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Evaluation of Optimum Landfill Design by Contaminant  
Transport Analysis 
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Abstract: Contaminant transport analysis was performed for four selected solid waste landfill designs using the computer 
code POLLUTE. The diffusion coefficients were determined for the natural soils (aquitard) and compacted soils from the Urumia 
landfill site, using the diffusion tests. These coefficients along with the geometrical, physical, and chemical parameters of the 
natural soil and engineered layers, as well as the dominant boundary conditions were used in the analysis of the four selected  
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designs for the landfill. These designs were evaluated for the contamination of the underlying aquifer in a specified period, using 
the drinking water standard for chloride ion. The comparisons showed that the fourth design which includes the engineered 
elements of a blanket type leachate collection layer and a compacted clayey liner underneath the landfill base, has more certainty 
in controlling the contaminant transport from the landfill base to the underlying aquifer. This type of landfill could be introduced 
as an optimum and semi-engineered design to be used for solid waste landfills in Iran. 
 
Keywords: Landfill, Optimum Design, Diffusion, Contaminant Transport, Aquifer 

40���
� 

23�45  6�4557 6#�4�8 97�4 	 :	 *4;� �4��3: 9"# <���=  >8

*  >�-=  *5? :��: �+��]��@[.���3: :	 6�� �?��B �3	�?� �C

<��DE��F?G�B �?�?4� #�4H�  *�<��4�� �43 �4��3 �47 !4�	 

9"�  I7 :	 *��5�  #�4� �?J4KB � <�8 24�� ���3: .L�4M

 �?�?� <��+�� !7�D NM�3 �3	�?� <�8 2��*�9"�4  I7 :	 

� �9"�4  �4�: O�4P <�4C ��Q R��S :	 *5? :��: >8 6�J� �3

*  *5? : ��: >8 6�J� # >8 T�� 6#��8 #��]��U[.*3�4�:	

 4�,B � *V#�4�8 ����+	 *W+�WX?# *V#�4�8 *4J?7 � *4�7 9

:��: >8 6�J44� Y�44M�S	 9�44-+	# �443 ��44��3: 9"�44  �44�: *445? 

 � *4;�Z?" Y�?4[�KP ��4��3: 9"�4  �4�\5  ]�^���_^��?C

�?�?�*��4�: *4��5�  �4� � *4H?FS O�4P <�4C ��Q � �3	�?� 

� �<�4?�7 <�4C�� 	�` 9?4?HB <	�3 Y�a�� :8 L�b+	 �3 � �9"� 

 !4�	 �4-?  *V#��8 ����+	 Y�F��=  .� �Y�4a�� :8 �Y�4H��\ 

�F��=  � T�4  ���3: 9"�  !P�� � *D	�S # ��"�� L�b+	 Y

�47 :	 *3�P �M��b  	#�+�7 # ��+�B ��� # T����C *��5� 

 �457 * �_		 	 *��5�  9"�  ]� !P�� � �*D	�S ��F��= 

]��1[.*��5�  <��5"�  !P�� � *D	�S)T	��	 # *��	��3

44B � !44�	 6#�44;+ 	�44?` 	 #�44P *+�+�44c 6�44W��� :�445C T�4457 �

���3: � ��M <��� <�C �3Y�[ *4H?FS 9? : <� # :�3� 

*4��5�  �4?d <���� �3 <#	�  O�+	 # � 6�� �C � �?�,B

*  9"# O�P ��: # �+��]e[.

f��g �*C�Wa�� :8 Y�a�� :8 L�b+	 �3 	��3	 �H��\  9�	 #

 �a�+	 �h"�=  T��)��7 �7 [Cl-]9"�4  �4+	#Z� <�4�7�P # 

:��3��+�� 9??HB �? �	 .LZ?+�i �a�+	 j4 �M �f4��d *4�7�D 

*��?4� � *4� �4+	# Z4� <�4�7�P T�4?  :	 *V#�4�8 ����+	 #

 * >�-=  :	 6#�J�4�	 *V#�4�8 ����+	 Y�F��=  # 	k� � #��

 *+�5?�S	 j3�c �?d l���+ �3 �a�+	 f��g <	�3 *Hc	� �?d ��#�� 

*  #�� �b5  �+	�B]�[.>�,�+	 �3 ��7 T�� j4?�# �47 �4h"�=  

�?�?4� j4�H�	 m4;M �+�V�C 9��	�+ *5H� T#�3*�<�4�+�� �43 

>�,�+	 O�P��]U[<�?-3 # � �� nC�Wa�� :8 Y�H��\  :	

 �4K5M T	�45M �43 T�� 9�	 :	 �o�P # *V#��8 ����+	 *�	�=[

*�G�D !�	 6�� 6#�J��	]([.E	�3 6�� �?[�B 	��  9?5p�C

 ��G T�� !h�d �43 �43	�3 *+�? ��8 >8 #	�+���	 #
'%*4�?  

!4�	 6�4� ��"�V �h+ # ��?� # L�V]q��%[.# 	�4�  94�	

 # *V#�4�8 �4D T	�45M �3 ��H��\  9�	 # ��"�� L�b+	 Y�F��= 

 �4� ��"�V �h+ # *5? :��: >8 6�J� .:	 �45�ZV �4�X mr4�

 V �4� � *��5�  �?d �5�ZV ]� j �� �7 ���3: 9"�  s�S �45�Z

 � 6�4� I4��HB *45?H  <:�4  t�	�4� �43 ��+#�3 *��5�  ��?+

 �5�ZV 9�	 <	�3 *V#��8 ����+	 Y�F��=  !"��k4` L�b+	 �C .94�	

 <�4C�� 	�` � �4a�+	 *4Hc	� <�C�� 	�` :	 6#�J��	 �3 Y�F��= 

 L�b+	 �+#�3 6�� �F��=  9?H  *g�" t�	�� u��	 �3 �7 �W�#

!"��k` .�5�ZV ��X �T���` # # �4�7 T�� *V#��8 �?v�B �h+ :	 

#�4  �9?4H  T� : Y�  ]� # ��5"�  ��: *5? :��: >8 6�J�

 �45�"�V 	�c *3��:	 � �-���  .�*3�4�:	 � �4-���  94�	 �4b?�+

 	 �5?�3 *��5�  ��?+ 9"� <	�3 <��5"�4  *4D	�S # 6#�J��	 

*4"�H  *��  <����#��=  �3 ���B �3 ��a7 ���3: �47#.w�4S	

 �43 T8 �4-���  6�V�4�# :	 �45?�3 s�4S <	�3 *��5�  ��?+ 9"� 

 <��5"�  <	�3 *����	 9?3 #���  *��5�  <�C#	�+���	 jc	�D

���3: <��� <�C!�	 ]�[.

