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The following reportdescribeghe results of thefirst geophysicalrivestigationon the former landfill

of Meerhout,located in the province of Antwerp, Flemish Region, Belgithislandfill is one of the
mainRAWFILpilot sitesto demonstratethe useof geophysical methods as part of a standard frame-
work assessment of enhanced landfill mining projects.

In this initialsurvey, we applied a variety obmplementarygeophysical methodghe goalwas firstly
to delineate majogeophysical anomalies, which are indicativesfiouctural or compositional changes
within the landfillor the transition to the host materiaBecondly it allows identifyingdeal sampling
locationsin order to verifyand calibratehe geophysicaineasurementsBasedupon the outcome of
this survey the Public Waste Agency of Flanders (OWAIMjonducta guidedsampling surveylden-
tified correlationsbetween geophysical results and groutrdth data maybe useful forsubsequent
characterization obther landfillswith geophysics~urthermore, @pending oreamplingesults,a sec-
ond geophysicasurveymight later be conductedto remove uncertaintiegssued aftesampling

Theinitial investigations were completelly the University of LiegelLiegée and theBritish Geological
Survey (BG®n January 1838, 2018.They wereprepared inclose coordinatiorwith OVAM and the
membersof the I0K(owner of the site)and basedupon 1) the expectecbutcome of geophysical
methods for LEEharacterizatiorpresented in the SWOT analyaisd 2) the informationgatheredin
the archives othe Meerhout site(seeT1.3.1: Swot analysis of tRaracterization methods, 11.1.1:
Archives and inventory report and 11.1.2 Remote imaging repardetailed description of the survey
design can be found in the Survey Design Refiwnit.2.1). Although, tha@ctualinvestigations were
slightly adjusted ecording to site conditions and work progress.

The Meerhout landfill was developedfime stages since 1962 until 199&s shown ifHgure 1a, five
different zones were filled durinthe first four stagedetween 1962 and 989.During the last stage
from 1993 to 1997 an additional layer of waste was added on tapeozonest and 5.This develop-
ment lead to a different waste thicknef®m 5 min zone 1 to 20 nin zones 4 and During the first
stage of the landfiJlno bottom membranavas setup whereasn more recent periods, an agricultural
foil (19821983) and digh-densitypolyethylene (HDPE) membrane (>1986) were ugditiough, the
location of the agricultural foil remains unclear

Information about the wasteamposition during the first stage is missing. According to available in-
formation from 1981 to 1997, at least 1.3 millior? of household and industrial (up to 30%) wastes
were deposited on the site.

From 1999 to 2003gas was extracted from the landfill through nine wells distributed all over the
landfill. During that period, theveerage annuajas production amounted to 376 00 m
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At presenta low amount of gas iextracted andournt for one houreveryday. The oldestand east-
ernmostpart of the landfill is now paved with cement and acts as a recycling park.

Further details about the study site can be found in the following reptitt4:1: Archives and inven-
tory report & 11.1.2 Remote imaging report

Geophysicalinvestigations

Main investigatiorareas

For thegeophysicasurvey,we focused orthe two investigationareas shown iigure 1b. These two
areas were chosebecause they are representatid@r the different stages of the landfill exploitation
Additionally the lack of dense vegetation coven these areas facilitated detailed geophysitelp-

ping

The northern investigationarea 1(yellow in Fig. 1bjoversthe older pars of the landfilland extends
across three fillingones In this part the wastereaches a thicknessf 8 to 10m with a potentially
higher anount of industrial waste. The newemherninvestigationarea 2(blue in Fig. 1bin con-

trast, has a wasteéhicknessof approximately20 m potentially containing intermediatdayering Addi-
tionally in area 2 an intact HDPE membrane is present whereas in area 1 only algyoby now
degraded agricultural foivas used for sealindzorthe geophysicameasurementsthe possibilities

and challenges arthus different for the two investigation areadn addition,it should be noted that
ERT and IP measurement can only be conducted on investigation area fheim@ste materialon

the other partsis completely electrically isolated by the HDPE membrane and therefore invisible to
this measurement method.

