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Soil salinization and groundwater contamination are the results of water flow and mass transport
through unsaturated soil. In mitigation and prevention of soil salinization and groundwater contamination,
soil water flow and mass transport through unsaturated soil need to be understood. Two partial
differential equations involve; the Richards equation is for soil water flow and the advection-dispersion
equation for mass transport. To solve these equations effectively, their parameters must be correctly and
accurately obtained. The estimation of the parameters of flow and mass transport through unsaturated soil
can be tedious and expensive. However, computer technology and numerical methods allow the
parameters to be estimated from the data of simple performance and measurement. The main objective of
this study is, therefore, to search for simple measurement and effective calculation methods in estimation
of the parameters for modeling of soil water flow and mass transport through unsaturated soil.

Solving the two partial differential equations needs; (1) the relationship between pressure head
(hp) of soil water and moisture content (9), in other words moisture content is a function of pressure

head B(hp), (2) the parameters in the two partial differential equations. The relationship e(hp) is,
unfortunately, not unique but has many values depending on history of the soil water flow process.
However, all of the values are bounded by the primary wetting relationship and the primary drying
relationship. In most practice, the primary drying relationship is to be applied for all cases due to the
difficulty of the primary wetting relationship estimation. In this study, we discovered a method for
obtaining the primary wetting relationship by deducing this relationship from the available primary drying
and the scanning wetting relationships. We also studied the degree of hysteresis of the six saline soil

samples and found that the degree of hysteresis is inversely, and nonlinearly, proportional to the

absolute value of the air entry value. The relationship of e(hp) can be expressed in form of a graph
called a soil water characteristic curve and an algebraic equation, which is to be used in modeling. Three
equation forms are popular namely Gardner’s, Brooks and Corey’s and van Genuchten’s equations. Each
of equations contains its own parameter such as a and n for van Genuchten’s. This thesis provides a
method to obtain the parameters by best fitting the chosen equation to the measurement data.

The parameters in the two partial differential equations are the hydraulic conductivity function

Ku(e) for the Richards’ equation, and the diffusion-dispersion coefficient D and the retardation

coefficient R for the advection-dispersion equation. By inducing saline water rising onto the soil sample



240007

column by capillary effect; the measured rate of water rising can be used to evaluate K“(e), and the rate
of salt mass rising to evaluate D and R.

The experiments to test the proposed methods were conducted using six saline soil samples from
4 different sites. The first site was at Ban Muang Phea, Khon Kaen, where three soil samples were
collected from the upslope (Stl1), the midslope (St2) and the downslope (St3). The other sites were at
Ban Don Hun, Khon Kaen (KK1), Ban Non Tun, Khon Kaen, (KK2) and Ban Khuean Khachorn,
Maha Sarakham, (KK3). Both, disturbed and undisturbed soil samples, were collected from the sites.

Physical and hydraulic properties of the soils and the clectrical conductivity (EC) of the soil solutions

were measured. The primary drying relationships of e(hp) of all samples were measured using the
hanging column apparatus for higher pressure head (100 to 0 cm) and using the pressure -plate
apparatus for lower head (-10,000 to -100 cm). The scanning wetting relationships were measured
using the hanging column method. Then from the primary drying and the scanning wetting curves, the
primary wetting relationships were derived.

Capillary rising of saline water onto a soil column was performed for all soil samples. Each soil
sample was packed into a PVC tube of 50 mm diameter presplit lengthwise, with a preferated bottom
allowing the passing of the under but keeping the soil in place. Each soil column was set vertically on a
saline water reservoir that allowed the bottom end to be immersed at a control water level. The rates of

water rise and the salt mass transport were measured. The rates of water rise were used to calculate the

hydraulic conductivity function K(0). This was done by solving the Richards’ equation by the finite
difference method. The parameters D and R were calculated by solving the advection-dispersion

equation from the rate of salt mass transport.
Accuracy of the relationships e(hp) and the function Ku(e) was tested using a sand tank model.

The sand tank of 1.20 m X0.50 m X0.10 m was packed with the soil sample (St2). Six mercury
tensiometers were tapped to measure pressure heads in the tank. The simulations of the sand tank soil
water flow were performed using HYDRUS-2D model. The simulation results were compared to the
sand tank model with fairly good agreement. The experimental results from the tensiometers showed time
lag from the simulation results. The time lag by the tensiometers measurement is natural, The lagging
coefficients were applied to adjust the results. The lagging coefficient is low for the tensiometers prob

close to the watertable and it is close to 1.0 for the probe was far away from the watertable.