�4H��\  94�	 # *V#��8 ����+	 j?K=B E	�3 	� <�h+ �� 

 �+��	 �G <	POLLUTE-v6 !�	 ]��[.��4��+	 �	Z4"	 L�4+ 9�	

Archive of SID

www.SID.ir



��� ������	
����� ������	 �������� �/(� ��e

?  :	 *V#��8 ��Q T� x?4+ � y4� t�	�4� # 	 j?"�45� �4�: E�C

 * j?�=B E�H3 �5G .j4?�=B 9�4g !4�	 #�4c �G *5H  9��3

 x_�c !�� # ����+	 ��` �3 Q�3 !�� �# # ?�4` � 9?�Q�43 �43 9

)*;?���?C ��B(6�J4� y4� # *�"	 Y�[ �3 	 >8 T���� �

�4  Z?+ j?"�5� ��: o�P E�C ��Q ��: # *5? :��: >8�45G �.

	Z"	 L�+ 9�	 # #��4=  �4�Q z� :	�Y�F4��=  # 6#�J�4�	

 !�	 6�� .3 <	�3 �7 �!�	 9�	 z� 9�	 !�Z �T#�8 !�#

 <��+� : <	�3 ���?�=B �7 !-?+ L:Q {�P T� : ]� # !h�d

 x4bD |C�47 N4M�3 ��}4-  94�	 � #�4� L�4b+	 Z?+ T8 :	 jFc

Y�F��=  #�� *  . �!4�	 #�4c �4 �+�3 94�	 T�4p�C *�_�4-

 3 *V�+�3 ���Q :	 *a;C: � j?"�5� jP	# |C�7 � I��,  <�C

 >k� �v	 # *V#��8 !h�dt��B O�4P )�~?���4+��" >k4�

 *\P >k� ��?�W+Q >k�(<�4C �4�Q Y�?[�KP Y	�??�B �

f��4g ��4�Q ��4JB	 �4��� :	 	�38 ��Q � j?"�5� ��: I��, 

�a�+	 *�bD !3�S �[# �]aP ��?-+	# �� �>k� f��g

 #�?W3 �h+ # 	 .n o�P �4��3 ��F4�	 �4�?+ �4� � ��F4�	 �+	�B .

Y	�4??�B 9�"�4V �4h+ # �4 �+�3 94�	 <�4��?�3�c :	 �4W�# *;�

 !4�	 T� : ��S # I��,  <�C ��Q Y�?[�KP .�4 �+�3 94�	

 	 T�4 : �3 !F-+ !h�d Y	�??�B �L:Q Y�M�S	 9�"�V :	 �H3

 9?5p�C � <:�  ���+ <	�3 ��Q *�P	# ���+ <	�3 3 O�P <�C�

*  	�c �3�7 �?�P	 # *;?"	�V � <����+ Y�[ �C# .

�+��	 �G 9�	 :	 T�5G �B 6�C�a  l���+ j?�=B # <	 ����+	 E	

 E��a?3 nC�Wa�� :8 E����  � *�	�=[ E�C j�	 # *V#��8

 # 6�4� ��P�54� E�4C	Z"	 L�4+ :	 n4i� � !4�	 6�� 6#�J��	

 nD	�S * ��� �3 �C j?"�5� #� .!4�# �3 R?c# E��?5?3 |?`

 6�C�a  l���+ >�P R3�\B � �G 9�	 :	 6� 8 <�4h+ l��4�+ �3 E	

 94�	 f4��5  *�8�4G � !=[ T�5G �B �	Z"	 L�+ 9�	 :	 j[�D

�444+��	 �444G !444�	 6�+�444� Y�444Fv	 �4443 	 <	]
�'�.[�

]�
 �B �'[.

50��6 �#" "	-�� �	 -�	��� �	7 �	
�� 8�	� 9	: 

3�O�4P T�4?  :	 ��4��+	 # �4a�+	 <�4?�7�� 	�` !?�C	 j?�#

 *4��5�  6�4� x7	�4�  �+	#Z� O�P � 9"� ��: *H?FS �+	#Z�

)*4��5�  �4�?+ 9"�4  <�4C �5�ZV # *� �5�Q(:	 6#�J�4�	 �

��4��+	 Y�F��=  # 	 <��?Hc	� l���+ �� 	�` 9�	 *Hc	� ��#�� 

3�* !�# �C#.<� �4a�+	 |��4 :8 <#	�4HB �4h5  9�	 �3

L�b+	 ��? �	 # ���3: ���� � x��c <��5"�  :	 �+	#Z� <��7�P

!"��k` .-+	# !��D �# # ��a�� :8?x7	��  ��?-+	# � *H?FS ��

!"��k` L�b+	 �+��+ <��7�P <� #	�+���	 x7	�B �3 6�� .�?�7

 �l���+ <��k` 	�;B ���57 <	�3 ��a�� :8 �4+��+ �43 �3 �# � �4C

 �� �7 t�	�� �# t4���  l��4�+ � 	#	 # � �5�"��k` L�b+	 �3�a  

!�	 6�� �_		 O�P �+��+ �C <	�3 |�� :8 .

50;0	 <#" # ��� 

f?B�B �3 ���3: *���c 9"�  ��\5  :	 6�� �?�B O�P �+��+ ��

D1 �D2 �D3 9"�4  �4�\5  :	 6�4� �4?�B O�P �+��+ l5` �

���� f?B�B �3 ���3: D4 *�	 D8 �+�� <	kW �+ .���4�)�(

*4  T�4a+ 	 �C �+��+ 9�	 *;?+�;  Y�?[�KP �4C# .��?4-+	#

	�=[*��C �+��+ )*H?FS t�	�� # (<�4C �P��7 :	 6#�J��	 �3

 9??HB O�P��]e[.# �C �+��+ �?�7 ��a�+	 <��a�� :8 :	 jFc

 6��� ]�	 :	 �6�� ]aP #	:8 <	�CU)e/U���?�?  (6�4� #

 �h+ #�  !3�S �3 ��+�4� 6�+�� .�43 �4�7�P �4+��+ mr4�

 *H?FS x7	�B)�4+��+ Z4� �43 �4C �4+��+ �?�7D8 ( x7	�4B �4� �

#	�+���	)�+��+D8 ( T8 I47 �7 �a�+	 |�� :8 ���� jP	# #

 �+�4� x7	�4�  �!4�	 #��4-  <	 �a?� �=J[ ]� �3)j4P	#

 j;��.(	 ��# �!3�S ��# !43�S �4�# mr4� � ���F�

 �44�#�V �F44��=  |��44 :8 �44��� j44P	# o�44P �44+��+ n44�bD .

