
�� �����	� 
���
� ��
� �� ���� ��� ����� ������ � ��
  �!�"� �# 1399  

  :
(�)� �*�+�� ,+��#20/06/1397  

  ,+��#�+��� 2�3�4�   :
(�)�19/09/1397  

  :
(�)� 5�+67 ,+��#21/12/1397  

  :���8934   -  15  

  

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

  

 �)��(* �+��*1 ./��0# 1���2 .#�3
� 4�(1
3 

  

 �=
>�  

�=�� 

?��� @A ��A �� 53 �"�B�
C2  !���C !�"D� �� !�E�
D ��� F�G FBHEIJ���=�  � �D�+>�  4�K�L �#+M  4� �� !����

� �BNC�=�� 7 �� .� ��� ���� 2 �=�� ���� 4�� � 7 PC 4��#
� 4 
 +� � QRD+ �"�� D�
�=  .�D��� S�? ��T �U�?
�� N>V4�  ��

 ��E� @�����B� FW ��V2 �X�7Y  4� Z��[ \��H� 
  !=�� 
��[��C F��7 � �=����=��2 ��>�=��2 7
�  @)"H���=�B� ���� S��"?� .

���B� FW�V2 �=���+ ]B8��  � 4� \�T ��+��B J��� 7 ����
� *�� 4� .=�B�� �+�3  � FWF��7�V2 �=���+  ��B� 2����@?�=�  �

�4 
  ]B8� �  � =H"�V ������* \���
M ��=H��B#  ^�D A�B(W� 4 FW+�4�
H� � �� .=�B� 
)RH�+M  �"D��
)RH��2 
C �� ��=? 4  C
�"�B� 

7 
  ����
�  =D �[�D ��E ����� 
�9�*FBD�A
�  �_� ��
"*�A�=� � �� .�D�+M )�#
\ D�� �  A�B(W� �
@> 4 FW ��+�4�
H� 

��4W 4� ���8"D� �  
)RH�+` �+��#�L  A�B(W �B�7 !��C a	N� �� L�*2�V 3HD
M  �  b�C�����L*� FEFLOW ������=� ��4W .�D�+` 

� F6E+��#�L � !�N��=V�  ��=)� 
CKd R[ �(�? �� �V �� c� L�*�  �G
R[��  
`  4�Ni  �Co *�� 4� � �D�� �+ ��3  S=� ��

G
R[�� (=��*
 �d   !�B# �  eB� 4� c�
`  4�1  �Ni � Co  4� �"�C !�B# �  eB� 4�1 ��f=��  �� �H +M �g*
� �  c� F6E
��  
�"N  �� 4�

� L�*+�3  .�D�M+�� �H  "(�? ���  �hHT 
D 
C�=� ��+ �� 
 
� �)� �� c� �=�B� ����+
� � L�* �� � + ��3  
�"N  F]�E ���] ��� ��

� ��"*�A��B�  A�B(W �� �� �� c�
�  FW
 ^#��� Hi�V .�B  =V�B[ �"�C
M ���B#�+ L�* F6E2�V 3HD
M jHD �DB#�V2  
)RH��� 

k�[ 4� �"�C ��=� ��B7 �(�?�V2 �"� .�D� 
)RH�+l ��

4�D2 �E+!�  �� ��E S�)"�� ����=��2 7
�  !�N���=V� (� 
  
C
@ 

N>V4� � +b 	�# !�4
�  �����=��2 7
� �+�=����  .�D� �M+�� �H  �+M  A�B(W � � �D� �=� ^�D� L�*2�V 3HD
M 7 ��D 
 
�   �

����V2 W �N� 4� � ���C �C�? Y�X�7 A�B(� 7 4� �#��� \��H� 
 
� �� 
 +\  S�)"���*�*�  AB�E
�2 ���+=Hi�V .
M S=�4�D2  A�B(W� 

4 FW+�4�
H�  �����=��2  =DFBD� A
�  !�N���=V� (� 
  
C
@ �=V+� V
(��=
>� �7
+ �M �
^ V
(��=
>�  � �C"���

� 

 �T�D�7
+M 4 FW+�4�
H� � ��A=��� !��42  A�B(W� �
@>  �����=��2  =DFBD� A
� �mB��  A�B(W �N� S��"?� � �B  =V�B[�  
 

�7
+ M�D� =��  k=��.  

