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Abstract: Problem statement: The unsaturated hydraulic conductivity 8K(and Soil Water
Characteristic Curve (SWCC) for saline soil or sditectly contacted with saline water are not
permitted using several apparatus to determinimproach: A simplified method to determine BY
and SWCC by using simple apparatus is presentddglilise proposed numerical model with the van
Genuchten equations and inverse calculation fof)kagd SWCC to produce the best fit of this model
calculation to the experimental cumulative capylliow in dry soil columns. These are found by an
optimization procedure which adjusts the parametérk(6) and SWCC. In addition, the resulting
SWCC from the model was used to evaluate th@) Kqr the Gardner equatioiResults. Values of
saturated hydraulic conductivity;Kfor the van Genuchten equations were lower thagetlbased on
the Gardner equation. ThesKvalues of dense soil were nearly overall lowemnthaose soil.
Conclusion: Good agreement (Rvalue) was obtained in the SWCC and.lalues from the
experiment and those calculated from the van Geencind Gardner equations this suggests that the
simplified method provides a useful means of detieirrg unsaturated flow parameters.

Key words: Capillary flow, hydraulic conductivity, Soil WateCharacteristic Curve (SWCC), soil
compaction, saline soil, capillary fringe, hydraulproperties, volumetric moisture,
tensiometer measurement, sandy loam

INTRODUCTION rainy season from 3 different locations (St1-Stf33ait-

affected soil area for experiment in laboratory. In

Saline soils in the north-east of Thailand wheve i solution of the unsaturated hydraulic properties of
sub-humid areas cover an area of approximately 2.88aline soils, we imitated the occurrence of sasioié by
Mha. Salt-affected soils in this region are gergral capillary process of saline water. The capillaseris

sandy, low in fertility and high in sodium and ctitte induced in dry soil columns and the cumulative

. . . capillary flow is observed. In addition, the samptsl
content (Arur_nn, 1.992)' A Major cause of s_alt reagh_ was compacted in soil columns with two different
the surface in this area is due to the rise ofneali

. ) compactions for evaluation of the parameters of
watertables to the capillary fringe and conseqyethi®  ynsaturated hydraulic properties.

rise of salt to the surface (Konyeti al., 2009; Loffler Using a numerical solution of the Richards
and Kubiniok, 1988). Upward movement of these salin Equation to determine these parameters in an assume
waters contributes to the salinisation of the area. form of the K@) function. By inverse method measure

The main objective of this study was to develop alow under transient conditions and use a numerical
simplified method for determining the unsaturatedmodel with the van Genuchten (1980) equations for
hydraulic conductivity K@ and Soil Water K(8) and SWCC to determine the value of parameters
Characteristic Curve (SWCC) for saline soils orlssoi that produced the best fit of the model predictitmthe
directly in contact with saline water. Saline ssilnot  observed cumulative capillary flow in dry soil coins.
always permitted using several apparatus (e.g.péem The resulting SWCC is the primary wetting SWCC and
cell and hanging water column) for evaluation tbé s be compared to experimental data from hanging water
hydraulic properties. The sample soils were kegraf ~ column method.
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In addition, we evaluated the unsaturated hydrauli ]
conductivity K@) for the Gardner (1958) equation with —
the resulting SWCC of the van Genuchten (1980) |
equations. Using the resulting values to evalubte t
capillary flow with the HYDRUS-1D software version hr l@b—oco- 1 o ke, B
4.14 and compare to this proposed model. -

Ar |@p--=-- 1 -y B

Theoretical background: When we immerse the lower by | @ p===- =1 — Wi, By
end of dry soil column in a pool of saline watapitlary |
rise is taking place. We modeled the unsaturatechrg —
movement by Richards’ equation as: I
B2 k®% k) 1) =] i=1
ot o0z 0z
Where: Fig. 1: A soil column immersed in a pool of saline
0 = Volumetric water content water
v = P_ressure head The inverse method involved preparation of dry,
T = Time compaction, soil columns to be tested, then indwcin
Z = Vertical distance upward capillary flow from saturated bottom endato
K = Hydraulic conductivity which is not constant specified time then changing moisture content & th