�44+��+ xG	�44B �445+��C �#	�+��44�	 xG	�44B �443 6�44� xG	�44�  E�44C

 nM�F4�	 �4�# E		# � 6#�4F+ j �G ��F�	 Y�[ �3 �*�	�=[

 #��Dq/n�	 q��+#�3 �[# .�= 4x��4� ��4�7 ��)NaCl (

 �d �34H !h4<� ���7 T�� 9? �4�,� 6�� x7	��  O�P �+��+

�46�), 4*V#��8 TZ(4d8 �a�+	 |�� :8 �4:��4� .��4S #

 Y	�??�B ���57 <	�3 *V#��8 TZ,  :	 *������=  �+��+ |�� :8

h�d4-+ !4 : �3 !F4�	#�3 T�43 � 6�� !43�v <	�44+�  !4T�

Archive of SID

www.SID.ir



��� ��� ������	
����� ������	 �������� �/(�

�#�=40�	 -�	��� "� *�	>�� �"�� �	 &	: �,��	,� �	�?�@: -��"	

�� 	�` �+��+D1 �+��+D2 �+��+D3 <�C �+��+D4*�	 D8 
O�P ��+ CH ML CL CH 
*+	� �D(%) �/��U@U@�/�U

<�?�P �D(%) �/���U�e�/@�

6��� *��WX eU/@��/@�1/@e1/@

	�=[ # <�C�� ��?-+	#)g/cm3(�/��/��/��/�

A,<40���� B�C # �7	.-�	��� D�	�� B�	��� ��� *�< "	-�� 9	: ���(� �#" D8+E�:*�7	-� D�	�� GH3I *�< ���� B�C # �

 + ������ 'JK� "� '	�� �� G�L�M:9	: N	>O" �� G�L� GH3I *�< ���� B�C # � *�7	-� D�	�� .B�	��� ���� P�O	(< A,<"	-�� 

A,< A:� "�)M(�� *�7	-� ��<.

Archive of SID

www.SID.ir



��� ������	
����� ������	 �������� �/(� ���

A,<S0� P�O	(< A,< ��L��� �	7 B,7� 	� ��	�� ���)T#� ���J�(

A,<U0�� ���� P�O	(< A,< ���� � ��I ��	)�# ���J�(

Archive of SID

www.SID.ir



�U� ��� ������	
����� ������	 �������� �/(�

�"�4g	 �\�  >8 T8 *�bD �#�H  ���=  ��JB	 �4� .:	 m4`

 9?H  T� : Y� )�*�	 �@:� (TZ4,  :	 x������7 ���= 

 T��4?3 |��4 :8 �4��� :	 O�4P � �6�� �?�,B O�P <Q�3 6#��8

 �+�� 6���3 <��-  �F���B Y�H\c �3 � 6�� 6�?a7 .<kJ5  >8 

�4�"�� ��4��+	 x��� � ��7 <��+�� <		# T�57	 �7 O�P Y�H\c

 <k4J5  >8 ��4K=��	 6�W�4�# t4��B �!4�	 �a�+	 ����S �3

�	�,��	 �O�P��]e[.6�4� !4�	#�3 <�����=  �+��+ mr�

 43 <k4J5  >8 <�4C ��4�=  � 6#��8 TZ,  :	 �:	 6�4 8 !4�#

 4� 6�W�4�# t4��B ��7 T�� !h�d 9??HB <	�3 �O�P Y�H\c T�

 ��4�7 T�4� *3�4,�+	 #���;�	 �3 Z�b  ��  j4?�=B �+�4� .l��4�+

 6�C�a 6�� !h�d 	#��+ �# # !h�d )!4h�d � T� : )

�+�� x?��B �a�+	 |�� :8 �C <	�3 O�P ��JB	.

5050"	-�� V��W ���XO 

	#�4�+ �# :	 6#�J�4�	 �43 O�4P �4C # ��7 T�� �a�+	 f�	�g

6�C�a  6�� T���` # 	Z4"	 L�4+ :	 6#�J�4�	 �43 � |��4 :8 �4C

POLLUTE 9??HB �+�� .<�4C 6#	# :	 6#�J�4�	 �3 z� 9�	 #

 �?�?� � �*;�Z?" �*��5C*�|�� :8 �C ��47 <�4a�+	 f��4g 

6�� z:	�3 *5=5  9����3)6�4� *45?3 |?4` *45=5  (<� 	

6#	# 6�C�a  <�C6�� !h�d <�C	#��+ # )!h�d � T� : )

�P ��JB	 O)3��+�V	�� �S (6#��4=  T	�45M �43 ��C# �b?�+

 9??HB O�P T8 # ��7 T�� �a�+	 f��g* #�� ]�
,���/[.

����)@(3 l���+ �T�a+ 	 �a�+	 Y�a�� :8 # 6� 8 !�#

*  �C# .3 �a�+	 f�	�g�!4h�d l��4�+ t4��B 6�4 8 !�#)

*V#�44444�8 TZ44444,  # T�44444 :[De(res)]6#��44444=  # 

)m2/s (��)��xU�/�*�	 )m2/s (��)��xU�/e�a�+	 f�	�g � �

3�6� 8 !�# !h�d l���+ t��B–O�4P ��4JB	 [De(soil)]# 

6#��44=  )m2/s (��)��x1�/U*44�	 )m2/s (��)��x�/��	�44c 

�+	# .# �a�+	 f��g Y	�??�B �5 	# �6#��=  �# 9�	 R?J�B �3

 # �4H��\  94�	 # 6�4� |��4 :8 �+	#Z� <�C O�P 6#��4=  

)m2/s (��)��xU�/�*�	 )m2/s (��)��x�/��* 	�c �+�?V .9�	

 ��=  t��B 6�� �_		 ��#��  �3 *3�P �3 ��#�� �<	�43 �4W�# T

#	# *+	�4,�C �3�4a  <�4�7�P � �4�7 T��]�.[.�4+��+ :	 <	

 6�C�a  <�C	#��+ �4a�+	 |��4 :8 <	�43 6�4� *5?3 |?` � <	

 O�PD8 j;� # )�(T�a+ !�	 6�� 6#	# .

