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GBS HaRERE)
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R 14 £ 2 A 24~28 BT, RET YV ITHY =YDy —yaRy
VarErF—iZBnT, W2 BES VRV YA (B 28 BELAILBIUYEL
NVEREY, REREYLEEEECIETIERS VRV TA-LD 7 ) — s
HBEBELEBES—) PRSI E, EFRIOVURVTACHEL, 42
BB THELONEFHERRIIOWTHET S L ki, FERFITOVWTHER LY,
R, FETERMCBIT ZHERES COBERBITICET 3 HEB RSB ALY
WZBE LR R OB FR B L CEEESMIC W TFRNE ST 1=,

VR LTI, Plenary session, Panel session, Technical session &% T 65 @
session 231T4o#17z, Panel session Tik, REIBICBITAREEMEE L ADIIBITSR
EEBLBELCERZBATDONE, XE 7 »BH (RYy=—Fv, A4 R, 75
A, BA4r, R=E, ¥E, BAX) OEREERL OECD/NEA OEFERERFL, &EH
DILGRIEIZNT 7B XA FRUGDER, —BHRP2I 225 1 LORBEMFE
BRREIZOWTERBRDLENRE, AEANLIE, BRIIBIIBYA FBEDOELF
REDF R IOV THE SR,

Technical session IZBWTHEE DR EREDLDIZETHRRCED S, H3
WIEEBZFRRANR 7 ¥ 2 —VMZET BB B E o7, AARMDIEL TRU BEZEY
oI T 2 REFMOTR L SR ORER L URLFMOEM (2000 £ 3 BiTA
RINfo. TRU BFEMAG DBEEBRFNEONE) o0 TRMShE,

O, EEOHTHERE (RVz—F v Aspd »—FRay 7585 M, ¥
- B : WIPP, ~L'¥— : Mol, 75X : BURE) OEFIKEMEREIZOWVTHEANEN
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ARETIX, LRONEBEOHMIZOWTIRRT 3,

PV A 2 VRRIEE TN ABRNREESR,EELR BERL - HEE
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WM’02 Symposia
~28" Symposia on the “HLW, LLW, Mixed Wastes and
Environmental Restoration”—

Haruo SATO *

Abstract

The WM’02 Symposia (28 Sympos1a on the “HLW, LLW, Mixed Wastes and
Environmental Restoration —Working Towards A Cleaner Environment™) was held at the
Tucson Convention Center in Tucson, Arizona, USA between February 24 and 28, 2002. The
author participated in the symposium and reported his contribution obtained in JNC, and
discussed for the activity. The author additionally collected recent information, associated
with radionuclide migration in the geosphere and associated with geological disposal and the
international trend.

- Totally, 65 sessions, categorized into Plenary Session, Panel Session and Technical
Session were held in the Symposium. In the Panel Session, an opinion exchange for the
“Democracy in Long-Term Waste Management and Disposal” was made. High-level officials
from a number of implementation bodies of 7 countries (Sweden, Switzerland, France,
Germany, UK, USA and Japan (NUMO)) and from OECD/NEA introduced approaches and
implementation process for HLW geological disposal in each country and discussed on
stakeholder and community censensuses and so on. Siting concept and the process for HLW
geological disposal in Japan was introduced from Japan (NUMO).

Current status, approaches, concept and long-term schedule for radioactive waste
disposal in each country was outstandingly introduced in the Technical Session. Current status
for safety assessment of TRU waste disposal, future work and details of the sefety assessment
were introduced from Japan.

In addition, current status and research items in underground research facility of each
country (Sweden: Aspd Hard Rock Laboratory, USA: WIPP, Belgium: Mol, France: BURE)
were introduced.

This report describes details of matters described above.

