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Abstract — This study explores the application of the Vertical Electrical Sounding (VES) method for identifying potential
slip surfaces in the Desa Seumadam region, a known landslide-prone area. By employing geophysical techniques, the
assessment has been made in order to delineate the subsurface characteristics for slip surface identification landslide volume
estimation. Based on data interpretation regarding the resistivity model of the subsurface in the study atea, the slip surface
or weak zone is classified as a clay layer underlain by sand and clayey sand layer. The clay is identified with resistivity value
varying from 7 — 54.5 Qm and located at depth of 6 to 11.68 m while the sand and clayey sand layer are categorized with
resistivity value of 4 — 1395 Qm with a thickness of <11.68 m. As for the estimation of landslide volume, the calculation
was made using the landslide mass volume potential approach and found that the landslide volume is estimated at around
2.139 m3. It is believed that the study not only reveals the potential slip surface of the study area but also enhances the
understanding of landslide mechanisms. The findings reveal valuable insights into the geological factors contributing to
landslides, facilitating informed decision-making for landslide risk mitigation and land-use planning.
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Introduction

Geological disasters, such as landslides, are a recurring phenomenon in various regions, primarily when
specific contributing factors align. This occurrence is largely attributed to the natural equilibrium process (Arif
and Widodo, 2008). Examining the causal factors behind landslides, several key elements stand out, including
geology, vegetation, climate, and land use. As Indonesia enters the rainy season, there is a heightened
susceptibility to landslides, presenting both economic and life-threatening repercussions (Souisa e# al., 2010).
Notably, soil conditions in a given area are significantly influenced by the intensity of rainfall, with heavy rains
saturating the soil by infiltrating its pores. This saturation, in turn, compromises the soil's ability to support
structures placed upon it (Bujung ez /., 2019).

Seumadam region, which is located at the border of Aceh and North Sumatera Province, is classified as one
of the areas in Aceh Province which prone to landslide phenomenon. It is emphasized by the data provided by
the National Disaster Management Agency in 2019 classifies, Seumadam Region, as a moderately hazardous
landslide-prone area (BNPB, 2019). This classification underscores the region's substantial susceptibility to
landslide occurrences, especially during the rainy season, as substantiated by the landslides that transpired in
2022. These incidents culminated in a complete blockade of the Medan — Banda Aceh national road, attributing
the obstruction to soil accumulation resulting from landslides. Furthermore, this calamity propagated a domino
effect, leading to severe traffic congestion and consequently, disrupting socio-economic activities for
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communities residing along the East to West Provincial route in Aceh. In response to that, this paper will provide
a preliminary study regarding the cause and feasibility of the landslide by conducting the geophysical method.

Regarding the landslide investigation, various study attempts to explain the soil structure through field
investigation. In fact, soil structure investigations are typically conducted at a smaller or limited scale (Helliwell
et al., 2013; Schlitter ¢t al., 2014), primarily due to the constraints imposed by the precision of imaging capabilities.
Nevertheless, conventional soil structure studies are beset by several limitations. Specifically, these limitations
pertain to the capacity of traditional methods to swiftly yield non-invasive insights into soil conditions while
maintaining cost-efficiency. According to these considerations, this research presents an approach to address the
challenges inherent in identifying soil structures, particularly in delineating potential slip zones within landslide-
prone areas. The proposed approach seeks to optimize efficiency by harnessing geophysical techniques, with a
particular emphasis on the Vertical Electrical Sounding (VES) method. The evolution of geophysical
methodologies has seen widespread adoption in the realm of soil structure investigations due to its inherent
ability to promptly furnish dependable information without necessitating perturbations to the natural state of
the land or the designated area of interest. Furthermore, these methods are characterized by relatively modest
measurement costs (Sabrian ez al., 2019; Syukti ef al., 2020).

Several prior studies, conducted by various researchers, have delved into the investigation of landslide-prone
areas employing geophysical methods (Abdullah ez 4/, 2020; Christopher ef al., 2023; Pratiwi et al, 2019;
Tejakusuma, 2020). These earlier investigations have generally spanned various regions across Indonesia and
have predominantly utilized the Electrical Resistivity Tomography (ERT) method, frequently referred to as the
2D geoelectric method.

