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Abstract: Conversion of catch-land into residential land in urban areas reduces infiltration, and
increases surface flow and flood risk. Artificial infiltration is a potential solution to increase
infiltration capacity, but its effectiveness is highly dependent on the physical characteristics of the
soil, including geophysical constants. This study aims to determine the level of infiltration capacity
based on the value of soil geophysical constants using artificial infiltration in residential land in
Padang. Measurements were carried out using the Horton method and double-ring infiltrometer in
several residential locations. The study results show that the soil characteristics of residential land
in Padang consist of the soil texture of sand, loamy sand, and sandy loam, which have high moisture
content, large fill weight, and low porosity, causing low infiltration rate and high surface flow.
Artificial infiltration can significantly increase the infiltration capacity, especially on sandy soils with
high hydraulic conductivity. The soil geophysical constant, k, is classified according to field
measurement results. In the lower range of 1.2 < k < 1.9, the average infiltration capacity was
found at 625.1 mm/hour. Within the interval of 1.9 <k < 2.6, the mean capacity decreased to
587.7 mm/hour, but in the upper interval of 2.6 < k < 3.3, the average infiltration capacity was
499 mm/hour. Large soil geophysical constants reveal higher infiltration capacity, while small
geophysical constants indicate low infiltration capacity.
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1. Introduction

Hydrometeorological disasters occupy the top rank of disaster trends in Indonesia, and flood is the
most frequent one [1]. Extreme global climate change, weather anomalies, high precipitation, high
tides, and human activities cause this trend. Human activity factors such as dumping garbage into
rivers, reducing land cover in upstream areas due to illegal logging, and land conversion from catch-
land to residential land, especially in urban areas, significantly increase flood intensity [2], [3], [4],
[5], [6]. The conversion of catch-land to residential land is a common phenomenon, along with
population growth and urbanization in urban areas [7]. These changes lead to a reduced vegetation
area and increased soil cover with impermeable materials, so natural infiltration is disrupted.
Changes in soil surface conditions can reduce the rate and capacity of infiltration so that there is a
reduction in rainwater infiltration, an increase in surface flow, and a reduction in groundwater
replenishment. This condition increases the risk of flooding, especially in areas that do not have a
good drainage system. Therefore, effective solutions are needed to increase infiltration capacity in
urban areas [8], [9], [10], [11].

One of the methods to increase infiltration capacity is artificial infiltration. It is a technique designed
to speed up the process of infiltration of water into soil in a certain way [12], [13], [14], [15], [16].
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Extensive research has been conducted on the development of artificial infiltration tools. The
development of artificial infiltration employs a straightforward design, focusing on management
that utilizes natural materials while minimizing the impact on the water cycle. Various artificial
infiltration methods are employed to enhance rainwater infiltration in residential land, such as leaky
wells, retention trenches, infiltration basins, infiltration cells, seepage pipes, and infiltration

galleries [17], [18], [19].

Recent studies discuss the effectiveness of artificial infiltration performance in enhancing the
infiltration capacity of infiltration galleries. Infiltration galleries operate on the principle of septic
tanks, demonstrating that a 30-meter gallery can decrease runoff by 90%, while a 61-meter gallery
can reduce it by up to 85%, with an infiltration rate of 0.64 cm [20]. A different gallery variant
employs porous pipes within gravel trenches, demonstrating effectiveness in regions with elevated
groundwater levels. This method can decrease surface flow by as much as 60%, depending on soil
conditions and pipe design [21]. Furthermore, a distinct type of infiltration gallery was developed
that effectively reduced the decline in groundwater levels by 0.15 m/year through the utilization
of runoff for aquifer recharge [22]. An infiltration trench, referred to as a sand ditch, is a similar
method to a gallery that can enhance infiltration by up to 156% compared to initial conditions and
augment drainage volume by a factor of 2.6 [13]. A porous bioretention tank, featuring a gravel
layer at the bottom, facilitates water flow through the filter as an alternative artificial infiltration
system. The effectiveness of this system depends on the duration of tank drainage, which can
mitigate surface runoff volume [23]. The effectiveness of artificial infiltration is strongly influenced
by the physical properties of the soil, including soil texture and soil geophysical constants.
Therefore, a deep understanding on the characteristics of the soil in a specific location is essential
in designing and implementing an effective artificial infiltration system [24], [25], [26].

The value of the geophysical constant has a significant influence on the infiltration capacity of the
soil. The geophysical constant (k) in Horton's equation is defined as a coefficient whose value
depends on the characteristics of the soil and vegetation cover or is related to the condition of the
soil surface. The value k reflects the soil infiltration capacity. The formula k is the value used to
describe the initial infiltration rate or the soil's initial capacity to absorb rainwater [27].Variations
in the values of these constants can affect how quick and how much water can seep into the soil
[28], [29]. The value of k can be calculated by fitting field infiltration experimental data to Horton's
equation with a non-linear exponential regression approach.

