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MIGRATION’01 International Conference and Expert Meeting
between PSI and JNC

Haruo SATO*

Abstract

The MIGRATION’01 international conference (8™ International Conference on Chemistry and
Migration Behaviour of Actinides and Fission Products in the Geosphere) was held at the
Bregenz Festival and Congress Center in Bregenz, Austria from September 16 to 21, 2001. The
author participated in this conference and reported contributions obtained in JNC, and
additionally made information exchange and discussed with researchers and experts in other
- research organisations. Furthermore, the auther collected information for studies regarding
radionuclide migration in the geosphere. _ ' | '

After the conference, the author also participated in a technical tour to the Grimsel Test Site
and saw some in-situ researches and tests which were being carried out in the underground
laboratory focused on granite which is a representative of crystalline rock.

Moreover, the author was present at an expert meeting with experts of Paul Scherrer
Institute (PSI) which was held based on the international collaboration agreement with NAGRA
(National Cooperative for the Disposal of Radioactive Waste) and made infromation exchange
for studies regarding radionuclide migration in geological materials. The effects of ionic strength
on diffusion of radionuclides in bentonite and on micropore structure of bentonite, outline of the
Quantitative Assessment Radionuclide Migration Experimental Facility (QUALITY) and outline
of research activities in the QUALITY were introduced from JNC and were discussed from
technical and scientific aspects on the research activities for solubility, sorption and diffusion.
While outline of projects which PSI has joined was introduced from PSI. Finally, we discussed
on potential collaboration items between PSI and JNC.

*Radiochemistry Group, Waste Isolation Research Division, Waste Management and Fuel
Cycle Research Center, Tokai Works, Japan Nuclear Cycle Develpment Institute
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1. HEHES L CHERE
(1) R ERE

- R 1349 A 15~28 H
(2) HERAR

* MIGRATION’01 [E BR£# (8™ International Conference on Chemistry and Migration
Behaviour of Actinides and Fission Products in the Geosphere : 55 8 EI#IHFZ381T 57 7 F
= FB L UESEHERYOERS LUBITEHICE T EESS)

« 7'V hENVFALERER S (Grimsel Test Site) > &.52(Optional Tour)

* NAGRA(RA 1 A EMEGTEREYEBIEMES) & OEELRFEBEICE S R—1
¥ = 7 —E M FERT(Paul Scherrer Institute) TOEREBITICE T 5 EMHESH

2. MIGRATION'O1 Eff=E
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TU—F o2k, AR MY TOBEICAEL, R—F oz ATAL ZABIOFR
AV EEREERELTCOAEREQCNTHD, £, BICE 10km IZEDTBLY EF LY
2 F AT AND, ERITH 400m, A DA 28000 A & AT L W BFALVnE 0D, B
NOFRAT—D(EE2: FHIRT—OWREBRESE R E 4B - EHRE2FELTEY,
AR OENCII LM 2EIRER LS b,

(2) ZBOERE L URE

MIGRATION EFEE 351, 1987 4512 K/ @ Munich I2TE 1 BIE 0&ZENHE I h,
FRIE LTI —a o itk 2REIZ2 i 1 EOBATEMMTE, bipiiz,
1989 i USA XA U 7 F A= T il D Monterey, 1991 €% R ~2A 1 Jerez de la Frontera.
1993 1T USA 1TV T X ¥ ¥ 12 7 A I D Charleston, 1995 £} 7 5 2 2 Saint-Malo.
1997 EIZ A ADAE. 1999 FiX USA i1 /35 M Lake Tahoe TEHEENT-, SHITSHE
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ABEZML, HEREORROARZDLT ., FEOHESE L LIFHTHBLIT-oTE L,
BRI 1997 FITIZ B A THE S L, YRFOBIRERERTRE BT MBNS R E)GR 445
MV FEREZHEY Lz, SBEEL L TIZ 300~400 ABEOFEENRSML TH 1
BETTOND, BARAIZ, EFIT, 1993 £, 1995 F, 1997 €& &L, 4ET 4 HE
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(4) RBOHEBES L UERAES
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AA AEESBB)EZ RV N TH IR, A—RA MV T L—F L VicEE L, &3
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B16 BiZid, A= =7y adMfTbhh, 75UV BERFRCLGERE
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BTLES g, 17 B0k, SF3EENS 17THELWNWETEH—F
NEyTar, 17BE)BLIC 18 BOOIZIX, 191 E 2BETRRI—EyI gv
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IO D, Ry hJA FED Po OB, AR T H A RESOSEICRE SRS &
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(2) E75 585
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EZETHZ L, @ b A FORBRKR TO Pb D{LEBELQ L EFREL L DGR E
KOWTOEB ST, BREBTAZ LB TEL, WAL DOTFEBETIR, 74
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D, TOROEGTOERE LBANERBEICEISHEREN LIS —FH LD L, &
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Toe ZHIE, RS URRY 2 —TFT VEERERAESELZASTIHEE LTS
Tens, BEEOHUDH ¥ 2RI —-OFROEEBELFAN- LD THD, H,(@E&R
DEBICEVREL., RBIISEOEEICEELRIFYT, £, SROBRIIBRILET
IHEERFRIFT, Jhid, BEIZEVEEERDPERINDINETHD, H(g)DF
ik, Ny(@ &t L U ERERBEE)CTHZ & [CIBMENFBUIL/ha 22
5 &L pe L[Cl1EDBEFETIE, [CIOBEWHED pe bIELS 2B Z &, pH &[CIE DEFET

I, [CIOEWHFNpH b Em< RABZEREBREESNL, ., AR —RHEFRL
Fe3 (TITREA MHEFEZTIT MY — R EEROEFBHISVWUITHD I EHRE
é:}’bfzo
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CERFHTTOTcOTITREA . BEEKIE, Gorleben FIxtd HUNE
(Ad-04 : " )L¥—)

BILEBETTCOTc D7 R2FA b, EEREL, Gorleben BHZR 4 BINEFERIFIZDWTH
&SN, BIIL Gorleben OHT/KEFEA L, Ny FEIZL WV INBEEREER L7, [Tc]
DFRERFE{bIL, Corleben #, =73 & A b, BEHEDIEIC/ FEWERER -T2, BT
D Te & Tc@V)E L, EHBICINE L Tc EOBEE LT, BT IogK)D pH K
DWTIRE Uiz, BT =754 MPEBKIIZ OV T, [Te-HSV[HS] & [Tc@V) free] & @
BAMR([Tc-HS] : Tc LA L7-EHMES)DRBE, [Tc@V) free] : EH#EREE TOMT TcIVID
BEYTIL, [Te(V) free] DM & 212 [T—HSV/[HS ]S BEAMICTEMT A L WHIRR L -
Tre T E D, logK={Tc-HS)/([Tc(IV) free][HS) % K ¥ . pH IKFMEIZ DWW TRET LTz R,
logK ¥ pH @ _ERICfEWEIN L7z, —7F. Gorleben BMHZ% L TH BHERRET 2T o 7okt
£, logk=-1E1#% TIZF—ETh o7z, NEABLREQE6 DF —F_R—AITHHENT
WAHAIEEEE L- & = A, NEA T logk=-1.75, EQ3/6 TiX logKk=-1.2 TH Y, HEEL
kR EIroTz,

DE#M (T = VE) 2L S PuV]) OFETLEIE PAL04 : K1)

Pu(V) & 7 2 VERHA)EFER CORIGERZ /Sy TEIZL VT, Pu(VDO HA KL L
BILOEBIZ SOV THRE L, E8RiX. IMHCIO, % T® PuiEiEiC HA % 3t¥E &4, pHO.4
& 2.8 (BEREERICSOWTER Lz, ZOROHEAEEIX[Pu]=30 4 mol 2,
[HAl=10ppm TH o7z, [Pu(VD)]%Z UV/VIS THIE L., BEELERE L, TO/EE,
M pH &b, [Pu(VDIXEER ORIE & i _fﬁf}\b T OFEEX., pHO.4 LV b pH2.8 DF
DEVFEERE 2T,

® FeSez'G);a"’?ﬁﬁ’ét Se DARL, T—3 3 (PAM-08 : NJLF—)

FeSe, DYEfiE & = DEED Se DAY T — g VZHOWTERMITRE LEFERIZOW
THE Sz, EBRTIL, FeSe, HRGIR<125 v m)ZF AW 2 FEOBEMEEREIT- 1=,
12> BIX, S/ (E#ik)=2.5, 10g/ £ iZxt LT, FeSe,#>k & Boom Clay #E#EHI T/RKB L O}
PSe (SeQ," & LTHEMEZBEESERE T TobOT, b H—Fik, SA-10g 2zt L,
FeSe, #7K & 100ppm D&M (Boom Clay & D BEE)Z ST TAKES X ELELOTH B,
MEEL 2y AHBES ®, Z0#%, SeO32‘, Se0, "% IC (A &7 vr< b)), Se0,>;
P80 FIC Ly RAIEEB LA TAZLICL VST Lz, HSe i Se IBENL Th
FROALFHEOBRELZELIIC ZLITEVE tlj L,f_o SHFORE R, IC-y MBIETH
SO DH BB STz, —FH, BRT O[S0, ik, B OFELRMG TIIEEITHE
S Lk, Zhid, B Fe B bERE I —F 4 7 L*cu\zamb'w; 0, BxTah
7280, DINEIZ LB b DO THA D LEBRENT,

5) B R E R
O LM< d S Om (11 DIFE (A5-02 : K4, BE).
¥tsE LTAA 7 ¥4 MNBET LEER : 32 mY)B LA 4V F4 FBET lhEH
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FE: 612 mYIxt T 3 CmI)DINEEREIT 5 & 3HIZ,Cm DA m— 3 % TRLFS
(Cm™ : PR 593.8nm)IC & ) F~TZRERIC OV THRE S, pH<S TRAVBEICIRET
BOWH L, pH2S THABMICNEL, S5 2 20BRA-HEBINE CHE L=
2 SN2 (A-0-Cm* 3 L O} A-OH,-Cm®),

TOHRERL, EpHIZBWTIERARA 7 F4 MNIRZEEIZRDDON—RITH DD,
RAAVEA POBEEEIZOVWTHRE LEZONMER SN -0I2k LT, BB LTV,
BEVWEIETH Y, 1 BUAOEWERIM 2O CHERV O TRV H LEZE S,

QIEMRETOT I FZFBLUS 2 = FOBRFE-KBEER W04 : FA V)

y-ALOIZKT 2 W liDT7 7 F= FBIBT v Z = FOWMUEA I =X AIZDONT,
C(IZ AW THF LEBRICOVWTHRES N, ¥, BEKRE CTOREA V=X A
RANRYT—L g% TRIFSICL VBRFI LT, THETICHREEN TS Eu®An %
WA TIE, pH OEIMCRED ERITHWRER LML=, RFIZOWTHREE
IREEREZITV, TRLFSICL VAT Lz, TOER. v-ALO, OFEE TIXLEIIR b
WZ &, WFEITHNENTHD Z LR ERRES N,

@ # > FRFEICHT BEEA A DI (A5-05 : X A R) |
txyb%ﬁﬂtﬁ#é@#ﬁy@3@®M%éﬁmomr@%gntw&y?&m;”
DINEEB (PHI3.3)E TV, DA ERE T 5 & iz, XAS (X-ray Absorption
Spectroscopy)iZ & BT & T o 7r [IFHIHREDE LD IO, TEL., U Fy 7 AKIK
BHEDRNI L, Se bAIHMRAED Se0, > CINET B Z L R ERBME S,

@EFEE OFHA M B UKD OIRGE (A5-08 : KoV, XA R)

EBrEY v2F A MIFTD UVDOREBEZEBHICOWT, EXFEEK. pHS. A A VEE
BNTA—ZIFARERBRICONWTHREE N, £/, P-EXAFS (Polarization dependent
Extended X-ray Absorption Fine Structure)iZ & 2547 21T\, INESEB#RET Lz, £0OF
H, UVDIZ, REAKBRET A b ERESEFEERT I Z EBBEESNE,

6)aO4 F&ERL
DFNEF-2YA-OBA FEZIFFLEOEEERM-03: FA4)

TNtV haas FRIZHT DT I7F= FEOREERBIZOWT. Am ZHAWT
ERICHEFN LEREZ DWW THES I, Al+Siin 0.03M NaOH+Am in 0.03M HCl &i
X LTpH ZNT A —F@~DTN Y FRERET o7, pH MBHEMNT B I280 Am OHO
BREZEASL, ZTHhilfoTanAf FOEEMEMTAI L, auf FiZiX Al OREIC
LoT2LEATHFETHIZ L, 2 A FEEIL 10~50ppm, HEIE 15~100nm TH 5D Z
LR ENBE INT, | |