In this particular study, the research endeavours to elucidate the soil structure as a crucial component in the
tield-based identification of potential slip zones within landslide-prone areas. This objective is pursued through
the application of the 1D geoelectric method, also known as the VES method (Vertical Electrical Sounding),
which assesses subsurface conditions along a single dimension. Furthermore, the outcomes derived from the
lower cross-sectional model will serve as a pivotal reference for the estimation of the volume of embankments
susceptible to landslide events.

General Geology

The study was conducted in the eastern part of Aceh Tamiang district, an area characterized by its hilly and
mountainous terrain from a geomorphological perspective. In terms of geological stratigraphy, this region falls
within the Langsa regional stratigraphy framework as shown by the geology map in Figure 1.
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Figure 1. Geology map of Aceh Tamiang district.
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The geological history of the area reveals a sequence of rock formations, with the oldest being the Paleozoic
Bahorok (Pub) formation, which is subsequently overlain by the Kaloi Limestone Formation (MPkl). Tampur
Limestone Formation (Totl), which dates to the early Oligocene period overlain the Kaloi Limestone Formation,
and is followed by the Bruksah Formation (Tob). Moving forward in geological time, the Miocene epoch
introduces several formations, including the Bampo Formation (Tmb), the Baong Formation (Tmb), the
Seureula Formation (Tps), the Keutapang Formation (Tuk), the Julu Rayeu Formation (QTjr), and the Idi
Formation (Qpi). It is worth noting that these formations eventually evolved into Alluvial (Qa) deposits,
indicating a transition towards sedimentary environments. Hereinafter, the research primarily focused on the
hilly and mountainous areas which are predominantly formed by Alluvial deposits.

Material and Methods

The research methodology employed in this study is the 1D geoelectric method, commonly known as Vertical
Electrical Sounding (VES). This method stands as one of the most widely favored approaches for delineating
the subsurface structure of the Earth, with a specific focus on identifying potential slip surfaces within the target
area (Alonso-Pandavenes e a/, 2023; Sunaryo et al, 2019). In essence, the operational principle of this 1D
resistance geoelectric method revolves around the injection of electric current into the Earth's subsurface,
thereby facilitating the measurement of potential differences among the various rock layers concealed beneath
the Earth's surface (Figure 2). The measurements are executed utilizing a configuration of four electrodes
arranged sequentially. Among these electrodes, two are assigned the task of introducing electric current into the
soil, each bearing different charges. Simultaneously, the remaining two electrodes serve as instruments for
gauging the voltage generated by the current flowing between the soil and the aforementioned electrodes, thus
enabling the comprehensive characterization of subsurface conditions. In addition, a number of prior
investigations pertaining to the resistivity values of soil and rocks have been employed as foundational references
for estimating subsurface structures within the confines of the research area (Arekumo and Oghale, 2019; Park
et al., 2017). The following formula is used to characterize the subsurface shown by equation 1.

Pa = KAV/I 1)
Where, pa = resistivity (ohm.m), AV = potential difference, K = geometric factor, I = current.

In particular, in this research, Schlumberger array was utilized. It is based on the consideration that the
Schlumberger array is one of the most commonly array used in VES measurement and this type of array provide
a more detailed and accurate measurement of the subsurface (Akintorinwa and Abiola, 2020). A total of four
measurement points were utilized in order to obtain the information on the subsurface with maximum spacing
between electrodes is up to 40 m. The point alignment was set as shown in Figure 3 in order to obtain not only
the information regarding the subsurface to identify the slip surface for landslide study, but also to predict the
overburden volume that collapse if the landslide occurs. The formula used to calculate the landslide volume is
shown in Equation 2.

V==:m(ldw) @
Where:

v = volume of landslide (m?3)

1 = length of slip surface (m)

d = thickness of slip surface (m)

w = width of slip surface (m)
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Figure 3. Measurement points at study area

The data processing was made using a P with AGI EarthImager™ 1D. The model of the subsurface layer based
on resistivity value was processed using the software Surfer to interpret the slip surface for the landslide study.

