
�� �����	� 
���� ����� ���� ���� ����� ������� � �� !1398  

 :
'�(� )*�+�� ,+��-20/03/1396  

 :
'�(� 2�+34 ,+��-25/09/1396  

 :���6734  - 15  

  

 ���� ���	
���� �
  ���� ���
� ����� ���� �
����� �� ������� ���� 

 �!���   

  

�"�� #��1* &���'(�'( ��"2 &��* �+�, �'-�3 &���/� � ���0�4 

  

 �:;<  

��� �� �;+  =�� >?�@� =��! =�A��B �� �A��'C =� !C ��@���+� �+�?�@� D��@� >?C �+34 E��	!C � )+�+:� �� !  =����! �� F!�@� 

GC =�!��H� �I��� )?� .����� 
! E��@K �;+ �� LM�� =�� �+��� �A��'C GC �� ��!�+� ���� 
B�- ���! )?� .N:� �� O+� D(�- 

�!�+��� >?C +34 �� ���6�?� �! ����� 
! 
�� E��	!C =�GIS2�� �  =�� =���C � P:� Q�?��� �� :��! .�! R�?� 2�� Q�?��� 

>?C =�+34 E��	!C 
�� �� ���:�� >?C =�+34 �H � �?��� )128-75 (���V �� ��A .W4 �� 
�?��� LM�� :+:B Q�?��� �! 

���6�?� �� Raster Calculation  ��� ��ARCGIS
���� �� ����� )X�Y O! �Z�[��� �Z+� ��! �  =�� GC �@���+� � LM�� 

Q�?��� :+:B 
�?��� :+��A .�� O+� )'�\ >+�I �Z�[�� �� 162/0 – )]�V �� 
@ !  =��? (
! 842/0):�! �� 
@ !  =��? (^+�_*� 

+)*� P���\� `a? �� b�* �Z�[��� .95 �@�� :7��  ��� ��! )05/0<P-value�! .(=� 
@ 4 
�(� 
 -  =:@! )X�Y ������ 
����  =����! 

�� 10 
(�\ ��< �! R�?� P�7� 
���� =����! ���:���?� c���� � 
! 2�� =�����*���;d?� ���� _'��C ���V )*�A .Wd? 
�(� 
@ 4  =:@! 

)X�Y ����� �! ���6�?� �� P:� =�� �!���� �?�- :� .6�-D ?C 
�(� ��> 34+�= 
@ 4 � :@!= � )X�Y���� � E����  :��  �eH�

! ���:�� �� 
�'�a� ���� ���:���  EC �@���+� GC �� _� ����� )X�Y 
H 
(a@� �� �;<�H ^	! � @- � ���� ���V �aM �H � �aM

 �� �-f�!50 
@ 4 
�(� R�?� �! .)?� �:� =:@! 
(�� g���aM ���:�� �� �)?� ��' �� c�A ���  =:@! )X�Y ������  )X�Y O+�-f�!

GC �� ��= �+���@� !�@B )�[V� � E��	!C
� :������A �+: hi- �� ���� 
H� A��'C ]!�(��� ���� '��* ��) ��= �����H=� 

!C GC )�A�!��=� �� W@B�O 3j- �-f�! k��+�
 �:�+) �'��:;� 34l�6� �+�= � g�M� :��!.   

  

 :=:�H E�Am������ ���	
� ��������� ������ ����� ������� ����� � ����!� "#�.  

                                                      
1 - �����	
 ��	
 �����������
���������  ������ �����  !�"($�%&� �'(&)��)  lili_gorji@yahoo.com   
2 - ������ �,-.� 	�/0 ������	 �12�(" 3.�/ �'4���	 �15.6� 7&)/ 12�(" 3.�/ ��)	��2�  tabatabaei_j@yahoo.com   
3 - ������ ������	 �12�(" 3.�/ ���9 �15.6� 7&)/ 12�(" 3.�/ ��.���	  a.ghazifard@sci.ui.ac.ir   
4 - ������ ������	 �1;.<= 
�.���>? ���9 �
����������� ��.���	  m.entezari@geo.ui.ac.ir   



  

  

  

  

16  -----------------------------------  6� A��=�B� ,C��.D <=.;1� ���	 E��� ���-" �19 � ���G1398  

 


�:(�   

%� &��'��' '� (����)� *
�&� +�,� !� ��)� �-�� !� .���/ ���&0 1	
 2
�3 �45��6� '� 7!�8� %� !�90 

����� �
 :�8; !� 1	
 %�/ .��< *
�&� %� &��'��' (��=< ����#;) ����2006.( �
 ���< �
 C�
 ���
 

�&�DE6�E 1�C�F 6�)
� G���� H -��H#I�6�E ������ (���)
 G�! �25 6����J� '� ����� *
�&� �#/�
 �0 2�� 

�
 (�� 7#E �)&< �
 ����&/ K��&� 6�!�� 2�����F �6��LF M��� ���!�N�E H �H�+�) -����LF ��N��1391(. 

�4� �
 -��E� R�S�� M���6��LF ���	
� H 
��'!� TH!�E H 6�E�U�� VJ�	� !� (�� ��&��' ��&0�< 1EHWF6�E 

XJ�	� !� ���<�� ��)� �!�Y ����� .-�� H �����H� �������& )2012� (!   ����!� "#� ��
!�0 Z�ZI< HGIS  �!

