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Extended Abstract 
Introduction  

Water scarcity and the need for optimal water utilization in arid and semi-arid regions, including Iran, have 
encouraged water authorities and farmers to adapt modern irrigation systems likedrip irrigation, to make optimal 
use of water resources. The most important advantage of drip irrigation over other irrigation methods is its 
ability to control the amount of water applied to each plant. New irrigation methods focus on plant irrigation and 
not on land irrigation. In arid and semi-arid regions, a drip irrigation system is used to use water optimally and 
prevent wastage and evaporation. Factors such as soil texture, type of cultivated plant, amount of available water, 
distance of drippers and laterals, the wetted surface, and the dimensions of the moisture bulb under the soil 
surface are involved in the design of the drip irrigation system. Due to the variety of soil textures in the earth, the 
movement of water under the soil surface is different in all kinds of textures, therefore, knowing exactly how 
water moves in the soil and how the moisture bulb is distributed under the soil surface is of particular importance. 
The purpose of this study is to investigate the movement of moisture bulbs, check their dimensions under the soil 
surface in different soil textures and flow rates, and evaluate the capability of the Moment analysis method to 
simulate this process under various conditions. 
 

Materials and Methods  

To simulate the moisture bulb in different soil textures, detailed information on the physical properties of the soil, 
including the percentage of particles that make up the soil texture, bulk and real density, porosity, and saturated 
hydraulic conductivity, is required. In this research, the simulation of the moisture front in different soil texture 
was conducted using Rosetta software, which defines 12 types of soil textures. In these tests, the source of soil 
power was considered as surface and point. The total feeding volume of each type of soil texture is 24 L, and this 
volume was used with different flow rates of two, four, six, and eight L s-1. To numerically simulate the progress 
of the moisture front, Hydrus software was used. Then the analytical simulation of the moisture front was done 
using the equations of the Moment analysis method. In this study, an ellipse was drawn to represent the moisture 
bulb simulated by Hydrus software at different times for the applied flow rates. Coefficient k was used to draw 
the ellipse, and its appropriate value was determined by minimizing the difference between the model and 
Hydrus results. 

 

Results and Discussion  

To calculate the moments, the first step is to obtain the values of M00 According to the applied flow rates of two, 
four, six, and eight L s-1 and the amount of volume intended to feed all types of soil texture, i.e., 24 L, the 
duration of irrigation is 12, 6, 4, and 3 hr, respectively. The comparison of moisture distribution over all periods 
and soil textures showed acceptable results, and the distributed subsurface moisture values were similar. In the 
study of clay texture, with time from the start of irrigation, the difference in the total amount of distributed 
moisture increased, and the reason for this result is the decrease in the permeability of the clay due to the filling 
of fine pores. The results indicated that σx2 values changed with the increase in irrigation duration. The highest 
variance was found in sandy clay with a flow rate of 8 L s-1 (1503.3 cm2), while the lowest variance was 



  
observed in clay texture with a flow rate of 4 L s-1 (368.6 cm2). By increasing the amount of applied discharge, 
σz2 increases and the slope of this increase is different in each soil texture, according to the characteristics of that 
texture. Also, the effect of irrigation duration on the value of σz2 is evident. In other words, the longer the 
duration of irrigation, the more the amount of variance changes. 

 

Conclusion  

In this research, the accuracy of the Moment analysis method in predicting moisture distribution from drip 
irrigation was evaluated using results from Hydrus and Moment analysis. The Hydrus results demonstrated that 
the moisture bulb expanded over time in both the horizontal and vertical directions. The results also indicated 
higher flow rates increased the horizontal expansion of the moisture bulb, while the duration of irrigation 
affected both horizontal and depth expansions. Using the moment analysis method, the center of mass of water 
distribution in the soil and the changes in the moisture front along the x and z axes were determined. By 
examining and comparing the dimensions of the moisture front resulting from Hydrus and ovals, it was observed 
that there is a suitable compatibility between the two methods. Therefore, the Moment analysis method can be 
relied upon to estimate the dimensions of the moisture bulb in drip irrigation. It also provides an efficient and 
accurate approach to reducing the time and cost of field experiments. 
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Y=,ZD���2  K�� �� , G�� "4��2 ���; ����5 ���!Y=,ZD  �5�

 �� ��7�, ��,�,Y��!+0�=  ����L W�� ���>' �H� , (�� a�V

A �� G5�#� e�+�' �,� ��,�, <��V' U,� �� ��� , @�

��! �5� W����>' a�V �5 �,�4*2� .G�� "4��)� ���; �5��+��  ��

��*=,ZD Moslemi et al. (2021) �5 (��\4�� +� Q�! <��V' 

�,�4*2 "5 ����5 W�-�V' 1&L9�45�#� �� 8� G��5 PN*! �5 

�5� ���5��- W,�\4! A���D�
4 .d��4� <��7 +� Y=,ZD ��*�� 

��*� ���  "-T5�:' �5�A K�5 U,� �,�4*2 , Q�! ],����= 

��L, "4��� , �!���' ���5 W����>' ����9 +��D �45�#� G&J� "5 

��V! �E�� , �?��; :5��9 �SV
! "5 ���� ���� "����.  ���# +�

 , ����� G�7 �� �� ��3! e�+�' �:; K��N' G;� ���-^! Q�!

�! ��&15 �E��.�*N5 ?=�K�
C Karimi et al. (2022)  e�+�'

(�:; ����50 �45�#� ��3! �
4&! ��=�� �,� +� (��\4�� �5 �� ��

 R��
! �� ��� +� �-�7 d��4� , ����- ����5 �����2� �5


�!+ �� �:A��v �����2�9 Q�!.��5 �45�#� +��D �+�� Raoof 

                                                
1 Random forest 
2 Gene expression programming 

et al. (2022) X�� G���J7 <��V' �� "5 G&J� ],����= ��%��

(���"�&� �� ��,�, ��= Q�! "- ����- U��%2 /0 G-�7 �+��

 .���� @�A /0 "SN*! �
V
! K��N' �� ��z�5 G;�

Etminan et al. (2023)  U,� +� (��\4�� �5DREAM  "5

�! � �,���= ��=�4!���D G��:; X�� �5��+��],����= Q 

K�� "- ����- U��%2 K�
C , �
4A���D  .��3�+ 9��D �5 ?4���)�

U,� ���^2��Hl' ��%�! 9��:! �� �!��- U,� 8� �[-��! ��=

 G��:; X�� �5��+�� �� �=�)*��!+0 [�4N! F���� , �4����!

(��� Q�! ��4A�� �@�A � �,���= ��=�4!���D �Q�! ��,�, ��=

�0 ���^2��Hl' ��%�! ,Q�! �� ��� �� �= .G�� � �,���= ��= 

�1� ���G� Kumar et al. (2023) Q�! "5 �+��

' @�A (�� `�A ��)� ���5� � �{�,���=�-�V G"��!�� ��=

(�:; ����50(�:; "� �5 �� [�4N! �� CG���} �5 ��=,� � ��1C

Y� ,  d
D +� (��\4�� �5 G��� �� �4�9:5��  X� @�A �� �5�3'

 .�
4A���D �
��0�=  Q�! "- ����- U��%2Li et al. (2003) 

Y�D ��1&L ���5� �
�59 ���� �� �� ��� K��415 �45�#�G��. �� 

��:!9 �_�7� (,u��5 ����5 W�-�V' 1&L9 �45�#� �� B���� 

G��5 @�A a�V (�� �� "!���5%�� �'+� "- �� X����%�� ],����= 

[���' (�� �G�� K��N' ���5� 1&L9 �45�#� �5 (��\4�� +� U,� 

<��V' �,�4*2 X�3�� �=��A ��. �^ ��= +� K�� �����5 GA�
� 

�V�. G-�7 +��D �45�#� , ����5 ���5� �0 �� ��+ O:� @�A �� 

B���� [�4N! G��5 @�A GV' ����L��= W,�\4! �5��+�� , 

G��5�; U,� <��V' �,�4*2 �� "�&��+�� K�� �
�0�� �� F���� 

[�4N! G��.  

