A geophysical toolbox for imaging and characterization of a landfill
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INTRODUCTION

Leachate and gas are a product of biochemical reactions occurring inside the landfill. Treatment
technologies (e.g., recirculation of leachate) are developed to reduce the production of leachate.
Imaging the location of the wet and gas pockets inside the landfill can help improve the treatment
technologies. Wet pockets occur inside the landfill due to the presence of high-density areas that act as
obstructions to the fluid flow (Figure 1). We propose the utilization of geophysical methods — seismic
and electrical — to image and characterize the landfill’s structure. In detail, we use the seismic method
to: (a) image the high-density areas (scatterers); (b) obtain a density distribution of the landfill; (c)
locate gas and wet pockets. We use the electrical resistivity method to image low-resistivity areas that
indicate wet zones. The electrical resistivity method when used alone is prone to artifacts and
uncertainties (Jolly et al., 2009). A combination of the two methods has proven to improve the
understanding of the landfill’s subsurface (Konstantaki et al., 2015a). In the following, we show
results obtained at two different landfill locations in the Netherlands (Wieringermeer and Twence).

Leachate collection system - - —
High-density waste

Groundwater

Leachate

Waste
Soil

=

Fig. 1: Cartoon of a landfill’s subsurface. High-density areas act as obstructions to the fluid flow and thus create
wet pockets.

THE TOOLBOX

The processing of seismic data obtained at a landfill site is challenging (Green et al., 1999).
Konstantaki et al. (2015a) developed processing steps for such seismic data. One of the outputs of the
processed seismic data is a velocity-distribution map of the shear (S) wave velocity map in Figure 2a,
while in Figure 2b we show the result from the electrical resistivity tomography (ERT). Figure 2
shows the location of wet pockets after interpretation of both results (see lines and capital letters). For
example, line A shows a contrast in the velocities (Figure 2a), indicating the start of a higher-density
area. In Figure 2b above line A a lower resistivity area is present indicating a wet pocket.

In a modeling study, we have shown that seismic interferometry (SI) can image the high-
density areas better than the conventional seismic reflection survey method (CRSS) (Konstantaki et
al., 2013a). We applied the method to field data from Wieringermeer landfill (Konstantaki et al.,
2015b). In Figure 3a, we show an image of the landfill obtained from CRSS, while in Figure 3b we
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show the image obtained after application of SI to the CRSS field data. More scatterers are
interpretable in the SI image and their location is better defined.

In a second field study, we constructed S- , as well as compression- (P) wave seismic maps.
The P- and S-wave velocity ratio (Vp/Vs) can be used to interpret gas (e.g., Westbrook et al., 2008) or
water (e.g., Konstantaki et al., 2013b) zones in the subsurface. Figure 4a shows the obtained Vp/Vs
ratio for the landfill’s subsurface. Lower ratio is an indication for presence of gas pockets, while
higher ratio is an indication for water pockets. Finally, Figure 4b shows the density distribution we
determined from the seismic data. It is obtained using an empirical relationship between S-wave
velocities and unit weight, specifically valid for landfills (Choudhury and Savoikar, 2009).
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Fig. 2: (a) Velocity field obtained from S-wave measurements, (b) electrical resistivity tomography (ERT). The
letters and lines indicate the locations of high-density areas that act as obstruction to the fluid flow. Adjusted
from Konstantaki et al. (2015a).
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Fig. 3: Stacked image of the landfill’s subsurface using the (a) conventional reflection seismic survey (CRSS)
method and (b) seismic interferometry (SI). Green hyperbolas indicate scatterers (high-density areas) that are
interpreted on the SI data, whereas red hyperbolas - the ones interpreted on the CRSS data. The blue arrows
point to reflectors. Adjusted from Konstantaki et al. (2015b).
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Fig. 4: (a) P- and S-wave velocity ratio distribution, (b) density distribution.

CONCLUSIONS

We proposed a geophysical toolbox for the characterization of landfills. The toolbox consists of
seismic and electrical methods. With their help, we showed that we can image the landfill’s structure,
extract its density distribution, and interpret wet and gas pockets.
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