual2kw $�*&�	- BC ��K�> i	�(� $�*��: �� ��-�� ;����	 $> ��(� *1Qual2e  ���� -*: !�"	� ����Greg 

Pelletier et al. )2006(  $t�-� ��D��� ��D $'F�
 ���: �C �� $("*M� !�� -� $>) $�*��: !�� ;����	 !��&C .���( 

 $<
�5.1 �� �C$: 	 ���'��� a��  �� $> �D*: Y:*L �*+��- -�  ����_C /�	� 	 /*5'�� �$�*��: !�� .��� �F*�-� G*1

$�HD �- (��� ��Q ��(�) /��(�G�*� �����> $�*��: !�� .Qual2kw $: �- $�*&�	- ?� I-�) �*��% *: ����1 �G�(:

$�HD �&�������Q ��t�� �� G�*��� 	 ��> $M5� I-�) 	� $: �- G-�S
-*: �T� �����$M5� ��Q 	 G��P� -� G�  /�� .���+:

Qual2kw V1 $: �- I����R� ��� -�*L !��= Z*
 *: 	 $���	- I-�)V> ��*�� G*1 ?� �� �� $�HD ��*��� .��*�� G�*� 

Excel $: ����� �:�- ���F��
 G��: ���>�-�	 ���� *1 	 ��1*�� �%	�& $�*��: ��*K'�� ��D ��� .$�J> I*�J�� � *H�-� 

-� G	�>*� $���j� Office ���� /�	2�	 $'D�� ?�
�: ��D ) ���Pelletier and Chapra, 2005( .  

U��� 
��"C� +�� I�EJF ���� BC� !�� ����� H �(� BC ���*� +'
D� ~*& *1  	z�� G*1 	*fG +�� I�EJF� 	 !

��*
�� * 	 *1��D BlA*F ���*� �&*� *�)� �� ��*K'�� �{> -� Z��� 	 *1����"*(F G*1 >�-	*�G ��*(� � 	 �... 	 �*:	-� *

���>H� �1 �� �D*: 	� .+�� I�EJF��� -� !�:C ��  	 /�J�� �*F 	� -��-q G� � /*5'��� � ��:*>�f {:*� /�J�� �*F $> �

���: BC  �*F 	�-q G� *: 	 ��D I*:��- BS% �C  *1�f>� �� > .���-q 	 /�J�� �*F !�: �PJQ ���R� I�EJF G�  �� !�+��

 	 BS% �����F a�� �� X*K�� �:S%�	 ) �*�� ���*� V>*f �M��� ����D $> �'F�DO /�J�� �2�
>� (EC  	)pH(  G	-

��� -�S
��TU� �����F !�� .Shrestha and Orlob )1996*: ( $%�� $: �PJQ I�EJF !�+�� 	 G*1�*F ]J'<� �C *1 	 

V1 !��= I��T� �C  *1�: V'
���>� 	 ���� ��
�� *: ��*K'�� �� \	- Yf G��� �*�"� �	��� $: $�HD �*�G ��*�� 	 

��*�� ;<3 I*:��- ���H
= 	 I�EJF !�+�� -� @#� *1 ��'&���3 .�����FG $> /�� $�HD �*�G `*���: �C  -��'��

���) Y�D .1�� �����F !�� �*�: $: ( .�����3  

  

 
Figure 1. Conceptual Model of Key Processes Influencing Fate and Transport of Suspended Sediments and 

Associated Toxic Heavy Metals in Surface Water Systems ( Shrestha and Orlob, 1996)  
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2 .2 . 2(�-�
 �!��
��3��
(��
 

Y�D a:*M� )2( �� X	-*� $�*&�	- E��:C $A�f ��*("*M� ��	���$> �D*: ��� $&*D ��*1G -� $�*&�	- V���$� �	-

 ���	 ��> ��*1G -	*&G :��% 	� � $��=�� B*�� ��D�
���$��=�� [*5� .�G ��! $���� -� $�*&�	-*1G  ��>

2530 �'�G ��B� B��% -� -*#�� L�D� $���� 	 B*��*1G :�Q� ��� B*�� X�D -� {L�	 ��-� ��> )Modabberi and 