Results

Figure 4a illustrates the result of VES measurements conducted at point Seumadam 1, situated at coordinates
4°11'14.87"N and 98° 3'15.56"E. Through a comprehensive analysis of resistivity vatiations within the
subsurface, it has discerned that the geological composition within the research area comprises multiple strata,
encompassing sandy soils, clayey sand, and clay. Moreover, following an exhaustive interpretation process aimed
atidentifying potential landslide-prone zones, the subsurface cross-sectional model at Seumadam 1 measurement
point has been stratified into three primary layers, as depicted in Figure 4b. The initial layer, spanning a depth of
less than 0.5 meters and characterized by resistivity values ranging from 139 — 379 Qm, is predominantly
composed of dry sandy soils. Additionally, the second layer, extending from 0.5 to 3.05 meters in depth, has
been classified as a clayey sand layer, exhibiting resistivity values ranging from 11 — 93 Qm. Henceforth, the
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tertiary stratum, discerned at a depth ranging from 6.10 to 22 meters, predominantly consists of clay characterized

by a resistivity value within the range of 6 to 33 Qm.
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Figure 4. VES result of Seumadam 1; (a) subsurface layer processed by AGI EarthImager™ 1D,
(b) interpreted subsurface layer of Seumadam 1.

Figure 5 presents the results of Vertical Electrical Sounding (VES) measurements conducted at the
Seumadam 2 measurement point. The obtained data reveals a range of resistivity values spanning from 12 to
1395 Qm, encompassing a depth of 22 meters. Based on these resistivity values, the soil types in this region have
been categorized as comprising sandy soils, clayey sand, and clay. At the point Seumadam 2, three primary zones
have been delineated. The initial zone, or layer, is characterized by a dominance of sandy soils, displaying a
resistivity value range of 12 to 1395 Qm, and is situated at a depth of less than 6.37 meters. Subsequently, the
second layer is identified as a clayey sand layer with a resistivity value of 333 Q2m, extending from a depth of 6.37
meters to 11.7 meters. Lattermost, the fourth layer, with depth of 11.7 — 22 meters has been classified as a clay
layer with resistivity value of 50 Qm (Figure 5b).
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Figure 5. VES result of Seumadam 2; (a) subsurface layer processed by AGI EarthImager™ 1D, (b)
interpreted subsurface layer of Seumadam 2

Figure 6 presents the results of Vertical Electrical Sounding (VES) measurements that depict the subsurface
profile at the Seumadam 3 measurement point. The resistivity measurements of the subsurface layers at this
point reveal the presence of three primary strata, which consist of clayey sand, clay, and sandstone. Clayey sand
is identified at depths shallower than 7.6 meters, characterized by resistivity values ranging from 5 to 13.4 Qm.
Clay layers are encountered at depths between 7.6 and 11.22 meters, marked by a resistivity value of
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approximately 33 Qm. The subsequent layer, constituting the third stratum, is composed of sandstone with a
resistivity value of 162 Qm, identified at depths ranging from 11.22 to 22 meters. The layer classification and
interpretation results are succinctly depicted in Figure 6b.
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Figure 6. VES result of Seumadam 2; (a) subsurface layer processed by AGI EarthImager™ 1D, (b)
interpreted subsurface layer of Seumadam 3

The results of subsurface layer measurements utilizing the VES method at point Seumadam 4 are displayed
in Figure 7. The identified resistivity values exhibit a range of 5 to 166.8 Qm. From these results, a subsurface
layer interpretation was conducted, revealing that this measurement point comprises three distinct strata. The
first stratum consists of clayey sand, with resistivity values ranging from 5 to 19.6 Qm, and is found at depths
shallower than 6.96 meters. Subsequently, the second stratum, composed of clay, is encountered at depths
between 6.96 and 9.18 meters, with a resistivity value of 54.4 Qm. The third stratum, which is presumably
comprised of sandstone, is situated at depths of 9.18 to 22 meters and has been identified with a resistivity value
of 166 Qm. A simplified interpretation of the subsurface layers at Seumadam 4 is presented in Figure 8 for clarity.
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Figure 7. VES result of Seumadam 1; (a) subsurface layer processed by AGI EarthImager™ 1D, (b)
interpreted subsurface layer of Seumadam 4.

