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In the safety assessment for a geological disposal of long-lived radioactive waste such as high-level
radioactive waste and TRU waste etc, it is important to estimate radionuclide migration to human society
associated with groundwater flow. Groundwater flow systems for many domestic areas including Tono
Mine, Kamaishi Mine and Horonobe district have been studied, but deep groundwater flow circumstances,
and mixing between deep groundwater and shallow groundwater flow system are not well understood.
Japan Atomic Energy Agency (JAEA) has started to investigate a sedimentary rock area in theYoro river
basin, in Chiba Prefecture, where thev topographic and geological features are relatively simple for
mathematical modeling, and hydraulic data as well as data from river and well water are available.
Hydro-chemical conditions of the regional groundwater were discussed based on temperature, chemical
compositions, isotopic ratios of hydrogen and oxygen, and the isotopic age of radioactive carbon for water
samples collected from wells, rivers and springs in theYoro river basin.

It was found that the groundwater system in this basin consists of types of water: Ca-HCOs type water,
Na-HCO; type water and NaCl type water. The Ca-HCO; type water is meteoric water cultivated several
thousand years or after, the Na-HCO; type water is meteoric water cultivated under cold climates several to
twenty thousand years ago. The NaCl type water is fossil brine water formed twenty thousand years ago. It
was also observed that the Na-HCO; type water upwelled at the surface originates from GL-200m to
-400m. This oberavtion indicates that the Na-HCOj; type water upwelled through the Ca-HCOs type water

area with the both waters partially mixed.

Keywords: Geological Disposal, Groundwater Flow, Hydro-chemical Conditions of the Regional
Groundwater, Sedimentary Rock Area
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1. IZC®IZ

5 LU B SE 35 & UY TRU BESEMDSE O o 55 Akl % & Lo HOR P BEZEN) O MU AL5) T,
T ARENC 5 ABHES~OBEBITEZ IG5 2 L NLaM L2t 5 L TEEE D, #l
TARRERFFEIZ DWW T, BEIZ, ENICEBWTIIRERILRLEA, B CMREaIIEE<H
% b O OEE T K OFRENR OGRS T K & WATHLET K & OBRZR EFRSICHEH S THan
BERBENIEEIN TN, ’

HTFAET VOB, B-1127T X 512 Toth DFEET /L (Toth, J. (1962) V) (fREE
NaHxo5%, HT/KE (MFEEH OBREBICLENRo7-EE - WE— W EHELERE LT
DKRICFEHRZ T & KERLEERNMAHE, #FARERICE ST, HITERAITISIZLERE D
KAFIRD NaCa-HCO; BIDHI T, Hi FEATIZIZ X Y iV Na-HCO; B H T /K= Na-Cl BUH T 7k
DRTE (Yabuuchi et al. (2004) @) T AMEHIEL R T & T AL Z TR H B, L,
TS DOKICERIHE X & HULFER A F XN E TH T LBMAE SN TR 2T, 2D,
T T AR OWRENIELICE Y . # 10km~100km DJRIRIZEZNRD T &b, EHOIRBEHT
IKFLET T N OFEED 72 121X, Na-HCO, Bl T 7K <> Na-Cl B T 7k D& HIH 2 BRI D HLAE,
T RbBAKXFNT e —F EHULFERNT T a—F OmE G O[EN CRE - ST EIT O LELRD
%,

A AR F 10T 7R B R I, TRk 16 B8 b TR O ) Filk 2 HERE 2 xR & LT %41
FFZC &R & LT, KOOI L OHML 2 ITIE 2 Bk LT, 28I, M - s
MHBHMA Tl BT d, B LRMAREORE L Sh, ZOMEL LTEER, £RIco0
TIHBLHRANEREINTND (Z546,1959 @, Sk#h,1995 @ 4l 2005 @, B 0,2006 ©
) AR, AKBEF—Z BRI - HEF - EREEICFEET 58 GFK,1983 D0 s6K -/
#1,1999 @ K (L4#4,2002 @) | BUREBINE T-1000m SURICFEET 5 2~3 HEROBA G
11,2001 1) 23, WEOH T AKREOESFZEL TWE (FRHH,1988 1) ZBHEHEIN TS
TR ENDL, AMEOBNEZRITT D B TEAMREFATE 5 &\ 5 BRI EME
STWNB LD L ¥ LTz, AE TR, LB T 7' —F & U CEZNIFE TEIR LIZHF,
T, BADKREHZ OW T OHYLZERT — 4 kiR, KE. BBF - KBFEALIEK, BORTERSE
ﬁ&%@ﬁ)K%ﬁ%\mﬁ®ﬁTmﬁﬁ%mmowfﬁ%Lt%%%ﬁ%féo

