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7�,��� 2�6	�����4 50�   �F8� `8
 	��	� Eh�0;.   ��081�

RMSE 7�,���      ���F8� L�8�) �� 98
/ D08� 2�	� 50�
 �� 	��Q 2��01�01/0  �8��� )Hwang & Lenhart, 

2010 .( ��>6�?4 	M
�2  5��$�,� �� 2�� � 	� �Q	;
  �88[
[�) E88; ��CDE   088Q �88�CXTFIT  D088� ��

STANMOD ��7
 2��, 0� .  �� 78Q ��� ��./ e
��/
 DF� #��m.� �� I�J �F�,28  ��/�8,   	8��  	8Ah �

4/8 ��/�,   	)08�Q ��
�� 	� 7� ���/ 2�� �Q	; �	��
�� L�l/� �	
a .  (
8�g�6 8.m�	B��    ����J�8, 2_�8�

   ��� ��88./ �� 	88� �88Q	; �� I�88J)Mahmood-ul-

Hassan, 2008 .(  
 7RF)   e
�8�/ 78� >6�?84   (
8.
4 2�86 � 8.m�	B�� 

DF� � �
�� ����	G    ��8�� �8� 	
8�� ��   	8�	G�  08�

 NO88�� D�881�/�  �88� ��88./ 0886�.  (
88�g�6 (
88
�)

W,��� (
	) 2�	� �+�� �,���- ��01� ��.�/�  �2	
384 
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�8��d z[�m� �
�	� �� 2�	8�  ��8�
��� ��  ��8% 
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5��� 2�6 7�,��� 50� ��
�� 9:�;  �
�6�  �F8� 086�FJ .
(
�	�����  �� =06>6�?4   �8,�	� 	f�; F8�/�   D�81�/�
 H�
��NaCl  ��4      �F�8, DF8� �8� I�8J TF8/   2�86

 �8,� z[�m� .��� �8,-  	�����84  862�   `
���
���08
6
  �� 5��$�8,� �� �I�J �� NO�� D�1�/�3    �L�8*M
	� D08�

0
	G  8 PFS�� E; 	� ����� D0� � PF/	���Q@����- 
7��R �R
� 8    08Q �� 5��$�8,� �� ��.�/�CXTFIT   L�8l/�
0�  ��� HF[A� �
�*/     �8a?
� 78� 78RF) �� +�� (
	)

I�J 5��$�,� 2�6 50�  (

�)�0.  

2 .�!�� � @�� �* 

1.2 .A��� 5 B�8�� C���D   
 7/�F�8,� �9m� 7, >
���d (
� �� 2�    ^�8R �� ES8�

�[4 T�$)�� �� ([
)�  2�630 �45 �60 ��/�,    	8Ah � 	8��
/�6�- 5 ��/�,  7
*) 	��� 0 78@F@ (
� =	� `
 7Q   �86

     508� ��08�� W8,��� D��8�S)F:c 	�[
G �� 5��$�,� ��
�F� .7@F@  �67�  � ����d �8�  8h��      �8) 	8Z/ ��F8� I�8J ��

T�$)�� >
���d 2�6 50�    � 0/08� 	84 78�    ��8l
� �F8Z��

 ��a0/�� ��
	R �
�	�5 ��/�, �F�, 	, 	��    2�	8� �86
 7���3a �@�J �I�J �F�, 2�� ��
	R ���B 06 ��l
�

0� . 2�	�	4 7@F@ ��	Q  TF/ �� �� �6,��-   78,�� � 2���
 	Ah �� �,F�� �G�� �� 78/��  2�86 5/1 � �8[
  	8��   �8�4 

 5��$�,� #��$�� W
Q	) 8�0 . 8/F�/-  D�� 8,��-   2��8�
7�  � �
�*�)7/F�/  2�86    yO�8J� �� 208��20�10 �30 

 �� �,F�� 7,�� 0%��,��-  0/08� 7
*) 2��� .  08%��
 Em[m))n (�G��   5��$�8,� 2�86  508�  78�    	8��	� W8
)	)

