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The Environmental Geochemistry Laboratcry of the Department of
Environmental Safety Research of JAERI(EGL/JAERI) is responsible for
performing fundamental research to support the geologic disposal of high-
level radioactive waste and the performance assessment of the disposal
concept. This research includes basic laboratory experiments as well as
field studies of natural analogs to understand the geochemical behavior of
radionuclides, i.e., the interactions between radionuclides, groundwater and
geological materials.

This report summarizes background, objectives and recent results of the
scientific investigations and emphasizes the significance of these studies
in terms of both fundamental research on geochemistry and applied research
for performance assessment of the waste disposal concept. The importance of
performing fundamental research te radioactive waste disposal is stressed
in this report.

The report is aimed at both the radioactive waste disposal sclentific
community and the interdisciplinary sciences that interact with this

community.
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& Vasseur (1992) @ 2 BPEE OKG [26); 9: Inoue et ol (1992) {16]

o AATE AR AT A PERFBICHE) <Y P A OYRELICHET S5

AL oONREOBEREN Y ER Lk 0T, BEAOREESILY T A RERICANTCAT AT A
B EEETHED TR & 2 21320 ) T2 <, B LS RS O BB LS OREFMEICH LT, ATSY
T RPN TIRAT S L HOFMED TREIC 2 5. UF TR, AAZ5 A b-AF7 4 FERBRICICET
AWENIK L BEF UM LoD, FRFRLOTF—-ZOERFHNENRAT 5,

4.3.1 XXTAAR-154 ERRGOBIRE EECHTIME

LY. BBRGY AT ANOREHEAOBRIE, BEA OB TAORAL . BEHHEED
Bl BTAREARLIEThD, LT, ALERD,LORTROBARH 7 ZAEULMKLD S DR
MEEOREOBEPELHLICTAI L EE DI, BEHISV, EDL KT IO EHS P
T AL HENETH A ERPEATH S,

PETTHORAAZ I A PO AT 4 MMEDEERUFE TR, BRAEERY T 70— FIiT & 2 REERS
FHTHHH[19-23]) HEF TRBONLF —F2LRERRIBISZ AT MUOBRERHNT LE
Twiv, Zhid, KROBEEGLEBLIEE ., ERFLBVITRTIERT LI L HELADT
hh, FOFD, HESTOA XS F 4474 PEBRRBICH L CRERNZEZ LT, EELT AL
¥—% RO LHRLE (&2 TE[16,24-26]

LALEAE, SHBRECTAVTF AT EETH»> T, RIEOBBELHICERIIERESANTE
PAHZZAORIMERTEOE $CHE, WS I TOEBNT 70— F ERRBROERREILLLT
SO—F AT — T, RIGA100°C THEITL2L E0 AT 4 MEORIGH# T K d EH 50
I3 hh, MALHELAR LI, 454 MERT AT CRLERREET -0 > THMT b DEx
EFL, COBMNERFZTTERYHOACLEVEDY, SALOF— 5 2 BLS Y AT L DRI
S IIRHET A biT ity liv,

LR T, ENEBRTRERATHEANES2BRT L 20, BEFNLRECHA 2 BEMERD
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BB FFa2 I MNTHFUSRICEVBEHLCE, ARXAZ A D474 MEZD2WTH, EERF
AL E LASHEREFFa AT FOSKFEEEAGDELZ I LILL o C, TORECHIELE
Bt 4, CNALSBBEFICBTANY M+ A FORMERS PET 200 68N AT AR
Bft, $780 bl TOMELAPHBEBRAZHLPIILT, G

4.32 ZAAXT7BAb-AT4 FERRSICESINRMF 1 OBEFECET IR

AAYH A b-4F 4 VERBIGORZEE, 1950 G LR T, LW FENEETF —vE LTE
BLT&7:, #OE2EEE, PHESH THIEGBEDNORBLFHLER EHERET L L TOHM
ORI IZH oo LBL, —HRAZ I A b-AF 4 F Z0¥TEH L, R EORBELED NGDEE
40 [27), MEFCHRABSAS . B ABPHEORT CHT 5 ENFENI Ed, BEER
BeOWERERIIAILEEY 525008 LT, #IbF., #gE, R, EHETF. REHEYE,
BEHOBBASEOFFIrLOEEERTEL, Ld T, AATF A 474 P ERRISOAFER
T T EMEZO S DT TR, _

L L%, HRER BT 2WEHOBEPOELEF— L LTwE LRHEST L. HiLamEDD
DEREF—TE LTVARTEWZELOF vy FidRE W, #LE8HZELNOTREFOPITIE, EHIZL -
TAFA P ERBIFRIBECELIPFFRCIIERE L, RAAZ 5 A L OFUHEFEQL S TELET S
O, BT L EEOBEOUKIZEI RLOPRETEBENVADHFEERTES 5, RV A7 LOK
B E LTOXAZ A OBEEEERIBIBEL, BELIEEPIILAETHE, TRIILTS,
FEBRCBIT2HOBILPYENLCHTAEEN P ORAZHEL V) bOE 2P EAELRTY
v, ¥R EOL DN o CEMTIEHFOTHFOMEE S EEHARCHL MBI EEM S
&% TRE TR RV o TELLHIZE ),

AATE AL 454 VERRTICEIGEOEICES F &b /RRE. R OBERN EE R
FITHAEHIC AR, 22X LB LIARTELIBRENTHWEEETH S, Inoue [16,28,29] i,
AREFAP-A4F 4 PERBRICBTAREEICER L., LT LB (A 47540147
A h=50:50) T, BEORNIAF 4y 2 HENENRONZELTWD, 2F W, R AT F A S 100%2
L BT CIRTI LV ROFREHEFL, A AZ 7 4 LS 50%40 5 04 TIRARKOBEELRT, M
EEAHEMNIHITL D 50 R ALO OEFHEE O ARy P VEEPLEBLRTEY, A A28 1T
100%7 6 50%E TRRAAZ ¥ A MEOBELFEL, A AT Y 4 MG 0%D5 0%Tid A 7 4 F o
FRHOLBESNTYS (30, SRLOHERL, HDAAZI AL OREEAT A OERETIF-TD
LA AOEBRBEETOMEOERERSBOSS I LTTOR - aF Mili@ i oi I EERT,
RS HAAE AT T A RANAR A L TH ER L BESRE SN TS 31

RTS8y THEEOTHiZ £ A4 1258, BT~V b+ A MRS T bk, B X UBBRAE
ORBELIRAOHEL LD, FODITb, AAZFA-A4F 4 FERBRRICET & EREECTE
BEOTILy TELTALENS L, AL/ 7THAESEY SHEICBW/ REE TOFRTIR, &REER
W LTE2ONEATA MR APOERBAAZ AP EELHEE LS L CHBELLALY PRAT
£ FOBFICH LT, KA T 2SI, BRSO TEL, LAL, ZOLHBE
BTEATA FERBONS)THELT LB TERVTENESS L, 2E€26. AAT T AP0
RFEDAT 4 P AERTLETIR (. FRABCBT AWERL B HLTRRZVHILTHE, 361
i, EEATER LT X 9T 32, Mt S iENROREEGORIELTEOREREILS YR
ThHHD, NROBEES(LERBTIZ LR LICA S A PERBEOYMLHERT 2 LICEERI R,
FrThibiid, RICOBRAERDL VLG LAPMAERY E FOEFGBRICEH Lz, TabbEK
ERRIC L o THERS N RREA Y I L CRRR (BIOEARNE SERAROHIE) tEEL. BED
TALEROTH E LT, LA IOBIELEATHELZ L LIS, AAZ 5 4 b4 F A FEERICOMRE
REOMCL, EFAONAHEENLZERICEILYHOELEDFHER L,
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FEFETI G BATEEZ, AAZFA - ATFA BRIV RIOGYEEBEOHETES
B, MRERB F WHONMLRTEELEATICEORBERESTE v, £, ERMTFELRAAR
DB L - TEORET 700, NEFTEBBRL TSV E I 2R (BERYOBBAT CERS A
TWB L 37%) REFHLE, FREFOBECTREZOPSAHTHD, L, AMEORRHE ZE
F Lo, GBS T CHEINLEMICBIT ARV A FORMMEFEFTHEE 2D, 3510,
L OB ERES O MBS DR LT, AT/ 7 & RS 7 IR T & 5 IO FHE
huTEIC 2 B,