Moore, 2004.(   

��! $&*D$: B*�� ��D -� *1 V1 3�$'�� ��� �- X	-*� $�*&�	- 	�Y ���% ��% .��1���* J)��  X�D ��� �� �C

$: � B�Q ������: 	 �D*:G �-	*�> i-*#�G SR� 	 ��	��� Y&�� -��$ *�� -� ����  $�*&�	- $:$��-� �	-  V'&

�� ��D )Mehrabi et al., 1999.(  

 

  
Figure 2. Location of Sarouq River in Iran and West Azerbaijan province 

  

2 .3 . 1-
 �� 2(���	� �� (... � 56�	 ��76 ��
��8�
) �9�3��-�
 :�;�< =;>� �7� 5��?� ���;���

 �9�
�$;(��-�
HEC-RAS  

1 I*("*M��"	-�?� �%�3 �*�� ;� I*("*M� Z*j�� �*/�� �*� 	 ���(� 	 �"C aJ(� I*:��- /*5'�� 	 BC �*��% G

V1 !��=  -� !�+�� I�EJF B�
�� $�*&�	- BC �*��%�� ��D(A	 �&*�D .��% ��J�� 	 �*�*1�'��-*3 YG 1�"	-���� 

��D -� �*��%�*�� -� �]J'<� ��*�H� �G "*�C�$�*&�	- -*'F- E�#� 	 *1�V
��G �: �'����� I*���L� y�#& -� �C  *1

���D*:� -� .� !;1	23$H�% ��':� �*1G -*'F-G � �� X	-*� $�*&�	-�1 �*
��"	-�?� ��*: /�  -� G*1  $("*M��-��  *:

���:
��G �-�:�-�� ��%�� ����D 	 I*�l � ��� $K"e� ��*� 	 ���� �a�� G*1�'��-*3 $���� -� .�F�
 -��L  G*1

��*: G��: �*��%  G*1$("*M��-�� $: ���  .��C  

  

2 .4 .���� )���	 �&�'(�� �9�3��-�
 ���	  

HD �I*("*M� !�� -��$ �*�G 1��"	-?� �%���D -� X	-*� $�*&�	- �*� .�D �1��& Z*j�� ��%�� �$: -�P�� J��� Y

1�"	-�?� �%�� Yf��� �*�:�D Z*j���  
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- �*��% ?�"	-��1 I*H�*�� 	 �*��% Y�J�� ���� B*<'�� 

- ��� $DEM  �L� *: V��$�HD G��: �'� $��� 	 G�(:	� G�*� �l3 	 { *5� A��� $�HD G��: $�*&�	-  G�*�

?� G�(: 

- �-� 	 !��(��:*� �A��*� @��A) $�*&�	- G�:� @�(z�  

- �*5� B*<'��� �:� ��P��-�� $�HD ��% G�*�  

- (�����D !���� �G *3 	 ���_*: -���!  ��*: ���$("*M��-�� $�*&�	- �� 

-  	 �j���	 	 $�*&�	- ���"	-��1 /�� G��%���) �j�� �C 

- *'� $t�-��1 g�"	-���% ?��*  

 

 
Figure 3. The position of Cross section of Sarouq River Hec-Ras 

  

 I*H�*�� Z*j�� G��:/�� �*� -� GZ�� -�EF�Hec-Ras $:  I-�)?� G�(:  		�  ��� ��*�l � $> ��� Z�_ G�(:

Z�� -� G��� ����D ����� �F�(� -�EF����D �*��% �"*f -� I*�l � !�� .?� G�(: �� $: ����� ����� I-�)  G*1

��:- $: BC ���� *� 	 /*��� a�� ������: a�� �$j�� ��: G���  �*��% ����D -� G��� ����D .�D*: ]J'<� G*1	� G�(:

�� ) Bl�� i��
	-��1 Y�*D ������Q-T) YD� i��
	-��1 �(Stage-T) �*��% $j�� ����� 	 /*��� a�� �(Q-Stage-T (

��� ����D .��D*:�� *��� $j�� ����� 	 /*��� a�� G  �-*& G�(:	� uM� �� �*��% $> �%	�& G*1��� -� ������

�� ��D� $: �� �YD� i��
	-��1 	 Bl�� i��
	-��1 G��� ����D *�� .��	- -*>  *� G�	-	 �*��% ��� G��: ������

/�� -� .���D ��*K'�� G�(: 	� �*��% uM� ?� �� �%	�& ?� G�*� �	��� G�(: ��% X	-*� $�*&�	- $("*M��-�� �

 v�F �G��� ����D !��(���D ��*: ���_*: -� �*��% �: V>*f ����D �� /*��� ���*("*M� G*1  G�:��: $: $%�� *: .�D*:

$: $�*&�	- ���'� @�D �/*��� ����D -� $�*&�	- ]> @�D *: BC uM� @�D !��*3 G��� [�D ����� ��� 

)Downstream Condition(  	) �����: a��Critical Depth$: ( ) ���_*: G��� [�D �����Upstream 

Condition$�HD -� .�D $'F�
 �P� -� (  G�*�	� ) �*��% i��
	-��1 ��C G�(:Flow Hydrougraph( $: �����  [�D
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$&*D 	 �J)� ��
� ���_*: -� G�	-	 G���  /*��� a�� ��P� @�D 	 G�	-	 �L*�"� G*1$: ����� � [�D G��

!��*3 -� �%	�& ��� �C  *1 .�D $'F�
 �P� -�  

/�� ����  /�� -� $�*&�	- G�*�Qual2kw ��*: ����� ��� �- $�*&�	- /�� $> ��� I-�) !�� $:   �:-*> $> ��*1

�� p<��V�
5� ��*�� �� �*j�� ��*H�*�� ��
 ?� ��*: �1 Y&�� -� 	 ����� G��:�J�
���K�� $"�*(� rs� .��*�� ?�  G�(:

/*5'�� --*�'�� ) $"�*(�1�( G��: �- �� -*> $: ��
 �1�� r��K�� G��� \	- $: �- $"�*(� !�� 	 ���
 .��*��  

 $M:�-1(  ��
�� =

� ����
��
�	


��	 − ���
̄��
��	 + ��

�� + �
� 

�C-� $>C ) ����_C ��*� �PJQmg/lit �(t ) �*��sec �(A �: ���� �*�"� {M5� uM� ) �*��%m
2 �(DL  �
��>��3 @��A

)m
2
/s �(x ) $�*&�	- /� m �(u ) �*��% ���'� ����m/s �(s ) �%-*& �*= *� $��= I-*H�mg 	 (V ) �*�"� Vjfm

3 (

) $"�*(� ���- ��� Il�% .��'
11$: ( �� ���-*H� @���� $:*%) /*5'�� ��
���<3 �*= 	 $��= 	 ��	-� �*= 	 $��= �(��*%

 I-*H� .��	��:�� 
�� �
�� G*1�����F ��� ����_C ��*� �PJQ I����R� �+�*�: ��*� �1 G��: 	 ��� �M��� @
f�: �G�

V1 ��� I	*K'� �C i�#� *� ��"�� G*1�����F  ��(� �= ��� Z�� !��=�� 
��  .��� �PJQ �*����
 �+�*�: 

  

2 .5 .1�.�&� �3(��
 - :�;�< �� =��C DE�F; �-��  

p&*D Z�% $����� 4"�*(� �� ��*K'�� *: o_��(� �- �
��"C G*1 \	- ����  G��� G*1�� ���� $�HD �*� 4"�*(� .���� G

/*5'�� $M:�- @"*L -� ���% ����� ����*���- ?� �"*f G��: ;<3 $� 	 G�(: 	� �G�(:  `*�� G�(:/�� �*� �K�> G

 BC�� D*: �-�� -� $> �C �� ;�3 .�/�� �*� �� �&�: ��':� ��
L !�� -� ��D �H�) �� ��*K'�� *: �
��"C G*1�'��-*3 G

 -� $> G��J> V�1*K�/�� �*���*K'�� BC �
��"C G ADE  $M:�-�� �D�D ��1��& �F�(� ��.  Y�� -� ��*� ?� �PJQ

 ���� V'
�� �� y*& ��*�� 	�����F ���E�F G*1$:*% %* �+�� �*�� $: ��*�� �� �- /*�� G�E%� $> �
��>��3 	 ��

 /*5'���� ���1� $: -�  �C �+� . ��� �:*T $'
: V'
�� ?� -� ��*� Y> -��5� ��� ���R� /*f -� Vt��  ���� $>