JNC TN1200 2001-005

@KBEM DD U02 BB ITHE/ ¥—F ) Tv—a 04 F-EHE~OEE
(A6-04 : K1) 4

UIVDOKEEH» L OEROEBIZHE L TERMIZHANEBRII DLW THEES N, £
BT U(VDBRIKRZBEET TSI LICE D UQVICHEE L, Il % £ 5 & ¥ 72 (1M NaCl
. 0.05mM UO, B H b ILBAR). £ Uik, @b Wik TH 0,
UO,(am)*° UOH),(sMRITF AL s 2T &, pH<1.7 TidEftl=anAf FCHBHZ L2 Y
BEEENT,

QLB UMEOEES DO 04 FHEPETHE (A6-05 : USA)

AEOBED 18%IZT U EBBRETHY , EBABOBERICL > THRETH oS FiT
DNTHEARZERIZOWTHE SN, T 7 ABEF T 0.95%U-235 BREHO0.1g) & HF Kk
(I=0.001, pH8.1) & % 30°C, BMLEGFT TEAES I, /., SIiBERIZOVWTHLRED
ERETol, UBIUSIiBEERTVHIEEMUOH,OMBEZESN=Z L, uf R
i% 60%iL CO,> LBEEE L, 20%iX Si LHEEF I L, auf FRUBLUVSi &%
SEATNBEZ L, HTFKPOERTIE5~10nm 38 L T 100~200nm DEFEO T oA K
BXEHTHDZ & —F, SiBEEHRTIZ 100~1000nm PRIEOD T = A RAZEAIZAR
DI ERENBEINT, B

2.3.2 B: AMZEORITER

IOEyY LT, BEEES, BB LOBTER. 2uq B RERS X
UCEEBMOEE, BAESLOESEER. RARLESCHETABERRENE, &
BIEEL UC, M3 L UOBTEECRET 5 L £I0, KR LOBTEE, BILES
LU ER B B BT o TR E R T o 72,

(1) Hhik s & BB ERE
DR bFA D Cs, Sr OUEERICRITT A 4 B EOZE (PB2-06 : )

AR b FA PO Cs BEU St OIERICRIET A A UBEOREIZ SN TERMICHK
B LEBRIZYWTHE SN, ERTIX, [NaCl]=0.1~100mM DK Ty b+ 4 b
ZFEKEFIS S B T- & T, In-diffusion E(I-D ENZ & A IEBEBRS T, EER
T, UM FA FO~HEZ M —FEEFLTCWIBERET A NFENLTCEIRE
L THWARETIToM, TOERPLEBESHZEEGE L. BESHOILERMORE
CEMERTORENOCHEBRERKIZREY, A VRELOEREEBELE, KdiZ
31 F LV BERFEEIRR NPT, —F. RETOEEHAEE Da iz 20 THRD,
AUBEREEERE L, Db A A VBEEREREZREON RN o203, EREBED
BANCHEVS Da i35 Liz.Da & Kd &9 Cs B L T8 Sr O EXEEURE De & R Y .HTO
DDe LB LE, HTOD De LV FETED De DFBREN-T=Z L0, RELED
FREMERH D L BB LT,
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QEMBR Y bF A FRORMEEREE & CRBHT ORI L O EBRIE
(PB2-07 : AR A )

FEBEX X b7 b (Full Scale Engineered Barrier Experiment in Crystalline Host Rock)
D Cs-137 D De B LU Da & B E 1.65 Mgm* 125t LT I-DIBIC KA B ERHLEREL
TR OVWTHESNZ, ZOERTIEZ, NV M/ REeEBHLTHE 7 L& H %
PL—HBEEBABERTEA LR TN ED, BREBII—EBHE S, &5
NIECsBLUSrODe ZHIO D De EHBELTZEZ A, BFERIUThomZ &b, &
EJLEUL. FEBEX XY b A R TR ONAVWEEELE, :

QF R FREELRTO C1-36, [, HTO DLtz RIFTEHOZE
(PB2-08 : X R4 )

ZR 0 REELIZRE B HTO, C1-36, l O¥ERIC BIF T E S D88 % EBRM TIN5
RICOWTHRE SR, ERIIT-DETITW., EAF G A—F L, EHIZ.1&5
MPa {25 LTITv, De CINERE o ZFM LT, RO 75 o 7 RiZ, FEHDO EH 1044
S TR TR L o7, De iﬁﬁmk%mfhzwsﬁhﬁﬁybtoit\%6
7z De iX, HTO>CIr =1 MEL 2277,

FEFRZOBREITH L, BEFOENENDA A OEFICOWTEBLIZEZ S,
Cleé 1, AFVHRICE - TEEENTWA D LEE SR, 52, EAHEERE
4%5wiﬁﬁ%Lkwﬁﬁa4#/a@ﬁﬁ@%howrgﬁbte A, EEMIZ
HBE~STWRnEDZ LThoTz,

@%J%UDT4F%$U&4ﬂEA%T®Na®T%®%ﬁtl$»#—k&ﬁ¢#
A BOEE(PB2-09 : HX) ‘

FrEVnrS bRIUEVEIOFTA MIIFABEZBEEESEZETONa? Da %8
BaR"T7A—ZITHEL, BHEEZRINVE—ZOoONTH U -BERN RSN, BIRFE
FEETI18Mgm’ & L, VI RIBEFEREE(LE ¥, BN Da DBEEREMENHIE
TRV —%RD, TrE) oA VESBELEEETRALF— L OBEZIZ O
TEZELERER, POBEICH L TLESRETRAFE—IT 18 k/mol BE L IZIFRICTH
"oto =5, BELIToTr M B LICH T 3EEE= IV E—DEEY ad A S

SEBEREERIZ, BrelVod( MESEELHCEMNL, EDNREENEESLE
AR EROT,

EFTOREIIRL, &4@%EAénTwé%A&w&w%Akfﬁﬁiﬁ%D
mm%m%tU\mem&mﬁﬁm:$w# B RETHAEERDLI L o
AV bFLTE,

OBRRGEEIIHT ERY b4 FhOREBOWE . ERELUVETU LY
(PB2-14 : Xz —F)

ARy b F A NHOERED Da % MX-80 1% LC T-DIkIC X ¥ . Sr, Na, Cs, Co io% LT
A A VBENCIO)E Ry b A MEEENRTA—FRHELLBERIZSPVLTHEE N
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Too MHERDOEBONEFTRBMBBRICTZ A v T4 7T520I1CLY Da ZRELE,
Na & SriZ oWk, DadF UBEREIIH L TA A BEREEIZ OV TER LI,
ZOFER, DallA A VBEREERZIRONBVERERoTz, Fio, BENEMNT B
FEWVDa iZEb Lz, B/ Dal, Na>Sr>Cs>Co DIEEL 72 o7, Da &3y FiElS
&% Kd ZHAVWTRELRICOWTHREL, RELEROSISOEERERZEH L,

XOFER., RELEOBIEIE, Na>Sr>Cs DIFL 2 o7z, |

EFIZOREIZH L, Na BRGHRIT TREEEBERE VLI ICRLAZS, Z0FER

WIZDOWTEIZBZLTHDONEM LA, BRREZRELN o, ZHIZHL T,
ZOFHT T, REEEBERSEBEFRICKESEETIZL06, EERETONE %
EDBALHEHETAILENHDZ L, FA X VO L TREMNICENT T3 0LER H
5T ,iplEar Lz,

OMREFOELERE PB2-15 : R Yz —F )

FABICTER~ MY 7 AR T 3B RET FF 2RET A RECOVWTHRE S,
AU 7%, IMNaClIBEREZEA LAy I —TRE 3, ZTOXKBOEFELZHEIEL.
ZOXKMDFFERE LT, £z, ERERPOEONAF—F LB LE, Zhid, &
BT % IMNaCl Cafn S €%, a7 OWMEICERERY 7, EHRBEZREL., FF
PHE LT, .

@ Boom #5:+h @ HLW 45 Ay BB Shiz ST OFRER (PB2-16 : A )L¥—)

Boom ¥5tHTO HLW F 7 AnbBEHENE Si OBl W THRE Sz, PL—
P& LTSi-32 (8-, FEHE 101y) 2 BV FETHRIE L -, £ i1, 1-D # & Back-to-back
ED 2 FBEIZHOWTITbiuiz, BiE 2 51X, Da=5~7E-13 m¥s, %3 5> 5 1%, Da=~2.3E-13
m/s BRSO, £io, BE D DIEBURRAIOEERD Lt 0% LB REKF O
TR E Dp bk, BEMRE R M L. SOICHBRRENT CNERE o 2KD
7o @ i3 100 £ 729, Dp=6E-11m¥s & RE L=, '

Si DAELFOTEIT, 7 APLEMRLTERESi OREEZERDAIEERT—FTHD,
INETRLEENRTONTEEYE, BESNEZORELLSERNIDTTHY, EE
ICHEERIRENLOBH B, 5E. XU A MR L THEHATRS LV,

@A FBLUaYIU—FhONI & Pn OHBBIZRETHILOA VT YA VEED
FE(PB2-19 : A9z —F )
a7V —bBLUEAY PFO N BLPm OPEELHZ SN, T-DEIC X v =
BRIZOWTEEE Nz, FL—HIZiE, Ni-63 B LU Pm-147 23EH &7z, 2hI.
E&E36cm, EX2mDbDEFHAWV, A Vv h U BRIASEEZLZ SmM & L, Ei=.
HE TNy FEIC L RERR LIT o2, MEREOIESRE b, ISA OEFICRVEFR
W2 EBHRE SR,
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@Ry b4 FhOMEHBEOBITICHNT 2H L OERYT7 FO—F
(PB2-23 : 75 R)

Ny bFA FROEED Da 23K D DH LUVFIEIZ OV THRE 4172, 0. 1mm REDH
WEMEENY M FRATZY—IZELIADZ LICE o THEAL, pH7.7, #EiEHTAT
fBfsE%, RIBKICAREE AN, XU b F A "R Y —AEREBREEA, —EHR
FRE, BHEERHL, XU M A PRZ V2B LASAALTERESHE2RD
e TOEBRTER, XU MHA MEEZRETDIZLERTERVR, ZOEHAR 0.88
Mgm’ & H Z & ThHotz, ERIE, HTO, TcO, , Cs*, NPHZH L TiT o7, PLELESRLI
TNy FIEICLDKd D P —HREEZ T A—ZIZER L, Tc ® KdiZigiEF—E,
Cs & NiZEEOHEMICHEW Kd 4 Lz, Kd & Da £ Y De #EMFROIZRK S, HTO @
De LB L7, Tc iX HTO @ De KLV /NE L&A F 8. —J5. Cs @ De i HTO @ De
FORESREEROFELERZLE, LML NIIZHIO LIZER U TH - 7=,

EEFRRZOBEICHL, Ny TFRTELNT Kd 2 EHRICHAT S L REEMRLET
B &, Ni*ik, Cs*° HTO @ B H/AKPOIEFRE L B L TH 1/3 LBV T, HIO &
De BRRLENPLEF > TADHRGLRNE WD Z L THEHARL, D LAREILENZED
3fEHBELEEWRTHIL, REEIRAL L,

(D Boom #5£rh @ Tc MEE) (B2-01 : NjLF—, UK)

Boom 5+ T Tc DBITICHET 3 ENE LOBEMERBRIC VW THE SN, =N
AR T, BHEERRICOVWTHRE SN, N, FEKO,<lppm&EHtT, ExHE LT
Na, 8,0, v, pH8.5 B LRO.5 DIEEH TR EMA L, BoNEREZHAEET
JUAEFE TcO,(am)) TO FHRIME & tEk L=, Boom ¥51-/Eh HEE Lz # TKIZw1 2 BE
BE(EE TcO, 1.6H, O\ BM & < —B Lz, JRALE Tik, $5t = 7 FOFLEHERE EH
L., IT7HODO T DRESHERE L, THHEMEFL. Kd& LT0.8~1.8 mlg %
i, Ei, BESH IV BERER 1T R=2333 ¢ REbL b, EERB L URESHBRIC
LBRETENIEERE AV EBFE N,

ZOWEITH L, Te ® KdIZHOWTERBIN R &N, TeV)®D Kd IZ—RIZITE W8,
ZOBENIVWERE RS TVE, Te(VIDETERETIXRVDO TRV E NS Z &
HERVHEM SN, Zhicxt L, BRI ERSENTWHOT, EXREBIIEZN
TWHDOTIZRWHEEE SN, -, BHFOBRTREOEHEEC DWW THEBN R &
- N, ENENTTHEREREZIT o T3 8, BITRBOFEEIZENIZRP2T=0NE
&, Zhice LT, HIEERRRATHhARVWEEE SR,

HIEOERNCH LTk, EEMICHEDIT Tk, BEREICRREFITTHY
Te(VIDDEWEI R Lz L IZEWTIhiewy, —F, BEFEOEMIZR L TH, omiln
NE, EBbALEELEDITTCIRRANVWES THoT=,

DEBZETCOEEELTE LUV AESRFTTO Np 8 & U PuDHREIBIT
(B2-02 : AX)