.#���� !��3 
��'!� �!�� �C!�
 �)/ ���	
� 6��LF M��� 6H! ) 6#�5�����1392 (!� M��� �!�
 ���	
� 6��LF

 .�I� !�  ����!� TH! '� G��X��� �
 !�
�9�� -/�GIS  � ����!� ��)� �9Z� 6H! �
 ������ ��� [�,\�� �


]	9� ����� !��3 ���' ����� G�H#I� !� �#&��E C�
 ������ 6�!�� �0 ��Z� ��J0 ��0#��. ��9� H ��!�N�E 

)2013( M���6��LF ���	
�6�E 6'!H�90 ����0 �! �!�
 ^#���0 _���� `&��H !�0 �)�� �
 G��X��� '� ���'� 

!�F��6���� ���0�NJ�H H -4Ja ������ �
 M��S U��,�E 82 #Y!� c�\� #/. ) DU�!�H! !��N�H2014( 

6'���U��!� !�#Z� ������ �
 G��X��� '� ���!�U�� 6�E����� ���8< JU&� H '� TH! 1E�0 ��#+< �E����� H 

���!�U�� RF �
 
��'!� M���6��LF %� &��'��' !� K��&� 
�&� ����e�� -;���F �0 _���� �� 0�5 '� ������! 

���' H fN,/ �����< �9�'�
 !� 1�F&�
 -4Ja !� ���	
� ��
.  

 ���!�N�E H ���)2014( D�� <�Z�ZI< �
 6H! -�X�0 %� ���;�H!6�E ��)� g�`�� G�����+��\� !� H #�� ��; �
 (�� 

�`��� �0 #�#��! %��F 6'!H�90 2��� (����)� 1��D�� ������ !� ���;�H!�E ) #&�H'!� .-�E1394�+��\� !� ( 6�


��'!� ���&� �
 M���6��LF %� &��'��' -/� ������-��)X8h�0 �
 G��X��� '�  ����!� "#� c�Y� G#/1 �
 �

 H� ����Z��9Z�  ����!� �!�#�����   ����!� Hc�Y�  '� G#/ c�Y�  ����!� �9Z� �0 #��! �`��� (�� �
 G#/

���;� .-�� !��!�;�
 6�<C�
 -3� )1394 *
�&� (����)� '� �! 6'!H�90 !� �<'� 6�E��0 '� G��X��� Z�ZI< !� (

� �0 -���� ������ �����&��' ��' H I\� 6�)
� #���< .#E� !��3 ��i�< -I< �!  

H �&���C )��!�N�E2016( M��� !� �)�� -��E� H �)���	
� !� N�j����
 H N�D�� 6�E#&���� 1Z� %� 6��LF

K�3! H #���� !��3 �!�
 �!�� ������� 
�a "��/ !� �! ������ ����� �
 &��'��' (����)� ���&� �
 �! �#/

.#&����� ������ 7L5 !� 2��� 

) ��!�N�E H 6'!���2017M��� 
��'!� Z�ZI< !� (F 6�)����+� �i� !� ������ ����� �
 &��'��' %� 6��L

 ��� ��9� �)�� _���� .#���� !��3 �!�
 �!�� (�HD3 ���	
� !� �! 6'!H�909 H �!�� !��3 �\;�F ��5�� !� ���	
� %

M��� !� �! ��i�< (���9�
 m�; .�I� !��0�� (�&n�E.�!�� ���	
� 6��LF  

  

                                                      
1- DRASTIC- NW 



  

  

  

  

17   --------------------------------------   J.20 1G�)/�� �	 K.�2��	 $'� 
/�2 ,(.�G���BG0 
�)L�...  

 

���� �� 2�� ��� 

 )�I� �?��!:E��	!C �� �����  

������ �
 ���&� (��;� �����#��0� �J5�� ��,�0�< �jH���� !�� %��I� ���/ �0 2��� 6!���
 ��&�
�J���)�� 

!� ����'�� -�� H 2�N9< "���5� ��,�0�< ����� 6�' 'H���� (��� '� �� �
 ���&� N� '� ];�/ 6�E �����/ 

����� %� �
 %�S���!�� �E ���< �#/�
 �6#
��)1380.(  

����� ���Un�E ��&0�< ���� <�+��\� G�H#I� !��!�#����� o��� �
 H �H#� 6!���
 �
 ����� -)� :�; 6�E

 �
 ���< �
 K�ZI< (�� !� �N�<!�Y !� .-�� G#9� g�`�� ��������D�)`< M��� �!�
 ��N�� E�U9��� ����N�� H -

����� K��� '� 6��LFH D����� �6!���
 �!�#����� o��� �
 _���� ���X<� ���� 2
�3 g'C 6�E.#/�
  

����� #&���� �
 ���D�E����� D����� H 6!���
����� �
 #+
 H ��/ ����  ����!� "#� �0 �!�� ���H ��N�� (�� �E 6�E

������ M��� '� Z�3� �9Z� H ���� G�,���0 "#� ��)< ���	
� 6��LF����� ��+��\� o��� �
 . "#� G#/ g�`�

M��� 
��'!� -)� "#� (���)
  ����!����	
� 6��LF.-�� G#/ ��;�&/ �E �
 !�4&� �!�
 ����� ������� 

�����'� 6!���
 10 �ZJ5 G�h ����K��� H K��� �
 �#&0��F !� M��&� �
 �Z\&� o��� "�Y� �����6!���
 �!�#����� 

J� G!��/ 1053 ����� �!�#����� H ��Z�ZI< �+&Y ����� !� ����
�< "�� 1395 �!�Y -��� .���/ -I< H 

���� H ���' #��=< G#/ �
 G�U9���'� %�"��!� ��&/ H ����<��H��Ne�� G�U��� .��< �!�� D����� !��3 -���. 