: egen

investigation area 1=
investigation area 2%

Figurel: Aerial view of Meerhout landfill with a) site history witktimated waste thicknesmnd b) extent of the initial pre
sampling geophysical survegefial photographaken in2017).
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Geophysical methods and coverage

In the following,all applied geophysical methods are listed with their expeatein sensitivities on
landfills. Different geophysical methods are sensitive to different physical properties and can there-
fore complement eag other. For a more detailed description of each geophysical method, please
refer to the following report T1.3.1: Swot analysis of LF characterization methods.

In order toget afull arealcoveragehe following mapping methods were used
1 Magnetic fieldmapping to identify zones with high metal conteffneasuingchanges in
total magnetic field/gradient)
1 Electromagnetic (EM})o reveallateral extent of different waste composition or leachate
contentat several distinctive depth@nappingchanges in electrical conductivity and mag-
netic susceptibility)

More focused2D surveys, providing detailed information about changkephysical propertiesvith
depth, were done along distinct profiléscluding the following methodand their sensitivies
1 Bectrical Resistivity ®mography (ERTjo discriminatedifferent waste typesandinvestigate
changes in leachateontert (measuringesistivity distribution)
91 Induced Blarization (IP) to detect metallic scraps or zones of higher organic content
(measuringchargeability distribution)
1 Seismic Refractiondmography(SRTand Multichannel Analysis of Surface &Ves
(MASW) to characterize the geometry of the subsurface layers presenting different com-
pactions(measuringseismic velocities)
9 Horizontalto Vertical Noise Soectral Ratio (HVYNSRR to estimate the thickness of the landfill
(measuringseismic velocities)
1 Ground Penetrating Rdar (GPR)o indicate thepresence of a covering membranedis-
tering the returned GPR signal which was reflectediffracted at material boundaries with
significant changes in relative electric permittiyity

The extent of each applied methdd shown inFgure 3 The EM and magnetic mapping were per-
formed on a grid, formed of parallel linégellow and blue dotén FHg. 3a). The 2D surveys were done
alongthe profile lines indicated ifigure 3b As mentioned abovghe ERT and IP methods could only
be applied on thenorthern areawhere no covering membrane is present. Due to a lack of time, the
application of GPRaslimited to the northern area along the northernmost, easternmost and west-
ernmost profiles.
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Figure2: Extent of the performed geophysical measuremera) Electromagnetic (yellow) and magnetic (blue) survey
Line spacinof 4 and 2 m respectively. b) Location of ERT/IP profiles (thick green lines in the bottom part of the site
profiles (pink lines) with offsets indicated by red lines at the beginning/end of each profile. Location of HYSNR sieis
is showm in green dots distributed along seismic profiles.

Measurement systems and parameters

In the nextsection the measurement parametsifor each methodare summarizedA summary table
with more detailedadditional informationcan be fomd in appendixA.

Theelectromagneticdata was acquiredusing a conductivityneter model DUALEM4. By attaching
two different antennassizes mappingat four different depth levels could be achieved. Thdepths
were 1.2 m and 3 m for the shorter antenna and 2.5 m and 6 m fotdhgerantenna. Both quadra-
ture (related to apparent conductivity) and iphase (related to apparent magnetic susceptibility)
components were recorded simultaneously for each antetmaddiion, a GPS sensor (no RTK) was
connected to the system for positioninghe EM survey fathe northern areawas conducted on a
grid of 4 m spaed linesfor the largerantenna and 2m spaced lines for thhorter antenna(yellow
dots of Fig.3d). Forthe southern areathe acquisitionlines are mordrregular due to theparts of
denser vegetation coveiThe EM system vgamoured to a cart as shown in Figa4

Themagneticdatawereacquired with a portableaesium magnetometer model €858 from Geomet-
rics. All datawererecordedin vertical gradient modevith 1 m separation between sensaad0.6 m
above ground levelThe system was mounted on a cart as showRdare 4b Linesinterspacing for
the northerngridwas approximatel® m geeblue dots Fig. &). For positioningall datawere contin-
uouslysynchronized with a GPS system (no RT&)dentify drifts in the magnetic data the repeated
base measuremestwere done at a positioaway fromanyvisible disturbances
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Figure3: Acquisition of a) EM, b) Magnetic, ¢) Seismic (SRT and MASW) and ERT/IP data on the landfill.