EEBART COEME LY M4 NP O Np 38 LU Pu OEEBITIZONWT, HEE
FAREFROBIRE N O HE Shiz, BRIL. T-D IS & D {Tbh i, BEEE 1.6 My’
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ELT, Ry Ak 70wt%, BERD 30wt% & LTz, st 7-®, HTO, Cs-137, 1-125 (=%t
LTHITF272, HTOIZ2WTiE, 0.3M NaHCO, % T 58 Hifl. Cs & 122\ Tidk, Na'—
HCO,™-$,0,> & T 288 HREIFEM L 7z, Np-237qV)IZ 2 Tid, Ar FER. Na*-HCO,™-S,0,
RT600 BEER L7, pH BLXWEh #E =4 —3 5 LIz, TTA HIHIZ L Y Np Offi
HEF =y Lz, PulZ 20Tk, Pu-238 ZFV>, 7 /VRE(10~50ppm). 0.01M NaClO,
R, ArEETTS67 BRIERE L7z, BEHEBREET T LIk, BohizDeid, 1
T 107, Np, HTO T 10 m¥/s A — & —Th -7, PuVIZOWWTiE, Eh 3~213 mV F
TCERE LD 1FEAEBBLTI Rl e Enb, DR EDF—E52B5 2
EIXTERMol, Ffn, RUMFA PEEBFIZHIZEAFEELRE2(1%), L
L, B E OREEND, Pu® De %, 7TE-15<De<3E-12m%Ys & RFEDL - 7=,

ZOHEFNIRL, T4 b= a EEBETEBITAI=LBERY, EAlL
TEZBRRETHBH LA FENTZ, T2, Pu DIEEIT DWW T, Pu® De DAN/HE
WO za A FIcLAb00EDERBRER, £3BLTWA LEESNTE,

@t 4 R HTO & & U Na=22 DHESL (B2-03 : R A R)

AL FHO HTO & Na OIERBTIZOWTHE SN, EBIZ, T-D EBI W
Out-diffusion #(0-D N L BHECER &L Ny FIRIC XL AINEESH 21T o7, <70 4 m
BIRD B & [ AR (B 7 HCP(Hardened Cement Paste)dhibs AL & A o hHEIBEAK
(PHI3) TEKRSHILBEERLEM L=, ., Ay FINERBR CIIREEEELRE
L. WEOHEESRZITMLE, TORE. NaDSEL RAKA & F UERIIEFEERESE
BRLALVOIIZR LT, HTO @ R IEEHIC LTER L, HMBERIVELNE
HIOBI U Na D DetX 10 mYs F—#—THY, KdiZ 08 mlig BETH oz, ILFE A
H=2XLZOWTHRHLEER. Bl A2 L bREBERB IRV EBESR, F
7o FEMFIFR(dead-end pore)ds HTO {Zxf L CIXFET D HIREMERH B L EBE I,

IOHEITHL, EREETOEAV FOREZHEZR LA-MERESH, BROZDRE
BT, BT EIRT- TRV ENEEENT,

@ Boom i+ M U OBRAEHE L VAR T—2 3 VRO OO ESKEEOFH
(B2-04 : R JL¥—) ' ‘

Boom ¥5EF D U OBITHEEICOWTHRE I, ERITEKKENEIC X VTN,
pHS.2 D&M TRIE L=, EBRTIE. 2 2IoH E-BAEERBOB.LIZ FL—FRE
BLE L, BB OMBICITERLERE U CEMZ T, FREIRNT L —H(f T NZ IR S
Bi, 0%, BT b L—VORESMEE~, hL—3& LT, T, H*CO,, Cs*,
Ra*, NH,*, Na*, Sr*, Ca»* 2 EBFAV b, TDESR, Cs', Ra®, NH R EDO I FF4 ik
77— Rz, I, HYCO, R EDT =4 i3k Y — FANCBEI§ 5 Z L B 2, KIZ
U IZDWTER Lz, EBRTIE. UOCO,), 2R BIH =, B ENTE, Bbh
TR T ) — FALV THDHI L OOERIFERH LY, FHE, b LREE
WMEHFoTWBARENTER S, $h, BEHO U DHHFON, WEEZLTWS
RIREERSDR T T M—RIZR>THY | ZOREND U OBEMEEL E-8M & RELNLT,

ZOHEZRL, PL—HiZRFY IV T—BEERTWWRWERBR SR, ZOHM



JNG TN1200 2001-005

WX LT, Ao T RRWZ EREES N, £, U OERIIBITAB(LETREICS
WTHEB SN, BHRESERSEZHE L —oTIauvnEEEIRE, —FH, 0%
BT, UV & UAVIDIBAE R TH D TREMESTEM S L. ABA(UK)Z: K IX#tiEic uav)
DHTITH-TEY, EBbALMBEFRMTREThHDIa Aty ahi, :
BROFTHLRONLL I, UORFHRELE S THHH., BEML2EESLL
ANOTHEFTORBEE 25| EREB LTS, BLICREBESKENEENTNE HODO, &L
BRLEHEHERT 2 LIREE HLOREMERE - TN 3,

(2 RES L USRHEER
ORBEERS L VEMEHITHER B0 : A+ %)

T FITBT DM THEMER(URL: KU 4 b= VBFERN TORME R L ERER
BRICOVWTRN Shiz, B0k, MFERORE 450m XV HFRLERASHESA-
TWDHOEER LA, 5 TR, FIC Te95m % b L—3 & LTRWAEBTRERIZOW
THHASE, FNEDA> TV AERDOAEE/ECTa—F 17 L, KERBR LY
HIANC W RENEOESERE L, T0%. Tc-95m, HTO OBITRBRE EM L,
VIial—va UEREKEB Ui, ZOBED Tc OEER, Sy FEICE DINEERER
CESWTREENTLbOERA VI, TE OBEZBBEE—HRL TN I Ltk p
hi=, '

IOBREIZH LT, Te FBRLERICHBRTRTH I, NERRIIBMGETE
LHMELOMEMENR, BIELLILBEE SRR,

Te i3, BMGELBMICHBARTRTHY . WEBLOBITERERAKETITIZ L0
FREEHOBAPLEBL LARETHD LB UL, LELIORETI, 412 Eh ®
Tc DARYT— 3 VIZOWTHER SN oS, BETRETHD LRELE,

@ITARIZBT A EEEDTTOBEDHET (B5-02 : 2 R)

TARTRBITEEME ML —VHRBRERE, ENERIVEON AT —FIZESWHT
FHL, FEMEL b L—FRBER L DLBSLBITEF VOB LRI SV TER L
RZEICOWTHEIE S hi, BACECH Sm X7 —0 kb L—REAFThi, kL
Y& LT, ¥F =, HTO, Na, Sr, Ca, Ba, Rb, Cs &V, EBREIC CHOBMRIMEN TR
(CHRE U7 ), PEECRSR IR S OREBURED). BRRREIE L, S 610, HKkH
FEEESHIEVIVEBEALLSEENFPESTIILICLY . MROZA 7% 2 BE
WZGER LT 2 B E T A (dual porosity) 2 EA LTz, BEIZBWNT, = ) 7 AT
Snm EAT OHMPWEBBE BB N, Thb0BEREEZE L, BITEFVICENRE
NOT—FEADLHE LLRR, FAH—HEIKRVEELME TRV L, 2 EHRK
ETFNVRBITICE S P LTEAITHAZ L., BEBENLLRD LN Kd 1T, ERE
TRLONIZKA LB L TREVE I &R ERENT,

COREIZHL, 2 BEORREEZEZFBEHICOWTHEB L, BREEIIBWT 2
FEROFENE(ERBRELNTZI EIRESWE-Z LREIZE ST,
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@ TR JavsR5—)7A2c o F(B-03: Xoxz—F >, USA)

T 2R DM FTHERR(URL)TO TRUE 72 ¥=7 FO—RBTITol, F4¥—1 k
L—HERBRIZONWTRE SN, ZTORRTIE, SNB 2o E8FTIZH LT, S 8
EIRETREICHIEMEREL T2 ROFR—Y U IAERBAIL, RELEENE %

BATRAYy H—%2BREL, EhEXF—FE2EAL, bI—FOFR—U7HLLD b+

L—HEEIR Lo L7z, b L—H% & LT, Na, Cs, Sr, Ba, Rb, Ca, Mn, Co, Zn, Re, Br,

HTO 26/ L7z, EiO# TKIZEARTH oM, FAR—N P L—FHBRLY ., ToEd

## (breakthrough curve) % Bf5: L. BHEOEBIELZFEM LT, £, A— 53 VF 7T 7z k

DHEREELMAERE T,

ZOWECH LT, 2 COBMEIIREE ke v — 7 B TIME L T\ B 02ER &
CNEORZHLT, 5 THBIE, BIUOTF—= ) 7oEyE< ) 7 A EEICED L
DL ELAEENRHBE 0, EINEBREOLDBELEMT S EWVIBATRE—
7ﬁ%fﬂmbt:&ﬁ@§énto |

@F ) LEILEMERRETOD04 FELUBEEERE B5-04 : R4 X, FqY.
ANRAL . T3 VA, B, USA)

f)Atwﬁu%%ﬁ%fﬁotSmﬁﬁ®:n4b@ﬁkﬁféﬁu§%ﬁF%
DWTEHEE R, REBRTIX. Am, Pu(V), U(VD, Te(VID—TcdV), Cs & b L—4 & LT
FERL~, v brFA e LT, FEBEX RV bFA FEAW, RAAHA banAf K
BELE, TOHERNERZITV, pH LA FUVBEIS)Z AT A—FiZauf ROREEKE
BT, ERTHE, A AV BE 1-0.001~0.IM I3 LT pH /87 A —FT~_Y b F o
bﬂﬂ#FGﬁEE%%Ebto%@ﬁ%qﬁ@%MK&oT:U4F§%@%MT6
R o, E-. ISHEL RIS FOEERELD ., NbRERSETT
DL EDSholr, TNODORRICESWTAFVEELZREL-BREEZRWEEME
BITRER 2TV, BB EE LB, Am, PudV), UV, Te(VID) —Tc(@V), Cs 137272 0 58 <
FEBEX XV kA FEFEEAZRITIENFEE SN, a4 FOREIZOWNTH,
EARF~140nm THo- b0, FHEZIE~110nm Th-o7-, TORRICESWHT,
muAf FIBE &I edTrmanT, -

ZDFHREITR LT, v FOREIL, pH, [C], BRO IS ERXX>TE RSN T
RVWHLEREN, TOBYTHY, ENERTToJcans FORERETYH, ISHH
WEREEIZRAI B Ao T tEE N, £, ENBREEIZEFLTE
BOOTRIZNDE DRMICH L TE, 20 FOERICL > TREDIDOTEENRL
BEZE i,

2.3.3 C: #EEEBLUBTOETY VY

*®t//a/fi F— A REBLVEM, EFLOERBLIVIGH, EF/VORE
RIS AMEN AN, EEFXETLL T, EFLOBEBBIVIGH. TFAVORER
T A RS IT SOV TIRBRINEE T - 72,
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MWETILORFEE K UEH

ORBAYF Y= 48— mtwﬁﬁ%%ﬂwﬁh&mmrwmﬁm@ﬁ%?»mﬁ%
(C2-03: RH = —F )

ERABREY L OBEOKREBITICHET A REFAOBRRIC YN TEE SR, £3°.