�Z\&� %� ���'�� .��< G#/ g�`�� ��+��\� '� G��X��� �
 qe�U��Uh ���)XY� 6� ������< -4Ja ������ g�� �
 

 !�D��10 ArcGIS "#� H 
������ (��' ��3! R�X<!�1 ��! #���� �
 H 6�E�!�#����� ���'�� -/�#)
 ��)� 2008 

�!�� ����Z� !��3 .-���  

 


�'�a� ���� 
(a@�  

G�H#I� <�+��\� ���� N� '� G�H#I�6�E JY� �S�5 D��
� ��;H�� !�90 ����� G��
 !� �0 "��/ %�a (�� 

�S�5 D��
� !��3 ��!�� -+�H (�� G�H#I� r��
  �
5/2064 *
������J�0 �/�
 .#G�H#I� <�+��\� (�
 "��6�E 

��������´45°50 �<´ 35° 51 3�/ H t��6�E ��������´9° 33 �<´42°33 ���/ G����� G#/ ) -��2N/1.(  

                                                      
1- IDW 



  

  

  

  

18  -----------------------------------  6� A��=�B� ,C��.D <=.;1� ���	 E��� ���-" �19 � ���G1398  

 

  
 ];�1 :
�� 
(a@� �+�*��jB )�V�� 
�(�) :*,&����#�!�U�( 

 

�?�@� 2��  

:Q�?��� 2��  

 "#�  ����!�_��!];�/ TH! "#� (��<-  �N���� -��' .�I� -w�X5 q��j� .��< �0 -�� ��/�e�EUS-

EPA G�h (�`�� H �N���� 6�EAWWA  �"#� (�� .-�� ����� �+��< &��'��' 6�)
� ����� 2�����F (��+< -)�

� �,��I� &��'��' %� ����� 2�����F �
 �i�� 2��� -XE '� G��X��� �
 x\� �< K�� �2��/ 2���� (�� .��/


�����1) �D]��; ��L�< �(2 )R���	
� .�I� �(3)Am�; .�I� �(4)S�����F�< M�/ �(5)T �i� �( .�I�

R�,/���a6)IN��H!#�E -��#E H (7)C� () #&/�
���!�N�E H ���1987.(  

.#�!�#� "#� !� ���N� �i� G#/ �0y ����!�F -XE M��� zI
 !� �
 -,�� 6��9�
 -��E� �E����!�F '� ;�
 6��LF

 �
 2��� �E �
 o��� (�� �
 .#�!�� 2���� �������< ��� ���� �
 -,�� �� ,�� -��E� �
 (�
 ,�� �'H 2�1  �<5 

� G��� :�8�;� !� �! T'!� (����0 �����F�< M�/ H (���9�
 R�,/���a .�I� H 
����� x\� �< K�� .��/

                                                      
1 - Depth to water table 
2 - Net Recharge 
3- Aquifer media 
4- Soil media 
5- Topography 
6- Impact of vadose zone media 
7- Hydraulic conductivity of the aquifer 



  

  

  

  

19   --------------------------------------   J.20 1G�)/�� �	 K.�2��	 $'� 
/�2 ,(.�G���BG0 
�)L�...  

 

G'�
 �
 �E����!�F '� g�#0 �E (�&n�E .#�!�� !�0L� 6�E����!�F (�
� ���Z< ��E �
 �)�� 9	
 �i� �0 #��/

 �E �
 .-�� �H�X�� ����� 2�����F (�� '�  �G'�
�E �,<! (�
 6�1  �<10  9	
�i� (���9�
)10  �i� (����0 H

 9	
1� KJ+< (.����  q�#�� (��+< 6��
 ����!� �\
�! '� 1 � G��X���.��/  

)1 (  Drastic Index =����+����+����+����+����+	�	�+
�
�  

 �\
�! (�� !� �0W  H �'HR �� "#� 6�E����!�F '� g�#0 �E �
 {�
�� |� q�#�� �,��I� '� qF .#/�
 ����!� �

M��� 5���� ]	9� ���	
� ��LF.#��/  

 

���+n o�! �  

 K�� :
����� x\� K�� .-�� ���	
� �
 �#��! 6��
 G#&�C� �����< "��&0 !� �)� 2���� '� N� &��'��' %�

 G���� �0 -�� Z�� G#&&0 (��+< �8	9� (��G#&&0  �!�� 6���' -��E� H #��
 
����� x\� �
 �< #&0 � #��


 ���!�N�E H g#Z� 6��Y�)1388 ���!�N�E H ��#; :1385�9Z� .( 
 
����� x\� K���H!� � '� 2Y�5 {�Z� 
��

�E���HD�F 
����� x\� K�� (�U���� "H#�)1 (G!H�  � 6��
) ���� -9E 61382 -1390 .�I� !� ( ������

�������� ������1 
�' ��3! R�X<!� TH! '� G��X��� ��(  "H#� %1 x\� K�� E� �'H H 6#&
 �,<! :

)
��������!�N�E H ��� 1987(  

�!��[+� `a? D�K  


�-�  (���) ���:��  

5  1/15 -89/13  

3  7/22 -1/15  

2  4/30 -7/22  

1  4/30  

��[� E�� :5  

  

 2N/ K
�\�2 K��  '� 
����� x\� �
 �!�;�
13  �<89  �
 {�
�� K�� (����0 .-�� ����� (��' x\� '�

-��3 !� ��C (�� .-�� %�&� H "��/ �D0�� �
 {�
�� K�� (���9�
 H �Z\&� [�/ H %�a !� ��E4 ) o�01 �

2 �3�5� !��3 (.����  

                                                      
1- GIS 



  

  

  

  

20  -----------------------------------  6� A��=�B� ,C��.D <=.;1� ���	 E��� ���-" �19 � ���G1398  

 

 
];�2�@���+� GC D�K =:@! 
@ 4 
�(� :(E�A:���Z� :F�@�)  

 

 :���	
� ]��; ��L�<G#&�C� "�Z��� H y�X� 6��
 �)� !���
 2����Z\&� '� �ER�,/���a 6 �Z\&� �
 H -�� R�,/� 6

G#&�C� x\� �
 �! *��� H #��� 6�E%� � (�&n�E H G��
#E� 1��D�� �! %� x\� #&���< )����5! 2008 6��
 .(

