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ABSTRACT: Landfills are the classical solution for waste disposal. During the last years there has been a growing concern
about the effect of landfills in public health, because leaching water can contaminate nearby aquifers. The conversion of the
open dumps characteristic of many cities around the world to controlled and sanitary landfills is a critical step for protecting
public health and the environment.
Landfill is not just a place where waste is disposed, but it is a technological plant designed, realized and managed to obtain a
minimization of negative effects. Sanitary landfilling is a fully engineered disposal option that avoids the harmful effects of
uncontrolled dumping by spreading, compacting and covering the waste on land that has been carefully engineered before
use.
Geophysical surveys are increasingly filling this need, by responding to vertical and lateral variations of the fill material. The
non-invasive geophysical methods which measure a different physical properties, specifically Electrical Resistance
Tomography (ERT), Frequency-Domain ElectroMagnetic (FDEM) and Infrared Thermography methods (IT), could overcome a
problems of the landfill in study.
The combined use of these geophysical methods therefore allows to better characterize the properties of the land and to
map the subsurface in landfills and their surroundings.

KEYWORDS: Landfill, Electrical Resistance Tomography, Frequecy-Domain ElectroMagnetic, Infrared Thermography, Plan of
contamination.
1

INTRODUCTION

The problem of environmental contamination is, today, one of the main concerns of earth scientists and researchers from
other related fields of science around the globe. Fast industrial development and the uncontrolled growth of the urban
population result in the production of toxic solid residues [1]. Urban waste materials, mainly domestic garbage, are usually
disposed of in-adequately in waste disposal sites placing the underground water resources at high risk. Pollution of ground
water happens mostly due to percolation of pluvial water and the infiltration of contaminants through the soil under waste
disposal sites. The contaminant is a fluid that results from the decomposition of organic matter, rich in dissolved salts,
containing a substantial amount of polluting substances. Contamination takes place when this liquid reaches the
groundwater table, thus affecting the potability of underground water and putting the community that makes use of that
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resource under health risk [2]. The solution to the day-to-day problems of modern urban societies demands fast and effective
geophysical methods. One of the most frequent demands in metropolitan areas includes detecting the location and extent of
contamination patches in areas as small as landfill sites. In such context, the integrated use of geophysical methods provides
an important tool in the evaluation and characterization of contaminants generated by urban residues (domestic and/or
industrial). Among those geophysical methods, electrical, electromagnetic and infrared thermography methods have been
found very suitable for such kind of environmental studies, due to the conductive nature of most contaminants [3, 4, 5, 6,
and 7].
Ilbono landfill has been the disposal sites of urban solid waste for a long time. The negative environmental impacts
caused by wastes deposition are manifested in the landfills, adjacent zones, namely, in the groundwater, because these
structures are located above permeable and porous formations, which aid in contamination scattering.
It is well known that groundwater contamination can easily occur and carry on for a long time, because recovery is slow
and difficult. The problems associated with municipal, abandoned or non-controlled landfills are of general concern,
especially because of the interactions between the hazardous contents of the leachates derived from them and the
groundwater [8]. Geophysical methods may be used to investigate the history of a landfill as different types of landfills have
different properties.

2

METHODOLOGY

In view of the large number of poorly documented landfills, fast and inexpensive methods to investigate the shallow
subsurface are becoming increasingly important. Non-invasive surface geophysical techniques are increasingly used for
landfill characterization, particularly where intrusive methods are hazardous and pose significant risks to health and safety.
2.1

ERT METHOD

Geophysical methods measuring the electrical resistivity have been used to follow the leachate flows [9]. These methods
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 (ρa) is given by the following relationship (1)

ρa= k (ΔV/I)
(1)
With K a geometrical factor which only depends on electrode position. The ρa is the ratio of the potential obtained in situ
with a specific array and a specific injected current by the potential which will be obtained with the same array and current
for a homogeneous and isotropic medium of 1 Ω.m resistivity [10]. The apparent resistivity measurements provide
information about resistivity for a medium whose volume is proportional to the electrode spacing. The larger the electrode
spacing, the higher will be the investigated volume. The data point corresponding to this investigated volume is
conventionally represented on a section at a depth equals to the electrode spacing. The apparent resistivity measurements
do not allow interpreting the distribution of resistivity inside the Electrical resistivity (or its inverse, the electrical
conductivity) depends on several parameters: water content, temperature, ionic content, particle size, resistivity of the solid
phase, permeability, porosity, tortuosity, pressure and clay content [11]. Except for the moisture content and temperature,
the influence of these parameters on resistivity in waste mass is unknown [12].
2.2

