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ABSTRACT

The coastal reclamation area is an expansion of coastal areas through technical engineering to develop new land areas. 
Identification of the reclamation area can be performed by detecting subsurface imaging using the resistivity method. This 
study used a multi-electrode (multichannel) resistivity imaging method. The resistivity imaging results show a good response 
of subsurface resistivity and successfully identified reclamation area with low resistivity <27.8 Ωm in almost the study area. Its 
depth varies from 4 meters to 30 meters. The reclamation results are composed of loose rock that has not been fully compacted, 
so it has not been well consolidated. As a result, it will experience land subsidence if overload. 
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INTRODUCTION

The coastal urban areas tend to undergo rapid 
changes, causing various problems such as increasing 
land needs for housing, industry, trade and services, 
ports, warehousing, marine tourism, and facilities and 
infrastructure. So, it needs to be expanded through 
coastal areas reclamation (Permen PU, 2007). 

The coastal reclamation area is an expansion of 
coastal areas through technical engineering to develop 
new land areas. Coastal reclamation areas fall into the 
category of areas located on the coast, where growth 
and development both socially, economically, and 
physically are strongly influenced by the body of 
seawater (Edyanto, 2016). 

Ancol area is located in  Ancol village, 
Pademangan sub-district, North Jakarta (Figure 1), 
and was established in the 17th century. At that time, 
The Governor-General of the Dutch East Indies, 
Adriaan Valckenier, had a beautiful resting house by 
the beach. Over time, the area then developed into a 
tourist attraction (Restu, 2010).

The Government Regulation Number 51 of 1960 
concerning The Allocation and Use of Ancol Land (PP 
51/1960) President Sukarno designated the Ancol 
area as a tourist area through the Ancol project. As for 
the implementation of reclamation in the Ancol Project, 
the Governor of DKI Jakarta issued a decree of the 
Governor of DKI Jakarta Number 812 the Year 1980 
(SK 812/1280) about the implementation of the Ancol 
Reclamation Project on July 26, 1980.  

 
The resistivity method is one of the geophysics 

methods that aims to map the soil’s subsurface based 
on the electrical properties of rocks (Syamsul Amien, 
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2016). This study used a multi-electrode (multichannel) 
resistivity imaging method (Barker,1981) to map the 
soil resistivity of the Ancol area. Then the subsurface 
mapping results will be used to identify the existence of 
the reclamation land area in Ancol of North Jakarta.

.
METHODOLOGY

Geology of Jakarta Area
Generally, the Jakarta Basin is built by tertiary, 

quaternary, and recent sedimentary rocks. Tertiary 
rocks are considered the bottom of the groundwater 
basin because they are massive (Figure 2). 
Groundwater reserves in this basin are generally stored 
in quaternary rock (confined aquifer) and very young 
alluvial deposits (unconfined aquifer). Subsidence 
naturally occurs in young rocks (recent) because 
generally, these rocks have not been compacted and 
are accelerated by loading, particularly subsidence in 
North Jakarta. Meanwhile, subsidence in older rocks 
can occur due to anthropological factors, including 
excessive groundwater extraction and loading in areas 
where industrial activities are quite active. Young rocks 
are also very susceptible to seawater intrusion if 
exploitation of shallow groundwater exceeds the 
groundwater balance. (Delinom, 2015)

Quaternary deposits are volcanic alluvium fan 
units, coastal alluvium units, and rivers. The three units 
are related. The thickness of the deposit is estimated to 
be around 65 m (in the present Ciputat area) to 300 m 
(in the present Jakarta Kota area). The bedrock is 
estimated to be claystone, marl with Pliocene coral 
limestone inserts. The quaternary deposits in the study 
area are located unconformity above the tertiary 
sedimentary bedrock (Martodjodjo 1984). Quaternary 
deposits are formed by Plio-Pleistocene (1–2 million 
years ago) to recent rock units, with lithology in the 

Ancol area and the location of resistivity measurement.Figure 1.  



form of volcanic fan deposits resulting from volcanic 
eruptions south of Jakarta. 

