Available online at www.CivileJournal.org

Civil Engineering Journal

(E-ISSN: 2476-3055; ISSN: 2676-6957)

Vol. 12, No. 06, June, 2026

Performance Evaluation of Infiltration Wells Through
Integration of Field Testing and GeoStudio SEEP/W Simulation

Oktavia Kurnianingsih ‘e, Rintis Hadiani 2@, Bambang Setiawan '@, Sobriyah 2

! Applied Bachelor of Construction Management, Vocational School, Sebelas Maret University, Surakarta 57121, Indonesia.

2 Department of Civil Engineering, Faculty of Engineering, Sebelas Maret University, Surakarta 67126, Indonesia.

Received 29 December 2025; Revised 19 May 2026; Accepted 23 May 2026; Published 01 June 2026

Abstract

This study aimed to evaluate the accuracy of GeoStudio SEEP/W simulations in representing field conditions and to
determine the optimal configuration of infiltration wells. A hybrid method combining field measurements and simulation
was applied to three infiltration wells, with field tests conducted under two scenarios full filling of well A and
simultaneous filling of all three wells. The analysis included soil permeability data, controlled inflow rates from the
reservoir, and measured seepage flow rates. The results showed that the initial seepage flow rate in Well C was higher
than the simulation data, with parallel interaction producing the highest initial flow rate, indicating the influence of local
geotechnical conditions. Model calibration using site-specific hydraulic conductivity and saturation parameters
improved simulation accuracy. Parallel well interaction was found to increase infiltration capacity by approximately
30% compared to a single well, and the optimal distance between wells was recommended to be at least 1.5-2 times the
well diameter to avoid overlap of saturated zones. This study makes theoretical contributions by establishing a
framework that integrates field measurements and simulations, particularly for calibrating early-stage seepage behavior
across multiple scenarios. The validated model offers practical guidelines for optimal infiltration well planning,
advancing effective urban flood mitigation.
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1. Introduction

Climate change triggers shifts in rainfall patterns in urban areas [1]. Increase in high-intensity rainfall with short
duration. This condition increases surface runoff and reduces natural infiltration [2]. This condition increases the
frequency and severity of urban flooding [3]. The impact is exacerbated by urbanization. Urbanization increases
impervious surfaces and soil compaction [4]. This significantly reduces the soil's infiltration capacity [5]. Many existing
conventional drainage systems are unable to accommodate increased peak discharge and runoff volumes [6].

In recent decades, green infrastructure approaches have included the use of infiltration wells [7]. Infiltration wells
have been developed as an alternative to reduce runoff and delay peak flows [8]. Various studies show that infiltration
wells can help reduce runoff [9]. The depth of flooding decreased, especially during moderate rainfall events [10].
However, the performance of infiltration wells is highly dependent on the local soil conditions. Soil permeability,
heterogeneity, and rainfall characteristics all play a role [11]. Field application of infiltration wells to increase infiltration
capacity and expand the hydraulic zone of influence [12].
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Along with the development of numerical modeling, subsurface seepage flow-based software such as GeoStudio
SEEP/W has been widely used to analyze infiltration processes and groundwater movement [13]. Enabling the evaluation
of infiltration well performance [14]. More systematic and efficient performance compared to field testing alone.
However, most studies remain limited to a single operational scenario [15]. Hydraulic interactions between infiltration
wells and the effects of varying conditions have not been studied in depth [16]. Additionally, differences between
simulation results and field measurements in the early stages are still frequently reported.

The development of 2D subsurface flow models enables a more detailed evaluation of infiltration infrastructure
performance [17]. Even though grouped infiltration well systems are essentially three-dimensional. These limitations
are addressed using an equivalent-parameter approach [18]. The hydraulic behavior of grouped wells is represented by
equivalent infiltration wells, and the interaction between wells and the total system contribution is modeled in a 2D
model. Research gaps indicate the need for studies that integrate multi-scenario field testing with calibrated numerical
modeling [11]. The equivalent approach, which presents a grouped infiltration well system, is important for evaluating
the model's ability to represent complex field conditions as well as identifying model limitations in the early phase and
seepage transition.