AERDET VT ONTERAI L, ERIT, BE-F vy =2 F— R0 A M-ERRIZE
WT, Fr = 2AFZ—PEEL THENE, BRIV Mg M E2EEETL, 250
BRPEBITTEETFNThH oM, AFETIE. OP (F—S— Sy 2027 T v 7 BA
D, ZIPOREAIBBPEREL, SENSBITTATTAZRM L LR bhE,
Z DR, BB OBMEPR 2 ITETT DI > TR S5 Oxidizing film (B{LEE) % &
BLl7, EbiT, Fy=XF— LBz “k?%@é&%%@btoﬁﬁf Nt/
Y DOAERIC L0 ERBIIEDOTIRRE Lo, RITHHBOERIZ ST, Hom
H,b OB END I LEBEET D L LT, [Fe(IDIITR T B[0,]DRIELE(L, [FeD]iz
X9 HIU(VDIDERE, BREEEICHT AKESEDOEEL, pH & Eh OBEEL
REERHE L, [0, [FeDIV @V, B4 2EERENEL 23 2 L., [UVDL
[FedDIB @V R, BT 28RS E D I EBHRESNE, . UVDITAE L KIG
L, UO,®icedz b BESNT, BEEELAEBESELOBEBIZONVWTIE, EL2E
ERREVE, ERMCKESENLEF T2 E, pH & Eh OERBELIZOVTIE,
onmmmco%ﬁ#tpHmszme4skaTfE¢5 LARENT, BRI
FEHELT, Hie FICLP2BRIIBOTEETH B &, T/ F=RFoHizsEhn
EERESRVWI L, Uy RT7uy MNIBEASRERERIT LT &&kmﬁié
b g1y Sl

O T OEEERS & BT (02-04 : USA. 75 %)

XY bTA PR OFEREOIEEBITICONTOTF VICE LT, BREEE LENAEN
WESNZ, &7, PEEAE KA IZOWTiE, —B5I2 1T Fleundrich &5V, BITEF/L
& LTEME., MRE, HEAHREHKT)ZAWEEF L, 2N EGEIEESA A
YHERBDH Y, FEREEEREEELZITA L, AR T EZ A MOEEIZOWTIE, BE
FEFEL TR, WEHDIWITHERT AR H B - LR EBd2bhi-, &%
WWigm e LT, Bl A FHOIE, HEX V=X LNBETHL &, B
MADBEREETHA - L EBRR bk,

COBEICH LT, FEBIIMEEESCHFRAICE - TREARBZO TRV E W S BRI A
RENT=OIZRTL, B—LEZRZ L, FEIZOWTI, BHECIEECE?LELT
WBHZ LR EREE S,

ZDH|E, %%ﬁﬁﬁﬁﬁ%Tw%Eﬂbfméuﬁ%? BT ViR
ELebiI TRy, ZOATRFREIERITARETH-ELICELE, i, I
BRATIE, IR FORMEIZL > THLEDITMEERDLYD , 4BITIZALOBEEE
TRETHD LB, :
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OBATHBIE O T DOEE C2-06 : Y1 —F1)

ERFNE R COLFIEBL TSBIC L Y 3] & & B #5872 4 B (microscopic
dispersion)iZ DWW C &R L -AENRE SN, ENME P TCORNFMOMEL, SihE
REVPERLEL, BNERLTRLE Y, SEARIFECI-TERY, ZhLBEE
FTHNTA—F & LTHEERS D, SHAREIL Pe (7 VED L EICERMIZEF L,
EOEZDPOLRBRERDE. TOER, 28RN 0.16~0.5 ThoT, —F, hF
T U TERE T IS4 2 B ARET, Mh SR V0 BETHD Z LRSI,

2) T—5 EEE & UFH
OERTTO NaCl & L VEBEREF TOEHOBSMEIEM (PC1-08 : X4 R)

BEF TOEEIZOWT, o UERE 7o RS RESE. FREME. U VESE A %
BRELT, BELAAVRELOBRIZOVWTER L-ZREXHESLE, Fu bl
IKBEASD TR DONTO logK & {RE & DEMRIC OV T, BENFEVE, logk bk
ESRDBEATHBZ &, logK & A A LEE L OBRICOWTIE, A A VBEDRI D
T logk b REKRBLERENRNTENT, £, Va2 UEE, 7 UBRE. REE,
TRERIE, U EREE L AKEAE A A & DBUSIZRTT B logK & A A VB & OBMRTIZ, A
CAFVBEICHLTIE, BEREWVIN logk b/NEL RB - EWRTEN, L L

T, KROMEHEL, EHREELA A VBEOBERICE-TRBENAZ L, SIT FE
TERANRIA—FIXBEOHELZBRIZITH I L, Vo UEkE, 7 BE, REE. W
BRiE., VUEBBRER SR, —EBOREZVE N L KOBELES LI-BROIRBEICIMT 72
SIT/RZA—ZIZL 0, BRETETMERFRETHBDZ LR ERBRALNT,

3. T LENLFREEBERRS Grimsel Test Site) DR

EESFBETEDIA24BANTIE, A—ARA PV TOTL—FL Y AL ADA
T /(Melrmgen) IHEEFEBR LT, 7Y L EAVRMBRBRSBGTS) D RESM T,
RE&IE, Optional Tour & LTRESN, KRE., FAY, 74T K, FE, &E,
Eiﬁﬁﬁ&?%% 10 AL 7=,

HEDT R4 H5E, EESHEBINCES L. f\xrtﬂ% L1z, BEEECRRERY
FREDT, 12 BBREIZ A F— M ¥b e = (nnertkirchen) i B L, NEWT TV EITED
BxT, M30NESTH, BEZERY., 3BEMNS Y A PO GTS #RE LR,

GTS iZ. HREE@EHEESDREHEED 1 > ThHATEBEE IS L LT
RTHY, EBEOHMTHESPEINE R EE2FAH L THBLAY DEEEMICET 34 22

FAEFRBRM TN T, AREREESERERMTEL, BEOERTF Vo —F
?5 LBTEDZLIC T, e b, FIANLFDOEEFTIETASRL, B
lkm A27-fFREIE & ORI A CTRE L, Z Ik, EEFRRIT LR TEY, GTS
BT DR A MU TAEFEBEX Yz MIERRRY bFA FD
EIAVMRERBTRERTW(ER 4~7 : BRARAB I UEEFTRR.

FEROSEET, NAGRAD W. R, Alexander B+ XV 7Pz ROBEIZHOWNT
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BAZX %, HEANEEGEES  HRNEERECRELE, B4R 7r V=2 M
IR, R »EHE BU(RA R, 7TV, FAY, EEH, A1, Ivrv—,.
AR, F=a, Ru=z—F1, EU), 16 BEISHL TERRELT > T3 2 &5
FENT, BRARIC, BEPLIE, VA 7 ABBEOM, KFEE RWMC (FbHitEEs=y
EEE L Z—)BBMLTWB,

GTS 1L, 1984 iz FRHI = v, ¥EHE 1730m OBFFIZET B, WFFRASE . Aar Massif
DFE A @ Juchlistock D FEE 450m FITAIET 3, Zhik, SFEEEHICHEEEH
@D 250m L~ULHHED 8D ICLET 5, ERMICIIETHESBLE o TND I L
MEBECLSBERANMTOA TWe, EBEOBE TR, #ABITHRER(GAM (Gas
Migration) 702 ¥ =7 + ; BRE 9, 10 : YRABITHRBEED AT L), LA v NEERS
(HPF (High pH Plume Fluence)” 2 ¥ = 7 b), I F#IT38(CRR (Colloid Radionuclide
Retardation) 7 2 ¥ = 7 b : Y X7 b)), ZHEBITRBR(FEBEX (Full Scale Engineered Barrier
Experiment in Crystalline Host Rock) 72 ¥ = 7 MR ERIThbhii, HLLIRERT TH
o7. YA 7 VHEEIE, HPF, CRR, FEBEX 2 EDF =& MIBML TS, Kz,
I FRITRROEZERITRRR S1L, IO FICBE R 0 )MREE S, ket
EEEEAWERBRA TR b T, - ~

T DA, BEEEOWWAL LURBEM OBRR Y. —EOMLS Y AT LOFIELHTEN O
TEVAMN T a BRUETT RO EYROEBEOMS b RUREE S,
RERDEENRED LTV,

4, R—IL> = S—EILHER (Paul Scherrer Institute) TM
BMRER

4.1 EMREE

(MW HEE

PSI : M. Bradbury 1#(Dupty Head of Laboratory, Gr. Leader of Sorption
Mechanisms) '

U. Berner {#1:(Gr. Leader of Thermodynamics)
B. Baeyens {#2-(Sorption Mechanisms AFZ2E)
L. V. Loon f#=(Gr. Leader of Diffusion Processes)
NAGRA : 1. Hagenlocher {#+(BFF LD organiser)
INC : S. Suzuki EE@EARE)ELHEE)
H. Sato L(EBIER(EE)

(2) ZJFR
«PSI AR b

(3) B5E
*9:00~16:00
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42 EMRSBOHE

9 426 A, PSLICT, NAGRA ¢ DEBSLFEIHEREICESNTC, PSIDEMK L #E
BT COREBTICE L CEMRSBETo (B8 2 8BT V=V 4), El, Ky
FIRIL, BAETETORDRETE DL XTERN-M, Kb 0 ICEESTEE D
HEET>TWAERELZRFELTE, ' |

SERITIE, YA 7 VBN OEE L ED T2 A, NAGRA 235 1 A, PSIA D 4 ADSH
FE L, MPSRAMTIE, PSI O M. Bradoury 225 PSLITI 5 U MBS OB
KHSFRNEOEEC SO TORABRENE, B, EEORBICEXLHT, U.
Bemer & ) A4 A B BASHROEMEHOBECHOWTHARAZENE, £
D, FA 7 MEBOBAPD LY, > b A RO Sr, I, HDO DILBIZ RIET A A
VIREDEBOREN ., BIEROTEFT LY, NV bHA bRO Cs OEERICRIET A A
BEDHEIOVCREN L, TElA 7 =X LRUE L OBR, b5VIIERTER LI
DVTEM LT, TO%, EH LY . HBLAHSCEFEMR(Z 4 7 MR OEE
BEUBEOFEBIAICO TR L Lz, BRICREDEL DL LT, PSI L ¥
£ 7 MSHECERRIRZ1T ) 1KMo > COMERTI OV THEICER L, MHICE -
CEIEL B L BN DS ORI ETT o= MD (5T B EEH5)3 £ U EXAFS (25
THRRICOVTIE, BHMOME EBIT S b ofiod, KE, ARCTHETSY —
T7¥ay T THRRTDAILERETOI L LK),

4.3 EMRELBOAE |
(DPSICHIF2EEDHEDOEHEZEM. Bradbury fE+)

PSLITH1T BHFZEMEER L URFERNEIZ DV CHBAN A2 SR (E8 3 : PSTBAEED,
Laboratory %, J. Hadermann {#-=% Laboratory ® Head. M. Bradbury 1% ZDOREE L
T. EhJJ%(Thermodynamics), #i F#51T (Geosphere Transport), X3 * &7 = X A (Sorption
Mechanisms), TLEEGBFE(Diffusion Processes)?D 4 D DIFZE 7 N — F K& T EZED T
5, HEIEBICEETAMETHIZ M, IA—THOaIa—=r—ail
L<EBRTVR LD L THD, FRICIIEEFELEMLTIFAAA— YT
THY, MNUEH TEOBWVIFEE{To TWVWA, BIFEE DR, PhD RIEFFIX 18 A& 1D
LETHY, KEDHAENMRBELTNDEDILTHB,

FZT o THWBIHESFLTn T =7 ME,

QBN ZIZETAHE

QBITICHET 2%

@B X URERICHET A%

@I B4 2%

Gk Av METAIHE

®=v4 FiCETIHE :
@ XAFS (X-ray Absorption Fine Structure) £ — A 7 A > DR
EU AN ET 2 75 57 =—X 5 (BU 5 Framework)
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RETHY, FIZNAGRA LIZBEI I =R b 2T 5B,

BAEIL, NAGRA 2% 2002 TR T B L4 EHE O FEEHE I B3 5 3145 2(EN2002) (48
i1 : Benken ¥ b, A/3) F ALK T B EHET — & ORBERIERIZ S - - T D
WY R— Me L2 1To T3, BRESERIZY =- ’CODT—ﬁm BRELDIT, &8
178 deadline T ¥ | SIEKREN LW Th B, BEEIT. 2002 £E) ZIH &4, 2003
~2005 FEi{ZiFT HSK Bl Ea2z—%fTH5ENE 2o 'va;%

BAFIBETBHEIC OV TIE, BAHEFT —F OEHi(Benken VA ~ER), FIBRAKIE
T WRRERR2 &L ERMD Benken ¥4+ OMEESEMRIZH LTiT» T3, &Iz
ﬁ4j/ﬁﬁuomfﬁiﬂT%iUPMﬂ%Tﬂkiéﬁﬁﬁwﬂibi L7
NEBEETVORFEEZBES LTS,

TR A 1 = X 2B BIFFIC OV TIE, B L UYL EME B EE LTS 108
. = pH DEE, BITOMHE, €AV FBLUA Y FREHICKT I EREROT
TVYTREBYR— b, AV z—F U2 ARTOEMBBITER(Y 5=, HTO,
Br-82, Cs-134, Cs-137, Rb-86, K-42, Na-22, Ca-47, Sr-85, Ba-133, Ba-137, Co-58)% & U
fli7e &% {T > T35,

anA FMEFICET2FRIZ OV T, Benken %4 MBI BHTADS ffﬁ A2y
FTARERTOIOA FEE, GTSIZBITA CRR 7R V=7 MM P& {ToTUNS, &iC
GIS TiEZ, U bhFA bamd FEMRL LE, ShESETOanS FOBIFERLIT
2T, : ' :

FEBGETRIC BT 2 BFFRIZ OV Tid, Benken $ A b DA% ) 5 2%k 12 %t B EE T B
SJR(T-D ER)XLHEREN T OFBITET AHE(E A o — R DE{LRFRR ). AL b
HRANA| OB (R T CORMBERELEBRK ST CO Bu & A\ 85 R, B 310
AN Y T RRE LD IR U Te B H DIE ~D BN, By, Th/E Kt oW CHEL T
AP