<	�43 �9"�4  �5�ZV ��X <	�3 *V#��8 ����+	 Y�F��=  #

9"�444  �444�: *444H?FS O�444P
�444a�+	 f��444g :	 9?W+�444?  

)m2/s (��)��x1/��43 6�4� 6�4?3�7 *4� O�4P �4�Q <	�3 �

�4a�+	 f��4g :	 #	�+���	 x7	�B 9?W+�4?  )m2/s (��)��x1/U

�� 6#�J��	 .	��  �# 9�	 :	 �9?W+�?  6�C�a  l���+ <�4h+ � E	

 �4+	#�P�3 E��4a?3 !=4[ :	 �G o�P E�C �+��+ �3 ��3� 

 � �6�� 6#�J��	 6#��4=  j4P	# # ��#�4�  43�# 6�4 8 !4�#

 #	# 	�4c ��a�� :8 .�4a�+	 f�	�4g �Y�4H��\  :	 E#	�4HB #

 6	�4�C �43 nV#��8 TZ,  y��}B � E	 6�C�a  l���+ :	 j[�D

 �P T��� :	 j[�D l���+ !�	 6�� �_		 o.Z4?+ �4H��\  9�	 #

 !�	 6�� 6#�J��	 l���+ j �G �_		 <	�3 ��� 9?�C :	]�.[.

S0���J� ��	�� ���� E3�K� �	7 

�+�� ��"�V �h+ # ���3: 9"�  <	�3 I��,  �5�ZV ��X .�5�ZV

 *4��5�  <�4�+���	 <		# �4W�# �45�ZV �� � *��5�  �?d ��	

 �-���  # � 6#�3 I��,  9"�4  *4��5�  #	�+��4�	 jc	�D �3 

���3:)Subtitle D Landfill (]��[*4��5�  �4�?+ <�4C �45�ZV �

*  >�-=  �+�� .�4�"�V �4h+ # �45�ZV �4�X *g�M 2\� 

 # 6��<���;� )@(*�	 )�(�?g�B � 	#	 # � 6�� 6#	# T�a+ 

6�� 6#	# �+	 .

�3	�?4� ��4JB	 9?3 #���  j?-+��` ���P	 �v	 # I47 # 

*5? : ��: >8 ��JB	 � 9"� )*4� ��Q 9?3 :�  �3 :	���C �7

!4�	 6�� ��" 	�38 6�J� �(�?�?4� <�4�+�� �*�# #�4��  

�3	�?�)��7 T�� �H��\  9�	 # (<�C LZ?+�;  �3 �43 *��4� �43��

!G�D)�43 *45? : �4�: >8 T�4��� 6	��C �3 �C 6�5�Q8 !7�D

 *�	# !M��va(�a�+	 �)7�D j?4-+��` �4v	 # �C 6�5�Q8 !

�a�+	 f��g �3 � !h�dDe(�43 9"�4  I7 :	 x_�c !�� #

 * !7�D 	�38 6�J� ��S �557 .�4�: >8 �9"�  !�# Q�3 #

 *3# � !M�� �3 6�J� # *5? :)�\� �D	� # (<#��vin �

Archive of SID

www.SID.ir



��� ������	
����� ������	 �������� �/(� �U�

�#�=U–*�� �	 -�	��� D�	�� # 	7"	-�� 

De(soil)x1010 

(m2/s) 
De(res)x1010 

(m2/s) 
ρU

(g/cm3)

Cb
�

(mg/l)

Co
@

(mg/l)

θ�

(cm3/ cm3)

��JB	NaCl  

2F5  #(cm) 

O�P ��JB	 

)cm(

T�444 : Y�444 

 |�� :8):�(

6���

O�P �+��+

1�/�U�/�U�/��e� @��e U�/���/�@��D1 

@U/���/��e/�U�� @��� U@/��/�����D2 

�/��U�/UU�/��1� ���� ��/��/�e/�@��D3 

��/���/UU�/���� ���� U@/�U/��/���D4 

��/�U�/eU1/���� ���� ��/��/��/���D5 

e�/���/@U�/���� ���� ��/��e/����D6 

UU/ee�/�U@/���� @��� ��/���/����D7 

1�/U@�/1e/���� @��� ��/�U/�e/���/��D8 

�*�bD !3�S ��#O�P 

@|�� :8 ���� L�W5C TZ,  # ��7 T�� �?��	 !h�d 

��5?a?` !h�d)background (O�P # ��7 T�� 

�O�P ]aP ��?-+	# 

qin �` # � 6�� #	� 9?� *43# � !M�4� �43 9"�4  !4�# )#

�\� �D	� (*���Pvb�qout *  ��P #�� .�43 <#�� >8

Q�3 :	 6�J�)va�qa(�J4� # *4�"	 <#�� >8 �3 6)vin �qin (

 *���P >8 � 6�� 2��)vb�qout ( *4  j?;aB 	 �4C#]��[�

<���;� )@(�B)U.(!47�D 	�438 6�J4� �43 T�?� :	 m`

*  ����+	 *5? : ��: >8 T���� !�� # 	 ��+�� >8 *�"	 �C#.

�5�ZV L��B # Y��4J�  !4��D �# <	�43 ����+	 Y�F��=  �C

�/@� ��  �/��,g <	�3 ��  �# 9?45p�C � *4H?FS 9?4 : ! 