Based on this background, the study aims to evaluate seepage flow rates in infiltration wells through field tests and
simulations with GeoStudio SEEP/W under several operational scenarios. The model's accuracy in representing field
conditions is assessed by examining the interaction between wells using an equivalent approach, and the main
contribution addresses the gap between urban infiltration studies at the system scale. The focus is on surface runoff and
local seepage studies, which are generally limited to a single scenario. The expected results support better infiltration
and well planning. The government is assisted in technical planning to develop flood control systems. This study
reinforces the role of numerical modeling in adaptive urban drainage planning. Modeling does not require extensive
physical prototypes.

2. Methodology
2.1. The Study Area

This study was conducted at Sebelas Maret University, Surakarta City, Indonesia. The location has highly permeable
soil, making it suitable for seepage analysis. This location covers land with relatively high hydraulic conductivity.
Surakarta represents a subgroup of flood-prone cities that still have natural infiltration capacity. However, there is intense
rainfall accumulation, increased impervious cover, and limited drainage. These conditions differ from flood-prone cities
that have developed on low-permeability land [19]. The infiltration well performance values obtained cannot be directly
generalized to cities with less permeable soil [20]. This study is considered an upper bound on the effectiveness of
infiltration-based solutions. Identified mechanisms for runoff reduction and peak discharge delay. Reduction through
distributed infiltration. Consistent with recent findings from urban contexts implementing green infrastructure.
Measurements were taken at three infiltration wells, and all data used were obtained directly from the field test. Soil
parameters are shown in Table 1.

Table 1. Soil parameters

Parameter Unit Well A Well B Well C
Water content % 45.13 40.13 52.61
Void ratio - 0.98 0.88 1.24
Hydraulic conductivity cm/s 8.82x1073 7.11 %1073 1.17x 1072

Gravel % 1.83 2.98 0.00

Sand % 50.79 54.44 57.00

Silt % 47.39 42.58 43.00

Clay % 0.00 0.00 0.00

Table 1 shows physical and hydraulic properties of soil around wells A, B, and C. Soil water content (w, %)
represents gravimetric water content obtained from laboratory testing. Pore ratio (e, -) is the ratio between pore volume
and solid particle volume. Soil porosity and compressibility. Conductivity (K, cm/second) indicates the saturated
permeability of the soil. Input parameter in the SEEP/W simulation to represent seepage. Grain size composition of
gravel, sand, silt, and clay fractions. The soil is dominated by coarse to medium-grained material. Consistent with
relatively high hydraulic conductivity values. Shows that soil in all infiltration wells is dominated by sand and silt
fractions. Based on test parameters, permeability is relatively high, and well C shows the largest hydraulic conductivity.
Furthermore, infiltration potential is faster, and well B has the lowest void ratio, which can slow down the seepage rate.

2238



Civil Engineering Journal Vol. 12, No. 06, June, 2026

2.2. Field Test Scenario

A combination of field testing and numerical simulation using GeoStudio SEEP/W was applied to develop hybrid
models for analyzing seepage and the interactions between infiltration wells. Subsequently, water load tests were
conducted on three locations, as presented in Figure 1.
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Figure 1. Parallel Well Interaction

Figure 1 shows field testing for surface flow was simulated using a water reservoir, with infiltration conducted
through two scenarios. The selection of two scenarios in this study is based on infiltration well engineering practices. It
presents the two most critical and informative operational conditions. Scenario one involves filling one well and
monitoring the response in the surrounding wells. This test is equivalent to an injection test used to understand the local
hydraulic response [21]. The relationship between discharge and water level. The single-well scenario was designed to
isolate and characterize the behavior of the base seepage. The dynamics of initial soil saturation were an important aspect
of the identified early-phase seepage gap. The second scenario involves operating infiltration wells in groups. Scenario
two explicitly investigates interactions between wells. The system's overall capacity directly addresses the imbalance in
multi-well, multi-operational conditions. This filling represents systemic conditions at the regional level. The interaction
between wells, overlapping saturated zones, and total infiltration capacity is the dominant factor. This scenario is relevant
for evaluating system performance during short-duration heavy rainfall events. This study focuses on two boundary
conditions, namely maximum local response and maximum system performance.

