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Abstract — Groundwater sustainability has become a setious issue as a water resource needed by society. Therefore,
electrical Resistivity Imaging was cartied out at Rumbio Jaya, Kampar, and Riau to study groundwater aquifet's electrical
characteristics. The equipment used is a Geocis resistivity meter with (32) multi-electrodes alignment. Wenner configuration
electrode was applied in this survey. The 2-D Electrical Resistivity inversion results indicate there are three resistivity zones;
(1) Low tesistivity value (0.0093 — 4.84 Qm) representing conductive clay; (2) intermediate resistivity value (1.07 — 171 Qm)
indicate as potential aquifer layer; and (3) a high resistivity value (61 — 4000 Qm) occupying as bolder of rock. All the zones
have different thicknesses and depths, but mostly clay layers dan boulders are shown as lenses in the aquifer of the study
area. Meanwhile, the aquifer layer is found easilyat a depth of 1 meter up to 30 meters.
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Introduction

The need for water is a basic need for the life of living things. The need for clean water sources is increasingly
limited, especially on surface water, because the pollution process is a significant problem nowadays.
Groundwater is an alternative that is most often used by the community, especially in Indonesia, as a source of
clean water to meet their daily needs. Lots of unsustainable groundwater use sometimes becomes the following
problem. Groundwater exploitation without monitoring causes groundwater ecosystems to become
unsustainable (Putra ez 4/, 2021).

The electrical resistivity method is the most commonly used method for groundwater exploration and
investment (Hamzah ez a/., 2007; Jumary ef al., 2002; Saad ¢f al., 2012; Suryadi ef al.,, 2019; Suryadi et a/., 2019).
Some of the advantages and advantages of using the resistivity method are (Wahab ez a/, 2021): (i) easy and fast
data acquisition; (ii) cost and time efficiency; (iii) ability to provide information about the depth of the
groundwater depth range from a few meters to hundreds of meters below the surface; (iv) the results can be
shown with 1D, 2D, and 3D models, this will help solve many hydrogeological problems such as the extension
of aquifer distribution, monitoring of aquifer contamination, determining recharge areas for aquifers, to
determining seawater intrusion in coastal aquifers. Several geophysical methods can be used in groundwater
exploration, such as the electromagnetic method (Asry ez a/., 2012). This method can be used to detect shallow
aquifers and deep aquifers (Anoop ez al., 2021). However, this method requires costly equipment and is rather
challenging to use in residential areas because it must avoid noise such as the power grid. Therefore, the most
common use is the resistivity method with vatious electrode configurations, where this method can be used in
areas with electrical noise and other noise.
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A geoelectric study was carried out in Rumbio Jaya District, Kampar Regency, Riau Province, Indonesia
(Figure 1). This study aims to study the characteristics of electricity and aquifers around the study area. In
addition, this study also seeks to describe the subsurface geological conditions as a reference for sustainable
groundwater management.
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Figure 1. distribution of geoelectrical line map at the study area.

101°7'30°E 101°8'0°E 101°8'30°E 101°9'0'E 101°9'30"E 101°100"E

Departmen of Geological Egineering
Faculty o Eginering
TUniversitas Tslam Riau
Pekanbaru

€

GEOLOGY REGIONAL MAP

Rumbio Jaye, Kampar, Riau
(Source: Geological map of Pekanbaru Sheet by:
M.C.G. Clark, Karawa, e.al 1982)

ST-1 ‘

7 Line Survey Of Teratak v 025 oS 1
Village — e
Kilometers

0°21'30'N

Line Survey Of Northen
Pulau Sarak Village

Legend:

ST-2 “- River

0°20'30°N

Line Survey Of South
Puiau Sarak Village

- Young Alluvium: gravels, sands and clays
[ 014 Alluvium: gravels, sands and clays
ST4 [ Minas Formastion: grascls, gravels distribution,

sands and clays
Line Survey Of Tibun Administration map of Kampar
Village

0"19'30°N

Figure 2. The regional geology map of the study area shows that it consists of alluvium deposits.

Outline of the study area

The study area is located in Rumbio Jaya District, Kampar Regency, Riau Province, Indonesia. More
specifically, 4 locations have been determined, namely in the southern part of the village of Pulau Sarak, the
village of the northern part of the Island of Sarak, the village of Teratak, and the village of Tibun. In addition,
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one of the locations is very close to the Sikumbang Springs (MATAS), namely the southern part of the Pulau
Sarak Village. Geologically (Figure 2), the study area is covered by alluvial deposits consisting of gravel, sand,
and clay deposits (Clatke ¢f a/., 1982).

