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Abstract

Tono Geoscience Center, Japan Nuclear Cycle Development Institute has been
conducting a wide range of geoscientific research in order to build firm scientific and
technological basis for the research and development of geological disposal. One of the
ongoing geoscientific research programme is a Regional Hydrogeological Study (RHS)
project in the Tono region, central Japan. The main goal of the RHS project is to
develop and demonstrate the surface-based investigation methodologies to
characterize geological environments on regional scale in Japan. The RHS project was
initiated in 1992.

To date, remote sensing, geological mapping, airborne and ground geophysical
investigations have been carried out and thirteen deep boreholes have been also
drilled and investigations include geophysical logging, hydraulic tests etc. using these
boreholes have been done in the study area of the RHS project (c. 100 km?2),
Groundwater chemistry and hydraulic head monitoring is under way in these
boreholes. Important results that have been obtained from these investigations
include wvarious information concerning the heterogeneity of lithological,
hydrogeological and geochemical parameters, and evolution of the groundwater
geochemistry.

During fiscal year 2003, as the research for regional scale, groundwater simulation
using realistic geological model was carried out, and the domain setting method of
modeling in regional scale was shown and the domain of local seale in the RHS project
area was determined. Lineament analysis, borehole investigations (DH-14, DH-15 and
03RT-03) were carried out in the local scale domain. Long-term groundwater
monitoring using the existing boreholes was continued. Improvement of the
instruments of hydraulic test and groundwater sampling was also continued.
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5. 4 WTKREETILBRIEFEFILOESHOES
5. 4. 1 BiE

BT AR OHBREZEROZRENS A LIBIBL, BREEEFLOBESITS =

&T, MTHRFMOHMRBIERZINET IO ORE - B L2EET3 -2 EH L

LTWg, 20D RERBESRO LIRS 28Iz,

© WTFAKOYEAENST 2 —F, (LEEEB X ORMEEROSKTHAE, Fhbd
HERE & DBEORE

© HERCFRIIERICE S < HU T KRR RS 8 0> 3225 54

ETERELLTHELZED TV

5. 4. 2 RENEBLUVETLRE

WK 15 BER, INLOETORERREZEE 2, WEEEERSEOHTAKAET —
7RV SEEBMTOR/T ARSI ESBITIC L o T, 4 OHTADHF R
B, KEMRA D =R DOV THMBRBT 2T o7, Eie, RERRKE - HBk(LEn
ROXBEHITHFEL LT, RBESYEZEEL LBRFEORN R4,

(1) SEERWIZLZKEDEEHORE

IR ETIZH T ARDIFERABRICE- SO TRESER L O T A DS MRIE OB %17
SRER, MEERFEROBFRARIZE VTR, ESBEORR BEROHTARDOBEIT
LD Na-Cl BT ABREETEZ LBHEALNIC -2 TWS, ZDL 5 RRRBHTFADR
BRELVKEPERENDZBE, BEORSEOME (B2, Na-Cl OEGERE) ¥
CHE LIEBT BB THD, —B, BETI3ERORSY2RA—0DETERT 53
LT, SEEFBFO—FETHEERS O (Principal Component Analysis) 23473
NTW5, PR 15 FEI, REHR L ABICEREEE, Na-Cl B TFARSHT 55
KA PEETHEIAYV=2—F U SBIRE-oTHRESAE, TRODFICEE L vR AT
- R EEEAERTE M3 BT FEE (Multivariate Mixing and Mass balance modelling
analysis ; Laaksoharju et al., 1999) %EfE LT 21T -7,

TORER, HARBFROBTRIZOWT, BEAICEBAEHROBRS L LT, U
TOABBORSZTHBCEk (K5.4-1)

c HIRK : RBOMIKECRBENS K
" {5 Na-Cl B TR ¢ L0651 BR OERE R LI ST B8 €l BEO Na-Cl BO#H T

K
» & Na-Cl U FOK « LI EOBMER GBHIL/AEET) ARSI BERED

Na-C1 ZUHh T 7k
* Na(Ca)-HCO, BUHEF 7k : DH-9 BF./&H D Na-Ca~HC0; B ~Na-HC0, B 1 T 7k
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0.4
L {ENa-C| 2 #TF 7K