In the first scenario, a single full recharge was applied to well A to monitor its impact on wells B and C. Meanwhile,
wells A, B, and C were simultaneously recharged in the second scenario to assess system interaction and capacity.
Infiltration wells were measured using a pipe device to monitor water fluctuations. The objective of the first scenario
was to determine the reservoir's maximum performance under extreme conditions. Infiltration wells were also filled to
measure the response of well A and observe the influence of others in the vicinity. Seepage patterns were observed to
represent conditions of high rainfall intensity. The second scenario involved filling all three wells to assess the
effectiveness of the group-based system in enhancing infiltration capacity. The main objective was to simulate an
integrated drainage system at an urban scale. Therefore, an analysis was conducted based on seepage time and flow rate.

Measurement of seepage flow rate was performed using a pipe and periodic water-level recordings. Water is pumped
from a well into a reservoir. The inflow rate can be controlled steadily. The drop in water level due to infiltration is
observed directly through a measuring pipe. Scale readings are in centimeters. Practical measurement resolution.
Accuracy of pipe scale and visual readability in the field. Potential for major errors due to surface fluctuations caused
by initial conditions and visual limitations due to lighting [22]. The seepage rate is calculated from the change in water
level over the observation interval. Uncertainty in water level readings directly affects the accuracy of the seepage rate.
To minimize the effect of errors, the analysis focuses on the decline time interval. The measuring pipe provides a
representative estimate of the seepage rate, particularly for the transition phase approaching stability.

The testing equipment is shown in Figures 2 and 3. As shown in Figures 3 and 4, each test was equipped with a filling
pipe and a measuring pipe to record the water level drop at periodic intervals. The data obtained were processed to
determine the actual seepage discharge. This method allows direct field analysis of infiltration performance, which is
compared with results from numerical simulation using GeoStudio SEEP/W.
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Figure 2. Field installation of the infiltration well and measurement pipes used for seepage testing

i 5 D=12cm
Testing Pipe Water Infiltration Pipe
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Figure 3. Conceptual design and material configuration of the infiltration are well used in this study

Figures 2 and 3 show infiltration wells had a diameter of 0.8 m, a depth of 2 m, and a pipe diameter of 12 cm. Figure
2 shows the actual condition of the infiltration wells in the field. Concrete walls, water level measurement pipes. This
figure explains the field-testing method used to confirm water-level decline measurements. Direct decline through the
measuring pipe. Measurements are used to calculate the seepage rate from changes in water height over time. Figure 3
shows a conceptual diagram of the infiltration wells used in the study. Geometric dimensions, pipe configuration, and
arrangement of filling material layers. The filling material consists of sand, coconut fiber, and gravel. This diagram is
used for two-dimensional numerical modeling using GeoStudio SEEP/W. Referring to Figures 2 and 3, the integration
between conceptual design and field implementation is discussed. This approach reinforces the transparency of the
methodology analyzed in the study.

2.3. Theoretical Approach to Modeling

The research is based on the theory of seepage flow in saturated and unsaturated porous media. The theory follows
Darcy's law and the mass continuity equation [23]. Fluid flow is controlled by hydraulic gradients and soil conductivity.
[24]. Temporal variations are represented through unsteady flow formulations. Numerical modeling uses GeoStudio
SEEP/W, which implements two-dimensional finite element method formulations. Approach to seepage analysis in
infiltration wells. Theoretically, unsaturated flow behavior is controlled by the relationship between pore water pressure,
flow rate, and hydraulic conductivity [23, 24]. Behavior described by the soil water retention curve [25]. This study does
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not explicitly include unsaturated parameters due to limitations in field data. The analysis focuses on transient responses
towards saturated conditions. Medium to long-term seepage behavior for evaluating infiltration well performance.