* Radiochemistry Group, Waste Isolation Rese&ch Division, Waste Management and Fuel
Cycle Research Center, Tokai Works / Innovative Research Promotion Office, Head Office
Japan Nuclear Cycle Development Institute
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HIERARE : FR 14428238 () ~382H8 (1)

SEAW: WM02 EEES VARV Y A (WM02 Symposia “HLW, LLW, Mixed Wastes and
Environmental Restoration —Working Towards A Cleaner Environment” : £ 28
A& ~VBIMBELVRVEEY, BEAEEY P EEEEICETER
VURVTA =LY ) = R BEREE L REL)

SEFRESE TR 1442 A 24~28 B

FRESRT : XKET VT~V Y-y rvar_vyvgrirg—

1. SHUE

VK149 2R 24 B (B) 5288 CK) hiF<, XE7 UV S HHY—r oo
Y vaRisa g% — (Tueson Convention Center) 23W\WT, WM02 E
BRIVRVT A (B 28 BELILVBLWMELV~VEEY, BEEENRLBIEEHRIC
BIaEKRV Y RAPTLA —X0 7 ) —URBEPHIE LERELR) SRR,
BEFRIDVUORPTLIIHEL, 1 7 VEBBICBNTELNE, B L-UViER
BN D HUB AL DR EFFMICEET 5 HFER S (A Study on the Effect of Clay Particle
Orientation on Diffusion in Compacted Bentonite : JEfE-~X2 b+ MNP OEEEIZRIFT
LR FOEMMEOEBIZET ANE) oW TORELITV., FRNEIZONT
Bm L, EFIZ, 7ur S a0y 3 20 (Determination of Contaminant -
Migration) IZRWTREERER QH26 8 (X)) L7z GEMIZ#ERT3), ZoHhc,
B VS BEERENIC B O TERABRFT STV B, BEH & LTOEHFEV F
TA FPRORELRFOEMEE R bHA FPOXERLTHHORRA T Z A NEH
R & OBEREB X UEDTEHAE L TR FORBFR & OEZRIZSWT, EEHE
FERME (SEM) BELIERFUEREO MY F U akeAVEEHEFEICR L TEH
EAFmE#MEFR~DBBIBERBERICOVWTHEE L, Z0BRECH LT, £
o, WEBERAMICBITZEREY bA FOEARLESKYMICETR & (B
NoDOWFEE), BEL ML —HZETEZ L CRE»DOTHEE) ., EBRORLI
M~DEBIZETHZ L (RS ANLOPES), SEM BEARBOHEEIZET S
Z& CKE»LOMESE) 2 CENMAECERBSZENE, Fi-, P TENS
BT SHEREEP COBERTICET 5 ER RHB LS IZREE L =R R
OEFFHRE X OCEESHIC DWW TIRRINE ST 7,

FRIEZOV YRV T LI, #H4x RBEOEEHLSICELTRYEDRB - 5
B, BV ND&ZRIE LT, TRU BEWLSPE LAV IEEES OBROS%E O
B4, BEBFAICOVWTHIERNET I LN TER, @B TR, TR M52
FEIURIEIIREMENT, 2~3 »y ABRRKERENBZ LWV Z L ThoTelod,
Tl I LDFA NEEDICIEE LT,

24 B (H) IZi%. Welcome Reception 2% Exhibit Hall (BFE) TiFhi, B25 H

(B) 22528 B (OR) h i T, 2 h TR OAHEEIT 45D T Plenary Session, Panel Session,
Technical session BTz, SEIDL LRI AT, BEHLESBHEIZLET 65
Dy vaZHGEIN. M0y a BRI ULAICLEITED DLk,

LRHAISET28BIE 2 A3 WM BES VR DY Ak, BIE T2 E5ME 2000

ANEELREREEV VR T AL R-oTHBR, LIET (20 £< H0ED X710V
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TREATIT o TWRIEED/NERBETH 725 TH 5 (BNED). BEEEMN
KEBLWS ZEbhoTh, XENOOBMBEENICEL ., BREL VRO T AL
W XD, RENORSIZHBOFEENSMLTHB L Vo BEE Tho T,

Technical session (I ERERTIE, THTI v/ RABLEI L VIE. TeLAE
MEHRRS 7 4 —A FEAVERBRFERCTTAEN., FTELVA P L—var, &
BNV SR OEHIRI & REEIHEHE & W o eNED b DORE o 72,