WERALSEM 2 TRV o 7E e . TS OARPEEOME. BE., HHaY L tohRRBWHLE D
MEARBIZELTIE. EENICEASAZORDEVEIICEDR S, 28 AT, HEREFTRIYIRE
Bohs [EAOBALIZLZAFUF 4 OER] v REIE. BIL 2B 8RFICRLTESLT
(B EIRERLBERETHE, Chhrbs T, FOEELHEEIHET AR TIIOWTEERNCITEL.
KECHEARTVWAT AT I v 72 B2 Z2HALTwEbiT T2y, 20X 3RRETE, B
ERMBEOEHPELE FET IO RAMELLOTHLEELEL2HEL V. FAFRTRIMAT
WB LI ATHELBELT, B onEEEe®RE. Wi, TRSRLELMCTERE, SR0R
BAEENEC LTV AEE PR ERECERTE 2T 0 T2, RRBYEOERLELTHR
P LTW AR M, SR, FHMBESE, BEREE, BEYLY () FANLERL TV
LDEHEEL TS,

Z XT84 b1 51 b BRSO EBRRNEEROTE (ETE% [23,33-33])
KREOCEH
RAAZF A P-4 A4 VERKTOEELHEO AL, SHEHOMEFM MEL 25K
EEFLFOREBPEENIIRT, 251, AARETOEFIIBIT AL 74 MLORE
$ALICT B,
HAEFE
KAFFIT . EBRGITER LRI AR . KRBV TKICHFET LAAARICL S
b itagahd,
SREOSHEIEF— P L— T EABRREIGICL S, FINREPRMEEI S LITLN,
A5 4 MUEORLZZEBE2ERT 5. SRERCHVIERWENAAS Y A M, #
SR EORLE LAY A, KRR, FRERACHRKEEFERICL D ERES
HOAALZ AN T A MELAEE 2 ERZ S FRL, BLHS 200l TERSE
Y L7, FERSRE LT, BRERICLAEHEONR L LTHBIR LBBRIIGHT 5
WE=R% . BRAEHECL2BREOEHSE L CHREEEUESIRO XUFEEHERY © ER
Lo 2B, HEE FBRHIRICATI2HESRORENIC S 2o TEHEENE L §
CHEAETERLL.
SRS, X BEESN (A 2oBmAEYEY) BLUETEMEBHESEIILY,
HISHEERBDF v S 25 VE— 3y #2470, BohizFT— % b & CHREBHRY - &
ERMER LT,
BRER
1. KRBT BAAZ A -A5 4 MRIE (S -1 RIG)
AATEAL N BEAT A NADFEERKIT, T2V OFA b/ SAT 74 b1/
A5 4P ThY, RIEBEBRIINAFIAbOBEHESAZ L 2K L (I/SIEAX
ZEANELTAFRGPBRETHDHAERY ), T AAXTSA PO AT 4D
ANDORIGEBRORPTOBBHOEERNEHL ML, B, BEMILFAR
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OSHEL S ERLONE, [/SOL I ahMERY TRAAZFAEAT AL
BOFRELTVT., SRSOBEMz AEL A LIZEBLE S TS, L2 L,
EKFETIR, AAZF A OBERIRENOARET S CREINEI L. I/SDAT
A PESCRBERESZVWIEREB L, XBOHCL2BEEOBECL - TA A
A NRADOHOBEHREOLFELZEEL . S-IRBCESBIAAT S A
FESOBEMOELERLIC L, TREFLYWTFETH S,
S-TRIGOEBEBENFELS 1/S OMBHM T . EASFRE THEE LTRETER
BETYME L VEEL, RETITOHFEICLZE, REETTAAZIAMD
BEPIRBR IS M TV A ERMEATIERL. 174 2FAL 1.0 nm DM
s TLEI D _EORJSTELL /2, LA L, BRETHOTI/S DA
LB Er L), EFHMBRET THEOKBIMSTIICE o/, HABEAEE
LA — RO OBEENS, A AT YA AT A VEBOWMIRIZ, A A7 5 A
FASERAEICESIR L, ISBEEEME LTHEL, ISBOR A4S 7 4 FEFRRKKIC
BRILCATA VBT DL DEHATES, AHOA T 4 MMESFISBOFEIC
Lo TERTA LW EEOREIR. XHEEFH»BONTELUEROER. T4D
t (A DAF 4 MLIZAAZ 7 A YBOBTODICT V7 L4574 MEFRAS
nAh!l EVIRPRETLEEFSHL L E2RAKRT 5,
CERICBITAS - I InOBKER

ABKERI LT, (DHAKERIIIAS-IRGIEDLIAAT Y A FRFOR
BrERCE bR IBERL, (2) S -1 HEOEE. (3) HEYHOHAMENTE
OHEL S -IFEORECRIZTEBYMALPILT S L & DI, (4) KA L BKER
BT 454 FMEOBRELORBEIToTE, TRETEHONLERET L
BHhk, BTHEHThs,

(1) 45 4 MEDEEIIHRWREOEZERIC L > THESIN. BEAORVHOR
EEDREIE,

(2) S - I RIS RRENRE 5 —RKEA 2 HEAE L, 45 4 MEDEER 2 Bh
HORCBEEBTH S,

(3) Kk & BAERE 0BT 2 4T 1 MEOBRERO BT LIHER, BARRD
it QBEEORE) REROEFNLABNCELTH Y, MEDEEDE S
EETOEWIRECES,

(Uﬁ%(af%antﬁ%t\L%@%W%ﬁﬁitwenﬁS—lﬁmwﬁ%%ﬁ
€T, S-IRENEEgr#HFETELUTOL IR D, S- TR,
_WRWE (HEWE) ThHEYE)OF A P BKISOPEICALT T A MK
L. MEEE RO Si 25 Al TE#H (solid-state substitution) S5 EiT L D REEM
FHmT s (1 BREEORIT)
EBEHSHENLTERERAT 0.8 M hic sz A A7 A PRBIIHEEL, BXRIS
Br#d+s 2EBEREORKI)
_BHREANSISBOAAZ Y A FISERMICEEL, 174 MERT S (3EEHE
DRI BOKERTIHFEH Z DBRE T TEITL TR izHRER) .
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5 HWEHEEREEICETAME (2) -7 I F K aEOBIREPIVER
(CEAT AR
............................ LB, O

= L~V OREHMIc BV Tk, FOMEO I LA, S, b LG LBt RY 45
RSN EEL L 0T T T, TOFSFREPLOFSEBETEILZVTH S S EA5E
WENTE, FhI2, BABGROBRETILEINET 2 F 2 F REOREDO W (OPFHFICRVFR
%%%Oct,&6UK%&%@T&%:F&E@E%ﬁﬁ?é&ﬁﬁ%%%ﬁﬁ%w:amtbvﬁéo

COFUEZTC. BTARED ETERROEMICSEIT BT 2 F = F TROLEN. BRAFHERHIC
mTéﬁ%ﬁﬁE<ﬁbn%bto%nif@77%:Fi$®ﬁﬁ%$u.ﬁ%ﬂﬁﬂﬁusﬁ&ﬂ%
OREHENIS . b ol CEMBHETHRICLAbOTHok, REPICBIT I EHICMT LML LTA,
FRIE (k. BH. TE#) F07 2 FFTEEZHBICLAFRE, $4b5U ., MUY A (Th), BLT
BEB7 +—- V77 FEED Pu BT AFESRLONS (6.1 [RARSE® ST IE D ERYICE T A 0T
%8R, Lyl {b2d o Vid L EORRN L ERE bV A HBEBIER A4 ¥ OFERE (AxY
I—% 3, speciation) | ITOWT SR EETELEEIRio TR VONBRIKTH S, A7 —IZIRD

) BESFEETND,
L 70 Fo ¥ R ERAWR L DR
2. BHBICB B A4 ¥ ORRICET BT
CROOTROEEL S LB EADE I T,

o HEHMEEMHMBASORSTMCBITIEEF - OLERLE L LI, bbb ARIKLNEW
BUETHLFRAICHT A7 7 FoFAEEL LTORARPBNHIARELTWARREHEAL. [7
7%1Fﬁit%ﬁ%ﬁt@ﬁ£ﬁml%ﬁﬁofﬁwﬁﬁTmsﬁé\%bwmﬁﬁﬁ#%ﬁto
ﬁﬁﬁmw@¢6ﬂ%?éaoPunﬂblvhmnﬂ@MK%@&BU&&&%&K&LT&T?
T - 2R, BAVIZEREFTTH L, BRERRCHL TRORBROHE B, 77
F o FRECBEDERREROVT, BIUT 7 FoFRROB FAPTOT ABERLEKEOLE
R L ABEEDTRERICOVWTERKICERT 2,

e TrFoFREOECEBITOFHONHIC, [BEFIBTET7/FoF /4 DHEBCHT 2
B %179, — OBERIEHENT -2 ORB0&2 6T, A4 OEGHEBICHT AH LV
BPEacbiEMET A,

51 FPI/F_FREEXZMR e OREFH

FrF oK. I RBAGOLETFMHBVWTERELSNDS U, Np. PuRYOB77F-FL
FOFRREN T COZHEEBREETSBIID2. TROENEH L E—ENCRET Z0RED
ETHERETH D, BT 7 F 2 F TREASHES T 6 VI lOSHEEFHRELZ L1155, £
OF. VIl EOEF T EBISEL 2 @MEE LAY/ AT v OBTHEET S0, IVMAUTL
VL EicE A A B LR TR pH OB A E LS 5, ALRBT /FFTRESVERED
SOT, ABEESTMASTECEERFEZEFCRIL, TOFFRELIEKM TH S [36).