The three-dimensional infiltration well system is represented as an asymmetrical 2D cross-section [26]. The grouped-
well configuration applied the equivalent well approach [27]. Several wells were modeled as a single entity with
effective hydraulic parameters. This approach enabled consistent representation of the system's hydraulic response in
2D modeling.

2.4. Analysis of GeoStudio SEEP/W Software

The SEEP/W simulation model, developed by GeoStudio [28], is a numerical tool for subsurface flow analysis based
on Darcy’s law. This model simulates water flow networks and soil infiltration to analyze groundwater level rise and
infiltration volume. Subsequently, simulation results are compared with field data to evaluate the performance of
infiltration wells, as shown in Figure 4.

2m
1m

Figure 4. Infiltration wells model in the field

Figure 4 shows the 2D model visualizes the configuration of wells A, B, and C as well as distances from actual field
conditions, which influence the direction and distribution of seepage. The layout of wells also affects the hydraulic
interactions among scenarios, as spacing influences the distribution of saturated pressure zones. Moreover, a proper
configuration promotes uniform infiltration and accelerates percolation into deeper soil layers. In the model, soil
parameters are incorporated, with saturated conditions and hydraulic conductivity calibrated to match field data. The
equivalent well approach in SEEP/W 2D modeling. The hydraulic interaction of grouped infiltration wells is presented
in equivalent form. This approach is used to accommodate the limitations of the SEEP/W 2D model. Limitations in
capturing three-dimensional flow around wells operating simultaneously. Several infiltration wells are represented as
one equivalent well. Parameters include diameter, discharge, and hydraulic conductivity. Parameters are based on
infiltration capacity equivalence. This approach can evaluate the average hydraulic performance of the system and the
interaction of field-scale wells.

Model calibration is carried out in stages by adjusting the parameters that most influence seepage response. Hydraulic
conductivity values, initial soil saturation conditions, and flow boundary conditions. These parameters are adjusted to
represent soil conditions prior to well charging. Adjustments are made to approximate field conditions [29]. Model
suitability using evaluation criteria [30]. The coefficient of determination (R?) from simulation and field testing, with a
value > 0.85, is considered indicative of good suitability. The suitability of the seepage reduction curve in the transition
phase towards stability. Calibration focused on improving accuracy in the transition and stability phases [31]. The
calibrated model can present field seepage behavior more consistently for planning purposes. An illustration of the
research method can be seen in Figure 5.

:|> Research Location | —

Permeable soil

Scenario for filling one
infiltration well

— | Field Test

Scenario for filling three

infiltration wells
Geostudlo SEEP/W simultaneously
Infiltration Well
Numerical Si 5 —
Seepage Analysis
WeII Confi

Model 2D

——— | Well Approach {

} Model Calibration
Evaluatlon Criteria

Figure 5. Flowchart of the research methodology
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3. Results and Discussion

Field testing of one full-scale variant of infiltration wells was conducted during the rainy season with a water level
of 1.5 m from the bottom. Modeling was performed using GeoStudio SEEP/W 2D software to compare the performance
of infiltration wells. Based on the results, water movement from well A to B occurs through underground flow pathways.
Meanwhile, Well C shows a higher water level rise compared to B.

The observed differences are related to soil characteristics and the distance from well A. After 100 minutes, the
infiltration rate stabilizes, showing that groundwater recharge and geotechnical factors can significantly influence
neighboring wells. For grouped infiltration wells, proper spacing and orientation are critical to optimize load distribution
and prevent saturated pressure zones that reduce system efficiency. A comparison of field test data and GeoStudio
simulation results for well A is presented in Figure 6.

1,0 —®— Field testing well A
—®— Geostudio 2D well A
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Figure 6. Comparison of seepage discharge overtime between field test and GeoStudio SEEP/W simulation in Induced
wells response

Figure 6 compares field test results with the GeoStudio SEEP/W simulation for well A. The graph shows the trend
of seepage flow and pattern in the infiltration well. Initial pattern analysis indicates a significant increase in seepage
flow. Based on observation, the accumulation rate reached 0.9 liter/s in the first 3 minutes due to high initial hydraulic
pressure. This suggested that the soil was not fully saturated during initial infiltration. The simulation shows a more
conservative seepage flow pattern. The initial flow rate was lower than the field test results in the first minute. This
difference was due to the initial simulation parameters not fully representing the actual field conditions. Furthermore,
the high initial pressure during filling and the unsaturated soil conditions led to a flow rate that the model did not capture,
suggesting the need for soil condition calibration. The model accurately captures the seepage dynamics during the initial
phase and transition.