  

2- !"� " �����,  

1 -2 - F����= G�H�� ���� "IJ�K ��'L ���	 / ����  

���5 "�&��+�� +��D �45�#� �� B���� G��5 �@�A W��u#� 

�E�;� +� W����SA � �%�� �@�A +� "��L ���� W��� 

<� *'�
=�. G��5 �@�A ��)C ��=�} , ��;�, �@�A <N�N' 

, G���= � �,���= B�&�� ���! +��� G�� ."5��6
! "�&��+�� 

���� �,�*�D 91&L ��45�#� X����%�� ],����=  (��\4����. �� 

K�� Y=,ZD "�&��+�� 1&L9�45�#� �� B���� G��5 @�A [���' 

(�� �� X����%�� �'+�3 "- <!�� 12 B�� G��5 @�A G��� X�3�� 

(�� G�� .�� K�� Y��!+0�= e&
! �^>'9 �@�A "5W��� �V:� 

, ":E��� �� �6� "4��2 �� .<- ?37 �^>'9 �= B�� G��5 @�A 

24 �4� G�� "- K�� �?37 �5 �5���= [�4N!  , Y� ��1C �,�

G*= �4� G����5 "5��- (��5 �� ."5 ���5 �)�� W�! ��!+ 

"�^>' �5 �5� ,� �4� �5 G��� W�! "5 12 G��� G�� �"�^>' �5 

                                                
3 Rosetta 
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�5� ��1C �4� �5 G��� "5 W�! Y� �G��� �5� Y� �4� �5 

G��� "5 W�! ��1C G��� , "�^>' �5 �5� G*= �4� �5 G��� 

"5 W�! "� G��� X�3�� ��. �5� +� (��\4�� G�� ��=��-^! �

 ����5 �45�#� +��D W����>' ��%�!�5� +� (��\4�� �5 [�4N! ��=

G��  @�A G��5 B�� �= �� "�^>' ?37 <- ���5 ���# +� ,

���5 ��J �.  �^24  �4�"5 ���
�8C�- @�4*! /�k! K��'

�5� "��:! K�� �� ���5��- ��=�� /�N4�� .�V�. e�+�' G5�#� 

�� @�A , 1&L9 �45�#� F��' X����%�� ],����= "�&��+�� 

(�� , d��4� �� +�5. 8� ���!+ "5 G��� G&H ���� .+� (�����= 

���N4�� (�� F��' X����%��� ���5 &��V!9 �=�,�4*2 (��\4�� 

�� . G;� +� <��7 d��4� ��
&! �5 �,�4*2 U,� +� <��7 Q�!

.�� (��� ���; �5��+�� ���! ],����= Q�! ���5 X�3�� "�&��+�� 

�� K�� X����%�� , ��, ����- (�����= y�5�! "5 �@�A �
C U,� 

�%3! ��L, ����. �� U,� Q,� ����E! G���= �� �,���= G5�#� 

�B�&�� G5�#� �;�5(���! , ��=�4!���D < � ���5 Q�!��= 

[�4N! [���' �!���� .�� U,� X,� �5 ]��� PN*! ���- 

���� ��%L� <� *'�
=�. G��5 �@�A �
�� ��%�! �]� G��� , 

K� W����SA y�5�! "5 �= G��5 @�A [���' �!���� "- K�� 

��- "5 8�-  &�9 �&S� [���' (�� �� X����%�� X�3�� �!��� .

U,� X�� /�N4�� ]u- G��5 @�A G��. �� K�� U,� 12 B�� 

G��5 @�A +� Y�D K���' (�� "- <��7  Y=,ZDCarsel and 

Parrish (1998) G��� �� X����%�� [���' (�� G�� .

(�,�V!��= ���
= ?�� (�� ���5 B���� G��5 @�A  K�� ��

 "��:!"5 w��  Q,�L1 G��:  
  

 7"'K1- ��� ���� ����� 

Table 1- Types of soil texture 

(����  @�A G��5  ) (�,�V!�4����4!(  (����  @�A G��5  ) (�,�V!�4����4!(  
1  ]�  140*140  7  �
� X�  140*140  
2  ��� X�  140*140  8  G���  140*140  
3  �4��� ��� X�  140*140  9  �4��� ��� X�  140*140  
4  K�  220*220  10  �4��� X�  140*140  
5  �
� ]�  220*220  11  �!� K�  140*140  
6  ��� �
� X�  140*140  12  �4��� ]�  140*140  

 

< � 1 ��)�  &�9 (��\4�� (�� �� X����%�� ],����= �� 

��*� �!�=�.  "- G�� �-� "5 X+zy�� �"�,� ���E! G5�#� 

y�� , ��37 �+�! "5(�:; <V! �� G5�H ��� W����� C  ,

y�� �* =+ �,�V! �
���D +�! �� ��+0. /�N4�� (�� .G��  

  

 

 ���1- ��	
� ���  �� ��� ������
����
��
 �������  

Figure 1- Network template used in Hydrus software 

  

  

  

  

  

  

2 -2 - �������	 /$�$� �"8%�1 J�KI / ����  

1 -2-2-  �"� %& #�$�  

���5 &��V!9 �,�4*2 ��� ! ���5,� ��)� `�A (�� +� 9:5�� �+� 

"- F��' Yeh et al. (2005) G�� (�� [���'(��\4�� � �!.���  

)1(  	M���t� 	 
 	
�

��

 	
�

��
θ�����x, z, t�x�z� dx dz 

 ���z�5 9:5�� θ�x, z, t�  K��! ��!+ 8� �� /0 ���E!t  �� ,

 �� ! 8�z  ,x , G��θ�����x, z, t� �,� ���E!9  .G�� /0

��\� ��� ! ��=�,�4*2 "5 X,� , Q,� �5 R�'�'i+k  �5 �,�J!

1/0  ,� ��.���� �\� �,�4*21 00M  "5 "- G�� /0 ?37 <-

�! Q���� �6� ���! �� !Q,� �,�4*2 .���2 01M  ,10M  %-�!

�! ��*� �� "���� "- G�� �6� ���! �� !L�� �,�4*2 , �=�9 

,�3 20M  ,02M �� YND ��%�! "5 y�5�! �� /0 U�4J2 , �2

.G�� �0 F��4! G��;�! �:5�9 ���! (��\4�� ���5 &��V!9 %-�! 

@�A �� X�L "5 G�7 "5 ���5,�W��� G�� ��+:  

)2(  x� 	 	M��
M��

									,								z� 	 M��
M��

			 
 ���� 9:5�� ��cx ����9  ��V! �� X�L %-�!x، cz ����9 

 ��V! �� X�L %-�!z G��. &��V! ���59 `�����,  G�7 �� ��� !

                                                
1 Zero moments 
2 First moments 
3 Second moments 



 173                      7'� ��8%� /:���(;,  " ���� ��"� /��� " <= ��8�'� " ���	4 ���;� ?4 7�	 ?1403 A���B ?167 � 182 

���5,� �� G1L ��=x  ,z "5W��� ��+ G�� )Radcliffe and 

Šimunek, 2010(:  

)3( σ�� 	 	M��
M��

	� x��			,								σ	�� 	
M��
M��

� z��		 
 K�� ��Y=,ZD "!���5 +� ��=�,�V! ?�JE' �J���.  ���!

G�J; "5 �6� �= %-�! W�S4N! ���- ���D , �,�J! ��=

8��%� G5�#� ���E! , G�J; G�� G�J; �= %-�! "5 (�2 K��'

 "&��V! �=�,�4*2 T��# K�� "5 �'���"!���5 +� (��\4�� �5 . �J���

e5�! "5 �,�V! ��=��1C  ����1C �4��� ?�JE' �4!�� � �= ��

 ��V!26 !���5 G��1� �� , �� ��3�� e5�!9  .�� ��L� �6� ���! 

  
2 - 2- 2- M	� /N�� #B�O �� A��	��� �"� %&  

�k�5�L,�A ]��� �5 �= �=�,�4*2 <��V' Q�! +� <��7 ��=

 ��X����%��  ?�� <J-�(��  G���k�5 K�� +� X��- �= "- �=

 ��� , T�� ������
4J= K�� +� <��7 ��� , T�� �^ .

