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Abstract 
In this project, we will present the findings of a study using Tensiometer sys-
tems designed to investigate the water flow path pattern in shallow vadose 
zone. The purpose of this paper is to evaluate water flow path in shallow va-
dose zone and to calculate the infiltration rate and hydraulic conductivity of a 
soil using Tensiometer. We have measured the subsurface water flow paths in 
sandy clay loam soil following infiltration experiment using Tensiometers. 
The matric potential and hydraulic conductivity measurements show that 
subsequent infiltration and water movement in unsaturated (vadose) zone are 
vertical, but it can have large lateral component under steady condition. This 
shows that water moves generally from high water content to lower water 
content region. Average pressure head for the percolation test conduction lo-
cations EB and HB was −30 and −80 cm respectively. Hysteresis produces 
another interesting situation when the soil is drained. We found that the wet-
ter portion of the soil in vadose zone could be at a lower potential (head) than 
the dryer portions, resulting in lateral driving force for a preferential flow of 
water from the dryer to the wet soil. The infiltration rate for the 5 cm ponded 
water was calculated at 5.45 cm/hr. The infiltration rate curve shows that the 
rate of infiltration decreases with the time. When infiltration first starts, the 
wetting front is steep and very close to the surface. Similarly, due to the pres-
sure head gradient, large value for infiltration is recorded. Under these condi-
tions, we believe that the gradient in pressure head is responsible for the rapid 
movement of water into the dry soil. The effect of gravity is less on water 
during the initial stages of infiltration; however, it is more effective for prefe-
rential flow pattern. In the latter infiltration event, the wetting front has 
moved deeper into the soil. As a result, the pressure head gradient at the sur-
face is much smaller and consequently has little effect. When the pressure 
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head is equal zero, infiltration rate approaches almost to the lowest level. We 
also observed that even a minor change in soil-water pressure due to slope 
could change both direction and magnitude of water flux. 
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Tensiometer, Water Pollution, Contamination Migration, Infiltration, Vadose 
Zone 

 

1. Introduction 

California’s quality of life and economy is inextricably linked to water. Whether 
viewed as a resource or commodity, water is the basis for our agriculture, mu-
nicipal, industrial, environmental, and aesthetic well-being. It has been making a 
conscious effort to quantify the solute transport in the vadose zone and to man-
age and regulate land use effectively as it applies to watershed management. In 
addition, specific problems of water and solute balancing in watersheds are 
caused by the almost unknown interactions between surface water seepage and 
groundwater in the unsaturated zone. The soil has the capacity to store water in 
its pores and provide part of it to the plants to the extent of their needs. By the 
monitoring of matric water potential in the ground, it is possible to determine 
the amount of water needed to be replaced to the plants by irrigation. The ap-
propriate irrigation can significantly reduce the amount of water applied, mi-
nimize loss of water and soil, increase crop yield, and reduce production costs 
[1]. In this regard, some Tensiometers are used in irrigation scheduling to help 
farmers and other irrigation managers to determine when to water [2] [3] [4]. In 
conjunction with a water retention curve, Tensiometers are useful tools to de-
termine how much to water. Furthermore, Tensiometers can also be used in the 
methodical study of plants and soils. Likewise, as in [5], the authors have used 
Tensiometer for monitoring soil pressure head and water content during three 
wetting and evaporation cycles. They compared water retention curves and hy-
draulic conductivity for packed columns with and without additions of surface 
compost. As in [6] the authors installed Tensiometers in the unsaturated zone, at 
different depths to determine flow patterns, while suction Tensiometers were 
also used for water sample chemical determinations. Their findings show that in 
the sandy loam plot (Hacienda Real), the unsaturated zone is characterized by 
low water retention, showing a high transport capacity, while the other two plots 
of silty composition presented temporal saturation due to La Niña events (2010- 
2011) [6]. Traditionally, a Tensiometer is installed in the soil to measure the 
amount of actual evapotranspiration, which is released by plants. However, in 
soil science, it is used as a measuring instrument to determine the matric water 
potential (soil moisture tension) in the vadose zone. Tensiometers are perhaps 
the most common method of measuring matric potential in the field and are de-
scribed in detail by [7]. Yet, it allows us to identify where environmental conta-
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mination has come from and where it has spread. Different Lysimeter types may 
incorporate various combinations. Zero-tension and suction Tensiometer are 
used to collect water and contaminants that are mobile in the soil [8]. In addi-
tion, it has been used for solute balancing in soil water [9] and monitoring the 
spread of contamination throughout soil and water. Ng et al. (2016) [10] have 
used Tensiometer to monitor the variations of pore-water pressure and water 
content with depth for a percolating water in three-layer landfill. Duthe et al. 
(2005) [11] has installed shallow and deep Tensiometer nest for monitoring of 
subsurface liquid flux and water content using subsurface material hydrau-
lic/physical properties such as porosity, density, water retention, and Hydraulic 
conductivity characteristic. 