ERT andime-domainlPdata were simultaneously recordedth a SuperSting R8/8ystem The elec-
trode spacing wa&.5m leading to an approximatesolution of 0.4n inprofile direction The reso-
lution in vertical direction decreases with deptéinging from0.4m at depth up to 1.4nto 0.8m at
depth up to 6m and 1.5m at maximum investigation depth. The maximum investigation depth
achieved wad2 ¢ 15m dependimg on the profile lengthwhichvariedfrom 69 to 94.5m due toto-
pography andregetationbarriers For each profilea set of 1100 to 1800 reciprocal dipalgole con-
figuration pairs were measured. This setup allowed a good data coveratj¢ghe reciprocal errors
could be used for data quality assessmdfinally each electrode was surveyed withd#ferential
GPS with real time kinetic (RTK) correctifimsaccurate positioningf the profiles.

Theseismic datawere acquired withdensey spaced shot locations (every other geophone). This al-
lowed us to use the data for botBeismic Refraction Tomography (SRihg Multichannel Analysis
of Surface Waves (MASWataprocessingAll datawere acquired with vertical geophoneBor some
lines 4.5Hz and 10Hgeophoneswvere used interchangeahlyfhe maximum investigation depth for
MASW is considered to be about half of the wavelength of the lonwesirded surface wavée-
guency(e.g Park, Miller et al. 1999, Dumont, Robert et al. 20M@aning thatwith lower frequency
geophones the investigation depth for MASW can be incrée8mceonly a limited amount of lower
frequency geophonewasavailable we decided that thdnterchangeals useof 4.5 and 1MHzgeo-
phoneswasthe besttrade-off in orderto contemplatethe investigation depth for SRWhich is about
5 to 10 times maller than the profile lengtiiKnddel, Lange et al. 200Due to thelargerwaste thick-
nesson investigation area 2ve useda geophone spacing ofr@. On investigatiomrea 1 the profiles
were acquired withdifferent geophonespacingganging from 1.25 to 1.6 becauseprofile length
limitations caused by topographgnd vegetation.As asource a sledgehammeand aplasticplate
were used as shown Fgure 4cFor positioningeach geophone wascalizedwith a differential GPS
(with RTK corrections).
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The method ofhorizontal to vertical noise spectral ratio (HVNSRasappliedalong the seismic pro-
file linesby recording ambient seismic noisiring 15 minutest discretelocations Data were rec-
ordedin the three componentgvertical, northsouth, eastwest directionsusing two seismometers
LE3Dlite Mkl and LBD/5s Mklllwith eigenperiods of 1s and Bsd upper frequency limit of 100
Hz and 50 Hz respectivellachmeasurementocationwas separated by a distance of four previously
positioned geophones. The recording stations alternated between both seismometers.

Theground penetrating radar (GPRyas used taheck the presence of@vering membrane in area

1 and toestimatethe cover layethickness. Three profiles were measured with a 250MHz antenna,
whichrepresents the best compromise between depth of investigafto detect the covering mem-
brane) and resolution (to estimate the cover layer thickness)

Theprocessingf dataandresults ofeachgeophysical methodk described in the following section.
The section concludes on discussthg overall interpretation with respect to the landfill characteri-
zation and the suggested sampling locatidPsoposed sampling locations are indicateghiasented
mapsanddiscussed in the concluding section.