Maathius et al. (1996) stated that the geological 
structure of Jakarta consists of a complex combination 
of aquifers lens-shaped with clay inserts. Fachri et al. 
(2002) conducted a hydro stratigraphic study of the 
Jakarta groundwater basin by grouping aquifer systems. 
The aquifer zone is dominated by sandstone with high 
hydraulic conductivity, while the aquitard zone is 
dominated by claystone with low hydraulic conductivity 
values. The lithological composition and stratigraphic 
position can be seen in Figure 3.

Resistivity Method 
The resistivity method is one of the many 

geophysical methods to estimate earth subsurface 
conditions. The result of resistivity method is quite 
good and effective for depicting the soil layer beneath 

the surface based on differences in the rock resistivity 
value (Zarroca, 2011; Abdul-Nafiu, 2013). This study 
used multi-electrode and multi-channel resistivity 
instruments of MAE X612-EM (Hamzah, 2020) to 
obtain subsurface 2D model imaging based on the 
resistivity value of rock (Nurdiyanto, 2016). The 
identification of this resistivity imaging is based on the 
fact that different materials will have different types of 
resistance values when supplied with an electric 
current (Wijaya, 2015). The unit of resistivity used is 
Ωm (Ohm.meter) (Hasanudin & Pryambodo, 2009).

The Coastal reclamation is an effort to utilize 
areas or land that is relatively useless or still empty and 
watery into usable land by drying. In other words, 
reclamation converts coastal waters into land by 
changing the low ground level and flooded area to 
higher ground level (Wisnu, 1996). This resistivity 
imaging will be used to identify the boundaries of 
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Geological map of Jakarta (Delinom, 2015).Figure 2.  

 Jakarta basin hydrostratigraphic column (Fachri et al., 2002).Figure 3.  
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reclamation layer in the Ancol area, North Jakarta.

The equipment used in this study is a multichannel 
resistivity meter from MAE X612-EM to measure the 
resistivity of rock below the ground level, GPS (Global 
Positioning System) Garmin type of 78s to determine 
the position of the measurement, and supporting 
equipment such as roll meter, calculators, multitester, 
and handy talky (HT).

The resistivity imaging (2D) identifies resistivity 
changes in rock types vertically and horizontally below 
ground level. The electrode configuration used for this 
measurement is similar to the vertical electrical 
sounding (VES) or 1D resistivity method but slightly 
different in data acquisition techniques (Loke, 1999). 
Data acquisition is performed on a straight track. The 
number of electrodes 48 with the distance between 
electrodes is 5 meters, then the length of the 
measurement line is 240 meters.

The field data acquisition method used in the 
study is Wenner Configuration, as Figure 2. This 
method is used to determine the variation of the 
resistivity laterally and vertically in a particular area. 
Each line has several measurement points. To obtain 
the value of apparent resistivity with Wenner 
configuration, then use formulas such as the equation 
(1) (Telford, 1990):  

I
VKa

∆
=ρ

 ............................................................... 1)
aK π2=

Where,
ρa   = Apparent Resistivity (ohm-m)
K  = Geometry factor

ΔV  = Electrical Potential (mV)
I  = Electrical Current (milliAmpere)
a  = Distance between the two current electrodes 
(A – B) dan potential electrodes (M – N)

Measurements are performed step by step, 
starting from a small electrode number and each depth 
layer (n). After all the data is retrieved and plotted, this 
data set resembles an overturned boat (Figure 4) (Loke, 
2001). In Figure 4, the configuration of the equipment, 
cables, and the distribution of measurement points 
against the depth layer are illustrated. After all the data 
is obtained, then the data processing is carried out. 
Furthermore, a cross-section of the subsurface 
resistivity from the taken track is obtained vertically and 
horizontally.