Panel Session THE, 25 B (B) OF%IZE» N7 Session 5 (Democracy in Long-Term
Waste Management and Disposal : REIEICBIT 2 EEMET B L ASICBITA3REE
£) CHELE, EE 7 AE (RAT=—Frv, R4 R, 7TV R, R4V, EE,
AE. BE) ORBEEOBHRFOM, OECD/NEA OEIRESHE L, EEDOLL
KEICHITTOEZFRPASOER TR, —BEHERII2=F 1 L OSER
AFRGETONWTERTEATh SN, BANLIE NUMO (EEMEEE) »
NREVAPELTSML, BARRZBITZHA MNREDE X FRLEDF A2 KizonT
BESh GEEIZHR), Z0By v s VREEE LT, ASEHOH O
BLURZHEERRIZL L LY, BRARER P OBHALORSE. REEORBIHEE
BEOREZER L TEDB I LIITERVWI LR VREFEORE L LTEITOH
7o ,

Technical session {23V Th, EEOBFMEEEHLSICETIERREDF. &
BVHEEBRFPRINA S Va2 — VBT BB R AL o7, ShIZE LTI, 27
B OK) DFHIZ4Toh 7z Session 49 (International TRU Waste Management : EIREHY
‘2 TRU EEMEBEOBR) IZBWT, BANS TRU EEHLSICET 3 ELTE
DBIN L SHOTREB LORLFHBEOFA (2000 4 3 AizARE N, TRU BEEY
W DMERHBOAE) IOV TRAM SN (F4 2V W AED b HRE,
VA I VERIBE R RS L, WEBIIRETE 2 B0 deE, SEMITRm),

SRR R DERO T D DEEREIZRIT 3 BRENBES T2 75 A,
BHBIVEBZFOROAT — VIS B OO TR P 5E2 A EICED.
PR BB LR LBRIENE S CRAENRICRVEL I L BNETH S LK
Lz (NITHIEDD, BRLED T OBANBREDCASHEICEDL BFER ITX
TTVWB R LR,

2. REORE

ZEIX, Session 5 : B L UVEEEEMIASIZBE T B SFNF 4 A v i a . Session
6: RAF—Eyira s, Session 20 : BB OBITICET BHE, Session 48 : £
E TRU EEMEEIZET 5 B, Session 49: EREAI 7 TRU EEEY S E O EH . Session
59 MTHIEMBRDOEE v a VICHE LT, $7-. Session 20 TIIEEZ T\ . B
AADEMREER Lz, UTICEERHELEE Yy Y 3 Y OREIZSWTRBS
Do
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(1)Session 5 : Democracy in Long-Term Waste Management and Disposal (&

HRICETIREVEELLNMNIBTEIREEE)

25 BOFRIFICA N, BEGUSERIZAT ZREIALT 4 Ay g v
(Session 5 : Democracy in Long-Term Waste Management and Disposal) (ZH&E L 7=,
NRYRPELT, AV x—F (SKB : Peter Nygards) , A 2 (NAGRA : Hans Issler)
77 A (ANDRA : Yves LeBars). FA > (BfS : Georg Arens), ZEE (NIREX : Alan
Hooper). >K[E (NRC : John Greeves). OECD/NEA (Hans Riotte) Oft, BAM B

NUMO (EFHREREEFEEE OHBMBEBERHELL,

BRICEEDEREENLLENFNOERFICELbERASERER I ERICE
PEDFREZF, HAIWIBE 2 APLEROMEALR FICOWTOETERE
CHASNIER, SBERATHERINT, BIZAS A0 biX, RAAREREE (Long-
Term Isolation) DFRFEMNAZENBRVWREOEEANS, 7Y a & LTERVHL
(Retrievability) IZ2WTHRELTWR 2 AT bni, £EL LERKICH
FT272—XFR2->THBL DD, EFRHREZFOED FILLBRHBEL LT
D, BEOCTDILERERNE L UEEMEEEOEA LT L EWm L, BHO
ZAERER., REORBEBEEFROERER CREEOREHE LTEIT N,

