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CONTEXT

DiscreteFractureNetwork (DFN)modelsare currently derived from fracture mapping(outcropsand boreholes),as well as
hydraulicand tracer test. Theaim of this researchis to use geophysicatlata (GroundPenetratingRadar¢ GPR)n order to
reducethe uncertaintyon the spatialfracture extentandtheir 3D distribution.

The experimentalsite is located within the AspéHard RockLaboratory a tunnel of 4 km length from the surfacedown to
almost500 m depth on the islandof Aspoin southeasternSweden Thisundergroundlaboratoryis usedto build the know-
how for constructinghardrockrepositoriesof nuclearwastedisposal

Here we aimto build a methodologyto condition DFNmodelsto GPRlata at scaledrom a few to tens of metersaroundthe
canisterscontainingthe spentnuclearfuel.

Study
tunnel
(-410m)

/

1. FIRST EXPERIMENID GPR anbloreholesiting
A) DESIGN & METHODOLOGY

Pulling

granite,diorite andgranodiorite[Ericssoret al. 2019.

Thefirst field campaignaimedat imagingthe 3D distribution of the main openfracturesusingsurfaceGPR
Ourexperimentswere acquiredin atunnel of dimension22 x 3.6 x 4.8 m locatedat 410 m of depth. Since
the floor wassawed the conditionsto acquiresurfaceGPRwvere ideal Thetunnel geologyis composedof

TheGPRwvaspulledalongthe tunnelfloor (inline configuration)alongprofilesseparatedoy 0.05to 0.10 m

What is the 3D fracture distribution ? usingl160, 450and 750 MHzantennaswith correspondingnvestigationdepthsof 10m, 8 mand5 m.

Which fractures will give a GPR response?

B) RESULTS & FIRST INTERPRETATIONS

BH1  BH2 BH3 Left: 2D GPRslicesafter processingand migration.

A DC removal time-zero correction, mean trace
removal gain application, SVDfilter and Kirchhoff
migrationwere applied

A 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 and0.04 m for 750MHz

A Proposedoreholes(BHL to BHB)

Right GPRmodel, boreholesiting and drilling

A Three zoneswere defined basedon GPRreflections
from, supposedlymore permeableto lesspermable
regions One borehole of 9.5 m was drilled in each
zone(BHL to BH3).

A Connectivitybetween all boreholeswere observed
duringthe drilling (pressuraesponssg.

C) CORELOGGING DATA INTERPRETATION AND GPR CORRELATION

(a) (b) (C) _ (d) (e _ (a) (b) ()
Correlationbetween corelogging GPR andhydraulicdata for BH1 left) and BH2 (right).

(d) (€)

(a) Tadpoleplots are an easyrepresentationto show the dip and the dip direction of fracturesat depth; (b) Fracturesfrom coreloggingidentified on GPR
sections (c) Transmissivityneasurementg1-m flow sectionsalongthe boreholes)from hydraulictest. Themosttransmissiveborehole(BHL) agreedwith GPR
classification(d) GPRsectionswith fracturescorrelationfrom boreholes GPRreflectionsfrom BHL are more sensitiveto conductiveopenfractureswhile GPR
reflectionsfrom BH2 are more sensitiveto sealedfractures Sincethe fracturesin BH3 are mostly vertical, surfaceGPRcould not imagethem; (e) Corelogging

imagesfrom OpticalTeleviewermeasurements This project has received funding from the European Union's Horizon 2020 research and innopatigrammeunder the Marie SklodowskaCurie Grant Agreement No 722028

2. SECOND EXPERIMENTacer test and GPR monitoring

A) DESIGN & IVIETHODO'—OG\%infer fracture connectivitypatterns, we conductedsurfaceGPRduring tracer test injections Because
- of the saline formation water 6 850 mSm), we injected deionizedwater to achievean electrical

Tracer recovery fracerimection contrast At the sametime, we usedtraditional Uranineand Rhodamindracers

l FirstInjection of Uraninein BH2 between 3.2 ¢ 3.7 m depth with a withdrawal in BHL (3-6 m depth in

transmissivezone)

T Pulling
e —

Secondlnjection of Rhodaminein BH2 between 3.2 ¢ 3.7 m depth with a withdrawal in BH3 (4-5 m
depthin transmissivezone)

Both injectionswere pursuedfor 24 hours with an accumulatedinjected volume of 10 to 13L (using
pressuredifferencesexceeding40 bar), to increasethe chanceof observinga GPRime-lapsesignature

What is the fracture connectivity between boreholes ? SevenZD GPRorofileswere acquired alongthe tunnel width (crosslineconfiguration)everyhour during
B S 8 hours using 160 MHz and 450 MHz antennas 3D GPRsurveyswere acquiredbefore and after the
Injections

B) FIRST RESULI&G(Ineinjection)

450 MHz - CROSSLINE CONFIGURATION - distance from BH1: 0.55 m

INITIAL FINAL SUBSTRACTION

LINE INTERPOLATION
0 - 0 - NE INTERFOLATIO!

(a) GPRmeasurementdeforethe tracerinjection;

(b) GPRmeasurementafter the tracerinjection;

(c) Subtractionbetweenthe two GPRprofiles

(d) Interpolation of 3D GPRmeasurementsacquired during the first
experiment(inline configuration)

Proflelength ] Proflelength ] Profs length [} Proflelength m] (e) Tracemecovery(first tracerarrivalin BHL after 3 hours
a C

1 2 3

2D GPRslicesin crosslineconfiguration from 3D measurements the profile representedis situated 0.55 m from BHL, where we canseestrong GPR
reflectionscorrespondingo openfracturesfoundin the coreloggingA projectionof the packerconfigurationin BHL isrepresentedn red.

To highlight the tracer signature,we proceedby substractingGPRprofiles acquired before and during the tracer injection. To analysethe LJ- O1 S
iInfluenceon the signal(strongdiffractions),we comparewith dataaquiredduringthe first experiment(beforethe installationof the boreholeg.

CONCLUSION & PERSPECTIVES

The first experimentaimed at imagingthe main open fractures These3D GPRresults were usedto locate three boreholes The GPRresults and
coreloggingdatasuggesthat someopenfracturesare verywell imaged(BHL) by the GPRwhile othersare hiddenby sealedfractures(BH2). Thesecond
experimentwasdesignedusinginitial hydraulicteststo locate flowing sectionsfor the injection and withdrawal of tracerto study fracture connectivity
Challengesf observinghe tracer movementwith GPRare mainlydueto:

A Verylow fracturetransmissivity(2.2 E10to 7.0 E10 m?/s)
A Verysmallinjectedvolume(i.e., thin openfractures)

A Only20%to 30%of massrecovery

A Strongdiffractionsfrom packershidethe fracture signature

Up to now, the resultsare insufficientto infer the tracer movementand additional processinginterpretation is needed Thesedata will be further used
to reduceuncertaintiesandimproveconditioningof site-specifichydraulicDFNmodels
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