As one of the cities that continues to develop, Padang faces problems related to water management,
especially in reducing the potential of flooding. To design and implement artificial infiltration
systems in urban residential land in Padang, a comprehensive understanding on the geophysical
constants of the soil is essential. This study aims to determine the geophysical constant of soil in
Padang residential land by using artificial infiltration to increase infiltration capacity. Understanding
the value of soil geophysical constants in Padang residential land and employing artificial infiltration
based on these constants is crucial for fostering sustainable water management strategies. Urban
environments seeking to design and implement artificial infiltration systems, aligning with local
geophysical conditions and soil textures, is important. This approach hopes to significantly
contribute to developing efficient and effective water management practices in these areas [30].

2. Material and methods
2.1 Research location
The research location is focused on the residential land developed in Padang, West Sumatra, based

on the 2010-2030 Regional Spatial Plan of Padang City [26]. The research location is ten residential
land in five sub-districts, generally located upstream with a high groundwater level elevation
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criterion (> 2 meters) so that artificial infiltration can work properly. Figure 1 presents the results
of mapping the location point of the research site.
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Figure 1. Research location
2.2 Research stages

This research was carried out in several stages. It began with determining soil characteristics and
infiltration in residential land in the research area. Soil parameters were obtained by taking ten
residential locations as samples. The sample consisted of disturbed soil samples and undisturbed soil
samples. The soil samples were tested to obtain the soil physical characteristics and textures.
Infiltration measurements in the soil surface layer used a double-ring infiltrometer three times for
one residential land so that 30 infiltration tests were obtained. The infiltration rate was calculated

by using Horton's equation as presented in equation 1.

f== (M

fis the infiltration rate (mm/min), Ah is the height of the drop in a given interval (mm), and ¢ is

the time it takes for water at Ah to seep into the soil. The infiltration capacity was calculated based
on the results of data processing of the infiltration rate table by using Horton's method. The Horton
equation is a mathematical model that describes the rate of soil infiltration as a function of time, as
presented in equation 2.

f=f+ U —fle ™ )

The value of the constant k in Horton's formula is described by equation 3 and 4.

_ log(f—fc)
- —kloge

_ log(fo—/fc)
—kloge

t:( kloge) Og(f fc)+(

3)
V1og(fo — £2) )

kloge
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f. is the constant infiltration rate (mm/min), f, is the initial infiltration rate, e is exponential, and ¢
is the time (minutes). To obtain an unknown parameter of Horton’s equation, it must be compared

with a linear equation in the form that y = mx + ¢y = fas shown by equation 5, 6, and 7.

1

m=— (5)

kloge

x =log(f — fo) (6)

and

1
c =
kloge

log(fo - fc) (7)

Thus, the value of k can be determined by the formula in equation 8.

K= ——1 _ 1 _ 1 )

mloge N mlog2,718 - 0,434 m

where m is the gradient obtained from the linear graph of the relationship between time and log (f

—Jo)-

The second stage was the manufacture and installation of artificial infiltration. Artificial infiltration
manufacturing used materials and sizes similar to those of the artificial infiltration tool model. The
acrylic material on the model used non-woven geotextile for field testing. Artificial infiltration
installations were in the form of excavations (shallow wells) with the same dimensions and
equipment as the infiltration model [31].

The third stage was infiltration testing using artificial infiltration. The test was conducted by
draining rainwater from the house roof to the house gutter, then flowing through PVC pipes to
artificial infiltration. Data collection began when the rain started to fall and lasted when the rain
stopped. The parameters measured were the duration of rain t measured with a stopwatch; the
height of rain d during time ¢ measured by a rain gauge, which was read every predetermined time
interval; the volume of water outflow measured with a measuring cup, and the area of the roof 4
by measured for the length and width of the roof with water flows to a specific gutter.

The last stage was data analysis, which determined the geophysical constants of soil and its
infiltration capacity in Padang residential land using artificial infiltration. The analysis results were
the infiltration capacity based on soil texture and soil geophysical constants.

2.3 Testing with and without Artificial Infiltration

Infiltration measurements without artificial infiltration were conducted on the ground surface,
utilizing a double ring infiltrometer, with dimensions of 30/55 cm [32], following the
implementation technique outlined in Indonesian National Standard (SNI17752:2012) [33], as seen
in Figure 2(a).

