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1 Introduction

Landfills, designated sites for the disposal of waste materials, have significantly impacted the
environment due to the assortment of materials discarded within them. They serve as repositories
for various types of waste, including but not limited to household refuse, construction debris,
industrial byproducts, hazardous chemicals, and organic matter (Tezkan, 1999; Ibrahem et al.,
2019).  The  presence  of  such  diverse  materials  in  landfills  poses  significant  environmental
challenges and potential risks to groundwater resources, air quality, and overall environmental
health. The consequential effects of landfills extend beyond their physical presence, influencing
factors such as soil contamination, water pollution, greenhouse gas emissions, and the potential
for  long-term  ecological  disturbances  (Ibraheem  et  al.,  2021).  Geophysical  methods,
encompassing techniques like magnetic, Electrical Resistivity Tomography (ERT), and Time-
Domain Electromagnetic (TEM) surveys,  play an important  role in assessing and monitoring
landfills  and their  environmental  impact  (Nienhaus et  al.  2020,  2021;  Ibraheem et  al.  2020,
2022). Using these techniques, environmental scientists can gain a comprehensive understanding
of landfill dynamics, enabling more informed decision-making for containment, remediation, and
the  protection  of  surrounding  ecosystems  and  water  resources  (Kirsh,  2009,  Soupios  &
Ntarlagiannis, 2017; Ibraheem et al., 2021).

2 The Weidenpesch landfill characterization

The studied landfill is situated in Weidenpesch, within the city of Cologne, Germany. The subsurface
geology of this region is characterized by a superficial layer of Pleistocene/Holocene floodplain fines,
measuring approximately 2 to 3 meters in thickness, which overlies a deeper stratum of Pleistocene
gravely sand, extending to depths ranging from 18 to 25 meters. Further below, the geological sequence
comprises Tertiary sand, clay, and brown coal layers. Historically, the site was utilized as a sand and
gravel quarry, commencing in 1959. Subsequently, in 1976, operations ceased, and the site was covered
with an uneven layer of silty fine sand, varying in thickness from 0.5 to 2.5 meters. Over time, a variety
of materials, including soil, construction debris, household waste, and particulates resulting from the
grinding of stone materials, were disposed of within the site.
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 3 Methodology

At the site under investigation, magnetic gradient surveys, ERT, and TEM techniques were employed
to analyze and define the landfill structure and its impact on the surrounding hosting layers. Magnetic
survey was effective in delineating the extent of buried waste and detecting ferrous materials (Figure
1),  while  ERT  provided  valuable  insights  into  subsurface  resistivity  variations,  aiding  in  the
identification of potential contaminant plumes and structural anomalies within landfill sites (Figure 2).
TEM techniques offered a means to investigate the electrical conductivity of subsurface materials,
aiding in the characterization of landfill composition and the extent of leachate migration as shown in
the result of Occam inversion (Figure 3).

Figure 1: The vertical gradient magnetic map of the study area.

4 Results

The landfill's lateral and vertical boundaries were successfully identified, where the waste body
extends to a depth of 8-10 meters. Variations in resistivity values between the western and eastern
sections of the landfill imply the deposition of distinct materials in these regions. Beneath the
landfill, a highly conductive layer was detected compared to the surrounding area, indicating the
potential for downward contaminant seepage. The outcomes derived from the diverse investigative
methods exhibit a high degree of agreement and consistency.
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Figure 2: The result of ERT survey in the study area.

Figure 3: The result of 1D Occam inversion of the TEM data in the study area.

References

Ibraheem, I., Tezkan, B. & Bergers, R. (2019). Imaging of a waste deposit site near Cologne city,
Germany using magnetic and ERT methods. The 25th European Meeting of Environmental
and  Engineering  Geophysics,  Near  Surface  Geoscience  Conference  &  Exhibition  8-12
September 2019, The Hague, Netherlands. DOI: 10.3997/2214-4609.201902492 

Ibraheem,  I.,  Tezkan,  B.  &  Bergers,  R.  (2020).  Dumpsite  characterization  using  Geophysical
Methods: Case Study at Waste Deposit Site near Cologne City, Germany. - In: Börner, J.,

Ibraheem et al., Geophysical Investigation of the Weidenpesch Waste Site in Cologne, Germany

8



Yogeshwar, P., Becken, M. (Eds.), - Protokoll über das 28.  Schmucker-Weidelt-Kolloquium
für Elektromagnetische Tiefenforschung: Haltern am See, Germany 23. –27. September 2019,
28. Schmucker-Weidelt-Kolloquium für Elektromagnetische Tiefenforschung (EMTF), 169–
169.

Ibraheem, I. M., Tezkan, B., & Bergers, R. (2021) Integrated interpretation of magnetic and ERT
data  to  characterize  a  landfill  in  the  north-west  of  Cologne,  Germany.  Pure  and  Applied
Geophysics, 178(6), 2127-2148. https://doi.org/10.1007/s00024-021-02750-x

Ibraheem,  I.,  Tezkan,  B.  & Bergers,  R.  (2022).  Landfill  characterization  and leachate  pathways
delineation at a waste disposal site in Cologne, Germany using geophysical techniques. - In:
Börner, J., Yogeshwar, P.,  Grinat, M. (Eds.), - Protokoll über das 29.  Schmucker-Weidelt-
Kolloquium für  Elektromagnetische  Tiefenforschung:  virtuell,  29.  September  -  1.  October
2021, 29. Schmucker-Weidelt-Kolloquium für Elektromagnetische Tiefenforschung (virtuell
2021), 134-134.

Kirsch,  R.  (2009).  Groundwater  protection:  mapping  of  contaminations,  in  Kirsch  R  (Ed.),
Groundwater  Geophysics  -  A  Tool  for  Hydrogeology,  2nd  edn.,  Springer-Verlag  Berlin
Heidelberg. 525–539.

Nienhaus, H., Yogeshwar, P., Tezkan, B. & Ibraheem, I. (2020). TEM investigation of a waste site in
Cologne, Germany. - In: Börner, J., Yogeshwar, P., Becken, M. (Eds.), - Protokoll über das 28.
Schmucker-Weidelt-Kolloquium für  Elektromagnetische  Tiefenforschung:  Haltern  am See,
Germany  23.  –27.  September  2019,  28.  Schmucker-Weidelt-Kolloquium  für
Elektromagnetische Tiefenforschung (EMTF), 168–168.

Nienhaus, H., Yogeshwar, P.,  Tezkan, B. & Ibraheem, I.  (2021).  A 2D transient electromagnetic
tipper  study  on  a  landfill  near  Cologne,  Germany.  The  81.  Jahrestagung  der  Deutschen
Geophysikalischen Gesellschaft (DGG) in Kiel, 1–5 March 2021, Germany.

Soupios, P. and Ntarlagiannis, D. (2017). Characterization and monitoring of solid waste disposal
sites using geophysical methods: current applications and novel trends. In: Sengupta D, and
Agrahari S (Eds) Modelling trends in solid and hazardous waste management, Springer. 75-
103.

Tezkan,  B.  (1999).  A  review  of  environmental  applications  of  quasi-stationary  electromagnetic
techniques.  Surveys  in  Geophysics,  20  (3-4),  279–308.
https://doi.org/10.1023/A:1006669218545

Ibraheem et al., Geophysical Investigation of the Weidenpesch Waste Site in Cologne, Germany

9