*

0.2 =iNa-G | 23t F 7K

ol
o FEK Y
e 0.2
0.4
0.6 Na(Ca)-HCO,EHTK

[l ] ) 1 [} 1 1 1

-0.8
-0.2 0 0.2 04 06 08 1 1.2 1.4

PG1

PG1=0. 54 [Na]+0. 23 [K]+0. 54[Cal+0. 16 [Mg]-0. 01 [HCO,]+0. 003 [S0,]+0. 16 [F]+0. 55 [CI]

PC2=0. 10 Na]-0. 21{K]-0. 05[Ca]-0. 59 [Mg1-0. 44[HCO,1-0. 53[S0,]+0. 31 [F1+0. 12[C!]
5.4-1 SEERBH (XRSHH) ITLSMTROKESH

R HREED Na-Cl BUHE T kiX, M3 EAricivWTh, HRERIC T Na-Cl BHTK) &

& Na-Cl BIHI k] DRETHRETIZ LA TE S, FiT, RBENRHBTAORBEES
EOWTERRITENT LcRSR, 18 Na-Cl 2Tk FEFHEKO DH-2, DH-12 53O
MO TKIZ 20%BERBELTWS LfERIERTE, £, BRBJICLER>THE
PMEL R BERICH Y, LHFFEKO DH-10, DE-13 BAFHETHE, BHILBEHET (5
Na—Cl BHETAK] OFERIBEAERWZ LEBPLNR-T (K5.4-2),

®Na-C | BT K

()
500

DH-11 DH-13

DH-12 DH-2

7K ERE ()

5.4-2 M3 BMFEICEIT(HTKRESHSOERNBH
29




(2) % H R RIKLIZE S C BERF R OB

%#ﬁﬁxﬂ,%@k%%t%ﬁﬁ%%ﬂ%ﬁ&@ﬁ@%@t(,ﬂ?muﬁﬁbf
NORYHTARLELICBET 20T, BTAOBFELHEMRELRW®T S FL—H—L L
Tﬁ%ﬁ%éoit,%%ﬁzm%i@ﬁm%ﬂ%h%ﬁD,ﬁﬁ%t%h%@ﬁmﬁﬁ
RENZNED, TOHMEE+HCER L ECRECEATS 2 & THTAORBIRE
CHETILV S OFHEBZ LB TES (FEHEIEM, 20000, =hE o EEE
TiX, BEPLHTARND He 75 v 7 ARMS VEIZESNT, HTFKOEER L HE
BORFTEEToTHY, ABEMRMFIERLFE LRVERRBOR TS, T
15 FER, 4 OKREADHTRFORHTAOWRE - Rirhkic@bsEnsEm L, &
A% I BRI RRE - BITEFIC VW TRH L (ERIEH, 2004),

£ 541 HRMEBOERPOFEIRE

‘_ = 4 2 40 84 132
i R (mabh) EEgSE E—QI;IS/g E—;)?;g E—Q;qc';g E—Tzléglg E-1 Zc):(;g
DH-3 208. 4-208. 6 0. 6430 3540 5.63 13100 242 14.8
DH-3 329, 6-330. 1 0. 4031 11600 2.88 12100 69. 4 6.83
DH-3 481.0-481. 2 0. 4352 6130 1.78 9780 83.5 15.5
DH-3 509. 5-509. 6 0.5116 8150 1. 44 10400 73.6 1.08
DH-3 882. 1-882, 3 0.4413 10800 3.45 12300 1 7.88
DH-3 996. 0~996. 2 0. 5539 9600 4. 87 11100 105 8.43
KNA-6 96.0-101.0 0. 5019 13600 1.34 10200 95.9 1.96