 <��k4`��J+ f��g ni?���4?C Y��4J� )m/s (��)��x�/�� �

*5H� T8 �3	�3 !-?3)m/s (�)��x�/�L�4b+	 �*H?FS 9? : <	�3 

!"��k` .f��g :	 6#��=  9�	 >�,�+	 <��k`��J+ ni?���?C

 xG	�4�  ��F4-+ !4"�3 j?�# �3 �*H?FS 9? : o�P E	�3 <�4�7�P

�+	#Z� *��?� )��\5  *� �? �	 ���3: 9"# � 23�45  :	 � 6#�3 

!4�	 6�4� �	�,�4�	 #�4��  Y�M�S	]�([.��45�ZV �4C #

 �44` �443 � *44�	# !M�44��9?)va(*44���P !M�44� �)vb(

<��k4`��J+ f��g � O�P ��Q ! �,g u��	�3 ni?���4?C

 �F4444��=  T8�4444� .�# Z4444?+ �4444��3: 9"�4444  I44447 # 

Y��444J�  <:�444  ��444�)�(4443�v !444h�d6#�444�8 6#�444  !

�)@(�+�4� �4�"�V �4h+ # 6#�4�8 6#�  #��=  L��]��[.#

!��D �# ��3	�?� <��a;C: <	�3 L�# !��D)�(<�8 2�� �3

	�?�3�)m/a ��4� # �4�  �@/���/�Qc=(�)@(24�� T��43

 �3	�?� <�8)m/a ��� # ��  ��/�Qc=(�+�� ��"�V �h+ # .

3 L�# !��D�: #	�-+	 *5H  � *4;�Z?" j4 	�M �4v	 # ��4a;C

�?�?�*�<�4 	 9"�4  :	 <	#�43 6�4�3 T� : Y�  # �7 !�	 

*  >�-=  j��=  #��]�q[.	�438 6�J4� ! �,g@� �4�  

T�` # 9"�  #�H3	@����4S �4�  )# >8 T�4��� !4�� #

	�4438 6�J44� (����!44�	 6�44� �44�"�V �44h+ # ��44M �44�  .

����)�(6#�J��	 <�C 6#	# <	�43 	 ��4��+	 Y�F��=  # 6��

X* T�a+ 6�� ��"�V �h+ # �5�ZV �� �C# .

Z0;�# ���J� :���� � ��I ���� 

j;�)@(T�a+ 	 *��5�  �?d 9"�  ]� *g�M 2\�  

*  �C# .*��5�  ��Q �?C 9"�  I7 #)� �3	�?� |;C: ��Q

�5�Q �� 6�� 6�?3�7 *� ��Q (C ���3: � �6�a+ �?FHB u��B # �

Archive of SID

www.SID.ir



�U@ ��� ������	
����� ������	 �������� �/(�

A,<[0*�< *����& ��" ��6 # � *�>� B,7� 	� ��	�� ���� P�O	(< A,< )T"	 / ���J�(

A,<\0� *�>� B,7� 	� ��	�� ���� P�O	(< A,< )T�� ���J�(

Archive of SID

www.SID.ir



��� ������	
����� ������	 �������� �/(� �U�

�#�=S0���� ���J� "	 / ��� ������ �	
�� �	��	�� "� *�< *�	>�� �	7 *�� 

�C�� 	�` ��#��  

*H?FS O�P ��Q ! �,g)Aquitard) (m(�)�/�)�/@)�/�

f��g+	�a� *H?FS O�P �v�  )m2/s(��)��x1/�

6�� 6�?3�7 O�P ��Q ! �,g)Liner) (m(@/�

f��g�a�+	 6�� 6�?3�7 O�P �v�  )m2/s(��)��x1/U

	�38 6�J� ! �,g)m(@

��#j,�,B*H?FS O�P UU/�

��#j,�,B6�� 6�?3�7 O�P �/�

��#j,�,B	�38 6�J� ��/�

O�P ]aP ��?-+	# *H?FS )(g/cm3�/�

6�� 6�?3�7 O�P ]aP ��?-+	#)(g/cm3e/�

<��k`��J+ f��g *i?���?C *H?FS O�P)m/s(�)��x�/����)��x�/�

<��k`��J+ f��g *i?���?C 6�� 6�?3�7 O�P)m/s(��)��x�/�

9"�  I7 # ��7 T�� �?��	 !h�d(mg/l) U��� 

O�P # ��7 T�� �?��	 !h�d(mg/l) ��� 

�9?_�` �3 � *�	# !M�� va)m/yr(����e/�*�	 �U1/�

�	�38 6�J� # >8 <#�� !M�� vin)m/yr(1

�	�38 6�J� # >8 *���P !M�� vb)m/yr(�1/�*�	 1�/1

9"�  I7 # �3	�?� ��JB	)m(U/�–1/�–@/�

�|;C: ��Q # �3	�?� *a;C: T	Z? Qc)m/a(�)�/�)@/�

9"�  ��S)m(@�� 

9"�  ��M)m(��� 

�.)m/yr (3���  *5H �3!�	 ��� .

�5�-C *� *H?FS 9? : �3 x?��-  .6�4� ��4��F+	 �3	�?� ��JB	

 9"�  I7 #@/�!�	 6�� ��" ��  .�4�Q �*� ��Q ��: #

 3 �,a  !M�� �3 *5? : ��: >8 T���� �7 #	# #��� 	�38�

�"	 Y�[#	# T���� T8 # *.

Z05T#� ���J� :��L��� �	 -,7� 	� ���� 

j;�)�(T�4a+ 	 9"�4  s�4S :	 �45�ZV 94�	 *4g�M 24\�  

�C# * .T	��B OZ���7 *a�� :8 9"�  # ��a;C: ��+ 9�	 :	 

)�7�7�" s�S (�4� 6#�J�4�	 .|4;C: *W54� ���4K  T�4?  #

���� �8 24�� <	�43 	# �	�4� *45�?B	 *4�` <�4C ��4��+	 � <

6�� �?FHB 9"�  I7 :	 �3	�?� �+	 .��4+ 94�	 :	 6#�J�4�	 �5X�C

 94;� !4-?+ ��	�4�  T	�45X �4W�# �3	�?� <�8 2�� x�-?�

 9"�  # |;C: ��+ 9�	 :	 6#�J��	 43 �4a7 �4��3: <�C�j4?�#

 �3	�?44� ��44�57 !44�� # !44F�  * �44c <�44F�M	 <����#��44= 

*  #�� >�-=  �+	�B .V �3 �-���  # 3 ���	 �5�Z�#�4�� j?�#

 9"�44  I447 # �3	�?44� :	 <	�44�  <�44-+	�" <��44a;C: 

Archive of SID

www.SID.ir



�UU ��� ������	
����� ������	 �������� �/(�

�C	�P |C�7 I7 # �3	�?� !��F+	 ��JB	 � 6�� <�8 2��

!"�� .#��4D L�# �45�ZV Y�F4��=  # ��JB	 9�	 !�� 9��3

1/�!�	 6�� ��" ��  .f?� |C�7 NM�3 �|C�7 T	Z?  9�	

 �4` �43 � *4�	# !M�� � *;?���?C�!M�4� |C�47 � 9?