Magnetics

Figures4 and 5display the results of the total magnetic survéys described in the previous section,
the magnetic datavere acquired with two vertically aligned sensors, whereas both sensors measure
the total magnetic field (in nT). The mapHgure 4displays the data measured with the lower sensor
after applying a spatial interpolatiomith inverse distance weighting (IDVWhe normalmagnetic field
intensity at the landfill site is abodi8842.9nT (taken from IGRF online tool which takes into antou
the latitude, longitude and elevation of the site). Therefdiee blue and red colosron the map in
Hgure 4 correspond to magnetic anomalies.

The vertical gradient map iRgure 5 is obtained bygalculatingthe differenceof the total magnetic
field measuredat the two sensorandinterpolating the data using IDVEEspecially for landfiitudies

the vertical magnetic field gradiewfffers severaladvantagesFirstly,it is more sensitive to neasur-
face anomalousnagneticsources Secondlydue to the signal subtractigmnwanted signal perturba-
tion such aghe influence oftemporalvariations of thetotal magneticfield andthe influence of the
earth magnett field inclination can be reduce@e.g. Roberts et al. 1990a and Roberts et a90E).

Severalvery strong magnetic anomalies are seen both Fgures 4 and pwhich can be associated
with metallic infrastructure oobstacles disturbing the measurementbe investigation ared shows
arelatively bigrotated L-shaped structurgunning parallel to the access ro&dhite dashed lingin

Hg. 4 & 5) Due to itselongatedand continuousshape we assume that this feature is caused by a
metallic pipe. Similarly, a very high amplitudeoaralycan be seen at the southern edge of tarea
This anomalgan be associated to the metallic containers nearby. On investigatiorRaseaerahigh
amplitudes, North-South alignec&inomaliesare present These structures aiia line with trencheson

this area and were probably causedthiing of the sensors when crossing the trenclieslicated by
black arrows irHg. 4 & 5) Another big anomalglose to the proposed sampling location dén be
associated t@ metallic borehole casing at this positifislack cross ifigs.4 & 5)
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Figure4: Total magnetic field map Figure5: Vertical magnetic gradient map

The ptal magnetic data shows very broad magnetic anomali¢es.broad shapemight be an indica-
tion for compositional changes at greater depth within the waste matesiakven changes in the
underlying geological structur@he narrow structure near the proposed sampling locatiénin con-
trast, might be caused by a bigger metallic objatshallow depth

In comparison to the total field measurements, the magnetic gnaiddatais much moreperturbed
with values fluctuating from negative to positiyig 5) This is especiallyrtie for the north-eastern
part ofinvestigation ared. Such fluctuating values agetypicalobservationfor landfillsdue to their
high concentration of ferromagnetic materiahd is described forample inKnoedel et al(2007).
The values in area 2 anme comparisormuch less fluctuatingndicatinga lower amount of ferromag-
netic material in this newer part of the lafilil

Another pronounced feature crosses the center of the investigation areaEastWest direction.
Although the waste cells are north south aligneBlgure 1), we wonder if this structure might be
associatedvith anearth dam dividing waste celfg/hite arrow in fig 4 & 5)

Electromagnetiecnapping

Similarto the magnetic dataall data were interpolated withIDWto producemaps. The quadrature
phase component of the induced magnetic field can be related to the eleatocauctivityand the
in-phase component to the magnetic susceptibility (e.g. Dumont et al. 20hé)data is sensitive to
different depths @pending on the antenna used, eith2m or 4m antenna,and the orientation of
the coils. All maps with the conductivity datafaur differentdepths are displayed iRigures 6 to 9
All magnetic susceptibility datre shown inFgures 10 to 13
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Figure 6: Electrical conductivity map derived from Figure 7: Electrical conductivity map derived from
quadraturephase data reasured with the 2 m anten: quadraturephase data masured with the 4 m anter
and vertical coialignment. Investigation depth is 118. and vertical coil alignement. Investigation depth isr@.
Figure 8: Electrical conductivity map deridefrom the Figure9: Electrical conductivity map derived from tipea-
quadrarturephase data masured with the 2 m anter drature-phase data masured with them antenna ando-
and horizontal coil alignement Investigation depth rizontalcoil algnement Investigation depth is 6.01.
3.0m.
9