GeoStudio does not fully capture the initial conditions in the field, as early seepage reduction differs from the gradual
decline modeled. This knowledge gap shows the need to consider saturated soil effects, including hydrogenation and
pore closure caused by particles. GeoStudio SEEP/W provides precise estimates during the stable seepage phase, serving
as a reliable tool for long-term projections. However, short-term predictions remain less accurate because sudden
changes in flow under saturation are not represented. To improve this phase, the model requires careful calibration that
incorporates soil saturation, pressure, and structural properties.

Meanwhile, this study shows that a well's infiltration capacity declines rapidly [32]. Insufficient potential to manage
extremely high rainfall events. This conclusion was drawn from a limited sample of three wells at specific locations.
Further research involving a wider range of soil types and well configurations would be useful to generalize these
findings. In the second scenario, all three infiltration wells were filled. This was followed by a seepage flow assessment
using field data and GeoStudio SEEP/W simulations, with the results shown in Figure 7.

Figure 7, which compares seepage discharge, shows a relatively large difference in the initial phase (0-10 minutes).
The soil conditions are not yet saturated, and the initial hydraulic pressure response in the field is complex. In the
transition phase (£ 10-30 minutes), both curves show a downward trend in discharge and a stable phase. The field test
seepage discharge decreases and approaches the simulation. In this phase, a saturated zone forms around the well. The
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hydraulic gradient decreases, and the flow begins to be controlled by the soil's saturated conductivity. Both curves show
a more stable mechanism. The hydraulic parameters used in GeoStudio SEEP/W are representative. Over a longer
period, the seepage discharge is more constant. The hydraulic equilibrium of the infiltration rate is limited by the soil's
capacity. The steady state represents the long-term performance of the infiltration well. The steady state is relevant for
urban drainage planning and infiltration capacity evaluation. The GeoStudio SEEP/W 2D model can provide
conservative, stable estimates for design purposes.
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Figure 7. Comparison of field test seepage in the three wells

The convergence of curves in the transition phase confirms that the Darcy-based 2D numerical approximation
effectively represents average seepage behavior. A coefficient of determination of > 0.85 indicates good agreement
between simulation results and field data. The model consistently represents the downward trend in seepage discharge
over time. The calibrated GeoStudio SEEP/W simulation can represent medium- to long-term seepage behavior. The
integration of field tests and simulations provides a more comprehensive understanding than either method alone. The
differences emphasize the importance of a hybrid approach in infiltration and well research. The 2D Geostudio SEEP/W
simulation is visualized in Figure 8.
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Figure 8. Simulation based on GeoStudio SEEP/W (a) stable phase with seepage time of 30 minutes (b) transition
phase with seepage time of 90 minutes (c) advanced transition phase with seepage time of 160 minutes (d) stable
phase with seepage time of 360 minutes.
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Figure 8 shows GeoStudio SEEP/W simulation results of water seepage patterns. The red zone shows high hydraulic
pressure around wells, suggesting limited seepage and unsaturated soil conditions [33]. In Figures 8c and 8d, the pressure
zone begins to rise, with yellow and green colors indicating water seeping into deeper layers. This condition suggests
that soil is nearing saturation, leading to declining infiltration rates as saturated pressure builds beneath the soil layer.
Therefore, the saturated zone expands, and water spreads further downward. In this intermediate phase, the interactions
between wells are identified, emphasizing the importance of spacing in a clustered system. Wells placed extremely close
together create overlapping pressure zones that interfere with and reduce seepage efficiency. The results in Figure 8
show the stable phase reached after four hours, when hydraulic equilibrium is achieved. Green and blue colors show
evenly distributed water flow, while infiltration rate declines to a low level, and pressure around wells converges [34].
Evaluation of the hydraulic response of a group of infiltration wells to equivalent infiltration.