Methods

In this study, the instrument used is a Geocis resistivity meter. Geodis equipment components consist of the
main module, extension module, 32 electrodes, 32 cables, 32 crocodile claws, 32 connectors, and power supply.
To get the value of the subsurface resistivity, an electric current is injected into the ground through the electrode
and calculates the potential (voltages) using the other electrode. The basic principle is that only four electrodes
take one resistivity value data. We can interpret the geological conditions below the surface based on the
resistivity values obtained. Data acquisition of Geocis Resistivity Meter uses the principle of multi-electrode
where 32 electrodes are arranged in a straight line. The distance between the electrodes used in this study is 6
meters (Figure 3). A total of 8 resistivity survey lines were carried out with a maximum stretch of 182 meters.

Figure 4 shows data acquisition on the field.
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Figure 3. Instrument arrangement for data acquisition in the field (Suryadi ez 2/, 2020).
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Figure 4. Instrument set up for geoelectrical data acquisition on the

field.
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The electrode configuration used is the Wenner configuration (Hamzah ez a/., 2007; Loke & Barker, 1995;
Suryadi ez al., 2020), where the distance between the current and potential electrodes is the same (Figure 5). based
on the Wenner configuration used, the resistivity value calculates using the formula:

ca=kV/I 1)
k =2na 2)

0

O
4

Figure 5. Wenner electrodes configuration (Loke & Barker, 1995).

The resistivity data will automatically generate according to the processing software system used. The
software used is RES2DINYV to develop a 2-dimensional resistivity model. In addition, additional supporting
data for the validation of resistivity results is drill log data around the study area, which is secondary data from
previous studies (Suryadi ez al., 2018).

Results

A total of eight tracks were processed to produce a 2-dimensional resistivity cross-sectional model. The
resistivity value will describe the subsurface conditions to determine the position of the aquifer. The groundwater
content in a layer below the surface will affect the resistivity value. Groundwater will usually contain a lot of
dissolved electrolytes (ionically conductive), where the solution can be a good conductor of electric current in
the soil (Wahab ez a/., 2021). The results and discussion will be divided into four sections based on the location
of resistivity data collection.
The southern part of Pulau Sarak Village

The 2-dimensional resistivity model for the southern part of the village of Sarak Island shows that there are
three types of zone based on the resistivity value (Figure 6). Zone 1 indicates a low resistivity value of 0.0883 —
2.52 Qm. This zone is identified as a clay zone that has high conductivity. In Line 1, the clay layer looks like
lenses that can be found at a depth of 5 — 25 meters. While at line 2, clay layers are often seen at a depth of 1-15
meters. Zone 2 expresses a moderate resistivity value of 1.07 — 50 Qm representing the aquifer layer at a depth
of 1 — 24 meters. The potential depth of an aquifer varies due to clay lenses in the aquifer layer. Zone 3 shows a
relatively high resistivity with a value of 13 — 150 Qm. The zone with this resistivity value is close to the surface
(1-6 meters deep) at line one and deep below the surface (20-24 meters deep) at line 2. Those who are close to
the surface are interpreted as slightly moist sand because the value of its resistivity is not too high, while in Line
2,1t is interpreted as a boulder.
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Figure 6. 2D resistivity modeling at the Southern part of Pulau Sarak Village.
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Figure 7. 2D resistivity modeling at the Northern part of Pulau Sarak Village

The northern part of Pulau Sarak Village

The results of the 2-dimensional resistivity modeling in the northern part of Sarak Island show three types
of zoning (Figute 7). Zone 1 was characterized by a low resistivity value of 0.0287 — 7 Qm. This value represents
a clay zone with high conductivity. In Line 1, the clay layer spreads on the surface to a depth of 8 — 20 meters,
while in Line 2, the clay appears to form lenses in the layer with moderate resistivity values. Zone 2 is interpreted
as a potential aquifer layer with a resistivity value of 1.33 — 80 Qm. This layer represents a layer of sand found to
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a depth of 30 meters. Finally, zone 3 shows a high resistivity value of 61 — 4000 Qm. this zone is interpreted as
rock boulders at Line 1 and Line 2 as a compacted layer.
Teratak Village

The results of the analysis of the 2-dimensional modeling of the geoelectric trajectory in Teratak village show
a very varied variation in resistivity values (Figure 8). The Teratak village can be zoned into 3 zones based on the
resistivity value. Zone 1 is a zone that has a low resistivity value of 0.00986 —4.84 Qm. This resistivity value
interprets a clay layer that has a high conductivity. At Line 1, clay is found near the surface to a depth of 8 meters
with an undulating pattern for the bottom.