We know that the links between geology, soil, and the groundwater quality 
have become evident [12] as the near-surface region of Earth has been referred 
as critical zone [13]. While the water retention behavior of soils is an essential 
aspect of understanding the unsaturated behavior of soil materials [14], the 
landscape morphology also affects potential gradients for water flow above and 
below the Earth’s surface. For planning and design of subsurface drainage in the 
agricultural field, understanding of water flow pattern in the subsurface is ne-
cessary [15]. Equally, the direction and magnitude of the vertical head gradient 
in vadose zone is a crucial parameter for calculating the direction and rate of the 
soil water movement [16]; according to Darcy’s law, the water flux is propor-
tional to head gradient. In addition, water movement in the soil determined by 
the distribution of potential within the soil profile. Water tends to move from 
areas of lower metric potential to higher metric potential. This project validates 
the hydraulic head concept for the vadose zone by measuring the direction and 
magnitude of the vertical head gradient in the vadose zone by installing Tensi-
ometers. Similarly, we also calculate the hydraulic conductivity of soil in shallow 
vadose zone. To accomplish this objective, we installed four Tensiometers to 
measure this quantity in the field as a pilot project. Not only the use of Tensi-
ometer helps us understanding the subsurface preferential flow [17] and overall 
the water flow pattern in the subsurface, but also the Tensiometers are signifi-
cant in our understanding of the mechanisms involved in the groundwater con-
tamination. As preferential flow provides a mechanism to bypass most of the 
porous media, the effects include enhanced solute transport, less filtering and ad-
sorbing of contaminants in the soil, and fast travel to groundwater or tile lines 
[17].  

This pilot project is an exploratory project, which will help us to understand 
how do watersheds function as a hydro-biogeochemical system and how these 
systems respond to contaminant loading caused by urban water runoff. This 
project will present the findings of a study using Tensiometer systems designed 
to investigate the water balance and the migration of organic and inorganic 
components in the vadose zone. In the past few decades, great effort has been 
focused toward clearing the complexities of various interactive physical, chemi-
cal, and microbiological mechanisms affecting unsaturated flow and transport, 
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with contributions being made by soil scientists, geochemists, hydrologists, soil 
microbiologists, and others. Unfortunately, a lack of experimental and theoreti-
cal understanding of the vadose zone, in turn, has precluded the accurate predic-
tion and management of flow and contaminant transport through it [18] [19]. 

Measuring the hydraulic head in the vadose zone is quite like saturated zone. 
We use the similar concept instead the sand pack in piezometer, we have a por-
ous ceramic cup at the Tensiometer’s end, the pores are very small, they can’t be 
seen with the naked eye. When the ceramic becomes wet, it is very hydrophilic, 
pores filled with water, and the water can flow through these pores. It is difficult 
to force air into these pores and push the water out. So, the inner tube is filled 
with water and the water can flow in and out across the ceramic cup, but air 
cannot. After filling it up with water, Tensiometer will put in the soil, the soil in 
the suction pulls some of the water out, that create suction, which then meas-
ured by the gauge. In other word, it measures soil tension.  