NUMO DHEEEFENOLIE, BRICBIT VA FBEOTRREBES 0 ADERE
REZFIZOVTHBA I, RACH T, BAIT 47 BEFROLS T OMIRE 35
ETBHT L REHERFOLAEECEREORRSEE THHZ ., EofkL L
TR E HIROFIBZOMELEF T2 L., FRABMEFHAMORR R EBET
b7, :

SEER X 3R TIL. Eii%@%ﬁb%k@lDkﬁﬁwn/?/#z%ﬁ
DM, LENBEIZEDOILIICERTION, Lo BRN RS, Thic
LT, B2 SKB Tid, HHTHAERREZE L T, BB IURENEEANB Y
ARTIT Ay 7P FRICEFRECEDD I LPEETHL LR ENEEE
i,

—7%. BADEDFICH LT, ERAERSOBRAMA DA T 3 vizonTit
EPZBZTWSDONEOBRRRENE, ZhIZH LT, BAREOF#TEH B
FBR (FEEFEIF) ZAMRL LIEEXFTHY ., EREREZ VAL ENSF
HTHDIZ LD, VA ZAUACT T a VITFEELRWVWI L, Zhadige
LTEL S BAMERTENZ LA THEVIEXF Mo TWE Z L in Y apbuta=Y ()
e

F%1C, KE USDOE 0 Mark Matthews - & 0 ¥ & oA~ b, SEICHITS
MGDBRERIFTILHIZ, F 72— AR LTV RFT 4 v 7 ICEEMICE
DIEIZLEREETHhHDETLDLNTE,

(2)Session 6 : D & D/TRU/HLW I

FBOFRZIZEIMERAE — via ATEM LT, TRU 8 L~ LEEZEY -
BIE LML S8 T 41 FORRZ —RENMTbhi, BICHEEEP COE
BITICEATAHETHE, FENSFEMABRRICETAREN R ENT, ZOWHEIT
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HARRTF /BISERT & R E & O#FRFE T, 1995 £01v5 5 ER/MY T{TohkboT
HY, WEND 0m OESOBHFCERS NI, BHENPOATIZE Y M 2D .
ZTITaryy )—rfhz b VYRR ER D RBRM T, 7. BEMS
S LI TRICKRANIIZMTARLZEZTE L5 IZBE L. BhobH 58Tt
RRTOBITRRITON I, *HE LIS 5\ ITRIZ. Np-237, Am-241, Pu-
238, 8190, Ce, S, Nd TH Y., %*¥0 3 TRIZLERIGEE LTHAV OIS, HTkK
DpHIZSRETH Y, BIEETLMGIIBEHEL VI I L Thote, BOREREE

(REST) . TEPICH LTRESETH Y BHIEBT LTS b TRV
DTHoTR, H3EFMOERMBICINT, Phbize A LSBT LT LT,
20~30em PR THol, Zhid, 2> 7 J— P ROERERIEBWTHEETH -
oo TefEL, 327 U — R COMEBERIZ OV T Ep B A e B S A 372 5
NTWBERTHo%, HBEBIT R 7 7 A ANLBITOESIE, COZBIZEB
T Sr-90>Np-237>Pu-238 DIELBEEDOMR L FAEDER E R ofr, FOMDTTIET
DWTRHTRERB THY, F—FEBLIRATVRNENI 2 Thot, £
RREDBESHLZAZELTVEH00, BAEOSRE (HE0OEKECEBRER Y)
ICOVWTINE LA ERRTWRWEe D, BT 37D OMBHIRIT TS = &
L7,

