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���

��7 ;��DV /��*�>�� �+�? 1� 4�#$ /0� +#* \ +�M% ���  ����% /*4 ���4�%206  ./0� +#* ;��	V .6U<

 .6T	� ��� �4 ��	!D�57 �� �����% /*4 ;��"%� ��	!D� ./0� 4���� ��	2 .C*�  ��": 4��� ;��"%� p��

 +#* +4�4 /0�+�4)  �;����D� � �4��1393) 1�* .(1�� .6T	� 
���7���� /�$2�� .% k�%�� (
� .$��T� 4�  .#*�%

=� +�? /�$2�� .:6� ��	? .��D� ��� ) 1�* �4 ����% /*4 
��� ���4�%2./0� +#* .s��� (  

  

 

 

H9 1
�&�P� ��G� 
'PC� �*�)��V; (�WG� : H9 2��: (�WG� :
QG�Q ?��N;��� ( � �� (4E ?����� 

  

+4�4  .% k�%�� +4��C0� 4��� ���19  +�?^T0 �4 
�$��T� +��4 �4 � .d�<  �����25 .��0 )1368  �1392 /0� (

+4�4 ��� .� .% ��  Q��"C0� .�����0 ���9+#* /�v � +4�4 �4 .#�� +�? ��d�< ��� .��D� ���  OP�	� �� +#* ���4�%

=� +#* ��"C�� .d�< g�*  ���2 
0��% 4��� ����% /*4 +4�#)� �4 
	������ �� /���� /0� +#* 
$0 � #��

� 4��S .)  �#� �41)  �#� ��4�6� .% .�� �% ./0� +#* .s��� (1
� ( W�% .� 4�� ;��% ;�� =� � ���  ���

.% ���C����X ��% �4 �������  ����C����X .% k�%�� g��EC  �K 
�  .% k�%�� ������ .	��4 ��4�6� 4��� �4 .#*�%

 �C����X �+#* +4��C0� 4��� ����C����XEC  �%6/375 W�%  �C����X � ���K  ��#6� �%02/0 =�  �� ������ g��d ���

+4�4 r�aC,� 4�, .% =� .#�� � � 
���? ��	?+4�4 
S#�: 
� ;�:� �� .% .� #�4  ��4�6� '�pH ���0 R��� �+4�4  ��


� /�$�  ���� R��� �� .#	�  
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k�8;1������1 
� lG��� �*��'� : ( � �C�D�*D @A (4E ?���A ?��N;���  
������1 8M�� �hE�8M  HW�8M  NZQ��  T���Q�

���� 

cQ�*���  
C���

���V� 

�Z&G: �F8�E 

SAR μ�ℎ��/�� 21/0  48/1  85/0 36/0 13/0 25/1 19/0 - 53/2 

K Me/liter 02/0  04/0  02/0 006/0 00/0 02/0 44/1 38/1 

Na Me/liter 28/0  47/2  26/1 55/0 29/0 91/1 27/0 - 47/0 - 

Mg Me/liter 4/0  88/7  63/1 39/0 15/0 40/1 29/0 35/0 - 

SO4 Me/liter 36/0  61/1  02/1 37/0 13/0 24/1 28/0 - 92/0 - 

Cl Me/liter 38/0  05/4  25/1 71/0 50/0 57/2 71/0 94/2 

Ca Me/liter 34/2  54/3  79/2 38/0 14/0 29/1 93/0 41/0 

HCO3 Me/liter 58/2  58/4  34/3 47/0 22/0 54/1 43/0 85/0 - 

pH Me/liter 78/7  13/8  03/8 06/0 003/0 27/0 47/2 - 78/9 

TDS  Mg/liter 78/254  28/509  84/372 26/72 96/5221 19/230 18/0 - 04/2 

EC  μ�ℎ��/�� 98/391  51/783  49/575 06/114 13/13009 60/375 10/0 - 13/2 

TH Mg/liter 95  5/813  66/220 39/31 69/985 57/104 10/0 94/0 - 

  

+#��:� k�6� .V�D>� .% .��� #	? �� [� ���� ��� �4 ) ��Z
� +4�4 ����% \�U$� ��aC"� �4 (  .4�*

