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Research on seawater intrusion has been carried out on the southern Tolonuo
Island, Tobelo Sub-district, North Halmahera Regency, Indonesia using the
Wenner-Schlumberger configuration resistivity geoelectric method supported by
the Naniura NRD 300 HF tool, this study aims to determine the distribution
pattern of seawater intrusion and to determine the resistivity value of each
subsurface rock layer in the study area. The measurement results are processed
using the RES2DINV software to obtain a 2-D pseudo resistivity section that
describes the distribution value of the layer that the soil surface is shown in color
images. The measurement results on line 1 show that there is seawater intrusion
with a resistivity value range of 0.338 m - 2.44 m which is at 4 - 20 meters with a
certain pattern, line 2 also has sea water intrusion at a depth of 5 m - 20 m with
a resistivity value of 1.31 Om - 6.50 Qm. On line 3, it is clear that there is a good
correlation between the intersection of line 1 and line 2, where there is a low
resistivity contrast on the line 1 with a stretch of 35 m - 50 m at a depth of 10 m
- 20 m and the line 2 with a span of 80 m - 100 m at a depth of 10 m - 20 m. The
distribution pattern of seawater intrusion from the south to the north of Tolonou
Village with a wide range of up to 200 meters from residential areas from the
shoreline. The research area has layers of clay rock with a resistivity value
between 30 - 80 Um, and breccia rocks around it with a resistivity value of 100 -
200 Om. On the other hand, between clay and breccia there is impermeable rock
which is thought to be conglomerate rock with a resistivity value of 200-500 Qm,
besides that in the study area there is also a layer suspected to be a groundwater
aquifer layer with a resistivity value (p) < 10 m.
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INTRODUCTION

Seawater intrusion is an event of infiltration or seepage of seawater into groundwater. Seawater
intrusion is a problem that often occurs in coastal areas (Kagabu et al,, 2013; Lyu et al., 2021; Skelton
etal.,, 2019; Umar Kura et al., 2013). Groundwater is one of the Natural Resources (NR) which has a
very important role for human survival because it can meet the supply of clean water suitable for
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consumption (Kagabu et al., 2013; Nunes et al., 2020; Pender et al., 1998; Skelton et al., 2019; Sobsey
& Pfaender, 2002). The increase in the need for clean water is proportional to the increase in
population and the development of an area. As the demand for clean water increases, the exploitation
of groundwater will be even greater (Anderson et al.,, 2009; Zemlicka, 1991).

In coastal areas, the decrease in ground water can cause intrusion or seepage of sea water into
the land because groundwater pressure is lower than sea water so that it is the only factor that can
interfere with groundwater quality (Bartram & Ballance, 1996; Division of Early Warning and
Assessment, 2003; FAO, 2016; Hosono & Masaki, 2020). South Tolonuo Island is one of the islands
located in the coastal area with a livelihood as fishermen and farmers. To meet their daily needs, the
village community only uses dug well water as the main source for their daily needs including for
consumption, while preliminary research shows that the quality of well water has decreased due to
the high DHL value, thus indicating the presence of mixing of salts. minerals that are assumed to occur
due to seawater intrusion (Jasechko et al., 2020).

To determine the distribution pattern of seawater intrusion and subsurface layers in South
Tolonuo Village, Indonesia, this study conducted measurements using the geoelectric method based
on differences in resistivity parameters. The resistivity geoelectric method is one method that is quite
widely used in the world of exploration, especially groundwater exploration because the resistivity
of rock is very sensitive to its water content where the earth is considered a resistor.

METHOD

In this study, a geophysical survey was conducted using a geoelectric with the Wenner-
Schulumberger configuration in South Tolonuo Village, Tobelo District, North Halmahera Regency,
Indonesia. The survey was conducted directly or at the research location for 1 month, in June 2019.
The study was conducted in June because the intensity of rain is small (dry season), so that noise
disturbance due to rainwater in the research area will be very small.

