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ABSTRACT: This study evaluates the performance of infiltration wells using full-scale field experiments and 3D
numerical modeling with GeoStudio SEEP/W, focusing on sandy soils. Infiltration wells are essential for
improving groundwater recharge, lowering urban runoff, and controlling flood risks. However, differences in soil
qualities and external environmental circumstances are the leading causes of the frequent disparities between
modeled predictions and field observations. The process consists of two primary steps: numerical modeling to
duplicate these conditions and compare results and field testing to measure the amount of water absorbed by the
soil during an hour. Detailed records of the attributes of the soil, including water content and grain-size distribution,
as well as hydraulic conductivity, were made. The field results indicate a logarithmic increase in water infiltration,
reflecting rapid initial infiltration that gradually plateaued, demonstrating the changes in soil saturation. However,
the numerical model predicted a more consistent infiltration rate across similar intervals, highlighting a significant
field-model discrepancy. Comparative analysis revealed that soil heterogeneity and initial moisture content
significantly influence the infiltration rates, which were not accounted for entirely in the numerical model. External
factors such as atmospheric conditions and unanticipated groundwater movement complicate accurate modeling.
Enhancement of model parameters, incorporating comprehensive soil data, and integration of laboratory
experiments are suggested to bridge the gaps between the numerical and field measurements. Furthermore, this
research contributes to the sustainable management of groundwater resources by optimizing the design and
implementation of infiltration wells, providing valuable insights for both practical implications and academic
endeavors.
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1. INTRODUCTION time [17]. The greater the capacity of water that can
be absorbed into the ground by infiltration wells, the
Surface water is crucial in reducing water scarcity greater the water reserves in the ground, and the
by improving water quality, enhancing water storage, excess surface water that causes flooding can be
supporting agricultural productivity, promoting water minimized [18-19]. Infiltration  wells are
reuse and desalination, and reducing water stress [1— purposefully designed structures with various
3]. One hydrological cycle that aids in the benefits for society, such as helping the surface water
preservation of groundwater (shallow groundwater) percolate into the subsurface, recharging the aquifers,
is rain. Most water flows straight to rivers and the sea and reducing urban discharge [20-22]. Despite their
during the rainy season, which in certain areas causes potential, a comprehensive study is needed to
flooding and inundation where poor drainage understand their effectiveness and implications in
management is linked to these issues [4-5]. On the different geotechnical and hydrological contexts.
other hand, climate change significantly impacts Designing effective infiltration wells requires
water deficiency [6—7]. Due to the increment of water thoroughly examining some parameters [23—24]. One
demand and over-exploitation of groundwater along of the most vital parameters is soil permeability,
with the city and industrial development process, which is essential in the hydrological performance of
problems such as groundwater level decrease, the infiltration wells [25]. Accurate determination of soil
formation of large-scale depression cones, soil permeability  through  laboratory and field
settlement, intrusion of seawater, and growing measurements is essential to estimate the water
challenge in afterward use of groundwater [8—10]. behavior in the soil [26]. The design of infiltration
One of the mitigation solutions is infiltration wells. wells depends on the soil permeability because it
These wells have been recognized as one of the enhances stormwater management by reducing peak
effective methods for improving groundwater and runoff flow and increasing infiltration [27-28].
flood mitigation [11-16]. Infiltration wells are an Sustainable management of groundwater resources
effective method because they do not take up a lot of requires accurate groundwater recharge estimation,
land, and the construction process does not take much which is essential for measuring good outcomes for
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aquifers in hydrological balance [29-31].

Numerical methods, such as those implemented in
the GeoStudio SEEP/W program, are effective tools
to determine soil seepage under various studies, such
as precipitation cases and determine the flood runoff
reduction using infiltration wells [12], [18], [32-34].
However, there remains a need to validate the
numerical study result with full-scale field data.

Small-scale laboratory modeling on granular soil
by analyzing with this software was conducted by
[35]. The research results produced infiltration
velocity values in small-scale laboratory observations
of 0.0077 cm/sec, 0.1324 cm/sec using Darcy's law,
and 0.1688 cm/second using GeoStudio 2D software.

Modelling with variations in diameter from 0.5 m
to 1.4 m on silty clay soil, the infiltration discharge at
an infiltration well diameter of 1 m, the modelling
results were 2.6753x10°!" m3/sec and 2.6754x10°!
m?/sec analyzed using the Darcy's law conducted by
[36].

The primary objective of this study is to assess the
accuracy of infiltration discharge predictions. The
infiltration data was obtained from full-scale model
infiltration wells installed in the field, followed by
numerical analysis with the assistance of GeoStudio
SEEP/W 3D software. Furthermore, a comparative
study between full-scale and numerical data was
conducted. By validating the infiltration discharge
analysis through field-scale tests and 3D modeling,
this research aims to provide valuable insights, draw
meaningful conclusions, and lay the groundwork for
future investigations in the geotechnical domain.