;��4 ��� 
� ���� ��� ���P .% #	*�% 
���6 �� O�24 #	��� +#��:� ��4�6� �S� .� .% ��  �4 O�24 ��4�6� ;��	V

1)� .��D� ���  �� +4��C0� �4�* 
6U ���S;��4 ���% O�24 ��� [� 
� .�9� 
%��  �
0��V � ���(,) 4�*

1395��� �� ��d�< W��jX �4 .( ;�� ��� ) `��$� .U9�7 
�4IDW) 
V�$* .��X R%�� � (RBF��� �� (  ���

;��� 
$T2 #	C7�S ���2 
0��% 4��� 
%��.  ��� �4IDW  � 
�C(�D� ;�'�� .� /0� ���C0� ��� �% 
0�0� c�7

 .%�:.��(D� ��% ;� ��% .U9�7 �% �� 
� .� /0� g0�	C� �� ;� ;�� .% ��  .U9�7 �� `��$� ;�� �% 
$%� ���9

) 
��� ��C��7 ��#6� ��� ��� �4 .4�� l��$ .��(D� k�6� �� .T6���λi) .T%�� �� +4��C0� �% (1
� .�0�)� ( :4�*  

)1( λ� = 
���∑ 
�������  

 ;� �4 .�D� .T6� ��% .U9�7  4����%.T6� �4 +#* +#��:� ��#6� � +#* α �i .�4�$� ;��  �n  +#��:� k�6� 4�#$


� +#*  ��� 
7�P �� .#*�%RBF ��� .UD� �� ;��4 ��� ;� �4 .� /0� 
%�� +#��:� ��4�6� �� ��D" ^T0 ��  ��


� ���V  ���9 .% 
$%� �
V�$* R%� ./0� 
V�	a� 
�aV .��* �� 
C��< ��� ��� .#	������ = ���� − ���� 


�  ��% .U9�7 .% .C(%�� .� #*�%� ∈ �� /%�v .T6� ��� ∈ ��  R%� ��� �4 ./0�Φ  �� .% .C(%�� � .C0��X 
$%�

 .V�D>����Ω ∈ �� 
�  .#*�%R	 ;�:� +#	�4 U2� .U9�7.V�D>� �4 .T6� /���� ��% 
0#� Ω  � ���(,) /0�

�
0��V1395.(  

������� ���O�24 �� 
�� �������� ���.��D� k�6� �4 �����C� ��4�6� ��D" ���
� +#:� ���4�% .#	*�%

.�0�)� ��� ��� `�0�;�� ������� ���� ./0� ��D" 4��� h�U% 
���(D� �4 R2�� ��4�6� ��4���� ����� ��

;��4 .C04 �4 1��* ��� � t	�>��� 
%��TPSS 
� .#*�% ;��4 ���;��4 ���% ��� [� t	�>��� 
%�� 
%��
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.% t	�>��� ./0� 
���4 �T, ������� 12�#< �% .	�M% 
T,��D" [� ;��	V ��� ./0� +#* .C,�	* O�24 �S

.��* .% ����� ���'� ��� +#��:� ��� 
���	� �4��#� �� �� +4�4 .�  ��C,�0 4����% ���% �#	*�%  ���� R��� ����4

� ������C�.6T	+4�4 
���(D� k�6� �M	 ��� �
� ���2 .�� 4��� +#* 4����% ��  .4��S [� 
���7 ���eX����

.6T	� ���C� �=�� [� �% �- 
� l�9� \��S����� 4�*. =�� -  ���C� ������� 
��7��S W��D� [� 
%�> \��S�����

��% R%�� .U9�7 .% 
���(D� .T6� �4 h  /0� +#* +4�4 ;�:� ��� .�4�$� �4 .� /0�
U�0���4)1 �19861���� H2 �

1989:(  

)2( #�ℎ� = 12&�ℎ� ' (�)�� + ℎ� − )����+,��-�
���

 

 

 ;� �4 .�)���  �)�� + ℎ�  k�6� �4 ���C� ����� .U9�7 .% �� .T6� � ℎ  .T6� ��� .#��  

.% \�]  ��� .� /0� ��-RBF  #� 1��* ��� Completely regularized spline �Spline with tension �

Multiquadric function �Inverse multiquadric function  �Thin-plate spline �
 #*�%=� . 	?��  ���

���>�t	  #� ��� Circular �Spherical �TetraSpherical �PentaSpherical �Exponential �Gaussian �Rational 

Quadratic �Hole Effect �K-Bessel �J-Bessel  �Stable � 1��* ��
 4�*.  