36/0 �32/0 �29/0  �25/0 �F� 0%�� . �� ^4	4  ��	Q
�F�,  �6����  H�
�� ��0
�4)  >�8Q�� ��08� (NaCl   �8�

 ���B �Z[\47/3 �[
�   ��/�8, 	8� ^��
�    �8�) 	8��
   78� I�8J �F�, 	, �� 20�� `
 ��a0/�� ��
	R b
c�

0� �
�06 �d EJ�� .    I�8J �F�8, �� H�8
�� �Z[\
7� ,�[
-  ���/ �Z[\C/C0 �� ��
�  �F�7� 2�F�   78Q
C     �8Z[\ ��081� 	M/�8
� 78Z�@ 2�    �F�8, �� �8R�	J

��� �� I�J�  z[�m� 2�6�,� . �F�8,    � I�8J 2�86
F�/�   >
�8��d L�l/� 78�    �� `
)��8� #�F8% ES8� 2 

�,� 50� 5��� ��./.  

 
/?  2. 1�+� �1!; � H	���I J�K+� 3�& BC!D� '�>   

b6     5��08/� �>
�8��d T�	8� �8� ����    �8Z[\ 2	8
a
NaCl  5� �� vm8.� bl; ��     	86 2�	8� �8R�	J Hd

 vm.� �F�, DF� �� I�J W
Q	)7� � �� 7/�a�0R �F
 5�M�88,� �� 5��$�88,�EC �88G	a L�88l/� �e�88, . (
88@��

�:�	h   ��8�� �� �60t=      �� DF8[�� �8Z[\ 78� yF8�	�
�F� I�J � �9m� . ^�,7/F�/  2���	8�  ��8�� ��   2�86

    �8Z[\ 78� �0
8,� �) >
���d T�	� �� z[�m�47/3 
�[
�    ��/�8, 	8� ^�8�
�    �8G�
 78���� 	8�� .   �8� ^�8,

  	J �8��l) b8l; �� 5��$�,�    � ��8�� 08;�� �� �8R�
 	6 �A1� tA, �;���/�F�,�-   �8,��� �o	, I�J

 �AJ �o	, �,F�� Em[m) 0%�� 	� �d b
�1) �� �
 (

�) �F�, 	6 �� r	G � E[J�0. 
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2.2 �#� ���E� %!�&
'� ��* %#D  

1.2.2 .B�2<��� �#�  
      D�8, �� ��8� (
8@�� 2�	8� L�8*M
	� D0�1974  2�	8� 

 ��88.�/� W
	88f ��0881� 788� ���
�88,� �S
���
���088
6
 5��$�,�0�.  

)6(  ( )U V.t L=  

 �d �� 78Q U       2�F8�o E8m[m) Hd b8l; E8Q ��08�)
)0�� ��0�( �V ��AJ �o	, �,F�� L    �F�8, DF8�

� I�Jt �,� ����.   
     D�
8, ��8�/ �8Z[\ b
8,	) L�*M
	� D0� 7� 7RF) ��

   E8��1� �� 2���� 78� �R�	J( ) ( )/U U− 0 51 2��   `8


   �888� L�888l/� #_�888��;� �888AJ 3888\�Q �	888
a . �888�
p	G( ) ( )/Y U U= − 0 51    �S
���
���08
6 ��.�/� W
	f

�� ��  �� 5��$�,� �� ��F)A���-  7�,��� 	
�	Q�.  

)7(  ( )L / /

L
D V Y Y = × − 

 

2

0 84 0 168
 

/Y0 84  �/Y0 16  ��01�Y  [\ �8� W,����   ��8�/ �8Z
 	��	�84/0  �16/0 �,�.  