The testing by using artificial infiltration refers to infiltration measurement using a double—ring
infiltrometer. The volume of incoming water came from rainwater falling from the roof of the
house, collected on the house gutters, and flowed through PVC pipes to artificial infiltration during

a predetermined A time interval . This volume of water was a puddle of water at the ground level.
The rain height d was measured by using a rain gauge during the rain time ¢t measured by utilizing a
stopwatch. The volume of inflow water was calculated by multiplying the depth of rain d by the
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area of roof A. The outflow volume was measured by collecting water from artificial infiltration by
using a measuring cup at an interval equal to the inflow, as seen in Figure 2(b).

Figure 2. Infiltration test without artificial infiltration and using artificial infiltration

The volume of water seeping into the ground or the volume of infiltration is the volume of incoming
water minus the volume of outgoing water. While the height of the water drop Ah is the volume of
infiltration divided by the cross-sectional area of the artificial infiltration device A. The instantaneous
rate of infiltration (Ah/At) is the height of the descent divided by its time interval.

3. Results and discussion
3.1 Soil characteristics

The soil characteristics in residential land in Padang, which were obtained from the results of
measurements and tests, are sand, loamy sand, and sandy loam. The average moisture content @ is

41.9%, the average soil content weight y is 1.84gr/cm’, and the average soil specific gravity G, is
2.66. The groundwater content is in the large category, thus reducing the rate of infiltration. The
weight of the soil content is relatively high, indicating that the density is also high. This leads to a
denser soil structure and low porosity. This means that there is less pore space in the soil, thus
making it difficult for water to seep into the soil, causing small infiltration rate.

The average porosity n is 35.73%, and the density of the soil is solid. The porosity value is in the
low category (n < 35%), so it will inhibit infiltration, resulting a small infiltration rate. Solid soils
negatively influence infiltration, i.e., reducing the infiltration rate due to low porosity and compact
structure. The average soil permeability value of 0.0012 cm/sec for the upper soil layer (< 30cm)
and the lower soil layer (>100cm) or under the artificial infiltration installation is 0.0018 cm/sec.
The permeability value is classified as very quickly. This condition shows that the soil layer under
the landfill can absorb more water compared to the upper layer.

3.2 Infiltration without using artificial infiltration
Infiltration measurements without artificial infiltration used a double—ring infiltrometer. Each

location got three infiltration measurement results which were counted for the average rate of each,

represented by the curve in Figure 3.
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Figure 3. Infiltration rate without the use of a double—ring infiltrometer

The results of the curve in Figure 3 obtained an average constant infiltration rate (f,) of 0.85
mm/min or 51.1 mm/hour. Based on the classification of the infiltration area, it is in the very low
category (f. < 0.1 cm/min), while based on the classification, the infiltration rate is in the category
of class 3: medium (f: 20-63 mm/hour). This condition causes rainwater that falls on the ground
surface to take a long time for infiltration so that most of the rainwater will become surface flow.
Based on the potential volume of water that can be absorbed, the value of the infiltration rate is
only able to permeate a maximum of 150,000 m’/hour/km’

The infiltration capacity was calculated using equation 2 based on the results of the infiltration rate
measurement, and the initial infiltration rate (f,) and final infiltration rate were obtained. The value
of the geophysical constant, k, was calculated using equation 8. The gradient value, m, was obtained
from the linear graph of the time relationship with the log (f—f)). The calculation results for each
time interval are presented in the form of an infiltration capacity curve. The infiltration capacity
curve for each site and the average of all sites are shown in Figure 4.
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Figure 4. Infiltration capacity curve without using artificial infiltration
Based on the curve of Figure 4, an average constant infiltration capacity of 0.65 mm/min or 39
mm/hour is obtained. From the curve, it can be seen that the infiltration capacity decreases by

time. It can be caused by several factors, ranging from soil density, soil physical properties, and soil
porosity.
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Low infiltration in the top layer of soil in Padang residential land is caused by high soil density, soil
properties, soil texture, and fine soil fractions that clog the pores of the soil surface. These factors
contribute to producing low infiltration. In contrast, the layer below has a large permeability
(permeability k: very fast). To overcome this problem, a method, that is able to funnel water into
soil layers where water is hard to seep into a certain depth, is needed. One of the methods is artificial

infiltration.
3.3 Infiltration using artificial infiltration

The measurement and infiltration calculation results used artificial infiltration of as many as ten
measurements in one location so that for 10 locations, there were 100 measurements. Figure 5(a)
is the infiltration rate curve for a single location and Figure 5(b) is the average infiltration rate curve
for 10 locations.
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Figure 5. Infiltration rate using artificial infiltration

