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Abstract Ground Penetrating Radar (GPR) is a geophysical method that uses electromagnetic
waves to map utilities and subsurface layers. It transmits electromagnetic waves, reflects them when
they contact the medium, and then records them. Peatlands have unique properties, characterized by
low density due to their composition of partially decomposed organic matter and a very high water
storage capacity of up to 90% of the total volume. This research aims to interpret the reflection patterns
in the subsurface layer of peatland areas. This research used a Plug-in Cobra GPR SE70 system
operating at 80 MHz. The research location was in Rasau Jaya Sub-district, Kubu Raya Regency,
Indonesia. Data acquisition in the field applied ten tracks with lengths varying from 162 m to 287 m. The
data processing consisted of several stages, namely static correction, subtract-mean (dewow),
Butterworth bandpass, background removal, average subtraction, and manual gain. The results
showed that the reflection patterns on the peat layer showed random/irregular diffraction and undulated
(hummocky) with high amplitude. In contrast, the reflection patterns on the clay layer showed parallel to
wavy patterns with low amplitude. The results also showed that the peat layer thickness at the
research location ranged from 1.07 m to 2.78 m. These findings serve as an essential reference
for GPR surveys using the same approach in other areas to improve carbon reserve estimates and
assess hydrological risks in peatlands of Kubu Raya Regency.
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Introduction

Peatland area in Indonesia is about 14.91 million ha spread out in Sumatra 6.44 million ha (43%), in
Kalimantan 4.78 million ha (32%), and in Papua islands 3.69 million ha (25%) [1]. Peat soils on the island
of Kalimantan are estimated to have originated in the early Holocene period, and the peat age in West
Kalimantan is estimated to be around 4,300 years [2]. One of the areas in West Kalimantan with a large
amount of peatland is Kubu Raya Regency, which has an area of 829,969.17 ha [3]. Peatlands in an
area are essential in storing carbon, regulating the water cycle, and supporting biodiversity. However,
peat's unique physical and chemical properties challenge further management to understand its internal
structure effectively and efficiently.

Peatlands in Kubu Raya Regency play crucial ecological roles as carbon sinks, water regulators, and
biodiversity supporters [4]. However, their management is often hampered by the unique physical and
chemical characteristics of peat, particularly in efforts to identify its internal layer structure. Geophysical
surveys using the Ground Penetrating Radar (GPR) method offer a solution to overcome this challenge
[5], [6]. This method utilises differences in electromagnetic wave responses to identify peat and other
layers [7]. Knowledge of GPR reflection patterns enables clear visual identification, resulting in accurate
subsurface stratigraphic maps to support data-driven land management [8]. The limited application of
GPR for peatland mapping in Kubu Raya Regency is the primary rationale for this research.

The GPR method can identify the soil's physical properties, which can help with subsurface exploration
[5], [9]. This method sends electromagnetic waves into the subsurface, which are then reflected back by
recording the signal's amplitude, resulting in a picture of the subsurface conditions [10], [11]. Peat layers
have unique characteristics, which can produce different reflection patterns from other soil layers [5].
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Therefore, the interpretation of GPR data on peat layers is essential as it can provide a precise
understanding of the internal structure of peat effectively and efficiently [12], [13]. This research is also
necessary for developing a more accurate method of mapping peat layer thickness for sustainable land
management.

This research was conducted to observe the description and amplitude response of GPR data on peat
and clay layers in Rasau Jaya Sub-district, Kubu Raya Regency. This research is expected to provide
information for other researchers regarding the reflection characteristics of GPR data amplitude in peat
and clay layers. Identifying the type of GPR reflection configuration can give a clearer picture of peat
thickness, hydrological conditions, and subsurface soil layers [7]. This information is essential to support
sustainable land management, reduce the risk of peatland fires, and prevent subsidence. In addition,
the results of this identification can also be used for more efficient land use planning and mitigation of
environmental impacts from human activities, thus maintaining the ecological functions of peatlands as
carbon stores and water cycle controllers.

Materials and Methods

The research was conducted on peatlands in Rasau Jaya Sub-district, Kubu Raya Regency, West
Kalimantan Province, Indonesia. Measurements in this research were conducted using 10 tracks, with
the distribution and design as shown in Figure 1. These tracks varied in length from 162 m (L2) to 287
m (L10), as shown in Table 1. Data acquisition in the field used a Plug-in Cobra GPR SE70 system with
an operating frequency of 80 MHz. This was chosen as its theoretical maximum penetration depth in
ideal conditions (up to 8 m) sufficiently exceeds the expected peat depth at the research location (up to
3 m) [14]. Additionally, the 80 MHz frequency provides an optimal balance between resolution and
penetration for identifying the peat-clay boundary [11]. It provides the depth necessary to penetrate all
peat layers and has sufficient resolution to identify the characteristic reflection patterns that differentiate
peat from clay layer.
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Figure 1. Research location on peatlands in Rasau Jaya Sub-district, Kubu Raya Regency
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Table 1. The length of each track applied

