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Abstract: With the expansion of reserve cultivated land resources in coastal saline–alkali areas, the
problem of soil salinization is becoming more and more prominent. In order to reveal the influence of
different soil media and contact modes on soil water movement, a two-domain Hydrus-3D model
was established to verify its performance in heterogeneous soil layers, and the characteristics of water,
salt, and wet peak transport of surface soil and sandy soil under horizontal contact and inclined
contact conditions were analyzed through experiments and simulations. The measured data show
that in horizontal contact mode, probe 3 and probe 2 are close to the interface of the two layers of
soil, and their maximum values are measured in about 60 min. The time difference between probe 1
and probe 2 is about 15 min. In the inclined contact mode, probe 4 in the topsoil reached 45% in
10 min and remained stable; the peak lag time of probes 3 and 2 was 10 min, and the peak lag time of
probes 2 and 1 was 15 min; the water in the surface soil gradually increases and then stabilizes; and
the water in the sand soil is similar to the normal curve. The salt characteristics in the surface soil are
similar to the normal curve, while the salt characteristics in the sandy soil gradually increase and
then stabilize. The simulation results show that the water content in the topsoil is more than 40%, and
the maximum water content in the center of the sand is only 36.9%, which is roughly the same as the
experimental results. The results showed that the Hydrus-3D model had a good simulation effect on
the groundwater salt transport of heterogeneous soil under two contact methods. The RMSE value
and E value are close to 0 and 1, respectively, indicating that the simulation has good feasibility and
can be applied to the simulation of water and salt transport processes under different contact modes
of soil media.

Keywords: soil layer interface; water and salttransport; hydrological modeling; water environment

1. Introduction

Soil is the medium for humans and other organisms to survive on the earth, and
the influence of natural factors and human activities leads to soil salinization, which is a
global resource and ecological problem [1]. China is also a country with a wide distribution
of saline–alkali land, covering an area of about 36 million hectares, which accounts for
4.88% of the total land area. This area can be roughly divided into the following categories:
eastern coastal saline soil, saline soil of the Yellow Sea plain, saline soil of the northeast
plain, semi-desert land saline soil, and desert saline soil of the green and new extreme
droughts. The coastal saline soil is mostly developed on the alluvial of the Yellow River,
Liao River, Haihe River, Yangtze River, and other rivers, and some areas are lacustrine or
marine sediments.

To study the formation of soil salinization is mainly to study the law governing the
transport of water and salt through soil. Soil texture, structure type, contact relationship,
and other factors all have an impact on the migration of water and salt [2–4]. The law of
water and salt transport in soil is also affected by factors such as rainfall, temperature,
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humidity, landform, surface vegetation, groundwater level, and large-scale projects [5,6].
The process of water and salt movement frequently takes place in the soil pores, which
makes research more challenging due to the numerous and complex factors that affect water
and salt transport in soil [7,8]. Colman et al. [9] investigated the transport of water and salt
between unsaturated layered soil and fine soil, coarse soil, and fine soil. Hanks et al. [10]
used numerical simulation to study the effect of a layered structure on water infiltration
in unsaturated soil. They found that reduced permeability at the soil interface has an
impact on water, regardless of soil texture. Hillel and Baker [11] analyzed the movement
mechanism of water in unsaturated soil covered by fine sand and coarse sand. The model
takes into account plant absorption, water chemistry, and soil surface adsorption and
desorption. It can also be selected according to the initial boundary conditions and soil
hydraulic parameters of the study area, which is suitable for a variety of situations [12].
Wang et al. [13] used the soil column test to study the water movement characteristics
of layered homogeneous soil. The wetting peak and water movement rate are closely
related to groundwater recharge, and the sand layer significantly inhibits water movement.
Li et al. [14] conducted one-dimensional water aggregation tests on sand interlayers and
clay interlayers. He found that both types of mesosphere make it harder for water and
solutes to move through the soil, and that the total amount of water entering the mesosphere
increases exponentially with the length of the wetting peak path. In addition, there is a
significant difference between the water and salt transport laws of inclined interlayered
unsaturated soil and those of horizontal interlayered unsaturated soil [15,16].