�����F���E�F G*1� : *: .��> ���R� ���h�"��: *� ��*���D$ ?�F \	- G��
 -*> V l'� ���% -*D G��: "�*(�$  $�����)

 (Z�%?� G�(: /*5'��-  �- ;<3�� ���� $: I-�) :�D�� ���  

 $M:�-2(                                                                           ∂��
�� + ���

� − �
� !AD$

��
� % = A&S(

) + S�)*   

$M:�- !�� -� $>� Dl  �"�  �
���<3 @��A 	C  /�J�� !�+�� EJF �PJQ�� .�D*:  

 I-*H� $M:�- !�� -����
��  ��J�� ��TU� :i�(����

� $: -*�'�� : $:*% $J��	  ���*%�
� !AD$

��
� %$: -*�'�� :  ��
���<3 $J��	S(

) 

 	 (�PJQ/�*��) �H�*% �%	�& *� 	 G�	-	 ����_C -��5�S�
) ;1*> {H�� ;��EF� *� ���1 �� (�PJQ/�*��) �
��"C ���1� .��D*: 

  *: $M:�- -� D$$%�� *: $: !��  $> -�/�� �*�;��EF� G*1�'��-*3 	 �"�  �
���<3 ��
��"C G ;1*> 	 ���1� ���1� 

�� -��-�&�: G�*�� ���1� �� �
��"C  *1�'��-*3 !�� G-�0� 	 �:�j� �:�	- B*<'�� $: $'
:�	 I_�*(� Yf �L� 	 ��D*:

 �'��-*3 !�� �-��$: -�   -� [�
H���1	23  ��D ���� ��D.��� Kashefipour and Falconer )2000( V1  !��=

Noori et al. )2017 ( �  ;1	23 $�*&�	- �"�  ;<3 @��A $: �H
� ��&���*K'�� *: �� ?� /�� ��*H�*�� $���  G�

	 \	- �����
- �M&��Q )NLR (V�� $> �����- $j�'� !�� $: 	 ��'&���3  �"�  ;<3 @��A-� �Te� Y���� !���

$: �*(:� @���� �/*�*> @��A ~*�M)� 	 G*���� $�*&�	- �� ��D*: .$: ��� -�  ���� �"�  ;<3 @��A g�*'� $)l& -� 

;1	23 ) ��� ��D $��-� ]J'<� ���
Parsaie et al., 2015.(  
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Figure 4. Longitudinal Dispersion Coefficient parsaie et al. (2015) 

  

��'�?� �	>�� -� ;��� *1G :C� $: I-�) � $M:�-� ���� �*�� ��� �D:�  

 $M:�-3                                                                                    (                    ��
�� = S�) = −K. C.   

 -��5�m & -��J�  �������F*1G �
�� �M��� V1 ��= R���+�� I�EJF �PJQ I��� ���� !;1	23 ���
 �?�  -�

 $'F�
 �P��� �D �>� $� -� -��5� !$�HD G�*� I-�)  -� $'F�
;1	23 � �A*f��A .��� ��D $'F�
 �P� -� E� @

�	> ;�k  �-�� ���� (:*�� �� ��D��� ��M� ��TU�:�F�
 �P� -� -�S
 

 $M:�-4                                                                                  (                  K=f (T, EC, pH, DO)  

>�C -� $ �T *��G BC )o
C( �EC Q BC G-�D �PJ)mg/L( �pH $'����� ��E�� ��*�JL *� �DO  �2�
>� �PJQ

 /�J��)mg/L( ��  .�D*: 

*1-�E:� {L�	 -� ������ Z�J� -� ��*K'���-�� G*1-�E:��� �%	�& 	 g�*'� $: �*�'�� $%-� $> ��'
1 G*1 �C  *1

a:*M� /�'�> Z�� 	 $�"	� I*�l � $: �	-	 i�) 	 �-�� /�� �� ��*K'�� �+��+= $: �+'
: S3��G *'�� -� $x�C *: �C g

��D�(L�	 �� � �-� �� �1�����H% I*1*H'D� 	 *1*M& $: ��� ! S3*���G �'��� �1 �: .��D� �-�� I-	�A `*�� !