�F�N��F TH! '� ��L�< ��C ��)<1)2001 �\
�! �!�Y �
 �F�N��F ����+� .#/ G��X��� �(2 :-��  

)2(   y�X� G��� M�/ #Y!� G��� +�#�!�
 G��� +m�; 6��LF= .��L�< G���  

�Z\&� %� ���'��) ���� ���	
� 6���HD�F 6�)E�h 6!�X5 ��� �
 ��&��� �
 6��LFy�X� �9Z� ��)< 6��
 ����� 6�

 �,��I� "H��� H (/ ����� �-J�� �o! 2�,3 '� ���	
� G#&E� 2�N9< ��D�� '�  � �E �'H #Y!� �(��)XY�

G#����  H G�h G�H#I� !� ���	
� .���� 6��LFy�X� M��S ��)�� '�  � �E 6��LFy�X� M��S (���� �4� !� �
 H

� �,��I� �� !H�`� K��&� "H#� 6�E!��+� K,� ���	
� 6��LFy�X� �
 {�
�� �9Z� -��)�!� .����2 G�! 6#&


 .#/��C �
 {�
�� �9Z�y�X� H M�/ �9Z� ��/�F �E �
 ��#�< 6��LFG��� G���E �
 m�; 6 �0 �Z\&� �#�!�
 6

 ��!H� -�#
 6��
 -��)� !� .#/ ��)< (��&/��E ������ �
 ���<�
) -��  � �
��
 �+��\� �!�� �Z\&� �!�� !�

 "H#� 6�E!��+� '� ��L�< +3�H �,<!2 .#/ G��X���  

  

                                                      
1- Piscopo 



  

  

  

  

21  --------------------------------------   J.20 1G�)/�� �	 K.�2��	 $'� 
/�2 ,(.�G���BG0 
�)L�...  

 

 P�:B2L'�M 
+3j- 
p	�� ��� E�� � =:@! 
�-� :)��F�N��F2001(  

>� �A:���!  g�M =�+34 l�6�  
+3j- E�_�  

(#Y!�) M�/  

2<  

10-2  

  

!��0��  

4  

3  

  

(����J��) T!�
  

500<  

!��0��  

1  

G�H#I�  

���'  

���' �< .����  

.����  

�0  

!��0��  

5  

4  

3  

2  

G�H#I�  

8-7  

7-5  

  

!��0��  

5  

3  

  

        �0 J�;  1      

  

2N/3 ��L�< � ��9� �! ���� ���	
� ]��; TH! o��� �
 .#E� G��� ��0�#5 ��L�< ];�/ 6��
 �F�N��F5  H

 G��� 23�#53 G#�� -��3 H #�� -�� �
�,<! 6�!�� �Z\&� '� 6� 65 G�H#I� '� 6���' -5��� qF .-�� 6

G#&�C� "�Z��� 6��
 \���� -��� <�+��\�G#&�C� "�Z��� "���5� H �!�� &��'��' %� x\� �
 �E 6�)
� �
 �E

!�� ���H &��'��'.�  

  
];�3L'�M 
+3j- 
�(� :(E�A:���Z� :F�@�)  

���	
� .�I� :�E���HD�F ��� '� ���	
� .�I� �
 {�
�� ��C #���< 6��
 H G�h ��� q&� H R�� ���9�0� 6�E

 ���	
� .�I�]	9� �Z\&� %� -0�/) #/ ���)XY� 6�1390 2�N9< ���� q&� -,�� M�5 �
 �0 �I� (�#
 .(

G#&E��E !� ���	
� 6 �,<! �G�h"H#� o��� �
 ��E3 ��� JF qe� H #/ G��� :�8�;� �\Z� �E �
 {�
�� 6�E



  

  

  

  

22  -----------------------------------  6� A��=�B� ,C��.D <=.;1� ���	 E��� ���-" �19 � ���G1398  

 

�9Z� �
g�� .��< ����	
� .�I� 6 !�D��GIS  ���'��)6���! -��� �
 ���	
� .�I� G#/ 6#&
 |�� �9Z� H ��)<

 �!�90 6!���
 �9Z�1386.#/ ��)< (  

 P�:B3�	!C ��� 
p	�� ��� E�� � =:@! 
�-� :E�)���!�N�E H ��� 1987(  

E��	!C ��� 

G�H#I�  

o! H ���� H (/  

���� �(/  

o! H ���� �(/ �"H���  

�,<!  

7  

8  

9  

 :,�� �'H3  

  

 K,� 2N/4 G��� 6�!�� ���	
� .�I� 6�E7  G��� 6�!�� �0 J�; ��D�� �
 H (o! �
 (/ �����)8  ((/ H ����)

 H9 � (o! H ���� �(/ �"H���)�
 qF .#/�
 ��,��Z< ���	
� .�I� �0 �� 2���  -0�5 ����� �-�� ���� -/!�

G#&�C�� 1��D�� ���	
� &��'��' %� ����� !� �E.#
��  

  
];� 4E��	!C ��� =:@! 
@ 4 
�(� :(E�A:���Z� :F�@�)  

�m�; .�I:  ��C m�; ������ �
 ���< �
L;� S�!� �����< H *
�&� 
��'!� �9Z� '� G#/ ���!�)  -�H�+� .��< G#/

 ��� ������ (�&n�E H (%� H m�; ����� ������ �
 ���< �
 ���)XY� 6!��D�	
� H +�,� *
�&� 20 G!��� &�

G�hG#E�9� 6�EJF qe� H G#/ ��)< ��&/!�0 6�!� H 6����g�� '� G��X��� �
 �E !�D��GIS  �
 ����! �!�Y �


 "H#� H  ����!� TH! o���4 G���E�.#/   



  

  

  

  

23  --------------------------------------   J.20 1G�)/�� �	 K.�2��	 $'� 
/�2 ,(.�G���BG0 
�)L�...  

