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１．Introduction ～Stations～
tTonotResearchtInstitutetoft8arthquaket
SciencetrTRI8Setistoperatingtvarioust
observationstwithtboreholettypetinstrumentst
fortthetbettertunderstandingtoftthet
earthquaketphenomenatr~igbmebt@roundwatert
levelstr@WLetaretonetoftthosetobservationsbt
Wetalsotobservetabsolutetgravitytbyt~@gLt
gravimetertr~igb1ettotdetecttthetsignalstfromt
earthquakesbtMizunamitUndergroundt
ResearchtLaboratorytrMIUetoftJapant9tomict
8nergyt9gencytrJ989ethadtfinishedtthetdeept
shaftstrLlltmetandtseveraltgalleriestfortthet
researchtoftthetdeeptgeologicaltrepositorytoft
nucleartwastebtMIUtalsotobservest@WLtfort
theirtpurposebtIntthosetwellspttwottypestoft
@WLtchangesthastbeentobservedbtOnetistlongt
termtdecreasetalongtthetexcavationtoftthet
shaftsptandtanothertistthetearthquaketrelatedt
changesbt^oweverptthetgravitytchangest
seemedtincompatibletwithtthoset@WLt
changesb
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2．Data
tttSeismictrelatedt@WLtchangetwastfirsttrecognizedtattj^gdbt9saitrdll-xtjoctortThesisetconfirmedtthattthet@WLt
changetintj^gdtandtT@RFLltshowtalmosttsametresponsesptthentexaminedtthetcomparisontwithtthet8arthquaketdatapt
observedtattT@RFLlbt9saitrdll-etconcludedtthattthetcoseismict@WLtchangestoccurtonlytwhentthetstraintandttiltt
changetwastabovetcertaintthresholdsbtMeanwhileptMIUtstartedtthetexcavationtofttwotshaftstint~ebruarytdllLbtThet
@WLtintsometwellststartedttotdecreasetalongtthetexcavationbt@ravitytvaluestdonuttdecreasetwithtthet@WLtdecreasebtItt
istalsotincompatibletwithtthetcoseismict@WLtchangesbtWettriedttotmaketatgroundtwatertfluxtmodelttotexplaintthet
coseismict@WLtincreasetandtthetgravitytdecreasetsimultaneouslyb

3．Hydraulic Geology
tt@ravitytdatatcantdetecttthetundergroundt
massttransportationspthoweverptittist
impossiblettotfindtuniquetsolutiontwithoutt
atconstraintbt7ecausetthethydraulict
geologicaltstructuretistfortunatelytwellt
researchedtintthetstudytareaptwetcant
examinetsometwatertfluxtpatterntontitptandt
simulatetthetgravitytvaluesbtYanagizawatett
albtrmzzL0tJbt^ydrologyetsimulatedtthetshaftt
excavationteffecttaroundtthetTonotMinet
rvicinitytoftSNtseriestboreholestint~igbdetbyt
threegdimensionaltfinitetelementtmethodbt
Thetpermeabilitytusedtintthetstudytist
measuredtvaluestintseveraltboreholest
r~igb-eptandtthetsimulatedtandtthetobservedt
hydraulictheadstweretconsistentbtWetcant
recognizetaquiferstontthetgranitettoptandtint
thetsedimenttrocksbtThetdistributionstoftthet
granitettoptistshowntint~igb5b

~igbmt
ttStationtdistributiontoft@WLtrredtcirclestandtblacktdiamondstindicatet
thetwellstoftTRI8StandtJ989ptrespectivelyetandtthetabsolutetgravityt
rpinktopentsquaresebttThet@WLtoftthetJ989tstationstaretobservedtbyt
MultigPackertSystembtThetwellstoftTRI8Staretopenb