�k�5"5) ],����= Q�! +� <��7 ��� , T�� �5 �= Q�! ���
�

 .G��2 ���; "J��E! ���! (�
&!:5�� 9�k�5 �� G�7 ��- "5 K�� 

���; G��:  

)4(  
�x � x���
�k�σ��� � �z � z��

�
�k�σ��� � 1 

��:! ���=� +� � �9 ��!+ �� �k�5 ?�� �_�7 ��=

�5� ��5��- �5 , W,�\4! T&:
! �k�5 K�� "- G�� [�4N! ��=

 ],����= Q�! +� <��7 �45�#� +��D �5G���k�5 ?�� �� . +� 

8� R��_ k (��\4�� �!��� -" ���E! R��
! �0 "5 :��,9 

<;��7�+�� �u4A� K�5 Q�! , d��4� +� �],����= :5��9 )5( 

K���' (�� G��.  

)5(  
∑M
∑M��

≅ 1 

�� F5�,�  ���x , zW�S4N! �� ! ���! �6� (��5  ,2k 

R��_ G�� �M ���E! <- ?37 /0 �� <A�� ?�� �k�5 (�� 

G�� �00M ���E! <- ?37 /0 ��L�! �� E:
!9 ���! �6� �� �= 

+�5 .���!+ G��. �= "C ���E! "&��V! (�� ���5 :5��9 )5( 

8��%� "5 8� ����5 ���5�2 ���E! R��
! R��_ k ,  ��&:��

R��
! �k�5 ?�� (�� �5 1&L9 �45�#� "�&��+�� (�� G��.   
 

3- P�� " Q�� � 

3 - 1 - Q�� � #B�O �� ���� ��� ���� ����� ���	 

�5 /�N4�� �= 8� +� G��5��= @�A K���' (�� �� X����%�� ��'+� 

"�&��+�� 1&L9 �45�#� <��7 +� �5�PN*! ��= X�3�� (�� 

G�� .�,�V!. "�&��+�� (�� �� X����%�� ],����= ���5  B����

@�A G��5�5 �= ��5��- �5���= G*= , Y� ��1C �,� �4� �5 

G��� �5 ?37 �^>'9 24 �4� , G5�#� �,�9 SN*! �
�� �θ�	 

 �5 �,�J!1/0  X�3�� .��d��4� "�&��+�� �,�V!. ���5 /�#�! 

W���� ����45� , ���14�� "�&��+�� ���5 �5� ,� �4� �5 G��� 

"5 K� G��5 �5 @�A ���5 "���� ���
��� < � 2 "���� G�� (��.  

  

  
 #(�2 - Q�� � �������	 �"'��R �'� <��8� ��8� A�L�	 /��' �� " /��J �� ��8� /�� "� 8 �. 8� �L�	  

Figure 2- Simulation results of the moistened area for the beginning and end hours at a flow rate of two L hr-1 

  

����5��= <��7 +� "�&��+�� �� B���� G��5 @�A ��*� 

�!�=� G-�7 , ��4�� 1&L9 �45�#� �� B���� @�A G��5 �5 "L�' 

"5 W��� <� *'�
=�. �0�= W,�\4! G�� .?=K�
C� ��%�! �5� 

��,�, "5 @�A �� ��4�� �45�#� +��D ��Hl' G�� ��^2 . d��4�

"�&� +� <��7< � �� �+�� 2 �! ��*� G5�#� ���E! "- �=�

 "�,� ��37100/0  B�&�� G�7 �� ��37 G5�#� ���E! ,

459/0 G�� YND ��%�! , �� ��!+ G�^2 �5 /0 �2��

 ��=��V!x  ,z �! Y��%���5�� .  

  

3 - 2 - /	�8� Q�� � #�$� �,�"� %&  

"5��6
! &��V!9 ��=�,�4*2 K�,� X�; 5"G�� ���,0 ����E! 00M

G�� . Q,�L2  ����E!00M �! ��*� �� (�� "&��V!.�=� �5 
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"L�' "5  Q,�L �� ���
! d��4�2� 9J��E! e�+�' G5�#� �� X��' 

(+�5��= ���!+ , �� X��' G��5 @�A�= ���! Q�&; (��5 ����E! , 

G5�#� �V:���+ e�+�' "4��� "5�*!��� .���5 ����5 ��415 

����E! �5� �= ���5 G5�#� �� �= .+�5 ���!+  < � ��3 "���� 

(�� �
V
! T5�:! .G�� y�:A �< � K�� �� (�� "���� ��=

G��5 X��' �� ��!+ ��+� "5 (�� e�+�' /0 ��%�! "5 y�5�! ��=

�5��- �5� �= ���5 @�A , �
4J= T&:
! ?= �,� b�&��E' ��

��*� �� �SN*! /0 X�L �6� ���! ��!+ �� "- G�� K�� �2

 �!� K�� �B�_�! 8�%�� a�V "5 "4&� .G�� (�� e�+�' @�A

< � �� FA �
C �, G�� �1��5 bu!�-�! (��� �= +� "- ����

���5 , �
4J= �
|4J! �!� K�� ],����= Q�! "- G�� �0 �2

"4J���4� "5 �� ����! K�� G��"�&� �5�A ��S4A� "5 "- �
- �+��

�! �-��5� X��' �� .����"5 ��= ]� G��5 �� (�� (��5 ��-

"�&� +� (�� e�+�' /0 ?37 �(%�� "���) �
�?- �+�� <��7 �'

?- W�� �5 (���D K�� .G�� (���5� �� ��� @�A ���5 �' ��=

Y�5- �'��� �� �G�� "67u! <5�; �' �
� G��� G��5 �� "

Y�5 (�� e�+�' /0 ��%�! ?- �5� �� .G�� (�� ��,0�5 �'

��� F���� �� ],����= Q�! [��_ �� ��� , ��J\' <5�; �-^�

 K�� "5 "L�' .G�� �_�7 Y=,ZD .�,�V! +� ���A , (��5 ���5

 Q�! �L,�A ��=�,�4*2 <��V' Q�! �� "- G�� ��,�_ "4 �

"�&� ],����=, (�� �+��  Q�! G;� �5 F&'�! �0 �'�� G;�

 �� �=�,�4*2 <��V' Q�! �� ��� , G;� ��^ .G��� ],����=

 .G�� "4��2 ���; �5��+�� ���! ���5 �7�&!  

 < � "5 "L�' �53 �!@�A �� "- G����� ���' �
� ]� "5 

<�� ���^D ��\� ���J5 ?- , K���D ���5 G���= � �,���= �B�&�� 

G&J� "5 ���� G��5��= ��%�! G5�#� e�+�' �� ��+ O:� @�A 

?-�' (��5 , Q��47� <� *' /���,� �� O:� @�A �5 Y��%�� ��!+ 

����50 ��L, ����. X�; ���5 9J��E! ����E! cZ� %-�! X�L G5�#� 

�� .�,�V! +��D �� ��45�#� X�2��= ���!+ [�4N! B���� �� G��5 

, @�A GV' �5���= W,�\4!  Q,�L) G��3.(  

  
 7"'K2- 8����� 00M / ��	) (8 �/�� ��8� ��8���+ ��,"� ?��J) ?F�  "�%, �L�	 8� 8 �. 

1-hr L eightand  six,, four, two(cm) values for applied flow rates of  00M -Table 2 

�
� ��� X� �
� X� G��� �4��� ]� �4��� ��� X� �4��� X� K� �
� ]� ]� ��� X� X�   �!� K� G��5 /G��� 
  ,� �5� G��� �5 �4�  

0.81 0.81 0.75 0.69 0.74 0.76 1.05 0.15 0.42 0.78 0.81  0.75 1 
1.43 1.50 1.51 1.44 1.47 1.51 2.10 0.45 1.19 1.44 1.47  1.56 2 
2.32 2.37 2.34 2.21 2.31 2.35 3.16 0.78 1.71 2.32 2.37  2.38 3 
3.15 3.19 3.15 3.12 3.17 3.16 4.23 1.18 2.34 3.20 3.18  3.16 4 
3.92 3.92 3.94 3.91 3.97 3.95 5.26 1.53 3.03 3.98 3.98  3.92 5 
4.59 4.66 4.72 4.70 4.77 4.72 6.29 1.85 3.66 4.78 4.68  4.83 6 
5.50 5.63 5.61 5.43 5.52 5.61 7.34 2.14 4.28 5.48 5.55  5.65 7 
6.50 6.46 6.47 6.16 6.29 6.49 8.36 2.39 4.92 6.24 6.50  6.40 8 
7.33 7.23 7.28 7.08 7.19 7.30 9.38 2.62 5.52 7.13 7.29  7.12 9 
8.07 7.93 8.07 8.05 8.11 8.08 10.40 2.84 6.11 7.96 8.01  7.92 10 
8.75 8.66 8.83 8.95 8.96 8.85 11.42 3.05 6.74 8.70 8.68  8.76 11 
9.42 9.39 9.56 9.74 9.76 9.58 12.45 3.27 7.41 9.35 9.34  9.52 12 
  G��� �5 �4� ��1C �5�  