Tracks Track length (m)
L1 238
L2 162
L3 221
L4 216
L5 286
L6 186
L7 190
L8 192
L9 188

L10 287

The principle of using the GPR method is like the reflected seismic method in identifying facies and
subsurface sequences. The GPR system consists of a signal generator, a transmission antenna (Tx),
and a receiving antenna (Rx). The transmitting antenna generates radio waves at high velocity through
the medium and back to the receiving antenna. Electromagnetic waves' transmission and return occur
very quickly in nanosecond time units. Components of the radar system and interpreted section of the

subsurface layer in the GPR method are presented in Figure 2.

The interpretation is carried out on the radargram to determine the boundaries and thickness of the peat
layer. It requires wave propagation velocity, which is identified based on the thickness of the peat layer
obtained from the drill data and the travel time of the radar waves from the source to the target and back

to the source (two-way travel time). The wave propagation velocity is obtained using Equation (1).

2d
v=—
t
where:

v = radar wave propagation velocity (m/ns)
d = layer boundary depth (m)
t = radar wave travel time (ns)
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Figure 2. Component of radar system and interpreted section on subsurface layer [10]
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GPR data processing is conducted through several stages, each with its specific purpose: static
correction, subtract-mean (dewow), Butterworth bandpass, background removal, average subtraction,
and manual gain. Static correction aims to remove time-zero (Tz) before the following data processing
stage, as direct signals are unrelated to the subsurface conditions. Dewow removes very low frequencies
recorded on the radargram by applying a time window filter based on the filtered spectrum. Using
Butterworth bandpass, a bandpass filter is applied to clean the data from unnecessary frequencies
(noise). Background removal aims to remove common environmental elements from the data so that
anomalous material is more easily visible. Subtracting the average are applied to remove random signals
and low-frequency traces. Manual gain is used to amplify the signal on each trace independently. This
process is essential because signals weaken as they pass through the ground; some signal is lost to the
environment (attenuation), and some are reflected to the receiver [15]. Therefore, signal amplification is
required to maintain data quality as depth increases [10], [11].

The radargram interpretation process is conducted to determine the boundaries and type of material in
each soil layer. Therefore, the thickness of the peat layer and the type of layer below can be identified.
Soil layers have different dielectric constants and different reflection configuration patterns. These
patterns are reflection facies analysis correlated with the available lithological data. The types of reflection
configurations of each layer will indicate the characteristics of each layer with typical materials [16]. Figure
3 shows the relationship between the type of reflection configuration and its interpretation [8].
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Figure 3. Types of reflection configurations and its interpretation [8]
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Results and Discussion

Figure 4 shows the radargrams on track L1 and L6, showing the types of reflection configuration
interpreted as peat layer and clay layer. The part of the radargram that shows medium to high positive and
negative amplitude (blue, purple, green, and red) is interpreted as a peat layer. Radargrams in peat layers
are characterized by amplitude reflections with random/irregular diffraction and undulated (hummocky).
The part of the radargram that has a low amplitude and zero value (yellow) is interpreted as a clay layer.
The radargram amplitude of the clay layer shows characteristic small wavy reflections with some repetition
of a uniform pattern (parallel to wavy). This shows that the clay layer is indicated by a relatively lower
amplitude when compared to the peat layer. The pattern was consistent on all tracks, both on peat and

clay layers.

TME [rs)

DISTANCE [METER]
100

DISTANCE [VETER]
100

u'l'-
M
n |ulll 1

oy Peat layer \

m“‘ /
ey o ﬁl

TME ]

SR S

[swuilozoom w (43 130 1430

-16384
-12288

8192

8192
12288

16384

24576

32768

TIME [re]

DISTANCE [VETER]

:';V Y Iullvll

IH,||u nv
1 “‘ | \.-w

\,m‘.. /~;

(Clay layer

[suul oz’ 0= @ (43 130 HLd30
TIME fos]

T
0.‘": o

AL
i

J Ill I'

Ivl ] )V

L] Y Iy U ‘l ‘. ¥
M lu LG TR A O T e
1l T LI WA

a
H nm "u "
v -onm. -owun
om M‘u Il

i‘u‘ntll‘:;

45"""&. cERAATY 3":
Clay layer»

“ OO

[swudoze o= w (43 130 HLs30

8192
12288

16384

24576
28672

32768

(b)

Figure 4. Example of displaying types of reflection configurations on a radargram; tracks L1 (a) and L6 (b)
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The soil layer on each track is predicted to have different water content. This is indicated by the different
radargram amplitudes on each track even though they are in the same layer. Reflection amplitudes
appear stronger (higher contrast) in layers with higher water content due to the increased dielectric
contrast, whereas layers with lower water content produce weaker (lower contrast) amplitudes. The
amplitude display on the radargram is also affected by the length of the track and the number of traces.
The shorter the track, the more sloping the amplitude displayed on the radargram. Overall, the
interpretation results for track length and peat thickness are shown in Table 2.