LRBITICR) 3BT 3 EMN MR EEA I L i b A RECELLES
B, BEO TRMERER L OZNRBCE LT L EROEERA LD T 4 — D
V74 REF 4B ThhTELF, = ERAZHRERLIZLALHASATV
Vo BT THIEIERMART —F2BR LR TEBSI—2 (2 s ) — NP DIER
2E) BT HERNRBEDLDERICE PEoTWe o L hh . BATTES
TR LTRERKR NI A—FICETHLTRETH B L, Ce 72 LIAVHE
EPBO TEN EORERAMTRL BV ERIZE L LR LICS WA S S o 2
> hL7=,

(3)Session 20 : Determination of Contaminant Migration (5248 DRITIZ
B9 %iR5E)

26 BIZIZ. EFHHORREEOEy s iZE8MLiE, Z20Ey g LTt
T 4 BORRRTON, EEUSMNISTEENLORETHY . FTo by
Fr7uP=7 b (Yucca Mountain Project) MD—I& & LTITohERRIZoOWTOH
ERFLTHo7, BRIL, BRPTCERSETER Lo SRBBET—~rgy
TOEIBRHETITONE, RRELE (4 A) BRI EHMOBICEY . — h—
ARRBLIUVEREE LS, ¥yl a v OB®ICE. BEREOREICTTBE
SRERAITORE, 4 BORRICH L TK 2 BEEThh i,

ROOBEIZBNT, Yy h=U 7o iRic BT 3 RESHTOMIE 3 KET
TolBRIZOVWTEHRE SN, EEEICEINE (95 HER) OHTAOEILA
E%%ﬁbt%ﬁ&L&w%étgmﬁbfmﬁﬁﬁﬁﬁ%%yv;wﬁﬁbrﬁ
Banie, MATORSR, BEIZ29~60CHHETHS LIEsNT-,

ROBEIL, BHFEICET 20T, "Kriging” 28 L B AR TO 3
R FIEIZ DWW TEBE S R, ‘
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S DIZIRDFETIE, REKA EF AW B8R, BUCET i8R, Bz
HEECFHICET 2B DT, Mt 6m, & 9m OEHER r — L DERREEFIHL
TRREIZETOEREREZHENT L. BURREL OB L RELEITY &2z, =
NHEDRTA—FOFMEIToTBEBBEINE, ZOHREITOWTIE., ohE

LAFFEER T COUPLE # AW THED TE 7~ THM BEEATEE @—Kk—Ib
FRREIEAT) RHEEED O OH B, THMC fEFFE (B\—Kk— i — LR AT
DHEBRECEELZEZROFV/DLABEL TS LR L, F7FL, Byiay
DEFPL LT, BITCBTIMERERETHI I &b, EFORENBFLL
EbZIDEy a3 ICBELTVWELDERL B,

EEOREIT, INOOBRELIEATIZRITT o7, SFEMICOWTIIEET S,

(4)Session 48 : Optimizing U.S. TRU Waste Management ([E TRU BEZEH)
EHICETIREE)

27 BOFREIFIZBPI S, KBRS TRU BEEYEBICET 5ty ra VicH
JElic, XFBY, KEIKITS TRU BEYOEHEOIRIZ OV TORERHLT
bole, ERNFE LT, BEEPOGHGEME W@ETOEL2EE (Ful Xak
E)). BEBR ORI ANBRE Y AT AT 5 HTHRMBE, TRU BIEWNLLS DLH%
DEBOFHEGR EIC >V THE SN, B2, BHARRES 2T A (Confirmation
System) 1Z2WTiX, ¥/S0F Y 3—H% 4 kb (Savannah River Site) , TA T X[E
SLAFSEET (Argonne National Laboratory —East) , R/SFREBRF A K (Nevada Test Site)
D3YA PTEBRIZER L THDIEFEIRIZOWTHRE SN, FlZiE, Savannah
River Site TiX, 2001 £b 5 Bizdk }‘@%%ﬁﬁﬁf“b £E LT3 3500 A TRU
BEMDOR, 466 RERELEZ LBHESNEZ, ETE, ~y FAR—IRDH 2#
eIy T y BB R EEToTNB LN 9 ZEeThHhotz,