1.04 1.08 1.02 0.89 0.95 1.03 1.05 0.28 0.91 0.97 1.07  1.03 1  
1.99 2.07 2.04 1.97 2.12 2.05 2.11 0.84 1.84 2.00 2.05  2.09 2  
3.11 3.15 3.12 3.03 3.27 3.14 3.17 1.47 2.81 3.19 3.16  3.17 3  
4.22 4.29 4.26 4.12 4.33 4.27 4.23 2.05 3.91 4.21 4.28  4.26 4  
5.26 5.22 5.29 5.21 5.41 5.29 5.27 2.53 4.95 5.38 5.33  5.41 5  
6.22 6.35 6.31 6.31 6.45 6.32 6.27 2.90 6.00 6.40 6.29  6.52 6  
  �5 �4� Y� �5� G���  

1.05 1.40 1.32 1.24 1.42 1.34 1.38 0.35 1.05 1.42 1.43  1.31 1  
2.20 2.69 2.66 2.45 2.66 2.67 2.74 1.06 2.09 2.66 2.65  2.70 2  
3.79 4.11 4.06 3.92 3.85 4.07 4.10 1.83 3.08 3.85 4.10  4.13 3  
5.08 5.44 5.47 5.30 5.13 5.48 5.45 2.53 4.39 5.13 5.52  5.38 4  
  G��� �5 �4� G*= �5�  

1.47 1.54 1.47 1.38 1.49 1.49 1.56 0.41 1.29 1.47 1.55  1.47 1  
2.78 2.96 2.93 2.71 2.91 2.93 3.05 1.26 2.37 2.80 2.91  2.99 2  
4.37 4.46 4.45 4.30 4.26 4.46 4.55 2.19 3.58 4.54 4.48  4.51 3  
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V.�  

 
<  

  
W  

 
�  

 #(�3- IX���� 8����� 00M / ��	) (8 ���X� �� :��� �� /����8���+ ��, "� (V.�) ?��J) (<) ?F� (W)  "�%,  (�)�L�	 8� 8 �.   
Figure 3 - Comparison of M00 values (centimeters) over time with applied flow rates of two (a), four (b), six (c), and eight (d) L hr-1

  

 7"'K3- 8����� cZ / ��	)(8 � /�� ��8� ��8���+ ��,"� ?��J) ?F�  "�%, �L�	 8� 8 �. 

1-hr L o, four, six, and eightapplied flow rates of twZc values for  -Table 3  

 ��� X�
�
� 

�
� X� G��� 
 ]�
�4��� 

 ��� X�
�4��� 

 X�
�4��� 

K� 
 ]�
�
� 

]� ��� X� X� 
 K�
�!� 

 /G���
G��5 

 �5�,� G��� �5 �4�  
-5.56 -5.56 -5.56 -5.55 -5.55 -5.56 -10.78 -3.24 -5.50 -5.56 -5.56 -5.60 1 
-7.40 -7.80 -7.55 -6.11 -6.20 -7.58 -17.53 -3.54 -5.59 -6.29 -7.34 -8.54 2 
-9.57 -9.75 -9.09 -8.39 -8.31 -9.18 -23.24 -3.71 -6.34 -8.85 -9.29 -10.66 3 
-11.28 -11.76 -10.71 -9.83 -9.59 -10.82 -28.69 -3.97 -7.78 -10.08 -10.97 -12.51 4 
-12.76 -13.08 -11.92 -11.03 -10.85 -12.05 -33.64 -4.10 -9.03 -11.44 -12.40 -14.14 5 
-13.62 -14.51 -12.89 -12.21 -11.98 -13.00 -38.48 -4.19 -10.12 -12.62 -13.27 -16.16 6 
-15.33 -16.46 -14.31 -13.08 -12.78 -14.46 -43.29 -4.29 -11.15 -13.36 -14.67 -17.62 7 
-16.94 -17.67 -15.46 -13.85 -13.58 -15.66 -47.77 -4.45 -12.09 -14.21 -16.18 -18.84 8 
-18.02 -18.80 -16.40 -15.10 -14.78 -16.60 -52.13 -4.67 -12.83 -15.38 -17.19 -20.06 9 
-18.97 -19.77 -17.22 -16.36 -15.90 -17.43 -56.46 -4.96 -13.56 -16.37 -18.05 -21.66 10 
-19.77 -20.94 -17.92 -17.34 -16.76 -18.13 -60.75 -5.36 -14.46 -17.11 -18.78 -23.31 11 
-20.56 -22.08 -18.59 -18.13 -17.49 -18.78 -64.96 -5.79 -15.48 -17.65 -19.45 -24.64 12 

 �5���1C G��� �5 �4�  
-5.38 -5.37 -5.35 -5.39 -5.37 -5.35 -8.86 -3.37 -5.38 -5.39 -5.37 -5.40 1  
-7.10 -7.44 -7.21 -5.80 -5.86 -7.25 -14.98 -3.87 -5.75 -6.01 -7.01 -8.25 2  
-9.55 -9.80 -9.13 -8.06 -7.93 -9.24 -20.60 -4.13 -7.78 -8.60 -9.33 -10.81 3  
-11.79 -12.17 -11.02 -9.83 -9.58 -11.19 -25.84 -4.28 -9.64 -10.28 -11.45 -12.93 4  
-13.29 -13.60 -12.32 -11.48 -11.22 -12.51 -30.75 -4.42 -11.26 -12.05 -12.98 -15.32 5  
-14.96 -15.95 -13.70 -12.83 -12.53 -13.96 -35.38 -4.67 -12.64 -13.24 -14.38 -17.28 6  

 �5�Y� G��� �5 �4�  
-5.35 -5.25 -5.27 -5.19 -5.19 -5.27 -9.14 -3.46 -5.06 -5.22 -5.24 -5.40 1  
-7.06 -8.17 -9.13 -6.06 -6.02 -7.77 -15.89 -4.01 -5.38 -6.07 -7.76 -8.79 2  
-9.67 -10.91 -11.45 -8.88 -8.71 -10.04 -22.04 -4.28 -6.98 -9.04 -10.31 -11.79 3  
-12.12 -13.18 -13.23 -10.79 -10.86 -12.07 -27.84 -4.44 -9.14 -11.36 -12.63 -13.99 4  

 �5�G*= G��� �5 �4�  
-5.14 -5.18 -5.20 -5.09 -5.10 -5.20 -8.63 -3.53 -5.05 -5.10 -5.16 1.47 1  
-7.34 -7.82 -7.52 -5.77 -5.86 -7.57 -15.37 -4.08 -5.44 -6.14 -7.36 2.99 2  
-10.18 -10.43 -9.50 -8.57 -8.52 -9.68 -21.61 -4.34 -7.36 -9.20 -9.99 4.51 3  

  

����5 ����E! <��7 cZ "5�5�A G-�7 ����L /0 +� O:� 

@�A "5 G�J; �E�� �� ��*� �!�=� .�
�� G�^2 �5 ��!+ +� 

B,�� �
�0�� ����50 �
�0�� ��\� B,�� (�� , "!��� �!�5�� .W�� 

K�� �
�0�� �� ���45� ���+ ����50 G�� �!� �5 G�^2 ��!+ +� R�� 

W�� ��\� "4��- �!��� , �47 ��5 +� W�! ��!+ W,�\4! G&J� 

"5 G��5 �= �@�A ��%�! ��\� �E�� , �,�*�D G5�#� b�&��E' 

G5�H �!���! .�5 "L�' "5 (�����= G&H (�� �� �Y=,ZD K�� W�! 