For vertically installed Tensiometers, the pressure in the head space differs 
from the pressure at the bottom of the tube due to the weight of the column of 
water within the Tensiometer [20].  

Therefore, in unsaturated soil, the relationship between the gauge reading 
(ψgauge) in units of pressure [ML−1T−2 whereas, (L) length, (M) mass, and (T) 
time], soil matric potential, and soil air potential is: 

gaugem a w gLψ ψ ψ ρ+ = +                     (1) 

where in Equation (1), L is the length of the column of water, ψm (or negative h) 
is matric potential, ψa is air potential for unsaturated zone, and ρw is the density 
of water. If the Tensiometer is installed horizontally, then there is no effect on 
the column of water and L will be equal zero. If the Tensiometer is installed at an 
angle from vertical, then L is the difference in elevation between the cup and the 
gauge [20].  

If the soil is unsaturated, ψm will be negative, but the gauge reading may be 
positive, depending on ψa (which can be positive or negative depending on 
whether the soil air pressure is greater than or less than atmospheric).  

Since there is no way to differentiate between ψm and ψa using a Tensiometer, 
the air pressure component is often ignored and it is assumed that: 

gauge  m w gLψ ψ ρ= +                        (2) 

To get matric potential head or pressure head, Equation (2) is divided by ρwg 
[20] 

gauge

w

h L
g

ψ
ρ

= +                          (3) 

The overall goal of this paper is to use Tensiometer to evaluate and to assess a) 
water flow path in shallow vadose zone b) to calculate the infiltration rate and 
hydraulic conductivity of a soil. The further goal of this paper is to carry out a 
Tensiometer experiment for quantifying the water preferential flow in soil and to 
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recognize the physical, chemical and biological features that rule water and 
contaminant movemenz research goal is to develop an experimental and nu-
merical model that follows the migration of contaminants, including organic 
and inorganic compounds through surface water and in the vadose zone. By 
conducting this pilot project, we developed a method for quantitative mea-
surements of exchange and flux rates in example, water and solute transport 
from the surface water and groundwater interaction in this critical zone at the 
local and regional watershed scales. We performed this experiment in both lab 
and field scale. This is the first step in understanding and modeling of flow 
homogeneity as well as heterogeneity in as field scale. The findings of the 
project will increase the effectiveness of the future projects on characterization 
and modeling of the physical, chemical and biologic of subsurface and terre-
strial environments and to allow for more informed scientific and management 
decisions. 

2. Materials and Methods 
2.1. Study Site 

As a part of the vadose zone hydrogeology project, students performed Tensi-
ometer experiment, collecting data from different Tensiometers in Rancho Cas-
tillo, CA in 2016 (34˚03'56.80"N, 118˚10'19.46"W, 478 feet m.a.s.l) (Figure 1(e)). 
The infiltration rate and hydraulic conductivity of soil were assessed and mod-
eled. The prevailing soil type is sandy clay loam. The slope of the investigated 
study site is 5.58˚.  

2.2. Experiment Set up Process and Procedures 

We conducted infiltration experiments and measured variations in the headgra-
dient as a function of time. The tools were used to carry out the experiment in-
clude four Tensiometers (Irrometer, model R), a hand shovel, two hand augers 
(AMS), buckets, measurement tools (tape measure and level for the construction 
of infiltration pit), tap water, deionized water, plastic rubber hammer, and 
gloves. In addition, the data were recorded on excel worksheet and the Hydrus 
−1D was used to model the flow. Four Tensiometers were installed using a hand 
gouge auger. The gouge soil auger is pushed into the soil, twisted and recovered 
to create a 60 cm hole for each Tensiometer. Two of the Tensiometers were in-
stalled uphill and another two downhill. The two on top were labeled “Hy-
dro.Top”, hereafter “HT” and “Eng. Top hereafter ET” and the two bottom ones 
were “Hydro Bottom” here after “HB” and “Eng. Bottom” hereafter “EB” respec-
tively. The “HT” and “HB” labeled Tensiometers were in line with each other, 
whereas the “ET” and “EB” Tensiometers were in line with one another (Figures 
1(c)-(f)). 