Xppw, BEDPCREREFMHIIROATVL, BLETREIIEETHS (redox-sensitive) 72
KRWE L OMEHEEIZ L o TEFMERE L, FRAFROEFHEOLFHEIER - ﬁmﬁﬁ%ﬁaociL
CHELEREE TR A4, i, E~ORE., Y~ OBE2 CH4OHEERIIESFT 5,

IOHTF—iIRDO 5 OO EEELORS,
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7y FZF (V) DIKHES L CRESEGCHE T PR

e TOFFTRERRICEETLIBILETHER L ORICITHT 267
¢ T2 FFREDEHERTOLBEL LA IWAEET HH%

o TEOFM~OESICHET 2 BERN T T VCICET 585

o THFIFTEDYT A BESRICET B

DFClR. P2/FoFRESNET2HERICET A2 NLOMEOBK L REZENMLOD, 720
HELHMEHET S,

5.1.1 FIFZF (IV) OIKSIMES L U RBSESICEET 2 MR

EMECFEHRE (AN I-Yg)

WL COREORKABEIL, ZOBRORAE FOREVERECL > TRESND, LIg>T, #
FARZBTLREOBEL T, FORRPSURAKOBHRES LR TH L, HBLASOREFHICS
WTIt, BEENEIZ., 7o ARSI SBR LA RESEESE TR EOREORE T THET AP E
BB LETSH Y., RETEEEBTEFOMNEA s L TEAS LS, TOGROBERTHESE & UREFE
KBV, FOBBOBRERLBERZ OMEBEICEET 5,

BBMSIED LS HRTRET (EEKEE) Tit, U. Np, Pu® L 9 % redox-sensitive ZILHE L IV
BCHETLEFPRERE, HRKAFOL I REBAMRET TR VS LR VIiALETH S, IV
WIcHT 5EERIE, LT, BEAIRNBROVARTT ORI RITwIT 2wvicd, EOERKEES 25
HERIILALFEETELT -7 IELNL TR o/,

INLEDTEENT rF A Fr (U0, NpOf. PuOdt, THbbBEMRETICEBH 214 ) I
ST, RAKPIIETS 6 o8 LESRFIIASHE L RBREFERTSH L Z EFREOMETH
PoTVd, —H4, UIV). Np(IV), Pu(lV) Z2W T, MAMENERTH 2 Z LT TEHEDD
%%%T%tﬁ‘ﬁ&%ﬁmcwfﬁﬁﬁiﬁﬁ&woPMW)TMﬁ&%WﬁﬁﬁuﬁETéfééik
FHSRTVLE, TOBNEF— 7 BT FYUFOLXMFH L, Np(IV) TREBEEIFET L LW
FEBERELFELEZVEVIERERSH ), TLEFEDTVRYV, S5 UIV) LE- TRIRR
BEREELACOTREZVPEVIEDNE TH TV, ZOFEFBE SN TORITHITART — 5 2°
LRV, BTFASTORBESEFEMHEFRTT 22007 —F X-AqUTRRET 2. {EXE
w5y REOEMRER YT Y OFNLERTHBERARENTELN, By 7 Y XELTOLDIID
TOEBMFEFERT LICoR, #0 LIRS, P52 L DRBLASOREFMOFHF TRAERML
GwiBEsho0oH5,

EKUTHI VK= ) TRESAA, T2 F=F (IV) OBRE, TReivEd 2EHs L XK IH
EVABHEAA VHER LTS, IHOREBEOBENEF -y PoFHLAKRTH D, KM EFHC
ééﬁﬁiﬁﬂ%&%it%ﬁtm@w%t%it%ﬁtﬁzﬂLT%#RTWéo:h@%%nﬁix
Btk 5B L 2 Lo OMIEOLB S L L bOHAEL & 270, FAbho TRV, T2 b biEEE
BEAOEENCETVREWEWI I EA2ERT L, WA RLAYN I L THAEDRNET -5 2
WTEE L, FOMES o & bISHESECEHEINAEBET L, bok bEBESEVLFRINK
it s 2R L LTEI T, -

EHUBIT LR ENSIVEDT 7 F N TETH S, bFHCREOHEREBEDTLUTH 5, &
BoTWT bERRNLEFENLET Thd, LPL, ROTFEMERE I 3R o Tk, TREDBME
DERBLERASHLDENHLLVIFETHL, 26 CRIYPXEE LD L OB EET
27T, BREEISHSL THORRD, EPCRLAERR., BETL7 7 e llCRA L TE R
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£ 2 ERTFFTEAV) OKPITBT ZHEMBE & MR

TE | BY  EHE (mol/L) HEMEER | KEEEY  BHEE (mol/L) HERLER
Th | ThO, 25x10-10  Th(OH)i(aq) | Th(OH);  54x10~*  Th(OH);(aq)
U | UOy(er) 3.9 x 10710 TU(OH)4(aq) | UOs{am) 3.9%x107° U(OH)4(aq)
Np | NpO. 20% 1072 Np(OH)i(aq) | Np(OH)y  55x10°%  Np(OH)s(aq)
Pu | PuO, 2.5x 1071 Pu(COy)i~ | Pu(OH),  3.6x107* Pu(CO,)i™

B HY Lo — b 1 L. EOEMIAEE FECHEEHLRIY LT LLBE. FHEABREEEELEE, or TR
., am RELRK. aq HREBELTWEIEETRT,

BTHoT, FEARSTESEFT -y ORMICERET . JOBMERFIARASAFIRICS . U0z(am)
OEEEL LTEVOELbH 3K [37) BLU 2K B8] BVEREFERINL LV KK TH L,

X5z, BMEHEEHICETAEZORBOV LS, FFAREL 6 LT THTARFISEEL
LEGAEEE CRARBRICRVELIIEVIT ETHD, Np(IV) OFRE T HIE L 28 [39] T,
PhBe & W72 KRR EY Np(OH)s #5K381C NpOa(er) ~ERGALT B 2 LA X MBI X > TrRa izt &
OZEiRELTVTRRERSERESRETAERIC22Z & #RIELZV.. X SEHERETICEL
HFER LS E2RLIET 245, BTV GERERTEL T 7A) FFETHI L 2HA TN
LoD b THD, bL. SELEEFSCELOTHINIBNFF -y o LOBRELEET LI LI TE
Bo FOERHE 21D NpOoi2it¥ 218, 2.0 x 1072 mol/L T %, # 7 AELELHEE L ERERE
B LTHET A0, WKL Np(OH), L h bBEITFHCERETHLEH (ML NpOs(cr))
KA CHBENTWE SO0, BFEREOACELTVAREOERAE THESIHESLT LIS LS
PIREMOSMIDHL, bLEEDOIEFADS LIRS ES (NpOy(cr)) ESOMEZHL. TOHED
TREREESS NpOy(or) DBEFE L D dEV 25T, ZORD Np(IV) RERRAOH S UNOYHOERET
wESHRD,

EFEGHERMIEE T8 OECD/NEA TIZ 1988 £ L W B FF7—#<—X (TDB) 72 ¥ =7+ 3¢
EFRTHD, CREIRERLTOREFFEOONT — - A2 ERT LI L vENE LT OV
Z +T&Hh, Te. U. Np., Pu. Am @5 EEZHRICEMRSHHE, NAME, SBEERR EOBAFD
FRF—FELPa— L, bot bERMEDHLT—F2BRTL, T T TV EDWTOFMEFIRTL
F— g R— ABBIR S N, bithh Ao TRO 7 Np(V) ONKSTHRERBIER T TIZ Np O7 — X —
AEFAEDOFCLEa—SNTED, 5HRBOLNBERLVE2 -2 2T L1002, BHREIIDAD
ROF— S FRLEBETELERLRINLEES, T A0HCHlaArINd,

