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ABSTRACT

Suradadi District is one of the districts in Tegal Regency, located in the Pantura (North Coast) area of Java.
The availability of clean water is a significant issue in coastal regions, as wells that have been dug often yield
brackish to saline water. The objective of this study is to identify the distribution of seawater intrusion in the
coastal area of Suradadi District, Tegal Regency. The method employed is the Vertical Electrical Sounding
(VES) geoelectrical method at five measurement points, each spaced approximately 600 meters apart. Data
acquisition was carried out at five parallel lines, with point spacing ranging from 300 to 1000 meters. Seawater
intrusion in the study area is widespread, extending up to approximately £2300 meters inland from the
coastline. Intrusion was identified at depth intervals as follows: point 1 at depths of 0.5-27 meters, point 2 at

1-27 meters, point 3 at 3.5—13 meters, point 4 at 10—14 meters, and point 5 at 14—17 meters. The extent of
intrusion in this area is primarily attributed to the lithological composition, which is dominated by alluvial
deposits consisting of sand, silt, and clay.
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INTRODUCTION

Saltwater intrusion, defined as the infiltration of seawater into coastal aquifers, poses a
critical threat to freshwater availability and public health in coastal regions (USGS, 2024). As
coastal communities experience increased freshwater withdrawals driven by population
growth and regional development, the natural hydraulic barrier is weakened, causing saline
water to encroach inland (Frontiersin, 2021). In Indonesia, studies such as Pramita et al. (2021)
in Demak and research in Cilacap indicate that intensive groundwater pumping combined with
land subsidence and sea-level rise accelerates saltwater intrusion and degrades water quality
(Pramita et al., 2021; ResearchGate, 2018). Furthermore, Perri & Molini (2022) found that
rising salinity impairs the hydrologic function of coastal wetlands, which are critical natural
buffers against saltwater incursion. In addition to environmental dimensions, Mueller et al.
(2024) showed that communities relying on saline groundwater are exposed to heightened
hypertension risks, especially under climate-induced sea-level rise scenarios. Recent field
studies (e.g., Semarang, 2023) document that saltwater intrusion leads to unacceptable
drinking water salinity within 1-2km inland from the shoreline. Consequently, the
Purwahamba Indah region in Tegal—located in a public-facility-dense coastal zone—is
highly vulnerable to these combined hydrogeological and socio-environmental stresses. The
survey results suggest the possibility of groundwater exploitation, which may have led to
saltwater intrusion (Motevalli et al., 2018; Polemio & Walraevens, 2019). Therefore, a study
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was conducted to identify saltwater intrusion in this location using the geoelectrical method.
Geoelectrical methods can depict the resistivity values of rocks, which are related to their
physical properties, such as water saturation, porosity, permeability, and rock formation
(Simpen, 2015). In this study, the Schlumberger configuration was used because it is effective
for acquiring sounding data (Sakka, 2001). The resistivity sounding measurements were then
interpreted based on their resistivity values, and correlations between points were made to
develop a model of saltwater intrusion distribution.

Rahmawati et al. (2020) successfully applied Schlumberger-configured geoelectrical
resistivity to map coastal saltwater intrusion in Java but did not fully account for the dynamic
effects of industrialization and urban expansion. Subsequent studies by Hasan et al. (2021) in
Malang used Wenner-array resistivity surveys and emphasized that intensive groundwater
withdrawals for agriculture and industry amplify intrusion risk under high-porosity
lithologies. Vann et al. (2020) demonstrated in Phuket that urban and tourism-driven
extraction significantly reduce freshwater hydraulic heads, increasing seawater encroachment.
A systematic review by Kazakis et al. (2016) integrated geoelectrical techniques with
hydrochemical analysis and found that urban pumping rates directly correlate with the inland
penetration of salinity. Furthermore, Putro (2020) used 3D resistivity and precipitation data in
Semarang to show that seasonal recharge delays amplify saltwater advance during dry months.
A recent simulation by Litvinenko et al. (2023) highlighted that uncertain porosity and
anthropogenic abstraction necessitate high-resolution resistivity inversion to model saltwater
dynamics. Finally, the experimental work by Masrini et al. (2023) indicated geophysical
models must integrate proximate industrial discharge and extraction pumpage to accurately
delineate intrusion fronts. Together, these studies suggest that combining geoelectrical
mapping with socio-economic groundwater usage data can offer a more holistic understanding
of saltwater intrusion in rapidly urbanizing areas addressing Rahmawati et al.'s noted gaps.
Another study by Suryani and Prasetyo (2020) used similar methods to identify saltwater
intrusion in Bali's coastal aquifers. While their work effectively demonstrated the presence of
intrusion in vulnerable areas, it did not consider the long-term impacts of increasing demand
for water due to population growth and urban development. Furthermore, their study did not
integrate detailed land-use factors or examine the environmental policies needed to mitigate
the intrusion.