AL PBIUpH T— BT OWTIE, Benken ¥ FEREE L, AL hl—
A b, CSHET A, AAYA MIHT DI SE, Ni, Eu, Th, Sn, Se). &I KIFT ISA
BEOI N2~ OFE, LAY+ M & Ni, Bu% C-S-H# & Sr, By, Th), €A k
FRTOI, Se DEENIS LUV XAFS I2 L 5 REEL(Se 13 IV, VI 558, I3 - BUAZL - &7t
EERLUIZINE T o XO/ERA, =T 74 —=NVIRBIUV 77— 40—V RIZBIT A5~
RIEOFMIC &L DBEMERIR, WBERCRIET=FT 74—/ Fan( FOEE. HTO, Na-
22, Cs-134 AWz T-D ZERX® Out-diffusion R, &4 > MRIZXT 5 SDB (Sorption
Database) D E# 7z & % 1T- TV 5,

Micro XAS B — AT A v t_ob\'ﬂi ﬁ&i—% XRTHY, FHRBKIL2003E|EL 25
RBLTH S,

EU B BT 0/ 7 5 7 x—X 5 TiE, ACTAF (Aquatic Chemistry and
'I'herrnodynamzcs of Actinides and Fission Products Relevant to Nuclear Waste Disposal), FEBEX
II, ECOCLAY II (Effect of Cement on Cly Barrier Performance). GLASTAB (Long-Term
Behaviour of Glass)’2 E DR T u V= 7 MIEML TV 3,
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(2) RA RZHITBMDHEDEMEE] U. Berner t&L)

NAGRA 3G DOEBEERTH Y, HEFMMICHELRTRY T LHAREEITo TS,
BERIDBFRIZ DV THE, K%, SEOHFFERT., PSI A2 LKL LTI Y, PSI 72 EalEe
PEBERHE 21T 5 iF Tidav, —F, BEARS B & LT HSK S HoRsER %
FET D, EN2002 EEQHMEEITL, NAGRA I L > THE S, HSKIZL» Tl EFa—g&
NBEFETHB,

(w&>F+4b¢w&,LH%@%%K&E?%%E@%%
(S. Suzuki f#E+)

Ny b M POERICRIETEREOEEICOVNT, S, 1, HDOZAWTiTF o7 T-
D EZROBERITOVWTHRE L, & Lit, FICE LN EPIBRE L 2 IR (NaCl
BE) L OBROW, —RIZH T AL O S, A VRENKE B ITHVELILE
BRED/PNEL 250, ARREFEFOERERY, BIEFECFIE. b5V itER P
B EIOWTHEA Lz, T, FAEMERON. REMEESMAEA< ., FEEL /NS
WET Iy Z 74 VFERAWEBRIERERICOVW T EROBENE LN, L0
BRERREL, BRIV ANV PEFRRPMBRTE, BARGE L Fa—ATELH 1 .
TOWBEALERAOCTITo 2 HmE L, BOREA L EOERER L, AAERHLELT,
E.jm/b#%b%iﬁbTW5t§“/?74”5Ti@%%&%1f“55%ﬁ
B L7z,

JERERY b A FOEKEFIORERSPIERTIE, B A MR ORMBEAMNE B
 EORBEEZIENE DD ORERCHR T EMERAKDOERES PO X5 ICERLED
2. PSRBT FELT A N F R ORERAROBESE, T-DERIZANET 41
FOMEHRY Fu L Behhid, ERENCBARLY TR LEFREVE Ay
P ENDYDRE, EEFR L EREE L OBRE XIS 4 U mE & KEME & OGRS
&Q(’L_’D‘J\'C% l/f-\—u

BRI, REETIE, FEEZBETIE TREE>TWARNE, BET->TWSER
m#ﬁtw%ﬁwt%ﬁF%EMAbfﬁ #é?mf%é EEBAL '

B Ry bF A +hdD Cs DIBITRIFT A+ VREDZE M. SatotEt)

NVL+4b@@%ﬁﬁ&&#ﬁ%ﬁ@%@ﬂobf&k%%mfﬁotLD%ﬁm
FERIZOWVTHE L, HBRLZEB 4: R b A MO Cs OIEESIE OHP), —ZDE
RO, T-DIEICLBERERRY, RETOEEGEAE L., HEGEICEZ
BIREEREEIZE LR oT, —iRIT. Cs O4YEMREIT., RS BI04
DT EPMOENTVDZ L, BEUENILHEHE L RSEREREZTTIEPabh
TWEIEnG, REBTOEBRRICEREREEFR N 2o ERIZ, /3T X
—IRBEWVIITE LA ETEELHD ZLE2BMA LA, -, BB TR, BEE
5%@%%Ef%fm5bﬁfi&wm ENEFARDI DO T-DERPERTTH S
ZEbHIA LR,

AATZA NRFOEREE R M TA PFORRA I F 4 NEHREDEFEBEUX
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AT EFA NRLFOBRFE L YRR E DR, A A 5BE L Cs ONEMERE L UJF;%{%\(“;%&“G:‘
Ny FETIEA A VEBERKELRDE C DX I RAFURBEOTEICRT B4y
RBENT, ATV A FEDH>THEHAETEEDNELRB), RAATZA NS &F
ERBTOIEFRE L OBR. EEMRE EBBEH DI VT T VRELOBEZER LI
DWTER L,

B4 YT+ DBES S UREOTEEIA (H. Sato {#L)

7 AV T 4 HEROBE L RO RERR L UFENE, SO IREF BT L,
Ham LT—(EB S . 74U 7 4§ OHP), MERRD{LER. BRI, BEOREEE. =
ERMB(I 0T Ry 7 AR E), LAT U b, SFRE, HREE B L UOHENEGERE
B, TUE® L OHER, Arfiifiie & 12 HENZDWTRA T3 L ko, FEMEDH &
LT, NpAV)DIEFEERFFE, 2 b T b P O REHNT OILEREIC RIS T HE, B
WIREE, BEOCEBIZETBHE, N> bFHa FFO Cs 0 REHT OIEEREICRIET
BEBLUA T UBEDCEEBIC %ﬁéﬁ%uowrﬁwbta@ﬂm&@mOmfm‘
BHAPR BEESEATEICRDZEE2RALE, :

Bl WETE (Sr-85 %0 90 IXEATRE D), BMEEIFICRIT B Np(IV)D BEEME (¥
NpIV)»Yz iz >nWTEmm Uiz, - .

(6) ARSI 2FET— 7 BT MM E)

ARSI IS 1T 2 HRIFFEEEIC DWW TEisa Lz, PSI 1. FF#ESy P4 M HOER
KIEFE, BAEF—F_R—ANp I OWTIERED D), BT, i IS, LRy 7 X
Y, FEBITICETAHEEE 2RI bfhofﬂ%%ﬁo’clﬂéiof%é LU
PSI B A TE % 5 /et FRHEREOWMEL R,

@ﬁﬁ*t#@ﬂﬁ@HﬁE)

FEFOPER L UHHERRICOVWTR., FAEICL s THBORETHHI L, B&
LB ITRRITEEOUCE L IEBOBEERRTH Y . MBI S & SRRmREE
CRBERITT M0, ARKEEOEAEL T ZR L EESBHST T VR
% REGEE., A AV R A FA Y, Ty, BB SFBENCEEL
IEHRIIEETH B, . RELIWEN(e.g XAFSIC L AINEBECKE YA FOR
EBIIEREREA Y FERPEDNEOEESHEITSOWTHLEETH B,

S0, PSL EFFAF VT 43w BOHLD0D, Xy b A hEOEEBITICRIE
TIBEERYOEBINCIENp IZOWTHEEXBLL-Z &, BIUEAERMHEET
TOWRIZINKERSHE L TERMTAIERY, AKLDOEFTHD Z & EFFHEICH
WTHEBRZR L,

@t A RTOBT

tx/hm—zbk;Utﬁ/b?%m_ﬂfémﬁﬁﬁmﬁ%ﬁ%\m%ﬁ;wm
T OREMENA, BT e RORERL,
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OULFy I ARBE L UHEE
BLERIC SR RIS T RS ~DEE,
@DERAET—23

N RTA MR AY MRICHT BB EHER L URE, BAH%F— ¥ 0 {HEs L
U?"—"&&‘_‘z%ﬁ%o .

(NRAEDRZ (AR : L. V. Loon i)

Ay PRI, BEIEFOLDRET I LI TEhon, KbV ICEERT
BEREDHAEZITo TS 2 DOEREXRFE L, bAL, TEIREOEICIIET
TBEEDZETH B, -

- PSI T, BSBELMZIE U TRy MEREZEWVIEIC A, B,COS 7 icpB L, &
EOILC Iy OfBERFELE, HFL, BEOaL 7Y — Y Ths, 1 2HD
ERETIE, BT CAREEALLE, TOEE F7 AT CAELE, T, BEO
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Diffusion Behaviour of ?1%Pb in Compacted
Sodium Bentonite

Haruo.SATQ and Shinya MIYAMOTO _ :
Japan Nuclear Cycle Development Institute % JM@

e-mail: sato@ tokai.jnc.go.jp
MIGRATION’01, Sep. 16-21, 2001, Bregenz, Austria

Abstract

Apparent diffusivities (Da) for Pb in compacted sodium bentonite were obtained by in-

diffusion experiments as a function of dry density, silica sand content and temperature
under anaerobic conditions (N, atmosphere glove box).

The obtained Da values, in a range of 1017 to 10-15 m2/s orders at 22.5°C, decreased
with increasing dry density and increased with increasing silica sand content and

temperature. Moreover, the Da values were well correlative with smectite partial density
(Pgm)- This indicates that Pb diffusion is predominantly controlled by the properties in
Part of smectite aggregates in bentonite.

The activation energies obtained from temperature dependencies of the Da values, in a

range of 26 to 104 kJ/mol, became the lowest at a p,_, of around 0.9 Mg/m?. This indicates
a possibility of change in diffusion mechanism at a Pgp, of 0.9 Mg/m?.

Background

L :l)iStribl.lﬁon coefficients (Kd) for all elements on bentonite have been -
¢termined based on measured effective and diffusivities (De) and Da values

n .the second progress report (H-12 report). Cases that no measured data
exists or those that the reliability of data is controversial, have been
determined based on chemical analogy.

(2) Pb in bentonite is one of the elements, of which diffusion behabjours are
Unfamilijar and the Kd has been determined from Da data for Ni based on the
chemica) analogy in the H-12 report.

) No reliable diffusion data for Pb is existing (Da data reported so far is in a
large variation : 10-15 to 101! m?/s at a dry density of 1.5 Mg/m3 for MX80
bentonite [Mathew et al., 1992; Goodwin et al., 1995]).

Objectives
(1) Accumulation of fundamelftal data for diffusion and understanding the
G diffusion mechanism as a link in the chain of a follow-up of the H-12 report.

Confirmation the varidity or conservativity of Kd for Pb on bentonite used in
the {12 report.
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What Was Carried Out?

(1) Diffusion experiments for 21°Pb in bentonite by in-diffusion (I-D) method as a
function of dry density, silica sand content and temperature under anaerobic
conditions.

(2) Quantification of background for 219Pb in bentonite.

Experimental —diffusion experiments

Experimental conditions for diffusion experiments by I-D method

Bentonite : Kunigel-V1® (Na-smectite, 46-49wt %)

Dry density : 0.8,1.4, 1.6, 1.8 Mg/m3

Silica sand content : 30, 50wt % (mixed with silica sand with particle sizes of 1-Smm and
0.1-1mm at a mixture ratio of 1:1)(only at a dry density of 1.6 Mg/m3)

Tracer solution : 210Ph (B~ decay, half-life: 22.3y (17keV(84%), 63.5keV(16 %)) : 200kBq/5ml

1.2M HNO3 solution — neutralization treatment (pH?7)
¢ carrier : 20ppm Pb(NO3)z, Bi(NO3)3
Introduced tracer quantity : 815 Bg/experiment (0.05ml stock solution, neutralized)

Temperature : room temperature (22.542.5 °C) / 6010.1 °C (oven)

Atmosphere : anaerobic conditions (N2 atmosphere)(Oz concentration < 1 ppm)
Saturated porewater : degassed distilled water

Experimental period : 14-210 days (n=1 : 14-27 days, n=2 : 78-210 days)

Producibility : n=2

Diffusion experiments by I-D method
Diffusion column
Acrylic diffusion column body

Alumina ceramic filter
(pore size: 2jum)

Lid with hole

Blind lid

Bentonite
T

Tracer solution
e |

Washer

{Hole for saturation Blind lid

Column under immsersion Column under diffusion

Fifure shows a sectional view of a diffusion column. The left side of the column
shows an image of diffusion column under immersion and the right side of the
column shows an image of diffusion column under diffusion.
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Diffusion test flow for 219Ph in bentonite

Diffusion column

Bentonite/silica sand
(Overnight at 110°C)

Air drying| Size: ¢20mmx20mm Weighing
Filling of bentonite and silica sand into column Mixture of bentonite/silica sand
by an agate mortar

Nz-atmosphere
(Oz2< 1ppm)

<@ Degassed distilled water | (Bubbling by N2)

i Saturation of bentonite by degassed distilled water l (23-244d)
In the G.B.