but is a function o which can be model by soil was measured as a function of time t and cairti
van Genuchten’s formula as: distance z. The moisture content profiles were used
calculate the van Genuchten parametets éand n by
) the inverse method using finite difference form of
K(6) :Ksateﬁ(l—(l-eﬁ)mj ) Richards’ equation. And we use the resulting SWCC
from the simplified model to evaluate the Gardner
parameters, K and o, of the K@) function for the

where8. is the effective saturation: Gardner (1958) equation as:
_ - ay

As Eq. 1 is a nonlinear partial differential eqoaf
with 6, and 6, being the saturation and residual therefore in solving this equation finite differenform
volumetric moisture  contents, respectively. Thehas to be used. A soil column is divided into many
parameter m can be obtained from SWCC as: segments of equal lengthz. ConS|d_er|nlg the. three

segments of adjacent segments e.g. i-1, i andni+ig.
0,-8, 1, water flow from i-1 to i and to i+1. At any timey;;
T, am (4) and 6;; are pressure head and moisture content at the
[1+(O‘NJ‘) } center of segment i, respectively.
Time is also divided by intervals ot such that t =
é’-At. Then the derivatives in Eq. 1 are written asmdite
differences divided by the appropriate interval:

6=0, +

Where,a and n are parameters directly related to th
shape of the (@) curve and a considerable
simplification is gained by assuming that m = 1=1/n K. +K, 0~
The value of K, can be evaluated separately usingg o 1 '*1"2 = '*“A -]
various methods (e.g., falling head permeameter,"’ﬂAit"HAf K +K f
constant head permeameter and by interpreting from G BRANEVE Nk ¥
physical properties). In this study, we evaluataetligs 2 Az
of Ksar and the other parameters using the inversalri*l-iJ“Kivi _Kij +Kiil}
method. Az 2
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Table 1: Textures and particle densities of theegirpental soils laboratory. Texture and particle density of thd sgies
Soil particles (%) are shown in Table 1. The textures of sample seiie
particle classif_ied by using the system_of the U.S. Depantme
Site Texture Sand Sit Clay density (kg3n  of Agriculture (USDA). Two soil types are sandwaio
Stl  Sandy loam 784 129 87 2,501 texture and the other one is sandy clay loam. Sihe
St2 - Sandy loam 648 267 85 2360 distributions of sample soils were analyzed by asiev
St3 Sandy clay loam 59.8 18.6 21.6 2,782 . . .
method and sedimentary method and shown in Fig. 2.
Table 2: Physical properties of the soils Physical properties of the each soil are shown in
Bulk density Table 2.6, and 65 are the residual and saturated
Site Texture  Compaction (kg Porosity 6, 6, volumetr!c mqlsture content_s, res_pectlvely, whitie t
StT_ Sandy Loose 1478 0409 0.036 0390 vVolumetric moisture contertt is _deflne_d as the vplume
Loam Dense 1,618 0353  0.037 0.346 of water per bulk volume of sail, but it may be aibed
St2  Sandy Loose 1,464 0.380  0.024 0.368 ; i i
loarm Dense 1,606 0420 0024 0317 from the gr.awmetrlc moisture conterfi,f by use of
St3 Sandy  Loose 1479 0468 0062 0439 the formula:
clay loam Dense 1,621 0.417 0.062 0.416
. . . _P
Therefore, the volumetric moisture contét, in 6="286,
segment i at the next time step is calculated from: Pw (7
Kisg +Kij Wi — W, where:
0 =g At 2 Az ppandp, = Bulk density of soil and density of
T Azl K K b W, water, respectively
2 Az (©)

Gravimetric moisture conten®,) was measured

+M{K‘”~”+K” _Ki +KH”} directly and then is obtained by dividing the ma$s

Az 2 2 soil water by the mass of the dry soil. The redidua
where 0; , 6,4, = volumetric moisture contents in gravimetric moisture_ content is obtained from. soil
segment i at time j and jAt, respectively; Ky, , K;; , sample that was dried at room temperature in the
Kis1j = unsaturated hydraulic conductivities in segmentaboratory, while the saturated gravimetric moistur
i-1, i and i+1 at time j, respectivelys_,; , ij , Yisrj =  content was measured by filling the sample sod thie
pressure heads in segment i-1, i and i+1 at time jcore and compact it. The core is then immersedighe
respectively. of the lower end into a pool of water for about #8;

then bring it up to weigh and oven dry and weigé th
dry sample again. After it has come to constanghtei
Experiment: To evaluate the soil water characteristicin an oven at a temperature between 100°C and 110°C
curve and measure the moisture content in soilneoju  reweighing the soil core to determine the amount of
a set of experiments was performed at the Soil ang,ater removed.