A Tensiometer consists of an airtight, water-filled, plastic tube with a porous 
ceramic or steel cup at the bottom (Figure 1(a) and Figure 1(b)). It provides the  
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Figure 1. (a) Tensiometer with a porous cup at the bottom and a vacuum gauge at the top. 
(b) Vacuum gauge for pressure measurement. (c) The side view drawing of Tensiometer 
setup. (d) The distance between Tensiometers and the slope degree. (e) The Hydro Group 
Tensiometers are indicated by blue button and the Engineering Group Tensiometer is indi-
cated by green button on Google Earth map. (f) Top view representing the dominant water 
flow path (g) and (h) Installing the Tensiometer HT and HB and infiltration pond. 

 
user with accurate information on soil moisture status regardless of soil type. 
The instrument measures in centibars (cb) or kilopascals (kPa) of soil water ten-
sion. This value represents the energy a plant’s root system uses to draw water 
from the soil. Understanding soil moisture activity helps the user make informed 
irrigation scheduling decisions resulting in improved yield and quality while re-
ducing water, fertilizer, labor and energy costs. For example, a gauge reading of 
50 cb (kPa) indicates that the roots are extracting the same amount of moisture 
whether the crop is planted in sandy soil or clay soil. The pores in the cup are 
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small enough to retain the water under pressures (positive or negative) of usually 
50 - 200 kPa. The water moves in or out of the tube in response to the soil matric 
potential of unsaturated soils. A static equilibrium is reached (water stops mov-
ing in or out of the tube) when the potential energy of the water inside the Ten-
siometer at the depth of the cup is the same as the potential energy of the soil 
water just outside the cup. This increase reduces the air pressure in the head 
space at the top of the tube, which is measured with a vacuum gauge, manome-
ter (water or mercury), or pressure transducer [20]. Suction Tensiometers collect 
pore water from unsaturated soil. After installation below ground level, vacuum 
is applied to the Tensiometer through tubing leading from the Tensiometer to 
the ground surface. The negative air pressure created inside the Tensiometer 
draws pore water into the Tensiometer through the porous, stainless steel sec-
tion of the Tensiometer [20]. According to Irrometer’s operation handout [21], 
due to the Tensiometer’s unique principle of operation, no calibrations was ne-
cessary under normal operating conditions for different soil types. 

The experiment site location initially illustrated an even plane, however, after 
measuring the elevation change, it became evident that there was a general slope 
tilting from upper HT towards EB diagonally with the slope of 5.58 (Figures 
1(c)-(f)). A one-meter diameter hole (radius of 50 cm) was dug and filled with ap-
proximately 10 gallons of water with a starting water depth of 10 cm (Figure 1(g) & 
Figure 1(h)). The water level was measured every 5 minutes until the 10 gallons of 
water fully infiltrated the soil. The Tensiometer readings were also taken as well. 
The pressure head in the soil was measured using the following Equation (4): 

GH Z L P= + +                         (4) 

where  
PG is pressure head at the cup, 
Z is elevation head, 
L is distance. 
From difference in elevation you can calculate the head gradient, and that will 

be what driving the flow vertically.  

Hydraulic Gradient H

l

d
d

=                     (5) 

dH = (head2 – head1), 
dl = different in distance. 
Based on the above calculation the head gradient was 0.167. The Wooding 

Equation was used for measuring the hydraulic conductivity using “Sandy Clay 
Loam” as soil type. 

4
1

π
c

sI K
r
λ = + 

 
                        (6) 

Then solved for K and the equation is as follows 

41
π

s

c

I
K

r
λ

=
+

                          (7) 
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To calculate the time for infiltration rate, the Green-Ampt infiltration equa-
tion was used under incipient ponding conditions at the surface. We assumed 
that the initial water content in the soil is 0.13 cm3 cm−3.  