  
  

/�� k8� (W� ���*D�� ?��  

.% ;��4 g0�	� ��� ��"C�� ��m	�  ��� �4 ./0� +#* +4��C0� 1%�6C� 
%����� ��� �� �
%�� [� .U<�� �� �4 ����

+#��:� .T6� C0� �% � +#* oe< ��+#��:� k�6� ���0 �� +4�� .T6� ;� ��� 
� 4����% 44�S� . k�6� 
��D ���% ��� ��

+#��:� 
� ���� �� .% �4�* .��S �� +#��:� k�6� 4�#$ .% �,� �4 .�  �% ;���X �4 � /*�4 #���, 4��� 4����% ���

*�4
� +#* 4����% � 
$2�� ��4�6� �C ) 4�� 4����% �� +#* +4��C0� ��� o��)�� � �T, ;�� �;����D� � .	�4 
	���

1394.% .( /)9 � 
%����� ��m	� +4�4 
>	0 W�X ���  �T, R%�� ������� \�4 .:�� �,�* ���$� �4 �� +#* 
	�%

)RMSE( ) �T, ������� �ME( #�4�S +4��C0�. ) 5%��� �� +4��C0� �% ���e� ������$�3) � (4 ���2 .�0�)� 4��� (

./7�S  

)3( �./0 = 11&'��2� − �3��+
�
���

 

)4( .0 = 1&'�45 − �5�
6
5=1  

                                                      
1- De Marsily 
2- Journel 
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;� �4 .�  ����2�  �+#* +#��:� +4�4 ��#6��3�  �+4�4 ��#6�N W�X � +#* +#��:� ��4�6� p�D>�  �+#* 
	�%fi 

W�X ��#6�  � +#* 
	�%oi 
� +#* +#��:� ��#6� .#*�%  

  

m'�� /��  

��� �� +4��C0� �% ��d�< W��jX �4 ���� � ���� ���  ����% /*4 �4 
	������ �� /���� 
���� ������ ����

 ./7�S ���2 
0��% 4������ R%�	�.6T	� �� ;����0 �� ���� 4��� �� .% ����C"% �  �)���M? ;�C0� ��  ���� ���9

RD� \�, +4�4 .#* ����  
	������ �� /���� .% k�%�� ���) h�, .C�#�0� H1��*pH =�#0 �e� /�(� �(

)1SAR)  �U)� bn�� /mUi �(TDS) 
���C��� /��#� �(EC( ;���� /mUi � ;���� � �� +�? O��P �� ��  ���

.��D� .6T	� �� /��* 50� ���4�%  �� zX g�� ��#% ./0� +#* /�v � /*�4�% ����C"% �  �)���M? ;�C0� ��

RD� +4�4 ����  4��� ���\�� �� �����  �����'7�ArcGIS 10.1  �GS+ ���� ������ \�>�� ���%  .#* +4��C0� �����

=� \�� �� +4��C0� �% ���� 4��� ����� ���'����� ��	?  ��'7�SPSS 16  ����C����X �% k���� �4 ./0� .C7��eX ���9

 .� 44�S ��- 
C(��% .C7�S ���2 
0��% 4���0��#� � h�, ;#*
 #��� �	� �v�
 �� �%� ����/ � �������	
 

#*�% .C*�4.  .	��4��>� pH ��%� ��*� ����#
 5/6  �2/9 	��4 �. ��UT� ;� 7 � 5/8 /0�  �+4�'�UV)1389( .

�,�* ��� ��#�/ �C����� 
#0 �e� /�(� ��= $ �4��� %� ����% �� g0�	���� /�D�� .#���4 �#��/ �C�����
 

V���  �a)� � h�, ���% �� ���* �T,
 %�;� �
 #	�.  ����(V � ����C0�)1392���9� � +4���2� H  �\#6�2010(. 