2. TAERIZHIR

FH) BT, B - AR L, TR =0 =B, RN E =k~ Mo
FRERE, THREAENLEO TRERICHY TS, 2055, ERBEHLY b LAOBETHRE
BHE GLEHR) 105 ~10° THRART 2RAABEEET S (BERMymEZAES (1986)
W & 2), FFRBICIE ERBEIICEMNEE 2 TV AREILROMB N ERICEET 508, MR
DOHEREEZHHT 5 X 52 bOTIHRV, BWEBEROHE 1 BB, fi/ KEE. RERIZL, S
BEERBITI D L BAEER MK E < HEZE 100~200m OHFRREE Y 2R LT\ D, BE
JNT B B RECAIE T 5 377m OFEILICHE R L, ZHER. LRER, TREH
DOFEMBF NI U TERZICH T L, FEBICESERK 50km OFJITH 5,

PEHIED 5 B L ICF - FTHBREHS ALEEH L LTALTHY, LRIV I LD BEHF
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BESL LV IEDEFTICEE S FEL, EFICHTARIAE WK TH S, BEH GBI, &’
BEFENCKEEDENNT 5 Z & DR O RBESREN TN D, YHIRICEE L Tik, 128 (1982)
W) m (1999) M9 L kB, HTAKE S I 2 L—3 a3 U2 X B TAKGERR IO,
UTHE (1985) D12 LB U F U ABEDOSS/ N — 205 TRIBEEO RO T ATRENR L B
T B, MEF (1998) (9 (2 X 2EE)IF - FHIROM TROBRRFEALA 2 VO 7T K RAF
R BT BBFZE7: &, FERFICE > THRABICED DN TEESROMERREH D, Zh
b OEENFIRA PN B AR % EiC LT, BB 2 KR T RIS & i8R
 Bimic. BN OB e BIEEILD S W) H O 0 FHE TRV %4 B O &4
L L7,

3. WMAEHIE

3.1 HUTFKEREOTIE

HI T AERBUC %72 o Tk, ETHEA T AR 0 R0, T E L& ] WK IcREN T2 3000
AOFHFD DB, BE)IFED 327 » FOFFOBRMFTERELIT 72, £ORKE, B THRR
TEEHF L BRIV AEMFAE CHZICHER INH T OHIN L, BIEIC 153 7 BTDFH
FCRAFANRELN FFOEERRTH L LD 25 yTEERL 128 ¥y FIOFFENEATETH S
T ENbholk, FZT, INLOHFIWI - B E 18 » FTa M A T3 146 HiR 2 FRKHR
ELTRE LR, M3 IAERGE LR OFHE S 27T, FHFICE, RCERA, BEA.
TERIER SN TV bOOMICERHF RS V. ZOREEITEK 10m~630mThH D, TR
k. TEAAFFRE L BUKKISITIEE 300m LIEO TRIBE TH Y . 300m LURDERE T4
KB E 20 2=, 300m IEOHFRIEEAETHD, 72720, BEIXBUKFIRD 72D
EEALRIAEShTOARY, FE)FRICEE 300m ML EOEWHFREFEET D01, #r U8
OWRERRVEAB L 2o T EdLBbhs, 2<OHFOR7 Y —r GEFOHPITHITK
FIRYAND LS IKILE L-EKE) BERRAATHZHR, F - ERROAF 0L ITRKEH
HETHDHZENEL, HFEMEICRAZY—rBhbERRLTRVWEEZOND, —FH., Tt
BOHFXTEAL L VIBEATH DO ZEOH T ABEHAITD 50 LERWAREELH 5,
ki, —MKER 10, K3 - BERAALAYER 100me . “CERRBER 10 28 U MRICH
BL7, T RTCORBHIZRTOABRRRLA AL DV FIX—varzB8I SRV E DT,
O5EE CAERE Lz, OWHE—RAKEAR LUK - BERMALIISRE. “c SRRER
—fRAE. KB - BBERMELOSWREEZEE X T, REAREHF 12 7OV TTo 7,