This study investigates the effects of different soil contact modes on water and salt
movement in soil through laboratory experimentation and numerical simulation. A soil
water and salt migration model was established to provide a theoretical basis for soil
salinization research, and the simulation results were verified by indoor monitoring data.
The influence of different contact relations on soil water and salt migration under multi-
layer soil was analyzed, and the feasibility and accuracy of the model were investigated.

2. Materials and Methods
2.1. Experimental Setup

The experimental soil was obtained from the Zhangpu coastal zone in Zhangzhou
City, Fujian Province. Two types of experiments, horizontal contact and inclined contact,
were conducted as follows:

(1) The topsoil was baked and sieved to retain soil particles smaller than 5 mm. A
sand-baking reserve was prepared. A total 1 g of NaCl and 1 g of a bright blue stain salt
solution colored by a bright pigment (Henan Wanbang industrial Co., Ltd. China) were
weighed into a beaker, deionized water was added, and the mixture was poured into the
water supply tank.

(2) Test 1: A total 15 cm of topsoil was laid successively in the soil box to establish
horizontal contact between the two media, with the contact surface between the upper
medium and the air being level. Test 2: Trapezoidal sand with a front of 10 cm and a bottom
of 20 cm was first laid into the soil box, followed by topsoil with a bottom of 20 cm and a
top of 10 cm to create tilt contact between the two media.

(3) The sensor probe (Weihai Jingxun Unblocked Electronic Technology Co., Ltd.,
China) was inserted into the right side of the soil box, and the sensors were numbered
from bottom to top as follows: 1 (23, 6, 5), 2 (23, 6, 12.5), 3 (23, 6, 20), and 4 (23, 6, 27.5).
The numbers in brackets represent the coordinates of the probe monitoring center point
(X, Y, and Z). X represents the horizontal bottom surface from left to right at 23 cm, Y is
the right side from the plane to the inward extension of 6 cm, and Z is the height from the
bottom plate upward. One end of the peristaltic pump (Longer Pump BT100-2J. China) was
inserted into the water supply tank, and the other end was fixed in the middle of the front of
the soil box, about 10–15 cm from the surface of the soil medium. Cameras and monitoring
software (Sensor Monitoring Software 3.8. China) were used to record the migration process
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in real time. The irrigation was stopped when the bright blue reached the bottom boundary
of about 3 cm, and the salt migration in the soil was continuously observed.

2.2. Water and Salt Transport Simulation
2.2.1. Mathematical Model

Assuming that all layers of soil are homogeneous and isotropic, the irrigation process
can be regarded as a linear infiltration process from the source. The soil column and
soil box that were used to simulate water and salt transport have vertical symmetry and
horizontal uniformity. This means that the infiltration of water and salt can be seen as a
three-dimensional process with vertical symmetry [17–19].

2.2.2. The Basic Equation of Water Movement

The modified unsaturated flow control equation in the HYDRUS model, namely, the
Richards equation, is used to express the flow motion process:

∂θ
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∂

∂x

[
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∂h
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]
+

∂
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[
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where θ—volumetric water content in soil; h—soil negative pressure (cm); t—water trans-
port time (min); x, y, and z represent the spatial geographic coordinates (cm) in the soil box;
and k (θ)—unsaturated water conductivity of soil (cm/min).

The soil hydraulic parameters and water characteristic curve parameters required in
the model calculation are expressed by the Van Genuchten equation [20,21]:
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where θr—residual moisture content in soil; θs—saturated moisture content in soil; Se—available
water content in soil; α—intake suction (cm−1); l, m, and n—empirical parameters; and
m = 1 − 1/n.