( ) ( ) ( )
0  ln 1

I t
I t K h t h

h
θ

θ
 

= + ∆ ∆ + 
∆ ∆ 

                (8) 

0 iθ θ θ∆ = −  
0 fh h h∆ = −  

The first formula when solve for time becomes 

 
( ) ( )

( )0

ln
I t

I t h
h

t
K h

θ
θ

 
− ∆ ∆  ∆ ∆ =                    (9) 

3. Results and Discussion 

Overall, the bottom Tensiometers (HB and EB; Figures 1(c)-(f)) experienced 
higher soil pressure head caused by water flow downward toward the bottom 
Tensiometers. This has caused an increase in moisture content of soil at the 
Tensiometer’s ceramic cup. This was evident after each infiltration test. Due to 
the gentle slope of the area at the experiment site, the infiltrated water migrated 
from the top Tensiometers toward the bottom one due to gravity flow (Figures 
1(c)-(f)). After the infiltration test, a slight rise in the top Tensiometer readings 
(ET and HT Tensiometers; Figure 1(d) & Figure 1(e)) occurred, but as water 
movement proceeded downward a larger rise was observed in the bottom read-
ings (EB; Figures 1(c)-(f)). However, there was a greater correlation between 
the HT and EB (Figure 1(f)). This may be due to the dominated diagonal slope 
between the two Tensiometers, which caused a diagonal direction of moisture 
movement from the HT Tensiometer to the EB Tensiometer. This will yield the 
HT to have a higher matric potential than the EB Tensiometer. Table 1 shows 
the Tensiometer reading for total 12 days.  

According to these data the Tensiometer reading is 0 at the first 5 days and 
then it became stable, and became more and more negative. There was some 
abnormally in readings on May 18/16, where suddenly became less negative and 
even changed to 0 for the top Tensiometer. This may have been caused by hu-
man error. But the bottom part shows a perfect and normal trend as we were 
expecting. Table 1 clearly shows when the water content decreases and soil gets 
drier, the matric potential becomes larger and the Tensiometer reading becomes 
more negative. The reading occurred during and after infiltration, however, after 
infiltration the hydro-group Tensiometer HT had the largest difference between 
soil pressure head.  

The graphs (Figure 2 and Figure 3) plot the matric potential (as measured by 
the Tensiometer) versus time. The readings for the HT Tensiometer (Hydro 
Top) are blue and the EB (Engineer Bottom) is orange. As can be seen from the 
data, the matric potential begins to drop around the 130-min mark for the HT. 
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This means that the waterfront has reached that Tensiometer and passed it. The 
drop also indicates that the soil was becoming wetter at that Tensiometer’s ce-
ramic cup. Also at the 130-minute mark, the EB matric potential is increasing 
slightly. This shows that the ceramic cup is slightly getting drier and has a higher 
potential to intake water. The EB Tensiometer did not show a drop in matric 
potential until around 180 minutes. This indicates that the infiltration of the 
ponded water has reached that Tensiometer. After or around 250 minutes, the 
matric potential has increased again indicted the water front of the infiltration 
has passed the EB Tensiometer. 

The graph in Figure 4 is a plot of the cumulative standing water difference 
(cm) versus time (minutes). A linear fit was used to get the average infiltration  

 
Table 1. Tensiometer readings for HT and ET Tensiometers. 