Equivalent wells are designed to maintain the system's total infiltration capacity. The seepage area is expanded based
on field flow-depth conditions. Equivalent wells with a diameter of 2.4 m and a depth of 2 m represent three individual
wells without deepening the structure. The initial boundary conditions are set based on field measurement results. The
recharge conditions follow the parallel filling scenario. This is consistent with the grouped well configuration. The
equivalent well-test results graph is shown in Figure 9.
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Figure 9. Equivalent infiltration well seepage discharge

Figure 9 shows the infiltration time (minutes) and seepage discharge (liters/second) in the equivalent infiltration
well. The discharge decreases progressively and almost linearly over time. The initial value is 0.29 liter/second and
approaches 0.07 liter/second at 360 minutes. The initial phase of seepage discharge is relatively high due to the large
hydraulic gradient. This condition reflects the intensive infiltration phase. The soil is still predominantly unsaturated, so
it can accept large amounts of water. Over time, a saturated zone develops around the well. The seepage discharge
decreased gradually. Seepage discharge decreases non-linearly over time. The exponential model can accurately
represent seepage. A well's ability to absorb water decreases as the soil becomes saturated. The R? value was 0.98,
meaning that 98% of the seepage discharge was explained by changes in infiltration time. A coefficient of determination
of > 0.85 indicates good agreement between simulation results. The response system was stable and controlled in the
equivalent well configuration. The equivalent well approach effectively smoothed out interference between wells.
Equivalent infiltration wells can be effectively represented by a 2D model. The equivalent approach is effective for
system scale analysis and preliminary design evaluation. Compared to grouped well graphs, equivalent well responses
represent the system's average behavior. Transition phase towards stable conditions. This approach captures total
capacity without modeling each well individually.

GeoStudio SEEP/W simulations can consistently present the evolution of saturated zones and the distribution of pore
water pressure. Other times were analyzed but not displayed to maintain visual clarity. These results confirm that the
calibrated simulation model accurately represents seepage behavior. The decline phase is stable, with the first scenario
showing sharp seepage patterns in both tests and simulation. The capacity of a single well is constrained by soil
saturation [35] and uneven water distribution. The second scenario performs better, achieving higher capacity and faster
drawdown, as indicated by a 20% infiltration rate. In this study, hydraulic loads are balanced, and well C provides the
highest initial capacity, while others support residual flow. The parallel configuration enhances efficiency by
accelerating water level decline.
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Soil parameters are represented by a single effective value for each well. Field test results on alluvial soil with
relatively high conductivity. An approach is used to present the average hydraulic response around the well [36].
The approach is also used to assess interactions between wells. Hydraulic connections between wells are primarily
controlled by horizontal conductivity and hydraulic gradient [37]. Determination of seepage discharge distribution
between wells [38]. Spatial and vertical soil variations are not explicitly modeled. Soil heterogeneity can affect flow
paths and seepage discharge rates. Simulation results present the average behavior of the system. The results of this
study are mainly applicable to areas with high-conductivity subsoil. Generalization to cities with clay soil or shallow
water levels requires parameter adjustment. Selection of two scenarios: full filling of one well and simultaneous
filling of several wells as extreme boundary conditions [39, 40]. Scenario capturing maximum response. The use of
a single soil parameter value is an approach with representative values. This behavior is related to the limitations of
the early seepage phase.

The difference between field test results and simulations during the early seepage phase is influenced by the model's
simplification of soil flow physics [41]. Unsaturated soil flow parameters were not explicitly included due to limitations
in the retention curve data. Complex field conditions and initial saturation dynamics made it difficult to represent
seepage response without adequate unsaturated data [42]. The SEEP/W model used has implemented transient flow
analysis with time-varying boundary conditions. Seepage dynamics during the transition phase towards stable conditions
are represented realistically [43]. The simulation results show good compliance. The main focus is on medium to long-
term capacity and performance planning for infiltration wells [42]. The research approach is a rational methodology
focused on predicting system performance. The approach understands the main mechanisms of seepage and interactions
between wells [44]. While maintaining the limitations of the model and the data. Partial filling and non-constant inflow
are recommended as further developments. Long-term operational simulations and adaptive evaluations of more
complex rainfall patterns. This modeling uses the two-dimensional (2D) GeoStudio SEEP/W model. This analysis does
not fully represent the three-dimensional (3D) flow process.