2.2.3. The Basic Equation of Solute Transport

Convection and dispersion play a significant role in the salt migration process in
unsaturated soil with water flow [22]. Therefore, the convection–dispersion equation is
used in the HYDRUS model to explain the phenomenon of salt transport in soil.
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(5)

where c—concentration of salt (mmol/cm3); µx, µy, and µz—the flux of water along the x,
y, and z directions (cmmin−1), respectively; Dxx, Dyy, and Dzz—components of hydrody-
namic dispersion coefficient along x, y, and z directions (cm2min−1), respectively.

2.2.4. Initial and Boundary Conditions

The initial moisture and salt contents of the model are defined based on the measured
data. Assuming that the moisture and salt contents of the soil medium in the entire soil
tank are uniformly distributed, the following expressions can be used to describe them.
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Initial conditions of the water motion equation:

θ(x, y, z, t) = θ0(x, y, z)


0 ≤ x ≤ X
0 ≤ y ≤ Y
0 ≤ z ≤ Z

(6)

where θ0(x, y, z)—initial soil water content in the x, y, and z directions; t—time (min); X,
Y, and Z—calculation area of the model (cm) (X = 30 cm, Y = 30 cm, and Z = 30 cm in
this model).

Initial conditions of the solute motion equation:

c(x, y, z, t) = c0(x, y, z)


0 ≤ x ≤ X
0 ≤ y ≤ Y
0 ≤ z ≤ Z

(7)

where c0(x, y, z)—x, y, and z directions of initial soil salt content; t—time (min); X, Y, and
Z—calculation area (cm) of the model (X = 30 cm, Y = 30 cm, and Z = 30 cm in this model).

The model’s boundary conditions are analyzed using the three-dimensional diagram
of the soil box [22]. The upper boundary A1B1C1D1 is defined as the atmospheric boundary,
regardless of evaporation. The irrigation point O is the constant flow boundary, with water
being injected into the soil tank at a rate of 0.043 L/min during the test. The surfaces
ABA1B1, BCB1C1, CDD1C1, and ADD1A1 on the four sides of the soil tank are composed
of organic glass plates, which function as water insulation barriers. The water and solute
boundary conditions around the soil tank are defined as water insulation boundaries. There
is no groundwater level approaching the ABCD surface at the bottom boundary of the
soil tank, and water will discharge along the lower boundary during irrigation, which is
defined as the free drainage boundary. The solute migration boundary is classified into
three types of boundaries [23].

2.2.5. Water and Salt Movement Parameters

To simulate water and salt transport in soil using the HYDRUS software (HYDRUS
2.05. USA), it is necessary to obtain different soil water movement parameters. Due to the
complexity of obtaining water characteristic parameters in the experiment, RETC software
(RETC 6021) was used in this study to simulate soil water movement parameters. The
RETC software, developed by Simunek and Van Genuchten, can predict the moisture
characteristic parameters required in the HYDRUS model from the physical parameter data
of the soil medium [24].

2.3. Subsurface Salt Migration Model at the Horizontal Interface
2.3.1. Establishment of a 3D Geological Model

According to the experimental process of water and salt transport under horizontal
contact mode, a 3D geological model is established in HYDRUS software. Set the initial
time to 0 min, the end time to 145 min, the initial time step to 1 min, the first 115 min for
the irrigation process, and 115–145 min to stop irrigation and continue to observe the water
and salt migration process; so, the specified time depends on the boundary condition [25].
The Output Information module is used to control the output information, set the output
time interval to 1 min, specify the number of display times to 16, and determine the display
time according to the laboratory test results. The Van Genuchten–Mualem model was used
to describe the hydraulic characteristics of soil [26].

2.3.2. Initial and Boundary Conditions

The initial conditions of the model were defined in the initial condition module, and
initial water and salt contents were inserted according to the measured data. Assuming
that the soil medium is evenly distributed in the soil box, the data are assigned as a linear
difference along with the model depth [27]. Figure 1 shows the distribution diagrams after
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the initial moisture and salt contents of the model are assigned. The boundary conditions of
the model are defined as the constant flow boundary at the irrigation outlet, the atmospheric
boundary on the upper surface, the free drainage boundary on the lower surface, and the
water boundary around it. The salt boundary is the water boundary around it, and the
upper and lower surfaces are the third boundary conditions. Figure 1 shows the boundary.
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2.3.3. Establishment of a 3D Geological Model