TRU BEEYDORELV AT ATHONTI, HbEFNGRCEEORMEH B LS
NTRY, KREZBITZ TRU BEY AT LOFR—a 7502 EREER
TRY ., RYREE TED TIT 2 &, LV BERSEN (innovative technology) b
HETHEBLTITCZE (Fl2iE, KEVABEMSF—N—Ry 7 OER) L
BEEINT,

(5)Session 49 : International TRU Waste Management (E[SA07% TRU BEY
EEOEIR)

FHBEOFZICEHEShE, EEICBITS TRU BEEHSEICET I Ey v a it
Lo 2Dy a Tk, XE, BER, HE, RS20 4 HEHD 5 HoRs
BHY, FEIZBIT S TRU EEDEESLLSICTBIT 3FRITHOWTBA S, #.
BAERNPGIX, 31 7 VBB LHBEND, TRU BEEYLSIZHET3E2THOBR
EEROBFER I URLFMOEM (2000 £ 3 BlzABEhi, TRU EEY OB
BREFOAE) 2oV THREEE, ZOFT, ¥4 7 VEBIEIIEARNEOHRE
EHEL, WHERTSFMOMEE L FLITH/E LT, _

587 . KE DOE ® Mark Matthews X ¥, WIPP I} 3 kB O EEEED
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M2 TRU BEEWICHT DRI~ DHEHRZE (The Waste Isolation Pilot Plant: The
Successful National Solution to the US Nuclear Weapons Complex Transuranic Waste
Legacy) LREELCHE SN, KEIRBWTIE, BELHHEEIIELT 2 RO
BEDHEINTWA, 19813, 2HHEER 3,700Bg/g #8235 b D (CH-
TRUW) THY, b9 1 iF, REHET 0.002Sv/h-10Sv/h O b D (RH-TRUW) T
HB. WIPP DA b TiE, A BEHET 650m i22B+5, 4t 1381m, #% 1586m
DRESEFO, AEOEBIIEEYEAL L bOThHY .. EEYOEEICIL pH
REAL LT MO BEEENS, BAFFEIBNTIE, BLERSLF) 4 El, E2
(HABREL, TRIZL > THITRERAHR S W RHEEERKH S 13) %t
LTHToTHY, REMIERINIEBELESVTNE LD L Thb, RH-
TRUW ORI ANNB 2003 L VBASNBTFETHBEDI L Thot,

KIZ, VA I NBEORERE-Y T I —F Y — % (BN w7 FHER B

BREFE PT7N—FY—F) Xv, BEICBITS TRU EEDLS e ORE

(Development of the Japanese TRU Waste Disposal Concept) LEL THEEINT, %
7 EATOREEWS NPP, HIZHEEY. TRU BLO U REEY. & LV ERSE
MICHEENB & NPP L HFFEFEEYIZAHEMS. TRU & U REZED IR
REMLS, BMUIHIBMAS Sh3 2k, TRU EEMiY. HEELERD. K8
BEEM, EERHLRAETDEEY, MOX BRENTHIRD b DY) U ZaskimT
HRPODEEM R ENLRELTWAZ L, BEE CIEEYLET 56,000m’ {z
ZEL, 40,000 BOF ¥ =R F—IZHYT B L, DD 83%ITH A 7 A EHEDEN
BRORELTWRIL2ERGESNE, T, BETMEICEV Tk, BA
SRR A PRFEL2VC L 0D, HREE L HBEOEr— A 28R L r &
TNLORKEBENYEEITE L _VEEWAS THRB LT —228EL LT, 5
KPREL E-9m/s, BIKDEE 0.01, FEIAE 2% (REEEE) BIT 20% (HEfER) &L
LI EREBRRESNTE, BEYDOY —RF—AZ5>NTH 4 Z0—F Gr.1 1]
WEM 1 1129, Gr2: b, =2 FE—R, Gr3 : (&L~ LB RSy EF o — A
< COrd: ZOM) KHEL, FA—FIELT 2 ¥4 7ORSHE (BREY. T
BN R bF g NI A IREBEM, EERBIUVEEY, a7 ) — =
BR) BBELEZE, EBITEAV N MTAORRICLS pH O L&, el EH
B (11129, C-14), HRBEDHE, HHHOBE oo NORE, MEHDE
%&Emowr%ﬁbt:&ﬁﬁ%éhtoféﬁﬁ@ﬁ%&br\§$¢ez?
i, 1-129, C-14, CI-36 72 EDRaA F U B ¥ —B L 2 5 Z L BB~ b, &I,
TRU BRI ORPBICE T MBI EN 2 B2 BET 5 - Lick VTETH
HErHini,