Date Time Hydrology Group Engineers Group 

  
Upper  

Tensiometer  
(HT) 

Lower  
Tensioner  

(HB) 

Upper  
Tensiometer  

(ET) 

Lower  
Tensiometer  

(EB) 

5/13/2016 13:04 0 0 -- -- 

5/14/2016 06:52 0 0 0 0 

5/14/2016 15:06 0 0 0 5 

5/15/2016 13:04 0 1 0 5 

5/16/2016 11:05 0 2 0 5 

5/16/2016 17:26 0 2 2 5 

5/17/2016 09:15 0 2.1 2.1 5 

5/18/2016 09:02 2.5 5 5 6 

5/18/2016 16:12 2.5 5 5 7.5 

5/18/2016 16:52 2 6 5 7.5 

5/18/2016 19:52 1 5 6 5 

5/18/2016 22:20 0 7.5 7 5 

5/19/2016 09:15 1 7.5 7.5 7.5 

5/19/2016 12:19 2.5 7.5 7.5 7.5 

5/19/2016 13:30 5 7.5 8 8 

5/19/2016 18:00 5 7.5 7.5 8 

5/20/2016 08:06 4.5 9.5 7.5 9 

5/20/2016 17:14 10 9 9.5 11 

5/21/2016 12:00 10 13 12 10.5 

5/21/2016 00:00 12 16 14 13 

5/23/2016 21:19 14 21 16.5 13 

5/24/2016 09:15 15 22 18.1 13 

5/24/2016 14:00 16 22 19 15 

5/24/2016 20:09 16 23.5 18 14 
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Figure 2. The Hydro and Engineering group top (HT) and bottom (EB) matric potential. 

 

 

Figure 3. The relationship between all ET and HB Tensiometer values. 
 

 

Figure 4. The infiltration test vs. time (min). 
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rate of the ponded water into the soil, which indicates that the infiltration rate is 
approximately 0.1691 cm/min. Just looking at the data alone it is also easy to see 
that the infiltration was rather constant and very close to linear with a correla-
tion of 99%. 

To calculate the Infiltration rate of the soil we need several parameters in-
cluding 0h , cλ , iθ  and 0θ , and sK . 0θ , is the water content at the surface 
and extends to the wetting front. 0h  corresponds to the water content 0θ . fh  
is the pressure head at the wetting front. sK  is saturated hydraulic conductivi-
ty. These parameters are listed for “sandy clay loam” in referring literature [20]. 
According to the equation 8 and 9, we calculated the infiltration rate for 5 cm 
ponded water. Based on these data the infiltration rate of the 5 cm pond was 
calculated 0.0908 cm/min or 5.54 cm/h (Table 1). Based on the above calcula-
tion the hydraulic conductivity for sandy clay loamy soil was 5.45 cm/h or 54.5 
mm/h. 

From the following figure (Figure 5) the infiltration rate curve, the rate de-
creases with the time. When infiltration first starts, the wetting front is steep and 
very close to the surface. Because the pressure head gradient is large, producing 
large value for infiltration. Under these conditions, the gradient in pressure head 
is responsible for the rapid movement of water into moist soil. We believe that 
the effect of gravity has less effect on the water during the initial stages of infil-
tration. Later in the infiltration event, the wetting front has moved deeper into 
the soil. As a result, pressure head gradient at the surface is much smaller and 
has less effect. When it approaches zero, infiltration rate almost equals to Ks. 
Under these circumstances, a minimum infiltration rate is reached and it is ap-
proximately the Ks. Hysteresis produces another interesting situation here when 
the soil is drained. We found that the wetter portion of the soil of vadose zone 
could be at a lower potential (head) than the dryer portions, resulting in lateral 
driving force for a preferential flow of water from the dryer to the wetter soil. 

Figure 5 shows that the infiltration rate will decrease over time. This indi-
cated that as more of the water infiltrates the rate of the water infiltrating de- 

 

 
Figure 5. Infiltration rate vs. time (cm/h). 
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creases. This is due to the less water infiltrating as which is decreasing the head 
pressure. 

Ng (2016) [10] has used similar concept for a heterogeneous soil column (in a 
landfill) with clay layer at the bottom. Numerical parametric simulations reveal 
that with an increase of saturated clay permeability by three orders of magnitude 
the amount of percolation is approximately 0.1 mm after 12 h of constant water 
ponding, which is equivalent to or greater to a 1000 years flood. 