 

 P�:B4g�M ��� 
p	�� ��� E�� � =:@! 
�-� :)���!�N�E H ��� 1987(  

g�M  

G�H#I�  

�! g��  

g��  

-�F  

��� -J�� 

��� ����  

�,<!  

4  

5  

6  

7  

8  

:,�� �'H2  

  

 �
 ���< �
 2N/5  G���) g�� �J�� -��
 6�!�� �Z\&� �4�� -��37) G��� �� '� #+
 H (8 ��� ���� -��
 &+� (

 !��3G#&�C� "�Z��� �����< -J�� 2�� D�! -��
 �
 ���� ���H .�!�� 1E�0 &��'��' %� ����� �
 m�; x\� '� �! �E

�.#E� 

  
];� 5g�M ��� =:@! 
@ 4 
�(� :(E�A:���Z� :F�@�)  

  

<�����F� :��)< 6��
�9Z� '� M�/ ��C 6 6�E25000/1  "H#� o��� �
 H G��X���5 G���.#/ E�  



  

  

  

  

24  -----------------------------------  6� A��=�B� ,C��.D <=.;1� ���	 E��� ���-" �19 � ���G1398  

 

P�:B5�*��A�4�- 
p	�� ��� E�� � =:@! 
�-� :)���!�N�E H ��� 1987(  

>�  

G�H#I�  

0-2  

2-6  

6-4/9  

�,<!  

10  

9  

5  

:,�� �'H1  

  

�
 ���< �
  2N/6G#�� -��3 � M�/ �Z\&� '� 6�0 -2  �,<!) #Y!�10 ���' ��Z\&� �0 M�/ �
 ���< �
 .�!�� (

G#&�C� H I\� 6�)
� o��< (��' x\� �
 �E �J��� (�� H �!�� ���H y�X� 6��
 6��9�
 q��/ H ����� 1��D��

� 1��D�� �Z\&� !� �! ����� 6H���.#E�  

  
];� 6�*��A�4�- �:� =:@! RqH 
�(� :(E�A:���Z� :F�@�)  

  

�I���a .R�,/� :������ �0 -�� m�; .�I� H 
����� x\� (�
 ����� !��3 -��3 2��/  !�� �
 �� H R�,/���a

��)< 6��
 .-�� R�,/� �����F����C 6��a .�I� �
 {�
�� 6G�h ��� 6��&E�! '� R�,/� �Z\&� !� ����� 6�E

���F �
 H G��X���"H#� 66 �,<!.#/ 6#&
  



  

  

  

  

25  --------------------------------------   J.20 1G�)/�� �	 K.�2��	 $'� 
/�2 ,(.�G���BG0 
�)L�...  

 

 P�:B6r���� �Y ��� ��� E�� � =:@! 
�-� :)���!�N�E H ��� 1987(  

r���� �Y ���  

G�H#I�  

(/ �o! ���� H  

o! H ���� �(/  

�,<!  

4  

6  

:,�� �'H5  

  

 !� �0 !�� ���E2N/7 � G#E�9�G#�� -��3 ���/�,<! 6�!�� ���� ���	
� R�,/���a .�I� '� 6� 66  �(/)

 �����
 -��3 �0 -�� (o!�
 !� �! 
�&� H ���/ �3�/ 6�E� �,<! 6�!�� ���	
� %�a H ����4  �
 (/ �o!)

.-�� (���� 

  
];� 7r�����Y ��� =:@! 
@ 4 
�(� :(E�A:���Z� :F�@�)  

  

N��H!#�E -��#E: � 2Y�5 j�e�F 1���'� ��,��I� '� N��H!#�E -��#E �
 {�
�� ������ %� -0�/) ��/

�Z\&� ���)XY� 6�13901���'� !� �0 �� �
 ���< �
 .( �,��I� %� "�Z��� �����< M��S �8	9� !�#Z� �j�e�F 6�E

� -��	S �
 %� "�Z��� �����< M��S ���Z< '� N��H!#�E -��#E !�#Z� ����	
� R�,/� -��	S '� G��X��� �
 ���/

#�� -�#
 ���	
� R�,/� )�\
�!3 .( -��
� -��	S �E H "�Z��� �����< M��S �
 {�
�� �������� {�Z� H !�#Z�



  

  

  

  

26  -----------------------------------  6� A��=�B� ,C��.D <=.;1� ���	 E��� ���-" �19 � ���G1398  

 

T!�D� H ������ '� -/���� �
 qe� .#/ ��)< ����� 6�E�,��I� *
�< '� G��X �E �9Z� K��X< '� �6���! ��

 -��
� -��	SH  �����< M��S �9Z� ���Z< '� #+
 H #/ 2Y�5 R�,/� -��	S �9Z� �%� x\� K�� �E �9Z�

 "H#� �
 ���< �
 2Y�5 �9Z� .#�� -�� �
 -/� N��H!#�E -��#E �9Z� ����	
� R�,/� -��	S �9Z� �
 "�Z���7 

G���.#/ E� 

)3(   (� ��� ) �

�
 k=  

:�\
�! (�� !� �0  

=K  -��#EN��H!#�E  M�5 �
 ���	
�m/day  

=T  �
 %� "�Z��� -�J
�3 M��SM�5 m2/day  

=b  M�5 �
 R�,/� ��C -��	S(m) �.#/�
  

 P�:B7�;'��:� )+�:� ��� E�� � =:@! 
�-� :)���!�N�E H ��� 1987(  

�;'��:� )+�:�  

G�H#I�  

4/1 -35/0  

3/12 -4/1  

7/28 -3/12  

49/43 -7/28 

�,<!  