��!+ �
�0�� ����50 �5 8� ?37 PN*! ���5 �^>'9 �_��� �5 

��%�! ��\� :5�� �E��9 ?�E4J! ����. �
�� �5 ��5��- ?- �5���' 

���5 �^>'9 K�!+ �5 W�! ��!+ Y�5�' �����50 K�� G���  "5
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G5�#� e�+�' (�� �! (������ "- ��\� Y�5��' �� @�A "4��� 

���5 .�� K�� Y=,ZD� `D +� 24 G��� , @�A 9�^>' X��'���= 

Y�5K��' ��%�! ��\� �E�� W��� "4��2 y�5�! "5 G��5 ��
� 

�5 ��5��- W,�\4! �5� G*= , Y� ���1C �,�  �4��5 G��� 

"5R�'�' 95/64� 38/35� 84/27 , 61/21 �4����4! ��5 .

?=K�
C� ?-K��' ��%�! �E�� ��\� y�5�! "5 G��5 ]� �
� 

��5. �� 9�7�! ��5 ���5 &��V!9 �=�,�4*2 `�����, ��� ! G&J� 

"5 ��V! z , ��V! x 5"G�� (��,0 ��. �� e;�, ����E! 2σx , 

2σz 5"R�'�' ��*�.�
=� U�4J2 �E�� , �E�� +��D �45�#� 

�
4J= "- �5 (��\4�� ����E! +� 00M  ,cZ "5G�� �(�!0 ��,0�5 

����E! 2σx  ,2σz X�3��  Q,�L �� "- ��4  (�=�*! <5�;G��.  

�5 Y��%�� W�! ��!+ ����50 ����E! 2σx ��C� ���>' �!��� 

 Q,�L)4( .�
�� �� ��- G�7 �5 G�^2 ��!+ +� B,�� �
�0�� 

����50 ����E! 2σx R�� ����� ���� .?=�K�
C �5 ��%�! Y��%�� 

�5� ���,�, .+�5 W����>' `�����, 8C�-��' �!� ����E! `�����, 

Y�5�' �!��� .Y�5K��' ���E! y�5�! `�����, "5 @�A ]� �
� 

�5 �5� ���5��- G*= �4� �5 G��� �5 ���E! 1503/3 �4����4! 

e5�! (��5 , ?-���E! K��' y�5�! "5 G��5 ]� �5 �5� ���5��- 

��1C �4� �5 G��� �5 ���E! 41/214 �4����4! e5�! G�� ."5 <��

Y�5�' ��!+ ���5 ����50 �� �5� ���5��- ,� �4� �5 �G��� ����E! 

"5G�� (�!0 `�����, Y�5�' (�� , ?-���E! K��' ��5��- �� �5� 

��1C �4� �5 G��� "5G�� (�!0 G�� +� K���,� PN*! �!��� 

"- ��Hl' W�! ��!+ G&J� �����50 W�� "5 ��5� �5 ����E! `�����, 

Y�5�'  G��) < �4((,u� .�5  Q,�L �K��5 ����E! 2σz B���� 

G��5 @�A �5 �5��! ��*� [�4N! ��= .�=�  

  

 7"'K4- ���� 8�"#$ / ��	) (
�8�8 ��/�� ��8 ��8���+ ��,"� ?��J) ?F�  " �%,�L�	 8� 8 �. 

1-hr L eightand  six,, four, twofor applied flow rates of  )2(cm "#$alues of V -Table 4 

 ��� X�

�
� 
�
� X� G��� 

 ]�

�4��� 

X�  ���

�4��� 

 X�

�4��� 
K� �
� ]� ]� ��� X� X� �!� K� 

 /G���

G��5 

 �5�,� G��� �5 �4�  
106.25 109.16 109.89 108.21 105.41 109.65 134.03 793.91 137.59 103.88 107.85 112.03 1 
121.83 127.55 140.00 119.01 119.06 138.75 213.58 811.21 154.49 120.17 126.50 147.22 2 
168.26 173.08 181.90 139.37 148.11 183.73 296.71 843.70 178.74 147.28 175.30 186.35 3 
208.76 201.08 217.25 178.55 184.99 219.71 370.63 818.54 196.08 192.29 209.62 222.56 4 
240.50 234.56 259.38 210.34 212.59 263.15 437.24 822.64 214.00 220.44 246.88 270.66 5 
287.33 275.04 310.17 238.19 242.73 316.23 501.69 828.31 233.36 252.34 294.50 314.22 6 
334.54 313.16 350.46 271.83 279.57 357.52 565.57 836.28 255.03 293.44 343.85 354.42 7 
372.58 350.19 390.05 314.04 320.79 397.68 630.54 843.02 279.96 341.67 378.66 392.36 8 
408.05 383.39 430.09 351.63 354.83 439.16 691.79 847.72 307.44 381.92 411.15 426.25 9 
439.78 412.88 471.02 381.58 383.04 481.16 751.88 850.73 333.97 415.03 443.40 452.49 10 
472.41 436.91 514.09 408.65 413.21 526.16 811.06 852.94 354.85 448.52 478.38 473.77 11 
505.51 458.21 550.88 435.62 443.27 567.51 868.91 854.10 371.76 483.14 517.89 496.95 12 

 �5���1C G��� �5 �4�  
215.05 1.08 1.02 211.87 220.74 233.35 270.78 836..49 214.41 209.69 221.29 239.99 1  
250.20 2.07 2.04 244.43 285.48 253.56 341.88 942.57 240.85 254.11 250.91 257.72 2  
283.69 3.15 3.12 260.16 300.88 299.47 412.08 977.61 260.41 262.11 289.09 304.01 3  
337.55 4.29 4.26 293.63 324.53 347.71 479.04 994.30 288.19 310.96 340.57 355.87 4  
390.71 5.22 5.29 341.48 353.71 397.35 540.21 100.79 331.14 358.20 389.24 401.03 5  
435.05 6.35 6.31 380.53 384.52 444.01 598.88 1005.19 368.46 400.65 435.89 445.26 6  

 �5�Y� G��� �5 �4�  
245.97 291.43 302.01 308.55 342.83 299.14 366.09 863.64 381.77 292.96 289.84 308.80 1  
332.42 321.54 403.57 314.27 366.29 332.62 431.25 1039.32 378.54 322.62 323.04 341.46 2  
412.81 379.04 467.43 340.02 391.87 389.10 506.75 1125.79 399.76 368.95 388.32 390.40 3  
440.88 422.70 500.82 399.91 429.16 440.77 576.01 1187.01 424.29 425.42 437.75 442.63 4  

 �5�G*= G��� �5 �4�  
384.24 407.01 426.15 390.77 431.33 422.24 515.44 1131.52 467.70 381.96 397.66 434.19 1  
443.97 438.13 441.30 430.58 458.69 441.42 570.75 1380.90 471.65 449.15 442.57 451.07 2  
483.58 484.57 500.20 449.94 484.18 502.66 641.04 1503.30 495.37 457.75 489.61 498.95 3  
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V.�  
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W  

  
�  

 #(�4 - ����IX 8������	2�cm	"($ �� ����� ���� ��� �� /�� ��8���+ ��, ?(<) ��J) ?(V.�) "�F�  (W) "�%,  (�)�L�	 8� 8 �.  
 six two (a), four (b), values in different types of soil texture with the mentioned applied flow rates) 2(cm "($Comparison of  -Figure 4

1-hr L eight (d)and  (c), 

 

 7"'K5- ���� 8�"($ / ��	) (8 �/�� ��8� ��8���+ ��,"� ?��J) ?F�  "�%, �L�	 8� 8 �. 