AP TED LI BRBETHAET LI AN bh o Ty RiTNE, ThoBRTLIRICOBBELAURETSH
3, BREAHET ZEMCEEREOREFEETH LI LEEIETCo Ly, BE, 77 F=FLED
BRESHESNEHEILE., YREFBT L, EvIRERTEFRE TR L Ao, BAERRE
ML BaEREE RS, bL ol boTHELTEBALZTAIE, 75 ELTEITAROR
Bl -sTETWE, [TH/FF (IV) OIASHS X UREBEECHETBHE] 329 LIHER LR
ELEHIRETH A, T A (IV) OEBREECETIFRERT CUERIBEON T A2OTLUTICHE
FHRT, ATV I A (IV) OIASE L KESECETIERBRELITITH Y, ZPEARET
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Tk = b (IV) QREEEICET 5HE (L [40])

ERAEDER
ERASHETIZET S Pu (IV) OBMELHIE L. REBEGEO/F v BrfEEToLLD
ITEFOEEERERD L, B ICEEERREAMOME T RAL

MREFE
WSHRREMIE I ERCEEIT L 2, KC SIS Pu 2104 . NaHCOsIC & > TEREEAM 4 ViR
B3 0001 -0.1M CHELA, S50 Pu % Pu(lV) £HiX 2720 NaNOy £ilI0L7C
BWo pH i3 926 12 L7,
BSR4 BV RO -2 E0 22 L, L% 3am (SESTE 10000) D7 V¥ —TOH
Lt&PMW)ﬁE‘£ﬁ$4¢VﬁE\MIBLUEh%ﬂ%L\PMHU%&@%&
B ot VBEAGKEE R, H V7Y I RE 140 B ETIT. RREICAS S
RV E2HEDPD, BEIEHIELTWEEALZ L,
BEELHELTVIEN. ThLBEE THCHLIEMASKBILY TH L4, KR
THLME. TANY — LB EEEBICHEY LEET S BIUREEYEET A
itk o THRELI. COFESHATETHE I EiZ2/SAE (Co) AV TFHREAR
o THPD, Thbb, Co(OH) & CoCO; DILBEMEDL . EIRE R BIEERIT->T
ALY & R T TH A, SHRRBETHINEENE L1 S ET
XL EFHRELL.

MR
W LB S REEA T CARE SR o RIBRRLT) oo, BREEHRE
HE LCRAEE L Y b AKIRALS PuO; - oH,0 AEHTHL LR TS, LA >TE
OAFBALY & REEILSY PuOCO; - zH,0 £ ORBFUEOERO LBREZ ROH L
BTEL, Thbb,

Pu0; - zHy0 + CO?~ + H20 = PuOCO; - zH:0 +20H”  log K < —6.7

Thbo
@6quWj®§ﬁ&41yﬁﬁﬁﬁﬁ%ﬁfo%dtpﬂﬁﬁnﬁwamW)%ﬁ
HAEREEA A+ VBREO SIS L TRMT 5, KBid 04 <pH < 101 THERREAT
¥ HCO; . pH12,13 TikEEA 4> COJ™ b LTHAT 52 & #FET UL, [6ITR
Li-s5 54 5 Pu(lV) ORBEHERIRD L ) ZRIGER -T2 L HBTED, T%
bbb, 0.4 < pH <101 Tid,

Pu0; - zH,0 + 2HCO; = Pu(OH);(CO3);” +cH,0  log A = -2.7£0.5
Tdh Y., pH12, 13 Tid,
PuO; - zH,0 + 2C0%~ = Pu(OH)y(CO3)3~ + (2 = 2)H20  log A = -4.98+0.31

Thb, cOLBROEEIL, pH L SRE/ A VBETHY Ty - MLACEE E
HERAELELEThDb, FRICL-T, BERBESATHRV PulV) DEF DX
REESROERS . BENTIRSLIML, FOERERERDLEFTER,
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Bicarbonate contentration, M

108 10 102 102 10" 10°

10

107

10°%

Plutonium concentration, M

10°

10"

10"
10 10¢ 103 102 107 10°

Carbonate concentration, M

6 pH 9.4 ~ 10.1 285 Pu(lV) OBREOCEREA 4+ Y REEAFHES LU pH 12, 13 T80T 4R
B A 4 BRI, SRITT7 40 F 4 7 ORKRY ., BRIZSIRED 5 FHE LK G Pu(OH); @
BETTRT.

2TV L (IV) ORKFRIZET ZHE (FILE )

ARZENEY
Np(IV) K2V CTENASBERY OEE S L CERERORESF S LTV, Np (IV)
OBEBERE»S, TGO WTHREBEBENERXME, HET T, $ED
AEH AT BV T Np(IV) IR A d & TS 5 F Np(IV) BE2WE L. B
BEOBELE.

HRFE
BIND(IV) ¢, Np(V) BEBRIE IS FeCl # MIZ TRIL L. 0.5M TTA/* ¥ L v THEE
6MHCI (28 L 87, BERENEIREREEII LS, FAMBT N7 AKEH,
Fe(Il) KB, 3723 €BSM LA LAKIC Np(IV) 212, WO pH % 5 5 14
wRE L GREFIE) . ABAESSOBIE TR, o9 LTAER LAKE NpO; - 2H,0
BRI A AR pH £ M L7z, A3 VEEI NaClO 2 VTR 1.0 M ([CHE
Lite CRAOLDRAFBEEF 7 A3 (25.0£02°C) OFCHE L7
B BWTERO—E2IY 2L, FESTE 10000 FHILE 3nm) OT 4T~
THE L. TTA BHES BT Np(IV) & Np(V) 258 L, Np(IV) OB £ HlE L
Fro HUF YT RREMERBLIAAS 500 (FR37H) ITIT-72
pH MIENETCIZ. BEO pH I UT, pH=1.68, 4.01, 7.00, 10.01 DFEHE L Hv
. CHLOMERBLL pHEICH LTI, A4 VHBELRELL HOO T 21
NaOH(1,1071,1072,1073M), T4 bbKEAF Y OBESEMOBERE Bz, BE
SECELTIE, BBL-AB 2287 ALy — Ay THT, BLUREBSHT S
WHy THTE-100HHEBL, 27 ANy —OREFA 28NS E, COHE
PRT, FCABEfToTENAMAWERR I Lz, EREM B ORMBFROBE
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kITAmm%ﬁE?%Afﬁﬁﬁ(oz<umm)ﬁu—7$vﬁzmﬁﬁoto

RE
REFE . BEMERAOMEEICEERZR Do, BEERE CHEL £ 6ITH£S
Rt B pH FEHT NpOs - 2H, 0 OBBE R —~EE %R L7z, Np(OH); DFER
MR TELholz, BIEAE LTMAEBESS T 288 CERAS A IIEVENSEL
N, ZOEREBRHRTHD, 2B, 0. IMF M EORFBECHRINETAE L
TIHEE Lot T2 TANT —BIUF 7 4 L7 —BAORFIIWHTE 513 L0

é ﬁ) 2 7’:0
i 3 Np02 - EHQO @@%g
B (M) logkK, R
Nag$S2.04 0.15 —8.41+0.33 This work
NaClO4(+Fe) <01 —-6.90x0.04 This work
NaClO, 0.5 —8.234+0.23 Friksen et al.,, SKB TR 93-18(1993}.
NasS5:03 0.05 < —B8.3 Rai & Ryan, Inorg. Chem., 24, 247 (1983)
concrete water =~ (0.03 -8.1 Ewart et al., AERE R 11975 (1985)
Nag5,0; 0.15 -8540.3 Pratopo et al., Joint. Intl. Waste Manage.,
Conf., Kyoto, Japan, Vol. 2, p310 (1989}
SHEOAE

Th(IV) 8 L T Np(IV) DEEEERER IO VWTERYIT I, $72. Np(IV) B—
D> b BB AR LEL 5N b0 (Np(OH)L ™ 1< n < 3) KOWTHE, FIHE
P LA L 2L T 2 VRECEEEEEE L, ThoOERERERD B, $5
o B, RSNREAH . X REFESR LOTETLRERD O BIE £, Lk
DRERIABMECRIZTHBEA S,

5.1.2 TIF-FREEFRIIGETIRIEATHEEORGICET 2HE

U. Np. Pu @ X 9 %Vb @5 redox-sensitive ZILHE . KRB L - TB{EBTRCE BT 4 HE
WA, BE. UTVEEN DL UIV) & LTEET 28BRWEPORTAA LT TER LA LO
kb, HhABOAREREICBVT, UV A UIV) CETSNAZ L EERZTHEESN (4],
FREFYTI Lo TOBEFREI A EARINS (42 URHLTHR., RRCHETBLETHILL
DR L ) BELEOMENSETH )., THARMBL LTORAPLHIREOENZ LTS,

—ﬁ\Np*PuKﬁLTm\&%ﬂﬁ%ﬂmﬁﬁ6%%#%$ﬁﬁﬁ¢ﬁ®ﬂﬁﬁgwﬁ\K%KEH
BB T A MBI ToRV, ok A, Np L HRIEFENCEERLHETH D Fe L HORIL
ﬁﬁﬁmvanmamsznq+&mnuowfu\ﬁ&tﬁﬁiﬁmfmﬁﬁﬁwﬁ%ﬁ&éﬂt
ﬁipHﬁﬁ®$@ﬁKﬁbfuﬁ%§ﬂfw&woK%KM\ﬁ\4?9\?Vﬁ7‘ﬁ@%E&E®$
(bRTEHAR AT AMENTET S, REEKPEBIET 7 FFTROEEZERTL20CE, 77
FoRRELIRLOWEEORIEILDVT, & CCBERN - EERNLHRFLETS 2.

BAERATCBI AT 7 FoF RRORKYE L OMERERCo2VTIE, 621 7Y HF 57 8K
TOY S VEMOEIGER | KB<AFFLIINTFOTHRCBVTOHRREL STV D, FEKRD
BALS B2 Ry 7 v EMDERIC . BILETH hpoRBARA L v ORBETHLT T T 74
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FOHENEESELTA LHBEATYS, SOBEKOBHCH, Lo L)%, KREL BT 2 2%
B o DRRVPEGTHIENFTE Lo

5.1.3 PUFFEROUMBEBD TOEFERISEHSRECHT IWME

% Ak

TR LS. B RITENICLELT - L LT, WAL EARERIINLTT 7
F o FREOREERSTHN., PEEE KdDHESNZ, Fhold, T/ FF LRI TOER*
FETLOOBRELT -5 Thb, KHOAF VOEGREE~NORE L VI T —<id, ERPHILL
WERAPLS . BB HERCBY 2 EERT T Tholz, BBUTOELTMO /D DMREE VL
Y HEAHEBTETHLEVIECDOATHY, EROBREIETIHMAPENINEREITH L,
Lﬁbﬁ%&ﬁ%‘T?%iFﬁﬁﬁiﬁf?ifﬁAK@LTu\3%6<um%ﬁﬂ®%®ﬁbﬁw
DELING, WECETIME, L RERRIBCHET RIS TVICAEHBTHL,

BECHTARROREL LTHORRANHEDOD E 2L, FRGML - —FEIDUSERICL
22—0Y YA (Eu) ORFCHT 3 Bidoglio MBS [43] TH B, Eu?t & Ca?t & £ F W HESE
B, BEERO Ca L BRLLTVWIESHOATWS, HHI>T /87 4 PR L7 Eu PR E EHICT
SNEARROCa b BRLT, T/9 4 FBFRICEZESRDEH LWI EERTHRZE/, SHERETR
%Lt%in%ﬁ%EtLTF?viéﬁfbiot4iyb%5%?%t:kﬂﬁ%ﬁé%o

GHER~DEREAF Y ORECHTALIVESORKESE My 73, BRLFEOFHTL (AL
NP THLY. BEFEL ABEKRERACLAb0TRL ., SFHRE TSI, & (ICBRILE
TEREEHEIBRTH D, 2 H ¥ (Mn) 2. Ma(IV) 5 Mn(Il) ~OBLAKB TIIFER TRV, &
GOTELET B EIEEITEL L D, REDHVBHRBEETLIEEDATVS, 72, vy H v/ Va—
V(T yHyR) OFRETHE., LU APa UV SELSHTRET Lo

FrFFEECHELTIR, 95y 2BRVT, KEIOL) REWERFE ORI EME LI Rr T2
v, L, 23 THA3 LHEEISRTWAHIZH L, Np(V) #° Fe(Il) 2 EUHEBERENTEILT I N THRE
ENLAMEEMICE LT Ch b, 2. SOEBREREIH L., FORRIEGORE KR, BEERTE C
BEEsnI2REEEEOFTERCIRIOBESESES LTw00b Lk, 3 LOICHERITTRS
@wafﬁﬁﬁﬁﬁé&t%%t\ﬁi%%%éﬁt@%t%@ﬁi%ﬁi&wﬁﬁ%ﬁﬁéﬁt%%
FT. B HAEE OB CEOREOHRE SR AKEVPEACLTEMNS, B L 2 H YR
FOBIFRICBVTH, Np & Pu iClLTI O EFBBINT [44].

GWEFIIBITAT 2 FF TROFEOBEINE L ALEATVW RV, £ HHHR, ERTH
L7 0 F R TRV AABEO DTS EAHFATIELZ L 0L 2, 6.1 [ RARSGFRAEHMEOED
T AR TREESFECVLOPOFENS LI EERILENFL b 2 ERAREEREO T
OEESZHR<TVE, LA oT, SWRERGICHET 2 ZOMR LRI S 520035 FEOER
HLVRERIVETHL, 6.1LCBVTHIE SN TV L BRNMHE LAY AEE 2N R,

FEOEL T, LRLALIE. T2FNEELEL  HTAEOHEERONETE, F{OER
%H%K£WT\%GTTD—%KHﬂﬁﬂﬁwmmmmum@%hﬁiﬁénfméb\&#éﬂ%&
xthb, FOEKRTIR., bAbRORR (77 FoFREOBMBRILE] L <L, EOLET. 777
SFRROEREFEVHEL, 205005 LWIHTEORRSL 2 = X aBH 0 ST I EFZOTH
DT AT T AT 4 Thhb,

5.1.4 TEOLMAOERCET Z2RBRANTTNECETIHAE

B LAV REEY O RBAS R BT A0k, N TERNHT SR HSREOH
CADBEESEEMICEBShRE2 52, BUAOHEEORMEICI, /¥ 7HE L REHEHRIE L Of
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TR BT A RN ANV ETH L, TTIMELRAL )0, RELRASHEEEOBEEIIE
B 2B LEELRTTHY., VALRLIBRIEFNRBIBVT, REEEEFCORRERE SN0 ETF
P a2 EFEEFMBRTRDOLND,

FBF - OERIE L., BENE FAT A OT7 O Fid, BEL VO RRTEECRE TOLERS
D3RR LTHRF 27O MEBRNET VLTS B, TFMCLBREER, EFLPELORICH S EH
TTHND o, TENLFER L REEGOXEYHICHETIEERS S 2 SRS FRT22
CEidb,

KEOEK, L CEB~OTEORE LV IBERIE, PO RBREFOTH BT LHELMR
FowThO., FOEFIMMELEF LB TII V. Lo L, BEEF NV 2 BUTERENSE OLE & BE
WRSSEAEOBECY L THATARRMRIF Y LYV v IR 7 -0 EDTH B, APROAT AR
I TR b OB T 7%, FEHEEOHO T TR E LTONHEERLIERMELNETTILHNZ,

BHEMADZT Y =9 L (V) ORMEROTT M-REFFEERET N (FIIER - [45)

FHEDOER
BRSO F T AEER., @RNOF A=y 7 R EW T TR & T B REEH
EETRD, F—/5— oty 2B ENEET S TR TABRACKHTSYWEN AT L
LTiiet s, LA L. BAEERE, FAkST 7 AEELEL. BIbE»5HH LK
HMEECRE L TFOBEYBO LV IILFEN ) 7T E LTHET S, Lo TH—
IR=8y 2 NETHH CADHEEE X, FOME, FOREETHL,
- N— Sy IR RERISEEE L S, SBO L) L RTHRET TORTAICLS
BEERWEECey 794 b (B, FeyO,) 721354 4+ (418Kl o —FeOOH)
Thb, CHLOWEEEDH. ALS L FRROSHEY M L TIT o7 Np(V) DBEHED
W EBRER [46] 2oV T, AFETREGMBEIICE A EF V2 ER L THEME R
1 At