Resistivity Method

The geoelectric method can be used properly if there is a resistivity contrast between the
mediums. Contrast can be a medium that is relatively conducive to a non-conductive medium, or
there are lithological differences. Each type of subsurface rock has a different resistivity value. Each
resistivity depends on the density, water content, minerals, salt content, and porosity of the rock
(Sadjab et al., 2020). The working principle of geoelectricity is to measure resistivity by flowing an
electric current into rock or soil through two current electrodes, then the current is received by two
potential electrodes (Prastowo et al., 2019; Siregar & Kurniawan, 2018). The distance between the
electrodes can vary according to the specifics of the area and topography, so the resistivity value can
be calculated using Ohm's law. Let R be resistance (Ohm); A is the cross-sectional area of the medium
(m2), and L is the length of the medium (m), then based on Figure 1, the resistivity of the medium,
(dm) can be determined using equation 1 (Kumar et al., 2015),

p-RS (1)

According to Ohm's law that the resistance R of the medium can be mathematically calculated using
equation 2, as

AV
R=" 2
7 (2)
Following the potential difference between the edges of the medium AV and the injected current |,

then the resistivity can be calculated using the equation 3,

P =

V.4 (3)
Il L
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Figure 1. [llustration of medium through Wthh current |, length L and cross-sectional area A

Equation 3 applies to homogeneous media, so the result obtained is the true resistivity. But in
practice, the object being measured is the earth or the ground is not homogeneous because of the
different types of resistors, so the measured resistivity is the apparent resistivity. The apparent
resistivity value depends on the resistivity of the formation layer and the electrode configuration
used (Sadjab et al.,, 2012). The apparent resistivity is a formulated by the following equation 4.

AV
pa—KT (4)

where K is the geometric factor.

Wenner-Schlumberger Configuration

The Wenner-Schlumberger configuration is a configuration with a system of constant spacing
rules with a note that the "n" factor for this configuration is the ratio of the distance between the C1-
P1 (or C2-P2) electrodes to the space between P1-P2 as shown in Figure 2 (Raharjo & Sehah, 2018).
If the distance between the potential electrodes (P1 and P2) is a, then the distance between the
current electrodes (C1 and C2) is 2na + a. The process of determining the resistivity uses 4 electrodes

placed in a straight line, shown in Figure 2 (Kanata & Zubaidah, 2008).
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Figure 2. Wenner-Schlumberger configuration electrode position adjustment

The variable n is a multiple to indicate the observed layers. The Wenner-Schlumberger geometric
factor can be calculated using equation 5,

K =n(n+1)a (5)
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where is the distance between the electrodes P1 and P2, n is the ratio of the distances between the
electrodes C1-P1 and P1-P2 (eg 4a, then n = 4) so that all resistivity values obtained from the
measurement results are the same as equation 6,

Pa = 7r(n + 1)a A]—V (6)

The resistivity values for rock and mineral layers can be seen in Table 1.

Table 1. Rock and Mineral Layer Resistivity Value

No Material Type Resistivity (Qm)
1 Clay 1-100
2 Silt 10-200
3 Mudstone 3-70
4 Quartz 10-2x108
5 Sandstone 50-500
6 Limestone 100-500
7 lava 100-5x104
8 Meteoric Water 30-100
9 Surface water 10-100
10 Groundwater 0,5-300
11 Sea water 0,2
12 Breccia 75-200
13 Andesite Stone 100-200
14 Volcanic Tufa 20-100
15 Conglomerate Rock 2x103-1x104
16 Basalt Stone 1x103-1x106
17 Granite Stone 5x103-1x106
18 Slate 6x102-4x107
19 Soil 0,60
20 Soil 16,7
21 Sand 0,95
22 Sand 8,3
23 Gravel 100-600

(Source : Data from W.M. Telford, 1991)

Data Collection Techniques

The research was conducted by direct observation and measurements in the field. The research
location is approximately 100 meters from the residential area of South Tolonuo Village, Tobelo
District, North Halmahera Regency. The study was conducted at 3 measurement points with a line
length of 100 meters and 150 meters. The measurement at point 1, the length of the line is 150
meters, the direction of the stretch is north to south, residential areas. The point 2 community
plantation area. And point 3 stretching from east to west, namely from the plantation area to the
residential area can be seen in Figure 3, the distance from point 1 to point 2 is 100 meters and line
3 is crosswise or the intersection between line 1 and line 2. Conditions of the research area for points
1, 2, and 3 are relatively flat covering the residents' plantations to residential areas, with sunny
weather at the time of measurement.
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Figure 3. Research site map and research survey design