FDEM METHOD

Electromagnetic energy can be applied to the ground using transient current pulses instead of the continuous waves
mentioned above [13]. The collapse of a steady state primary magnetic field will induce eddy currents to flow in a conductive
earth, and these will give rise to a transient secondary magnetic field, which may be detected in a receiver coil as a timedependent decaying voltage. The characteristics of this transient decay can be related to the conductivity and geometry of
the subsurface geology [14, 15].
FDEM-induction instruments measure subsurface apparent electrical conductivity without galvanic contact using
alternating electromagnetic fields to induce subsurface eddy currents [16].
The electromagnetic survey has been used for various near-surface applications including Landfill mapping.
This non-intrusive approach enables rapid mapping of conductive subsurface structures and can easily locate buried
waste or contaminated areas. The magnetic susceptivity is particularly suitable for the detection of metals and helps a lot in
the detection of buried drums or, for example, to recognize different waste type (foundry wastes from ferrous foundries).
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2.3

IT METHOD

Anybody possesses a temperature greater than absolute zero emits, in agreement with the Planck law, energy in the form
of electromagnetic radiation. For ordinary temperatures the maximum of the electromagnetic radiation is concentrated in
the spectrum of infrared radiation characterized by a wavelength between 0.75 μm and 100 μm in agreement with the
Wien's law [17].
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The thermal imaging devices are conceptually similar to a camera, but with the peculiarity to be projected, not to capture
the electromagnetic spectrum in the visible light range, but the spectrum of the infrared band.
The electromagnetic energy emitted from the object in the field of thermal infrared radiation is focused through a system
of special lenses on an element sensitive to infrared radiation, called microbolometer. This later converts the amount of
infrared energy received into an electrical signal that appropriately converted to digital allows the software of the camera to
reconstruct an image in false color is representative of the surface temperatures of the object framed (thermogram) [18].
IT is a process in which heat at any temperature can be converted into a thermal image, using specialized scanning
cameras.
This method is being used increasingly in the aerial survey of landfill sites, as a result of advances in the development of
portable, high-sensitivity thermal imagers to detect the leakage of methane gas and leachates escaping from the sites
economically. The method produces an image of temperature variations over the ground surface. Ground investigations are
essential to calibrate any temperature anomalies against the presence of methane leaks or the movement of leachates. The
method should not be confused with infra-red photography, which is used widely in surface vegetation studies.

3
3.1

GEOPHYSICAL SURVEY
ERT SURVEY

The area available for the geophysical surveys is small, trapezoidal in shape with dimensions of the sides equal to 70, 60,
45 and 45 m. This limits the ability to perform investigations deep. We were made 4 ERT within the landfill, and one in
environment not disturbed positioned as shown in figure 1.
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Fig. 1.

Aerial photography of the landfill with the positioning of the ERT profiles

For the acquisition of data we used Georesistivitymeter Advanced Geoscience Inc and it has been programmed a
sequence of measurement of dipole-dipole type. This configuration, as compared to others, allows us to better determine
the lateral variation of resistivity.
Although substantially different between them, the ERT from 1 to 4, realized internally to the landfill, show common
elements that can be analyzed simultaneously. The ERT 5 was performed downstream of the retaining wall, located east of
the perimeter of the landfill. The objective of this measure was to evaluate the distribution of the average resistivity of the
material below the bottom of the landfill and the possible presence of water (Figure 2).
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Fig. 2.

3.1.1

Resistivity model for the Ovar landfill with contaminated areas

PROFILS 1-4

The spacing between the electrodes influence on the depth of investigation reached, the ERT n ° 1 shows the distribution
of subsurface resistivity for about 12.00 m, while n° 2, 3 and 4 reach 7.50 meters depth
The results show the presence of three electro-main layers: resistive, characterized by values between 100 and over 600
Ohm*m, referable both to the presence of materials well draining (gravel) or similarly to compact materials and waterproof
(rock), conductive, characterized by resistivity between 20 and 100 Ohm*m, related to bulk materials and wet, very
conductive, with values less than 20 Ohm*m, related to organic materials wet.
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3.1.2

PROFIL 5

The resistivity section shows average higher than those found within the site, with values always above 20 Ohm * m.
Therefore, the very conductive layer is absent.
This profile marks the presence of the aquifer unpolluted
3.2

FDEM SURVEY

The electromagnetic data were acquired with a GF Instruments CMD electro-magnetometer with coils placed in vertical
configuration. The spacing between the coils is equal to 3.77 m.
The data were acquired by running parallel profiles between them, with average spacing of approximately 1.5 m along
two directions perpendicular to each other. The measurements were carried out with the use of a Differential GPS which has
allowed the georeferencing of data and results. In total, we have gained 4800 data of electrical conductivity, and phase,
distributed with a cover shown in figure 3.

Fig. 3.

