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Abstract

ThedUSdGepartmentdofd/nergydOfficedofdNucleard/nergydisdembarkingdondad2]yeardGeepdMoreholedqielddTestd

6GMqT,dtodinvestigatedthedfeasibilitydofdthedGeepdMoreholedGisposald6GMG,dconceptd6qigdZ,dbydconstructingdandd

characterizingdtwodboreholesdindcrystallinedbasementdrockdtodaddepthdofd2dkmd[ZW'&RR[].dThedGMGdconceptdford

radioactivedwastedoffersdadvantages'dsuchdasdincrementaldconstructiondanddloading'danddenhanceddisolationdbyd

naturaldbarriersdatddepthdindthedcontinentaldcrystallinedbasement.dSitedcharacterizationdactivitiesdwilldincluded

geomechanicald6i.e.'dhydrofracturedstressdmeasurements,'dgeologicald6i.e.'dcoredanddmuddlogging,'d

hydrologicald6i.e.'dpacker]baseddpulsedanddpumpingdtests,'danddgeochemicald6i.e.'dfluidsdsampleddindsitudfromd

packerdintervalsdanddextracteddfromdcores,dtests.dMorehole]baseddcharacterizationdwilldbeduseddtoddetermined

thedvariabilitydofdsystemdstated6i.e.'dstress'dpressure'dtemperature'danddchemistry,dwithddepth'dtodconstraindthed

disturbeddrockdzoned6GRZ,dsurroundingdthedborehole'danddtodinterpretdmaterialdanddsystemdparametersd

fordusedindnumericaldsitedsimulation.dThedeffectsdofdfluidddensitydanddgeothermaldgradientsd6e.g.'dthermohalined

convection,dondcharacterizationdgoalsdwilldbedinvestigated.

SandiadNationaldLaboratoriesdddZ<pplieddSystemd<nalysisdwdResearch'ddLNucleardWastedGisposaldResearchdwd<nalysis'dA<dvanceddNucleard/nergydProgramdd

Figure21:uDeepuBoreholeuDisposaluConcept.uNouradioactiveumaterialsuorusealsuwillubeuinvolveduinutheuDBFT

Deep2Drilling

Geepddrillingdindcrystallinedbasementdisdnon]trivial'dbutdsignificantdadvancesdhavedbeendmadedrecently'd

whichdmakedpossibledthedstandarddconstructiondofdlarge]diameterd6≥d&Adcmd[Z3)],dboreholesdtoddepthsdofd

2dkmd[ZW'&RR[].dTabledZdlistsdsomednotableddhistoricddrillingdprojectsdindcrystallinedrockdthatdhaveddrilleddtod

depthsdofdatdleastddAdkmd[7'P&R[]d6qiguredL,.dTraditionaldanddenhanceddgeothermaldexplorationdandd

developmentdhavedbeendthedprimarydtargetsdatdtheseddepths'dbutdnotabledgeologicaldexplorationdboreholesd

includedthedKTM'dKola'dIajondPass'dIISG'danddS<qOGdprojects.

Table21:uDeepuBoreholeuDrillinguProjectsuinuCrystallineuRocks

Why2Deep2Boreholes?

ThedGMGdconceptdanddthedGMqTdincludedboreholesdpenetratingdatdleastdthreedkmdintodthedcrystallined

basement'dwheredgroundwaterdisdhypothesizeddtodbedolddanddchemicallydreducedd6i.e.'disolateddfromdthed

atmosphere,.dPermeabilitydofdthedrockdisdhypothesizeddtoddecreasedtodadregionaldminimumdatddepth'dandd

thedsalinitydofdthedgroundwaterdisdhypothesizeddtodincreasedwithddepth.dThedhigherddensitydofdtheddeepdfluid

stabilizesdit'drelativedtodlessdsalinedmeteoricdwater.d

Figure23:2Conceptualuprofilesuofupermeability,usalinityuandutemperature

Supporting2Data

;ydraulicdparametersdestimateddfromdcoresdtenddtodbedassociateddwithdthedlowestdobserveddpermeabilitiesd

69ZR]Z7dmL,.dqracturesdaredthedprimarydsourcedofdpermeabilitydindcrystallinedrocksdanddrecovereddcoresdwilld

preferentiallydsampledintactdunfractureddrockd6qiguresd&adwdb,.dObservationsdalsodindicatedpermeabilitydtends

todincreasedasdthedobservationdscaledincreases'dwithdthedlargestdobservationsdcomingdfromdinterpretationdofd

regionaldmetamorphism'dheat]flow'dandddamdimpoundmentdphenomenad6ManningdwdJngebritsendZ777,.