3.2 MUFKOHTHIE

SSHIEBIX. —iKE 10 £FE (Na', Ca®*, K, Mg?', HCO5, F, CI, Br, SO, NOy) . 7K - B8R
ARk, “Cc ERBIETH D, 7L, KR, pH. EC (BXEEE). ORP (M{LETEN)
R & FIEHC B TRIE Lz, —RKEHB O S b, BA F I8 W THIRTFROEEE, HCOy
WCOWTHE., AR X AW EE, TOMOBEA 4N 20THEHA Ay 7av b T 7RV E
B L7, HTFAKDKERMAELIZERZ AWK —KEETE (WNy Fik) | BREAALIT TR
{bhsE — K BBV EMEZ TN ERATAE L T 2 EBOIEC X VI 21T > 72, BIERRIZOWV
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Tit, FRTEERES L OFAREETEM L. 055 (0D, §'%0) (D: BAE) TRLE,
BIEREX, DIZOWVWTIE, 1%, 80 1310.1%RETHD, THREET

6= (Ry/Rgr -1) X10°

WX -»TEHSh, IXBLUSTI i%h%h@ﬂxﬁ»ﬁﬂki(ﬁ“ﬁﬁﬂ% F-RITRHRE
T B RNLAL (DM, 180/160) Y, SMOW (EEYEEHMEA) ZEEdEREE L THW:,

HFAkD “C ERBIEICET S, REOHIICOWTIX, FAI, BEdSRBTDORELZET
REREIRE L, NT V7L W KT OREEZ T CEAEFICEVHE Lk, BET A I8N
RS RITolm, E0%, REEEBEILLTY I 774 L, “C-AMS (MCHLERE RS
Hram) T MC IREEDRIE AT o7, 1C BRI, AFE - BRI BEHEREI DD DO T4 ;ﬂﬁ% kR
bhb,

st4c= (MA/MAgr -1) X10°

THEHLEZ, 2212, YA, BLO, “Ag 3ZNENEIERE B L OB ERB ORMELTH 5,

MIEIZ OV, FRRICHIE Sz PC B (PAs="C/P0) 56, 8''C B 3BHRFEN 6'°C=-25.0
(%)f%é&btk%w”C%E(A%ﬁuﬁﬁbkoéwwﬁb%ﬁﬁﬁ$®ﬁ%mok
L7z & & OfH (pMC: percent Modern Carbon) (Z L, FREOHE & OBMRINIC X 0 ERIEE KR DT,

T (yr) =-8033XIn (pMC/100)

?ﬁﬂﬁ:?*%}?éliio.s PMCBETH 5, HITF KD “CERBIERRIC OV TIEFH 112, KR, EC, pH.
—BAKERB L, AE - BERMNBEIZOWTORIERESFE 2~F 4 1277,

4. HEER
4.1 KR
X 4%, FEJGRBDOHTK, FIK, BARDOKIEZMAZE 2 D A-AZIE T8 W%ﬁ; -2
LEbDTHD, Mh, BRSH T ADKRNOHESNBEKERERTTH L LBIT
HITF/KIR & HWE A6 & ORRE R 5720, #EER b FRRIC wbtomgﬁﬁiumﬁﬁﬁﬁ
EE(%*mﬂ%“U\ﬁiwﬁﬁﬁw#?—5\?%ﬁw#r—ﬁ(ﬁ*-mﬁww“ﬁ%
LIZVER LTze AKBEOREIXAH 1 AICEBLTWAD Z &b, FJHKB L UH 10m LIEOE
#F@ﬁ?*iﬁﬁ@ 2T 11°CLAT &RV, 22 10m~630m DIEHF O HI T /K KIRIZ 11°C
~1TCEZENIY bE, MEEE A5 ERERR, KX, HHELD 3 »prid, #HFEfEO
ABIZABICHERTEWEER D 5 (RPOHKIERS EITHROE D). D 3 7 Bt Tk
DOFRHBRTHIAEER D D720, HMTAKOSREIRE T 17 7 A4 MIONWTORMEIT>72,
5%, L33, BT ADLBD: D, TR i TR AR £ KR —HRE O BIHRRIC #
ELEbOThE, MF, THBLO. B OWTIHER, BROBEFEORERBET—% (&
#£,1999 M) BX O, BEERICOWTIB KR EENTHEFTOHEBARIORERET —% (8
A - ANFE,1999 B) RO TERE L, HUEBNZAERE LKRT — % LIRERET -4 L %
K45 & TEIRRL &L T3, YHUROBRE AR % HRADOIRERET — % (1.3°C/100m)
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THFE L, HIBMEE THMETE 5 LT huE, JRIIRO# TR OKIR OB ARMEITIEIEHIRFELO
WERIERITALET B0, B3 7 Fc oW TiE, F—REICRBIT KR, BIURET —F i34
EINAREAR LD bEEAICAE L, TARBORENRRIND, —MHKIZ, HTKFE)
ICEBEREE LT, S$AE 1 IRITOH T AREE S 1L, # T /KR I Ci e #5572 ik
AE MBI L TERIBEMICMERE R L, ZORERENGRD 5 RFEHS LREOMTAT T v
7 ADIEET BEEEE SN T3 (Dominico and Palciauskas,1973 9), +iebb, L3 » AT
O ERFRA (MPoREAREMS) X, T, HBIAHECTILERE 200 m A% (B - 200 m
BHE) . BEER TIEEN LY bR BE 400 m itk (& - 300 m BitR) LIEETH I &8
TE 5,