<—|Prepnraﬁon of tracer solution INen\rallzauun of stock
lution by 1N NaOH (pH7)

l Addition of tracer solution to bentonite I (S0pY/

(Start of e?tperimenl)
Eltlement of column (diffusion in progress) | (Room temperature/60°C)

I Slice of bentonite _i (Thickness; 0,2—4mm,

weighing of each slice)

{5mV/slice)

| a—sa)

| Addition of IM HNO3

I Extraction of Pb from slice

|
1

I Sampling

| (1ml from supernatant suspension)

Lt Addition of liquid scintillator (3ml) | -

I Liquid scintillation counter

| Analysis (0=20KkeV, 30 min)

All operations excepting for the filling of bentonite into column and analysis
were carried out in a controlled N, atmosphere glove box.

Experimental —background for 21Pb in bentonite
Measurement conditions for quantification of 21%Pb in bentonite

Bentonite -
Dry density :
Temperature :
Atmosphere :

Saturated porewater :
Saturation period :
Slice thikness :

Kunigel-V1®

0.8, 1.6, 1.8 Mg/m3

room temperature

anaerobic conditions (N2 atmosphere)
(O2 concentration < 1 ppm)

degassed distilled water

40, 50, 71 days

0.2,0.5,1.0,2 mm

M The filling, saturation and slice of bentonite, extraction of Pb from the
bentonite slice and analysis were carried out in the same way as diffusion

experiments.

HNO), used for removal of Pb from bentonite slices, high purity HNO,,
liquid scintillator and an empty polyethylene vial were also analyzed.
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Results And Discussion —background for 2'Pb

Examples of counts per minute
(cpm) distribution in the depth
from bentonite surface

10 [ Y R TR O CPM:40d
' Dry density 0.8Mg/m® | O CPM:50d
— 8 IS e 2 A CPM:71d
g (S | ,
St it
: i BT E
=29 _-ﬁb_ el Ton LA
|

0 s fieus 1 kel i wil
0 0.002 0.004 0.006 0.008 0.01
Depth from bentonite surface [m]

B The cpm values approximately constant
between 1.87 and 3.73cpm, independent
of dry density, immersion period and
slice thickness.

Cpm values for reagents and vial

10 - (O 1MHNO3+scintillator
[ || [J 1M high purity HNO3+scintillator
— 8L | < liquid scintillator
g2 f f /\ empty vial
01 i T G -+
B Al o | !
= 4 E I FT | g '
6 1 i <> :
2 [N [ | i é
e
0 1 1 : L
IM-HNO, 1M high  liquid empty vial
+ purity HNO, scintillator
liquid
scintillator  liquid

scintillator

M The cpm values approximately constant
between 1.83 and 2.93cpm, independent

of purity of HNO; and the kind of
reagent.

» The obtained cpm values are neither originated from bentonite nor |
2 HNO,

Results And Discussion —diffusion of 21°Pb

Examples of concentration profiles of

210Ph in bentonite

(] e A e
N | | Pb-210 E
10 | - 1 i e RS
-5 | Density: 0.8Mg/m™ 3
1010 i Time: 78 days
- SRR |
E 10 8 X
g ; , |
8'( 108 ! !’ | |
E 5 .
7 | room| | |
10 .r — - ; E I 600IC
3 ! | '
O e L : |
E I : |
71| | i..ui..\i

0 0.001 0002 0003 0.004
X [m]

0.005

Calculation of Da by least squareg
fitting code “IDBENTO1”

Fickian 2nd law

0 C (De) 9>C 02C

et 1 fratind =Da

ot ( oL ) d x2 d x2

Imitial and boundary conditions

C=0, t=0, |X]=0

C=Co, t=0, X=0

C=0, t>0, le:oo

n = erfc( X
2yDact

x|
Co )=1— i (zm—?)

C: concentration t:time
Co: boundary concentration
X: distance ol

De: effective diffusivity

@ : rock capacity factor
Da: apparent diffusivity
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A correlation between obtained Da values and dry density of bentonite

11 (O Da:Pb:22.5°C/sand0%
10" &[] Da:Pb:60°C/sand0%
E | /\ Da:Pb:22.5°C/1. 6Mg/m3/sand30%
10-12:_ <> Da:Pb:60°C/1. 6Mg/m3/sand30%
E | \/ Da:Pb:22.5°C/1. 6Mg/m3/sand50%
W Da:Pb:60°C/1. 6Mg/m3/sand50%

e

NE 10—145 Ll
= - =
=)

o 28

(1) Da values show a tendency to

increase with increasing temperature.

(2) Da values show a tendency to

increase with increasing silica sand
content added to bentonite.

(3) Da values at 22.5°C uniformally

decrease with increasing dry density
of bentonite, while those at 60°C
show a different dependency from
data at 22.5°C.

10-16; A

00
-y 7 A R R P B0
0 05 1 . 1558282
Dry density [Mg/m’]

Correlations between Da values and smectite partial density
Smectite partial density

e (D NTaFb 50 510
Calcedony, quartz [] Da:Pb:60TC
3 10-12 L
I Clay particle (constituted 13
i{ by some smectite flakes) e
o E O]
B 101 — | u :
Silica sand &) Dl Io L OCo i
a 10 ?——Ci)-—OOI .
10, !
i l OO i
Impurities (plagioclase, calcite, 1077 L LA SR e

dolomite, pyrite, etc) O N0 1 SRS
Smectite partial density [Mg/m"’]

smpurities and added silica
:grlllgndilslggrse in bentonite, smectite D? values at %2.5°C are well j:orrelative
exists spaces between those impurities ~ with rdm, while those at 60°C become
and silica sand particles. the lowest at 0.9 Mg/m3,

In this case, smectite partial density ‘

(Pgr) is defined by the density In part -
of smectite actually contributing for
diffusion.

10

(1) Pb predominantly diffuses in part
of smectite. ,

(2) Tt is'possible to change in diffusion !

mechanism at around 0.9 Mg/m®. |
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Activation energy (AEa) for Da
A correlation between AEa and

smectite partial density
200 "0 Sand 0% AE(<l/mo) (1) AEa values for Da are in a range of 26
] Sand 30%: A E(kJ/mol) to 104 kJ/mol and become the lowest
— 150 [ <> Sand 50%: A E(kJ/mol) at around 0.9 Mg/m’.
2 (2) AEa values decrease with increasing
~ a7 .
,_3_, 100} | M silica sand content added to bentonite.
E o (.J) Q : It is possible to change in diffusion
: i@@ ] mechanism at a smectite partial
of i density of around 0.9 Mg/m?.

ol oS TR N s
Smectite partial density [Mg/m"]

The bold lines shown in the figure show
AEa values of diffusivity in free water
for PbCO;(aq) (20.3 kJ/mol) and self-
diffusivity in ice for water (56.4, 65.6
kJ/mol), respectively.

11

Conclusions

The Da values for Pb in compacted sodium bentonite were obtained as a function
of dry density, silica sand content and temperature under anaerobic conditions.
The conclusion is summarized as follows.

(1) The obtained Da values were in a range of 1017 to 10-15 m?/s orders at 22.5°C
and decreased with increasing dry density of bentonite, but increased with
increasing silica sand content added to bentonite and temperature.

(2) The Da values at 22.5°C uniformally decreased with increasing smectite
partial density (pg.,) and were well correlative with pgy, while those at 60°C
once decreased with increasing p,,, from a p,, of around 0.9 Mg/m>. This
indicates that Pb diffusion is predominantly controlled by the properties in
part of smectite aggregates in bentonite.

(3) The AEa values obtained from temperature dependencies of Da values were
in a range of 26 to 104 kJ/mol and became the lowest at a Py, of around 0.9
Mg/m?3.

(4) Dependencies of the Da values and AEa values for Da on pgp, indicate a
possibility to change in diffusion mechanism at a py,, of around 0.9 Mg/m?>,

12
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PAUL SCHERRER INSTITUT

B \WASTE MANAGEMENT LABORATORY

JNC/PSI Meeting

PSI 26" September 2001

Participants: Haruo Sato, JNC

Satori Suzuki, JNC

Ingeborg Hagenlocher, Nagra

Bart Baeyens, PSI

Urs Berner, PSI

Mike Bradbury, PSI
Agenda Topics:
~ 1: Overview of research activities in the waste management laboratory (PSI)
2: Effects of salinity on diffusivities in compacted bentonite (JNC)
3: General discussion on molecular dynamics/ EXAFS approach (JNC)
4: Overview of the main activities in “Quality” (JNC)

5: Possible areas for co-operation between JNC and PSI (All)

6: Varia

Lunch at approximately 12:00

(The meeting room is reserved untii 16:00)
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| = | 78 WASTE MANAGEMENT LABORATORY

JNC/PSI Meeting

PSI 26™ September 2001

OVERVIEW OF THE CURRENT EXPERIMENTAL
RESEARCH ACTIVITIES IN THE WASTE
MANAGEMENT LABORATORY

M. H. Bradbury

" PAUL SCHERRER INSTITUT

@ WASTE MANAGEMENT LABORATORY

LAYOUT

Internal Organisation

Group Structure

Fields of competence

Co-operation with Nagra
Main activities

Thermodynamics

Transport

Clay Minerals / Argillaceous rocks

Diffusion

Cement

Collolds

XAFS beam line

EU 5" Framework

G0O-T00Z 00ZTINL ONI
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M. Bradbury, Deputy Head of “aboratory

B. Gschwend, Secretary

PAUL SCHERRER INSTITUT

@ WASTE MANAGEMENT LABORATORY

FIELDS OF COMPETENCE

- 1. Speciation of radionuclides in the aqueous phase.

Development of project specific thermodynamic data

bases and calculation tools.

2. Interaction of metals/radioelements at the solid/liquid

interface, including sotption and incorporation.

3. Transport mechanisms in technical barriers and

geological formations.

(Construction of a u-XAFS beam line at the Swiss Light
Source at PSI.)

G00-T00g 00ZINL ONf
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@ WASTE MANAGEMENT LABORATORY

SYNERGISTIC EFFECTS
These fields of activity should be looked as an integrated

whole,

Close co-operation between experimentalists and

modelers.

This leads to synergistic effects and characterises the
work in LES.

PAUL SCHERRER INSTITUT

L RS e MANAGEMENT LABORATORY

WASTE MANAGEMENT LABORATORY
Sub-programme Structure

Programme Direction 4440xx

Jérg Hadermann, OFLA/204 (2415)
Daniel Grolimund WPGA/O18 (4782)
Beatrice Gschwend, OFLA/204 (2417)

Geachemical Modelling 4441xx

Wolfgang Hummel, OFLA/209 (2994}
Urs Bermer, OFLA/201 (2432)

Enzo Curti, OFL.A/203 (2416)

Dmitrii Kulik, OFLA/201 {4742)
Wilfried Pfingsten, OFLA/205 (2418)
Tres Thoenan, OFLA/209 (2422)

Transport Mechanisms 4442xx

Andreas Jakob, OFLA/203 (2420)
Thomas Gimmi, OFLA/207 (2901}
Georg Kosakowski, OFLA/207 (4743)
Wilfried Pfingsten, OFLA/205 (2418)
Tosep Soler, OFLA/206 (2390)

Micro XAS Beamline 4443xx

André Scheidegger, WPGA/018 (2184)
Isabelic Bonhoure, OHLB/408 (2966)
Raiper Diihn, OHLB/M4 12 (2175)

Clay Systems 4444xx

Bart Baeyens, OHLA/132 (4316)

Mike Bradbury, OHLA/132 (2290)

Dmitrii Kunlik, OFLA/201 (4742)

Wolfgang Hummel, OFLA/209 (2994)
Matthias Lauber, OHLB/M 11 (2274/2269)
Mantha Mantovani, OHLB/412 (2278/4451)

Astrid Schaible, OHLB/412 (2278/4317)

Cement Systemns 4445xx

Erich Wieland, OHLB/409b {2274/2251)
Urs Berner, OFLA/S201 (2432)

Jean-Piesre Dobler, OHLB/408 (2274/2289)
Andreas Jakob, OFLA/S203 (2420)

Jan Tits, OHLB/409b (2277/4314)

Celfvid Chemistry 4446xx

Claude Degueldre, OHLA/131 (2276/4176)
Andreas Laube, OHELB/408 (2275/2227 )

Diffusion Processes 4447xx

Luc Yan Loon, OHLB/409a (2275/2257)
Mike Bradbury, OHLA/132 (2290)
Martin Glaus, OHLB/409a (227572253}
Andreas Laube, OHLB/408 (2275/2227)
Josep Soler, OFLA/206 (2390)

Repository Studies 4449xx

Jbrg Hadermann, OFLA/204 (2415)

Fax-Number: LES Laboratory
056/3102821

Fax-Number: NES Division
056731044 11

February, 2001
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PAUL SCHERRER INSTITUT

CESE WASTE MANAGEMENT LABORATORY

NAGRA

Very close co-operation between the Waste Management
Laboratory and NAGRA.

On a daily basis
At all levels

The co-operation is cpen
------- > Good and effective communications.

Ensures that the two organisations are aware of each others
needs and problems on a continuous basis.