  

 :2=
�C !�AY�� A�B(W � �� � ��4W+` �+ ���#�L  =DFBD� A
� � A�B(W S=�� 4 FW+�4�
H� � �����L*� *
B�8.  

 
1 - �����	
� �� 
����� ����� � 
����������� �������� � ( �!�� 
"��	��)  jahanshahireza@science.usb.ac.ir  

2 -  �%����& ��'�& ���� ()� �*�+ 
������� ���,��  sepidehmali@shahroodut.ac.ir  

3 - ����
�' .�/��) 0���� ���� () "�
�� � 
����������� �������� �  ravandgeology@yahoo.com  



  

  

  

  

16   -----------------------------------   2� 3��4�5� .�%��6 74�* �8 

�� 9:� 

�;� 824 8 ������=1399  

 


�=)�   

��� ���� 	
�� � �
�
�� 	�� ������� ������� � 	��� �
 (� 
�!") $%� ��&'(� � �)���%*� +" ��*%� �)�,
-�� .
�.( /
�0'�� �
�1� 	%� 2* 3��� %, �
�
�� 	��4%5	�� /
�� 	���6�%7�/���(�  �� �)'8�( �
�9 �

�,/%0� �:�!����� 	��%'����� � ;*�%� �'��
���� 2* � �(%�<, %=( �
 �� ��>9�� 	���� �(�*�%  ��1?� �
�:*@�!�A@�����  B�)��, �'��
 �� ��1� C�%7� /��D��!�6�
��E ��� %F�)� -�� G�HI, J	
�� -�� �, 	���

/%0� K�( �, �'8, ��*%� L
'I� ;*�%� J
���� �� �� %=( �
 �� �:*@�!�A@����� /��D�� ;*�%� ��� �
�9 � 
%� 
���� M�, �9
 �, ��1� /
���� �
� �'!�
) �)E 	���/
� J����:.� � �(��1383Q�)D.� � � 
�!" R����� �
 .( 

�������	 �
�1� �
 $%� ��&'(� � �)���%*� +" ��*%�J  ���S� 	���8, 	��$�T(��E /��  �U%, �, ���
� �

/����/�� * .��� 2 ���0� ���� ��@�!�A@���*:� ���1,	  �*2 
�� ���	 �%,	 ���,�)� %�*�� +"��	 

�*��%�)� � +" V��:� �*��%�)�  �
* 2 M �
 W�085 ��1�*�� X�QJ 6�%7�/��  5� R�%I� �1��� .����  �

 ��1� Y7�)� � �" C�%7����,�)�/��  �Z[��%	��  �, R�,%����;�*�8 \�,
��� �'5% ��%9 � .���*Q  ���

)D.��Q ����] %�*�� � +"*��%�)�  �
 ��V(����	 .I� ��1� L
'I��Q  .��� /
� ���'(*^ ���S� �%,	 
 ���(%,�*]	  @�_.�+"��	 �*��%�)�  ��� �`: �
�1� �1��� L
'I� V6�%� �
 ��1�/
�0'��/�� ) ���Zhang et 

al., 2018(.  �, �
�/%�,��
%,	 @�_.� �  �
 �)���%*� +"��1� ��,�� �*.�Q Q�X Q�" �=
aJ  ])<)���* ��� 
�]5�*�*�'5�  .������ %�*�� � +"*��%�)�  �/��V6��	 
���
� � �
*Q �%, �1!�b�	 ���,�)�  
�!" �=
a�  �

c� �(����%	�� !�E �� d����%����  J$���� @�_.� �, .�� /
�0'��M"*/�)�� %� ��� �
 /�X �.� �,*��  � W%����
)a �/���(�Q�)D.� .  �=
aM"*/�)��  
�!" �)��
 �� �]5� �,*� �%*�� �]5�*�*�'5� ) ���Li et al., 2016(. %Z�	�� 

`:���  +"�
*:�  ���
�1� ��a� e)�  ��'8�!��%,
���� �'5% ��%9  .���+"��	 �*��%�)� ���
	 pH 
](*2  �,
f)U .��� �!�6�
��E M�, �=
a	  ��) W�0!��3/827 ��
�$%  ! �
�%'%
E J(*�  ��)903 ��
�$%  ! �
�%'�� � (*l 
 ��)606 ��
�$%  ! �
�%' (�� /�*
.
��  ��)� ])<)� � Q�" �=
a�,W��F 
��� �]5�*�*�'5� 
5 �=
a �	��] 
*%< 