1  

2  

4  

6  

:,�� �'H3  

  

 2N/8 � ��9� N��H!#�E -��#E 6�!�� ���	
� G#�� -��3 �0 #E�3/12-1/4  G��� &+� 'H! �
 ���2  H -��

 �,<! �� '� #+
4  N��H!#�E -��#E)7/28 - 3/12  G#&E� 2�N9< ���� �����< &+� .�!�� !��3 ('H! �
 ��� ���	
�

-��3 !� ����G#&�C� ����� ��N�� �J��� (�� H -�� �0 �,��Z< %� "�Z��� 6��
 �Z\&� '� 6���' 6�E 1	F H �E

-��3 !� -��5 (�� .��0 #E��; �0 �! 6��LF M��� H G��� 1E�0 !�#
� G�X� !� �! �)�� 
�a H 3�/ �6D0�� 6�E

.�!�� ���H ���	
�  



  

  

  

  

27  --------------------------------------   J.20 1G�)/�� �	 K.�2��	 $'� 
/�2 ,(.�G���BG0 
�)L�...  

 

  
];�8 =:@! 
@ 4 
�(� :�;'��:� )+�:�(E�A:���Z� :F�@�)  

 �
 {�
�� ��C -XE ��)< '� qF�8	9�6�E  .�I� !�  ����!� "#�GIS�9Z� K�XJ< 6��
 � '� G#/ G���� 6�E

 !����Raster Calculator   !�D
� �,+� !�Spatial Analyst� G��X��� � %��5 (�/�� (�� '� G��X��� �
 .��/

��; M��S !� ��C �E 6���! ��C g��< qe� H %�S�&)F ����F !� .#/ *�� �U�#N� �
 �EM��� 6�E �
 6��LF

o�0 TH! (�� o���.#/ 6#&
  

 P�:B8Q�?��� =�+34 >?C LM�� =:@! 
�-� :)�6������2008(  

Q�?��� =�+34 >?C LM�� 

G�H#I�  

100-1  

140-101 

200-141  

200>  

�,<!  

�0 6��LF M���  

.���� 6��LF M���  

M��� ���' 6��LF  

���' J�; 6��LF M���  

  

�9Z�!� ���� ���	
�  ����!� ];�/ �
 {�
�� 62N/ 9  6��LF M��� 6H��� TH! (�� !� .-�� G#/ G��� ��9�

G�H#I� !� 6128-75 � !��3 (.���� H �0 6��LF M���).����  



  

  

  

  

28  -----------------------------------  6� A��=�B� ,C��.D <=.;1� ���	 E��� ���-" �19 � ���G1398  

 

  
];� 9Q�?��� 2�� 
! =�+34 >?C 
@ 4 
�(� :(E�A:���Z� :F�@�) 

  

 
 -:����� )X�Y 
�(�  

K,� ���&E! ���'�� ��)� -/�#)
 H (��;� J� �!�#����� �!�90 ��0�#5 '�`� ��� ������ !� %� �#���/�mg/l 

50 �
 M�5 ������ -��.  �+��\� �!�� �Z\&� !� G#/ g�`�� ��9���'� K,�(�U���� J0 ������E ���0 '� 

6�E�!�#����� J� H ��)� ��
 (�� �
"�5 !� �+
 '� ������E -4Ja 6C�
 -,i �E�!�#����� G#/ .-��  

 P�:B9: ��< )�V�� �:� =����! 
���� =��� ����� )X�Y �+��(�  

 �����


����  
1  2  3  4  5  6  7  8  9  10 

 c��

��<  
 %�Z��1   %�Z��2  ��a��  ��3�
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X 516682  516849  516194  515528  514255  514043  517744  518884  519350  519419  

Y  3703126  3703863  3704523  3705598  3702566  3701791  3693623  3691006  3694192  3699249  
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51/8  70/17  14/44  07/9  10/17  02/19  99/54  42/59  85/50  63/15  
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Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

 Statistic Df Sig. Statistic Df Sig. 

����� )X�Y 301/0 10 011/0 832/0 10 035/0 

Q�?��� LM�� 28/0 10 025/0 786/0 10 01/0 

a. Lilliefors Significance Correction  

  

                                                      
1- Shapiro-Wilk 
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Spearman's rho ������ -4Ja 
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Spearman's rho ������ -4Ja Correlation Coefficient 00/1  842/0 
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N 10 10 

  

 
 ];�13� :
@ 4 
�(>?C =:@!:+:B Q�?��� LM�� �� ���6�?� �! 
�� E��	!C =�+34 ) :*,&����#�!�U�( 

  



  

  

  

  

33   --------------------------------------   J.20 1G�)/�� �	 K.�2��	 $'� 
/�2 ,(.�G���BG0 
�)L�...  

 


���=�A  

 '��� �!�� %� (���< !� &��'��' %� ���' -��E� 2��� �
 �0 -�� ��)XY� ����� 6�)�/� '� N� ���� -/�

 (�� !� 6'!H�90�Z\&�M��� 
��'!� �
 '��� � -4Ja ����Z� (��+< H ���	
� 6��LF �i�� ��� ����
 �< �!�� ������

.-/���
 �Z\&� (�� &��'��' 6�)
� '� 6!�#)U� H -w�X5 !�  

 �&)F �9Z� �%�/ %� (���< !� ���� ���	
� -��E� -J� �
 1EHWF (�� _���� .#���� ��)<  ����!� "#� �
 6#&


� ��9�2���� �0 #E� -��#E �N��H!#�E � ��a .�I� H ���	
� .�I� ���L�<�
 R�,/ ���&� 2���� !�L���i=<  !�

M���� 6��LF#&/�
 .�
 ���< �
 �N&�� 6��LFy�X� ���	
� �
 q&� ��!y 2�N9< �G#&E� G'�#�� H G�I� 1��!� �)�� 

!� !�&0 �U�#N� H ��L�< ���	
� �
 ��D�� ��#�!�
 6��LFy�X� H M�/ (��' {�,<!� ��!�� �`��� !� ��i=< ��9�
 q&� 