542 KEMBOEROEHARLL

L | FREE(mabh) 3”‘*{;”" al'gi M| e-2022 [Ne Pe| 2122 | %, For | e-38/36 %% P [ e-d0/36

DH-3 208.4-208. 6 | 0.0039(0.0034| 9.804 [ 0.047 [ 0.0374 | 0. 0007] 0. 1894 | 0.0070| 1597 4
bH-3 320.8-330.1 | 0.0050| 0.0030{ 9.428 | 0.060 | 0.0350 | 0.0008| 0.1922 | 0.0016| 6107 37

DH-3  |481.0-481.2 | 0.0080| 0.0028 9.463 | 0.052 | 0.0341 | 0. 0002| 0. 1837 [ 0. 0000 2543 1
DH-3 | 508.5-500. 8 | 0.0054/ 0.0030] 9.261 | 0.047 | 0.0377 | 0.0011] 0.1909 | 0, 0014 4882 12
DH-3 882.1-882. 3 | 0.0045| 0.0032] 9.478 | 0.043 | 0.0323 | 0. 0006/ 0. 1970 [ 0.0018 3445 15
DH-3 996.0-996.2 | 0.0041) 0.0028{ 9.559 | 0.048 | 0.0304 | 0.0006] 0.1895 | 0.0016] 3295 12

KNA-6 -160m 0.0108] 0.0032| 9.343 [ 0.085 | 0.0420 | 0.0073[ 0.1911 | 0.0021| 3931 15

RBHBOET OF A ABERORMENO—F%2 % 5.4-1 LF 5.4-2 (254, He/
‘He HLA3HY 5X10™° LIBWD T EVME, “Ar/ ®Ar 73 1, 600~86, 100 EEWEETRL, B
ﬁmme&ﬂrmﬁn&%%éntoEm,%Emfmﬁﬁmwma,MWe%“mm
o)™Ne IZL Y AR SN “Ne DBRIGBRM S iz, HTADOEN RFRERIE, #T
~RETDHBHE TRALERSBEOR VA DR L, 0%, HFICBELTH
ERT, BRPHTREDS M TA~INT I8 X ORGSR LA L 25,
@a&smmwﬂmm;%/Wewwﬁﬁéﬁ?o@¢®zo®ﬁm,kﬁ&éwmx
IR LI RKUF O He 33, TBHAT OBRSEYWEERD He LESLEBE (REH L
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ERERDERS TRAOR) &, HTESLLERLTE <Y MEERD He & DEA
Lieme (RS L= PV MORBI RS & 75 ERIOK) &R/ LT3,

160
MORB
10 - - et
£ x& -~
E 1 \
& Na-ClE! 4Tk
S 0.1
5 Na-Ca—HCO3Z! H#h F 7K
0. 01‘ “‘-—-—._,_
—
, , Pk =
0. 00
0 1 10 100 1000

4He/20Ne
5.4-3 WRMEDHTKEORFHRARRFEER L KEDIEE

FREHUIROM TARIZ, FVRARMEESKEHRSD He LEBBRSO He  DRSE
EeT7uy bEhabod, KKRSD He & TERERS T & U8 MORB R4y He g
BEEDREHRLEIToy FENBZHTAKITKBESNE (BERIZH, 2004), HBTFROKE
BT S L, LHFEED Na-Ca—HCO, Bl ~Na—HCO, Bt FANBEIZE O, BHEED Na—Cl
B TAPREOERNELTRY. ZOMEFOHEBIZOVTIE, Na—Ca—HCO, B ~Na-HCO, Bl
TR, ECK- BRARSTAKERERERTHWEL V) ThE COWERRE L ELHTH
Do =77, NaCl BT RFORFY 2 DEBEFBTZERE LT, ABTABSRT S
JRIRH T KRB TSI VT, SkBEROWBELRE L LTH TRES o< FARIE
@O He BEiESH T2 FEEMECRIHL T KA Na-Ca-HCO, B ~Na-HCO, BUHI T A & bhd LT
HERRA R MORB RSN He # £V EWT 2R MBI b - - TEEERZT NS, —h
LORERIZOWVWT, 4%, He, Ne IS DHFH AHS LAV TR 2T OLERSH B,

Q) I\FE R SR Z U= Na—Cl B ith T ko) L E 24T

WFEEFEELIL IR D Na—Ca—HCO, Z ~Na-HCO, Bl Hit T 7Kk D 7 B S F B A 3 HL B O B R
THDHDITHLT, EHEEO Na—Cl B FTARIZOWTIE, # FEMICSEREEOHT
KBFEL, ThEDBEICLIVKEBPERIN TS LEHENS bO0, BEHEED
EERBERTRIC SOV TEERE LTk TR, T 14 S5 S TOMRE T,
RERBEMTAOREE LT, 1) Eichbrask—2ERKE, 2) {LBEEK, 3) SE
BETOXK-—SERE (BRA) REEEEL, LERSE Na, Br, Cl £) 2KE -
BRELZERMELSICESBEIT 21T o720 (Metcalfe et al., 2003), FEREEMT
KOBEHEHENTD, TOBRELHREALHRECTELbot, T 16 £, FE
DRI R > - BRORERAMAL (C1/%C1 ) 2T, fBFEkE LToEHR
ERETOERLEDT, FENCOWNB LU 2T o/, EEORERMIERIL, &
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FRREOBVHTAREORGIZLIZFROBERZIZLALEZTRVI b, LEHESL
RKE - BRERERMUAKE LED, EENEEERBEERTARICBALIEREELND
WEEMEDR D B,

IDOHB TR LVERRENE BEREEHTRKOFERENBENVWEELLNZ2EDER
ROBTAK, K—BERBICLY EZOKEPERSATWAILFERD Na-Ca—HCO, B~
Na-HCO, ZUH#i T 7K (DH-9,/¥REE 150 m [FEREEIRER], KNAGS [HEFEAKRTE]), BLUS
RSl LCHEDEADERLZERMMELEZ O « B L, BERBEHTAOERRIIZ
ONWTEE LT,

FHx DEIIR 6.4-4 O LD IERD DI, WRRAEMAL & ERBEITIX, EBORHAE
BErEH O, BREROH TAIE, Na—Ca-HCO, Bl ~Na-HCO, BUH# Tk & ¥4k D PRI
REREMELER L, ZOEERE, LAWK Na-Ca-HCO, B ~Na~HCO, BUHE T KIZ &
STHRENZZ & T, BRBRROERRAMEEBRSITR Sh =Tk E2RET5, Pk
DO b, BREERAMELEZ B WERITIX, NaCl B TAOER - RE2E81+3
ETCHBFCENTHL EEBL DN, 8, ZOHBOKEL RIBERREOHTKIZOWT
BRAMFBEEZRET I 2L bIC, K—BAERETERINZEEFEERTKIZONT
LEBRMELICEDAFERZBEL, FRb0MEEBIRESINT, T OHEIRD Na~Cl Bl
TARDEIRR «- REISWTEMIZEIT LT FETH S,

108
104 @ BK

108 L @ =EsR

Cl (ppm)

102 L

10

DH-0/ 322 EE150m {zem%;‘%%rﬂs

1 L KNAGS[HmEMBTH] o
0 0.5 1

& 37G1 (%)

B 5. 4-4 #TKPDERBLEL LIERREEOEE

(4) RAMG pH, BIEETRBOLEEZENT D2 FEOBRE

THE T R RFRAIR O ERIERE & HRIC, BHROF—) 7 THREETO
BNEREOLFFREERL, HFHEOHRHOKE - BERMGELE LTH#EIES
T, #iTAKD pi ORBOEBLZHRATIFELZHRBLTE R, TOKE, RBHIROH
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TEREICHE, PHPHFUICEBR LICFRaRY, e 2RAICEL RKBEOH TP LI
B L AR RERES N TV BERYE T3, Ti 16 £, “hE TCORE
TRICBRIYE, FHATOLERTERBECESE, HHAHTHEOEHNCEETIH 5 —
DDEERRFTHAIMT ROBIETREBORSMNEB MR 5 FEOBERERLT,

