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ABSTRACT
Landfills represent both a potential environmental hazard and a resource potential that can be an important contribution to the circular economy. In this context, landfill
mining provides a solution by combining remediation and metal extraction. However, a requisite and challenge for any landfill mining activity is good estimation of the
extent, volume and nature of the buried waste.
Direct sampling of waste by digging or drilling can be very costly and can also constitute and environmental hazard. Geophysical surveys provide an attractive alternative
as they can map the vertical and lateral extend of the landfill as well as variations of the fill material.
During 2019, integrated geophysical campaigns have been carried out at two sites in Denmark. First a ground magnetic survey was carried out to identify areas
containing iron bearing materials. In the Hvalsø landfill, a local magnetic anomaly was identified and further investigated using seismic refraction and geoelectric methods.
In correspondence to the magnetic anomaly, low resistivity and high seismic velocity were obtained, thus confirming the likely presence of iron bearing, high conductivity,
high seismic velocity metals.

Hvalsø

Avedøre

In the Avedøre landfill, which is still active at present, the waste is at the surface and thus has not suffered any compaction. The measured total magnetic field indicates
that the waste is more magnetic than the surrounding soil, and this fact is confirmed by magnetic susceptibility measurements performed in situ. Seismic velocity of the
waste is very low, even if compared to the underlying unconsolidated sediments of glacial origin.
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2. 3D MODELLING

Resistivity modelling (above) indicates the presence of low resistivity waste (blue) in
correspondence with the a high anomaly in the magnetic data. The result obtained is
used to constrain the starting model for the seismic refraction tomographic modelling
(below).
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Field activities
Acquiring seismic data (above)
and magnetic data (below) in
Hvalsø.
Magnetic data

Seismic refraction data

Total magnetic field data. The black
line shows the location of the 2D
seismic and geoelectric profiles. The
white arrow points to an interesting
magnetic anomaly likely caused by
metals in the waste, and further
investigated using seismic and
resistivity data.

The preliminary results obtained from seismic
tomography show that higher P-wave velocity values
occur at around 8 meter depth in the NE, thus giving
a good match with the magnetic and geoelectric
anomalies. The seismic velocity of the waste is of the
order of 350-500 m/s, whereas waste containing
metals show velocity values >600 m/s.
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Seismic data
The modelling of seismic refraction data shows that
waste has low P-wave velocity values (<350 m/s).
The glacial sediments have velocities in the interval
350-650 m/s, while the chalk at the base is
interpreted to have P-wave velocity >750 m/s.
Lithological data from a nearby drillhole were used
to aid the stratigraphic interpretation.

Acquiring seismic data (above) in
Avedøre. The waste can be seen at the
surface (below), thus making the site a
perfect location for the geophysical
characterization of waste.
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Total magnetic field data. The black
line shows the location of the 2D
seismic profile. A strong magnetic
signal is recorded at the eastern edge
of the landfill area and may be
interpreted as caused by Fe-rich
waste. Notice the low magnetic field
outside the landfill.

Magnetic susceptibility was measured on site with
a portable hand-held susceptibility-meter. The
waste is very heterogeneous and susceptibility
values reflect these variations.

Waste

In the table the magnetic susceptibilities of metal
structures, tarmac and soil are displayed. It can be
noted that the waste is generally more magnetic
than soil and tarmac, with extremely high values
(>75000 SI units) if Fe-metals are present.

FURTHER WORK
Integration of the various methods is paramount for the success of the project. In both test locations, after the surveys are completed, constrained inversion of the
geophysical data will be performed. The results obtained from modelling of the 2D geoelectric and seismic data will be used to support the 3D modelling of the
magnetic data. This modelling is extremely relevant for the Hvalsø landfill, where an unclear amount of iron may be present in the waste.
For the landfill in Avedøre, a new acquisition campaign is already ongoing, with the aim of defining the physical properties of the waste at the surface and for the same
type of waste buried at a few meters depth.
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