� %=( �, .��� lE��%� �, ])<)� � Q�" �=
a ����n �,����
 +���	�� 8E��� � � Q�"�8E�����  �
��%E�
����  �%')E��
�� .f)U����	 /�� �:�� +" �*���� W�),%E ;��� ��1� ���� $�T(�) 
��Sracek et 

al., 2010 .(���"*���	 ���"*��<`� ��� ����	 �!�&'(�-`)E��� �%,	 ���*,�� ��A@ Wp��1��.���* ,�Q  +" �'`(
	���(�.8� (�1��  ����I,"��	  ���T�$�T(�/��  +" �)E�� .��� �'`(, ��1����I," W��q � n�� �]5�*� pH J


9�A���  � l*]�)� � l�8
E�� ��
��.��� / !�6�
��E W�0!�� JQ�" ]
5 ��� Al JZn JCd JCu JCr  �Mn  ���E
�'5�*.�(�  �� VF�6 ^*�'(�%5*���)	 ��A@�.���* ���"*���	 ���"*��<`� �!�&'(� ��� �
-`)E��� ��� ���,�)� 

 V��:� �)���%*� +"8� 
��'�� �
�% %�*�� � +"*��%�)�  ��1� 	���(�.8� V�� � ��1� �
/
�0'��/��  .����*Q 
"%5 r�
 �, �1!�b�*���)	 ��A@�.���* �� ��1� +��� ��&'(� � ���(%� %, lE�6��  �
���I,"�� 2.E  ��� /
%E

)Young et al., 2016 .(� Wp:`��@�!�A@���*:�  �, R�,%� �.��U*Q'5�  2* �
 ��1���!�'*� ��%,�/�� ��� .
 ;*�%����Q��)��  %,��l'8��	 %�*�� � +"*��%�)� E%� ��n ��.���*  %Z� ��("��� �'��s  .���S� $�T(�/�� 

�'(*^ 1!�b���� J]T�*�
����V /
�
��	  � 
������/
����	 �����	 
��	 !���� Z[� �, /���� �, ���%	�� ��,*�5�  +"



  

  

  

  

17  --------------------------------------  7��. ���& ��� 3�@�A  �B����� � () 
�	����� � ���5�)...  

 

�%')E/�� $��9� �	�� ��D�/��	 �%, �E	  L9��/��`E (
������ � -��]  J������
 )Garzonio et al., 2014( �, .
 �� /
�0'��$%(��]5� Fluent J�����	  
�!"� ]
5	�� <)��Q  2* d� ��1� Q�X �
$�T(�/��  .����%5*�)  
�!"� 

M"*/�)��	 ]
5	�� <)��Q  �
 ���
7�,��	  ��1�%7 ��*Y �<!�	 
 l8T�*T�!�'�  ��`(/
�
/�� ��� )Song et 

al., 2011(.  
���� �, �,�`�
�*/��J ���S� ;��� �*��Dhakate et al., 2008 JSchwartz and Kgomanyane, 

2008 JMolson et al., 2005  �Biehler and Falck, 1999 $�T(�/�� .���  

� %, 	��:(�1� �� VF�6 W�%7�I� � ��%*� �
 �
�1� �1��� �, ���� �,]
5 � 
�!" ���%, J�)���%*� +" >,�)	�� 
 ��.�� �� Q�<)�t�5/
�1!��	  ��1� ��%*� u�], �
�1� �� �:* .��� ��
��U%, e)�Q�" %�  V   .��� ���%��

 
��6 �
 ��1� Q*�53 /
���� �
 � ���%�� +%a +�)� 	%'��
�E �*��5�%c� ��7 	´15 ˚55  ��´24 ˚55  
 �*��5�%c� 4%� � �9%�´3 ˚29  ��´7 ˚29  �!�.�>9��/�� .���  /%�, � x�%I'�� %Z� �
 ��1� Q*� ��1� �� 	��
%,

 ��� /���� �&b)� �,�'8*� yb� %*� �, ��1� ��� LE ��%� J2* /��.�� ���
� �
/%�, 	 ��� �, ��� 	��
%,W��%, 
  /
�]5� �"��
��Q*�%,�), .  ��� 	%� �
� �� +"<'5% � ��� J��1� Q�*�� W��
.� Q'U��(� yb� �)���%*� +"1 �
 