2. RESEARCH SIGNIFICANCE

This research contributes significantly to the
geotechnical and hydrological engineering field by
offering  practical  solutions for managing
groundwater resources by implementing infiltration
wells in sandy soils. The significance of this study is
to enhance the knowledge about infiltration dynamics
by simulating infiltration wells using GeoStudio
SEEP/W 3D. In the full-scale methods, actual soil and
water interaction can be observed in a controlled
setting, yielding more precise and scalable results.
The findings of this study are expected to improve
infiltration well design, which leads to enhanced
groundwater resources, reduce urban runoff, and
minimize the possibility of flooding.

3. METHODOLOGY

The study of infiltration wells consists of two
main stages. The first stage involves full-scale field
testing to determine the volume of water that the soil
can absorb within 60 minutes. The full-scale field test
was carried out by adapting ASTM D-3385 standards,
which stated that the recording time is 60 minutes
after the constant rate is reached [37]. The second
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stage is validating the analysis using GeoStudio
SEEP/W to model water flow and evaluate the
consistency of field results. These two stages provide
a comprehensive overview of the effectiveness of
infiltration wells in groundwater management.

The soil parameters used were derived from the
soil employed in the full-scale test. Soil testing in the
laboratory involved analyzing soil samples extracted
at a depth of 2.00 m, and the summary of the soil
parameter data is presented in Table 1. The hydraulic
conductivity value was obtained from field testing
using the Sosrodarsono method [38].

Table 1. Soil parameters

Index Properties ~ Units WellA WellB  WellC
Water content % 45.13 40.13 52.61
Specific gravity 2.34 2.605 2.505
Void ratio 0.98 0.88 1.24
Liquid limits % 63.38 47.81 70.97
Plastic limits % 26.61 21.04 41.88
Plasticity index % 36.78 26.78 29.09
Hydraulic cm/sec 8.82 7.11 1.17
conductivity x1073 x1073 x1072
Grain-size

- Gravel % 1.83 2.98 0

- Sand % 50.79 54.44 57

- Silt % 47.39 42.58 43

- Clay % 0 0 0

3.1 Field Observation with Full-Scale Infiltration
Wells

The primary goal of this field observation is to
evaluate the effectiveness of infiltration well. This is
achieved by quantitively measuring the infiltration
volume from each well in a certain period. These
measurements are not only to assess the well's
capacity to handle inflow but also serve as a direct
metric to observe their performance under various
conditions.

Understanding the infiltration capacity of
infiltration wells is essential because it relates to their
ability to restore the groundwater and mitigate surface
water runoff. Both of these reasons are common
problems that occur in urban areas. The optimum
design can be achieved by understanding the
infiltration behavior well under specific conditions.

The infiltration wells were constructed using
concrete walls, each with a depth of 2.00 meters and
a diameter of 0.80 meters, shown in Figure 1, and the
schematic of the full-scale model in Figure 2. Two
PVC pipes were strategically installed in each well to
facilitate water level measurement and refilling. A
bio-floc pond was used as a reservoir to provide a
consistent water source for filling the wells. The
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filtration system of the infiltration wells consisted of
30-centimeter-thick layers of sand, palm fiber, and
gravel. Water levels were monitored using a purpose-
built device equipped with a pipe capable of
measuring water fluctuation.
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Fig. 2 Schematic of a full-scale infiltration well

The wells were constructed following standard

geotechnical ~ engineering  practices, ensuring
structural integrity and appropriate placement of filter
layers. Once constructed, the wells were initially
filled with water to full capacity.

The water level in each well was then monitored
using the installed pipe. The decrease in water level
was recorded at 60-minute intervals using the
monitoring device. This monitoring process was
repeated for a sufficient duration to capture
significant data on infiltration rates. Regular
monitoring intervals ensured accurate and consistent
data collection, which is essential for reliable analysis.

To validate the results, field testing was conducted
on three infiltration wells, designated wells A, B, and
C. Wells B and C served as observation wells to
compare and validate results. Figures 1 and 2
illustrate these wells' layout and configuration. This
replication allowed for a comprehensive evaluation
and comparison of the wells' performance.

2m
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Fig. 3 Layout of full-scale field test infiltration well

3.2 Infiltration Discharges Analysis Using
GeoStudio SEEP/W

The primary objective of this analysis is to
evaluate the infiltration discharge of full-scale
infiltration wells using GeoStudio SEEP/W three-
dimensional modeling software and compare the
results with empirical field data.

The geometry of the infiltration wells was
modeled in GeoStudio SEEP/W to replicate the full-
scale test configuration. The distances modeled were
1.00, 1.50, and 2.00 meters, as depicted in Figure 3.
These distances were selected to reflect varying
conditions observed in the field. The numerical
modeling figure is shown in Figure 4.