*'��HD �� Y)*f g�$ �*�G �%��-�� X	-*� $�*&�	- �* j���	� 
 -��L� ��	��� -� .���$("*M��-���*+'
�� �  G*1

 *: �- �*��% \�'

 	 $��3 ���*� /�� g�*'� ��':� /�� �j���	 ��% �S" .�-��� ��%	 �:� $j�� YD� 	 G�'�	-��1

$�*�� G*1 �-��1*� ��	*#� G	- -� Y�� \�'

 �D���: I*�l � 	 G�  �(� 	 $
�*5� ������ ����*: �  -� ��D �D *:

 ��% �+�� i�  �� .���� ?��E� �(L�	 ����D *: �- g�*'� !��� �f *� �/�� G*1�'��-*3 	 G�:� @��A �j���	

���*
f ����C �� /�� �j���	 �*�1 .�D ��*K'�� �j��  �*�: $>-�  �DZ�� -� �F� $H�*�� G*�H� � F� -�EHec-Ras 
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�� z���*� $M:�- : G*1�'��-*3 !�: �� .�D*:$ F�
-*>: G*1�'��-*3 ��*�� �$M:�- !�� -� $'$  -� $'F--*>/�� �*� $�*&�	- G

 z���*� G�:� @��A *��� 	 ���: $�*&�	- $���1 �� Y)*f �{M5� �f*
� 	 $�*&�	- ]> @�D ����"	-��1 k*(D ���*�

 �C -��5� $> ���`*���:  �-	C�: ��*�D-*> �P��� ��D $> G�'��-*3 *��� `*�� !�� �: .�� ���� ����*
f �-��  �j��

!�A .��� �'��-*3 !��1 ���
 -��L !��  $>$�HD -� ���� ;5� �'��-*3 !�� $#<�� !��(� 	 �*��% G�*�  �*��% G*1

!�� �� .�-�� �*
f 	-�� $: �H
� /�� ���A !��-�:�-�� @� R� 	 $'F�
 -��L���% ���'� ���� I��� ���'� 	 �*

 BC ���C uM� v��$: G��� R����A I���@ �*��$: z�  	 ����EF� I-�)) ��1*>5 �)-� �10 �)-� 	 25 �)-� (

 $H�*����D >*'� $�/	�% -� $J)*f g )1( J�� $: $%�� *: .��� ��D $t�-���*
f Y�Z*j�� � R� ��D�� uM� v�� I��

 BC ���C�:*L�Q $��3 uM� *� ���*
f �� Y�����= �� R� $: �H
����A I����*� @��� -��-�&�: z�� .�D*:   

 
Table 1. The percentage of changes in the average speed and width of the free surface of the water according 

to the changes in Manning's coefficient in the Sarouq River  
Percentage of changes in  

Manning's coefficient 
Percentage of  

flow rate changes 
The percentage of changes in  

the width of the free water surface 
-25 8.2 -7.8 
-10 -3.4 -3 
-5 -6.75 -1.4 
5 -12 2 

10 -14.5 3.4 
25 -20.9 8.5 

  

2 .6 .���� ���� ���	  

$�HD G*1�'��-*3G�*�  ����1 �*�� �/�J�� �2�
>� �� ���-*H� $("*M� !�� -� ��D �����'�"�pHZ�K�J> �  �Y>

�2�
>� �2�
>� ���*���D��: �1��&  .I��'�� 	 ���*���D �1��&$: �J� $���� -���: -� G-*�=  $: [�:��) ��*�� �-	�-*�= 
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-  :���"	-��1 /�*(� $"�*(�$: -�P�� �:� $H�*���  

- $"�*(� ��: :I-��f /�*(�I-��f $H�*�� G� 

- .�K�> ���� �PJQ $H�*�� G��: :Z�% /�*(� $"�*(� 

�����F G*1$:*% *%�� $'D�� Z�% /�*(� $"�*(� -� ��
��>��3 	 �� .���D$:*% *%��4 �� ���� ������F  -� $> ��� /*5'��

�� �- �*��% ��%Y5'�� ��*� ��1*� �1�  !�� -� �����D�����F  ���R������> )Chapra, 1997 .(/*5'��  I�-q$: �J� 