Figure25:2Salinityutrendsuwithudepth

:eochemicalddatad6qigured2,dshowd

adgeneraldtrenddofdincreasingdtotal

dissoveddsolidsd6TGS,dwithddepth.d<td

depthsdbelowdZ.2dkm'dmostdboreholes

encounterdwaterdwithdadsalinitydgreater

thandseawaterd6approximatelydARdgxL,.

Unlessdtheredaredsolubledevaporite

depositsdavailablednearby'dhighdsalinity

isdtypicallydassociateddwithdwaterdthat

hasdbeendindequilibriumdwithdrocksdfor

adlongdperioddofdtime.dJncreaseddliquid

densitydwithddepthdresistsdbuoyancy'

preventingddeepdsalinedwaterdfromd

mixingdwithdoverlying'ddilutedwater.

What2are2We2Testing2in2the2Deep2Borehole2Field2Test?

ThedgoalsdofdthedIharacterizationdMoreholed6IMd,daredto"

ff1NfIonstructdadstraightdLZ.Wdcmd[P.2)]dboreholedtod2dkmj

ff2NdPerformdindsitudhydraulicdanddtracerdtestingdviadpackersdindthed

dddddddcrystallinedbasementd6Adtod2dkm,j

ff3.dIollectdnaturaldtracerdgeochemicaldprofilesd6e.g.'d;e'd<r,j

ff4NfIollectddepthdprofilesdofdphysicaldanddgeochemicaldpropertiesd

dddddddofdthedsolutiond6e.g.'ddensity'dtemperature,'danddmajordionsjd

ff5NdIharacterizedadsitedsomewhatdrepresentativedofdthedguidelinesd

dddddddfordadGeepdMoreholedGisposaldSite.

GatadcollectiondindthedIMdisddivideddintodseveraldphases"

ff1NdSamplingdduringddrillingd6cores'ddrillingdfluid'dexsolveddgases'd

dddddddcuttings'danddrockdflour,j

ff2NdTestingdduringddrillingd6wirelinedpackerdfluiddsamplingdandd

dddddddhydrofracturedstressdmeasurements,j

ff3NdMoreholedgeophysicsd6standarddenvironmentaldanddoilfieldd

dddddddwirelinedlogs'dboreholedimagingdlogs,j

ff4Nfqlowingdboreholedlogd6estimatedlocationdanddmagnitudedofd

dddddddflowingdfractureddzones,jd

ff5NdTestingdafterddrillingd6workover]rigdbaseddpackerdtesting"d

dddddddhydraulic'dgeochemical'danddgeomechanical,j

ff6NdSamplingdafterddrillingd6high]permeabilitydzonesdwilldhave

dddddddformationdfluidsdpumpeddtodthedsurface,.

qiguredWdillustratesdnominaldtestsdtodbedconducteddduringddrillingd6polygons,danddafterddrillingd6circles,dofdthed

IharacterizationdMoreholed6firstdborehole,dindthedGMqT.d<dseconddlarger]diameterdqielddTestdMoreholedwilld

includedminimaldtesting'dfocusingdinsteaddondsurfacedandddownholedtestdpackagedhandlingd6SNL'dLRZWa,.