��6 �
 .���%�� ��6 J%?�6 W��
.� �`:�� �,����
 %06 	
��1� /�X �
 ���
 � �� ��%�, /
���� ��� �  @�_.�
+"	�� �)���%*� � �'`( �� W��F/��.� ��� �, 2*
]( ���8, �(�:� Q�)D.� .
%�  	1  ���*
 ���� �
 J��1�

 G�H'U� Q�" /%'(�8)E �(�U��E �� ���%U +�8� ����(� V�� �, J�9%�/
�
/��  V:�) ���1 %=( Y�7 .(
�� /
�
 ��.'6� J��1� �`:�� �I, ����)���E��� �9%� ���*
 �� Y.� �
 q�0( �, 
���� +�8� 
�� � /�� ��� 


 .���, /�� �9%� /���*
 	���*���( Q�)D.� � �`:�� �)*�%5 �
 ��p:`� 
�T*� n��+"��	 @�_.� �)���%*�  /��
 �� VF�6 %� �(�.8� /�%.� �, ��1� ��� �`:�� +" ����%���	  ���
 �, J	��:(�1��D?�6���*  ��� 2*
](

 V&')� ��1����(�� .+"��  �+�8���	 /��
�* J�a �, �
�, 3�.� �
 n�� �, n
(�E���	 ]
5 	���
	��  JQ�<)�
 � /
�.( V6 �� ��("Q*�%,�),  
��� 	���
V6/��  /
�
 ��.'6� .�)'8� �(���%5 Y
1� ���
��  Q*�+"�� q�0(�,  �,

.�(�� �)���%*� +" � 
�!" n�� Q��� �%,�),*Q ���S� Q*� �
J  � 
�!" ��&'(� �� �:*]
5	��  �1!�b�) Q�<)�
 �&b)� �)���%*� +" �
 (V:�( ]
5 	
����,����
 $%(��]5� �
0�52  �@��7 
��� ���� � 	������,�)� �'5% ��%9 

���.  Q*� �� /
�0'�� �,$%(��]5� �������	  ��1� �I� �(��� �(� �
 VI
I� /��D�� ;*�%���:��s�*%  Q*� �
 .���
�, �, �� /�*
%  -p� JY�&���:�� 	%� ��E J
���� %F�)� 	�),%=( �
 C�:� � /��
 Q'5%  � �I� �(��� 	��

�, ��E�%	 ;��� Q*� �
 +" �E%6 %, lE�6 WM
�1� n��)'� /
���� -��%� yb� ��.�� � Q<.��( �
 ��� 	
����( J���	�� ���� �!��9 V,�9 � n��)� 	��( �, J�&b)� �)���%*� +" yb�.�(�� 	���  

  

  

 
1 Dewatering 
2 FEFLOW (Finite Element subsurface FLOW system) 



  

  

  

  

18   -----------------------------------   2� 3��4�5� .�%��6 74�* �8 

�� 9:� 

�;� 824 8 ������=1399  

 

�4
MD�H� � 
)RH� ��B�T  

%=(��  �(�1� ��6�( J	@�!�5���%�  V  �'�� 2� �E ��� ���.��( �� ���.� >��� ��
 2* V��� Wp�:`� �� �*��
 �(�1� ��6�( .��� /
��"%, %� �" �� ���),%E%�  V  x�))� �)�� �9%� ��.� ��! �
- � 
�'5��%5 ��! � ���%��

��]:.(  �0EU�
�,"% F�5�6 �
 
�U �Ex�))� �)�� V-������ �(�`0`�" �),%.E � ���%��- J/��" 
��� �, %'U

�'5% ��%9  J/
�� �*��
) ���1370 ��1� e)� ���I," .(%�  V   �<)� � �'5%," �I, �
 ��:`��V/�� ���. 