 	�38 6�J� # 9"�  I7 :	 *���P)vb(�� �C	�P.

Z0ZT�� ���J� :*�>� B,7� 	� ���� �

j;�)U(T�4a+ 	 9"�4  s�4S :	 �45�ZV 94�	 *4g�M 24\�  

*  �C# .! �,4g �43 �3	�?4� |;C: ��Q ]� s�S 9�	 #U�

�+	�W5� :	 �7 ��  *�+�� �\c �3 *��C@*�	 �j?;aB ��  *�+�� 

3 � 6���6�J� Y�[ 6	��# � I7 ���B�� # <	 9"�4  <�C

 !�	 6�� 6#�J��	 �#	# #	�� 	 .:	 |4;C: ��Q ��: *H?FS 9? :

 <��k4`��J+ <		# � 6�4� j?;4aB �4+	# Z� O�P *i?���4?C

 9�	 �?d # �!�	 *�7 6#�J�4�	 |4;C: :	 T	�4B *4�+ Y�[

#�7 .3���4��+	 � <�8 24�� <Q�43 T� �4+	 � !���4� j4?�#

 � x47 9"�4  I7 # �3	�?� !��F+	 ��JB	 �s�S 9�	 # �3	�?�

 *5H� ��Q ! �,g �3 �3	�3 ��7	�DU��4�"�V �h+ # ��  *�+�� 

!4�	 6�� .!4��D �# Z4?+ s�4S 94�	 #)�(�J4[ *4a;C:

)|44;C: #	�44-+	 (�)@(443 *44a;C:�T	Z44? )��44� # �44� (

@/�Qc =!�	 6�� ��"�V�h+ # .

Z0]T"	 / ���J� :*�>^� B^,7� 	� ���� �^�" �^�6 # �

$&��� 

j;� # 9"�  s�S :	 �5�ZV 9�	 *g�M 2\� )�(6#	# T�4a+ 

!�	 6�� .6�J4� |4;C: �4�Q �43 6��4M s�4S 9�	 #)<	

! �,4g �43 6�� 6�?3�7 *� ��Q ]� ��3	�?�@/��43 � �4�  

k` ��J+ f��g <�� *i?���?C)m/s (��)��x�/��4�Q �4�: # 

!�	 6�� 	��	 *H?FS 9? : <� # � |;C: .43 s�4S 9�	�

*��5�  T���	 �# :	 <	#�P�3 j?�#)�45�Q � |4;C: <�4C ��Q

 6�� 6�?3�7 *� (�h+ :	 � 6#�3 �B *��5�  Q�3 s�S �� �3 !F-+

 #	�+���	 9"�  �3 �?BSubtitle DQ ]� <		# �7 9��F� �4_^ �4�

 !4�	 �4�;�#Z+ �!�	 *� �5�Q � |;C: ��Q 9?3]��[.94�	 # 

!44��D ]44� # *44H?FS 9?44 : �44�Q ! �,44g s�44S�/��44�  

)*4� �45�Q ! �,4g �43 �M��b ��4�  (�4W�# !4��D # �

�/���  )*4� �45�Q ! �,4g �43 �M��b �/@�4�  (�4h+ #

 !�	 6�� ��"�V .�F��=  <	�3 w�" !��D�# # *�	# !M��

 �` �3 ��<��k` ��J+ f��g :	 �9? *i?���?C �4�Q �# �#�4H 

)*H?FS 9? : ��Q � *� �5�Q (!�	 6�� 6#�J��	.

\0�����H���� _��< # ��&�` �	 �J��	,� �

6�5�Q8 ����+	 *4�7�D <�4� Z?+�;  �43 O�P <�C ��Q T�?  :	 �C

 � !G�D �3 *��� �3�� �a�+	 ��M 6	��C �3���ZbB � >k� j�

*  I��HB ��: ��#�H  �3 #��]�� ��'[:

)�(
z
cv-

z
cD=

t
c)K+( 2

2
d ∂

∂
θ

∂
∂θ

∂
∂

ρθ

��#�H  9�	 #θO�4P *4�bD !43�S ��# )��F4�	 O�4P #

 ��# T��Cj,�,B �O�4P n!4�	 (�ρO�4P ]4aP ��?4-+	# 

)M/ L3(�KdO�P # T�� *H�:�B f��g )L3/M T�4� <	�3 �7 �

 ��7 !4�	 �J4[ T8 	�4�(�cT�4 : # O�4P # T�4� !4h�d 

t)M/ L3(�D���b  :	 �7 *;? �5�#��?C *V�� |,` f��g 

�v�  �a�+	 f��g �#)De(*;?+�4;  *V�4� |4,` f��4g �

)Dmd ( !44�	 6�44� j?;44aB)L2/T(�zO�44P # R44�M )L(� �

v*5? : ��: >8 T���� !M�� )v = va/n �L/T (!�	 .

7 # <:�  ��� !4h�d �3 �3	�?� <��+�� T8 # �7 9"�  I

|C�47 N4M�3 � 6#�47 !47�D O�4P 9��4�: <�C ��Q �3 9?H 

 *  T� : ��S # � I7 # !h�d I4��HB �4�: �4�#�H  �43 �#��

*  #��:

)@(
t tq1 cs ss o H Hf f0 0

(t) =  - d - ( )dc c cf τ τ τ∫ ∫ 

��#�H  9�	 #s(t)cm4` 9"�4  I47 # T�� !h�d Y�4  :	

 T� :t)M/ L3(�oc�9"�4  I47 # T�4� �4?��	 !4h�d fH

9"�  I7 # �3	�?� �#�H  ��JB	)|4;C: �4�Q j4P	# �4� �(

)L(�sf# � 9"�4  I47 �\4� �D	� # 6#�7 �FM T�� L��

 T� : �D	�)M/L2/T(� �cqI7 :	 6�� *a;C: �3	�?� xbD 

T� : �D	� # � �\� �D	� # 9"� )L3/L2/T (!�	.

