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ABSTRACT
The leachate flow study conducted at dumpsite area, Gampong Jawa, Banda Acheh
(Indonesia) using 2-DERT. Eleven (11) survey lines were designed in such a way to see
the leachate flow. Line L1-L7 was situated in the dumpsite compound and L8-L11 was
outside the dumpsite area, across the drainage system and river. The 2-DERT results show
the leachate detected around the dumping area only and not exceeding the drainage system
and river. The leachate flows from the dumpsite was identified diverted to the drainage
system and river.
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INTRODUCTION
The operation of solid waste landfills has gained significant attention of the environmental
professionals. Solid waste is a growing menace in present times since the population
increased. The waste materials (leachates) which formed by a decaying processes of the waste
with time may percolate to ground water which polluted the ground water and ultimately
affects the health of local inhabitants. The leachates may run off in the nearby natural water
resources such as ponds, lakes and rivers and percolate to ground water causing water
pollution (Arneth et al., 1989). The non-invasive geophysical methods which measure the
electrical resistivity, specifically electrical resistivity tomography (ERT), could overcome
these problems. The method depends on water content; measured electrical resistivity values
allow determination of spatial distribution of waste moisture. Recently, the ERT method has
been proved to be efficient to monitor moisture distribution during leachate recirculation in
bioreactor landfills in France (Moreau et al., 2003; Rosqvist et al., 2003; Guerin et al., 2004).
Grellier et al., (2005) showed that ERT is a suitable method to monitor the leachate
recirculation in MSW, and it can provide an estimation of the variations of the moisture
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content during leachate recirculation events. To date, the ERT method has been used to
monitor moisture distribution and evaluate the efficiency of leachate recirculation.

STUDY AREA
The leachate flow study was conducted at Gampong Jawa, Banda Acheh (Indonesia) using
2-D electrical resistivity tomography (2-DERT). The study conducted at dumpsite area with
latitude of 5°34'46.77"N and longitude of 95°18'52.08"E (Figure 1).

Figure 1: Gampong Jawa, Acheh study area (Google earth, 2013).

2-D ELECTRICAL RESISTIVITY TOMOGRAPHY
(2-DERT)
The 2-DERT has been used to study the leachate flows (Dahlin, 2001). The method
essentially consist of injecting an electrical current (I) through two metallic electrodes and
measuring the potential difference (ΔV) between two other electrodes. The apparent resistivity
(a) is given by Equation 1.
ρa  k

ΔV
I

(1)

The K is a geometrical factor which only depends on electrode position. a is the ratio of
the potential obtained insitu with a specific array and a specific injected current for a
homogeneous and isotropic. The measurements provide information about resistivity for a
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medium whose volume is proportional to the electrode spacing. The data point corresponding
to the investigated volume is conventionally represented on a section at a depth equals to the
electrode spacing (Figure 2). The apparent resistivity measurements do not allow interpreting
the distribution of resistivity inside the medium. Indeed, the apparent resistivity is
conventional: it consists of a pseudosection with x in abscissa and z in ordinate. The z is not a
real depth. Software such as Res2DInv (Loke and Barker 1996) used to interpret the data, to
propose a model of resistivity of the medium according to the real depth.

Figure 2: Conventional representation of the measured apparent resistivity a
according the electrode spacing (a) between the electrodes (A, B, M and N).
Electrical resistivity depends on several parameters: water content, temperature, ionic
content, particle size, resistivity of the solid phase, permeability, porosity, tortuosity, pressure
and clay content. Except for the moisture content and temperature, the influence of the
parameters on resistivity in waste mass is unknown (Grellier et al., 2005). The changes in
electrical resistivity can be correlated directly with the changes in moisture contents. The ERT
method has been well studied and it has shown that electrical current can flow through the
waste mass (Carpenter et al., 1991; Haker et al., 1997; Berstone et al., 2000). Table 1 and 2
shows the resistivity value of some of the typical rocks, soil materials and water (Keller and
Frischknecht 1996). Igneous and metamorphic rocks typically have high resistivity values. The
resistivity of these rocks is mainly dependent on the degree of fracturing. The water table is
generally shallow, the fractures are commonly filled with ground water. The greater the
fracturing, the lower is the resistivity value of the rock. Soils above the water table is drier and
has a higher resistivity value of several hundred to several thousand ohm-m, while soils below
the water table generally have resistivity values of less than 100 ohm-m.
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Table 1: Resistivity values of common rocks and soil materials in survey area
(Keller and Frischknecht, 1996; Telford and Sheriff, 1990).
Material
Alluvium
Sand
Clay
Groundwater (fresh)
Sandstone
Shale
Limestone
Granite