2.2.2 .#��� �#�  FG���H��7  
0
	G D0� ��  8 PF/	���QDL 7�     7�8,��� 	8
� #�F8%

��  �F�)8.(  

)8(  
( ) ( )

C / C /
L / /

/ /

L V t L V t
D

t t

 − −
 = −
 
 

2

0 16 0 84
0 5 0 5

0 16 0 84

1

8
 

 >
���d (
� ��VC    E8J�� 508�
_d �Q	; �o	,
>
���d 7�J� ����� �� 7Q �,� I�J r	G � E[J   �86

 �� 5��$�,� ��A���-C /V L t= 0 5  �8� 7�8,���  �F8� .L 
 � I�8J �F�, DF�/ /t , t0 5 0 16 �/t0 84  78�    ��8�� W8
)	)

 ���/ �Z[\ 7� �0
,�16/0 �5/0  �84/0 �,�. 

3.2.2 .�#� STANMOD  
D0� STANMOD 	� �4 8
-    7�8,F) �8����5���   �� 508�
D0� 2�6 Hydrous   08�� �� � `8
  �8� E8�o 2   � 08�Q

[Q-  �����	�  ���� P�,� 78��/	� F/ �8�
    7�8,F) �	8)	G

 �88,� 508� 5���.(Van Genuchten, 1980)  08Q ��  
CXTFIT  D0� 	
� ��  �862 STANMOD   D08� `8
 �

5�F) 2�  8 L�8/ 7� �.�Q�	4 CDE   �8� 5��$�8,�  F8�  78Q �

7� 	�����4 DF��� �F�    PF8S�� +�� 78� �d 2���� 2�6
5��� �� ����� 2�6    �8� �8,� 78� 7�J�  08
d .  �8G	� ��

      P�8
1� 78� 7�8���� NO8�� D�81�/� 2�6	�����4 �� �J	�
0���6 �d ��01� P�
1� 	

w) �� � �� 	

w) 9
/ �6  08�Q .

	� �F�, 	6 �� D�1�/�  P�,�@����- CDE �o	, �� V  �
�88.�/� W
	88f� �S
���
���088
6 (DL)  L�88l/� (
88��

�� �F� .   �8,��� �a��8, 2�	8� D0� (
� ��  ��081� �#�
   ��8
	R �o	8, 7� 7����� �F�, 	6 �� >�Q�	4 W
	f

�� p	G �F�. (Van Genuchten, 1980)  PFS�� E;
-@���� 7��R �R
�  8  n8
	� �� ��.�/� ̀ 8KFQ  ��8,2   ���8)

  �8oO�� (
8� #���	� (
M/�
� =O�J� E��� 7Q =06# 
506�.� �� L�l/� ��,� 50� 5�� (
�m) � 2� �	
a.   
�FM@�b�
 2�6 1�/�   	�����84 78Q NO8�� D�    ��8G	�6 2�86

�� �� H3R � �a0
.m4 ���.�/�    �8M�6 ��F8� E��� 0/�F)
0Q �� CXTFIT  D0� �� 7Q STANMOD   78�G	a ��Q 7�

    508/�l�a �8,� 508� 508�  08/�(Toride et al., 1995.)  .
 b�
�FM@� (
� (
�g�67�  E
[�) � 7
9l) 2�	� 5�	��a �F�

 �� NO�� D�1�/�	G� 0�
�AJ H3R �� 7�G	a ��Q 7�  �F8� 
)Usunoff, 2009 Yolcubal & Akyol, 2007;.(   

7� 2	
34��.�/� W
	f (

�) �FZ�� (α)  5��$�,� ��
 �S
���
���088
6 ��88.�/� W
	88f ��0881� �� (DL)  ��

�F�,  �� I�J 2�63 0
	G �L�*M
	� +��  8  PF/	���8Q
 PFS�� E; �-@���� CDE 0Q �� CXTFIT  5��$�8,� 

 �,�	� � 7�
�1� E%�; e
��/ �0�.  
2�	� �,���-   �S
���
���08
6 ��.�/� W
	f ��01�

)DL (   �8���� �� L�8*M
	� +�� �� 5��$�,� ��6  �7   �8� �
0
	G +�� �� 5��$�,�  8 �� PF/	���Q 8A���- 8   5��$�8,�

�0 .7� 7
�� �FZ��  �Q	; 2��,NaCl �F�, ��   2�86
  088Q �� I�88JCXTFIT  D088� ��STANMOD �� 

 PF88S�� �88@�;)Inverse ( 5��$�88,��  �F88Z�� (
088�
 p	88G �88J�F�S
 � T��88�� �88@�; �� ��88
	R88�0 . ��

@����- CDE  5��$�,� D���) �@�; ���0.  