<�44�+�� �447 9"�44  �44�: # 	�4438 6�J44� # <:�44  ��44� 

Archive of SID

www.SID.ir



��� ������	
����� ������	 �������� �/(� �U�

�?�?�*���Q :	 �FM :	 m` 9?H  T� : Y�  *S # �BQ�3 <�C

*  #	� T8 �3* I��HB ��: ��#�H  �3 ��+�� #��:

)�(]d
h

)(f[=(t)c R
o

t
R τ

τ
∫

��#�H  9�	 #Rc (t)	�438 6�J� # T�� !h�d )9?43 :�4  #

 �BQ �3 ��Q � 6�J� (T� : #t�R( )f τ6�J� �3 6�� #	� L�� 

T�4 : �4D	� # � �\4� �D	� #)M/L2/T (  � �h! �,4g 

6�J�)L(!�	.

��#�H  jD)�(YQ#�H  t��B 6�� I��HB <:�  t�	�� �3

)@(�)�(t��B��Z7�3 #��4=  �4�Q z� :	 6#�J�4�	 �43 �

6�� �_		]�� ��'[�7 # �<	 �+��	 POLLUTE 9�	 # �G

 ���"�V 	�c 6#�J��	 #�  �H��\  !�	 6�� �?FHB]��[.

a0�b��� # c�� ���� 

�  t�	�� 9"�  <	�3 *M�5�  *��5C � <: # Y�F4��=  # �4C
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	�38 6�J� # I7.
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	 *4  T�4a+ �45�ZV ��X �C <	�3 �4C# .43 Y�F4��=  l��4�+�

�43 !F4-+ 	�438 6�J4� # �4�7 T�� !h�d <�C	#��+ Y�[
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 !�	 ��"�V 	�c .# l���+ �?�7 ��B�P #<���;� )��(�)�U(

3�:	 9"�  �5�ZV ��X � 6�� 6#	# T�a+ *�P# 	#��+ Y�[

 :	 �4�7 T�4� !4h�d 9�4" Q�43 T��C �7 6�J� T#�7 6#��8 �h+

�+	 6�� �-���  xC �3 �!�	 #	�+���	 T	Z? .

3�l��4�+ ��45�ZV �4�X �C <	�3 O��a  *V��� ]� T	�5M

 � !43�v !4h�d <:�  ��� !��D # Y�F��=  <:�4  ��4�

 * T�a+ �9"�  I7 # #��=  L�� �� !h�d 	�4�3	 # �7 �C#

 *4+	Z?  �43 	�438 6�J� # !h�d �#��=  *+� : ��[�" ]� #

 |�	Z4"	 �b��B mr� ���"�� |C�7 O�P �5?a?` !h�d :	 ���7
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9?H  Y�  *S # |�	Z"	 9�	 �!3�v !h�d <:�  ��� !��D
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#��D :	 m` !h�d �!3�v1��57 * :��bB :�b  �D :	 ��� .
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A,<d0�3& '�� GH3I ����eO )Cl ( ���� ���I ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)�# ���J� .( )4(G�	f GH3I ��f	O

�#��� T�= 	� GH3I �� G�L� +���� E& "�)U(�X��� ���� ��6 G�	KW ��f	O 

*�7�D <�� Z?+�;  �3 ��+�� !7�D T	Z? �b3�� !4G�D �3 *� �

�3�� * |�	Z"	 �a�+	)9"�4  <�4C �45�ZV ���� <	�3 �?v�B 9�	
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*  T�a+ 	 9"�  ��+ 9�	 Y�F��=  �4C# .j;4� #)�(<	�43 

<��k44` ��44J+ f��44g �447 *���44D�44?C *i?��*44H?FS 9?44 : 
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 ! �,g !��D�*�?H4g� �?4C # *4H?FS 9?4 : <	�43 �4�  
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A,<g0�3& '�� GH3I ����eO)Cl ( ��L��� �	 -,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)T#� ���J� (G�	` "�

Kaquitard = 5x10-11 (m/s) +)4(+���� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O)U(+�X��� ���� ��6 G�	KW ��f	O 

)S(� ����< �-,7� 'J�� ��f	O���� E& ".

A,<h0�3& '�� GH3I ����eO )Cl ( ��L��� �	 -,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)T#� ���J� ("�

G�	`Kaquitard = 1x10-9 (m/s) +)4(+���� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O)U(���� ��6 G�	KW ��f	O

 +�X���)S(f	O���� E& "� ����< �-,7� 'J�� ��.
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A,<i0�3& '�� GH3I ����eO )Cl ( � *�>� B,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)T�� ���J� (G�	` "� 

Kaquitard = 5x10-11 (m/s) +)4(+���� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O)U(�6 G�	KW ��f	O # +�X��� ���� �

)S(���� E& "� ����< �-,7� 'J�� ��f	O.

A,<4j0�3& '�� GH3I ����eO )Cl ( � *�>� B,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)T�� ���J� (G�	` "� 

Kaquitard = 1x10-9 (m/s) +)4(�� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O +��)U(# +�X��� ���� ��6 G�	KW ��f	O

)S(���� E& "� ����< �-,7� 'J�� ��f	O.
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A,<440�3& '�� GH3I ����eO )Cl ( *�< *����& ��" ���6 # � *�>� B,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "�)���J�

T"	 / (G�	KW G�	` "�S/4+ �X��� ���� ��� ���� )4(+���� E& "� �#��� T�= 	� GH3I �� G�L� G�	f GH3I ��f	O)U(��f	O

 # +"��� *�>� "� M� �=#�: G)�� 'J��)S(���� E& "� ����< �-,7� 'J�� ��f	O.

A,<4U0�3& '�� GH3I ����eO )Cl ( ��" ���6 # � *�>� B,7� 	� ��	�� ���� "� '	�� �� G�L� "��� *�>� "� *�< *����&)���J�

T"	 / (G�	KW G�	` "�h/S+ ���� E& "� �#��� T�= 	� GH3I # �X��� ���� ��� ���� )4("� M� �=#�: G)�� 'J�� ��f	O

 # +"��� *�>�)U(���� E& "� ����< �-,7� 'J�� ��f	O.

=1.21 m/a 

=1.21 m/a 

Archive of SID

www.SID.ir



��� ��� ������	
����� ������	 �������� �/(�

A
,<

4S-
�

�	

��
�

	��
	�

�
D
�	�
�#

��
	��

�
��

�
T�

�
#
+T
#�

+�
#

�
	7

��
�J
�
�
�
�*
�<

��
��
�
�H

�"
�
_
��

<
�
�:

"�
"
��

(

"
��
�
*�
>�

�
��

��
�
T�

)
	�

�
��

��
�
�H

��


.