(��' H 6��LFy�X� (��' !� M���6��LF ���	
� �
 ������ �!�� #��=< �.#/�
  

�9Z� �!�
 �&)F6#&
 M����6��LF ��9� �#E� �0 1�
 '� 90 #Y!� '� �Z\&� 6�!�� q�#��  ����!�  (�
1 �< 

100 G��
 �0 '� ��I� M����0 6��LF H �H#5 10 #Y!� '� �Z\&� 6�!�� q�#��  ����!� (�
 101 �< 140 G��
 

�0 !� G�H#I� M���6��LF !��3 .���� ����� .�
 2�JI< -����5 �
 TH! 7L5 ����!�F ��D�� 6!�L���i=< �E 

 � '� �E����!�F !� G���� 6'�� ���	
� �!�� 
��'!� !��3 -��� o��� �
 ._���� ���� ���	
� 6��
 ���  ����!�F K��

 �
����� x\� 7L5  ����!� "#� '� �����F�< H m�; .�I�#�#/M��� G�H#I� -��5 (�� !� . 1E�0 6��LF

 (�
 H �����90 -41  !��3-���M��� ���� H� !� ���� ���	
� '�&E ���H (�� �
 .���Z< .���� H �0 6��LF 6#&


�.���� 

 �9Z� �#&0��F -4Ja _���� ������� 2Y�5 '� "#�  ����!� �! #��=< �#&0 .!� Z��&� �
 M���6��LF .���� 

-4Ja ������ �<C�
 '� #5 '�`� !� 6�)
� �#���/� )ppm50 ((��+< #���� .!� �N���5 !� Z��&� �
 M���6��LF 

�0 -4Ja ������ !� 6�)
� &��'��' ���0 '� #5 '�`� !� 6�)
� �#���/� ]�	9< G��� #/ .(���
�&
 �
 !�� J0 

����< ���y� -/�� �0 _���� ��#E�9� ��#�� -3� "#�  ����!� !� (��+< 5��� M��� ��LF �! #��=< #&N��. 

 M��� �9Z� H� K�XJ<�&)F H 6��LF� ��9� ������� -4Ja 6#&
 
 G�H#I� !� �+��\� �!�� G�H#I� ��0� #E�

 '� Nh�0 1	
 �)&< H �#�!�� !��3 �\; �0 H �\;���	
�  �Z\&� (�� &��'��' %� !� D�� ������ -4Ja �0 ����

 '� �<C�
50 �Z,� m���\; G�H#I� !� �-�� ���� !� g�� J��.-�� G#/ 6#&
  

�9Z� o��� �
 �&)F������ -4Ja 6#&
� -4Ja (��<C�
 %� !� &��'��' 6�E -��3
�&�  ���	
� G#E�9� ����

 #���� '� /�� �0����� 2
�Z�� ��i=<  �<C�
 |�� �(��' q&� �6!��
� %� -9��
 �6'!H�90 6�)����+� '� /��

 m�; 6��LFy�X� H N��H!#�E -��#E ���L�<-��3 (�� !� ���	
� '� �.#/�
  

� �J�� '� 6����� ��+��\� _���� �
 1EHWF (�� ��+��\�) 6#�5����1392(��9� � H ��!�N�E )1392 #&�H'!� �(

)1394) ���;� �(1394�( ) DU�!�H! !��N�H2014) ��!�N�E H 6'!��� �(2017�( �H����� )��!�N�E H2012�( ���  H

)��!�N�E2014�( �&���C )��!�N�E H2016.�!�� -Z
�\� (  



  

  

  

  

34  -----------------------------------  6� A��=�B� ,C��.D <=.;1� ���	 E��� ���-" �19 � ���G1398  

 

F!�@�  

#&�H'!�  H ���8+���!�N�E )1394 .(
��'!� M��� 6��LF %� &��'��' -/� ������-��)X8h�0 �
 G��X��� '� "#� c�Y� 

G#/DRASTIC- NW���9� � 6!��
� H 9NE' ������ G!��/ 1� #J� 9� Y] 75 -82. 

6��Y� g#Z� ��Y�^ ��`�� �g�)�^ 6��#� ) � �\�1388.( 
��'!� M��� 6��LF %� &��'��' -/� 6�E ���!'�
 H -/#JF �
 G��X��� '� 

"#�  ����!� �
  o���GIS� �J`� .�I� ���&/ "�� � H ��`&F �!��/ 52� ]Y 55 - 64. 

 6#�5�����) ���Z���
�1392.(  .�I� !�  ����!� TH! '� G��X��� �
 !�
�9�� -/� ���	
� 6��LF M��� �!�
GIS ��������  H

�\�I� �����	� "��2 �G!��/6� ]Y37-56.  

 ��)XY� 6� �Z\&� %� ���'��)1390 .( D��
� G'�5 <�+��\� 6�E G�H#I� %� *
�&� ���
 6'�� g�U&)
��;H��� ��+��\�  6�)
�

&��'��'.  

��)XY� 6� �Z\&� %� ���'�� )1394 .( ���;H�� D��
� G'�5 <�+��\� 6�E G�H#I� %� *
�&� ���
 6'�� g�U&)

��'!�  #J� �%� *
�&�

.�`&F  

��F�0 6#
�� �) ��U��)1380 .(�&��'��' %� *
�&� ����� �
 #)9� 2��#&� ��i�< !�)h �C�Z� ����`� -/�#)
 6!�90 1���E (��

 �"H� #J� ��D� 3H#Y #�)/ ���!� ���#; H N/DF g�J� G�U9��� �.�I�]Y 87-97.  