The research process starts from preparation, literature study, data acquisition, processing
using software and analysis and interpretation. Graphically, the research procedure can be shown in
Figure 4. Preparation begins with a literature study of the geological data of the research area and
information related to brackish well water in South Tolonuo Village, by conducting interviews with
villagers, as well as conducting field surveys (Nafian et al., 2022). Furthermore, data acquisition is
carried out, with data acquisition covering the implementation of data collection activities in the field,
in this case using a geoelectric tool to obtain the value of the current injection (I) and the value of the
voltage (V), the current and voltage injection value data are then processed to obtain the resistivity
value which is then processed. reprocessed using RES2DINV software to get a 2D cross-sectional
model (Jamaluddin & Umar, 2018). This software works based on the inversion technique
related to the last square method (Pratiwi et al., 2019). RES2DINV is an exact algorithm
which is considered good for inversion of 2D resistivity data, and there is good scientific
literature where the RMS of 2D electrical imaging is greater than 10% (Satriani et al., 2012).
The results of the processing in the form of a 2D cross-section of rock layer resistivity in the
form of color images were then analyzed and interpreted to determine the distribution
pattern of seawater intrusion and the type of subsurface layering in Tolonuo Selatan Village,
Tobelo District, North Halmahera Regency, Indonesia.
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Figure 4. Research Flowchart

RESULTS AND DISCUSSION

The physiography of the research area is divided into 3 parts, namely the Mandala of West
Halmahera, the Mandala of East Halmahera and the Quaternary Volcano (Hall, 2018). The dominant
rocks in the study area include Alluvium, Tufa, Andesite, Sediment, Clay, Marble, Conglomerate,
Ultramafic, Breccia, and Metamorphic Rocks (Figure 5).

The stratigraphy of the study area consists of 17 formations that range from pre-Cretaceous to
Holocene ages. The rock structure consists of Sedimentary Rocks with Dodaga Formation (Kd),
Limestone Unit, Dogosagu Formation (Tped), Conglomerate Unit (Tpec), Tutuli Formation (Tomt),
Conglomerate (Tmpc), Tingteng Formation (Tmpt), Veda Formation (Tmpw ) ), and Coral Limestone
(QD). Surface Deposits with Alluvium and Coastal Deposits (Qa). Volcanic Rocks with the composition
of Bacan Formation (Tomb), Kayasa Formation (Qpk), Tufa Unit (Qht), Volcanic Holocene Rock (Qhv).
Igneous rocks consist of Ultrabasic Rock (Ub), Gabbro (Gb) and Diorite (Di) (Figure 5).
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Figure 5. Geological Map of Halmahera Island and Surrounding Areas (Hall, 2018)

2D Cross-sectional Resistivity of Rock and Mineral Layers

The data obtained from direct observation in the field are current (I), voltage (AV), apparent
resistivity (p), datum point data, spacing, and number of layers. The data obtained was then
processed using the RES2DINV software for the three line s around the residential area of South
Tolonuo Village. The result of this software processing is in the form of a 2-D inversion which can
then be saved in (xyz) format. Data in (xyz) format consists of accumulated electrode distance, actual
resistivity value, current penetration depth, and subsurface conductivity based on the measurement
results.

Line 1 is located at the coordinates 1°46°47” LU and 128° 0’2", This line point is 100 meters
from the beach. Based on the resistivity contour image processing with the RES2DINV software
(Figure 6), it can be seen that there is a resistivity contrast with the green color image which has a
resistivity value between 5,5 Qm - 7 OQm which is at a depth of 9 - 20 meters, this layer is interpreted
as a groundwater aquifer layer., this is also evidenced by the water source excavated close to the line
point has a depth of 10 - 20 meters. At a depth of 2-10 meters below the surface there are clay rocks
around the groundwater aquifer (yellow color image) with a resistivity value between 30 - 80 Qm,
then it is seen that there are water-resistant rocks with resistivity values between 100 - 300 Qm
these rocks are thought to be conglomerate rocks forming bolder-bolders which are geologically
present at the research site, because of the presence of these impermeable rocks, causing
Groundwater collects and enters the groundwater aquifer. Line 1 also shows the presence of
seawater intrusion, this can be seen from the resistivity contrast with the dark blue color image to
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light blue with a resistivity value range of 0.338 (0m - 2.44 Qm, the color image of this layer starts
from a depth of 4 - 20 meters with a certain pattern, this layer is interpreted as a layer of salt water
that has entered the subsurface groundwater aquifer through the intrusion process. This
interpretation is strengthened because of the shape of the flow pattern of seawater intrusion that
forms spots, and is also supported by testing the groundwater of the line that has been contaminated
by saltwater due to the seawater intrusion process.
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Figure 6. 2D Section Resistivity of Rock Layer on Line 1