�
��>��3 ����� ��*�� �*����
 ��%	5 �-�� Z*� . !�������F $�*&�	- @#� 	 -�& ���*<� -� ��-�� ��_*: ���1� *1*�� 

$�*&�	- -� $> *1�����F $:*% *% ���1� G�-�� ���� @"*Q ��V> ��.��� G   
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:87�0 2 8�0 �� !"� ���� ���*5� Y�*D����1 ��K�> G*1  �1 *: @�*�'� @���A *:�����F  $&*D �1 -�

B*<'�� $M5� ����_C {:*�� I*�l � 	 $�*&�	- �� ��D�� olHL $> ���
� /�  -� ��%�� G� �C  *1$������D G-���:  .���  

  

2 .8 .)���	 �'���	  
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� -� G-���:V1 	 G� ��*: !��= $'F�
 I-�) G��:

$: /�� -�P��  -� �G�*� Y�q.��� ��D ��-	C ) �-�>S� $&*D�� ��
� Y> /� 15/78  $: (�'��J�>29  .��� ��D V�
5� ��*:

;�: ���*: ���(� !�� ��*: ���(� !��� �� $("*M� !�� -� ��%�� G*1��*: !�� /�  .�D*:/	�% -� *1 )2( ��� ��D ��-	C.  

 
Table 2.The length of Sarouq reach 

No. Length Cumulative length 
reach 1 2.92 78.15 
reach 2 2.63 75.24 
reach 3 2.39 72.60 
reach 4 4.17 70.21 
reach 5 2.31 66.04 
reach 6 2.52 63.73 
reach 7 1.49 61.21 
reach 8 1.95 59.72 
reach 9 2.05 57.77 

reach 10 3.05 55.72 
reach 11 4 52.67 
reach 12 2.65 51.22 
reach 13 3.92 48.57 
reach 14 4.37 44.65 
reach 15 2.73 40.28 
reach 16 2.82 37.55 
reach 17 1.98 34.72 
reach 18 2.88 32.74 
reach 19 4.09 29.86 
reach 20 2.87 25.77 
reach 21 2.16 22.91 
reach 22 2.59 20.74 
reach 23 1.89 18.15 
reach 24 2.70 16.26 
reach 25 2.98 13.56 
reach 26 2.26 10.57 
reach 27 1.70 8.32 
reach 28 4.13 6.62 
reach 29 2.49 2.49 
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� I*#<����*+'
 *1G $���� G-���:  /	�% ��D $: $&*D�� !�� -�)3( �� D*:�.  

  
Table 3. Specifications of sampling stations 

Station 
The distance from the station to  

the end of the Reach (km) 
Specification of Station Province 

1-4-14 78.15 Above the city of Takab 

West Azerbaijan 2-4-15 66.03 Sarouq downstream of Takab city 
6-4-21 6.61 Sarouq before entering Bukan dam 

  

$&*D Z*� 	 ��(L��  /	�% ��D $: ���
� !�� -� G�	-	 G*1)4 (���D*: .  

  
Table 4. Specifications of the input reaches to the main reach  

Station 
The distance from the station to  

the end of the Reach (km) 
Specification of Station Province 

8-4-19 61.2 Bala Chole road, Takab - Shahin Dej West Azerbaijan 

 

��*�*�D ����_C {:*�� I*#<�� $�HD -� $> ���*: !�� /�  -� ��D /	�% ��D $: ���� ��D ���� �T� G�*�)5 (

 .���  

  
Table 5. Characteristics of polluting sources along the 5th reach route (distance in kilometers) 

Station Distance to the end of the Reach Pollution source City Province 

13-t 75.24 Takab wastewater Takab 

Western Azerbaijan 
14-t 72.6 Takab wastewater Takab 

12-t 70.21 Omid Paper cartoning Takab 

9-t 59.72 sand wash Takab 

  

 I*�l ���-�� ��*�D��1� �*+'
�� I*�l � �� �$&*D !�� -� �*"B*��" �U�� !��D  I����R� -����� �$���� -� .���

�2�
>� ���*���D��: �1��& �2�
>� �Y> Z�K�J> �����'�"� ����1 �*�� �/�J�� �2�
>� ��:� G*1�'��-*3  �1��&

.��� ��D ��-	C I��'�� 	 ��*���D  

  