Water Laboratory, Khon Kaen University, Thailand.

Prior to the experiment, a decision had to be mad%et. h il col - Th i |
between the tensiometer measurement and thectting up the soil columns: The soil samples were

gravimetric method for measuring the soil moisturedried at room temperature in the Soil and Water
content. Because of the delay time in the tensiemet Laboratory, Khon Kaen University and disaggregated
measurement, the gravimetric method was chosen. Theith a rubber hammer. Each sample was filled inkeet

experiments involved four steps: Soil sample afiisa made up with a connection series of a 5-cm height o
water preparation; inducing capillary rise; soilistore  gtainjess steel tube 4.8-cm inside diameter. Thiadfi
congentt_ ry;easurem?nt; and calculation  of hydrau“csoil column was compacted at every 1.5-cm height wi
conductivity parameters. a PVC rod has end plug 4.2-cm diameter, 60-cm in
Physical properties: Three saline soils collected from length and 350 grams in weight. Two standardized
different locations around the city of Khon Kaenrgve compactions were performed for each test, one was 2
used in the experiments. They were taken fromitd f strokes (loose) the other was using 10 strokess@jen
down to about 1 m depth and brought back to theand the height of stroke was 15 cm.
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oo, wndy e is obtained by: (1) taking an initially saturatemrple
:E:lﬁgd‘lfqmﬂ and applying suction or pressure to dry it (drying
. primary SWCC), or by (2) gradually wetting an ialty
e dry soil (wetting primary SWCC). For calculation of
= | the capillary flow in soil, it is necessary to ute
; wetting primary SWCC. A wetting SWCC can be
= 1 obtained by using a hanging column apparatus to
2 . | induce moist soil of known pressure head or by
S o3¢ & ] —— 1 calculation from the capillary flow in dry soil aghn.
20 T M e W ¢ In this study we calculate it by using inverse roeth
10 “ﬂ—&m and compare it to data from hanging column test.
i L P i ;
101 1 10+ 1o 10+ Method of calculation: Since our work is to search for

Ratiche Suameier ] a simplified method to evaluate unsaturated hyitraul

conductivity function for saline soil that is coopte
with the van Genuchten’'s formula therefore we
explain our resulting procedure here. The method
comprises setting up a soil column with a specified
bulk density compacted soil then allowing capillary
flow with saline water to be taken place from the
et bottom end in the uniform initial moisture contéot
S a specified period of time.
Y In this study, we use the inverse method to
] Moisture content, 0 determination of the K and SWCC for van
Genuchten (1980) equations by using the proposed
Fig. 3: Soil_ column setting and its moisture coften nymerical model and trial the parametets, & and n.
profile The best fit between the measured and this model
calculation is found by an optimization procedure
Capillary flow test: Eight columns, 4 each for loose which adjusts the parameters ofiKand SWCC.
compacted and dense compacted, were preparedefor th  Also we fit the Gardner’s formula to the data sets
type 1 sandy loam (Stl). And the other eight colsmn by trial the Gardner parametersgfkanda) with using
were prepared for the type 2 sandy loam (St2). EEighthe resulting SWCC from the van Genuchten
columns, 4 for loose compacted and the other 4 foparametersy and n. In addition, we use the resulting
dense compacted, were prepared for the sandy clalues of van Genuchten parameters,(l& and n) to
loam (St3). Each soil column was placed by immersin evaluate the capillary flow with the HYDRUS-1D and
the lower end into a pool of saline water about 15Gcompare to this proposed model calculation.
mS/cm at the depth of 2.5-cm below the water sarfac