LES is involved directly in performance assessment studies. _

There is feed back from performance assessment, and this is
taken into account in the short, medium and long term planning

~ of experimental and modelling activities.

NAGRA: DISPOSAL FEASIBILITY DEMONSTRATION

(Entsorgungsnachweiss)

High level radioactive waste (vitrified waste and fuel
elements) and long lived medium leve! waste perfo'rmance

assessment study

Opalinus clay (BENKEN)

Main activity in the Waste Management Laboratory over

the past 2+ yeérs
Completion date: 2002 (foreseen)

In review 2003----->2005 (foreseen)

(BHEENKEN)

G00-T00Z O0ZINL ONf
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PAUL SCHERRER INSTITUT

@ WASTE MANAGEMENT LABORATORY

THERMODYNAMIC MODELLING (5 Academics)

Critical evaluation of T/D data- and update of the Nagra/PSl
NEA
- review of complexation of simple organic ligands (oxalate,
citrate, EDTA and ISA)
- development of simple model for correcting ionic strength
effects in saline solutions (SIT: Specific ton interaction

theory; Pitzer)
Bentonite porewater: (Wanner approach.) {PAIBENKEN)

Compacted bentonite: physical/chemical properties of water in
systems with very low water content: Interfacial effects
{dielectric constant of water.)

A

Solubility limit calculations: HAA/LMA repository (PAIBENKEN)

J m
Rl hrat st

Codes: PMSEL (PMatch -—-> SElLector)
GEMS (Gibbs Energy Minimisation Selektor code)

=[] raul scuerrer iwstiruT

Thermodynamic modelling (5 Academics)

Activities directed towards mechanistic understanding:

Collaboration with NEA experts:

Review of formation constants for simple organic ligands
{ox, cit, EDTA, ISA)

Development of SIT-model simplifications (for correcting
jonic strength and temperature effects)

Physicallchémical properties of water in highly compacted

systems (i.e. bentonites)

Development of new tools: GEMS/PSI (Gibbs Energy
Minimisation Seiektor) code

Understanding the thermodynamics of solid-solution/
aqueous-solution systems.

" Activities dedicated towards Performance Assessment:

Critical evaluation of thermodynamic data; update of
Nagra/PSl thermochemical database

Definition of bentonite porewater using "standard”
approaches

Solubility limit calculations for safety relevant nuclides in
clayish and cementitious environments

Paul Scherrer Institut » 5232 Villigen PSI

BU4d4/nachmigr 02/ 09.2001
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TRANSPORT MECHANISMS (5 Academics)

Effects of Onsager processes on transport in argillaceous rocks
Coupled phenomena: thermal and chemical osmosis, thermal
diffusion etc. (BAIBENKEN)

Reactive transport modelling:
pH-plume — GTS-HPE: Scoping calculations using MCOTAC.
pH-plume modelling in fractured marl (Wellenberg repository)

Design/scoping calculations for the DI-A field diffusion
experiment at Mt Terri (Tracers: HTO, I-129, Na-22, Cs (inactive))

Development/modelling support for diffusion experiments in
cement/Opalinus clay. ?@EV_E_M&_KEN)

Model Testing: _

Swedish Aspd field migration experiments in Xtalline rock
(Tracers used: Uranine, HTO, Br-82, Cs-134, Cs-137, Rb-86, K-42,
Na-22, Ca-47, Sr-85, Ba-133, Ba-137 and Co-58)

MCOTAC tested against analytical solutions for 2D-reactive
transport in a uniform flow field - excellent agreement

Influence of the geometry of diffusion accessible porosity on
transport - PICNIC

Evaluation/testing FRAC3DVS, 3D finite element cede: flow and
transport in discrete fracture networks.
Diffusion within the rock matrix paralle] to the flow direction

(RAVBENKEN)

(FIE[]  ravwu scaerner instirur

~ Transport Mechanisms (5 Academics)

Activities directed towards mechanistic understanding:

Grimsel Test Site high pH experiment: Scoping calculations

using MCOTAC

Madel verification against analytical solutions for 2D-reactive

transport in a uniform flow field (MCOTAC)

pH-plume modelling in fractured marl

Design/scoping calculations for field diffusion experiments

Swedish Aspb field migration experiments in crystaliine .

rocks with many tracers.

Study of heterogeneitites on different scales in transport

modelling (PICNIC)

Evaluation/testing of FRAC3DVS, a 3D finite element code

Activities dedicated towards Performance Assessment:

Onsager processes (thermal and chemical osmosis, thermal
diffusion etc.) in argillaceous rocks: insignificant effects

Development/modelling support for diffusion experiments in

cement/Opalinus clay

Diftusion in clays parallel to flow direction

Paul Scherrer Institul » 5232 Villigan P51

BUS4/Nachmigr_01/ 03.2001
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COLLOID CHEMISTRY (0.2 Academics, 0.2 Technician)

Mt. Terri groundwater sampling and analyses [BAIBENKEN)

Colloid characterisation in Opalinus clay systems {EAIBENKER)

Deduction of CI" diffusion rates from CI' concentration profiles
across the Opalinus clay formation at Mt Terri {BAIBENKEN)

Grimse! Colloid Retention Project:

Colloid migration experiment in a fracture zone at the Grimsel
Test Site:  bentonite colloids

bentonite colloids spiked with Hf, Zr, Eu, In

DIFFUSION PROCESSES (2 Academics, 1.8 Technicians)

B bk R

Through diffusion experiments on Opalinus clay {BAIBERken)

Finalising "Organics Ligands * activities

Cellulose degradation (-->ISA)
Long term fests: Aldrich cellulose in bardened cement paste
Long term predictions of cellulose degradation depend
strongly on the extrapolated rate constant values.
Degradation tests at 900 and 600C (cotton and Aldrich

cellulose)

Cement additives (PABEnken) |
Additive types- Napthalenesulphonate, lignosulphonate,

Pozzolith Plus

Long term tests in hardened cement paste cytindrical
samples:

concentration of additives in the porewater

complexation properties of the porewater (Eu)

Impact of extracted soluble organic substances from Opalinus
clay on the sorption of Ni, Eu and Th {EAREERREN)

G00-T00Z 00ZTNL ONI
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CEMENT SYSTEMS & pH PLUME (2.5 Academics, 2 Technicians)

Batch sorplion tests on hardened cement paste, C(A)SH phases
and calcite. (Sr, Ni, Eu. Th, Sn, Se) (PATBENKEN)

ST e Ve

Influence of ISA and gluconate on sorption {BAIBENKEN)

Co-precipitation studies

Ni and Eu with calcite

Sr, Eu, Th with CSH phiases
(Accompanying surface analysis measurements)

I and Se in cement systems: wet chemistry + XAFS

Uptake processes being considered:
Adsorption
Incorporation (solid solution formation)
Co-precipitation

Solubility limitation through the formation of new phases in the
near-field and far-field (pH-plume interactions).

Through diffusion experiments on hardened ce ent paste discs
followed by out-diffusion tests (HTO, Na-22 and Cs-134) {24}
BENKEN) '

Update of cement SDB % ;

Influence of near-field colloids on sorption JEH}

Clay Systems (2.5 Academics, 2 Technicians)

Opallnus ¢la
- sorption isotherm measurements for Cs, Sr, Ni, Eu, Th, Sn,
Se [BABENKER)
- porewater chemistry (physico-chemical characterisation and
geochemical modelling JBASBENKEN) _
- S_DBs tfor Opalinus clay: undisturbed and disturbed/altered

(i.e. pH plume) f’EA"fo_!ﬁ_ KEN)

Bentonite (MX-80

- Sorption isotherm measurements for Cs, Sr, Ni, Eu, Th, Sn,
Se (PABENKER)

- New approach to modelling the porewater chemistry of
bentonite developed {RATEERKEN)

- SDB for bentonite {BABENKEN)

la nerals
- mechanistic sorption deel for Eu on montmorillonite

« XAFS measurements on the Ni- and Th- montmorilionite

- mechanistic sorption model for the uptake of Cs on
.

illitefargillaceous rocks [EXBEN

G00-1002 O0GTINL ONI



PAUL SCHERRER INSTITUT

-{JEE_[h WASTE MANAGEMENT LABORATORY

PAUL SCHERRER INSTITUT

—ﬁ@}- WASTE MANAGEMENT LABORATORY

MICRO-XAS BEAMLINE (2.5 Academics)

Task: To construct a p-XAS beam line at the Swiss Light
Source Facility at PSL.

Characteristics:
High flux 10'2-1013 photons /sec
Energy < 20 keV lower 6ut off -2 keV
p-focusing capability (im scale)
High source stabllity
Extremely stable optical elements

Low ncise electronics
State of the art detector {speed, energy resolution,

dynamic range)
Foreseen operation in 2003

(Possibly of active facilities for sample preparation for external

users (Actinides))

EUROPEAN UNION 5th FRAMEWORK PROGRAMME

ACTAF: Aquatic Chemistry and Thermodynamics of Actinides and
Fission Products Relevant to Nuclear Waste disposal
lllite: Protolysis behaviour

Sorption measurements for Eu of U(VI) on illite and mechanistic

modeiling

FEBEX IE: Full Scale Engineered Barrier Experiment in Crystalline
Host Rock: Phase I

Porewater in compacted FEBEX bentonite

Sorption measurements for Cs, Sr and U on montmorillonite and

mechanistic modelling.

ECOCLAY II: Effects of Cement on Clay Barrier Performance
Sorption and co-precipitaticn of Sr and Eu in CSH phases.

GLASTAB: Long-term Behaviour of Gilass: Improving the Glass
Source Term and Substantiating the Basic Hypotheses

600-T008 GOZTINL INI
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QUALITY Project—Cs diffusion in bentonite

Current Status of Research & Development

on Geochemistry and Nuclide Migration

Studies in the QUALITY

—The Effect of Ionic Strength on Apparent Diffusion
Coefficient of Cs in Compacted Smectite—

PSI-JNC Expert Meeting, September 26, 2001
Haruo SATO

Japan Nuclear Cycle oI
Development Institute LG B i *%‘%

QUALITY Project—Cs diffusion in bentonite
Background of the Study
B Kd values on bentonite for saline groundwater systems were
determined based on an ionic strength dependence of Kd values
obtained by batch method in the H-12 report. However, the effect of
ionic strength on Kd in compacted system is unclear, because
few data have been reported.

Objectives
O AClemulation of diffusivity data as a function of ionic strength
particularly, focused on ion exchangeable nuclides such as Cs.

M Validity evaluation of Kd values of Cs on bentonite used in the
H-12 report (particularly the effect of ionic strength).

Outline of the Study

M Inplementation of non-steady state diffusion experiments as a
function of smectite density and ionic strength by in-diffusion
method under aerobic conditions.

B Discussion of diffusion and retardation mechanism of Cs in
compacted system.
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QUALITY Project—Cs diffusion in bentonite
Diffusion Experiment

Experimental condition for Cs diffusion in smectite

Method in-diffusion method(one way diffusion)
Solid smectite (purified)(0.8, 1.4, 1.8 Mg/m?),

mixture of smectite/silisa sand (1:1)(only 1.4 Mg/m?)
Dry density 0.8, 1.4, 1.8 Mg/m?® (sample size: $10mmx20mm)
Saturated sol. 0.01, 0.1, 0.5, 5 M (only 1.4 Mg/m?3)-NaCl
Tracer sol. 37Cs (170MBg/L (3.8E-7M),1IM-HCI) =) neutralization

(carrier conc.) (2.7E-5M)
Introduced tracer

quantity 20uL/sample (3.4kBg/sample)

pH 7 (pH of solution contacted with smectite)
Temperature room temperature (220.2°C)
Atmosphere aerobic

Diffusing time 12-67days

Analysis Ge semiconductor 7y spectrometer

Producibility n=2

QUALITY Project—Cs diffusion in bentonite
Diffusion Experiment

Sectional view of a diffusion column

Acrylic diffusion

Ceramic filiter column body

(pore size: 2\um)

Blind lid

Tracer
e

Washer

Lid with
2 | hole

Silicon O-ring

Hole for saturation Blind lid

Column under immersion

: Column under diffusion
of bentomnite
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— Purification process —

| Smectite(Kunipia-F) |

I Exchange to Na type ]

QUALITY Project —Cs diffusion in bentonite
Experimental procedure for Cs diffusion

T * *:0nly experiment for
'(NaCl) mixture of smectite/
- - silica sand
Screening of particle Screening of particle
size (< 0.5pm) size (< 75um)*
|(Centrifugation) I(Sreen)

Acid treatment
(removal of impurities)

Acid treatment*®
(removal of impurities)

|(CH3COOH)

(HNO3)
\ | Pure smectite I m
I Vv
Acrylic diffusion | NaCl solution
column bod
Nt Blind 1id | Saturation of smectite |
tite Balk —1
Smec Drying(110°C) I Addition of tracer I
Tracer b10mm
Weighing | Settlement of column |
‘Washer o |
i ‘_ID' SET columnl | Slice of smectite I
i ﬂ]]DI O-ring |Compaction of smectite | T
Blind 1 | | $202 [ Analysis(y activity) |

QUALITY Project —Cs diffusion in bentonite

Examples of concentration profiles of 137Cs in smectite
(A least squares fitting curves)

10°

10°

iz 1.4Mg/m3 @ 1.4 g/em?