Water and transport processes are known to be strongly affected by both soil 
structure and soil texture [22]. The water entering soil, whether as rain or irriga-
tion is never pure. It contains soluble constituent including soluble products of 
mineral, organic matter decomposition as well as fertilizers and pesticides. Be-
sides, the soil solution carries its solute load. At the same time, solutes react 
among themselves and interact with the solid matrix of the soil through chemi-
cal and physical processes. These interactions involve and influenced by pH, 
temperature, concentration, and composition of soil solution [23]. In case of 
contaminant transport through the soil from runoff and/or irrigation, the “first 
flush” or initial runoff concentration [24] is very critical. By observing our expe-
rimental approach, we believe that the first load of solute transport through soil 
solution is not consistent with the uniform flow pattern predicated with the Ri-
chards equation [25]. Additionally, the water and solute may move preferentially 
through the macrospores, fractures, or other structural voids and/or biological 
channels [20]. We believe this is not only due to the presence of those structural 
voids but it is also due to the slope of soil layer. The gradient may cause the pre-
ferential flow taking place faster along certain pathways. Other studies by [26] 
[27] has documented a similar correlation between gradient and preferential 
flow. They consider the funneling of flow due to the presence of sloping soil lay-
ers that redirect the downward water flow. This was precisely what we could 
produce from ponded water experiments in this study. In contrast, the authors 
in [28] have observed the fingering when there was no slope to the coarse texture 
layer in their lab experiment. Walter et al. (2000) [29] also investigated the effect 
of slope and infiltration rate. We observed the same phenomena in our infiltra-
tion test experiment. Percolated water flowed diagonally from HT to EB and not 
from HT to HB (Figure 1(f)) when the wetting front reached the layer (probably 
coarser layer), which could not enter because the wetting pressure head was less 
than the water entry value. Since there was a slope to the layer, water funneled 
laterally reaching the HB Tensiometer diagonally. Additionally, the authors in 
[30] used a combination of high-resolution data with time lapse geophysical 
images, which provided a better characterization of infiltration mechanisms and 
preferential flow path. They obtained similar results with different method. 
Their tracer infiltration test was completed over a heterogeneous vadose zone 
composed of backfilled materials, sands and silts, and unsaturated fractured 
chalk. Monitoring results during a five-day period revealed the formation of a 
tracer plume in the upper backfilled deposits, while some of the tracer migrated 
laterally following preferential pathways. Slow vertical flow through matrix pores 
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was found to be dominant under dry conditions. We found hysteresis as another 
interesting situation here when the soil, which was drained following our infil-
tration experiment. We found that the wetter portion of the soil of vadose zone 
could be at a lower potential (head) than the dryer portions, resulting in lateral 
driving force for a preferential flow of water from the dryer to the wetter soil. 
According to [31], while this is true at high water contents, where pores are filled 
by water or a film of water covers the particles, it is less likely for drier states, 
where the adhesion of water menisci to the surface of the particles is controlled 
by the nature of the particle surface (chemistry and surface roughness) and the 
presence of organic matter.  

The application of this type of flow is for designing the capillary barrier or 
caps for diverting infiltering water around hazardous waste storage sites. The 
authors in [32] used HYDRUS-2D to simulate the effect of capillary barrier with 
a 5% slope under different rainfall rates. Therefore, even a minor change in soil- 
water pressure due to slope could change both direction and magnitude of water 
flux. 

4. Conclusion 

We conclude that soil-water migration is a key process that affects both the wa-
ter quantity and quality in the environment; therefore, it needs more attention as 
far as contaminant transfer to subsurface and eventually to the groundwater table. 
The water movement in the vadose zone occurs primarily under unsaturated, 
transient conditions. Moreover, the gravity has a slight effect on water movement 
during the initial stages of infiltration; however, it is more effective for preferential 
flow pattern. The preferential flow is one of the most thought-provoking parts of 
predicting soil water movement; nonetheless various methods have been devel-
oped to justify the effect of macrospores, fingering, funnel flow, and spatial va-
riability.  
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