 �I� 	���(��� �� �(�'�� �*M � �5%," �� �(�9�5 �*M:`��V/�� ':� ��1?� V�!
 �, �I� �(��� �
 .��� �:�(�
�<'8:� J�&b)�V8  � ��+" � /
%E V.� �'5%," ���I," 2* �)(�� ���<'8:� �pU �
 �)���%*� 	�� ��

�,�� ��&'(� �'6�� J	���]�� �)�86) �),�*1386 .(�*�I��)� ��6�( �
E �%�  V   ���.� >��� ��
 2* V���
�'�� 2� �E ��� ���.��( �����),%E Wp�:`� �� �*��  �6�� �� 	���
 ��6�( Q*� .��� /
��"%, %� �" ��

�I*�/�E .��� ���)���
 �� �" C�%7� ��
 z�'� 	�� 
��'�� .��� �'5% �%5 yb8� 	����]:.( � �'5%," 	��
��.� W���0��� ���.��,%a - +�)���
 ;��'� K�0��� .��� �9%� 
��6 �*�
 yb� �� �(�1� ��6�( �'5%," 	��

1730 .��� %'�  �
 ��1� �*�� +%a �
 .
��
 ��%9 
�,"%�U �0E ��]:.( ��1� �*�� ��.� �
�'��/�E  $�( �, 	����
��.� 
��'�� �, /%, /�X�,%a- K�0��� �, �9%� +�)�1980  %'��'5% ��%9  ��6�( +�)� �
 .����'��/�E Q�� �, %&�!�

 K�0���2037 �,%a 
��'�� � %'�-.89 �
 �&b)� Q*� .
��
 �9%���,�)� 	�� �0E ��]:.( � �8� �6��( ;��� %�
 u%�/����H�� /�E n��%� �, t%� � t%� +�)� W���0��� .��� %fE��6 K�0��� �, ��0� /�X 	��2000  � %'�
�'��/�E ,�, %fE��6 K�0��� �, �:� �1851  J/
�� �*��
) 
��
 ��%9 %'�1370.(  

  

  
 @>�1�# @
# �
7 �!=�� �
�JB� :  =D �FBD� A
�  

  



  

  

  

  

19  --------------------------------------  7��. ���& ��� 3�@�A  �B����� � () 
�	����� � ���5�)...  

 

�����V 5�� ��V  

L�* F6E @
���"7 �D��  ��E ��#�L+� `+��4W2�V  M
3HD  

�,��=)� ]
5 +s� V�8(�'� �
{8� ���%,	��  Q�<)�Ni JCo  �Cu  �)���%*� +" �
�,����
  e)� �
 
���� 	��
 J�&b)�5  e)� �� �(�.( � /
���� �
 ��')<� � ���:�� J%�%� J�8�� Jd*�)  	��Y.���	  ��� L
'I�

>.���"	  �
 .�5%  W��F ��(" 	�%, $%��]*� �*���" V6�%� d_� .�(�� �
�� � +���" J
%U /�<`*���" �
 �
��%,���	 ]
5 +s�	��  � Q�<)����"*���	 $%��]*�J � 
��� $%� |M�.1+s�/��  L�F�� 
��� $%� �6�� �

�� J�:)*� 4%5 �, .
���=
a��	  � ��
�� �*��.�� /
��+s�/��  Q�, +" � �)'8� �
�1� �
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a 	��6 W��qC1 �=
a ���� ��5 �
 J���, ��
�� /
�� �� J+s�/��  ���&�C1*  % � ��6 .
�, ����U

 �=
a �, +" ���C2  �=
a J��%, �*�� �
�1� �, l'8�� � �,�* %��c�+s�/��  	�*�� ���&� �,C2*  ����U
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 L
'I��*���" ^*�'( �� /
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 �, ��) $%��]*� �)�)� n�� Q'��
 .�*"C∂C*/∂ �
 l�� C���� �� �:* J(��%,���	  ��&'(�
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��"/��  W�� �, ��U%X /�<'�
 ���
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�
� �
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 .(J ��� n*%? � �bU �!�6 �
 �
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/
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1 Isotherm 
2 Freundlich 
3 Distribution Coefficient 
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�� ��`( ���� 
���� � ����
�.( ���&� �E ��
dK  � �bU �!�6 �
 %� �
 d� ]
5a�bU%�  �� ��,Ni  �Co  ���
 ��� �
 J%<*
 �5%7 �� �a�bU%�  �� ��, ���� �, K�( �� d� J��!�(%51  �Ni � Co  �� %'.E ���� �, K�( ��1 

