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Some new field techniques for measuring unsaturated soil hydraulic properties by using soil

water content measured from dielectric properties of unsaturated soils are proposed. Firstly

in-situ permeability tests for unsaturated soils are developed. The constant head infiltration test

and the gravity drainage test were performed continuously. The transient soil water content

data during these tests were measured by a portable soil moisture device. The vertical soil

moisture profiles during the drainage test were used to determine the unsaturated hydraulic

conductivity. The inverse solution of unsaturated soil hydraulic functions was applied to

independently measured transient water content for wetting and drying process to consider

hysteresis phenomenon of unsaturated soil hydraulic properties. Secondly surface ground-

penetrating radar (GPR) system is employed to estimate the average soil water content profiles in

the survey region as a function of the dielectric constant measured by electromagnetic wave

velocities. GPR o ers a simple and nondestructive approach for in-situ determination of soil

water content. The utilities of proposed methods are demonstrated by using field experimental

data for unsaturated dune sands.

: soil water content, dielectric constant, soil hydraulic properties, in-situ test, unsatu-

rated soils
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Schematic diagram of proposed in-situ permeability test
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later after sprinkling)

GPR

.

. m

. m

m

GPR

GPR

MHz GPR

m

Fig. Fig.

+*2 ,**2

+0

+0

* *, +0

* 2

* ,

+

.**

,

0

0 1

1

.



�� � �
� � �

� �
� �

� �

� �

�

� � � � � � ��

� �

� �
� � � � �

� � � �

� � �
� � � � �� �
� � � �

�
�

� � �� �
�

	 	

� �

� �

�
� �

� �
�


�� 
����� � ��������� ��

� �� !"#� $%&
� �� � �' $ (

) � *� + ,-�.� � �/ 01�-

�2 3.456789 :;� <�
� ! 0= + �>?��@AB 7���$
8CDE�3F � �' � (��G:
+ �HI �J B,-���$=K :;
�$LMDE�


�= � 3.4 � N�
�
�O 5 
� 5 
�
� 3.4 � P@�QR�
�ST

U V W XY Z[ \ X
� ]�^�.�� �+ _� `

ab� abcTdefg h ,- � )
i � ]�^ U jklm + ,-n�
�

kGoW p q r s t u *�v wxyz"# �.� {! �
|+ 0}~�5�B +�� � +���- � )

�,� |� 0 h
kGoW ���������e�.� |+ U � � jklm {!

- $��� h � � � ��� � ������������L ��/ 01
� �� � �xyz"#�.�� � )

h

� � b "# $�� � *� + ,- � � xyz +"#�
.� / 01�� 3.4� �� ]�^�.���  � + _�
`- � ¡�� ¢ � + ,� *� +y +"#$ +"#� £��¤¥� +
¦ �3�� + ������� *� +���� 3.4 + � §'
�/ %¨�.©��ª«]�¬�� / 0�­�®n�� � ���������L
�� / 01�¯ �� �°�� <� � �� ]�^�.F� � ± w ²
³ �,-� �´�� + ��µ�� �¶ �� �ED� 0�{·{

� �3��xyz"#n�
� *�L¸��
� � � �
�� � � �

� � �

� 	 
�
� �
� � � �

� �� ��� � 	� � �
� � �� �
�


� � � �
�	
	 � 	� �� �

�
� � � � 	
� �� ��  ! "

# $ � $ � %&
� �

$ � $ � '

( )* + , -. -� / 0
� � �� 12

3� 4 3� 
� 	5 ��
� ( )* 	� � �
678 - # $ 9 *0 : 
� �
� 	 �
	 �� �
�� 
� �
�� � 	5 ��
	 3� ;<

	 ( )* => �
� 	
� � � ? 	5 � � @ ��
; " �
� 	5 ��

;<

�
� � A 
� ��� � 	� � 
� BC �

� �
� �� �
� � � D 	� �� 12
�
� E F 	� � � � � G H G
I 	� � � �
�� �
� 	� �� 1� �
�J �
� �� ��

@ �
� �� � 
� � � � $ K �
LMN  ��O 	� �� 
� P Q�
� �

� �

� � � �

� 	

�
�

�

�

�

�

�� �
�

� �

�
�

�
�

� � � �

�
� � � �

�

� �

�
�

17

:

:

and environmental geophysics, chapter , Ground

( ) : Parameter estimation for unsaturated flow

filtration from a single ring : I. Analysis of steady

: pp. .

: pp. .

tromagnetic determination of soil water content :

Measurement in coaxial transmission lines, Water

unsaturated soils, Soil Sci. Soc. of Am. J, :

:

Reynolds, W.D. and Elrick, D.E. ( ) : Ponded in-

flow, Soil Sci. Soc. of Am. J., : .

Reynolds, J.M. ( ) : An introduction to applied

penetrating radar, John Wiley & Sons, pp.

.

Richards, S. J. and Weeks, L.V. ( ) : Capillary con-

B A ductivity values from moisture yield and tension

measurements on soil columns, Soil Sci. Soc. Am.

Proc., : .

:

: : .

pp. . :

: C

: . : .

: :

: . C

: .

Topp, G.C., Davis, J.L. and Annan, A.P. ( ) : Elec-

Kool, J.B., Parker, J. C. and van Genuchten, M. Th.

and transport models A review , J. Hydrolo- Resources Research, ( ) : .

gy, : . van Genuchten, M. Th ( ) : A closed-form equa-

Rassam, D., Simunek, J. and van Genuchten M. Th. tion for predicting the hydraulic conductivity of

( ) : Modelling Variably Saturated Flow With

HYDRUS- D, International Ground-water Mod- .

eling Center.

,**1 +, ,
,**2 , 2

+,

+321

,**+ ,+. ,-1

,**. -3 .,

23,

+33*

+,-- +,.+

+331

02,

111

+1 +2 +3/-

+/-0*,/- +2,*0*/+

+1 +2

,*0 ,*3

,**-

+332 1 0, +03 +10

.*+ .,+ ,**0

+32,

,+ ,0 +32, - . 2-+ 2-3

,**, ,**1

/1

++- ++.

- . ++/- ++0,

+32*

- /1. /2,

,// ,3- +32*

,**-

, 232

..

/.

+1

1,3

.0 0,

0-

+0

3+

�


