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Survey on the Experimental Methods of Nuclide Solubility and Migration Study
Related to Underground Waste Disposal

Michio Ichikawa*
Abstract

This survey has been focused on the proposed models of nuclide behavior in

“high-level waste disposal system, such as glass waste form, buffer mate}ial, and

host rock, The key parameters in the models has been identified, and data acqui-

sition method on these parameters have been examined., The results obtained are

summarized as follows,

i) Glass leaching model proposed by Grambow can be used to estimate long-term

i

=

release rate of nuclides based on the data obtained from laboratory experiments,
The key parameters required in this model are actinide solubilities,

Existing data to estimate the solubility are less reliable, So it is necessary
to manage carefully the solid-liquid separation and control of chemical condi-
tion of experiment,

) Parameter needed to predict retardation of nuclide migration in buffer is
apparent diffusivity of nuclide, On the other hand, nuclide migration mechanism
is not elusidated at all, and the number of data to be obtained is large,
Accordingly, basic approach to clarify fhe mechanism can be devoted to create
effective scheme to get the complete data, The static concentration profile
method has been seleted as an appropriate experimetal method to measure
apparent diffusivity .

) It is well known that the diffusion into rock matrix gives an great degree

of retardation to nuclide migration, however, groundwater flow within fracture
in rock is too complex to identity, and its modelling technique is now develop-
ing, The combination of static break-through experiment of non-sorbing tracers,
microscopic analysis of concentration profile and batch sorption experiment is

recommended to evaluate matrix diffusivity,

Work performed by Mitsubishi Metal Corporation under contract with Power Reactor

and Nuclear Fuel Development Corporation,

PNC Liaison : Waste Management and Raw Material Division, Waste Isolation
Dffice, Hiroyuki Umeki

* Waste Management technology Department, Nuclear Engineering Center



1. BEOCHMWEGE
H%ﬁ%¥MGMﬁ®£%ﬁ%ﬁﬁ?étﬁmm.%ﬁ?ﬂéﬁﬁﬁﬁmmﬁét&
EFNCLIBZEEEOIFELREAEINS, BKAEBTREFVILORK L2 FTELTRR
CHD, TNEFHTHCERMAORAMELTS LT, BHTHETH S, AWED
B, SBTHLUI3KEORR  -BOROKBEIIMECISIIMEFELRET S
ETHd, MEFEIELODOWTORHOE RS LT, Z2FMICH I I28HMWEHO €T L,
BEXHHASZOBRIC DV TOBRREBRB T I ENBETHS, €22 C, RTHAERSE
ENTVREFAPZNIERTIHEOLTAEEZHAEL, TORTEFVIZEH T 3 EE
FA—REBL, ZOUERK DV TORIEIT -,

AMETR, SvrEESEREEYORLSEXRELT, ¥ 7 AELEk, BEH, 5K
KT AREOBTEHRUCBZEOBREICDONT, TZhENRIFT AT -,

2. # 7 RELtEH SO
21 EMBHED
BEWH 5 2 ORMICH T, MERSAVE A, BREBEETE, < b Y v 28
TR —EHEETETT S, ChicH L, KEUASANEFALRENREBRERPTIR, ¥ I 0
WA L 0 BBEENERD U, @R R T 5. OB BIEEEE L
Bo, BEOL ) AOMMBREOSERT, BENH 5 R NEHT 5 &% L HMAEMY
ThD, RRELTH, BUEHRAR, EREEHRR, BRERRNCLCHET .
H3ZAho0RMIZ, BHNHIKUTO3I 20BN SNK 5,
O I SR
BB, BEICH LERHICHMT 5,
@ HoRuiE b A
vYroRMPHRICED, BHEER, EBO TSR, BREEIIE-ER
280,
@ 2 N G
B SRR A I S S L B TNE A, & LR R
RE2 MY, DMESEEE BREARESEEILD, 75 ANELEEETH
BRI U, EAREICHIT B, RAMIC R S MR NEEL, B



EREW - D EBEHAEENTBEZZONS,
PEDX 51, BENF S 2OBHOEMEDETFNT 3 -DKICE~S €7 LLOR

AN ENT,

2.2 BHE=EFOMRE
Grambow " RBAHROBL2ATOENRHBHARPITA2D, LTOoOEFriRE

Lfes
HSAKRBMTOBERBREIBEITROLHICEZIN S,

. Matrix(Nap5i03) H
H 0
i0,)  aqueous . +H,0 .
Matrix(S 2% 4 sgecies > Matrix-0-Si(OH ,3 > Matrix-0 S‘i{OH)a -+ H4S104aq (1)

Matrix(sol ‘id¢]

CD55, RERKEIZ, FAFLLIRORETH2, (B1BR)

Si0, -+ 2H.0 — H,.Si0, @
AG
HSI0, g+ Matrin ~ON
Reaction coordinate x
Bl 1 Schematic energy profile along the reaction coordinate
COBEORBEER, ROIRRIETREN S,
rm(t) = K*(£)(1—1IAP* / K*) @3
ro(t) : FIGHE [AP* : H Si0D7ER
K RISEEEH K RERIEOFHER
§ o RIBHETE |
E 7,
raf(t) = §'- d&/dt = (S/V)~'+ ¥-'. d4&/dt @
xE@, @WXo,
& :
©)

t = 1/(S/V) § (K+ (&)(1-exp (-A* (&)/RT)) )-' V-1 d§



(e
(¢
A

A* (&) = -2.303 RT log(IAP* (&)/ K*) ®)
ROWKLY, ¥72AECFEORBMBLZRMIOBABLELTRDEZIENTE S, UE,
ROOWAIE K* =—FELRET B EKIDIFHEIN S, 85, IAP* JHREE - F

PHREEQE it &k > T TO XS ik 5N 3,

BAL D &M Ui SBAOR T AE OIS FH Y 758 3 — ¥PIREEQE &M\ T
Yo THITYXLIFLUTOHEDTH S,

) ﬂhTmmmﬁ%#éﬁfﬁi‘éo TROEWMTARKEEEKT 244, (LERSOBRE

AT KEFEHTHLLYHEI S RT 5,

Q@ HBHtEDZ, TROLLHTKPAKERTF v 7THCBHLAKERL, BFEOH
TARERAICMET 2, AEFIC, BTKORAUICIOMOESOBLITI2ERDBES
HEL, BERX7y 7TREROBBRABEED 5,

@ WMTAKPORBREOLFEFEHEZHFL, EXOBMELZRET 5, 945 PHREE
Wa—-FiKky, BTAKPOLTOIFERDIOFHZ, BTAKERD ELEY, KT
BFADSHBLEBEYEOWHRIEFEHE O ZELUTEHAT 5, COFMEDI,
W5 AEBEBEABR T ILEWEEZBENTES, 2L, ok,
BRIANTEZ S,

COXIKLT, WTAKOPOEROBMBELTFH N, 2OFEREMKEK IAPICXD,
EEOBHEERTFHM B,

GrambowEF VIS XA FRIERBBRLIBO—BEBTVE, F/, BFTKEATLNY
THEREMELEORBEBEOBEOHMBADINIE, ML2ORICHIT AL 7 ZBELEORME N
EHOTFHUETIENTE %,

chicx L, GranboweaF VOMEE L T,

@ HBREMHEETICH O TPHREEE XA EHABLE Y TEL D,

@ ROT K =—FLLT3D, pi—EFETHO2RQLUADIERIBENIENELT
Boh?,

ﬁ£#$&6h60§£,ﬁaz@iﬁﬁcowrm&L#.%?»@Emﬁménfw
BORIESEROFRFEEEZIOoN S,



223 PNCOF—s/~DRBEFVMVOBERIIDOVT

Grambow® € F W id, WHMOBHFT -4 2HVT, RHORBEELX*FH T 2HE—DD
DTHy, BHBEPICFISE Y HVOBRE%. PHIREEEIC XD kD, 2 hroWhiic &
OROERBER NPKLIVBHELZTFHNITZ2DDOTHS. KoTv VALV LBREDS
wiﬁtowrm.VUﬁ&ﬁ%%tﬁ&?%&Lfﬁ&%%*b&:éﬁ?%%oCn
KL, 7T7F=FRFROLIUBD THERAEDOBEVTRE20TR Y Y A LHEENKR
MeaeEdhid, PRUORTFHIBHRELNLSTLED. PNCOBRHFT —4IZ Grambow
EFNVEERTIEE, YIAIXOBEREOBVILE (BIXE, B, Cs, Li, Mo, Na 7
E) KBERTRLY, CHSLARKOUBERUMRDENT — 5 ZPREEEDF — 7 <~ —
AICEBMTE2HEND S,

3. BEHhOREBIT |
31 BEZLFECIIBEIHY
BEOBITRERD2ODOBREBICATTELONTY S,
OBEABEH AT L—2 - 2V —3 5% TOHM
(KBSTRAOBEOS®%ETVv—2  ANn—,LTW53, )
QBEHH P ORBMOBE S KL E R ICE LB OMAM
BEIC RO SO~ OBWMIMMNEET 35, TAREEALTL 5,
ZLAFHETR, ROX>BRONTbORTV S,
cRBICIXOBHEAMBIORBIOEREREMNEL, O, S, EROBEHM
BOTEABHLAY - MEMBCEIMMERSGL REAENT 5,
CEARBRBLEOEARHL, BHEHRQOONE, EAORAFLERT Y 7&
LTHET S, BEMANTOREO 75 v 7 R BEMDOEMEBEEHEM IS £
KETAHNENOBITKIOVRES NS, BHEKME LTHREREFHEREL T,
COnRMERE, RBTORMBRCEERRKLARLACLLIVERLTV S, £
EERIEZ Ny FRERROORDLBEAOTO S, F/, BEH~ORE W
BATFREOEREROUELNTDATY 5,
LiettsT, RRCHET I, RBUORREREARERE NS,
B, BEMPOBREBIOA A =X ACOVTIOZEIHNSBT LB BIHICS A



NoNTVE3HLbYTIREL, RKBIKERBIIVEIFAEFTNVENROANBZ I ENAS

5hTW5,

3.2 ZooEFN

BEHMOIMBTHELIRYFPFA L (BvEYVDRFA b)) KIABEBITORERRE S
LT, OBEKEZERG~ORE, QevE) o+ M4 tRERP~OWMLASL Pk, @
EVnFA PRFMABICEY2HHBO3ONREF NG,

QOEKREE~OREFETHE, "YIF+4 RS T, —ROFEME/KEETOREFEOR
ELT, i) SRBREFHET v, i) HEREAET v, ii) REHEELRIEET v2SH
29, 7, QOHIIR, QDT e XOYMBEENLI 0L 3,

@i, EYEYV oA tREFREIATVEIEAICR, Rftlk1+ v OBEBFBK L L
THohTHD, T, ERABLIVTRFLVEYORKR AR E UTEENNDAE
ﬂ%:&b%i%ﬂ%n®m§$%cﬁﬁém¢%#&ﬂ&®ﬁm?éb,%ﬁﬁ®ﬁ&
RAKEOILFENRELERET H2ERELLED 5 5,

LRIBEEERBICHTIBRAHIOSOHMAD 5V IAAEEEET I bDTH 5,
ChoDUDT, Z2FMEF VIV TIRRXRASIATSL b OR, PEBEREFLT
b, LHLBENS, PEBEEEFVIEDDYD, COXIBEFNVEZRTBLICLY,
BEAOHEBEMRAEBBEFNVCTFHAENE2DDICLERNELZ VS ERVNTD
T3, CORIELT, BEDHEREREREL TR EM IS EERELAVS,
H5VR IV 2 THOREFHEEZTY, BHABMOABIFNI L2 ERERS S
EMREINTVS, ¥k, ERF - ORFOEHL» S bABRFEREFTNVUADOREFEDOR
AEBTLEOEMUNRENTVE Y,

CBEOXSi, BESHELT—RCBHONLLORBAEOL IAFELT, HA0
EAFBRRENTVBEOIRRTHZ, COREIR, <Y FFAF (BEvEYRIFA

F) A5 AHRTOREBITRZZOLOOHERNERTHVRICIH S, €L d, EEN
VEFPFAPAFATOBKEBTERELIBD THROVER (~HI0A) EFWT, BB
BHENDRBEEOIBENRILTE2ONEI D, B350 RKEOA4 Y EEID I
WEMOFEEK IZVENLIZVHROFAERE' 'V L AN EEEREINTV S,
CHhoDERNUBTORAVEFT VAR EDI S KRB ENTVAHrOTRI, HAKR
TRHRETHAIN, SBOHMICEHIRETHELEDNS,



%3 FFTadNs Ty
BHEHTOARBEEEBRTRITOLOTHE ST, chxily, FAEHHORXRICED 3
bOELT, 5250 - THorEHESY B ENTES, BL, TOBHRE DL
RWZY, SEORETRRD2HELMD EiFsns,
@ kE=a—-2Fvaflov s rEgE'?
| COHREY S YERK (Ya2a5~8ER) KB, 229V, BBRA, 154+, >
. EYnFA b, 454 r—EvE)nF4 P REABUEDLZET TS, Rb-ST 4
RAUERKINE, v7 VORACFEAEHLIEYBHORRAIIFRICTOOhALEELS
NBHEEHBIC, Rb, STIKALTHHERER S TELIENRINTVE, T, W
BRAROAMKBRICIOE, 280908 FRLUBLT, Mty bcHFLELH
RL~TLIBEWEL TV A LERABDONTW S, HELERAFRUAK DL, BHEITED,
Nb, Ta, Ba, ThHBELTCVS, ChoOMIUDBFHIMBEHELEEL TS
CENS, BREhRBIESI - EZAONE, LEM-T, TholitEaYiziEd
TRERIKBENRLTVWELELELION S,
@ ¥Ezxay b5 YFOBERMLEE'®
%35 b5 F®Loch Lonond icix, Frandianfiilo ¥ A £ Bt B b - 18 204 Bt
LTWb. COMIKET 2EBEAY — R4 —asLTHEL, BRREBRYPOTH
DOBITEHEL TS, K=Y »7aT7%2KW (£5.20) LU, 20LLOTRFICODOVTHE
EllcnBICRELXWUEL, BREOAHAGNELOBHBREREL TS, TXDO S 7 >
ANRBOL DD —VIZHRBEhB R, B3 vFRBRECOA2Z(&%h, Lk
TEBALTORWI LR OO, COBTEF -V —TO3 Y HOBFRFIIRAEE
WA, RERTEHEPEL TR,

3.4 BBINEF—s LRRFE
BEEETOBBIABUIATORVAY, FRIWIMDBEIGER2TCTEOVTERLEF
BRAOANT — s 2RBTE0RZORMEALNS, FRENZNHBEELTOREK
MRF—sMBELEDE, BIBRBEEOLDORBHAREERL, 20BEMS, B
BB F - MBOFEEMSUTOOEELED I ENFEYLEEZI SN 5,
EROBBRIBUIER ST 2 -1, ZRKOMF Y3RE, BEZEOEBRE Kfnx
ANF -, FREETHY, F—s/OWBIKB VT, pH, Eh, BHHORMER,



MFEEES -2 ELEZ OGNS,

RBIEEELCH, BESRICLIRE o7 » A VENBUTES 5,

4.
4.1

sRPboOBERT
BERLFEICIITLERS

KBS — 3 RUProject GewahrTid, RICHERNEBETHY, HERAERANLER S

LTHERDLDIhTE, BHXN T AHRX=FVIEKBS -3, Project Gewahr& b FE U T

0,

cENETROBEEDERICK ZBHEBIT

cHNERKETIERTADT Y v 7 Rk

L] ﬁm\é’nftﬂz}o f:-ﬁl/t

cHNWEBRORXAy P T — 2 ABREICERITLEOLIE, WEBTHE &

CHERICIABEHMBETORBKRENLDS Z30RENEBOUILO—RICTEFER NI &

BNEDOEHICLD, EFLICFOTRUTOLS THHLNITbRATHE Y,

@ HTFAFE, »HKHRK

HRETHRICHY M, HUEERICEBT 5 LHRBTHELD, HOE
X EMBEL TV,

@ HHIE L RE R

BRORECHEST 20 RERARONO—BTEEC L0 5, BEENYKDO
RERIRBFLBL T ELIK185, TET, HEBREEARECLED, HORFIK
EPRHANEOHSENSREET LT, COYBEMBL, AYNH TR
OREDSDERRLTHEEBI TV B,
® RHiMEOHEBR

HDEFEEEL /1 0CBRLPEEZILETHELTVS, T27F 54 FORBRBERI
FakEnid, COBBEASL,
@ H%-BEPaoa FORRK |

BT ARENDEOBEIIE, BB 04 VA4 Y CHEETHED L LABE
ERBRLT 5, BI04 FCR, TOREREENNSOLD, 14 Y REBO®
BICH~ETE 3, |



©® FHILEBEHK

WA DOKPOLBBBICIE~, RTHCS Y ERERERTORUNERCER
ORED (HHR) PFo FXT Y FOFREKIDAECRE, ChKERE (R70
WRDE) ERUALDOERTAHRIVERBREL TS, v+ Y v 7 REBRHKI
RTHEDLEERBRECEERBTRLLDBDLELTV S,

4.2 BEBTIHELIEZR
N BMEARARTAKRERCEKERT
ARKOBROETIY, KBS—3TERLAEA I =XLADDORFLICHD L
GNTRVIEV, LALERS, ZOFRMICPOTRUTOLI LAMROKE - @M
ORI 8 o mre
cWESNLEREFURAEC -y —XORMBREZHEOELD, HEOHETHR
XSHH A TH S,
-ﬁnﬁﬁ%ﬁ%¢®ﬂﬁ%ﬁu.Eﬁ%@ﬁwﬁ%@%é&ﬂ%%b<m$bk%
$, WMYMN< b Yy 7 RIWEKREMEIT S5 LBV,
B —HRBRAEMTLERT S S, SNEREVYPOERER, EREIFEASEHLIRLY
AEREEELD, Chid, ShEREYPCR TE®E) ZERASL, BT E2R
ﬂ*-fp?‘ib‘x:&"c'ﬁibfb‘éo
cEBEEZRUTOLIEEOBBEARRE, EIRKRCBT2HEDO20~T0% L85, &
nﬁ.EﬂuibﬁTﬁﬁﬁ®ﬁ$.%Uﬂﬁ@@%ﬁam;bbkééﬂ%&%
Zohd,
T FRUBRRCEBONITBE T 97 s A DS, T49 T4V 7 IKED, F3) v
7, 2PV JAEBBLEOMRENE - BT TH L REAHTH 5,
cBNEHRBETERTREL, 552D HG LEF+ VANVDEATHELEEZS
s (K2) .



Channels with

Areas with stagnant mobile water

water. Access by
diffusion only

Fracture surfaces
in contact with
each other

] 2 Concept of water flow within a fracture

@ BHOEXE®

ABED2OTRFT -4 8218, BROELEIFIEALITOLOATVEIEREA L, B
EF—/hOoRBROEBRUTOLSIKEEDOATVE'D
O 7IvE/TAEEEORIS

*FL—FERIB FEELEZI OO B,
z
—Y
H H*
) X’ X=0,5,NH,C(0)O
Y=0,S,NH
Z = OH,SH,NH, ,alkyl/aryl
ck F B & —— BHOANMAA VEOHORIBETHD, YHBEOEASIK
Rot 5,
z -
— . py —— —Y.-..I'-{-OHl\-ﬁ{l-!zt'.)}x_1
\ + M(H0)y \
XH _ XH
-E B K

FIVB/ INEERINEVBEEEBEODBAICEZD D
5.

0 0
_ c( +M% +n0 \\_I,c< +H
o e OM(OH)



@ HHETORR

TI2FFAFLORBTR, ZERBLCECHBEIEREINE, WTFhoffRicl T
o, TIFFAF 7IVRATAEREDN] : 1ObDL ] : 20bDNERS NS,
HEERER (B) (LEBEFHOLY TEHER) P IBEEEH) LR3EHNT
%) iITh, PhATHICAF W (logh >10) o

BuTix, logB i3 6 ~10f28, Sr, Co, NiTIR2~6BRETH 3,

@ B (73 v8) LORK

PHE & Qicd i3 2 HMER () (B leh O & B ek &L RIEIn L O RO )
i$Cs:0.01-0.5, Sr:0.03—1.6, Co:0.04—0.7T OEIrBEXNTL 3,

TI2FFAFTCHRRER (73 vBlghcbomgRFER) &L T,

U: 125.1 (pi=2.5) — 879.9 (pH=5.5)

Th: 69.8 (pi=1.5) — 389.7 (pH=3.5)
DOREPISD 5,
WTFNLpHOMME L DIKREFENEMT 2EANS %,

UED XS, BEICSV T, B, FHYEOBRKERICLYD, ZO0BMHEHH
ML RAELE LSRR, BHEFEMLES, LAHALEDLNS, RFERAEL
FHRAERENWALESICR, DEMUERICIDBITREZEINE I EbEIONS,
ERERVEORBRBITEECFS T 50MEND 5,

B BPaoA FIKXA2BKEBT

KBS—BEﬁwT.ﬁM304FK$6&E$ﬁ%%ET6%%ﬁﬁw&LTw6
BHiZ, RO22TH 5.

©® WTFARPIEEETZIa04 FOREIRIEL (0.5x10°°g/£), hD2an4 KKK

HI2BEONEBREIRL L/ eBETHE/c®, anf FREBEWAKEDO KD

RER, BELTOIEKAEREICIEXERINE D,

@ BMABKIOTREHEMELTEAINERYFF AP, KPKHELTano

AFERBZIENEZIONZN, BWTFKPIKEETSRCa* ICEDNY FF A FidNaB

MoCaBliCEBEIN, ZORREYNVELTEHETZ LD, 204 FELTKPEHE

THHORIFEAEE,

QEOPVTRREHFALD O, ZORANREINLTVEY, QOFOBEBHICD2VT

OHRAIZ, KBS—3TRUHHICINTOED s, —F, TOHI1I54EDMURS Sympo-

10



mMmsz,m@ﬁMJB4F«®R§a%®$ﬁ%ﬂmL.ﬁM:$4FE$5$
FEERTABERBVIEMRENTS D', KBS -3 TOHKINT 2R
BE®EZ SN0l

BRI, TEvEYuFL P EAEDI A FREFAOAMONERBAEL AmER
HlLhoDaud FORBEN 5 LRETHIFASLTORMEFMABL TITD
N 304 FREFAOHNEFRBRIAEXT0.2 ~ 0.4£ /8, €EVE)uF 4 P TE~
162 /g DHEBBONL, 2304 FARRERBETRLRT VI FRFEMLE L, 2
oA FEKBRFLTOWAAMBEMES WAL FATAR SN LERKIIC, 201 FERD
T ICHET 2. B7o2H0es 5 bBRTR, REXASOILKERT A LED
NBBUUTORE/ RAREENBD SN bDD, WTHhOAFLKLSOTHH T
LEWMO BB0REF THMIIEL LD - oo
@ EXRPEEBTRARFER

< F )y 7 REREBTACX BB (BR, %) L0 LEEMIIELSNZ L0
THo, Hic, BTAKENDNESVEEGKR, BEOBRFIBELAELFFTELD
OHNTVE, LER-T, Y¥ACRK2VTOMECEERESIZENRYELE
Zoh b,

2 Yy 2 REHRICETARRBRICIOTR, REZAOCWIETELBRTFEHBL,
%ﬂé@ﬁktowfm%%ﬁéétbu.ﬂ%&éﬁ.aﬁ%ﬁﬁﬁ%mﬁﬁéaw
IREMN T o —Ficky, BEBTHEEHNAL, »OF - OMBETH>IEN
WERELEZZIOND, v b ) v 2 2BBRIENTIRERFLZOLDORBKELT, UT
DHDOMRBEIFoND,

- R 7 OHER

BREMBOEENE, BEREHENE, ERervECXI3FENERE V- —-K
REEICXY, ERDPOFVHERBIOOVTHRIZT .
BB EABEMEEOMEER

Xy FRERBRRC N 5 & (crushed) RERRICL D, REOHPEBERB LS
FA—sREEBTI, AENBARKEENEARRCIERLSKE - BHEOMALE6D
ﬁmowfm,#W%ﬁbvhﬁhﬂﬁ#éﬁ%néﬁﬁHQKﬁ%ﬁ&::?ﬁ
ChARRENS, BHORBIORMBRERET S E0EI 6N 5,
- AEHRARIER

Y |



BE MR 5, BB ORKREAERIAS 2 FRENSSH,
K VI LD ZOMAERD B, RRERANSBEA IR, EERNTOKE
BETo7 ;4 vEBII0 -3 —F59F 7537 4%0FEICION/KTL, 20
25 I BRECE R B, .
FREFE IV —ZHOAEERICR, BBV EXELNTH DI, COHETR,

10-'2m2/s # — & —OELBFKEBAEHNTHR T 5,

. BEOBRRE
5.1 BERBRBREHEEORLDOEMPBT —2 OBR
1 BEF-s0F LD
REOCERKZEEEBPHEBENMOEMBMEBTICLVRL S TLEIEHEANE V., £0
EHERENMULELLZ230H2, COXIBF—IDESDEOREE L TRailR
RO[EBTFTHE'?
B/ BHEIBEORTELE
REDLIIKMAFBR LOBRD THMERFLEENI»NS HEET 2 HNELFIAT
FHLIRUSUBIOF -7 Tk, HMNFESTIREL, HHALEEIEHICE
FNTOLD, BHBRELXRBIOE RN > T,
- BESBEAORTE LM
AHERBEESIEETHE, BUELEMNLABIIALADOTHKHBLLET
H5H, TOMERTEHE B DLUEL -,
cRZORHE
ERZ2OOFRTRELEGATVEF - KETE, BEHFALF -7 BXMIL S
iz,
B, RERLETEMNRIPu, NpOAMBKOVTRRAIMEME RFLOWER &
B—&LTHD, BE ZOFHEELEROAREIBIO TV,
@ F-//HRBOEZLS
WTENLELSERFEOT - D REFRICZLORRIES 2, LANST, &
ﬁmxﬁaﬁéﬁﬁ%ﬁﬁ%émm,:néoﬁwﬁwfﬁﬁﬁéa?—fm%?a:
ERBEND, LHALEDLS, BMTAITKEETI2ZLOBREBRAZ Y, BILELR
B, ROKHAISVT, ATOMAEbEENRIT 52, RROMWALS b0 &

12



D, AEDEBENRD, REOL < ABRENPEAOREERKITOVTER S EH
—MIIKHHTAZEZIARRILINTRVENDE, ZOLDOEHRTOLRAT VS, 20
—DE LT, R2KEB LBOKMOBHENEA 4 Y EBOEROUMTRE T 35
EaBE (M3) 20,

BRI, AEOT 7= FOKBENEBLNENENORRERONKILL /1
LCEGEFICHD, COMEERONE, WEANAOBRERERES 5 & nTS

-

5.2 WBRENEE

5. 1 TN IS DORHcEHT ~NEKey persond L TRai BBEFohb, BN
ROF—F IR UEDURBED > THRB/EMAZ L LAEICLADOIR, RAMIKIZEZ
OEBRBEFORZRUUTH L EICES, AT -KERIBEBEHECODVTEZOR
BALTICE LD B,

O B |

B yEE, EBOAMTRATETHY, BARBLZER T2 EXBETHE®)
Rai OfFRLTWA 7 4% —2pi3 ~10T X, Amicon type F25 Centriflo Membrane
Corne (H @4 F & : 25000), pH12~147Tix, Nuclepore Ultrafilter Type FNo.1F7257
(HEL TR : 20000 CTH5, RABERE X, BBBRKEFE—OpiBREPTH LN,
AORBFELSNBLTALDIEMICHMBRERBLELONAV SR TS, 10M
PlE®NaOH#E % T2, Millipore Solvinert UGWP 250nmASfEH X T 5322
@ Eh@%

RaiDITI o L EBR T, 4M@Th U, Np, Pu RUZMHDOAn OBEMEDS 200
EHEBRDBRUEENTVE, CO>5, FHAABRSMEBNICTEADONADI, UELNp
TH 5229, REI299.99 YU LOMEDON, $5VIRA T HTIIbR, BiEMEL
T, B=F4YBF+YDoL (Na,S. O,, HpH), H#, &, =vrn, #0L
B® (BwpH) #AVShL, ChOoORRTHARBICRALBLEMNEZEI KO L%
Emtﬁménfwéo&ﬂﬁi%ﬁ%—ﬁtﬁ?wb@6me Buffer ®®iRA
BELTEZ AL DORELS, HITHBRELERERNIITDLDNTVS, NpiZ2W T,
REE, EFPHrLEHIE, RURKCL38EE5I R0 ENENS, CuCleC

uCl. KAVORTN S,

13



.48 -

50

-52 —

0.20 0.98 1.06 1.14 1.22

] 3 Variation of solubility products of actinide dioxides,
(A)Hydrous oxides, experimental errors are within the point
diameters, (B)Crystalline oxides, errore bars represent

reported accuracy in the experimental thermodynamic measurements,

114



Am&EThTRR, KERIELVOBBEXMEINTNE??2, tDLE, ZEHILD
RV ZAOEFEIT ALY, REEFIXREN-VLETa—-THy 7 ZRTRBRRT
bhTHs,

15



2% 3k

1)

2)

3)

4)
5)

6)

7)

8)

9)