Jfdthedbasementdisdlow]permeability'dlow]porositydcrystallinedrock'dcollectingduncontaminateddsamplesdwilldbed

challenging.d<dditionaldeffortsdfocusdondusingdtracersdfromdsmalldfluiddsamplesdextracteddromdcoresdtodmaked

thedcasedfordlongdisolation.dThesedanalytesdinclude"

Figure24a:2Generalizedupermeabilityutrendsuwithudepth Figure24b:2Permeabilityutrendsuwithuscale

qreezedetdal.d6LRZW,dS<NGLRZW]ZR7&7R Ilausserd6Z77L,

GeMaiodwdMatesd6LRZA,

SNLd6LRZWb,dS<NGLRZW]7LA2R
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Figure27:2Nobled:asdNaturaldTracersdofdJnterestdindGMqT
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Figure26:2DBFTuCharacterizationuSchematic
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ff1NdStabledwaterdisotopes

ff2Nd;eliumd6UdanddThdalphaddecayd]dqigured3,

ff3NdMajordanionxcationdlevelsdanddratios.

;elium]&disdgenerateddindsitudfromddecaydofd

radioactiveduraniumdanddthorium.d;elium

isdadsmall'dinertdmoleculedwhichdisdoftend

useddtoddetectdleaksdindgasdplumbingdsystems.

Iomparisondofd&;edgenerationd6estimated

fromdspectraldgammadlogs,dwithd&;edseen

indpreserveddcoredsamplesdwilldbeduseddtod

estimatedthedbalancedofddiffusivedandd

advectivedtransportdofdhelium.

Deep2Borehole2Field2Test2(DBFT)2in22017

ThedUSdGepartmentdofd/nergyd6GO/,dOfficedofdNucleard/nergydissueddadRequestdfordProposalsdfordteamsdandd

candidatedsitesdtodpotentiallydimplementdthedGMqT.dJndLRZ3dGO/dwilldawarddupdtodfivedcontractsdtodteamsdandd

theirdproposeddsitesdtodbegindthedGMqTdproject.dThedinitialdphasedwilldfocusdondeachdteam[sdpublicdoutreachdandd

stakeholderdinvolvementdplansdtodbuilddlocaldanddstatedacceptancedofdthedproject.dThisdisdfolloweddbydadphased

fordacquisitiondofdalldneededdpermits.dOnlydafterdthesedphases'dwoulddtheddevelopmentdofdtheddetailedddrillingd

anddtestingdplansdbecomedthedfocus.dThedGMqTdprojectdwilldincludeddrillingdanddcompletingdtwodboreholesd

anddisdexpecteddtodtakedfivedyearsdtodcompleted6LRZ3]LRLZ,.dd

DBFT2References2222)otherureferencesufounduinuSNLuDBFTureportsAu

qreezed:.'d/.dStein'dL.dPrice'dR.dMacKinnon'dJ.dTillman'dLRZW.ddDeepuBoreholeuDisposaluSafetyuAnalysis.dS<NGLRZW]ZR7&7R.

SNL'dLRZWa.dDeepuBoreholeuFielduTestuConceptualuDesignuReport.uS<NGLRZW]ZRL&WR.

SNL'dLRZWb.dDeepuBoreholeuFielduTestuLaboratoryuanduBoreholeuTestinguStrategy.dS<NGLRZW]7LA2R.

SandiadNationaldLaboratoriesdisdadmulti]missiondlaboratorydmanageddanddoperateddbydSandiadIorporation'dadwhollydowneddsubsidiarydofdLockheeddMartindIorporation'dfordthedU.S.dGepartmentdofd/nergy[sdNationaldNucleardSecurityd<dministrationdunderdcontractdG/]<IR&]7&<LP2RRR.
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OnedGMqTdgoaldisdtodevaluatedgeochemicald

evidencedtodassessdifdtheddeepdcrystallined

basementdhasdbeendisolateddfordadlongd

period'ddanddthereforedwoulddbedsuitabled

todprovidedisolationdofdradioactivedwasted

fordadlongdperioddofdtime.ddSuchdevidenced

placesdadfocusdondmimimizingdandd

quantifyingdcontaminationdofdfluidd

samples.

Thedprimarydpathwaydtodthedbiosphered

fromddepthsdofdAdtod2dkmdmaydbedthedGRZd

surroundingdthedborehole.dqordfuturedGMGd

sites'dthedboreholedwilldbedsealeddwithd

cementdanddbentonite.d

<notherdGMqTdgoaldisdtodevaluatedcurrentd

capabilitydtodperformdindsitudtestsdusingd

generallydoff]the]shelfdmethodsdtod

constraindthedprofilesdshowndindqiguredA.