1-hr L eightand  six,, four, twofor applied flow rates of �	2�cm"($	alues of V -Table 5 

 ��� X�

�
� 
�
� X� G��� 

 ]�

�4��� 

 ��� X�

�4��� 

 X�

�4��� 
K� 

 ]�

�
� 
]� ��� X� X� 

 K�

�!� 

 /G���

G��5 

 �5�,� G��� �5 �4�  
0.21 0.22 0.26 0.22 0.21 0.24 46.81 0.32 0.24 0.21 0.22 0.57 1 

15.14 17.42 16.06 5.44 6.17 16.21 122.05 0.84 1.05 7.00 14.73 21.13 2 
25.73 28.76 26.24 20.37 20.14 26.58 206.08 1.03 7.97 22.13 25.15 38.59 3 
42.64 47.38 41.15 28.73 28.54 41.66 304.50 1.31 18.19 30.99 40.78 53.74 4 
55.22 57.11 51.20 40.68 40.35 51.77 406.46 1.38 25.79 44.69 52.89 71.03 5 
60.97 74.27 59.50 51.38 50.04 59.67 524.71 1.41 34.18 54.43 58.73 94.72 6 
83.92 97.76 77.22 57.47 55.63 77.70 651.80 1.59 43.28 59.06 76.47 109.90 7 
101.44 109.59 90.57 65.18 63.69 91.41 777.91 2.54 50.72 68.63 93.86 123.41 8 
110.73 121.34 100.87 81.25 78.57 101.64 913.31 4.06 56.02 82.76 104.10 142.52 9 
120.97 133.37 110.45 95.45 91.04 111.25 1060.80 6.34 63.20 92.66 114.94 174.58 10 
131.30 154.42 118.54 104.36 99.71 119.32 1217.11 9.52 74.87 99.30 124.75 209.06 11 
144.17 176.62 127.31 112.21 107.60 127.77 1378.85 12.76 87.92 104.57 134.35 234.17 12 

 �5���1C G��� �5 �4�  
0.32 0.35 0.45 0.31 0.32 0.42 30.62 0.55 0.32 0.31 0.34 0.86 1  

14.69 16.85 15.55 4.34 5.27 15.76 96.44 1.23 3.87 6.30 14.11 21.37 2  
28.40 31.18 27.73 20.43 20.10 28.31 173.27 1.38 18.99 22.87 27.33 40.85 3  
47.35 50.99 43.75 30.99 30.67 44.65 262.62 1.41 30.29 34.43 45.06 56.59 4  
57.28 61.55 53.54 44.85 44.07 54.22 360.48 1.63 43.48 49.27 55.59 84.70 5  
78.49 93.50 70.28 54.56 53.25 72.03 466.70 3.25 53.67 56.92 72.23 105.88 6  

 �5�Y� G��� �5 �4�  
0.32 0.53 0.90 0.40 0.40 0.77 35.31 0.72 0.42 0.40 0.45 1.80 1  

14.06 21.33 61.91 7.55 8.33 19.35 109.52 1.37 2.34 8.92 19.29 24.29 2  
27.62 39.42 75.27 24.48 34.76 33.87 198.39 1.47 14.74 27.76 33.99 48.03 3  
48.03 56.72 85.14 37.65 49.81 50.91 305.17 1.45 25.80 45.69 52.78 69.24 4  

 �5�G*= G��� �5 �4�  
0.43 0.46 0.63 0.43 0.41 0.59 32.72 0.85 0.40 0.43 0.44 1.29 1  

16.17 18.88 17.35 4.97 5.95 17.66 105.67 1.44 2.76 7.83 16.34 22.50 2  
29.65 33.27 28.77 22.15 29.75 29.61 195.28 1.51 16.66 24.20 29.10 44.61 3  
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�5  Q,�L d��4� "5 "L�'5 ����5 , W�&��V! X�3�� �"4��� 

�!G��2 "3�4� K�
C ���' "- �5 ���>' �5� ���5��- �� B���� G��5 

�@�A ����E!	2σz "L��! ���>' �5 �!���� ."5 ���5 �)�� �5 Y��%�� 

��%�! �5�  ����5��-2σz Y��%�� "4��� , R�� K�� Y��%�� �� �= 

@�A G��5 �5 "L�' "5 W����SA �0 G��5 W,�\4! G�� .?=K�
C� 

��Hl' W�! ��!+ ����50 ��  ���E!2σz G�� ��1*! ."5 ���5 �)�� 

�= "C W�! ��!+ ����50 Y�5�' ���5 ���E! `�����, ��C� ���>' 

Y�5�! ��'��� .�5 "L�' "5 ����E! "5G�� (�!0 Y�5K��' ���E! 

	2σzy�5�! "5 G��5 �
� "- �5��5 �5 8/1378 �4����4! e5�! G�� 

"- "�&��+�� �5 �5� ���5��- ,� �4� �5 G��� , W�! ��!+ 

����50 12 G��� "5 X�3�� (���� G�� .?=K�
C� ?-K��' ���E! 

y�5�! "5 G��5 ]� �
� �5 ���E! 45/1�4����4! e5�! (��5 "- 

"�&��+�� �5 �5� ���5��- Y� �4� �5 G��� , �5 W�! ��!+ 

����50 ��1C G��� "5 X�3�� (���� .G��  

 < �5 W����>' 2σz  [�4N! B���� �� ��!+ "5 G&J� ��

G��5�! ��*� @�A ��=.�=� ���= < � �� "-��#5  (�=�*!

�!Y�5 ��� W����>' K��'2σz G&J�  �
� G��5 �5 @�A �� ��!+ "5

?- , G�� .G�� �
� ]� G��5 �5 @�A "� y�5�! W����>' K��'  

  

 

 

V.�  
 

<  

  
W  

 
�  

 #(�5- X����I 8�����) 2(cm 2
zσ �� ����� ���� ��� �� /����8���+ ��, (V.�) "� ?(<) ��J) ?F�  (W) " (�) �%, �L�	 8� 8 �.  

1-hr L(d) eight  and, (c) , six(b) , four(a) two values in different types of soil texture with applied discharges )2(cm 2
zσComparison of  -Figure 5 

 

3 - 3 - Y��Z ��'�� [�8\ -K �� �8���+ /����, "�? ��J)? 

F� " �%, 8 �. 8� �L�	 �� ����� ���� ���  

K���' ��%�! K �� ?�� �k�5 �5 (��\4�� +� :5��9 )4( "5 X�3�� 

(���� ���E! .G�� K "5G�� (�!0 ���5 ?�� �k�5 <��7 +� 

W�&��V! �5��5 ��=�,�4*2 �5 5/2 G��. �5 ���; ���E! ���� 5/2 �� 

:5��9 ���� < � �k�5 <��7 (�� �5 1&L9 �45�#� <��7 +� 

"�&��+�� �5 X����%�� Y�5 �],����=K��' ��&:�� �� .G��� �=��A   
  

 

  

3 -4 - X����I ��Z�� J�KI / ���� �������	 �'� ]	� 

G8���^�� _"�'��, �� /N�� #B�O �� �,�"� %& A��	���  

���=�! (�=�*! "-��#"5 ��� G5�#� ���E! ���5 W,�\4! <��

E:
! "5 (�� Q����9  ���E! �[�4N! ��
5 ��!+ �� �6� ���!z�  �

σ��	،	σ�� +���� �� ���>' ��3�� ���5 , (��5 W,�\4!. �k�5 �� �=

�5�+���� Y��%�� .G�� (�� [�4N! ��=. �k�5��*� �=�
=�. 

YNDJ��E! ���5 .G�� "E:
! �0 �� /0 ���+ �2��9  �415

 �5 �=�,�4*2 W�&��V! +� <��7 d��4� F��' (�� ?�� �k�5

"�&� ],����= Q�! F��' (�� �+��X����%��  ],����=

Q,�L ��=6  �'9  <5�;.G�� (�� "����  
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 Q,�L �� (�� "���� d��4� "5 "L�' �56 , T�� 9J��E! �5 �

 �5� �5 (�� ?�� �k�5 , ],����= +� <��7 �45�#� +��D ���

�5��- ��,�  +� <��7 ��\� T�� "- �� PN*! G��� �5 �4�

 �k�5 +� <��7 ��\� T�� �5��5 ,� ����45� G��� �� ],����=

 ���5 <��7 d��4� ���14�� G��� �� "- G�� ��7 �� K�� .G��

"5 �G�� �5��5 b�&��E' U,� ,� +� ��\4�� �5 ��\� T�����# �� "-

 <��7 ��:A ��%�! K� G��5 �5 @�A22 �!�� 9J��E! .G�� �4!

 b�&��E' �� ��� Q�! ,� �= "- ��� ��*� T�� ���5 <��7 d��4�

&��V! �� ?= "5 8��%�9 "4��� �45�#� +��D T��Y�5 .��� K��'

.G�� �
� ]� G��5 "5 y�5�! �:A ��%�!  

 Q,�L �� (�� "���� d��4�7  +��D T�� , ��� ��,0�5 ���5

 <��7 d��4� "- ��� ��*� �45�#� G��� �� ��\� T�� ���5

 ��7 �� K�� , (��5 �5��5 ,� ],����= Q�! +� (��\4�� �5 ����45�

�! ���D Y=�- �u4A� K�� ���14�� G��� ���5 "- G�� �� .�
-

 ���14�� , ����45� G��� ,� �= �� �45�#� +��D ��� ���!