2D modeling of hydraulic conditions is assumed to be uniform perpendicular to the cross-section [40]. The field
conditions of interaction mean that overlapping zones cannot be resolved explicitly [39]. The configuration of grouped
wells in 3D alters the effective hydraulic gradient around them [45]. This mechanism has been well documented in
multi-well seepage studies and reservoir-scale studies. To mitigate these limitations, the study adopted an asymmetrical
2D cross-section that approximated the most representative slice of the 3D system. Grouped infiltration wells used the
equivalent well approach [46]. The combined hydraulic concept of several wells is represented by equivalent parameters
[18]. The results are interpreted as a conservative representation of infiltration performance at the system scale [45, 47].
3D transient modeling is recommended for future studies. Studies that explicitly capture well-to-well interference in
complex urban conditions.

The infiltration wells system is designed to optimally infiltrate surface water within a defined time period [48]. In
this study, simulation results show that wells placed extremely close together accelerate the formation of the saturated
zone, leading to a 30% reduction in infiltration rate. For soil conditions, the ideal spacing between wells is 1.5-2.5 m.
However, well performance was evaluated under various scenarios, with the initial seepage phase requiring calibration
due to differences in field saturation conditions [33]. These results carry direct implications for urban drainage planning
[49], as the calibrated model can now be applied to predict infiltration well performance without previous construction
[50]. A multi-scenario, field data-based calibration procedure [28] improves predictive accuracy under varying rainfall
conditions [51]. Based on the results, the full-filling scenario shows maximum capacity, while filling all three wells
indicates grouping effects, inter-well interactions, and saturation dynamics [52]. In this study, integrating field data and
simulation provides an overview of seepage flow, serving as a basis for planning an adaptive urban drainage system.
The method provides CCG-term infiltration. Furthermore, the procedures can be adapted as technical guidelines for
urban planning of infiltration wells.

4. Conclusion

In conclusion, this study shows that integrating field testing and simulation with GeoStudio SEEP/W is an effective
approach for evaluating the performance of infiltration wells in urban areas. Field testing results were obtained for two
scenarios: filling one well and filling three wells simultaneously. Seepage rates are strongly influenced by the soil's
initial saturation conditions, the configuration of the wells, and local hydraulic conditions. In the initial seepage phase,
the measured flow rate in the field was consistently higher than the simulation results. The influence of soil conditions
was not fully represented in the numerical model. As the saturated zone developed and transition conditions towards
stability were achieved, the SEEP/W simulation results showed a trend of seepage discharge reduction and hydraulic
equilibrium. These findings confirm that the 2D SEEP/W model can evaluate infiltration well performance over the
medium- to long-term. Grouped infiltration well configurations can increase total infiltration capacity by around 30%
compared to single wells. The distance between wells needs to be optimally adjusted to prevent overlapping saturated
zones and decreased seepage efficiency.
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The infiltration well design in this study contributes both methodologically and practically. The improvement in the
reliability of GeoStudio SEEP/W for predicting seepage is based on an asymmetrical cross-section. By incorporating
the concept of equivalent wells, this approach can describe the hydraulic response. The average grouped well system is
considered adequate for well design with empirically determined optimal spacing. Three-dimensional flow is not
explicitly modeled. The simulation results represent a conservative scale of the system. This limitation requires
parameter adjustments for areas with low permeability. Further research is recommended to develop three-dimensional
modeling that integrates saturated-to-unsaturated flow. The findings of this study indicate that a new hybrid approach
combining field data and simulation provides a reliable and efficient technical basis for infiltration well planning. This
approach to efficient drainage design critically advances stormwater management infrastructure strategies.
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