Furthermore, based on the calculations conducted using Equation 2 to predict the total mass of potential
landslides in the research area, it has been determined that the predicted landslide volume at the study site is
approximately 2252.5 m3. The calculation employed in this study utilized the landslide mass volume potential
approach, wherein the average dimensions of length, width, and thickness of the layer above the clay stratum at
each measurement point were considered. The specifics of each measurement point are detailed in Table 1.
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Table 1. Detailed of length, width, and thickness of measurement points

Length (m)
Seumadam 1 — Seumadam 2 18
Seumadam 3 — Seumadam 4 24
Width (m)
Seumadam 1 — Seumadam 3 31
Seumadam 2 — Seumadam 4 25
Thickness (m)
Seumadam 1 3.05
Seumadam 2 11.68
Seumadam 3 7.6
Seumadam 4 6.96

Discussion

Given the documented occurrence of landslide events in the study area, with visible remnants persisting in
various locations, the primary objective of this research is to ascertain the underlying cause of these landslides
by pinpointing the slip surface or weak zone responsible. This critical endeavor is achieved through the
application of the geoelectrical method, a well-established and widely employed technique within the field of
landslide studies (Alonso-Pandavenes ez al., 2023; Jianjun ez al., 2020;). Preceding the identification of the slip
surface, a pivotal phase involves the classification of subsurface soil layers based on the interpretation of the
resistivity model. It is essential to note that this interpretation is not solely reliant on resistivity values, as many
soil and rock types exhibit overlapping resistivity values. In this context, the geological characteristics and
configuration of the study area assume a vital role in facilitating accurate data interpretation.

Through interpretation, it has been determined that the layer composed of clay is categorized as a potential
slip surface. The classification of the clay layer as a potential slip surface is grounded in the fact that this layer
exhibits low levels of porosity and permeability. This characteristic hinders the movement of water accumulated
in the layer above it, which is a permeable clayey sand layer. Consequently, the increasing load due to water
accumulation diminishes the cohesion and friction between the clay layer and the clayey sand layer, thereby
elevating the potential for landslides. This reduction in shear strength is also influenced by increased pore
pressure within the clayey sand layer (Souisa ef a/., 2016b).

Henceforth, it is believed that the landslide volume calculated based on geophysical approach gave a
significant effect when the events occurred. Moreover, the identified landslide-prone area is strategically situated,
encompassing a crucial zone, specifically along a national thoroughfare linking two provinces. The potential
threat of fatalities resulting from soil entrapment remains ever-present for road users. Additionally, the
disturbance of this key transportation route is poised to exert a noteworthy influence on the economic landscape
of the region. Considering this discovery, it is anticipated that the local government will proactively implement
targeted measures to preclude the onset of landslides, acknowledging the persistent likelihood of such
catastrophic events reoccurring.

Conclusion

The application of the Vertical Electrical Sounding (VES) method has proven highly effective in elucidating
the underlying cause of the landslide phenomenon and providing valuable insights into landslide volume
estimation within the study area. The identification of the slip surface or weak zone has been accomplished
through a meticulous process involving the classification and interpretation of resistivity models derived from
the VES method. This research culminates in the determination that the slip surface can be characterized as a
clay layer, which is underlain by a substantial layer comprised primarily of sand and clayey sand. This
categorization has been established by considering the distinctive physical properties of clay, notably its low
porosity and permeability. This particular geological configuration renders the overlying layers susceptible to
collapse under the influence of excessive rainfall-induced weight. The clay layer, pivotal in this context, is situated
at depths ranging from 3.05 to 11.68 meters, exhibiting resistivity values within the range of 6 to 54.4 Qm.
Meanwhile, the layers consisting of sand classified by resistivity values within the range of 12 to 1395 Qm, extend
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to a depth not exceeding 6.4 meters while the clayey sand identified at depth of 0.5 — 11.68 meters. The research
also concludes the estimation of landslide volume which is approximately around 2252.5 m3.
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