The modeling steps under inclined contact mode are the same as those under horizon-
tal contact mode. It should be noted that the number of display times specified is 24 due
to the longer observation time in inclined contact mode. Figure 2a shows the distribution
diagram after the initial moisture content of the model is assigned, and Figure 2b shows
the distribution diagram after the initial salt content of the model is assigned.
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2.4. Model Evaluation Index

The root-mean-square error (RMSE) and the Nash efficiency coefficient (NSE) were
used to evaluate the accuracy with which the HYDRUS model simulated the movement of
water and salt under horizontal and inclined contacts [28].

Root-mean-square error (RMSE), also known as the standard error, is the square root
of the ratio of the square of the difference between the simulated and observed values to
the number of observations [29]. The statistical parameter is highly sensitive to the error
response of the two data sets and can accurately reflect the data’s reliability. The formula
for its calculation is as follows:

RMSE =

√
1
n

n

∑
i=1

(Pi − Oi)
2 (8)

When the value of RMSE approaches 0, it means that the error between the measured
value and the simulated value is decreasing and that the simulation similarity of the model
is increasing.



Water 2024, 16, 47 6 of 14

The Nash Efficiency Coefficient (NSE) is a mathematical statistical method that
Nash et al. [30] developed mainly for validating the accuracy of hydrogeological model
simulation results. The formula is as follows:

E = 1 − ∑n
i=1(Pi − Oi)

2

∑n
i=1

(
Oi − O

)2 (9)

where n is the number of data; Pi and Oi are the ith simulated and observed values,
respectively; and O is the average of the observed values.

3. Results
3.1. Characteristics of Water Transport under a Horizontal Interface

The comparison diagram between the measured and simulated water values moni-
tored by each probe in horizontal contact mode is depicted in Figure 3, and it can be seen
that the measured and simulated values are similar. Probes 4 and 3 were located in the
topsoil, and their moisture changes increased and stabilized over time. Both probe 2 and
probe 1 were located in sandy soil, where the moisture change gradually increased, then
decreased, and then stabilized [31]. In the first 10 min of adding water, probe 4 in the
uppermost layer reached more than 40%. From the simulation effect in Figure 3, it can also
be deduced that the initial velocity of water migration was greater, thereby highlighting
the characteristics of water change. Probes 3 and 2 were close to the interface of the two
layers of soil, and their maximum values were observed around 60 min later. There was
about a 15 min time difference between probe 1 and probe 2. The change in probe water in
sand only showed an abrupt increase when water had just passed through the sand. When
water is completely submerged in sand, the water content of the sand tends to become
fixed but is greater than the initial water content [32].
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3.2. Characteristics of Water Transport under the Inclined Interface

Figure 4 compares the measured and simulated water values monitored by each probe
in the inclined contact mode. Probe 4 was located in the surface soil, whereas probes 3, 2,
and 1 were in the sandy soil [33].

As depicted in the figure below, the measured and simulated water contents under the
inclined contact mode follow a similar trend, with minor deviations at specific times. Probe
4 in the topsoil reached 45% within 10 min and stabilized at about 45% within 500 min.
Probes 3, 2, and 1 in sandy soil showed an increasing and then decreasing trend [34].
However, compared with probes 2 and 1 in sandy soil under horizontal contact mode, these
three trends did not remain stable for an extended period of time and showed an initial
trend of gradual increase. The peak values of the three probes showed a time lag; the peak
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values of probes 3 and 2 showed a time lag of 10 min, while those of probes 2 and 1 showed
a time lag of 15 min.
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3.3. Characteristics of Salt Migration under a Horizontal Interface

Figure 5 shows a comparison of the measured salt data monitored by each probe in
the horizontal contact mode to the simulated values. The salinity of probes 4 and 3 in
the surface soil initially increased, then decreased, and then tended to remain stable [35].
However, the salinity changes of probes 2 and 1 in sandy soil gradually increased and
stabilized, exhibiting characteristics opposite to those of water.
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As shown in Figure 5, probe 4 in the surface soil reached its maximum value around
10 min; then, during the gradual irrigation process, the salt content of the soil decreased un-
til it stabilized at 4 × 10−9 mmol/cm3 when the irrigation was stopped at 115 min. The max-
imum value of probe 3 was observed at around 45 min, with a fluctuating range between
45 min and 75 min. It began to decrease after 75 min and remained at 3.3 × 10−9 mmol/cm3

until the end of the simulation [36–38]. The salt content of the surface soil was stable at both
the beginning and end of the experiment, but it was higher at the end. With the downward
movement of water, the surface soil accumulates salt, which adsorbs on the surface of soil
particles, causing the salt content to rise. From the beginning of the simulation to 75 min
later, both probe 2 and probe 1 in sandy soil were in a steady and slow-rising stage, with a
15 min time lag between the two. In general, the simulated and measured values of the
four probes are quite similar, with minor deviations at certain times [39,40].
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3.4. Characteristics of Salt Transport at an Inclined Interface

Figure 6 depicts a comparison between the measured and simulated values of soil
salt under the inclined contact mode. The trend of these values appears to be quite
similar. Probe 4 reached its maximum value in about 10 min, with a simulated value of
10 × 10−9 mmol/cm3 and a measured value of about 10.8 × 10−9 mmol/cm3. By 60 min,
the salt content had decreased to about 5 × 10−9 mmol/cm3 and remained stable for the
next 450 min. All three sandy-soil-based probes—3, 2, and 1—showed a slow increase to
the maximum value after the region became stable. There was a certain time lag between
the three: the maximum value of probe 3 reached about 70 min, probe 2 reached about
90 min, and probe 1 reached about 120 min.
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3.5. Model

The model is evaluated using the root-mean-square error (RMSE) and the Nash effi-
ciency coefficient (NSE). When the values of RMSE and E are closer to 0 and 1, respectively,
the simulation effect is considered to be optimal. Table 1 reveals that the RMSE value of
the water simulation effect of each probe in horizontal contact mode ranges from 0.102 to
0.273, with probe 3 having the greatest simulation difference and probe 2 having the best
simulation effect. The E value of probe 4 is between 0.732 and 0.978. Probe 4 has the best
simulation effect, and probe 1 has the smallest E value. It seems that the moisture-fitting
effect is up to standard and the model is reliable. The RSME value of salt in horizontal
contact mode ranges from 0.128 to 0.31, and the effect of probe 1 is the best, while the
difference of probe 4 is larger. The E value is between 0.946 and 0.991, and its data are
generally close to 1. The simulation effect of the model is more reliable than the effect of
moisture [41]. Under inclined contact mode, the RMSE value of the moisture evaluation
index ranges from 0.132 to 0.479, with the difference between probe 4 and probe 2 being the
most pronounced. The E value is between 0.778 and 0.961, with probe 2 having the lowest
value and probe 4 having the highest. The close proximity of the RMSE and E values to 0
and 1, respectively, indicates that the model closely resembles the actual situation [42]. The
RMSE values for the salt evaluation index range from 0.052 to 0.548, with probe 3 having
the lowest value and probe 4 having the highest. The E value ranges from 0.899 to 0.983,
with probe 4 having the smallest value and probe 1 having the largest; however, as the data
satisfy the minimum requirements, the numerical simulation model under the inclined
contact mode is deemed reliable.
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Table 1. Model reliability analysis.

Soil
Contact Mode

Evaluation
Index

Effect of Water Simulation Evaluation Salt Simulation Evaluation Effect

Probe 1 Probe 2 Probe 3 Probe 4 Probe 1 Probe 2 Probe 3 Probe 4

Horizontal
contact

RMSE 0.133 0.102 0.273 0.151 0.128 0.195 0.229 0.310
E 0.732 0.881 0.947 0.978 0.991 0.981 0.950 0.946

Inclined
contact

RMSE 0.218 0.132 0.367 0.479 0.164 0.139 0.052 0.548
E 0.910 0.778 0.869 0.961 0.983 0.968 0.953 0.899

3.6. Discussion of Simulation Results
3.6.1. 3D Simulation

The water and salt migration characteristics of the surface soil and sand soil under two
conditions are simulated by the three-dimensional soil column model. The results show
that the water in the surface soil reached the irrigation point and the center reached the
saturation state, with the surrounding water diffusing in the same circle [43].