ZOBREIH LT, ZEELHE LTENRL BUVTLIZERV DM & OERIHA A
éﬂkm:ﬂﬁﬁbfsﬁﬁ%ﬁﬁ&iof“tWC&\&iOTW5®ﬂﬁ§$
BI0uSvly LW T L THY, THREEDEETHA - & RELES NI,

MOTHWEBEOFER LY, AAIZBITS TRU TR UEEYLS OREWIZET
D7 (Study on Safety of TRU-Containing Waste Disposal in Japan) CREL THREEH
o ZOHEZ, ZOMOBENEON., RETMOESE LV EMICED o
bOTHB, BE, TRU BEEWE LTI, BEEY. B D DEEEY .
MOX BN TR LU U BB TR, & OEERR YRS Y. ZRPhOK
IR TE m VRAOEHBNLS. # 10m LRV DERTEREMNS . B 100m L)
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NOHBLAGHBREENTNEZ L, BHPASDEDDEEBRSE LT, £
Hitse (1GBq/ton) & % —KEfE (C-14, Co-60, Ni-63, Sr-90, Cs-137, Mo-93 72 &) Dk
HEBICLAHBRENBETIZ L, . BEERON, 2E0D 45%II0BEEL
g7y RUWITFEMBASITHYTH I &, SEEWER 56,000m® DR, 13,000m’ 25EH
FRELSY, 35,000m’ BRBIEELS . 8,000m’ MHBALS TS+ 5 = L AEB S,
PERERHE TId, HREBLHEBREERNEL L, 2525V 4 (@BEERE LT 42
EDINVe s —R) ER—F =R g i F U (EEERFLF) FICESN S
— A FRIIEERE) KR L TiTokl L& shi, 20HT, LZ7LY
ART—ATIE, BEAVMIXBEEERV A b CaBUbREBE SN, #
DDy —~RA L LT, FABEIZ L BEELEE LA —R (Gas Case). Wit
BOKELERE LU EEEE - — X (Nitrate Case), BT NH Y OBELEE L +87
NF Y r—2R (Hyper Alkaline Case) 2k L CfTdoh, RSy — R LBTADY &
—APREFMMEEETHEI L, £TOI—REH 0.1~03mSvly THBZ L,
— = _N=a AT, BREEE, RELHLEKELE. EHELOFK
. \BRl, F—) I REOFELEE L2 L, S—EBL LT, BERELTE
Tc-99 & Np-237 THDH Z LB@E SN, BRIZ. £2TOF/—2L b 0.1~03mSvly
THDHI L, ELRIRFMPEEEN LOEDISETHELELHbLNE,
ZOBREITH L, A 3 BEOLVVOESIZSELEON, X FOBEH»D
EXTHE. A—ORSASEEER L FRASBE IRV LB iz,
IHEHL, EARREL L2B6L, FETIHECBEIZ M ARG NERS
DTHZITTWEDTERVWIAEEEENT, £/, FRAF—XIZOVWTHERLTIE
LWEDERIZH LTI, 207 —XZECICEo VAR KE SR B4 8E
LTEY, 1-129,C-14, Se-79 72 E A XERIRE L 25 = L NEE SN, 04, #
RIS L TRREDI A TEEXFRL VOB THE LAY FahE,
RIZHE Nirex £ D, ZEIZBIT 3B LN LIEL-UVE & U AERB O£ 4L
BT HREE (Issues Associated with the Co-Disposal of ILW/LLW and HL W/SF in the
United Kindom) B L THREShz, EETIE. EBLVERNEEEY LLW),
REBHOER VAV EEEY Longlived LLW) . 7 L~V EBHEBEZEY (HLW).
ERFESRE SF) EHEENTEY, AHFEL LT, EOELE 2 EbRNRE
AV PER—RELEEDR LM 2ERT3EZANEET B, HLW/SF o5+ 54
ABMETIE, UERBE XA IBREN, BEHo=v b (¥R Z —+FHEMH+
AUy r—D) Ry b FA b, BETERISN., BEEYo=y MNEIZRY bFA
R7Z7THEIONTWS, TEFREL LT, e —Bii—RE0HEEEEREE
THHZ L, HRMWFEBEL LT, 2F#% (Eqdity) B L UOHLSHTSE (Public
Acceptance) . EIHFRUBRAEEL LT, MRS Y 27 (Radiological Risk)., BVE9IEE R
(Thermal Interaction) . {2 K94 E#EH (Chemical Interaction) . BE ) B L
(Retrievability) 72 E 3581 b7, (L EHOMEERIZE LT, ILWLLW & HLW/SF
BITiE, BIFTIEEA M, & pH, R A bD Ca BULOEE 125 T30
FFAMEHFRLEOMEERPSEEHPZI L, BERVBLICHLTIE, #TZ
FI~DIRAEES HTEMCEEDSIHSHLTRY ., L7 L—rBNRE, Iy
MEBH UASFRE) REMBTRENE, £, BFCHT 050 YHNT 4T
REBIToTEY, BIRTIE Step 1~5 (Step 1 : 20012 - F— L 2 BEEH =+ 3 =
SYNT 4T Step 2:2001-4 1 AT a BT BRE Step 3: AT 3 v
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B89 5P F 17, Step 412006 : BRBEDIRTE, Step 5 : 2007 : EFEDT HD
EER) CESIhEBETED LTS,