3 . J��
�  

ES�  2�63  �)5  ������J�- I�J   78,�� 2�86  �� 2�
���mf  �� z[�m� 2�6	�  �8Z[\ ���/ P�,� )c/c0( 

Em[m) Hd bl; 	��	� ��)U( �� ��./ �6�0.   
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/? 3 . 
�����&�M 3�&  '�>%;�� '�  ���DN ��25 
!+�;  '�!��� /DCD6 8I OKA P�A    

  
/? 4 . 
�����&�M 3�&  '�>%;�� '�  ���DN ��40 
!+�;  '�!��� /DCD6 8I OKA P�A   

  
/? 5 . 
�����&�M 3�&  '�>%;�� '�  ���DN ��55 
!+�;  �� '�!� /DCD6 8I OKA P�A   
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 7� 7RF) ��
� 8S� 7  �08�
_d 5��$�8,�  508�   >6�?84 ��
 `
 	f�;  �08�
_d  ��08
�4) >�8Q��  	
384�/  (   ��8,� 5�F8�
�� ��Z�/�  �8���� ES� ���  78�J�   E8%�;   ���F8�/ `8


788@FM/�  ���881�� 2� �� H���F88�/ 7
�88�ES88� 1  088���
)Barzegar, 2001 .( -888�
�1�  E888%�; 2�8886���F�/
)ES�  2�63  �)5 ( ��ES� 1   ) 2�	8� 78Q ��� ��./  ���8�

�@�; >
���d 2�6 50�    ���F8�/ `8
 E%�; 7�J� ���F�/
 ���1) � �,� 7$�/ ���08/ .   (8
� �8[o  7[i8�� �8�   08/�F)

bQ  08��� >
���d ���� ��F� .     >
�8��d ��8�� >
�98G� �8�
��      �	8Q b8,� E8��Q ���81�� ���F8�/ `
 ��F).  �8,�	� 

ES�  2�63  �)5 �� ��./ 0�6�    2�	8� 78�J� ����� 7Q
,��-  2���7� �*�) �
2_�� ����� 	
�,  �8� ��	h �6  �	8
a .

 ���B Em[m) bl; `
 �� ���
U    NO8�� �8Z[\ ��9
�
 2�	� �R�	J -,���G�� 	
�, �� 2��� �,� 5�F� 	��Q �6.   

 �88�	
88�� DF88� >
�988G� ) ���m88f ��25  �88)55 

��/�, 2	��(   �8Z[\ 7� ���/ �R�	J �� 5��� �Z[\
   �8� ��8./ �� 2	�8.
� >6�Q 7
@��   8�g�6 � 086� (


 #��$)4  5��$�8,� #��$�� �G�� TF/  508�   #�	8

w) ��
 DF� >
�9G� �� ���� 7� ���/ �Z[\ 8/F�/-   �� �F8J

�� ��./ 06� .  D�81�/� ���/ ���� 	M/�
� 7�J� �����
  �8,� E8m[m�� �
�� ��
� �� D�
, .   ��98
� >
�98G�

����� �� �,�� ��, 7� �M8@FK    	M/�8
� 78�J� 2�6
  �� �S
@��08
6 �
�06 >
�9G�  DF8� [8%�G-   � D�81�/�

��   �8,� 2	
34��8.�/� >
�9G� 7l
�/ (Theis, 1963)  .
 �S
���
���088
6 ��88.�/� W
	88f )DL( ��  �88� �88
�*/

����� �� 5��$�,�  2�6 8�J�-  b8,�     �8G�� 2�	8� 508�
I�J      �� 5��$�8,� �8� 7�8,��� 78� L�0h� z[�m� 2�63 
 D0�	Qx 0
�	a 50� .D�0R 1  	
��1�7�,��� 50� DL 

 ,� �� �� �� 5��$�3  08
	G �L�*M
	� +��  8  � PF/	���8Q
0Q CXTFIT �� ��./ 06�.  