Resistivity (ohm-m)
10 to 800
60 to1000
1 to 100
10 to 100
8 - 4 x 103
20 - 2 x 103
50 – 4 x 103
5000 to 1,000,000

Table 2: Resistivity values of some types of waters (Keller and Frischknecht,
1996; Telford and Sheriff, 1990).
Type of water
Precipitation
Surface water, in areas of igneous rock
Surface water, in areas of sedimentary rock
Groundwater , in areas of igneous rock
Groundwater , in areas of sedimentary rock
Sea water
Drinking water (max. salt content 0.25%)
Water for irrigation and stock watering
(max. salt content 0.25%)

Resistivity (ohm-m)
30 - 1000
30 – 500
10 - 100
30 - 150
>1
 0.2
> 1.8
> 0.65

METHODOLOGY
The study applied geophysical method, 2-DERT to identify the leachate flow. A total of eleven
(11) survey lines were designed in such a way to study the leachate flow around the study area.
Line L1-L7 was design in the dumpsite compound and L8-L11 was design outside the
dumpsite area, across the drainage system (Figure 3). The 2-DERT survey was conducted
using ABEM SAS4000 resistivity meter system with Pole-dipole and Schlumberger array
which is applicable. The field data was processed using RES2Dinv software (Loke and Barker,
1996) for inversion and interpretation. Data was interpreted in terms of attribution to lateral
variations between the materials surrounding the dump site.

Vol. 19 [2014], Bund. Y

8943

Figure 3: The 2-DERT survey lines (L1-L11) of Gampong Jawa, Acheh
dumpsite area.

RESULTS AND DISCUSSION
Figure 4-10 show the 2-DERT inversion models of line L1-L7 conducted in the dumpsite
compound. Generally the whole area covered by reclaim layer with thickness of <20 m and
resistivity value of >6 Ohm.m. The marine alluvium with resistivity value of 3-30 Ohm.m was
underlay by the reclaim layer. The resistivity value of <1 Ohm.m was detected at all the
survey lines, L1-L7 and it was identified as leachate.

Figure 4: The 2-D resistivity inversion model of line L1
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Figure 5: The 2-D resistivity inversion model of line L2

Figure 6: The 2-D resistivity inversion model of line L3

Figure 7: The 2-D resistivity inversion model of line L4
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Figure 8: The 2-D resistivity inversion model of line L5

Figure 9: The 2-D resistivity inversion model of line L6

Figure 10: The 2-D resistivity inversion model of line L7
Figure 11-14 show the 2-DERT inversion models of line L8-L11. Generally the whole area
covered by reclaim layer with thickness of <20 m and resistivity value of >6 Ohm.m. The
marine alluvium with resistivity value of 3-30 Ohm.m was underlay by the reclaim layer. The
resistivity value of <2 Ohm.m was detected and interpreted as salt water intrusion or brackish
water.
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Figure 11: The 2-D resistivity inversion model of line L8.
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Figure 12: The 2-D resistivity inversion model of line L9.
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Figure 13: The 2-D resistivity inversion model of line L10.
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Figure 14: The 2-D resistivity inversion model of line L11.

CONCLUSION
The 2-DERT results show the leachate detected around the dumping area only and not
exceeding the drainage system and river. The leachate flows from the dumpsite was identified
diverted to the drainage system and river.
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