"5 X+z , G�� (�� ��,0�5 ?= "5 8��%� ��,�7 �' ����E! �-�

! G��~�%5 �,�4*2 U,� +� (�� <��7 ��� ����E .G�� �'

 Q,�L8  , ],����= +� <��7 �45�#� +��D ��� , T�� d��4�

 Y� �5� ���5 �� �=�,�4*2 W�&��V! +� (�� ?�� �k�5 ���5�

�! ��*� G��� �5 �4�.�=�  

 

 7"'K6- X����I #B�O / ���� ���1 a8L " b;L  ��8���+ /�� �� �,�"� %& A��	��� �� �'� M	� /N�� ��Z�� �� _"�'��, ��"�  8� 8 �.

/ ��	 [XO 8�) �L�	(8 � 

Table 6- Comparison of the depth and width of the moisture bulb obtained from Hydrus with the dimensions of the ellipse drawn 

)cm(in  1-hr L twons with an applied flow rate of calculatio Momentfrom the   

 G��� �� �,�4*2 +� <��7 d��4�
���14�� 

 G��� �� ],����= +� <��7 d��4�
���14�� 

 G��� �� �,�4*2 +� <��7 d��4�
����45� 

 G��� �� ],����= +� <��7 d��4�
����45� G��5 

�k�5 ��� �k�5 T�� ��\� ��� ��\� T�� �k�5 ���  T���k�5 ��\� ��� ��\� T�� 
48.2 38.92 44.33 40 29.32 6.73 27.45 11.1 ]� 

54.95 43.21 48.41 46.1 25.47 6.7 25 11.56 ��� X� 
56.89 48.42 51.35 50.7 25.96 6.72 25.22 12.33 X� 
55.73 62.89 51.7 62.3 26.45 7.49 25.5 14 �!� K� 
73.69 157.78 84.3 158 28.94 27.89 20 34.3 K� 
73.05 14.71 56.9 17.5 70.44 4.64 48.9 4.3 �
� ]� 
56.2 50.57 69.1 52.6 25.76 6.72 25.4 12.2 �
� ��� X� 
53.5 55.3 50 57 26.12 6.73 25.9 12.5 �
� X� 

58.66 46.79 54.36 50.5 26.2 6.83 25.5 12.4 G��� 
52.17 44.61 47 45.1 26 6.71 25 11.7  ]��4��� 
52.62 43.41 48.4 44.5 25.66 6.71 25 11.8 �4��� ��� X� 
59.55 47.03 54.5 50.3 26.17 6.77 25.57 12.55 �4��� X� 

  

 7"'K7- X����I  ��8���+ /�� �� �,�"� %& A��	��� �� �'� M	� /N�� ��Z�� �� _"�'��, �� #B�O / ���� ���1 a8L " b;L��J) 

/ ��	 [XO 8�) �L�	 8� 8 �.(8 � 

Table 7- Comparison of the depth and width of the moisture bulb obtained from hydrous with the oval dimensions drawn from the 

)cm(in  1-hr L fourcalculations with an applied flow rate of  Moment  
 G��� �� �,�4*2 +� <��7 d��4�

���14�� 
 G��� �� ],����= +� <��7 d��4�

���14�� 
 G��� �� �,�4*2 +� <��7 d��4�

����45� 
 G��� �� ],����= +� <��7 d��4�

����45� G��5 
�k�5 ��� �k�5 T�� ��\� ��� ��\� T�� �k�5 ��� �k�5 T�� ��\� ��� ��\� T�� 

47.98 30.95 44 33.08 36.6 6.79 32.5 10.52 ]� 
50.04 32.09 45.24 35.86 36.2 6.78 32 11.30 ��� X� 
52.19 35.63 47.73 37.2 37.19 6.82 32.9 11.93 X� 
52.75 43 48.4 44 38.72 7.71 33.23 13.60 �!� K� 
61.18 89.39 64.16 93.7 41.13 22.69 36.9 30 K� 
79.24 9.17 64 14.3 72.3 5.22 57 5.9 �
� ]� 
51.8 37.11 46.8 38.3 36.66 6.8 33.3 12.1 �
� ��� X� 

49.94 40.12 46.25 40.5 37.58 6.85 33.15 12.2 �
� X� 
52.13 34.65 48.85 26.9 38.33 7.03 33 12.2 G��� 
48.77 31.29 45 33.6 36.38 6.78 33 11.3 �4��� ]� 
49.01 30.76 45.26 33.2 37.13 6.78 32.5 11.3 �4��� ��� X� 
52.67 35.17 49.06 37.3 38.18 6.98 33.07 12.2 �4��� X� 
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/ ��	 [XO 8�) �L�	 8� 8 �.(8 � 

Table 8- Comparison of the depth and width of the moisture bulb obtained from hydrous with the dimensions of the oval drawn 

)cm(in  1-hr L sixcalculations with an applied flow rate of  Momentrom the f  

 G��� �� �,�4*2 +� <��7 d��4�
���14�� 

 G��� �� ],����= +� <��7 d��4�
���14�� 

 G��� �� �,�4*2 +� <��7 d��4�
����45� 

 G��� �� ],����= +� <��7 d��4�
����45� G��5 

�k�5 ��� �k�5 T��  �����\� ��\� T�� �k�5 ��� �k�5 T�� ��\� ��� ��\� T�� 
51.49 21.83 46 23 48.84 6.67 40 10 ]� 
51.56 28.25 45.15 29.6 42.79 6.79 36.81 11.05 ��� X� 
52.3 30.79 48 32.8 42.56 6.9 36.9 11.97 X� 

52.59 34.79 48.3 37 43.92 8.74 37.27 14.55 �!� K� 
60 71.51 57.4 74.6 47.83 23.99 40 27.8 K� 

86.11 7.45 69.8 12.1 73.46 5.57 65.72 5.67 �
� ]� 
52.48 29.44 45.5 31 39.2 6.75 37 11.5 �
� ��� X� 
51.4 32 47.1 34.3 42.67 7.06 37.7 12.8 �
� X� 

55.94 36.29 48.54 31.7 43.43 7.64 37.25 12.5 G��� 
49.99 26.13 45.5 28.4 43.9 6.77 37 11.3 �4��� ]� 
51.78 28.5 45.5 28.5 46.28 6.75 37.2 11.5 �4��� ��� X� 
52.48 29.91 48.7 32.5 43.33 7.46 37.6 12.5 �4��� X� 

  

 Q,�L �� ���
! d��4� "5 "L�' �58 � �5� �5Y�  �5 �4�

&��V! �� G���9 Y�5 ���14�� G��� �� ��\� T�� ��%�! K��'

?- , �
� ]� G��5 �5 @�A "5 y�5�! �:A "5 y�5�! �:A K��'

 d��4� .G�� ���� �\� ��:A �5 �4��� ��� X� G��5 �5 @�A

J��E! ���5 <��79  +� <��7 �45�#� +��D ��� , T��

 Q,�L �� (�� ?�� �k�5 ���5� , ],����=9 (�� "���� G��. 