42 —AKE., BRFE - KBRNLELL

M i35 D i T AGKLER % Na—Cl BRI, B X6 0—CIERRICEE L2 b D 2R 6 8L T
7R, MR/ Na™28 400ppm £ Tl CIL &I & A EE TR WHKRM TR E . 400ppm LA LT
X Na*OHIIN & & 12 CIAMEINT 2 HKRH T A L TR S5, HARMTKITT N TEER
BOHFE 6 RENMOEALEZSDTHY . ClIFHE A 2400ppm & Eiv, FTHEAKDOHK 1/10 ITHET
B, Eir. EACEH T RIS HURAL R OFER Y 2 oA L CIAS 0~30ppm,  §'°0 H3-7%0Ri 4 0
AR BHITA SRSy & T B IBAHMEICAIET 2 2 &5, BEV 2 EOHKA (BHF (1997) @)
L R—BEOAEABREKICIE > THERENEZ LD LEEEND,

YARITAITE—F 1 ¥ 75 A b, Ca-HCO; BHE T 7k & Na-HCO, BUMI FAICA S . Zh
% Ca+Mg® —Na KR BT 5 L BRABHT ARV FETT, T72bb, K8 IR &
% |z Na-HCO; BUH F 7k id Na™+K oHEfn & & b iz Ca®+Mg” 0335 —7, Ca-HCO; BUH T /K
X Ca¥+Mg¥ DN L & HIZ Na+K I IE & A B L 20D TN 5, £ 10m LT O
HF OHITARLRFLA L Ca¥™+Mg?. Na'+K'iZ 2meld AT TH B2, ZNLAEDOPREDOHIT K
IS, HWENSA AR TATICEREINZbD LHESND, :

EAE (2003) @V T kB LEREBTENO ERBR T O Ca-HCO; M TR, KA A D
e & HIZ HCOs BSHEMT 5 28 SiO, JEEE M L2ANWZ & v b, EICREBE OIS A EFE L
TW5ELTW5, —F. Na-HCO; B T/KiZ, Na'd#ine & b2 HCOs, SiO, #REE & HITH
MLTNDZ R, MTABRIZESR - TEY v fA MEAOKEICBON TRAICAMNTH S
TLAERLTEY. BEOBRRISHEELTVAbOLMEISATHND ([&EF (2003) V),
L, Mo TATRO CaiIBABEMICH 5120, FRICH M E OB A 4 RIS HR
RS DR S A EZ ALERS D L LTV (@EF (2003) V), Ythiko @O
EFIRE. KERBICOWTIE. HA - BE (2005) @ i ko TRERBOBMF X HEYHE
MEhTEY., ﬁﬁﬁﬁ#iﬁfz%%f‘&)éﬁﬁ%ﬁﬁﬁu%i:\ AAZEA N (BrEVBTAR) R
FA. FawA MeERBEsnT05, ZRHDZ b, BHficB TR TEES L
FHTAIZ., BV i NOBETIBRETIE, Tr®Y atA b EBA A RBRIGHE
7% Na-HCO; B F/ABTER S, REEESDOFEET 2 REICB VTR, REBE EHTAKEDOK
JEIZ X T Ca-HCO; B T AR ENT b D EEZ DD,