3 .J�� � K;��&  

3 .1 . 5��& 1���&�7& ��(���  

 /	� �:��$���� G-���:  -� $ �:�� G*1-����� -� X	-*� $&*D�� ��) Y�D G*1-�����5(  �����D ���� �*�� .���  

  

3 .2 . L�( 5��&�&�7& ���(��  

 Z	� �:��$���� G-���:  �X	-*� $&*D�� �� -��*���� �& *:? �*�� ���:� ���*+'
  $%��� *1��D  Y�"� !��1 $: .���

���$�HD ��*� �*�� !�� -� �$&*D�� !�� G�*��.��� ���H� �
 

  

3 .3 . L�	 5��&�&�7& ���(��  

 Z�� �:��$���� G-���:  �� -� $ �:�� G*1-����� -� X	-*� $&*D��) Y�D G*1-�����6$: (  @������D ���� �*�� .���  
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Figure 5. The first round of sampling in Sarouq River 

  

 
Figure 6. The third round of sampling in Sarouq River 
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Continued figure 6. The third round of sampling in Sarouq River 

 

3 .4 . L��MN 5��&�&�7& ���(��  

�:�� Z-*�= $���� G-���:  �� G*1-����� -� X	-*� $&*D��) Y�D7 ($:  @������D ���� �*�� .���  

  

 
Figure 7. The fourth round of sampling in Sarouq River 
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Continued figure 7. The fourth round of sampling in Sarouq River 

  

4 .�O��& ���P  

3 �� r /�� �K�> 	 ��> ������H�"*>Qual2kw�  G��:$�HD �*� �
����> a��  �� !�+�� I�EJF /�J�� �*F �PJQ G

 ���� -�VBA Z��  -�EF�Qual2kw � Z*� $: �"	h*heavy metal  $F*A��D I_�*(� @���A rs� .k  $: $%�� *:

 �/�J�� �2�
>� �*�� �!�+�� EJF �PJQ -��5�pH  	EC  ������H�"*> G��: 	 �D v�F G��� ��':� ]J'<� /�#F -�

?��*���� ��*: (?�'�h V'�-�+"� \	-) !��(� �C G��: G��D$�HD -� /�� G*M& rs� .�*F �PJQ G�*�  I�EJF /�J��

���� *: !�+��$���> ?�'�h V'�-�+"� \���: {:*� a��  �� ����1*�� G*1 V'�-�+"� $: ��D �F�(� \���: {:*� .�D G�*�

� `��(� {:*� ?�'�h�+�*�*M& I*(:�� -S% !G .�D B*<'�� /�� $: �F�(� ��% ��D /*���  G��%� �� r3

I�EJF �PJQ $H�*�� G��: ?��*���� ������H�"*> ���*5� !�+�� I�EJF /�J�� �*F �PJQ !'D�� *: !�+�� K  $H�*��

G*% 	 ��D $'F�
 �P� -� ��'�-*+" 	 �M& I_�*(� -� 	 �D$: $%�� *: .�D G-�S
 !�� g�3 $>  -� /��j� @��A

I_�*(� k  -��5� g�3 $: �-�� ��%	k G*% G��:5� 	� -��5� g�3 !�� �� $> V�-�� �*�� I_�*(� -� G-�S
 -*�: Y#F -� -��

 B*<'�� -*> !�� ��% �*'
�� Y#F -� -��5� ?� 	 E��*3 Y#F -� -��5� 	��D ���*5� !'D�� *: !���:*�: .k�  �2�
>� �*��

 �/�J��pH  	EC  a:*M� I_�*(� �:*T @���A/	�% G*1 )6) 	 (7(  $H�*���D�*�*D .  !�� -� ��� �>q/	�% G*1 

 G*1�f�	DO�T� EC  	ki $: @���� ./
01� �℃ �umhos  	3

�45 ��'
1 )i.(��� EJF Z*� :  

 I_�*(� �:*T @���A $H�*�� �� r3k$�HD G��: �-� I_�*(� a��  �� !�+�� I�EJF G�*��$t ;�>�	 @��A ��D� 

 /	h*� -� ���%heavy metal ?� !�+�� EJF �1 G��: $�*��: �> ��
L -� ?� 	 �M& $M:�- -*:  $M:�- -*:��'�-*+" k 

 G*M& ��E�� 	 �D �F�(�/�� �*�/	�% a:*M� G )8(  $H�*���D.  