BHRPOBERSBESFEAIH L THMREBIZEL, FREOLEAERILS
B, BT OMETRED D 0REBEICE > CHRARNIEET B - B bh T3,
ZDEE, FHEATOHETREE L HEREI O FBAPTEBSEEBRPOMETS
REzEHETHIENTES, LEkB-T, BLETEMNERBRLEVWSERTEICEAL,
FEATDOEBARREN O FERLBREOBKTOLBTHEEELRD, FO&ERE
DREBTFEERNZREL TPH 2 LT, FRANLE LB SOBETEM P AT
EOFEEED D, FHE TR, HE METREIT HDEER 5008000 OFEEEF O
FNEREPOCERLEFERTDLBTHEES LAWP(Laser Ablation Micro Prove)
WEYa L, FERPLER LR ROBCBTEMOWMAZRALT, 2L LisET
mREND, BELRABORKES THE L LU TR R Thy, FEE
FOEBETREEL GERMICHEACE 2BLBTEN LBREORILBETEMN & b3 3
LT, MROFESEHATRENE I PFEMIRFE LE, T2 THFERTOY 5k
EILES<ERFERIZOVWTTERS,

FEEFDOY T WEER, 0.1 - 10ppn LA4HShiE, U5 L OFMEEICHT S5
BREA([FREFOUIERP O Cal /[ FHEAEHD Ca) (FH#KE © UI) ik Curti, 19992k
D, 1=0.04 LRDHBLNTVWS, BIKTO Ca PE, HTAD pH ITEEL, HELRALE
D pH &eff 8-10 Z{KE L2HE, VI v OREN S FEERBEOHTARIDOY 5 3
BEid 5.6E-116. 1E-8M & RDIFHTE 5, BHEOCH TAIZEZHIIC U0,(an. ) & T
REBIZHDLEZLNTRBY, U0(an. ) DER{LETFEER (U0, an. )=U0,2+2e7 ]Itk b
FHTKRPOT S VBERPRATAZET, BMTAOBILETENERELIERTES,
FREEFOT 7 VRENLKRD bNe FREEEBREORTAROY 5 U EBE LFIRND,
FRABER L ZROB T AOBLETEMITER %kﬂzmwﬂmwkhkahﬁ
MIEOH TR OB(LBTERITN-270—-400nV ThHY, BHMITIZTREDEL»EBZE
BTE, 5%, BARBERICKEBLEFEETOLEBETREEICE ST, @Mﬁx&
RORHNEBIZOWTEBRLTW FETH B,
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o))
g!.!:
mt
Nt
=

- AERFORSE

HERFEORELN - BEEBOBER, KR T ARSHEDEE R FEEED—o
F&5°%§ﬁﬁﬁ%wﬁﬁkbfﬁ,%E%lﬁ%miﬁ@%ﬁ%ﬁ,ﬂ?ﬁ@%%ﬁ
ﬁ&%ﬁuﬂﬁ&%ﬁﬁ%mﬁﬁéézaﬁéﬁanéo:@tbmm,%ﬁéﬁi:k
CLOHERE~ORBLRNBICEDE - L, AERBORCEELE DS - LERE
Brid,

6. 2 EMARBELUTARE
(1) MEHEEEREmER

FR IS FEEBOTH, Hk~¥E o BLIU0ER IV ASWEBOEBESEh S 2
Eﬁféﬁﬁﬁﬁﬁ%ouﬁkbr,:niﬁmﬁﬁﬁﬁ%éntxﬁﬁﬁﬁﬁéﬁﬁm,
V2T AV FREDRFERERIEER RS AV e SRS, 4000 HOR—U >
THERWCHBEEERHUNC 1,000n EOFE—Y YTHERWEEE - BlhEREEELE
Blic, TNHOFR 5. 1. 2 (1) ~ (3) 228 »bd, EEECAVEHESE
o~ E n FEOWEPE N & 2 R ChB Z L b e Rolr,