Archive of SID

www.SID.ir



��� ������	
����� ������	 �������� �/(� ���

A
,<

4\-
�
��

��
�
�H

��
�

	

��

�
	��

	�
�
D
�	�
�#

��
	��

�
��

�
T"

	 
=

��
�J
�
�
�
�*
�<

��
��
�
�H

�"
�
_
��

<
�
�:

"�
"
��

(�

"
��
�
*�
>�

�
��

��
�
T�

)
	�

.

Archive of SID

www.SID.ir



��@ ��� ������	
����� ������	 �������� �/(�

Q �4�: # *4H?FS 9?4 : x7 <��k`��J+ !��D <	�3 	 l���+ �4�

 *  T�a+ |;C: x7 ! �,g � !3�v !h�d !��D # ��5B ��C#

 #��4D :	 m4` 6�J� # !h�d �9? :1�:�4b  �4D �43 ��4� 

*  �� .j;� R3�\ )��(f��4g <�43	�3 !4-?3 |�	Z4"	 �3 �

!4��D ]4� Z4� �3 �����D L��B # �9? : <��k`��J+)*4a;C:

 ���?,4g *H?FS 9? : � �3	�?�–*��4P�B N4��  �43 *45=5  (�

�3	�?4� *a;C: !��D ]� 9�	 # � !�	 *��D 6�J� *V#��8

 :	 <�?V�4�� � ��4�57 # *3�4P �43 <	 6�J4� |4;C: t��B

 �57 * <:�3 |�+ 6�J� *V#��8 .!4��D <	�43 l��4�+�/@�4�  

3 Z?+ *H?FS 9? : <	�3�� �243�  �6�4�	# �43 <�4�?5=5  Y�4[

 !4�	 6�4� 6#	# T�4a+ *��4P�B N��  .4��=  l��4�+ :	 # Y�F

 6�J4� *V#�4�8 �3 �b5  �7 *H?FS 9? : <Q�3 <��k`��J+ !��D

*  6�4� 6�4?3�7 *4� ��Q �?FHB L�Z� �3 T	�B *  �#��)�45�Q (#

!�	 ��"�V 	�c *��3 #�  � 	#	 # �7 #�3 *` �|;C: ��Q ��:.

$&��� ��" ��6 # � *�>� B,7� 	� ����:<���;4� )��(

�)�@(F��=  l���+ *4  T�a+ 	 9"�  s�S 9�	 <	�3 Y� �4C# .

j;� R3�\ )��(6�J� # *V#��8 �!3�v !h�d !��D # t�" �

�4�"�V �4h+ # s�4S �C !��D �?�3 # 9;� ��"	 * w�JB	 	�38

 3 6���!4�	 6�J� *V#��8 :	 <�?V��� � ���57 �3 #�c *3�P .

# !4h�d |C�47 N4M�3 Z4?+ 6�J� # *���P !M�� |C�7

  6�J�*#�� .j;4�)�@(!?H4g� <	�43 	 Y�F4��=  l��4�+ 

*4  T�4a+ #��4=  L�4� !��D # ���?,g *H?FS 9? : �4C#..

<	�43 6�4� �4�"�V �4h+ # I4��,  t�	�� # l���+ 9�	 R3�\ 

 	�38 6�J� # *V#��8 �6�J� *���P !M�� � �3	�?� *a;C:

 ��"	 *�+ w�JB	 .�43 �3	�?4� <	 6�J4� |4;C: �4�Q �v�  |�+ 

�C 6�J4� *V#��8 |C�7 � ���57 # �6�� 6�?3�7 *� �5�Q 6	�

3 �	�38�!�	 #��a  ��[�D l���+ # *3�P.

�b��� �3& ���� :43 l��4�+ �*�7 <�?V �b?�+ �h5  �3�!4�# 

4D�S :	 �45�ZV �4�X Y�F4��=  # 6� 844 <��4# �47 9"�

<���;� )1(*�	 )�@(4�P# 	#��+ �# # ��+�� 6#	# T�a+ 4*

�46��)��()V45�Z4�<�C 4  49"���@��(4� �46��)�U(

)9"�  �5�ZVU(6�4� 6#	# T�4a+ �4+	 .43�94�	 # ��4�  T	�45M

 ���7 �C	#��+L2- 3��5�ZV *5H )j?"�5� (6���@)�43 9"�4 

 <�-+	�" |;C: (*J5  ! �M �))(3 �T8 <��� �L�4M *5H 

 6�J� *V#��8)�4D :	 �4��7 ��7 T�� !h�d :�4b  @��*4�?  

��?� # L�V (!�	 .!F�  ! �M (+) Z?+3�T�4� 6#�4�8 *45H 

 !�	 6�J� .l��4�+ �4-���  �43 � *4�P# 	#�4�+ �# 9�	 R3�\ 

 * �Y�F��=  L��X �5�ZV T	�B 	3�# �45?�3 s�S ]� T	�5M

 6#�J��	 �a7 # *��5�  ��?+ <��5"�  *D	�S#�7.

���"�l # �,-O 

�\  9�	 �7 *B��?�=B 6^��` l���+ :	 *��-c �H�)��B�P *�  

!Fv 6��� �3 ��"������*4��M <��4aC��` L��=  <	�� # 

�a7 !�	 t��B ��"�� �?K,B ��#�3 �3 �7T� :�4� L�4�= 

 <Z� � �+�3 � !����  9��43 �47 !4�	 �4�"��k` L�4b+	 �a7

 ��?��* *+	#�c � �;aB #��.

*2# ��	� 

1. finite layer  technique 2. aquitard
 

8=�� 

�.�O ���3”#�  *5? : ��: >8 23�5  !?Hg� # R?�=B ��� # 6�5�Q8 23�5  � <��� >�� >8 !�� 6#�J��	
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