  
Table 6. Linear equations of reaction coefficient of disolved heavy metals 

678 = 0.00509T + 0.03508DO − 0.2643pH + 0.00014EC + 1.44994 Heavy metal NO. of Equation 

k�� = −0.08374T − 0.53401DO + 3.82731pH − 0.00193EC − 20.5194 pb (1) 

kIJ = 0.00172T + 0.01256DO − 0.09666pH + 0.00005EC + 0.54081 Cd (2) 

678 = 0.00509T + 0.03508DO − 0.2643pH + 0.00014EC + 1.44994 Zn (3) 

  
Table 7. Logarithmic equations of the reaction coefficient of dissolved heavy metals 

k78 = −0.01268 ln T − 0.05859 ln DO + 0.23847 ln pH − 0.02424 ln EC − 0.14389 Heavy metal NO. of Equation 

k�� = 0.07045 ln T + 0.49898 ln DO − 2.83921 ln pH + 0.2832 ln EC + 2.50094 pb (4) 

kIJ = −0.00659 ln T − 0.02739 ln DO + 0.10763 ln pH − 0.01018 ln EC − 0.05939 Cd (5) 

k78 = −0.01268 ln T − 0.05859 ln DO + 0.23847 ln pH − 0.02424 ln EC − 0.14389 Zn (6) 
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Table 9. Calculation of modeling error 

RSME AME Type of relationship Heavy metal 

0.46 0.31 Linear pb 
3.7 1.8 Logarithmic 

0.42 0.24 Linear Cd 
2.3 1.2 Logarithmic 

0.75 0.56 Linear Zn 
4.8 2.8 Logarithmic 

  

 /	�% $: $%�� *:)9 ( �M& I_�*(� ��� �*�� g�*'�k $�HD G��: I_�*(� $: �H
� !�+�� I�EJF /�J�� �*F G�*�

 G*M& �C ��'�-*+"V> ��$�HD ��% �S" .���-�� �- G �G	- 	 V���*> �B�� !�+�� I�EJF /�J�� �*F �PJQ G�*�

 ��*K'�� X	-*� $�*&�	- G��:�D  $> /�� ���� $�*&�	- !�+�� I�EJF �PJQ ���*5�Y�D a:*M�) G*18(  *�)10( 

.�D $H�*��   

  

 
Figure 8. Total lead concentration of Sarouq River in (a) spring (b) autumn, (c) winter season in the developed 

Qual2kw model 
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Figure 9. Total Pb concentration of Sarouq River in (a) spring (b) autumn, (c) winter season in the developed 

Qual2kw model 

 

 

     
 

 
Figure 10. Total Zn concentration of Sarouq River in (a) spring (b) autumn, (c) winter season in the developed 

Qual2kw model 

  

 *'��� �*�� g�  �1�>�A $�� @�'�?� �	>��: 	 ���: I	*K'� $�*&�	- ]J'<� [*5� -� ;�G $�HD G�*� (� 	�� !
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V1 !��= �EF���(� ;� ���� $(��� /�� �L� -�� *1�'��-*3 �� ��*K'�� I-�) -� ��DG ���M�  �*= 	 $��= Z�� -� X�F

 I_�*(�$:*% ��*%-  	 ���: ;<3��TU� *1�'��-*3G �>K� ��=*� �+� E�� D*:*'� $> ���: /�� �� Y)*f g� �+�*>�-*�� 

 -� �C @�*��$�HD G�*� +�� I�EJF /�J�� �*F� ! $�*&�	- -��� D*:�.  $: �H
� !�+�� I�EJF ���*
f ���"	�

����'�"� ����1 �/�J�� �2�
>� �*�� �K�> G*1�'��-*3  	pH $: :��� ��� I-�)  
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T > pH >EC >DOG��: : B�� EJF  

EC > pH > T > DOV���*> EJF G��: :  

T > DO > pH > ECG	- EJF G��: :  
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1. Calibration 

2. Verification 
3. Equation of state 
4. Advection 

5. Dispersion 

6 .Q!�$
 R���S  
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��
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