(2) TKRDKBERY - R AT RS

$@14ﬁﬁmﬁmrﬁ,mTﬁﬁifmﬂ?mﬁo%z&uyﬁvx?Amﬁ%@—
B’ LT, #7745 (FGB: Fiber Brage Grating) ERWEHTAER L CBEIZE
-Tb%:&uvazib®%%K%$Lko:®915A®7UF$4f%§¢L,ﬁ
FOR—Y 7HLRE AR 2 BE LR, SHH0BIIS L CIRFE0®RES %
ETLZLBRERENE (rAiEs 2003),
ﬁ&ls$§ﬁ,%$§@ﬁﬂ@%%,ﬁ%&bf%&éhhfy%—wﬁﬁﬁﬁﬁﬁ
BT CTOBERE, REWAERLVIRE VI —OEABEI SWTHES 57 H0RE S
EhE Lz, _
BESRERETORRTE, Wkl HSOEEMBERE (3.5%NaCl) Flok o4 —
LBRREL, REOHBETE LV —OMELER Lz, * SRR TILEE
REOMERR L LT, AEE Y —2EEMNICREL, 5CL 0COEETERLEN
LAMTomMYE L, ZhE L ¥4 20 LTRE 4 %41 2 4(8 B & ikl iy
BIRRECEH 2ERE L, B4 DY A 7 AORREHRICE L F — DML R LT,
Y -—DEHRBEORH T, SEEALTVWIKEE Y- EERAKEL L H—
(DRUCK #88) %2K—Y v 7 AOR CEEICFRFICH 90 BEREL, KESILE KL
el '

UEDHBROER, SEEALTVWS FBC O v —FEREE LY — LEHE P —
PRTERSTLOEELTWRWI EBRA LR E 2o, 4% OREREO SR
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DT E L~ OWERHEEIT OV TR 5 R TH B,
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7. FLH

Tk 15 FEE, V—U3 FTVARG—NExtGe LERE - : LT, Ef 14 £
DHTRREBEFFER T Dledic, KEST RS 2HERER, TLHLE FHHh g
B, BRSEZEERLAFRIIIRSLTEFSAMEL, BTAESFEEE L AT
TOH T AREEN R 2 E LT,

B—ANRT =BT BHEE S REREEESR & CIc HEHE 2 H &I,
UZTfVF%ﬁ,ﬁﬁ%%ﬁﬁ%E,Elﬁﬁ—ﬂvﬁ%mﬁﬁ%ﬂﬁ%%-ﬂﬁ%ﬁ
%%%E%%ﬁb,:niﬁwﬁ%&%&&bﬁﬁﬁBﬁkm@ﬁimﬁlﬁ%nibw
SVHREOREREBEONHCHMER OB ET B L LIz, ZOBECLERE
WORZE - BlE L, 3012, ZORRRESE, “hE CONEHEDERO TN ML
FERBL, TOEEEOMEEZ™ -T2,

R—ANVRT =N OB T RGBT T 2 RE KBS 2 %E LERAEOREID
Ef%ﬁ%%ﬁﬁ&&%m,%ﬁﬁ—vVf%tﬁﬁém?mﬁ-%ﬁmﬁwﬁﬁﬁM%
MBLTC, £, R—BARr—AE2RB L LEREEETF IS & AR
FhOBER LU= REH FATERAT 2 £ L,

MAXBHEHBRSEOHTAKEF — ¥ 2 AV ESTERITCHET A ARG S L5
SEICE - T, H4ORTROLFRE, KEFHRK A F =X A2V TR IR 21T
ol T, RERRZAE - BRCEBEOTBRENTIFEL LT, RBESY 2
BE LIRS EoRFER L,

SHIT, HKABAR Y LT, MERSRERITER & 8 TR OKEEH - IR
HERANAS &k LT,
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