10)

11)
12)

13)

B. Grambow, “A General Rate Equation for.Nuclear Waste Glass Corrosion”,
Scientific Basis for Nuclear Waste Management VI, pl5, (1985)

B. Grambow et al,, “Glass/Water Reaction with and without Bentonite Present-
Experiment and Model”, Scientific Basis for Nuclear Waste Management IX, p187,
(1986)

J.L.Crovisier et al,, “"Dissolution of Basaltic Glass in Seawater : Experiments
and Thermodynamic Modelling”, Scientific Basis for Nuclear Waste Management
VI, p273, (1985)

“Final Storage of Spent Nuclear Fuel—KBS-37, SKBF/KBS, 1983

A.B.Muller et al,, “Conclusions from a NEA Workshop : Phenomelogocal Sorption
Modelling in Performance Assessment of Radioactive Waste Dispsal Sytem”,
Scientific Basis for Nuclear Waste Management VI, p817, (1984)

C. Pescatore et.al,,"Sarption Capacity Limited Retardation of Radionuclide
Transport in Water-Saturated Packing Materials”, Scientific Basis for Nuclear
Waste ManagementVN, p369, (1985)

P.L.Chambre et a]_,“Pfediction of Waste Performance in a Geologic Repository”
Scientific Basis for NuclearIWaste Management VI, p985, (1984)

H.M. Anderson et al,, “Nonlinear Concentration Effects on Radionuclide Diffusion
and Mobility in Compacted Bentonite”, Scientific Basis for Nuclear Waste
ManagementVl, p531, (1985)
%ﬁﬁ%,:%3@Fﬂﬁﬁﬁﬁmti+;JN$w?4zﬂyvavtﬁwéﬂ%
MRS WBRG0E (E2E) RTFH¥LELAEEE 643 |
ILHE BRE2ERFHIZELKORLETRE L2

D.G, Brookins, “Clay Minerals Suitable for Overpack IN Waste Repositories :
Evidence from Uranium Deposits”, Scientific Basis for Nuclear Waste Management
I, p427, (1980)

I,GtMcKinley et al,, A Ntural Analogue Study of Radionuclide Migration in

Clays”, Scientific Basis for Nuclear Waste Management VI, p851, (1984)

1 6



14)

15)

16)

17

18)

19)

20)

21)

22)

23)

24)

25)

K, Skagius et al,, “Diffusivities in Crystalline Rock Haterials",écientific
Basis for Nuclear Waste Management IX, p75, (1986)

H. Abelin et al, “Final Report of Migration in a Single Fracture —Experimental
results and evaluation”, SKBF/KBS, KBS TR 85-03, (1985)

H.Abelin et al, “Flow and Tracer Experiments in Crystalline Rocks : Results
from Several Swedish In Situ Experiments”, Scientific Basis for Nuclear Waste
Management IX, p627, (1986)

L. Charlson, :“The Interaction of Radionuclides with Naturally Occurring Orga-

nics”, in The Effects of Natural Organic Compounds and of Microorganisms on

Radionuclide Transport, OECD/NEA, 1985

U.O0lofsson et al,, “Formation and Transport of Americium Pseudocolloids in
Aqueous System”, Scientific Basis for Nuclear Waste Management IX, p729,
(1986)

D.Rai, Private Communication

D.Rai et al,, “Solubility of NpO. - x H.0 (am) in the Presence of

Cu( I)/Cu (II') Redox Buffer” ,Radiochimica.Acta, 42, p35 (1987)

D.Rai et al,, “Solubility of Plutonium Compounds and Their Behavier in Soils”,
Soil Sci.Soc.Am. J., 44, p490, (1980)

D.Rai et al., “Thorium(IV) Hydrous Oxide Solubility” , Inorg.Chenm., 26, P4140,
(1987)

D.Rai et al.,“The Solubility of Uranium(IV) Hydrous Oxide in Sodium Hydroxide
Solutions under Reducing Conditions”, Polyhedron, 2, P947, (1983)

D.Rai et al,, “Neptunium(IV) Hydrous Oxide Solubility under Reducing and
Carbonate Conditions, Inorg. Chem, 24, P247, (1985)

D.Rai et al,, “Am (Il ) Hydorolysis Constants and Solubility of Am (II)

Hydroxide” ,Rodiochimica Acta, 33, P201, (1983)

1.7