Fig. 2: Soil distributions of the experimental soil

Az

Heifht, 4

AN
r"

as shown in Fig. 3. RESULTS
For the two sandy loam samples (St1 and St2), the
lengths of time allowed capillary flow taking place The fitting curvesof capillary flow with the data

were 3, 6, 12 and 24 hrs, while for the sandy @ayn  ,gints for the sandy loam soils of stations St1 Sitfare
sample (St3) the lengths of time were 1, 2, 3 and 4nown in Figs. 4-5 respectively and for the sanidy c
days. After a specified time, each soil column wagoam of station St3 is in Fig. 6. By proposed magkihg

separated into individual stainless steel tube. Th§an Genuchten (1980) equation are shown as sobs, i

moisture content of each tube was measured. Gardner (1958) equation as dashed lines and the dat
points as symbols.
Wetting soil water characteristic curves: The SWCC The resulting parameters of the van Genuchten

relation of pressure hea®)(to moisture content6]  equation and Gardner equation of each soil type are
which is a fundamental soil property. The relatldips shown in Table 3.
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Table 3: The resulting parameters of the proposedefs of each soil type

van Genuchten's parameters Gardner's parameters

Station/texture Compaction  a (S n Ksat (€M d?) R2avg a (cm?) Ksar (cm d?) R?avg

Stl Loose 0.015 2.18 12.0 0.947 0.039 14.0 0.946
(Sandy loam) Dense 0.008 2.15 3.0 0.942 0.018 3.0 .9360
St2 Loose 0.020 2.70 44.0 0.974 0.058 75.0 0.969
(Sandy loam) Dense 0.017 2.77 39.0 0.969 0.064 0108. 0.980

St3 Loose 0.015 3.40 1.7 0.923 0.051 4.4 0.929
(Sandy clay loam) Dense 0.014 2.84 0.4 0.995 0.037 0.6 0.994
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Fig. 4: Measured and fitted capillary flow for coagped soil station St1 by proposed models
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Fig. 5: Measured and fitted capillary flow for coagped soil station St2 by proposed models

The resulting wetting SWCC of the proposed modielgus using the van Genuchten (1980) and Gardner (1958)

the van Genuchten (1980) equations for loose andede equations for loose and dense soil station Stl,a8t?

soil station St1-St3 are shown in Figs. 7a-c, gy and  St3 are shown in Figs. 8a-c, respectively. Using th

compare to data from hanging column test. resulting parameters to predict the capillary floweach
The resulting values of K] of the proposed model  soil type by proposed models are shown in Figsl.9-1
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Fig. 6: Measured and fitted capillary flow for coagped soil station St3 by proposed models
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Fig. 7: The resulting wetting SWCC of the van Gdrtan (1980) equations for loose and dense soil
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Fig. 8: The resulting k) of the van Genuchten (1980) and Gardner (1958at&mns for loose and dense soil
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Fig. 9: Measured and predicted capillary flow farmpacted soil station Stl by proposed models (a)s€o
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Fig. 10: Measured and predicted capillary flowdompacted soil station St2 by proposed models ¢gasé
compacty, = 1,464 kg it (b) Dense compagi, = 1,608 kg i
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Fig. 11: Measured and predicted capillary flow fmmpacted soil station St3 by proposed models (@sé
compact, = 1,479 kg it (b) Dense compagi, = 1,621 kg i

DISCUSSION soil are lower than loose soil, except for sandyradst2
by Gardner equation.
The discrepancies of thg between measurement These K values were used in the HYDRUS-1D

and fitting formulas for St1 and St2 (Fig. 4-5) mMag  model to evaluate the soil water flow in the theed
from erroneous measurement. Since Mhevalues (ynes as the dotted lines in Fig. 4-6. The dotieds|
should not be less than the unsaturated moistureeb ¢ L \VDRUS-1D show similar results with the
Ounsat Values. The bottom ends of the soil columns for . .
sandy loam type may lose some water during liftimg calculated curves using this method.
columns off the pool of saline water. This may e o
reason for the discrepancies for sandy loam bufarot CONCLUSION
sandy clay loam.

The K values for sandy clay loam, however, are . L .

This simplified proposed method is able to
much less than those for sandy loam. Most valuég, ef ) ] o
for the van Genuchten (1980)yequati0ns are lowan th determine the unsaturated hydraulic conductivity
the Gardner (1958) equation, while it is equaldense and wetting soil water characteristic curve for
sandy loam Stl. Nearly overall ofKvalues of dense saline soil with accurate results
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