The migration process, as captured by the camera in horizontal contact mode, is shown
in Figure 7a. The water initially diffused in concentric circles as it was injected into the
soil box, resulting in greater soil moisture near the irrigation point. During diffusion, the
water content near the central point was higher, and the change in water became more
obvious the farther from the outer layer. Due to the small diffusion range in the early
stage, the water concentration was mainly about 40% near the irrigation point. At the
beginning, the diffusion speed was fast, and the water had spread to 7 cm below the surface
in about 25 min. Water changed at the interface of the two soil layers for approximately
60 min as a result of the difference in permeability coefficient between the upper and
lower soil layers. At 75 min, water started to diffuse to the left and right through a hole
in the interface that the outermost layer of water had created. After 60 min, a discernible
change in the moisture content of the lower layer of sand occurred, similar to a secondary
pollution phenomenon. The more excessive the water, the interface continued to penetrate
downward in the form of concentric circles. Figure 8a shows the simulated process of
penetration. Upon secondary infiltration, it was found that the maximum water content at
the central point of the sand was 36.9%, while the maximum water content at the central
point of the surface soil did not exceed 40%. Additionally, as one goes down, the water
content decreases. After about 100 min, the top layer of soil was nearly entirely saturated
on the profile, while the lowermost layer of sand remained uncontaminated by irrigation.

Given that the experiment only reveals the migration characteristics of the wetting
peak on the section, the numerical simulation provides the means to determine the three-
dimensional variation of the wetting peak. Water diffused in concentric circles around the
water filling point on the surface above, but the transverse diffusion rate was significantly
slower than the longitudinal diffusion rate. The wetting peak made contact with the
interface between the two soil layers at the 60 min mark, whereas the horizontal wetting
peak only extended to one-half of the surface. The diffusion changes were comparatively
smaller on the side, and the linear distribution of water underwent a change only after
75 min. In the subsequent 80 min, a red saturated water phenomenon started to appear
on the left and right sides, and irrigation started to cover the water in the surface soil. The
moisture characteristics showed an arc distribution along the side, with a larger y-axis
that decreased towards the front. The moisture characteristics of the sand side remained
relatively constant. Specifically, the moisture penetrated the interface after 60 min, resulting
in the accumulation of moisture on the side at the interface. Subsequently, the moisture
content in the lower portion remained at a mere 25% until the end of the simulation [44].
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Figure 8. (a) Simulation diagram of wet peak migration in horizontal contact mode. (b) Simulation
diagram of wet peak migration in inclined contact mode.

In the way the soil is inclined to contact, set the time step to 510 min, and according
to the test process, the corresponding time wetting feature diagram (Figure 8b) and the
actual migration process recorded by the sensor (Figure 7b) are output. Moisture changes
at the onset of irrigation in a manner similar to horizontal contact. Water diffuses in
concentric circles near the filling point, where it is nearly saturated. Initially, the diffusion
rate was high, reaching 7 cm after 20 min and approaching the interface after 40 min. It was
observed that the gradient variation is greater and the variation in water content is more
pronounced near the interface. The wetting peak starts to penetrate the interface when the
moisture content of the outermost layer matches that of the interface. After 50 min, the
moisture content of the sand began to change, and the interface occurred at a particular
angle. Initially, the interface wetting peak appeared as concentric circles; however, 120 min
later, it was observed that the concentric circles had shifted. Saturated water was nearly
entirely present in the upper soil layer, which caused the moisture to come into contact
with the interface near the right side of the soil box. The right wetting peak in the sand
created a gap, which grew greater and more pronounced as time passed. At the 390 min
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mark, the water content on the right side of the sand’s center point in the soil box was
nearly complete, whereas the left side had undergone arc diffusion.