Aerial photography of the landfill with the positioning of the FDEM profiles

FDEM data do not require special processing, but are interpolated to produce maps that are then interpreted
qualitatively. They do not allow the interpretation in depth, but show in detail the lateral variations of conductivity (Figure 4)
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Fig. 4.

FDEM results, A,C) Apparent conductivity maps, B,D) phase response maps

The results obtained show clearly apparent conductivity values and phase, positive and negative. The map of the phase is
the result of the presence of metallic materials, very close to the ground surface. The map of conductivity shows the
presence of a conductive area with conductivity values varying between 20 and 60 mS / m to which are associated phase
values close to zero that indicates the presence of a conducting and non-ionic metal type. Inside the conductive area, we find
the presence of a circumscribed areas characterized by maximum and negative values of phase, in these points, it is likely the
presence of metallic surface and/or elements made by resistive materials and tires.
3.3

IT SURVEY

Management of landfill gas can be improved if leaks can be detected and rectified effectively; an infrared camera
produced by Flir Model S65 has been used to detect gas leaks accurately by identifying them as anomalies.
The FLIR S65 operates in the electromagnetic band between a wavelength of 7.5 μm and 13 μm, using an uncooled
microbolometer FPA sensor having a resolution of 320x240 pixels, with a spatial resolution of 1.3 mrad and an accuracy of
2°C. The visualization of the scene is done in real time on a display "LCD 4" placed on top of the camera, the thermogram can
be stored on a memory card in standard Compact Flash, JPEG radiometric format. This thermocamera also has the ability to
acquire color images in the visible spectrum.
The shooting in the site investigation were carried out from an elevated position along the dirt road that runs along the
landfill in his south side Ovest.10 thermograms were acquired, disposed in such a manner as to cover the entire extent of the
landfill (Figure 5).
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a)

b)

Fig. 5.

IT results, a) Photography in the visible spectrum, b) Photography in the infrared spectrum

The thermography, showed a surface temperature of the soil of the landfill between 13°C and 15°C. The variability in the
values of temperature is uniform over the entire area of investigation. The lift of biogas is the product of an exothermic
chemical reaction that should heat the soil in correspondence of any buildup. The thermographic analysis did not detect
significant temperature anomalies, and let not therefore be inferred that any biogas able to find a way to escape widespread
in the superficial layers of the landfill little compacted, without giving rise to accumulation zones.

4

RESULTS ANALYSIS
The analysis of the results obtained allows to highlight important features of the landfill:


Geometrical characteristics of the landfill

Based on the results obtained it is possible to assume a vertical distribution of waste in the landfill, characterized, in the
surface (0 to 3.4 m), the presence of dry waste, not compacted, draining into the middle (3, 4 - 6 m), from waste more
compacted, less draining, with a greater wet fraction, in the lower part (6 - 10 m), by the presence of compacted waste and
liquid substances with a high saline content.


Volumes approximate

Although the reconstruction of the volumes of waste requiring a higher spatial density of measurements performed, the
results allow to estimate a quantity of material present in the landfill, below the surface investigated, excluding therefore the
steep side, equal to about 32,000 m3.


Pockets of biogas

The first meters below the surface of the landfill are characterized by abnormalities of high resistivity which does not
allow to exclude the presence of biogas in the surface. As previously illustrated, the materials present in the first layers are
poorly compacted and well draining, it is reasonable to infer that such a matrix in the gas would escape routes to the surface.
The thermographic analysis shows a variation of the temperature, and does not highlight areas with anomalous values of
temperature, compared to the surrounding context. On the basis of these considerations, it tends to exclude the presence of
accumulations of biogas in bags, both in the surface layers which are absent in depth where resistivity anomalies related to
these phenomena.
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Ferrous materials / Leachate



Are indicated in Figure 4, the areas in which it is the presence of ferrous materials. The electro-conductive layer is
characterized by values attributable to the presence of leachate with depth between 4 and 6 meters.
Presence of aquifer water



Tomography n° 5 (Figure 1) shows resistivity values that are compatible with the presence of clay materials, which a flow
of groundwater at a depth of about 7 meters from the ground level, which is roughly about 12 meters below the base the
containment wall.

5

CONCLUSION
The combined use of geophysical methods is being used for contaminant and landfill mapping with great success [19].

The geophysical characterization of industrial and urban abandoned waste disposal can allow to estimate the volumes of
refuses that must be reclaimed and to know the pathways of leachate and pollutants and its connections with fresh aquifers
or lagoon or salt water. The geophysical indications are volumetric and therefore the geophysical methods can give better
than the direct method answers to the waste disposal site reclamation.
In particular, all the electric and electromagnetic data allowed to delineate the resistive and conductive trends of the
waste disposal.
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