The data were compared with field observations
to check the model's accuracy. This comparison
showed how the model's results matched the actual
condition, confirming the model's reliability. The
model's alignment with field data suggests it is
suitable for similar applications.
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The following soil parameters were input into the
GeoStudio SEEP/W model to match the soil
characteristics in each well, such as saturated soil
water content, grain-size data (D19, Do), liquid limit,
and hydraulic conductivity. These parameters were
carefully selected to ensure the model accurately
reflects the soil conditions of the test site.

The boundary condition type in the SEEP/W
model used water total head, which is applied to the
surface inside the well and marked with different
colors, as shown in Figure 4. Boundary conditions
were defined based on field observation data,
specifically the water level within the wells during the
tests. The water total head boundary condition is
defined as a function. The function of these boundary
conditions describes the relationship between time
and water level decline.

The SEEP/W analysis generated infiltration
discharge values for each mesh point in the model.
The results were summarized and compared with the
full-scale field infiltration discharges that were
measured directly from the field test. The comparison
aimed to validate the SEEP/W model's accuracy and

provide insights into the infiltration well performance.

4. RESULTS AND DISCUSSION

The calculation of infiltration volume in
infiltration well A is derived from both full-scale tests
in the field and modeling conducted with GeoStudio
SEEP/W 3D software, presented in the following
subsections. This study does not take vegetation into
account in the numerical analysis. The primary reason
for this is that the area surrounding the modeling site
lacks vegetation. Consequently, the influence of
vegetation on permeability and other factors has been
negligible and thus has been disregarded in this
research.

Furthermore, this research was conducted during
the dry season. By selecting these conditions, we
aimed to isolate the specific factors under
investigation, minimizing the potential influence of
external variables such as rainfall.
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4.1 Field Test Results

The field test results, shown in Figure 5, recorded
infiltration discharge rates of 96.48 cm?®sec, 93.41
cm?/sec, and 97.46 cm?3/sec in the first, second, and
third tests, respectively. The consistent results
showed that the soil condition was stable during the
test. Variations in infiltration rates across the tests are
attributed to differences in groundwater levels and
other site-specific factors observable at greater
depths, such as compaction or organic matter content.
These tests were repeated three times to ensure
validity and representativeness.
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Fig. 5 Cumulative infiltration volume from field test

The black dots in Figure 5 form a logarithmic
trend line representing the trend across the three tests.
The logarithmic shape of the field test results suggests
that the cumulative infiltration volume increases
exponentially with time. This result is consistent with
the research conducted by Nakashima and Kawai
[39]. This behavior can be attributed to changes in
soil saturation levels as the infiltration well is initially
filled, transitioning from an unsaturated to a saturated
state. Initially, water absorption is rapid due to
unsaturated soil conditions. The plateau phase of the
curves shows where the infiltration rate becomes
limited due to the hydraulic conductivity of the
saturated soil rather than the initial permeability and
porosity of the unsaturated state.

Figure 5 also describes the typical behavior of
infiltration where the driving force of gravity and
capillary action initially pull water quickly to the soil
matrix, but as saturation state is reached, the driving
diminishes, and further, the water movement is
resisted by hydrostatic and matric suction forces
within the soil.

Table 2 summarizes the cumulative infiltration
volumes per unit time, yielding values of 347.33
liters, 336.28 liters, and 344.82 liters for the first,
second, and third tests. The curves in Figure 4
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indicate similar shapes across all three tests, with
negligible differences in infiltration volumes. The
curves show a significant increase in volume from the
first minute until the 60th minute, after which the rate
tends to plateau as it approaches the groundwater
level and pressure diminishes. The consistent
increment of infiltration volume during the time
interval up to the 60" minutes showed the well's
efficiency in managing large volumes of water, which
is crucial in practical application in areas prone to
heavy rainfall.

Table 2. Cumulative infiltration volume from field
test

Time (minute) Cumulative volume (liters)

1% Test 2 Test 3 Test
1 79.92 42.73 90.48
2 104.55 77.91 110.58
4 148.79 127.17 150.80
5 163.87 145.77 168.39
10 216.14 201.56 217.65
15 245.80 233.73 24731
30 298.07 290.03 302.10
60 347.33 336.28 350.85

The error margin at the end of the test is 4.33%,
which is quite reasonable for field conditions. These
errors are subjected to potential inconsistencies in
manual measurements and slight variations in test
conditions, such as temperature and humidity.

These results imply that infiltration wells in sandy
soils effectively mitigate heavy rainfall that leads to
flooding in urban areas and contributes to sustainable
water practices.

