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100,000 –
500,000 landfills

RAWFILL project

Needs:

• Raw materials

• Energy
sources

• Land

Landfill mining

RAWFILL = Raw 
materials recovered
from landfills
• focus on developing 

new methods to 
reduce the economic 
risk of LFM projects

(Jones et al. 2013)
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Geophysics within
RAWFILL
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Context: history

• 1902-1967: 
– quarry (limestone 

extraction) 

• 1967-1976: 
– slacked lime deposits 

followed by ashes deposits

• 1982-1987: 
– heterogeneous wastes 

(inert, tires, rubber, plastic, 
car parts, household...)

196319711976

ashes

2018
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Context: current state

Ashes
and 
lime

Aerial view Hillshade (from Lidar data)

(SPW, 2019)(SPW, 2019)

Part of the site is in a Natura 2000 zone
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Context: water 
catchment

• Landfill is in the 
vicinity of three water 
catchments… and is
located inside their
distant protection 
zone

Onoz site
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Selected methods

• Electromagnetic induction (EM)

• Magnetometry (MAG)

• Electrical Resistivity Tomography 
(ERT) and Induced Polarization 
(IP)

• Seismic method

– Horizontal to Vertical Noise Spectral 
Ratio (HVNSR or H/V)

RAWFILL 

Mapping

Soundin
g

Imaging
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Spatial coverage: EM & 
MAG

EM + MAG
EM

MAG
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Results: EM at around 6 
m depth

Limited 
colorscale
(in blue < 
25 Ω.m)

Electrical conductivity
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Interpretation: EM

20181976

N
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Results: Magnetometry

Total magnetic field Vertical magnetic field
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Interpretation: 
Magnetometry

Total magnetic field Vertical magnetic field

Strong magnetic
field anomalies 
due to metallic

scraps…

… close to 
the surface 

Scattered
metallic
objects

Unaffected 
area
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Spatial coverage

ERT/IP

ERT lines
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Results: ERT/IP
P1

P1

Limestone bedrock??Fractured
bedrock

LimeLime

??

Waste

Electrical resistivity

Metallic scraps

Chargeability
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Validation with ground
truth data

Sampling

P2
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H/V measurements

(Debouny, 2019)

Bedrock

Lime

Grey 

ashes

H/V measurement Borehole log

𝑓𝑎𝑠ℎ𝑒𝑠

𝑓𝑙𝑖𝑚𝑒

𝑉𝑠𝑙𝑖𝑚𝑒 = 318
𝑚

𝑠
𝑉𝑠𝑎𝑠ℎ𝑒𝑠 = 271

𝑚

𝑠

Possible to estimate the thickness of ash and lime 
at other HV stations
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Resource distribution 
model
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1) Gather all available information

2) Use mapping methods (e.g. EM & Mag) to quickly 
delineate landfill extent, identify anomalies and decide 
upon location for more detailed 2D or 3D-surveys (ERT/IP, 
seismic)

3) Define a sampling plan based on geophysical results

4) Use ground truth data to calibrate and verify geophysical 
data

5) Build resource distribution model

Summary: RAWFILL 
approach

In Onoz, this approach allowed to save up to 50% of 
characterization costs
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The Interreg North-West Europe Project is
coordinated by SPAQuE and unites 8 partners from
4 EU regions.

Raw materials 
recovered from landfills



RAWFILL 
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Context



RAWFILL 
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• Magnetometry

Methods

Magnetic anomaly

Earth magnetic field
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Methods

RAWFILL 

T R

Primary field

Induced Eddy currents

Secondary field

A fast mapping geophysical method
for studying the extent of a landfill: 
Electromagnetic induction (EMI)
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• ERT/IP

Methods

Stainless steel electrodes
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Methods

RAWFILL 

• ERT/IP
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Methods

RAWFILL 

• ERT/IP
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Méthodes utilisées

RAWFILL 

• ERT/IP
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Methods

RAWFILL 

• ERT/IP
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Methods

RAWFILL 

• ERT/IP
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Methods

RAWFILL 
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Site overview: geology

N
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Results: EM at around 6 
m depth

In-phase

Limited 
colorscale
(in blue < 
25 Ω.m)

Electrical conductivity



RAWFILL 34

Results: ERT/IP
P1

P1

P2

P3
Similar structures 
observed in P2 and P3
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Sensitivity
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DOI
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Interpretation: ERT/IP

P1
P2

P1

P2

P1

Zoom in1971

P2
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Validation with ground
truth data

Sampling

P2

P3

P1

P2
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Site overview: current 
state
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3D ERT results

Electrode setup
3D resistivity model

N
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3D ERT/IP
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Soil contamination

ZONE LAYER TEST POLLUTING ELEMENTS AND NORM EXCEEDANCE* 

Lower 

Waste 

Chemical 

 PAH > TV (T1,T2,T4,T6, F2), VI (T1, T4, F2) 
 VOHC > TV (T1,T6, F2) 
 Heavy metals > TV,LV, VI (T1 to T7 F2) 
 Mineral oils > TV (T1,T2,T5,T6,T7, F2), VI 

(T1,T3,T4,T6, F2) 
 Polychlorinated biphenyl (PCB) > LV (T1,T6) 

Leaching 

 Heavy metals > TV (Pb), VI (Cu), LV (Al, Sb) 
 Mineral Oils > TV, VI  
 Total Organic Carbon (TOC) > Signal value  
 … 

Lime 

Chemical 

 Heavy metals > TV (T1,T6), VI (T6, F2), LV (T6, F3) 
 Mineral oils > TV (T1, T6, F2, F3) 
 PCB > LV (T1) 
 VOHC > TV (T1, F3), VI (T6, F2, F3) 
 Hydrocarbons > LV (F2, F3) 
 … 

Leaching 
 VOHC > TV 
 Heavy metals > TV (Pb), LV (Al, Ba)  
 TOC > Signal value 

Upper 

Lime 

Chemical 

 Mercury > TV (F4, F5), VI (F4) 
 Aluminium > LV (F4) 
 Mineral oils > TV (F4, F5), VI (F5)  
 VOHC > TV (F4), VI (F4, F5) 
 Hydrocarbons > LV ( F4, F5) 
 … 

Leaching 
 VOHC > TV 
 Heavy metals > TV (Pb), LV (Al, Ba)  
 TOC > Signal value 

Ashes 

Chemical 

 Aluminium > LV (T8, F4, F5) 
 Mineral oils > TV (F4, F5) 
 PAH > TV, VI (F5) 
 VOHC > VI (F4, F5) 

Leaching 
 Arsenic > TV 
 Aluminium > VL 
 Fluorides > VL 

 

(Debouny, 2019)
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HVNSR theory

𝑓0 =
𝑉𝑠

4 𝐻

BIMODAL MODEL TRIMODAL MODEL

𝑓1 =
1

4
𝐻0
𝑉𝑠0

+
𝐻1
𝑉𝑠1