�����, B<*
 ]
5 �
 �� %'`�, ���8, d� +s� ��5%� Q*�%,�), .��� %Q*�%,�),  %H)� �� �E �'!�6 �
/��
�*  �,
�� ��'5%  +q�� W��q $�
 �
 %'`�, %<*
 ]
5 �
 �, �8*�&� �
 d� J�(�� 
��� ;��� ;��� �
 d� � 
�!" � 
��

 +"�,n��%� .
�, ����U %'.E  ^*�'( �, ���� �,�,��
/��"  �*���" �, �8*�&� �
 ���S� Q*� $%��]*� �*���" ��
�]*�r�U $%� �&b)� 	���1!�b�
���  ;���Jahanshahi and Zare )2014�� /�*
 ( e)� 
�� �� �&b)� 	��

�)'8� ��
��U%, 	%'.E ���8, +s� V�8(�'� B�� /
�
 ��.'6� Q*�%,�),]
5 � 
�!" 
��� W��F �
 
��	��  Q�<)�
�� �, ��8( 	%'`�, ��%� �, � 
�!" %,� J�<)� ;��� �
 �)���%*� +" �,.�)E �E%6 �'5%," ;�  

  
 S�=E1��#�L+� `+��4W l+�"� :  F6ECu 
 D�

�  2��? SB��� �  ������ �� �=� ��B7 jHDCu �Ni  �CO  � �_�G�V2  4� �8�"	�

Cu  
) 2�hHT =H� �(�? �� c�Cu �Ni � Co (  

 ���� ��=)�F6E�=� (µg/g) F]�E !4� (g)  SB��� ��? (L)  �(���# �_�G(mg/L)  �_�G

(�� (mg/L) 

24/703 10 05/0 65/49 3/190 
3/764 10 05/0 94/34 8/187 
9/515 10 05/0 52/24 7/127 

16/131 10 05/0 97/7 2/34 
55/100 10 05/0 29/4 4/24 
93/58 10 05/0 51/2 3/14 
42/42 10 05/0 72/1 2/10 

78/6 10 05/0 34/0 7/1 

6/0 10 05/0 08/0 2/0 

  

 S�=E2:  F6E ��#�L+� `+��4W l+�"�Co 
 D�

�  2��? SB��� �  ������ �� ��B7 jHDCo �Ni  �Cu  � �_�G�V2  4� �8�"	�Co 

) 2�hHT =H� �(�? �� �(��CCu �Ni �Co (  

 ���� ��=)�F6E�=� (µg/g) F]�E !4� (g)  SB��� ��? (L)  �(���# �_�G(mg/L) 

(�� �_�G (mg/L) 

96/688 10 05/0 50/52 7/174 
2/718 10 05/0 16/44 4/165 

55/508 10 05/0 99/25 7/122 
35/89 10 05/0 33/16 94/94 
35/109 10 05/0 53/2 35 
89/69 10 05/0 32/0 4/20 
34/50 10 05/0 13/0 4/18 
45/8 10 05/0 009/0 8/1 
99/0 10 05/0 0016/0 18/0 
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 S�=E3:  F6E ��#�L+� `+��4W l+�"�Ni 
 D�

�  2��? SB��� �  ������ �� �=� ��B7 jHDNi �Cu  �Co  �  �_�G�V2  4� �8�"	�

Ni 
) 2�hHT =H� �(�? �� �(��CCu �Ni �Co (  

 ���� ��=)�F6E�=� (µg/g) F]�E !4� (g)  SB��� ��? (L)  �(���# �_�G(mg/L) 

(�� �_�G (mg/L) 

5/560 10 05/0 2/78 8/168 
5/651 10 05/0 5/57 1/148 

420 10 05/0 7/43 9/128 
5/44 10 05/0 3/25 7/98 
2/39 10 05/0 56/16 1/80 

52/65 10 05/0 19/1 4/25 
66/50 10 05/0 07/0 7/17 
48/8 10 05/0 004/0 77/1 
1 10 05/0 0005/0 17/0 

  

 S�=E4:  � I+4B# ^+�U��U+^  ��#�L+� 4� ���8"D� �  �3"���V �9�HT 2��  d
(=��* � �R[ S=� 2�VCu �Co  �Ni 

�R[ S=� d
(=��* S=� 
 
�B�� 

dK 2R   fK j 2R 

35/17 923/0   41/16 07/1 978/0 Cu 

jHD ��B7 65/14 913/0   44/72 53/0 907/0 Co 

28/8 84/0   17/51 41/0 783/0 Ni 

  