WEFE
HEEAEEREF N L 2. BRAEICBIT S M+ v OREFEMF BT B A4 Y OFEE
AEROL D ICEERTERIETFALCTH S, TTIRHES (RFROBEHREY) OXREWE
CHTAMERITTRET A—F 2 ROD, KT, YFEHEICBITE Np(V) D A4~
BrsmhZEr— & b8 L . Np(V) OWEES [46) EHRTLLICT AT A VT
LY RETEHERERL.
F7. C0L 3 BBEREET NV TCIREESELLABEOREOELETFRATEALD,
TR AR BREEMEF VICEARDL D S0 o T, BBAHEOFHEENEITEREL

s—

FMAERITRAT R ST E LTRSS L., TORITHEN L 1T ).
mR

MR, KOk EFEREE

1 A= Sy PR E LTHEESRT T 25 A P B LTS —F 4 b ~D Np(V)
DRASHED pH i (AL, B pH Th5IF rEARARERA L, L T
F 254N TidpH 9FBET, 7 4 » Tid pH6-8 CIRAE S ABUIHA L (46

2. TTAIANBLUY -5 A FORTREHHOERN T v 707 V-T2 V&l
W, REIZET AT A-FRRELL,

3. WEFO pH KEME, LI/ A— 7 AU TKESMKERET VTR L, £
#$. Np(V) 2 Np0,COy 8 £ U Np02(COy)} ™ & L THAETILIRAERT — ¥ %
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BMREE T I EFERAI NI

4. F— =%y S ERERWE L ARTND(V) DB BESHRE . KEMBERET N
BB IR -F 2o TRE L. TORE, £ -1y 7EEERD
BEOREYRSIE TR I LHFER AN, F 8-y ZIZEALATE RN
J7E LT, BARILER ST ELTHEIET 5 I EXFHESRD,

5. S0 it bbb, BEOKSHEEEBGR TRIEEASHOIFENRENELL
CEBL7E 2T e TELVN, ZOTFMEEMARLILINLIoTED
BRI E N LIRS,

SEORAME T, BEBRICHL, FHOHEEREEFVEEATEWRMOF IR LA,
#ﬁ\$%?wmﬂ%mlofw%#ﬁﬁotﬁﬁﬁd‘U)ﬁﬁ%ﬁﬁﬁ@éfﬁ@bf?—&ﬁmof
VBB TRAWS &, (2) ZOMBRDAHITIE, £ S0@0 @ LAKRFLERIL. (3) Lo
L. ZRODEBRSERMGICIRIBELVIE, (4) 351K, KECMBICE-> TEREFRLEIS LTS
t%?»%wﬁdbﬁ%ﬁkﬁ?%%%f‘%%@%#%%T@?-y%%%:&ﬁ@%?%%:t%%i
nE. EFLOBEAMOER LRI TALERS LI . R ETH S, MEOBBRNTT VI3 I 25
P LE . BANEE L BT ON L ENEROB R HBET L0 CHRESHRT O TV AR TS
%, hB. AFRIITR 5 EEENFEREF-BARRTIRERBHHRL L TTHh b D TH S,

51.5 TI7F_FKTEOFr1BELRICETIHE

FTIe511 [T 2 F=F (IV) OIASHES & CRESEACHT 2] OETE LI, BEND
AT HAEOREEMEBTER T T VI8V TId, AL/ TICRA LR TA (MK FoBsE
HHEOREL. 77 ARMGEEEERICAER L7 AkB Y (PuOH)(s) 2 &) T -EBEYW (PuOy%
Y)Y ORI L - T ERESEDONE, FEESH TV, JOBRELHIMENE LT, BEHERER
EEHB LUF /5= 3y PHOBBAFEIRICE - TBERIT 2,

L#L‘%&mkINU7W®Emmﬁﬁ%%it%ﬁc@ﬁ%ﬂwﬁﬁﬁﬁ%&6n0056o&%&
B2, BBRARICIRATS) THEM P SBITH LS T X244 VBT RATE N A7 ARG
LIl LTE BRI T hen A4 > OHERRORRET 2LEH O EROT NS BED
HRBITER CREE IR T RO THL.

WEAAH S AEALECEE L b B CidA — =ty FRTTBRELTBY . A Fe(ll) £ LTK
BB TFAICETAATYS, HEVIEILEME LTHEEPERL TV B, T2, BLEWTH SR
B b ERATHET AF (S) ¥ REDVAVARERIHIFH L THRTAFICKEIAET 2, 2O L
S RAEETIH T, TrFFREFCPEBH AW AELTIC, LML Pr A RIEEML
7 A DMERICZMEID b 230, ABIEHSEBm L LTHET 5. £ I EIRBIRIEFNERD S
RTEMTH 5B,

FRERDL 3% L EO Bl bDRBTHD, HAT D A4+ Calt L REEA F >~ COY #5356
L7358 CaCO3 (HNH A P FR7FTFA L) £ LTkEL., Ao CairEid CaCO; DM TR
SAXND, SO T AT AALT Y Mgt BEF LIHE . CaMg,_,COy (RTFA VI LANYAL)
AEE L. AKEO Ca AL Ca,Mg,_ CO;DEBETRESND, FLTIOL 2D CaikEE CaCOy
PR EY L E S LD &V, ¥R 5T, Ca,Mg _,COsDHA CaCOy & ) dEE CHBESE
PHTHb,

%LAINU7W?\T&b%&%ﬁﬁbf&EW§ﬁﬁﬁ%TK£WT\#O&t#%iﬁkﬁﬁé%
FLSHRIRTIREWT, T/ FoF TR R UOREBREST L 2LAWEES L ThE, RRSUT
W«&Tw<ﬂﬁﬁﬁﬁmﬁﬁ%#m\ﬁ?xﬁmﬁﬁﬁuéﬁLt&k%%%&%%@@ﬂE?M&<‘
F =2y o SBEM N TECER LAY OBBETHRIL I LR S,
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DL L OERO T, FERORSFHMCBVTIRI ST THEY, BITOHEY
ﬁoT?MLlitféﬁU\%®I5&W%ﬁ@&wtwﬁﬁ%ﬁ%%ﬂ%ﬁT?&wﬁéb50&%&
L. FOIILT L FoFALSWIcETAHERFEL2VSLTH L,

FrFEoF R BRACEETATEL DS (—HBEED L5} KRTAMEN2INTR
Vbt TV, 7k A, BEEWEEE LTOY Yy 2 (synroc) R BEFEE#HEHDO2H L TRU
BENL. A<, LTHERIELTVAT I/ FFESTH L, TR FOFTHFTL Th P UL ER
RITEETATRECH L Tid, BN LEENLTHIRFS 23N TS, L L, ERMLSS
BLEE T BT AATIEE (Pu. Np 2 &) (LEHOMERI DV TRREFEF RSN T2, IO
k62 [ Y EMOERCETANE] CBThBELbRTV S,

ﬁ&#%i&?&%:Fﬁitwi\Eﬂ%ﬁ%&ﬂ%%iﬁLT%EL@TW%?ﬁK@ﬁ@T%@
L7-iga. Chb3nEN—BEDL 3288200, 5y AET7FoF ey (KEK
T&b%%%ﬁiﬁ?%@@\#%ﬁ#)ﬁf%é#‘ééwm77%:Fﬁiﬁ74$\ﬁth\Nﬂ
AT hTEREANLOL, SARIEBICENATAZOD, Hbvid i, FREAMAYL LTI -HR
B ATRBH, BhHVIET A BABIYOBEECE L2 THEELENE DR, B CHRILFHE
BEHEL,

~ﬁ\ﬂﬁiwﬁﬁﬁw%ﬁﬁﬁg%b¢ofﬁ&ﬂ%ﬁﬁb6nfwéo%ﬁ&ﬁ%km&%ﬁﬁ%
(Fx—F. §i0y) &gz EORFWIREIBEELTVEETH Y, bULOAFFA L TWHERE
EOREAE - OMIREER P HER SN TV S, R EIIRESRE LD, TR I TETESRT
T Fe(Il) & LTAICH Twrzgknt, ML R OABME & L TIIRICIEBHER L 23D THE. 20
HRME T OV TR, 38 EEC HVEILS 1ISEE { LVRIIZRVEEH THE LA TH L I L UM T
ORBICODCTIRIBEALSHEEZHBRIBELNR TRV,

SEMOERE VI HERR FOREHOESETHARRGKGB I T, T ABIFKRIED L DK
EK@T%%ﬁWﬁ%ﬁkﬁﬁuﬂcﬁﬁﬁb6nto:@%ﬁm\ﬁ@Mﬁ%MCtm@ﬁ&i%ET
(t&iﬁAw&ﬁﬁz¢)Tﬁb&(fu&%&wwﬁﬁ\ﬂ%%ﬁ%ﬁ%%&ﬁ?%tbn@77%:
FRELZEIBE L FNCENEESLETH ), FRAHBEOy 0—7 Ry 7 AZEHFTHILITL-
. EEYGOERFEE LTh, FAonRFEMEEFEL LT EEL FEOMARIEIELIL
k5,

