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Abstract: The use of GPR (ground penetrating radar) as an auxiliary tool in geotechnical and environmental site investigations has
increased in Brazil during the past few years. GPR has been used to delineate contamination plumes, to aid in geological modelling, to
detect buried structures and in archaeological surveys. This paper describes and discusses the results of a GPR site investigation carried
out at Gramacho Municipal Solid Waste Landfill in the State of Rio de Janeiro, Brazil. A field study was conducted to detect failure
surfaces in its slopes and within the waste mass. The results have shown that: (1) Slip surfaces could be indicated by small continuous
voids within the waste mass since there is a good contrast between the dielectric constant of air and municipal waste; (2) Greenhouse
gases pools could also be indicated by large voids within the waste mass since there is a good contrast between the dielectric constant of
carbon dioxide, methane and municipal waste; (3) Leachate pools present a high electric conductivity that could be easily detected by
GPR.
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1. Introduction the problem. In order to solve that, some questions

. need to be addressed, including:
The use of GPR (ground penetrating radar) as an
. ) . ) ] * What are the depth and geometry of the target?
auxiliary tool in geotechnical and environmental site i
) T ] o * [s there enough contrasts between the electrical
investigation has become more common in Brazil in . .
properties of the materials to be surveyed?
recent years. GPR has been used to: ) . .
. * Is there any noise source in the area (e.g., radio
* map contaminated areas [1-3]; .
o . . antennas, power lines)?
* aid in geological modelling [4]; i . L.
) * Is there any data from previous investigations?
* detect buried structures [5-8]; ] )
. Some authors, authors like Porsani [12], and Annan
¢ archaeological survey [9]. L
. . and Cosway [13], have addressed these topics in the
However, its use has been subjected to some )
o . ] ) ] past and provided some clues to overcome such
criticism by the Brazilian technical community and, in . .
. ] difficulties. Even when all the standard procedures are
some occasion, its usefulness has been put on proof. . )
) R, taken into account on the GPR survey planning, the
According to Iyomasa [10], the indiscriminate GPR use L L
] ) o ] success of the site investigation is not granted. In some
with no technical criteria leads to problems in . . . .
o ) ) cases, the media to be investigated is heterogeneous or
acquisition of the electromagnetic waves and in . . . .
) ] ) it had been extensively modified by human action.
interpretation of its results. Lo . L . .
. This is the case in municipal solid waste disposal
Araruna Jr. [11] suggested that the most important L } .
) . .. facilities in Brazil, where the waste mass is composed
step in GPR survey planning is the correct definition of ) ; ) .
of materials of different sizes, shapes and composition
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landfill surveys seems to be very useful, due to low cost
and speed of execution, one must bear in mind the
aforementioned difficulties.

This paper describes and discusses the results of a
geophysical site investigation employing carried out at
Gramacho Municipal Solid Waste Landfill in the State
of Rio de Janeiro, Brazil. A GPR field study was
conducted to detect failure surfaces in its slopes and
within the waste mass. In addition, the GPR profiles
were also assessed in order to search leachate and

greenhouse gases pools within the landfill.

2. Gramacho Municipal Solid Waste Landfill

Gramacho Municipal Solid Waste Landfill is located
in the greater Rio de Janeiro area, in the City of Duque
de Caxias. It occupies an area of 180 ha and receives
circa 9,000 t of waste on a daily basis. As shown in
Fig. 1, its location is far from ideal. It is in closing
range from two main rivers that cross the metropolitan
area (e.g. Iguacgu and Sarapui), Guanabara Bay and less
than 5 km from the international airport.

Its site is also unfit from the geotechnical point of
view. The landfill lies over a 18-m thick soft clay layer,
composed not only by 1:1 clay minerals but also from
expansive minerals (e.g., smectites).

As a result of small failures on the waste mass and

o
-
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Fig.1 Gramacho landfill.

soil foundation a comprehensively monitoring program
has been carried out since the late 90s. Inclinometers
were installed at the perimeter of the landfill (Fig. 2),
benchmarks were installed on the waste mass and at the
perimeter of the landfill, and piezometers were
installed within the waste mass.

3. Materials and Methods

GPR survey at Gramacho was performed using a
ground penetrating radar manufactured by MALA
Geoscience, model RAMAC. The equipment, which
can be seen in Fig. 3, consists of an acquisition and
control unit where the emitted and received
electromagnetic waves signals are transferred to a
digital monitor (Fig. 4). The monitor not only allows
the visualization of the radargrams but also enables
them to be stored in a digital media.

Positioning of GPR survey was accomplished by a
GPS (global positioning system) unit that allows,
through the use of GPS Mapper” software, plotting it
on a Google Earth image.

Survey radargrams were acquires by using 50- and
100-MHz RTAs (rough terrain antennas). The central
frequency of each antenna was chosen in order to
provide the travel of the electromagnetic waves up to

the desired depth.

River Sarapui

River Iguacu
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airport
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Fig.3 MALA Geoscience GPR.

Data acquisition was accomplished through the use
of GroundVision” software. For most of the GPR
profiles the following parameters were used:

* numbers of samples per scan—1,000;

e number of stacks—4;

e range—200 ns;

* scan interval-0.02 m;

* 1o gain;

* no filter.

The radargrams were processed through the use of
RadExplorer” software.

4. Results and Discussion

The red line in Fig. 5 shows one location where good
contrasts were found during the GPR site investigation.

The legend presented in Fig. 5 represents, in meters, the
difference in altitude during the survey.

The radargram of this survey, shown in Fig. 6,
presents some interesting features. In fact, after
processing, one could see a continuous line delineated
by the blue line in Fig. 7, that might well represent a
slip surface.

After processing, it is feasible to delineate the
possible slip surface. As Fig. 7 shows, the blue line
indicates its position within the waste mass. This
hypothesis was suggested based upon the fact that:
(1) The slip surface presents a different texture from
the texture of the waste mass; (2) The radargram
evidenced a differential flow path through the surface
delineated by the blue line.
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Fig. 5 GPR survey location.
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Fig. 6 GPR radargram.
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Fig.7 GPR processed radargram.

Fig. 7 also shows some contrasts that might well be
correlated to possible leachate pools within the waste
mass. Those areas were delineated by the pink and
green surfaces. In addition to that, the region enclosed
by the yellow line might well contain an empty space
within the landfill.

contractors hired by the landfill owner confirmed that

Excavations carried out by

this was the case.
5. Conclusions

Gramacho’s landfill owners were long searching for
a tool that could indicate slip surfaces, leachate and
greenhouse gases pools within the waste mass. GPR
seemed to be a feasible technique since it is
non-invasive and fast to perform and process its data.
Slip surfaces could be indicated by small continuous
voids within the waste mass since there is a good
contrast between the dielectric constant of air and
municipal waste. Greenhouse gases pools could also be
indicated by large voids within the waste mass since
there is a good contrast between the dielectric constant
of carbon dioxide and methane and municipal waste.
Finally, leachate pools present a high electric
conductivity that could be easily be detected by GPR.

The results presented in this paper have shown that
GPR is an useful tool not only to detect slip surfaces
but also could indicate possible leachate pools within a
landfill.
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