UWAKZH T AD 6D- §'°0 K%K 9127, HTFARDASE - BBRFEN AL, 6D=-28~-42%0,

_4._..
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§'30=-5.6~-18%DHFIZH Y . WTNOYARIMTA LKA E (5D=8 §'°0+18.6) ITH¥
IND T &M D Na-HCO; B T 7K % Ca-HCO; BUH F/K & RAKBIR CTH D & Bbh b, K 10 1,
BEZRVOKEDOBIICE S T AKOIBFRINEZ A-AREMERICRE LZbDThHD, [,
B 4 1R U7z KR b e ERWRBERE HEE LT\ 5D, HUKRITAIR, BEERE TS
HATHORTHY ., ZNEEY E PARHTKIZTT Na-HCO; BUHITF/AKTH Y , Na™° HCOy
REDRKRIZENZE R 400ppm,1000ppm HifE & EVMEZ RS, Na-HCO; Bt TKIL, IH, Bz
~FEi. B, BERRO 4 y B TIHRMSEE TOMAT 508, ThPS CiiisE-200m
~300m PRI L TCWD, £, B, B, BHEIRRO 3 7B T AR b &z Ft HIR
E—ELTW3, Zhizxt L Ca-HCO; BUH T /KIL _EFE 4 & O TR IR & M B O— %
PR T, AEEN-200m~-300m LURIZ A LT\ 5, 7205, Na-HCO; B Tk & Ca-HCO; Y
HITF K & DOLFRER T BRI ER-200m~-300m FTiTH ¥ | FEHIR OIS 721 ik ~22 & H
ERREELTCHD D LEEIND,

KREBERODFIGRPMITHE SN TV L O0HEND D720, Kb, HEER b RIFICRE L
Tro MHRIZIX, BAREORVWWAESRE (T2 OIEIC=HER LI, #rfE, THE M/
AKERE. TREBE) CEXKEORVEREDRRE SHBEH T, KBERE. BEhEE. E4XE,
HRRE) EBRBEIIHH LTV D, Ca-HCO; BIHITF/KIZ, JAEOEWTRBECT BHE —ffio
ABE. HEr BIOBRICEKL TS EIICbRADD, AREDRELTLLE S LITRL
20N, ET, B A~FERIZIBYY T Na-HCO, B F/KITE A S W T HE —#ili ) KEETLEE
WRRAE L, BAMOEVERB TR LTOAR, RERR TR, ERFL. BAMEOENK
AR TERAEL, BAEOBVE,yBTHRHEL TS, AABEX 2 RTERETCHLD, EHk
PR T KD ARTREE & B 55H0 & DBMRIC R - TR, 72, RICLHBTRIB O THAEBEL
NHY, SLICHEMIIAEOBREZ R TWILERH D,

B 10 O A-ATREWEICIE, HTKOBREEMALOZEROMITONTHIRE Lz, LHK
DR EAEBICAEYT 2L (E8 377m) OEHF O T AMERIL 0D=-28.8%0, 8'°0=-6.1%T
HY . FDOEEEHICAIET 2 BT OH T AOBRERMELE R TH 6°0=T%UFD b0
BEFELRNI D, §'°0=-T~-8% DK\ B RN L & Re D T AUTHRE L IT KB D £ 72
HELHICTELIEBOTHS L EZXDBNSD, Na-HCO; Bl T AT IR §'°0=-7~-8% D
TSR T 525, Ca-HCO; B FAKIL, AT TIX §'80=-5~-7%0. T TIZ §'°0=-7~-8%0
DT AKEIRICKHST 5, BT OEE-500~-600m A5 5B AHEDEE-200m i §'20=7
~-8%o DRV VER R RIS AL O T ANTEIET 5 &\ ) M (1998) 1O oF —4 L H—F7
%, bbb, Na-HCO; BT /KIFBEICHEINZHTAKTHY . —F, Ca-HCO; BT AD
—EIRREICEE SN TR, R EO R TKITBREORBESRET TRE ST K
ELTHAFMETH D,

43 HITFKER

HTFAD “C ERBIEDFEREZF 1. BLUK 111277, Na-HCO; Bl FAIZBI e T4
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