(��5 �H�+� ^���3 ��5! ^(��5 #�I� 6��,3 ^G���� ����J� ^�XY �H�+� )1391� .( �
 ���� -/� ���	
� 6��LF M��� 
��'!

 6�E "#� '� G��X���DRASTIC  HSI  HSINTACs .m�; H %� -w�X5 6�E 1EHWF �J`�� G!H� 19� G!��/3 � ]Y141 -166. 

�#���/� %� �����/ H N�D�� 6�)��W�H ������ �+&Y ��Z�ZI< H �!�#����� ����� � G!��/ �!�#�����1053.  

Akhavan, S. Zare Abyaneh, H. Bayat Varkeshi, M. (2014). A Systematic Review of Nitrate Concentration in Water 

Resources of Iran. Iranian J Environ Health; 7(2): 205-228. 
Aller, L. Bennett, T. Lehr, J.H. Petty, R.J. and Hackett, G. (1987). "Drastic: A Standardized System for Evaluating Ground 
Water Pollution Potential Using Hydrogeological Settings". Ada, Oklahoma: U.S. Environmental Protection Agency, EPA-
600/2-87-035. 
Almasri, M.N. (2008). Assessment of intrinsic vulnerability to contamination for Gaza coastal aquifer, Palestine. Journal of 
Environmental Management; 88, 577–593. 
American Public Health Association. Standard methods for the examination of water & wastewater, (1995). 19th 

ed.Washington, DC: American Public Health Association. 
Goudarzi, Sh, Jozi, A, Monavari, M, Karbasi, A, Hasani, AH, (2017). Assessment of groundwater vulnerability to nitrate 
pollution caused by agricultural practices; 52 (1):64-77. 
Guo, W. Fu, Y. Ruan, B. Ge, H. Zhao, N. (2014). Agricultural non-point source pollution in the Yongding River 
Basin.Ecological Indicators; 36(0):254-61. 
Khodae, I. K, A. Shahsavair, B. Etebari. (2006). Juvein Aquifer Vulnerability Assessment Using Drastic and God Methods. 

Journal of Geological Quarterly of Iran; 2(4): 73 -81. 
Lasagna, M. De Luca, D.A. & Franchino, E. (2016). The role of physical and biological processes in aquifers and their 
importance on groundwater vulnerability to nitrate pollution, Environ Earth Sci.; 75: 961. 
Gabriela Breaban, I. Paiu, M. (2012). "Application of Drastic Model and GIS for Evaluation of Aquifer Vulnerability: Study 
Case Barlad City Area”.Water resources and wetlands, Editors: Petre Gastescu, William Lewis Jr., Petre Breţcan Conference 

Proceedings, 14-16 September 2012, Tulcea – Romania ISBN: 978-606-605-038-8. 
Neshat, A. Pradhan, B. Pirasteh, S. and Zulhaidi Mohd Shafri, H. (2013). Estimating groundwater vulnerability to pollution 
using a modified drastic model in the Kerman agricultural area, Iran. Environ Earth Sci. 13 pages. 
Piscopo, G. (2001). Groundwater vulnerability map explanatory Notes-Castlereagh Catchment. Land &Water Conservation 
of Australia. 
US EPA, (1996): Environmental Indicators of Water Quality in The United States, Washington, D.C., the office of Water, 
EPA, Washington, D.C, EPA 841 – R – 96 – 002. 
Rodriguez-Galiano VF, Paula Mendes, M.Garcia-Soldado, M.Chica-Olmo M, and Ribeiro, L. (2014). Predictive modeling of 
groundwater nitrate pollution using Random Forest and multisource variables related to intrinsic and specific vulnerability: A 
case study in an agricultural setting (Southern Spain). Science of the Total Environment; v (476): 189–206. 



 

 

 
  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol.08, Issue 19, Spring 2019 

 
 

Drastic model optimization in vulnerability assessing of Meymeh 
aquifer to Nitrate Contamination  

 

Leila Gorji* 1, Javad Tabatabaii2, Akbar Ghazifard 3, Mojgan Entezari4 
 

Received: 10-06-2017 Accepted: 16-12-2017 

 
 

Abstract  
Locating and identifying vulnerable areas of the aquifer and managing water supplies use and land use is a good 
approach to preventing underground water pollution. Nitrate has always been considered as a water pollution 
index. The aim of this study was assessing the vulnerability of Meymeh aquifer to nitrate through GIS, statistical 
methods, and Drastic Model. Drastic Model identified the vulnerability of Meymeh Aquifer as low and medium 
(75-128). After calculating the drastic new index using Raster Calculation in ArcGIS, the correlation between 
nitrate concentrations in groundwater samples and the new drastic index was calculated. The correlation 
coefficient of -0/162 (before optimization) to0/842 (after optimization) has increased. These correlations were 
significant at the 95% probability level (P-value <0/05). To gain nitrate concentration maps, samples were taken 
through standard sampling principles from 10 wells and analyzed through spectrophotometry approach. Next, 
nitrate concentration maps were drawn using interpolation models. Combining vulnerability map and nitrate 
concentration map indicates that most of the area under study was safe and low-risk and only one area of 
Meymeh was a high-risk area with nitrate concentration above 50 milligrams per liter in underground water. 
According to the nitrate concentration zonation map, The highest concentrations were observed in groundwater 
in the southern region of the Meymeh aquifer is due to the interaction of pollution caused by farming activities, 
Return water irrigation, Lithology, Higher nutrition rates, Hydraulic Conductivity and The permeability of the 
soil.  
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