 ��#6�SAR =�  �� �10 ;�:� +#	�4  �=� =�#0 ;�'��10  �18  =�#0 �50�C�18  �26 W�% � 4��� =�#0  �� �26 

 ���#M�) /0� �� �4 4��� 
U�, =�#01384 :329 .(�� �%vB .% .��� #0 .��=  4��4 h�, �����
  1���V ��

U9�
 $��� ����/  ����()� �
 4�* ;�'�� .TDS ;�:� u�<nT9� .� /0� �� �4  �U)� #��� 4��� 1� +#	�4 


� +#���� '�� ���*  ;�'�� W��'7� � 4�*TDS 
� �� ��� �% �4��� 
�	� ���v� #���  
	������ � 
)T0 ���

 ����(V � ����C0�) .#*�% .C*�41392\�� �� ���'����� 
0��% /M� .(  ��'7�SPSS 16 ./0� +#* +4��C0�  

  

n�� � \*��Q  

 ��� 
%����� �% �d�< O�6) ���� � ���� ��� ����% /*4 �4 
	������ �� /���� 
���� ������ ����  ���9

 ��� 
0��% �� 19�< q��C� ./0� .C7��eXIDW  � �U)� bn�� /mUi �
���C��� /��#� �
C"0 ����C����X ���%

 � �����0 ��U� �=�#0 
%e� /�(�pH  �4 �#� )2 ./0� +#* .s��� (.% q��C� .% .�� �% )  �#� �� +#�� /042 (


�  /�S ;��.� ��� ���CM% ���� ���  ����C����X �� [� �� ���% �����TH �pH �EC �TDS �Cl �SO4  �SAR 

.% ��� g��  t	�>��� ���K-Bessel) �Multiquadric Function (RBF �RBF �IDW �IDW) �Inverse 

Multiquadric Function (RBF) �Thin plate-spline (RBF ) �Completely regularized spline( RBF 
� .#	*�%  

                                                      
1- Sodium absorption ratio 
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k�8;2/�� D� f* �� ?��� �8  ��D N�	� ?���PO : ���� ?�� N;��� ( � �� @A (4E ������1 ���*  
 (4E ������1

@A 

/��  ���*D�� ?��

�PO 
�8  @�	�Q� 
CK� k8� 

���� 

RMSE ME 

TH 

IDW  - 39/32 42/1 

RBF Completely regularized spline 35/32 09/0 

Kriging K-Bessel 72/30 09/0 

pH 

IDW  - 1/0 012/0 - 

RBF Multiquadric Function 05/0 001/0 

Kriging J-Bessel 06/0 005/0 

EC 

IDW  - 62/84 27/0 - 

RBF Multiquadric Function 86/87 04/0 

Kriging Stable 05/84 52/0 - 

TDS 

IDW  - 36/56 48/0 

RBF Multiquadric Function 99/61 03/0 

Kriging Stable 45/58 07/0 

Cl 

IDW  - 41/0 0019/0 

RBF Inverse Multiquadric Function 27/0 002/0 

Kriging Circular 36/0 0079/0- 

SO4 

IDW  - 3/0 00005/0 

RBF Thin plate-spline 4/0 00006/0 

Kriging K-Bessel 29/0 01/0 

SAR 

IDW  - 28/0 0005/0 

RBF Completely regularized spline 33/0 018/0 - 

Kriging Stable 27/0 019/0 - 

  

=� .:6� ��	? ��� �� 
��� ����C����X ������ ��� #� `�0��% ����% /*4 �4 
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1�* O%�T� ) ���3) � (9
� ( .#*�%  

) 1�* `�0��%3
� (  /�S ;��.�  ��4�6�W"% �4 1� 
C"0 �]�%  �D* �  �D* ���  +#��:� ����% /*4 ��i


� �� .4�* W"% 
	������ ���   �D* �  �D* ��� 
C"0 �m� �� ����% /*4 ��i  �4 ��� ./(�� ��UT� #< �4