-�7Q1 .
?����	���7�> ��*!+� �	��.� (DL) %
;��� 7	�2 �J�RS	�� T�� %; �� 97   U7V � W1+�
��V.CXTFIT  

DL (cm2/s) 7/F�/ DF�  2��� 7,��   yO�J�10 0%��   yO�J�20 0%��   yO�J�30 0%��  
L�*M
	�  25  0086/0  0144/0  0193/0 0337/0 

0
	G  8PF/	���Q  25  04141/0  0536/0  0575/0 0483/0 
CXTFIT 25  0271/0  0318/0  0323/0 0271/0 
L�*M
	�  40  0089/0  0182/0 0260/0 0524/0 

0
	G  8PF/	���Q  40  0707/0  0837/0 0934/0 0952/0 
CXTFIT 40  0083/0  0250/0 0563/0 0583/0 
L�*M
	�  55  0094/0  0205/0 0269/0 0536/0 

0
	G  8PF/	���Q  55  1186/0  1290/0 1347/0 1490/0 
CXTFIT 55  0166/0  0150/0 0216/0 0011/0 

2	
34��.�/� W
	f 	
��1� )α(  �� 5��$�,� ��A���- 3 0� 7�,��� .ES�  2�66  �)8 ��01� α 7�,���  �� 50�	� ��01� P�,� DL (

�)     �� 5��$�8,� �8� 508�

+�� 7, 	Qx �� ��./ �� 50� 0�6�.  

  
/? 6 .'�	()��*!+� P	�N )α( %
;��� ��7.� �� 9��:!;� �� 97  DL X���6  97 �� T�� %; W�;� 7	�2 �J�RS	��  U-7� � W1+�
��V 

CXTFIT   -1� �� �1!; '���25 
!+�; �!�   
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/? 7 .'�	()��*!+� P	�N )α( %
;��� ��7.� �� 9��:!;� �� 97  DL X���6 97  �� T�� %; W�;� 7	�2 �J�RS	��  U-7� � W1+�
��V 

CXTFIT   -1� �� �1!; '���40 
!+�; �!�   

  
/? 8 .'�	()��*!+� P	�N )α( %
;��� ��7.� �� 9��:!;� �� 97  DL X���6  97 �� T�� %; W�;� 7	�2 �J�RS	��  U-7� � W1+�
��V 

CXTFIT   -1� �� �1!; '���55 
!+�; �!�   

 e
��/7� ,��  7Q ��� ��./ 50�d7�  �F8�  �8[Q�   �� �08R
5��$�,� +�� TF/ 50�  ���,��� -DL  >
�98G� �� � [8%�G- 

��01� I�J �G�� 	6 �� D�1�/� DL   ��081� �d �8�) 7� � α 

�� >
�9G�  0��
)D�0R 1ES� �  2�66  �)8 .(7� �F�  �8[Q� 
��  7Q �$a ��F) ��9
���.�/� 2	
34 )α(    78,�� I�8J ��

, 7� ���/ 2��� �8G�� 	
�    	8��Q �86 �8,�    >
�98G� �8� �
 2	
34��.�/� �yO�J� ��9
�7�     >
�98G� �8,F��� �F8�

�� 0��
 )ES�  2�66   �8)8 .(  ES8� �8,�	�   2�863   �8)5 
 �88� ��8./  788Q �S
@��088
6 �
�0886 #�	88

w) 788Q 0886�

�� l
�/-  I�J �G�� �� #�	

w) � ���mf >
�9G��,� �
 `
 ��l
� W�,����-   /� 	
��81� �� 5�	�8�a  2	
34��8.�

�,� 50� .    �a0
8.m4 2_�8� 	
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 yO�J�10 20%��  
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