Table 2. The peat thickness identified for each track

Tracks Peat thickness (m)
L1 1.55-2.36
L2 1.28-2.78
L3 1.07 - 2.37
L4 1.29-2.23
L5 1.38 —2.03
L6 1.50 - 2.12
L7 1.37 -1.99
L8 1.56 —1.95
L9 1.07 - 2.26
L10 1.45-2.22

The difference in reflected amplitude observed between peat and clay layers can be correlated with
variations in water content and dielectric properties, as explained by the basic electromagnetic principles
underlying the GPR method. The amplitude of electromagnetic wave reflections at the interface between
two layers is directly correlated with the reflection coefficient, which is determined by the difference in
electrical impedance or relative dielectric constant between the two materials [11]. Water content is a
key factor because water has a very high dielectric constant, so an increase in water content will
significantly increase the material's relative dielectric constant [10]. Water-saturated peat layers (water
content >80%) can have a very high relative dielectric constant, whereas even when saturated,
compacted clay soils typically exhibit a moderately high but comparatively lower dielectric constant.

Radargrams in peat layers exhibit random and hummocky diffraction, as shown in Figure 5. Peat layers
contain organic matter at varying levels of decomposition, leading to significant changes in their dielectric
properties [17]. This can increase the potential for amplitude reflection in areas with significant dielectric
changes. The high dielectric constant of water-saturated peat layers, in contrast to the lower dielectric
constant of the underlying clay, causes radar waves to experience significant velocity changes at the
boundary, resulting in a high impedance contrast [18]. This high impedance contrast leads to a high
reflection coefficient, causing a significant portion of the radar wave energy to be reflected to the GPR
antenna, which is recorded as strong amplitude reflections. The porous and heterogeneous structure of
peat can also amplify reflection signals due to variations in material density and composition [6].
Therefore, peat produces clearer and stronger reflection signals in GPR radargrams [11]. In addition,
some peat layers contain a high proportion of fine-grained material from decomposing plants, leading to
scattering of the reflected waves.

The low-amplitude reflection in the radargram at the research location is interpreted as a clay layer, as
shown in Figure 6. The amplitude of the radargram in the clay layer shows weak wavy reflection with
several repetitions of the same pattern (parallel to the wavy). This shows that a lower-amplitude reflection
than the peat layer indicates the clay layer. The clay layer is generally homogeneous, resulting in a
relatively stable radar response. It is characterized by weak GPR amplitude reflections due to its high
water-absorbing and retaining capacity. The high water content in clays increases their electrical
conductivity, significantly dampening radar waves as they propagate through the material [19]. In
addition, clay layers can have a high dielectric constant when saturated (though often still lower than
saturated peat), which slows the propagation velocity of radar waves, resulting in weaker reflected wave
energy at the GPR antenna [20]. The dispersion of the waves within the clay also results in attenuation
and dispersion of the power, weakening the returning reflection signal [21]. Therefore, GPR amplitude
reflections in clay soils are usually lower than in peat layers.

This result shows a consistent pattern based on the characteristic GPR reflection between peat and clay
on each track, increasing the reliability of non-destructive subsurface mapping in tropical peatlands. In
similar conditions and peat characteristics at other locations, it provides a reference for GPR surveys to
differentiate peat from clay in tropical environments. It offers essential subsurface data to improve carbon
stock estimates and assess hydrological risks in the peatlands of Kubu Raya Regency.
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Figure 5. The types of reflection configuration that is interpreted as peat layer
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Figure 6. The types of reflection configuration that is interpreted as clay layer
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Conclusions

This research successfully identified GPR reflection patterns of the subsurface layers of peatlands in
Kubu Raya Regency. The peat layer is clearly differentiated by its reflection pattern, characterized by
random/irregular and undulated (hummocky) with high amplitude. In contrast, the underlying clay layer
exhibits parallel to wavy reflections with low amplitude. The results also showed that the peat layer
thickness at the research location ranges from 1.07 m to 2.78 m. These reflection patterns are
characteristic of the physical properties of peat and clay layers. The peat layer is heterogeneous, rich
in organic matter, and produces strong reflections, while the clay layer is homogeneous, more
conductive, and produces weak reflections. These results provide a reference for GPR surveys to
differentiate peat from clay in tropical environments and provide essential subsurface data to improve
carbon stock estimates and assess hydrological risks in the peatlands of Kubu Raya Regency.
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