Line 2 is located at coordinates 1946’14.42”LU and 128%50.49”BT. This trajectory point is
parallel to line 1 with a distance between trajectories of 100 m, based on the geology of the research
area in Figure 7 the yellow to red color image as in the first trajectory is interpreted as clay rock that
passes water which is at a depth of 2 - 10 m from the surface with a resistivity value 36 Om - 80 Qm,
then at a depth of 3-12 meters there are breccia rocks with resistivity values between 100 - 200 Om
(brown color image), between clay rocks and breccias there are also conglomerate rocks, this is
correlated with the stratigraphic arrangement of the study area, these rocks are shown in red images
to purple with a resistivity value between 200 - 500 Qm, form bolder-bolder and is this rock that is
impermeable to water. While the light blue to dark blue color images are very large seawater
intrusions when viewed from line 1, the intrusion (Figure 6) is still small at a stretch of 80 m - 120
m and a depth of 10 m - 20 m, while on line 2 there are already seawater intrusion on a stretch of 35
m - 112 m with a depth of 5 m - 20 m with a resistivity value 1.31 Qm - 6.50 Qm this layer is
interpreted as salt water that has entered the subsurface groundwater aquifer.
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Figure 7. 2D Section Resistivity of Rock Layer on Line 2

Line 3 is located at coordinates 1°46’39” LU and 12800°39”. This line is the result of
measurements that are perpendicular to cross line 1 and 2, this trajectory is carried out in order to
obtain a direct correlation or relationship between trajectory 1 and trajectory 2. Based on the pseudo
2-D cross-section of the resistivity contour processed with the RES2DINV software (Figure 8), it is
clear that there is a good correlation between the intersection of line 1 and line 2, where there is a
low resistivity contrast on the right side (line 1) with a stretch distance of 35 m - 50 m at a depth of
10m - 20m and the left side (line 2) with a stretch distance of 80 m-100 m at a depth of 10m - 20m,
this shows that there have been indications of seawater intrusion on the two lines, this interpretation
is shown by the contrast blue resistivity image with low resistivity value (p < 5 QOm) with a
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distribution pattern of sea water intrusion from the south to the north of Tolonou Village with a wide
range of up to 200 meters from residential areas from the beach. Based on the pseudo 2-D cross-
section of line 3, it can also be seen that there is a suitability of impermeable rock boundaries with
high resistivity values as shown in the pseudo 2-D cross-section of lines 1 and 2 (Figure 8).
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Figure 8. 2D Section Resistivity of Rock Layer on Line 3

CONCLUSION

Based on the results of data analysis, it was concluded that at a distance of 100 m to 200 m from the
shoreline it was contaminated with seawater intrusion on line 1, seawater intrusion occurred at a
depth of 4-20 meters with a resistivity value 0.338 Om - 2.44 Qm, while on line 2 occurs at a stretch
of 35 m - 112 m with a depth of 5 m - 20 m with a resistivity value 1.31 Om - 6.50 Qm, and line 3
shows a good correlation between line 1 and 2, this is because this line intersects the two lines. The
distance of community houses from the shoreline is only about 5 m, the nearest and the furthest is
about 30 m. Therefore, it is indicated that the source of clean water on South Tolonuo Island, Tobelo
District, North Halmahera Regency has experienced intrusion with a distribution pattern from the
south to the north of the village, with a wide range of up to 200 meters from residential areas from
the coast. In addition, based on the results of the 2-D pseudo resistivity section below the surface for
each line, in the study area there is a layer of clay rock with a resistivity value between 30 - 80 Qm.
Then there are also breccia rocks around it with resistivity values between 100 - 200 0m, between
clay and breccia there is impermeable rock which is thought to be conglomerate rock with resistivity
value 200 - 500 Qm, this rock layer has a correlation with the stratigraphic arrangement of the
research area, besides that in the research area there is also a layer that is suspected to be a
groundwater aquifer layer with a resistivity value (p) < 10Qm.
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