52 HEEPICETDZIAFCOERICHETIMAE
5.2.1 BRERCBIBZITIFIFATCOEBIBTIMAE

W I F OWEAMER (2 IZEREE) PR IONGTERE, D0, MECERIBH
PEF oL IO TERNICHELSILEARKE REEEHE6TH L, BEMEOIERFOL SR
BkL BBT o L5 TE D, BOFTICAS SN EVRVESHEEER OREFM TR LD L) ZHEN
%%fééoitﬁ&mﬁ%ﬁ%%oi%&%@%éo—ﬁ\%5Ukou,Bﬁn%i(%ﬁ?%ﬁ%%
@;5KEE%&W@@&%@@@&°ﬁﬁ%nm&@%&éwm%ﬁaﬁ&néﬁﬂﬁﬁﬁ&f%wo

HABEFHNITHTRIENE 2EENIIBITTLD, kEtEMEOZ - 2BTERLZOFENET
665ﬁﬁﬁﬁﬁu%hﬁ@%ﬁ?ﬁu;ofﬁ&h%%u‘%ﬂﬁ%@#%%ﬁﬁ%wﬁﬁﬁaﬁvﬁﬁ
PO L o TBAEL TR LELOND, CORRIZTH Y v 2 ALHEFHIR, RLNIVE
WHEEWAS OREFHEN L D 1. WFEL V) BRI O 2BIEF BV TRERLASZV I E

0L F 0 TEL P TOERNELK, THbbBEAESHPRILOR, COUNELABIHATHEETZ6OTHL, 2L
FOIYi, HTASBECREL, BIORCHFEEBAIBCEEEINLVTHS 5 HFBRSTTE AL BT ABERANT
WAZEMERTRbP L EIRBVEETH S,
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BEBINTES, BITLOOH2WESBTAREOBE,GETIE V) I}, BITEEPOEE
2NBTLAEEL, T7ob LERAKOBITER (NE) CR->TL A EFH > THZTORICHHT
BTA, TabbBI BRI €LV LIRS,

TOLIRWEIEL, REGERRFICBTL AL VO T AERORE LG L. KB3. E
EREFA-F N, EE05 ~ 1y F AP ORI RE R o NEB L EHNEBTH S, &
%@@EW@U&OQ\ﬁﬁﬁ%?%?“ﬁﬁﬁkAE%%&TW&WT?%LFﬁﬁﬁowfwﬁﬁ%
ﬁ%ﬂﬁTéC&?&%ﬁ\%htt%ﬁ\W6W5&4i7(77%:Fﬁiﬂﬂﬂﬁﬁ4iv\ﬁfi
V. R LEREN (B4 VHE. RBEEH) . 23500V TRENICERLTV, 5A0YWEE
A DA OBLE S . HAEO X ICERNIC I E NI R B O RO
AR T oW BT A ETh D, & (il BONORBOEME (tortuosity) PHIRE (constrictivity)
B CERLOMBIEE L | BRI A X A4 Y OEGHE L OMERS L BT RT 5o

BERCHIBTIFIN A4 OEMIIBET SR (s [47)

FHENEE
RERP R EHETAREGERAICET B A4 Y OIHRME RO 5 & £ 61T, W

BioonwTHRT 5,

F&
BBILAGE (through diffusion method) & MHINBHiEE MV 5, EBEBIIKRESH
Wem BENKESOEER LD TH B, S71208E (VF—/3—) 2L 2ERFEHY
2O EFERHTELSICHAT o TH <, BARBIEREY 4em, E S 5mn BEOH
BETHE, FHOIF— S~ TN ETE A4 V2 EUEH KB 2. 37
RS R EAT B, A4 VIRERDREIL S Y - FHO UF - - OKEHH
CEET L. FOREOEBELYERFEREZMOLME T A P TEI LIS TH
HBRE RS LNE,

KR
EE BN EERED O AV ERTE CORBEORETH(LERET LN
TE%, ALGIEBENT 222 21T 10ecm B DIZIF v ETHE. v5TTRLN 1
HEWETEL VI BNTHhDL, KON IRREEHEBTRTOT CERE, SR
LEERTF—-FTHb,

SHENER
R b A4 v RBECE LTRSS RS THHBACHT AR CRES 25, BR
HLBWEO—21F. BEHATIESITHEHREE D, L 8L 6B 0 NIHYIBRE D.
2. RERUSNHOL I CREIRTE LI RAAERE RV ETHE, TNRET
DB EBE, D,k D,k D, =(6/72)D, ZARRTHTHT oD, Tob5. @
HEP O BB K TP DB BUR L DL AR B BHEGRI D, & EFIT B, L LAEEROK
BREEXFLTRVE Y,
su§w$@mmmqf%E#@ﬁ»&%ﬁﬁ%E@%@%ﬁ@ﬁ%%ﬁbfwé#%%
-ﬂau%ﬁﬁkmmﬁmeﬁ\4ﬁyﬁmﬁh<hofwék:é%ﬁﬁT%th
HAFOL S CHBHCHITHESST 2, 2ORELERT. TREROHFTIESER
+EMEE (tortuosity) TH b, T H D IEHTFIE FRAEEOYEIIRETALOTHN,
£ F v OIEHEE RIS ATV, PN EFFERICEIERTLINIID2NT
SELMET R S,
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6 WEEBEHEEICHSITAIME (3) ~-FFa7NWFFATHRE

s T s BT L I, BLARVHEHERER ORBASOEEFTMIIB TR, T/ F=FEE
HCELERHOBBNEEETHL, T/ FF TEOERHERE. EBE LB 5B LFEF ORI
InBEshooHh5, LELEYL, BRERBCBTAFRSEORAOBMKIFENER CIO>VWTE, £
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BEFrzATAARLECEORBEICS Tééﬁ#% 7 F N TEROBITCEE T RIITEERERY
T AFI%E (FF2F AT FOSHE) FEEE LR L,
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L. MEOEH~ORE EEOBBCOVWTRH2ToTvib, 3610, FRUGEOEATL
hRAOBITREORELIT ). AFFER, A —A LS UTOr v HF Ty 7 v HERENRE LA
KRBV TERLTELY, FRVENROF 7075 YERPHRCTAHECLEMRL, TRUS
FUBSHERMBORITEBBPEITITETH L,
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LG OEENTEOBITSE T EELRILTVAEENS . ERNERCIVEYOEE YT
EOHESESEPHETL LA EHNET L, FORBICR., E~OTEOWEEE b B L LES
»H5b,

¢ THFFEEOHTO YT iz 7 VERERFIH L CHEBMBELSTETHE, LAL, Am. Cm
Mer SWTIE, BEBT 4 LT AV MILAbDEBRWTEORBZERTLIZ ERTELL, [&H
FETEOBITEEICTAHE ] T, FLETEFNIETHE I L cFE L, TOFETRY
THI LN Am(IIT). Cm(IIL) S DT 7 F=F LROBBHFHELIIL L DT,
HBIOMEIHRAELTPITHY., TORREEBREFIUIETTL TRV,

TRLOFERBIZ. BEFHOSFTH I MEHEERNGO AL &3, BERER OB A TEOREH
BHICLBEBTE L,

6.1 FEESSRESHBEOEH AT 3 ME-KRRBUREEOIETHERAT

...................................... MEEEZ
=LAV R O MRS O RS M E L EREOTIS, METIIBIT A8 Y S Y ILROBIT
B S L, BEFCOEY 7 > TEOBITEYMEL LTIE, 1960 FRICKRLEATHoRERF
BMEBICEDE 74— VT 2 MEEOESSH S [48,49] HEE LGP HEERY T3 —BRICHRA LTV
B TR AR T2 B9 M0py | 21 A, PTNp, Cm % UPHFIET 5 [51,52), T/, B+
HEEOTFL KRS, S b BB, BED L VIZREREZ» 6 OREICLE VY 7 Y REF KRBT
&7z [50,563]0 L7zBSo TRAET &V HBO TRILMOEMETICBT 28 7 X TRICH T HH5IEH
Hizgy, LL, ABOFORECCVWETRERE 22, ERETHE I N7~ 5 EFFITP2LC
BETHL (728 24 [54]), /2. BEMTOMER A2 50 EREOHMOBTED IHTL 40
THhh . HBASOELEIMEETHEL DO TH L, #0C, EEETHEFNRBMR 7 — L CHEHIC
BH A EEORITEBMENTCELZFF 25 VT FOlHEREFED ONL (2 2T [35])). HIZT. 7T~
B AWAFEIRY T RYVIORMMREERES o, S VEMNEREOEY Z Y LROBLT
BEABEBTLOIRLTVIOE LTEERESTVE, T0FF2 I VT FOTHMRORENZ LD
2L FCRT

L 2y #T (A=A F5UT) 9T v ERARILE L BB 2o THEL, BULTH TR
BHom T EY S VABE LT RN EEREER LTV, FRRBMESRERIIBITILSY 5V OBIT
SEAIFRENTRD (2L 24T [56]).