> 0.01M-NaCl 2 o 0.SM:NaCl

& 49 days =1 25 days

-.§ Da= 6.1 x1013 m%/s % Da="7.9 x 1013 m2/s
E

£ 5 10}

g 8

:

5 £

9 10° - 10

& w)

&l @

10-1 1 10-1 1 1 1 . 3 A
0 20 7 aB) S GO SO 00 0 20 40 60 80 100
depth? (mm?) depth? (mm?)

Concentration profile of 137Cs in
compacted smectite at 1.4 Mg/m? for
0.5M NaCl system (after 25days)

Concentration profile of *Cs in
compacted smectite at 1.4 Mg/m? for
0.01M NaCl system (after 49days)
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Calculations of apparent diffusivity

Diffusion equation for one-dimensional non-steady state

0 C (De)| 0*C 02C
L Ry
dt 0 x2 d x2

Analytical solution for an instantaneous planar source
Initial condition

ol

C=0, t=0, X+0 M 2
Boundary condtion C= ex (_ )
C=0, t>0, [X|=o0 2\TDa 4Dat

Logarithm of above equation
= >

2\mDa/ 4Dat

Where C: concentration of the tracer in bentonite

t: diffusiong time De: effective diffusivity

oz rock capacity factor x:distance from source

M:total amount of tracer added per unit area
Da: apparent diffusivity

LnC =Ln(

QUALITY Project—Cs diffusion in bentonite
Ionic strength dependences for Da of 137Cs in smectite

10-11|Smectite  @; 0.8g/cm3, A; 1.4g/cm?, M; 1.8g/cm? | (1) No significant effect of ionic
Smectite/silicasand mixture A : 1.4g/cm3 strength on Da is found.

(2) The change of Da on ionic
e R strength is not simple and

R i o i the tendence is different

depending on region of ionic
= = strength (for 1.4 Mg/m?).

Da(m?/s)
3
/?'
I

- (3) Da values for the system
T with silica sand shows a
B different tendency from

g = those for the system without

0.001 0.01 0.1 1 10 silica sand.
ionic strength
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QUALITY Project—Cs diffusion in bentonite

A correlation between Da vales of 137Cs and smectite

Da (m?%/s)

partial density
1011 Smectite ®;0.01M, A;0.1M, B;0.5M, m;5M
[l Smectite/silica sand mixture ©;0.01M, [OI; 0.5M
Da values are well correlative
A‘\l with smectite partial density
O\ even though ionic strength and
o g silica sand content are different.
1 ==
= L 2
N
\&
Cs diffusion is dominantly
controlled by the properties in
10-130 7 0‘8 ' 1'0 1'2 1‘4 T 5o Partof smectite aggregates.
smectite density (g/cm3)
QUALITY Project—Cs diffusion in bentonite
Conclusions

(1) The obtained Da values of Cs were in the order of E-13 to E-12 m?/s
in a smectie density range of 0.8 to 1.8 Mg/m? and showed a
tendency to decrease with increasing density, but no significant
effect of ionic strength on Da was found.

(2) The obtained Da values were well correlative with smectite density.
Based on this, Cs diffusion is dominantly controlled by the

Properties in part of smectite aggregates.
(3) The conservativity of Kd values of Cs on bentonite for saline

groundwater systems ysed in the H-12 report was confirmed.

Future Work

(1) Inplementation of steady state diffusion experiments as a
function of ionic strength by through-diffusion method (now on
going in the QUALITY).

(2) Detailed discussion for diffusion and retardation mechanism of
Cs in compacted system and modelling, considering the change in
micropore structure of smectite by ionic strength.
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Current Status of Research & Development

on Geochemistry and Nuclide Migration
Studies in the QUALITY

QUALITY: Quantitative Assessment Radionuclide
Migration Experimental Facility

PSI-JNC Expert Meeting, September 26, 2001
Haruo SATO

Japan Nuclear Cycle > i g | V.
Development Institute CO\O___ et *;

QUALITY Project

Outline of the QUALITY
Outline of the facility

B a research facility for obtaining basic data concerning the
chemical properties and migration behaviour of radionuclides
using radioisotopes (RT) under atmospheric-controlled conditions.

B The construction of the QUALITY started on January 22, 1998
and completed at the end of July, 1999.

Hot operation started on August 18, 1999,
[l Main specification
— Structure: reinforced concrete

— Number of stories: one under and two above ground
— Base area: 1200m?

— Total floor area: 3600m?2

— All area of the 1st floor is used as laboratories and analysis
room
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Equipments for research and development
B Atmospheric-controlled glove-box: 12 (total)
(N, atmosphere/O, concentration < 1ppm/CO, free)

— CO, concentration controllable GB: 3 (10-1000ppm)
— Ar usable GB: 1

M Air type GB: 9 (experiments under air/analysis/waste liquid
treatement)

B Hood: 7 (pretreatement/analysis)

QUALITY Project

Licensed nuclides (26 nuclides, 107.16GBg/year)

B Group 1: 2®Po, 226Ra, 2275 ¢ 231py  237Np, #1Am, 2*Am, #5Cm,
244Cm

B Group 2: 3Cl, Ni, 75Se, 79Se, 957, 95Nb, 197Pd, 113Sn, 1°Sb, *°I,
137Cs, 151Sm, 207Bi, 210pp, 99Tc

] Group 4 3H, 14c

Nuclides being held in the QUALITY

B To date, 2Ry, 237Ny, 244Cp, 75Se, ¥Cs and 2'%Pb were

transferred into the QUALITY.
B To date, we have carried out experiments for solubility, sorption

and diffusion using 7 atmospheric-controlled glove-boxes
(4 boxes: for o nuclide (*¥'Np, #4Cm), 1 box: for By nuclide ((19Pb,

75Se), 2 boxes: for Preliminary tests) and 1 air glove-box (17Cs)-
Contribution to the H-12 report
B About 1,300 data for solubility, sorption and diffusion obtained in

the QUALITY were reflected in the second progress report (H-12
report), which was opend in Nov., 1999,
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QUALITY Project
Cross Sectional View of the QUALITY
Atmospheric-controlled | o Al f [ i
glovg-?oxfnc s e kElectr?c Supply | gl(:.vglp}g; Hood | |
AP

By 3
o\ @Lﬁl Utility area‘|
ﬁ :

Storage tank of
liquid waste

QUALITY Project

Analytical Instruments in the QUALITY

Surface Analysis

B Analysis in Atmospheric-controlled GB: wet-X Ray Diffractometer
(XRD), Fourier Transform Infrared Spectroscope (FT-IR)

I Analysis in Air: wet-Scanning Electron Microscope (SEM),
Electron Probe Micro Analyzer (EPMA)
Solution Analysis

B Analysis in Atmospheric-controlled GB: Laser Particle Size
Distribution Analyzer, Laser-Induced Speciation Analyzer with Laser-
Induced Photoacaustic Spectroscop (LPAS) and Time-Resolved Laser-
induced Fluorescence Spectroscope (TRLFS), FT-IR,

Absorption Spectrophotometer

[ Analysis in Air: Gas Chromatography Mass Spectrometer (GC-MS), IC,
TOC, ICP-AES, ICP-MS, AAS

Radiation Counter

M Analysis in Air: Ge-semiconductor vy spectrometer,
Si-semiconductor o spectrometer, Liquid Scintillation Counter,
21t Gasflow Counter, ZnS o Scintillation Counter, GM Counter
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QUALITY Project

Present Work in the QUALITY (overview)

Study on Solubility
(1) Study on Np(IV) solubility
@ effect of carbonate
@) effect of humic acid
(2) evaluation of solubility product of NpO,(am)
Study on Sorption and Diffusion on Rocks and Buffer Materials
(1) Study on sorption of Cs, Pb and Cm on rocks and bentonite
(2) Study on effect of carbonate concentration on Np(IV) sorption on smectite

(3) Study on effect of ionic strength on diffusion behaviour of Cs in
compacted smectite

@ in-diffusion (I-D) experiments
@ through-diffusion (T-D) experiments

(4) Study on diffusion behaviour of nuclides in compacted bentonite/smectite
@ I-D experiments of Pb in bentonite under anaerobic conditions
@ I-D experiments of Se and Np in bentonite under reducing conditions
@ T-D experiments of Sr2+ and I- in smectite

Study on Analytical Technology

(1) Study on speciation by Laser-Induced Photoacaustic Spectroscopy

QUALITY Project

Present Work in the QUALITY (details)
Study on Solubility
(1) Study on Np(IV) Solubility
@ Effect of Carbonate (partly finished)
— measurements of Np(IV) as a function of pH (8.5-12.5) and carbonate
concentration(0.001-0.1M) at ionic strengths of 0.5, 1.0 and 2.0
(NaClO,) under reducing conditions
— check of the valency of Np by solvent extraction (TTA-extraction)
— discussion on a possibility of hydroxo-carbonate complexes and
determination of the stability constants

— determinations of ion iteraction factor with Na* and corrections
in ionic strength of equilibrium constant based on the SIT model

@) Effect of Humic Acid (HA )(partly finished)

— measurements of Np(IV) as a function of HA concentration
(0-1000ppm)

— furthermore evaluation of Np(IV) in the system added carbonate

(2) Evaluation of Selubility Product of NpO,(am)
(in preliminary tests)
~ measurement of slubility product of NpO,(am)
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Study on Sorption and Diffusion

(1) Study on Serption of Cs, Pb and Cm on Rocks and Bentonite

(finishd)

— batch sorption tests of 13’Cs (under air), *’Pb (under anaerobic) and
244Cm (under anaerobic) on bentonite and rocks (granodiorite, tuff,
basalt, mudstone, sandstone) at ionic strengths of 0.01 and 0.1 (NaCl)

— evaluation in validity of Kd values used in the H-12 report

(2) Study on Effect of Carbonate on Np(IV) Sorption on Smectite

(just finished)

— batch sorption tests of 2’Np (under reducing conditions) on smectite
as a function of carbonate concentration (0.04-0.15M, NaHCQO,) at an
ionic strength of 1.0 (NaCl)

— check of the valency of Np by solvent extraction (TTA-extraction)

— desorption tests by 1M KCI and HCI and discussion of sorption
behaviour

QUALITY Project

(3) Study on Effect of Ionic Strength on Diffusion Behaviour of Cs in

Compacted Smectite

@ In-diffusion Experiments (finished)

— measurements of Da of 137Cs as a function of ionic strength (0.01, 0.1,
0.5, 5) and dry density (0.8, 1.4, 1.8 Mg/m°)

— evaluation in the effect of ionic strength on Da and furthermore
evaluation in validity of Kd used in the H-12 report

(2 Through-diffusion Experiments (partly finished)

- measurements of De of ©*’Cs as a function of ionic strength (0.01, 0.1,
0.5, 5) at adry density of 1.4 Mg/m?

— discussion on diffusion mechanism in compacted system

(4) Study on Diffusion of Nuclides in Compacted Bentonite/Smectite
@ In-diffusion Experiments of Pb (partly finished)

— measurements of Da of 21'Pb in bentonite as a function of dry density
(0.8, 1.4, 1.6, 1.8 Mg/m?), silica sand content (0, 30, 50wt%) and
temperature (22.5, 60°C) under anaerobic conditions (N, atmosphere)

— measurements of background of ?'°Pb in bentonite

— evaluation of activation energies (AEa) for Da
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@ In-diffusion Experiments of Se(-II) (finished)

— measurements of Da of "*Se in bentonite as a function of silica sand
content (0, 30, 50wt %) and temperature (22.5, 60°C) at a dry density of
1.6 Mg/m® under reducing conditions

— measurements of background of 7*Se in bentonite

— evaluation of activation energies (AEa) for Da

@ In-diffusion Experiments of Np(IV)(in preparation of tracer)

— measurements of Da of 2’Np in bentonite as a function of dry density
(0.8,14, 1.6, 1.8 Mg/m?) under reducing conditions

— are to be performed as a link in the chain of collabration work with
Kyusyu University (Kyusyu Univ. will carry out in-diffusion tests of Np
in the presence of corrosion products of carbon steel)

@ Through-diffusion Experiments of Sr?* and I- (partly finished)
(ENTRY/QUALITY)

— measurements of De of Sr?* and I- in smectite as a function of ionic
strength (0.01- 0.5) and temperature at a dry density of 0.9 Mg/m?

— measurements of basal space of smectite by XRD as a function of
ionic strength

QUALITY Project

Study on Analytical Technology

(1) Study on speciation by Laser-Induced Photoacaustic Spectroscopy
(partly finished)

— preliminary measurements for speciation by LPAS using Nd solutions
with different concentrations (10-5M-~)

— consideration of a possibility of Np speciation by LPAS