The study case example is the Wenner 
configuration electrode with electrode distance “a”. The 
first step is to measure the electrode array 1a, where 
electrodes numbers 1, 2, 3, and 4 are used for 
measurement. This configuration moves as far as 1a 
on the layer or n=1 until the electrodes number 45,46,47 
and 48. After retrieving the data for spaces 1a and n=1, 
the next step is to space the electrodes 2a and n=2 and 
use electrodes 1, 3, 5 and 7. Data measurement 
continues until the electrodes are 41,43,45, and 47. 
This process continues down to spaces 5a and n=5.

Data measurement was conducted on December 
9-10, 2017, in the Ancol area, North Jakarta. The 
measurement results of the resistivity instrument are 
stored in a file with the *.DAT extension for each 
measurement. Furthermore, the data is processed 
using Res2Dinv software for the inversion process and 
displays a cross-section image of the subsurface in the 
form of a 2D model to help for the interpretation stage.

Resistivity imaging data retrieval steps (2D) Wenner configuration (Wijaya, 2015).Figure 4.  
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RESULTS AND DISCUSSION 

The result of resistivity measurement in the Ancol 
area is obtained three resistivity images: Line 1, Line 
2 and Line 3. These resistivity images are shown as 
a 2D resistivity cross-section that is interpreted as 
subsurface lithology to identify reclamation areas. The 
resistivity measurements for these three locations use 
a 240-meter stretch of cable with a penetration depth 
of about 34.1 meters in the subsurface.

Line 1
Line 1 north-south direction (Figure 1) with a total 

length of 240 meters located on the Jalan Pasir Putih 
2, Ancol with a penetration depth of about 34.1 meters 
in the subsurface. The result of this resistivity imaging 
is shown in Figure 5 that can identify the reclamation 
layer

 
Line 1 is composed of alluvium consisting of loose 

sandy clay (Turkandi, 1992). It is filled with seawater 
fluid which causes seawater intrusion with a resistivity 
value <2.65 Ωm with a depth of <10 meters. The 
existence of soil filling (reclamation) with a resistivity 
value of 27.8 Ωm with a depth of < 4 meters from the 
ground surface is also supported by the results of drill 
and Cone Penetration Test (CPT) data conducted by 
the Trisakti University Research Institute in 1999 which 
states the existing residential complex area in the 

North Jakarta areas such as Pantai Indah Kapuk, Pluit, 
Ancol, Kelapa Gading and Sunter have experienced 
backfill ranging from 1-3 meters. The fill material 
used is generally in red soil (volcanic weathering) and 
partly in the form of building debris. The resistivity 
value > 292 Ωm is in the form of sandstone units of 
the Kaliwangu Formation, which leads south – north of 
the Jakarta groundwater basin (Delinom, 2015). The 
presence of groundwater is indicated by a resistivity 
value of 90.2 Ωm with a depth of about 14 meters. This 
groundwater’s constituent rock is thin sand leading 
from south to north, following the direction of the 
Jakarta groundwater basin.

Line 2
The Line 2 is on Jalan Pasir Putih 1, Ancol and 

is 115 meters east of Pasir Putih 2 road. Line 2 is 
north-south (Figure 6) with a length of 240 meters 
and a penetration depth of about 34.1 meters in the 
subsurface. 

 
On Line 2, there is an indication of seawater 

intrusion with a depth of more than 20 meters to the 
north of this Line with a resistivity value of <2.65 
Ωm. This seawater intrusion is caused by seawater 
inundation in a flood pump area at the northern end 
of this Line. The reclamation results are also observed 
with a resistivity value of 27.8 Ωm with a depth of less 
than 4 meters. The presence of groundwater is visible 

Cross-section of Line 1.Figure 5.  