 

 7"'K9- X����I  ��8���+ /�� �� �,�"� %& A��	��� �� �'� M	� /N�� ��Z�� �� _"�'��, �� #B�O / ���� ���1 a8L " b;L�%, 

/ ��	 [XO 8�) �L�	 8� 8 �.(8 � 

Table 9- Comparison of the depth and width of the moisture bulb obtained from hydrous with the dimensions of the ellipse drawn 

)cm(in  1-hr L eightcalculations with an applied flow rate of  Momentfrom the   

 G��� �� �,�4*2 +� <��7 d��4�
���14�� 

+� <��7 d��4�  G��� �� ],����=
���14�� 

 G��� �� �,�4*2 +� <��7 d��4�
����45� 

 �� ],����= +� <��7 d��4�
����45� G��� G��5 

�k�5 ��� �k�5 T�� ��\� ��� ��\� T�� �k�5 ��� �k�5 T�� ��\� ��� ��\� T�� 
55.64 17.56 50 19.5 54.06 6.63 44.15 10.5 ]� 
53.48 21.49 45.8 13 48.85 6.73 40.9 11.17 ��� X� 
55.31 23.47 48.1 85 49.85 6.81 40.62 11.86 X� 
55.83 28.07 48.6 30 52.09 8.14 41.2 13.55 �!� K� 
63.29 56.54 55.5 60 56.75 22.92 43.6 27 K� 
96.92 7.41 77 11.1 84.08 5.83 73.44 6 �
� ]� 
54.98 23.79 48.1 16.5 49 6.78 41.6 11.7  X��
� ��� 
55.02 24.85 48.4 27 50.42 6.88 31.35 12.2 �
� X� 
55.9 22.9 48.65 36 51.6 7.18 41.2 11.75 G��� 

53.02 20.33 46.3 22 49.41 5.72 41 11.5 �4��� ]� 
55 22.15 46.3 22.4 51.9 6.7 40.86 11 �4��� ��� X� 

56.04  23.28 48.6 26.23 51.36 7.11 41.3 11.9  X��4��� 

 

Q,�L �� (�� "���� d��4� "5 "L�' �5 9 ����E! 9J��E! �5 �
 Q�! +� <��7 T�� , ���],����=  (�� ?�� �k�5 ,

�! �5� �� U,� ,� �= "- G��2 "3�4� ���'G*=  �5 �4�
 "- W��� K�� "5 (��- "���� ?= "5 8��%� b�&��E' d��4� G���

?- ��\� T�� ���! �� ����45� G��� �� y�5�! �:A ��%�! K��'
 ��:A �5 �
� ]� G��5 �5 @�A "517 ���! �� , G�� �4!

 �5 �4��� ��� X� G��5 �5 @�A "5 y�5�! ���14�� G���
 �u4A�25 ���!���! �� .G�� �4!  ����E! �45�#� +��D ���

Y�D �5 ����+ �u4A� Q�! ,� +� <��7 d��4� (�� �
�5
8� �5� �� "- G�� �0 +� �-�7 , "4��� �)��G*=  �5 �4�

"5 �45�#� +��D ��� G��� ��,0�5 �5�A(�*� .G�� 

 (�� "���� d��4� "5 "L�' �5Q,�L ����� ��=J��E! �5 �9 
 Q�! +� <��7 T�� , ��� ����E! (�� ?�� �k�5 , ],����=

�! ?= "5 8��%� b�&��E' d��4� U,� ,� �= "- G��2 "3�4� ���'
 +� <��7 d��4� ]����5 , (��- "����Y=,ZD 9��:! ���2��&; 

Lazarovitch et al. (2007)  ,Moslemi et al. (2021) �
�!(�:; ����50 GV' �=�,�4*2 ��5��- �5 ���' ��)� .�V� ��

5�#� e�+�'"�&� �5��:! G;� �5 �� @�A �� G G;� .���� �+��
"�&� �� �=�,�4*2 <��V' U,� �45�#� ��=�)� B���� �+��

(�:; ����50 +� <��7�5� GV' �� ��5��- �5 W,�\4! ��=
?37 , (��5 ],����= Q�! "5�*! ����5 ���! /0 W,�\4! ��=

�^� Y�D ���5 G��5�; K�� +� (��\4�� �� !��)� �
�5 G5�#� �
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�� !� PN*! /0 ?37 ��5��- �5 K��! �5� 8� +� <��7 ��^D
G�� . K�� �� "���7 d��4� "5 "L�' �5Y=,ZD ��! �= ��+� "5 ���'

 ��6� ����E! �@�A G��5 B�� , �5� ��%�!00M  ����E! %�� ,
��=�,�4*2 σx, σz  ��5��- G��5�; ��-^! ����E! .���� K���' �� ��

U,� ���2��� ��=����� �� K���!  U,� ���5 �4�%! ��A "-
 �=�,�4*2G��.  "�!+ K�� �� K�*�D W���:! "- G�� �-� "5 X+z

 Uu' �_�7 Y=,ZD �� "- ��5 @�A G��5 B�� �
C "5 �,�V! FE�
��  �!��' �� "-12  �5��+�� �=�,�4*2 Q�! G��5�; �@�A G��5 B��

��� �=�,�4*2 Q�! �z�5 ������' "���7 d��4� . c�SA ��
Q�! �+���V� , G5�#� ��%�! e�+�'. @�A �� �0 U�4J2  ��
���l' �! d��4� K�� "- ���� ���� F��' ����'Y=,ZD���2  B���� ��
@�A<5�; G;� �5 �="5 ��&;.��� "4��2 ��-  

  

4- �H� ��8�&  

�� Y=,ZD X�3�� �(�� "5��6
! ����5 G;� U,� ����V' 
&��V!9 ��,�4*2 G1L Y�D�
�5 +��D e�+�' <��7 �45�#� +� 
����50 (�:;��� ��45� "�&��+�� ��4�� �V:���+ G5�#� "5 
8�- Q�! ],����= X�3�� �� .�� Y��!+0 K�� 12 B�� G��5 
@�A [���' (�� �� X����%�� �'+� "- �� X����%�� ],����= 

(���3
2 �(�� �5 �5����5��- ��= G*= , Y� ���1C �,� �4� 
�5 G��� X�3�� �� , d��4� <��7 �� (+�5��= 8� "4��� G&H 

 , (��(�����= ],����= G1L (��\4��  ���! �,�4*2 U,� ��
d��4� .G��2 ���; (��\4�� <��7 ���5 G��� "- 8�- �5 U,� 

<��V' �,�4*2 �!���' G��;�! %-�! X�L /0 (�� e�+�' �� 
�@�A W����>' �45�#�91&L G&J� "5 ��V! x , z "5G�� ��,0 .

�5 ����5 J��E! ,9 ���5� 1&L9 �45�#� <��7 +� ],����= , 
�k�5��= (�=�*! "- �� ��&:�� �&��
! K�5 ,� U,�  ��L,

���� .+� K��,�� �!���' "5 d��4� <��7 +� U,� ����V' �,�4*2 
"5 G1L ����5 ���5� +��D �45�#� <��7 ����50 +� (�:;�� � '� 

��- , W�! ��!+ X�3�� Y��!+0�= , Y=,ZD��= �����! �� 
"5W��� "
�15 , �� ?-K��' ��!+ "5 X�3�� �����.  

  

	�c	d���^ 
K��5G���7 +� "���, ���5 "- %��&' (�)*��� ��
�! , ���! ��=

 �_�7 Y=,ZD G�\�- Y��%�����! ���%)���� ����.  
  

�� 
���� ��N:�&'�X�  

��2�
J��� �K� ! Xu�� "�E!������ = "-��"��2 ���
! ��k'� 
 �� , U��)� c�SA ��*4�� d��4� ,�K�  ��L, Y=,ZD.������   

  

	8 	�/ ���� ���,  

(��� �5 "&'� ! T��# +� Y=,ZD K�� �� (�� (��\4�� d��4� , �=
.G��2 �=��A ���; ���4A� �� Q�mJ! .�
J���  

  

:�&'�X��� �+��%�  

:���� /$L <��V' X�3�� ��=X��NJ� U��)� ����!0/���%��9 
�,�9  �"�E!:/��'.��'B e8�� /$L X�1\! �����
=��  ��+��

 �"�E! �
�5+�5 , Y����, �d��4� Q�4
-:�8� :��';B '�Z	  X�3��
<��V'X�� ��=����
=�� �"�E! �
�5+�5 , Y����, ����!0/���%���  

:/$�f�(�� �;��� <��V' X�3��X�� ��=����!0/���%��  U��)�
NJ�9 �,�9 "�E!.  

  


����  
�"���� ���
��#� �uL ����A ���3! ����50���V! ��_���7, �

 KJV! ���
��5 �_���D , �]�&� ��-���)1402( �5��+�� .
X�� Q�! � �,���= ��=�4!���D G��:; HYDRUS  �5

U,� +� (��\4�� .DREAM Q�!�@�A , /0 G����! , �+�� 
3)4 �(1-15.   doi:10.22098/mmws.2022.11659.1152 

��1L ���'��S
! )1400.( U,� W��H� ��V:���+ ����50 ��=
(�:; , ��\� 8*A T#�
! �� W�' Q�1� ��� �5 ��

)�:!9� ����! ::
! 9E��4J��(Q�! . , /0 G����! , �+��
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