W"% ��	� � ��	� ��� =� 1� 
C"0 ;�'�� /*4 
2�*  �� �200  +�nV ./0� +4��C0� 1%�2 ��* /M� � +4�%

 ��� �%=�(6 .% .�� �%) ��#M� 
C"0 �#	%1384 �� W�% 
C"0 ����4 ����% /*4 ^T0 �4 
	������ �� (

180 �� �'� � +4�%.C04 /"0 
U�, ��� 
� �#	%/D(2 � 4�*  
C"0 ����4 .� /*4 �'��� 
<��� �� 
���

=�  �� �180 �� �'� #	C(� 
� ��()� /"0 ���=�(6 ��� �% .#��* �� �#	%�� ��� �� ����% /*4 
	����

9�a, �+4�% ��UT��� 
C"0 f�)�u� 
D� g0�	� /$	9 �4 +4��C0� ���%.#*�%  
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H9 3 ���V� 
�'Q :TH N;��� ( � �C�D�*D @A  

  

) 1�* `�0��%4�� �( .% ����% /*4 �4 
	������ ���  ����4 50�C� ��PpH  ��%8/7  �1/8 
�  .% .�� �% .#*�%

+4�#)�  4�#< � +#* 
7�$� 4��#��C0�pH �
� +#��:� �����% /*4 
	������ �  ��� �4 
	������ �� .� 4�*

m� �� /*4
� 4�, ��UT� #< ����4 .C�#�0� �  .#*�%pH �� ��� �4  �� �]�% /*4 +4�#)� 1� �4 ��7 
�  .� #*�%

�� ;4�% 
���U2 ����:�  ���.��4 ./0� .�<�� ��� �4 
	������ ���U2D(2 � 
%�	� W"% �4 /�/   �D* �� 
��� -

l�$d +4�#)� ��i 
� /*4 OP�	� ���0 �� � .#*�%  

  
H9 4 ���V� 
�'Q :pH N;��� ( � �C�D�*D @A  
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�;�D ) 1�* �4 .� ��P5
� +#��:� ( �#� 4�*.% ����% /*4 ^T0 �4 
���C��� /� % 50�C� ��P ��385  �762 


C��0 �% `�������  ;�0�� �C��� .� 4��4 
� ���2 ��>� +4�#)� �4 ��* ���% +4��C0� �m�  +4��C0� /M� .4��S


� =�(6 /D(2 �4 .% /*4 +4�#)� �����:� ;� 
���C��� /��#� .� 
:"% H4�* =�  �� �750  �% `�������


C��0  ;�'�� .� /0� �C�EC 
� 
%����� 50�C� �����:� ���% ;� �
2�* ���� �4 +4�#)� ��� .4�*  � 
%�i ����

+4�#)� \�4 W"% ./0� .C7�� ��C(S /*4 '��� � 
%�	� 
<��� W�% ;� 
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Abstract  
Population growth and increasing use of water resources for agriculture, industry, and sanitary sectors are the 
main causes of water degradation and groundwater pollution. Due to over-extraction of groundwater resources in 
the fertile plain of Borujen in recent years, this region has been recognized as a prohibitive plain. The main 
objective of this study is an investigation of groundwater quality in Borujen plain aquifer using Algebraic 
analysis and Geostatistical methods. In this regard, the data from 19 sampling wells were used to study the 
groundwater quality of Borujen Plain during the period of 1989-2013. Spatial variations of water quality 
parameters were evaluated using algebraic methods (IDW and RBF) and Kriging. The ME and RMSE statistical 
measures were used to evaluate the spatial interpolation results using cross-validation method, and the 
appropriate method was selected for zoning the different groundwater quality parameters. The results of spatial 
interpolation of groundwater quality parameters showed that the Kriging method was the appropriate approach 
(RMSE = 30.72 and ME = 0.09) to estimate the Total Hardness parameter (TH) in the Borujen Plain. Also, the 
pH, SAR, Cl and SO4 parameters are well estimated using the RBF method with RMSE, ME of 0.05, 0.33, 0.27 
and 0.4. While the IDW recognized as the best interpolation method for EC and TDS parameter with 84.62 and 
56.36 RMSE values. In conclusion, the comparison of prepared maps of TH, EC, Chlorine ion concentration, 
Sulfate ion concentration and SAR, parameters showed a similar pattern and the minimum and maximum values 
of all parameters are located in in the common areas of the area under study. 
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