Cross-section of Line 2.Figure 6.  
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in the south of this Line with a resistivity value of 90.2 
Ωm with a shallower depth than Line 1 at a depth of 5 
meters above ground level in a south-north direction 
from the Jakarta groundwater basin. The hard rock with 
a resistivity value of > 292 Ωm is sandstone from the 
Kaliwangu formation with a depth of about 11 meters 
above ground level.

Line 3
Line 3 is a cross line connecting Line 1 and 

Line 2. This Line spreads for 115 meters in a West-
East direction (Figure 7) with an imaging depth of 21.4 
meters above ground level. The result of the resistivity 
imaging of line 3 is a transverse line that connects 
between line 1 (Jl. Pasir Putih 2) and line 2 (Jl. Pasir 
Putih 1), 

  
Seawater intrusion is observed to the east of this 

line, which is around the Jl. Pasir Putih 2, with a depth 
of almost 5 meters marked with a resistivity value of 
<2.65 Ωm. This agrees with Line 1, where seawater 
intrusion is also around a depth of almost 5 meters. 
The resistivity value of 27.8 Ωm indicates reclamation 
at a depth of less than 4 meters seen on the west side 
of Line 3. The aquifer on this line with a resistivity value 
of 90.2 Ωm is observed to the west with a depth of 
about 6 meters. The hard rock with a resistivity value 
> 292 Ωm that is supposed to be sandstone is slightly 

shallow to the west, and it corresponds to Line 2 (Jl. 
Pasir Putih 1).

Based on the results of subsurface identification 
using the resistivity method in the study area, there 
are four classifications based on the resistivity value: 
seawater intrusion, reclamation, aquifer, and hard rock 
(sandstone), as shown in Table 1. 

Based on the results of 2D resistivity identification, 
almost the entire upper surface of the study area is 
reclamation area. It is characterized by a relatively 
low resistivity value of <27.8 Ωm that indicates an 
uncompacted backfill in an average depth of less than 
four meters. This low resistivity is caused by the void 
between the grains of uncompacted backfill is filled 
by seawater and cause seawater intrusion to appear 
with a resistivity value <2.65 Ωm. Shallow aquifers 
from groundwater are found at a depth of about 6 – 10 
meters below the ground surface with a sandy lithology 
from the Kaliwangu formation with a resistivity value of 
27.8 – 90.2 Ωm. The hard rock from this research area 
is sandstone with a resistivity value > 292 Ωm. This 
hard rock is slightly shallow on Line 2 (Jl. Pasir Putih 1). 
Therefore, it is suitable to be built with heavy loads (high 
buildings) because the foundations of high buildings 
will reach this hard rock and decrease subsidence.  

Cross-section of Line 3.Figure 7.  

No Resistivity of Rock (Ωm) Classification

1 <2.65   Sea Water Intrusion
2 8.9 – 27.8  Reclamation
3 27.8 – 90.2  Aquifer
4 > 292   Hardrock (Sandstone)

The Classification of Rock Resistivity in The Study Area (Telford, 1990)Table 1.
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CONCLUSION 

This study describes the application of the 2D 
resistivity method to identify the reclamation layer in the 
Ancol area. The results show that subsurface imaging 
gives a good response by showing a small resistivity 
value <27.8 Ωm which is identified as a reclamation 
area in the almost study area with a reclamation depth 
of less than four meters. Beneath the reclamation layer, 
hard rock with a resistivity value of > 292 Ωm and is 
supposed to be sandstone as the bedrock in the Ancol 
area. This hard rock is shallow on Line 2 (Jl. Pasir Putih 
1), and there are high buildings on Line 2 (Jl. Pasir 
Putih 1). Therefore when constructing a building with a 
heavy load, the foundation of the building must reach 
these hard rocks. Thus, the building does not collapse 
because the results of this reclamation are composed 
of loose rocks that have not been fully compacted 
(reclamation), so that it has not been fully consolidated. 
As a result, if subjected to an excessive load, the soil 
will experience subsidence or collapse.
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