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CONTEXT

CONCLUSION & PERSPECTIVES

1. FIRST EXPERIMENT ς3D GPR and boreholesiting

2. SECOND EXPERIMENT ςTracer test and GPR monitoring

To infer fracture connectivitypatterns,we conductedsurfaceGPRduring tracer test injections. Because
of the saline formation water όҒ1850 mS/m), we injected deionizedwater to achievean electrical
contrast. At the sametime, we usedtraditionalUranineandRhodaminetracers.

First Injection of Uranine in BH2 between3.2ς3.7 m depth with a withdrawal in BH1 (3-6 m depth in
transmissivezone).

SecondInjection of Rhodaminein BH2 between 3.2 ς3.7 m depth with a withdrawal in BH3 (4-5 m
depth in transmissivezone).

Both injectionswere pursuedfor 24 hours, with an accumulatedinjected volume of 10 to 13L (using
pressuredifferencesexceeding40 bar), to increasethe chanceof observinga GPRtime-lapsesignature.
Seven2D GPRprofileswere acquired alongthe tunnel width (crosslineconfiguration)everyhour during
8 hours using160 MHz and 450 MHz antennas. 3D GPRsurveyswere acquiredbefore and after the
injections.

A) DESIGN & METHODOLOGY

DiscreteFractureNetwork (DFN)modelsare currently derived from fracture mapping(outcropsand boreholes),as well as
hydraulicand tracer test. Theaim of this researchis to usegeophysicaldata (GroundPenetratingRadarςGPR)in order to
reducethe uncertaintyon the spatialfractureextentandtheir 3Ddistribution.

Theexperimentalsite is locatedwithin the ÄspöHardRockLaboratory, a tunnel of 4 km length from the surfacedown to
almost500m depth on the islandof Äspöin southeasternSweden. Thisundergroundlaboratoryis usedto build the know-
how for constructinghardrockrepositoriesof nuclearwastedisposal.

Here, we aim to build a methodologyto conditionDFNmodelsto GPRdataat scalesfrom a few to tensof metersaroundthe
canisterscontainingthe spentnuclearfuel.

B) RESULTS & FIRST INTERPRETATIONS

C) CORELOGGING DATA INTERPRETATION AND GPR CORRELATION

A) DESIGN & METHODOLOGY

Thefirst field campaignaimedat imagingthe 3Ddistributionof the mainopenfracturesusingsurfaceGPR.
Ourexperimentswereacquiredin a tunnel of dimensions22 x 3.6 x 4.8 m locatedat 410m of depth. Since
the floor wassawed, the conditionsto acquiresurfaceGPRwere ideal. Thetunnel geologyis composedof
granite,diorite andgranodiorite[Ericssonet al. 2015].

TheGPRwaspulledalongthe tunnel floor (inline configuration)alongprofilesseparatedby 0.05 to 0.10 m
using160, 450and750MHzantennaswith correspondinginvestigationdepthsof 10m, 8 m and5 m.

B) FIRST RESULTS (Uranineinjection) 

Left: 2DGPRslicesafter processingandmigration.
Å DC removal, time-zero correction, mean trace

removal, gain application, SVDfilter and Kirchhoff
migrationwereapplied.

Å Thehorizontaland vertical resolutionsare 0.8 m and
0.2 m for 160 MHz,0.25 m and 0.06 m for 450 MHz
and0.18m and0.04m for 750MHz.

Å Proposedboreholes(BH1 to BH3)

Right: GPRmodel,boreholesiting anddrilling
Å Threezoneswere defined basedon GPRreflections

from, supposedly, more permeableto lesspermable
regions. One borehole of 9.5 m was drilled in each
zone(BH1 to BH3).

Å Connectivitybetween all boreholeswere observed
duringthe drilling (pressureresponse).
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(a)GPRmeasurementsbeforethe tracerinjection;
(b) GPRmeasurementsafter the tracerinjection;
(c)Subtractionbetweenthe two GPRprofiles
(d) Interpolation of 3D GPRmeasurementsacquired during the first
experiment(inlineconfiguration)
(e)Tracerrecovery(first tracerarrivalin BH1 after 3 hours)

The first experiment aimed at imagingthe main open fractures. These3D GPRresults were used to locate three boreholes. The GPRresults and
coreloggingdatasuggestthat someopenfracturesareverywell imaged(BH1) by the GPRwhile othersarehiddenby sealedfractures(BH2). Thesecond
experimentwasdesignedusinginitial hydraulictests to locateflowing sectionsfor the injectionandwithdrawalof tracer to studyfracture connectivity.
Challengesof observingthe tracermovementwith GPRaremainlydueto:

Å Verylow fracturetransmissivity(2.2 E-10 to 7.0 E-10m2/s)
Å Verysmallinjectedvolume(i.e., thin openfractures)
Å Only20%to 30%of massrecovery
Å Strongdiffractionsfrom packershidethe fracturesignature

Up to now, the resultsare insufficientto infer the tracer movementandadditionalprocessing/ interpretation is needed. Thesedata will be further used
to reduceuncertaintiesandimproveconditioningof site-specifichydraulicDFNmodels.

References(a) Tadpoleplots are an easyrepresentationto show the dip and the dip direction of fracturesat depth; (b) Fracturesfrom coreloggingidentified on GPR
sections; (c)Transmissivitymeasurements(1-m flow sectionsalongthe boreholes)from hydraulictest. Themost transmissiveborehole(BH1) agreedwith GPR
classification; (d) GPRsectionswith fracturescorrelationfrom boreholes. GPRreflectionsfrom BH1 are more sensitiveto conductiveopenfractureswhile GPR
reflectionsfrom BH2 are more sensitiveto sealedfractures. Sincethe fracturesin BH3 are mostlyvertical,surfaceGPRcouldnot imagethem; (e) Corelogging
imagesfrom OpticalTeleviewermeasurements.

2D GPRslicesin crosslineconfiguration from 3D measurements: the profile representedis situated0.55 m from BH1, where we canseestrongGPR
reflectionscorrespondingto openfracturesfound in the corelogging. Aprojectionof the packerconfigurationin BH1 is representedin red.

To highlight the tracer signature,we proceedby substractingGPRprofiles acquiredbefore and during the tracer injection. To analysethe ǇŀŎƪŜǊΩǎ
influenceon the signal(strongdiffractions),we comparewith dataaquiredduringthe first experiment(beforethe installationof the boreholes).

Correlationbetweencorelogging, GPR and hydraulicdata for BH1 (left) and BH2 (right). 
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