In contrast, line 2 layers of clay are shown as a relatively thick layer with a depth of 7-25 meters. Zone 2 is
characterized by a moderate resistivity value of 3 — 100 Qm, where this zone is interpreted as a sand layer that
has the potential as an aquifer layer. At Line 1, the layer is found at a depth of 2-29 meters. While at Line 2, it is
seen from the surface to a depth of 15 meters. Zone 3 has a high resistivity value that characterizes rock boulders.
This zone has a resistivity value of 50 — 1000 Qm. These boulders are identified in the aquifer layer as the lens
inside.

Tibun Village

For the line survey at Tibun Village, the results of the inversion model show that low resistivity zones were
found at depths of more than 5 meters with resistivity values of 0.00933 —1.33 Qm. This zone is identified as a
layer of clay in the form of lenses and traps alot of waterin it. Zone 2 is indicated by a moderate resistivity value
of 1.26 — 171 Qm, interpreted as a potential aquifer layer. This layer comes up at 1.5 — 28 meters with an
undulating pattern. The other zone is a zone of high resistivity values, which can be found relatively close to the
sutface at a depth of 2-8 meters. The range of resistivity values is 100 — 900 Qm. This layer expresses a boulder
of rock because of its very high resistivity value (Figure 9).
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Figure 8. 2D resistivity modeling at Teratak Village
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Figure 9. 2D resistivity modeling at Tibun Village.

Discussion

In the present study, the Rumbio Jaya area has relatively homogeneous geological characteristics based on
the model generated from the analysis of geoelectrical data at four different locations (Table 1). Therefore, a low

resistivity value may indicate an aquifer layer. But in this study resistivity value is away too low, so we interpret

it as a clay layer. The clay layer has the ability to store water but cannot pass it due to low permeability. Because
of that, clay is a very conductive matetial with shallow resistivity values.

Table 1. Interpretation of resistivity value at study area.

. . Resistivity .
Location Coordinates Value (Qm) Interpretation Depth
South FPulauSamk N 00020 05.0— o> 202
outhern part of Pulau Sar d0— i . . i
Village E 101007 32.6° 1.07-13 Sand (Aquifer potential)  1-24 meter
13-150 Boulder
Noth FPulau Sarak N 00020374~ oo ] clay
orthern part of Pulau Sar. 4= . .
Village E 101007 45.6" 1.33-80 Sand (Aquifer potential)  1-30 meter
614000 Compacted layer
0.00986 - 4.84 Clay
Teratak Vill NOMIZL 067 =5 109 Sand (Aquifer potential) ~ 2-29 meter
erata age E 101007 26.7" - and (Aquifer potential)  2-29 mete
50 - 1000 Boulder
0.00933-1.33 Clay
Tibun Vill N 009347 1.21-171 Sand (Aquifer potential)  1.5-28 meter
un Village E 101010 06.2" 21 - and (Aquifer potential)  1.5-28 mete
100 - 900 Boulder
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Very high resistivity values with mostly rounded geometries demonstrate boulders of rock found near the
ground. In addition, in Pulau Sarak, there are also indications that a layer with a high resistivity value (61 — 4000
m) is suggested as a layer that has compacted. Therefore, the main target in this study is a layer that has the
potential as an aquifer, indicated by a resistivity value of 1.07 — 171 Qm in general. This interpretation is also
supported by the results of previous studies where the resistivity value for groundwater ranges from 1 to 100 m
(Saad et al., 2012). According to the geoelectric data modeling results in the study area, the depth of the aquifer
is from 1 meter to 30 meters from the surface. In addition, several locations show the type of confined aquifer
in the southern part of Sarak Island and Teratak villages. A confined aquifer because the upper part of the aquifer
is covered by clay which is an impermeable layer.

Conclusion

Based on the study results, it can be concluded that the Rumbio Jaya area is an area with excellent groundwater
potential in terms of quantity. There are two types of aquifers, confined aquifers and unconfined aquifers.
Confined aquifers were found in the southern part of Pulau Sarak Village and Teratak Villages, while other
villages were dominant with unconfined aquifers. The resistivity values thatindicate the Aquiferlayer in the study
area are 1.07 to 171 Qm with a depth of 1 to 30 meters. This study hopes that the use of groundwater can be

carried out sustainably to prevent groundwater from being polluted.
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