The average constant infiltration rate occurs at 130 minutes. From the curve, the average constant
infiltration rate (f,) is obtained for 15.2 mm/min or 912 mm/hour, entering class 7 (very fast).
Furthermore, the infiltration capacity curve for ten measurements and one average infiltration
capacity curve in one location is shown in Figure 6(a) and the infiltration capacity curve of 10
locations (10 measurements each) averaged arithmetic is shown in Figure 6(b)
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Based on the infiltration capacity curve in residential land using artificial infiltration, an average
constant infiltration capacity of 9.55 mm/min or 573 mm/hour was obtained. This means that the
use of artificial infiltration in residential land is very effective in increasing the ability of the soil to
absorb water from the soil surface.
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3.4 Infiltration capacity based on soil texture and geophysical constants

Measurements of infiltration capacity and soil texture were conducted to analyze the relationship
between soil texture characteristics and its ability to absorb water as soil texture plays an important
role in determining the movement of water in the soil. The test results show three types of soil
texture with variations in infiltration capacity, ranging from coarse to fine texture. Figure 7 shows
the infiltration capacity curve based on the type of soil texture measured.
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Figure 7. Infiltration capacity based on soil texture variation
The symbol f on the curve in Figure 8 represents the infiltration capacity determined by equation
2. The estimate is categorized according to identical soil textures derived from 100 infiltration rate

tests. The soil texture test findings indicated that 20 samples were classified as sand, 20 as sandy
loam, and 60 as loamy sand.
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The curve analysis results obtained an average infiltration capacity at the loamy sand of 8.96
mm/min or 538.2 mm/hour. The average infiltration capacity of sandy loam soil is 7.73 mm/min
or 463.7 mm/hour, and the average infiltration capacity of sand soil is 13.12 mm/min or 787.2
mm/hour. These values show that soil texture significantly influences soil infiltration capacity.
Sandy soils have the highest infiltration capacity, with large particles and pore spaces. Water moves
faster through sandy soils due to the lack of cohesion between particles, resulting in higher

infiltration.

The constant values are divided into three classes, low, medium, and high, to see the influence of
the geophysical constant of soil k on the infiltration capacity that occurs based on the measurement
results. The following is the infiltration capacity curve shown in Figure 8.
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Figure 8. Infiltration capacity based on variations in soil geophysical constants, k

The f value in the curve depicted in Figure 8 signifies the infiltration capacity determined using
Equation 2. The soil geophysical constant value, k, is determined using Equation 8 and categorized
based on the geophysical constant interval derived from field observations. The calculations for low
soil geophysical constant values in the 1.2 <k < 1.9 range, derived from 39 observations, yielded
an average infiltration capacity of 625.1 mm/hour. For the interval of values 1.9 <k < 2.6, an
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infiltration capacity of 587.7 mm/hour was derived from 31 measurements. In the case of elevated
soil geophysical constant values within the range of 2.6<k<3,3, 30 observations yielded an average
infiltration capacity of 499 mm/hour.

The curve results show that the geophysical constant value of small soil results a low infiltration
capacity value, and the geophysical constant value of large soil causes a high infiltration capacity.
This is because geophysical constants are related to hydraulic conductivity (soil permeability),
directly affecting soil infiltration capacity. Soils with high hydraulic conductivity have larger and
more pores so that more water can be absorbed more quickly into the soil. This means that the
infiltration capacity has increased. In contrast, soils with low hydraulic conductivity have smaller
and fewer pores, so water seeps into the soil slower and less. This leads to decreased infiltration
capacity, making the soil more susceptible to waterlogging at the surface.

4. Conclusion

The soil characteristics of Padang residential land consist of the soil texture of sand, loamy sand,
and sandy loam. High moisture content, large soil content weight, and low porosity cause the soil
to become compact and inhibit the infiltration rate. As a result, water is difficult to seep into the
soil, especially in the upper layers, which contributes to producing high surface flow. The results
of infiltration measurements without artificial infiltration show a constant infiltration rate that falls
into the medium category but remains low based on the classification of the catch-land. This low
infiltration is caused by high soil density, low porosity, and physical properties of the soil that are
not accountable for infiltration. Artificial infiltration proves to be effective in addressing these
conditions, significantly increasing the infiltration rate and allowing the soil to absorb water faster
and in larger amounts.

The soil infiltration capacity decreases as the soil geophysical constant, k, increases. In soil with a
low geophysical constant (k<<1.9), the average infiltration capacity attains 625.1 mm/hour. In soil
with a high geophysical constant (k>2.6), the average infiltration capacity decreases to 499
mm/hour. Therefore, soil texture and geophysical constants significantly influence infiltration
capacity. Sandy soil has the greatest infiltration capability due to its substantial particle size and
ample pore space. The soil geophysical constant, associated with hydraulic conductivity, influences
infiltration capacity. Soils exhibiting high hydraulic conductivity have superior infiltration capacity,
whereas low conductivity results in diminished infiltration capacity, hence improving the danger of
waterlogging.
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