9. A& {FEVHEME)  RRETFHFLELTHELTHY, EERREFIFOREGHEIBRICIZLY
gL RO BITER  FOESFRERVEAL HEH L TwD (& 21 [57,58]).

3. BVAFHAY A (TF3V0) ) BLETER (redox boundary) I2BiF 57 F v OBATE AL S
Wiz (k2 59,
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4 UF—L AL (BFF) I VERIBTRCEDR TV A LG A MOEWRE L LT
FENTWS (fzk 2T [60]).
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A5 vOBTRESPHEIN TS,
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FEIEAEBT T TRREEUEIEVEZIO0NE T 7 Y RFBEOLE DS . &L VR TEREY
DBBIAIIEVHEBHCERT I TCHAIBI T VREOBTED 2 EHT MR EZT > T 5., AR
HEILTORNTH S,
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226Ra(1600y) — 22?Rn(3.8d) — 210Pb(22y)
7 F o 5 RE BIU(T x 10%y) - 21 Pa(3.3 x 10%y) — 227 Ac(22y)

BB R OREHAEEOBITEIME L ED L m0I0d. BE { ORgEs 2 PRERGFIHET ST -7
FEMEAEIC LS OEERCHETANEND L, TOLOE. S8 TELRFFAHOWEELHILT
LYENE L, B4 (pH, Eh. DO. ERZHE. BEZL L), redox sensitive 2 14 ~ (Fe. Mn
7)) BLUESERABL LT A4y (REE, ) vBE ) 1B, BT AN TORFIEMEOERICAS
QEWEAEETH Y. BEOBEYAI2VTHET S I LA Ly, REHEEOBRELXIC, N
HOEEBENENT —F 5220 CRBATERAET S insitu BlEESARDELT L T4, w7V
TR T — ¥ B RRIC S (T A0 in situ IBESEL TH 245, FLEUEEOR CHT 507
WHEF ->Tw5h,

in situ SR B I UALTOMAEMES L VKETROBE. $LE4HORARTFENETS
WA S (726 212 [71-73]) . B FCEALABE LT, ZicP i s cREf B oaEr
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R— VY F U7 Tid, KGRI £ 9 b I EEHLD B G XA L A RETK O ME
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ERTWA (e 2iE [T7))s

LA L. in situ BIEETRAEEEOR LICERIH LI L L yRAESERTHIVEY 7 Y TROW
EADEANEETHL 0, R RE LERS~ELR ) REAERELHET s TEFROVEEL
#o (72 & 2T [78-80]) . FEHRENE Tid, BIBBESHESHT 5 L RN TH LY, TR TIHBITR
HOBASHES &2 bRV 0, RICHSEHEOEARES I 7 0 20M 200 T 2 HEFfasn
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P LTV EOPEMICIYATRTRE0R, $72. U VBIES T A BEPBRILI P L > T T2,
Kebiz 2o EDBEAF v (e AiE, REE. VB, A, 7 oBG ) FREET AR, BEF LD
LI BAERTHETITVALSAVERT APV &), BREETTVTHLIRETFHTE 247,
FRHFALDE ) PEBTHLO LI LRGP AELY. SOL )T, EREFICEME (ppm 4 —5 —
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(#2& 21% [82]) % SIMS (Secondary ion mass spectrometry) (7zk 21 [83]) K &L BRNBTOTES
Ai7e P OYEEWIE AT L O ST EETH S, $ 7. PIXE (Particle induced X-ray emission) analysis
(72 & %24% (84}) . EDX (Energy dispersive X-ray) analysis (72& Z4E {85]) « XPS (X-ray photoelectron
spectroscopy) (72 & 1% [86]) . XAFS (X-ray absorption fine structure) spectroscopy (72 & 23T [87])
XANES (X-ray absorption near-edge structure} spectroscopy (72 & Z4E [88]) (24 BHOFEREYH
SRBIELTERTHLH., WIS ppm A —F —UTOBESEFERCHETH L. ERF D ppm LN
HHVIEENUTOTEORELIERLHL P OO0 2 EENCHL I, BED L 2 2 BRfES
BAENCGHFETH D,
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BE L ERPSTALEETNITL TH A, BERHTAI Tt 0.5-400 0P EEAHRE S TWwE (12
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YEILRTWS 1 FELEOHEMO S L 50 FELAOHE% #/\-TE 5720, 77 RFIEEOHE
BIEEEr Wi ERNEERBO TAS R TFREEZ NS,

37, BROMBEIEEOEYHICEET ARHMEES L PROTELOREET LI TED
DT, MTAEARBITELHEREBELIENTESE, TORBTHE WISV TARKITHEEIZE
AEFNSHEEEEY. FORBHRCELELL T, RHSEFEFECL2EANEE L EHTH
FHTED, Thbh, BIRHHNETHEY L EET L &Mo0MBATHEH SN2 VRS, BEER
BAMETHESLBH LI WEEL ONEOT, EYERBCHELBTICID A R RaHEEEE
FEITRERBINTEY. PSR E2 00, FROERFSEIHEATETS S, HREWIT, FREHL
Y. T EmB L URESYHETH L, ChOoDEHOERERPS . HHOREL Y Z L OBITEEOH
FAREMAr— Vi EELTERTE 5,

B0, I VESIBT W THERIIRTEETLI LW LR, FO0 7 Y EPERL TP HH
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L7:8oT, EAEHAB LT T KPOBEL #ERELRANICEETLI LI LT, BEPT
OBEOBATEHB L UBITHEFL VIR 5,

6.1.1 RIREUMHEL L SRKREFTROME

BROHEEEYENCSRREEABRY S IR AMERS GBI TRERETE 2VEE
OEE) P EEMCBES LELTEETAFETH ), H RBARRIERIOMELEERNL D
Bwohi: 95, £0%, ELBESOREEROERE I, RE SAAESBEFGRESR T (AR
BOOBELEY) $2VREAOLO, (BRI ATNTRIDBEHLKE (W) 2FHT L
BOFEEE LT, THFpLeTBICEA SN (728 21T (96-98]) . T /2. WP ORBBERES
BEBHRO 74+ — VT Y MEHEOANRY I - a I EAIR (oL 2T [52,99) . BETRF =V
)T A VERERRFORSEEECOER IS (AT (100]), b, TFaIFAMT TSR
(=& xif [101]) . P L—H—EBTEHMHIREEE LBEOZAAY I -Ya YIILERI N2
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BEHOBESREI > TwLEELLNE (H11), JHERPMBECLEIROR
FERASMHOERICKERBIUABU KBRS HL LI CBbhD, 2D A
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Lo THES o055, HWEBETTOMY 7 TEOEFHIL, TALOF—F ERRTOY T V0¥
B, Thbb, v VERORE. ELARLOLERIICL > TI YV ERCEETEIZTHS )0

BRI, OB LA SR SNEBY 5 v TEORER TCORRHOBBOLHIE., RROY T~
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JAERI-Review 95-011

mSVERIRT TSN F AR ALHORERTRILENR, VL %> TEBED U0 & LTHEELED
OThD, FEELY T VERILEIZENE CAFNTRERRBECL - THERINZIDTH LY, TO®K
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REH, REBEOITZFAPLDHRE(BIBTATVS,
X254 YA NEYF—7 74 i, REREOY S =+ FONEEZR-2EZ
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F 7 AXRBREFFE/ > 2 L6 3MIERGETOIS OB {(BEbiL [113))
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(Mg 36Fel 5 Alg 64)(Siz s9Al .11 )010(OH)2 + 1.66FeO0H —
vermiculite goethite
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ColZAAZ T A DAF L ABRILTIEAR L, ERICBITS, L2 Y7/ —vE
FOEEELTVAI LARBENEG,
—F., CHBEL 107 M & LRSS, Cs THESREBERSIRoN o7z,
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