On the upper surface, the variational characteristics of the wetting peak were observed.
The wetting peak on the surface dissipated by half within 50 min due to the transverse
diffusion rate being lower than the longitudinal diffusion rate. At the 60 min mark, the
upper-right corner of the water gradient in the lateral soil tank began to change; after
an additional 60 min, the upper-right corner stabilized as the center began to fan out.
Saturated water affects the linear change in the initial water content of the surface soil,
whereas the outer layer of the wetting peak has a steeply varying water content gradient.
At the end of the experiment, a quarter-oval had formed in the side surface soil. At 50 min,
when the wetting peak diffused to the interface, the lateral water content of the underlying
sand shifted to a predominantly linear distribution. Water continues to accumulate in
close proximity to the interface, and the rate of water loss in the sand is excessively rapid,
preventing it from reaching saturation like the surface soil [45].

A soil column model was constructed using the HYDRUS-3D software (HYDRUS 2.05)
to simulate both inclined and horizontal contact modes. This model was used to assess the
reliability of the experiment and analyze the transport characteristics of water, salt, and
moisture peaks under various contact conditions [40,46].

After comparing and analyzing the observed data with the simulated data, it was
determined that the trends of simulated and measured salt and water values are nearly
identical, with only minor fluctuations at various times. In contrast to the sand soil, which
showed a pattern like a normal curve, the water content of the surface soil increased
gradually before stabilizing. The salt characteristics exhibited by the surface soil followed
a normal distribution curve, whereas those of the sandy soil increased gradually before
reaching a state of stability [47,48]. The findings of this study correlate with the results
obtained by Wang et al. [13].

3.6.2. Water Salt Simulation

Comparing and analyzing the simulated and observed data revealed some similarity
between the experimental and simulated data for salt and water [49,50]. Moisture in the
sand follows a pattern like a normal curve, whereas moisture in the surface soil increases
gradually until it reaches a stable trend. The salt characteristics of the surface soil show
a trend that resembles a normal curve, whereas those of the sand increase gradually to a
steady degree [51].

4. Conclusions

In this study, the effects of different soil contact modes on water and salt movement
in soil were studied through laboratory experiments and numerical simulations with the
following objectives:

(i) Objective 1: Laboratory experiments were conducted to investigate the laws of water
and salt transport under different soil interface contact modes. The results show that
surface soil and sandy soil transport water differently. Additionally, the transport laws
for salt vary between the two soil types. The salt content of the surface soil exhibits a
rapid increase and a subsequent decrease; this is in contrast to the sandy soil, which
increases gradually to its maximum value before stabilizing. The monitoring data
from the probe’s two contact modes reveal a certain lag in water and salt transport in
the soil.

(ii) Objective 2: To explore the fitting degree of the Hydrus-3D model to simulate the
contact relationship between different soil interfaces. The HYDRUS software was
used to develop two types of groundwater salt transport models, namely, horizontal
contact and inclined contact, and the simulation results were validated by indoor
monitoring data. The results show that the model accurately replicates the water
and salt transport rules under the two contact modes and that the time variation
rules of water and salt contents simulated by the model are comparable to the indoor
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monitoring data. Understanding the law of water and salt migration is the key to
improving and preventing soil salinization. It is helpful to understand the law of
water and salt migration in soil and groundwater. As a result of the experimental
approach, this paper replicates the migration process using only a soil box for the
indoor experiment. Future studies may benefit from the integration of laboratory
experiments and field-scale measurements, as well as the application of the Hydrus-3D
model as a simulation technique to further investigate the model’s feasibility in light
of the dearth of field-scale monitoring data.

The results of this study are useful for understanding the dynamic change characteris-
tics of different soils with water and salt infiltration contact, and for developing engineering
or non-engineering methods to improve the environmental conditions of underground soil,
which has important theoretical and practical significance.
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