4.2 3D Numerical Modeling Results

The field test results were numerically modeled
using GeoStudio SEEP/W software. The modeling
was performed under transient conditions to simulate
real-time water infiltration through soil over one
hour. The input data for the modeling included
observed water level decreases from the field tests.
The data were recorded and summarized at 1, 3,7, 17,
35, and 75-minute intervals. These specific time
intervals are chosen as they are expected to capture
the rapid initial infiltration and the following steady-
state infiltration.

The first, second, and third tests, using K values
from Sosrodarsono [38] as detailed in Table 3,
yielded cumulative volumes of 361.32 liters, 334.25
liters, and 486.84 liters, respectively, with an
associated error rate at the end of the test is 45.65%.
The possible explanations for the large error number
include oversimplification of the complex soil
behavior or inadequate representation of soil
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heterogeneity.

The trend line in Figure 6 for the GeoStudio
SEEP/W modeling results shows a second-degree
polynomial shape, which significantly differs from
the field test results in Figure 4. The cumulative
volume increase remains relatively constant
throughout the testing period, without the initial rapid
increase and subsequent slowdown observed in the
field tests. This discrepancy suggests that the model
does not accurately capture the initial high infiltration
rates and the eventual reduction as the soil becomes
saturated.

Table 3. Cumulative infiltration volume from
numerical modeling
Time Cumulative volume (liters)
(minute) 1% Test 274 Test 3% Test
1 8.62 8.68 10.24
3 24.54 24.04 29.28
7 52.17 50.28 63.31
17 110.23 104.55 138.30
35 198.62 185.57 257.02
75 361.32 334.25 486.84

The discrepancy might be due to several factors,
such as model simplification, soil layering, and initial
and boundary conditions. It may be necessary to
refine the material input, enhance model complexity,
calibrate, and validate using a broader data set to
improve the fidelity of the numerical model.
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Fig. 6 Cumulative infiltration volume from numerical
modeling

4.3 Comparative Analysis

The comparison of the field test results and the
numerical modeling outcomes shows significant
differences in the infiltration volume and the behavior
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of the infiltration process over time. The numerical
model displayed a more constant infiltration rate. At
the same time, the field test contrasts showed a rapid
infiltration in the initial time, followed by a steady-
state condition as the soil achieved a saturated
condition.

Some reasons could lead to discrepancies between
the field test and numerical modeling results. The first
is soil heterogeneity, specifically in grain size
distributions, organic content, and soil compaction
level, which influence soil permeability. Hence the
difference in infiltration rates. The numerical model's
tendency to oversimplify real-world conditions can
affect the accuracy of numerical model results.

Another important factor influencing the
infiltration rate is the initial moisture content. The
initial moisture content in the field was probably
different, affecting soil saturation time. The model's
initial moisture content assumption may be more
uniform, which prevented it from presenting the
actual field's initial rapid infiltration.

On the other hand, external variables such as
temperature and atmospheric fluctuations can affect
soil permeability and influence water infiltration by
changing the soil density and viscosity. Unexpected
groundwater from surrounding water bodies or from
past land use can influence the moisture of the soil.
Dynamic groundwater modeling might be needed to
model these conditions.

Despite the potential simplification or idealization
of the model, these dynamic external elements were
not considered. The input parameters, including the
soil water retention properties and hydraulic
conductivity, significantly impact the modeling
accuracy. The model and the actual field conditions
may substantially differ if these parameters are
misestimated.

The observed discrepancy between the results
from the field and the model emphasizes the necessity
of more thorough modeling techniques that cover a
wide range of data. Further studies must optimize the
input parameters and augment the model's capability
to replicate the interaction between the soil and water.
Long-term field studies may also yield data to
enhance and validate the numerical method, which
could result in a more accurate prediction of
infiltration performance.

To acquire a deeper understanding of the primary
infiltration mechanism, combining field observations
with laboratory experiments is crucial. Precise control
of variables can be conducted in the laboratory,
providing valuable information to be implemented in
real-world situations. Prospective research can bridge
the knowledge gap between the field observations and
modeling by addressing these issues, leading to better
groundwater management techniques and more
accurate predictions of infiltration wells' performance

5. CONCLUSIONS
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This study investigates the cumulative volume of
water absorbed by infiltration wells in full-scale field
experiments, followed by 3D numerical modeling
using GeoStudio SEEP/W. The analysis of full-scale
field experiments compared to numerical modeling
reveals significant differences, particularly in the
trendline of cumulative water infiltration volumes
absorbed by the infiltration wells.

In the full-scale field experiments, the trendline
shows a logarithmic shape, with an initial increase in
infiltration volume that tends to stabilize over time. In
contrast, the numerical modeling exhibits a
polynomial trendline with a relatively stable increase
in infiltration volume from the beginning to the end
of the experiments.

Further understanding of the impacts of external
influences, soil heterogeneity, and parameter
estimation is necessary to advance our knowledge of
soil conditions for more accurate modeling.
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