  

 @>�2:  F6E ��#�L+�Co �Ni  �Cu 
�B�� 2�hHT =H� �(�? ���=� ��B7 jHD 2  
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�* �,W��F 

 �(� ���������	 /�� .�(��,
E��7� C����  ���W�����(� (L!� :�� �*���)� l'8�� (+ �:*@�!�A@����� 

����%��c� 	���	�� �(�:� � �(��� yb� ./�)*M" �=
a � �)���%*� +"  

 ���*���( � ���*�� �!�6 �
 	�%, ���1!�b� /
���� ��*%� �?�*� �������/��  ����:.� � ���`(���) ���1396 .(
 �)� /��
 2* 	�%, ��� J���*�� ;*�%� �
* 2���� %��) 1386(  /��
 2* 	�%, J���*���( ;*�%� �
 �* 2�!��  %��)

1386 ��  /��%��1387 �, (12 /��
 �)� 	* 2���� )12 $�  .��� /�� �T)��� � �%�� J(�(���  
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���� ���I," J�� /�����*M �� ���1!�b� 	 �<)� � �'5%," 	:`��V/��  V:�) ���4 (
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 �
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 -��, %*
�&� �(M�� ;��'� 	�)�� %,��Z/��  ��1� ���)���� /�<'8*� �
%�  V J  q�0( n*%? Q�)D.� � ��]��
50 �� q�0( ���I," �, -��, Y*%7 �� �E �," lT6 �F�
�)EJ %,�%,�, 1512996  �5%7 �� .��� ��� �
 n1:�%'�

%<*
J /%0� yb� 	%� ��%9 Y�.� ��6�( Q*� �
 �:)*� n�� �, �� ��, ��)���%*� +" 	5  �� %�I�� ��]�� J��� %'�
 %=( �
 ]�X�( �)���%*� +" 5% �'/�� /
�
 	�)�� %, .���/���(� 	�� /���*
 �� /�� �:�� +" lT6 �� /�� 	%� 

/�X � ��� %,�%, ��1� ��� �� ��
I� ��]�� �(M�� ;��'� K�.T� J��1� �`:�� �6�� @�_.� 	��55/2  ���
��
n1:�%'� ) ���`(��� ^*�'( 3��� %, .���1392(J � Y*%7 �� �)���%*� +" �, 	q�0( +" ��]�� %,�%, %� V�01/0 

 �� /
�0'�� �, ���I," /S*� ���," � �:�!����� �*��� ��!�� %*
�&� .
�, ����U ��� �
 n1:�%'� ���
������"��	 
uM � @�_.�/�X 	��06 	��/
���� �
 �5�`'E� � 	%'��]�� 	������ 	�)�� %, ���1!�b� 		��  ) 
���(�'��Todd 

and Mays, 2005( �, � ������ ( $% V:� .�*
%  �5%1� ��]5�7 ���� ���*�� ��*%� �!�6 �
 �:�!����� ��, 	���
/�X/���`� 	���� ��`( �� �T)��� �
6%� ��*�� �� d� 	� ���� �T)���� �� d�� .��
�'U��/��  ��!�6 �


��� J����*�� ��*%� ����*���( ��*%� ��!�6 �
 	���6�%7�/�� .���  

  

 
 @>�7:  �� ��=+�7 !�+�E �(�? �� S=� �#��D��� �+��� �>
(��=
V  

  

 C�% ������������	/�� /�X �� �:* �T)��� �� �1, � V�9 �,�'8*� yb� C�% ����� /�%.� �, ������`� 	��
�" ������`�  V:� �
8 �%��l/�� .���  
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/
��" � ���� �� �1,�� �0*� �&( $%� ��&'(� �
 �E �*��%'����� ��� $�M J��*%� ��� 	����(�� /%��!�E �))E B
 ��7 � �)E�%� n*%? 	��%'����� Q*�%,�),)DL) �?%� � (DT ��'8*�� ��* �� /
�0'�� �, VI
I'� ;��� (Cl  
���

 �����%��!�E .�5%  ��%9 �T)����%?*n M�, $%� ��&'(�/���*�� ��*%� �!�6 �
 ��� �
1  Q*� J�" �7 � �� $�T(�
�%?*n C���,  �������� � ������`� %
E �=
a -��%,�,W��F ��E
�U  %��c�/
�
/�� �<'8�.� .��� 98%  ����

�� ��`( �������� � ������`� %*
�&� �
 �,�U �*�(��� ��� �E ��
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E �=
a >*���
 V:�) ���9.(  

 ���S� ^*�'( �� /
�0'�� �,$�T(�/�� �,����
 ) ���`(���1392 �*���" 	�� %, (Batch test  
��� �
���
��"	 
 %H)�Ni  ��]�� �, J%� V�� �(�.8� ��072/0 �
����� J%'�! �
 $%  �� �, �)���%*� +" �
 %H)� Q*� ��&'(� �)�,
 4%5$�T(�/��  :���1- [`)�  %=( �
 %� V�� ����(� V�� J�&b)� �)���%*� +" �, � 
�!" 
����'5% /��  .���

2- :�( J%� V�� �D?�6 �
 
���� +" �� %�I�� Q'5%  %=( �
 �, �, %,�%, �'=
a �, V10  ��]�� %,�%,/��
��"  �

�� �)���%*� +" 
��� ���<`*���" ;*�%� V:�) 
��10 .(3-  ;��� �� � �)E�%� � +s� ���, 
��" V:�(a�K����% 

�� �)���%*� +" 
��� r�U�� �� K���� ;��� �
 ��)� +s� � 
��.��
  

  

  
 @>�8� �>+ �#��D��� � �#�=V�N� r��A��=
V :��� 4�=V�N� 2�V���� ��HD�� =H+��* �� 2���=+�7�� !�+�E 2  

 

 
1 Steady Flow/Mass Transport 
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 @>�9���=�� �� �A=HC��7 ^+��U ��HD�� 
�?�� �� ��C �_�G �#��D��� � �#�=V�N� �+��)� !�
� �3"���V :�
7 2  

  

  
 @>�10 �# @
# @�� :
 !�BHT uNH� @>
� �A�B(W  �  � ��  �_�G 24�� �+��� � 72/0  ��
��"
( �� ��A  

  

�,��=)� ������	 /
���� �)���%*� +" �
 $%� ��&'(� � ��*%� �� �D?�6 	+��� �%�&b)� J �, 2X�E 	�
 �, 2*
]( 4%� � ��71400  �
900 %'�  � �� /�(%� %,�
 �E����%'��]�� V:�) �� �'5%  %=( �
 J2 Q*� �
 .(

 /�(%� %,�
 ��� J����0� ��� 	�)�� %, J/
����M�
*� �5%," �*M�, �*M .���  .��� �<)� K�( �� �)�*�� �*M �
 �� /
���� J��*%� ��� �
�.( �T)��� �� �1,+��� �%  ��* �=
a �� $%� ��&'(� ��� �
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Abstract  
The Golegohar mine area is located at 53 km southwest of Sirjan city, Kerman province, Iran. The mine is one of 
the largest open-pit mines in the country. Due to exploitation, the pit floor level is below the water table. Current 
dewatering operation is going on by groundwater pumping in digging wells in or out of the pit to prevent 
flooding. Until now, discharged water and tailings have been disposed near pit without proper environmental 
safeguards. This water is in contact with minerals containing heavy metals and it may dissolve or suspend them. 
Therefore, a tailings dam, constructed with environmental standards, has been proposed to address this problem. 
So the groundwater pollution plume is studied using FEFLOW software. The results of the sorption isotherm 
tests for Ni, Cu, and Co show good agreement with the Liner and Freundlich models. Moreover, the plot of Kd 
for every single solution concentration indicates that the Kd is increasing with Cu concentration while it is 
decreasing for other metals. Examining the isotherms indicate that Ni and Co behave similarly, while the Cu 
behavior is different despite equal initial molar concentrations. This implies that the sorption of Cu is higher than 
Co and Ni. Flow and mass transport simulation in the groundwater of area show due to the dewatering, a capture 
zone has been developed near the pit. So groundwater pollution plume moves toward the pit and contamination 
migration (advection) has been prevented to other area. In addition to results of mass transport simulation in the 
tailings dam show that due to low material permeability and hydraulic gradient in the aquifer, the retention time 
of the groundwater pollution plume will be long. 

 
Keywords: Pollution Plume, Isotherm Test, Tailings Dam, Groundwater Contamination Modelling, FEFLOW 
Software. 
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