The purpose of this study is to analyze saltwater intrusion in the Purwahamba Indah area
of Tegal City, using geoelectrical methods to develop a model of intrusion distribution, while
considering the socio-economic and environmental factors that contribute to the problem. The
study's findings will support efforts to ensure a reliable clean water supply, promote
sustainable urban development, and mitigate the negative effects of saltwater intrusion in
coastal areas.

METHOD

The method used is the vertical electrical sounding (VES) geoelectric method at five
measurement points with each span of 600 m.
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Figure 1. The design of vertical electrical sounding survey at the research area

The measurements were conducted in Suradadi District, Tegal Regency, using a Syscal
instrument with a 600-meter cable spread oriented west-east. The first point, named SI, is
located exactly 10 meters from the coastline, still within the coastal area. The next point, S2, is
situated 800 meters from the coastline, or approximately 790 meters from the first point. Points
S3, S4, and S5 are each spaced 500 meters apart from the previous point, forming a straight
line that extends 2,300 meters from the coastline. The measurements at the first point are
located in a sandy area. Meanwhile, points S2, S3, S4, and S5 are situated in rice fields. The
distance between the first and second points is relatively long because measurements could not
be conducted between them due to the presence of residential settlements.
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Figure 2. Flowchart of research

The data processing workflow (Figure 2) for the Vertical Electrical Sounding (VES)
method begins with data acquisition, where voltage (V) and current (I) measurements are taken
in the field. The collected data is then entered into Microsoft Excel for initial processing.
Subsequently, the data is further processed using Progress Software to generate a 1D model
that depicts the subsurface resistivity profile. Additionally, the data is processed using
CorelDraw Software to create a correlation model that links the processed data from multiple
measurement points. This correlation model aids in the visualization and further analysis of
saltwater intrusion distribution or aquifer conditions in the study area.
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RESULTS AND DISCUSSION

illustrates that the depth of the 1D model can vary depending on the maximum spread
achieved by the cables and electrodes during measurement. The resistivity values are clearly
depicted in the image, showing a dominance of low resistivity values. This is due to the
Suradadi area being composed of volcanic rock and sediment, which have low resistivity
characteristics. Points S1 through S5 are combined in a correlation to determine the extent of
saltwater intrusion distribution.
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Figure 3. Correlation 1D model of point 1 — 5 of VES Data

Table 2. Sea water Interpretation from the 1D Model

Point Distance from The Sea Depth of Intrusion Thickness of Intrusion
S1 10 m 0,2m 28 m
S2 800 m 2m 25m
S3 1300 m 4m 10 m
S4 1800 m 10 m 4m
S5 2300 m 14m 2m

The geoelectrical data processing results in the Suradadi area of Tegal reveal significant
variations in the depth and thickness of saltwater intrusion across different locations, as shown
in (Table 2). At point S1, which is 10 meters from the sea, saltwater intrusion is detected at a
depth of 0.2 meters with a thickness of 28 meters, indicating that this area is highly susceptible
to saltwater intrusion. At point S2, located 800 meters from the sea, intrusion begins to be
detected at a depth of 2 meters with a thickness of 25 meters, suggesting that the influence of
seawater remains strong despite being farther from the coastline.

Further inland, at point S3, which is 1300 meters from the sea, intrusion is detected at a
depth of 4 meters, with a thinner layer of 10 meters. At point S4, 1800 meters from the sea,
intrusion is found at a depth of 10 meters with a thickness of 4 meters, and at point S5 which
is 2300 meters from the sea, intrusion occurs at a depth of 14 meters with a thickness of only
2 meters. These results indicate that as the distance from the coastline increases, the depth of
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the intrusion tends to increase, but its thickness decreases, reflecting a reduction in the influence
of seawater on the inland aquifer.

Figure 4. (a) 2D lithology modeling without elevation; (b) 2D lithology modeling with elevation

In (Figure 4), seawater is characterized by the green color, which indicates very low
resistivity values. Below this, there is sandstone or soil that is suspected to be mixed with
seawater, resulting in a slightly higher resistivity. The groundwater aquifer zone is shown in
light blue, which increases in resistivity as it moves away from the coast. The seawater
intrusion becomes less pronounced as one moves further from the shore. Additionally, there is
a zone with thick soil between points S1 and S2 due to the residential area.

CONCLUSION

The geoelectrical study conducted in the Suradadi area of Tegal reveals extensive
seawater intrusion, with depth and thickness varying by proximity to the coastline. Seawater
intrusion is more pronounced at locations nearer the coast, occurring at shallower depths with
greater thickness, while further inland, the intrusion becomes deeper and thinner, indicating
diminished seawater influence on the aquifer. The dominance of low resistivity values across
the area is attributed to the presence of volcanic rocks and fine sediments, with very low
resistivity zones marking areas of active seawater intrusion. In contrast, higher resistivity
values inland suggest more freshwater-dominated aquifer zones. Notably, a thick soil zone
between points S1 and S2, influenced by a residential area, affects local resistivity distribution.
Future research should integrate hydrochemical analysis and long-term monitoring to better
quantify the rate of seawater intrusion and assess the influence of human activities such as land
use and groundwater extraction on coastal aquifer vulnerability.
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