4．Gravity Simulation
tt~irstptwetmusttconfirmtthattthistcoseismictgravitytstepstaretcausedtbyt
localtphenomenaptnottbytthetdlmmtofftthetPacifictcoasttoftTohokut
8arthquaketitselfbtThetgravityteffecttoftthetmassttransfartoftthetfaultt
dislocationtintthetstudytareatistabouttltmicro@altrMatsuotandt^ekiptdlmm0t
@RLebt9stfortthetmtcmtoftcoseismictupheavaltintthetstudytareatr@SItJapanpt
dlmmeptthististequivalentttotthetgravitytdecreasetoftmtortdtmicro@albtThuspt
ittcantbetsaidtthattthetobservedtgravitytdecreasetistcausedtbytearthquaket
triggeredtphenomenab
ttMosttoftthet@WLtdatatistobtainedtintthetgranitetbodybtCoseismict@WLt
responsestaretremarkabletincreasetintareat9toft~igbmbtKnowntobvioust
aquifertistalongtthetgranitettopbtThusptwetexaminedtthetcasetthattwatert
flowstfromtthetgranitettoptintotthetgranitetbodybtIntthistcaseptthetoppositet
trendtoftthet@WLtandtthetgravitytchangetcantbetexplainedbtWet
calculatedtthetgravityteffecttoftthetgroundtwatertdrainagetbytsimulatingt
thetdrainedtzonetastthintparallelepipedbt9nalyticaltsolutiontoftthetgravityt
effecttoftparallelepipedtistcalculatedtbyt7anerjeetandt@uptatrmz550t
@eophysicsebt9fterttestingtvarioustparameterstfortthetporositytoftthet
aquiferpt@WLtchangetintthetaquifertandtthetdepthtoftthet@WLtchanget
r~igb4eptwetfoundtsometcasestwhichtcantexplaintthetgravitytdecreasetint
thetdlmmtofftthetPacifictcoasttoftTohokut8arthquaketr~tmltmicro@alseb

5．Main Shaft Fault
tttMaintShaftt~aulttrMS~pt~igb5etwastfoundtduringtthetexcavationbt
7oringtlogtoftMIZgmtindicatestthattthistgeologicaltfaulttblockstwaterbt
Thististconsistenttwithtthetlowtsensitivitytoftneighboringtboreholest
suchtastTRI8Str~igbdptLetandtj^gmLtr~igbzebtJ989treportstthatttheret
aretmanytverticaltcrackstattthetwesttsidetoftthetMS~bt

~igbdt
ttTimetseriestoftthetexcavationtdepthtandtthetdrainagetvolumestrtopept@WLtchangest
observedtbytTRI8Strmiddleetandtthetabsolutetgravitytobservationtdatatattthreetstationstint
thetresearchtarearbottomebtThetgravityteffecttoftthetmasstrelocationtbytthetdislocationtoftthet
Tohokut8arthquaketistnearlytzerotintthetresearchtareatrMatsuotandt^ekiptdlmm0t@RLebt

~igbF
ttCoseismict@WLtchangest
observedtwithtearthquakest
beforetthetstarttoftshaftt
excavationb

~igb1
tt~@gLtabsolutetgravimetertt
rmicroggtLaCostetCobtLtdbe

~igbLt
tt@WLtchangestintdlmmbtThet
largesttresponsetcorrespondst
totthetTohokut8artuquake

honda'mailbtriesbjp

~igb-t
ttRepresentitivetgeologicaltstructuretintthet
studytareaptwithtmeasuredtpermeabilitytvaluest
rmodifiedtfromtYanagizawatettalbptmzzLebt7luet
simbolstindicatetrelativelythightpermeabilitiesbt
Redtlinetindicatestthetbasementttopptwhicht
destributiontistshowntint~igb5b

~igb5t
ttjistributionstoftthettoptdepthtoftgranitebt
Pinktopentsquaresptredtdiamondstandt
whitetstartindicatetgravitytstationspt@WLt
observationtwellstandtthetlocationtoftthet
maintshafttoftMIUptrespectivelybtWhitet
linetindicatetthetMaintShaftt~aulttrMS~ebt
Manytverticaltcrackstaretrecognizedtint
thetwesttsidetoftthetMS~bt

~igb4t
ttCalculatedtgravityteffectstfortvarioust@WLtchangesbt
@reytdiamondstindicatetthetporositytdependencebt
Othertthreetgrouptoftdatatindicatetthetsituationtoftthet
attachedtparametersbtThetresultstinsidetthetcircletmt
simulatetthetsituationtoftaquifertontgraniteptjusttundert
thetM@9tstationbtt
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6．Summary
t
111.1The1observed1GWL1and1gravity1data1looked1
inconsistent.1
1
112.1Based1on1the1Gravity1change1and1the1known1
hydraulic1structure'1we1can1propose1one1possible1
water1flux1model.

113.1Observed1gravity1change1was1well1exprained1
by1the1model'1but1we1still1canBt1exprain1the1
observed1GWL1change'1quantitatively.1

~igbzt
ttCoseismict@WLtchangetattthetj^gmLtrNiwatettalbptdlmd0t@^Febt