ZOHECRHL, FRABEZOWTEIE S Z2TWADOMER SN, LLW 2o
TEEATWD L, BEFENICIE, EHLS Lo CRROHBERES BE L Tk
HINDZEHRELTWB I EREEA ST, £k, 73 s L LI P OESEY
EXNRELTVIOROEMIZA LTiE, 28208 L LTWEDTERS . —&
DEFEDERNRL L CWAZ LR EBEEShE, BRYVELIKELTIRENS B
WO ZEELTW300n L 0EBIZE LTI, 20L - AHREIIFIIEE - T
WRNWZ EREIEENE, FOM, BEFFMOBHEEROEDOTER FlzonT
ERIhic, :

CDEY Y a UERIE. AL XD Nagra (I G.. McKinley f€+) kv, 24 Ri2H
75 TRU BESEMALLBIFOERE (Integeration of TRU Disposal Studies in Switzerland)
CELTHREShTE, AR, 41 VRV N AYOFT T3 v, T EOEE,
ATASYT | HBREOBBRIZONTREShE, A A TH, HLW & TRU EZ
%m%ﬂ@ﬂﬁén\ummmvu&ﬂ¢ﬂﬁéhéoﬁfysyabrxmmr&
DEFAGBRFENTVD, HEETI., BRESLEBEPEETLTNS,
Bom & LTRAANY) F A EB RO TS (Mont Terr) (HLWILW %) %
FMALTIRETHERZIT->TEY, BIEIZA Y FRELEBERRB L Lrsea
HHREEF (EN2002) 2F LD TVWEEFTHS, BEBIISE 2002 £) OEEK
BRINDTFETEDLNTWS, Zhit TRU EEMNSOE | KR E L HIn
%, Bl& LT, TRU BEFRMASDOBENT SN, FIZITEEL LT, &L~ULE
ROETLLECEB L, BEIC ILW 2EREBT 3R EOENRENS, EERE
WCELTIE, 7Y 2 EAVEMERERE (Grimsel Test Site : GMT) TOFEL R kL
—¥al, & pH OFE (HPF), 2u1 FOEE (CRR). FROEE (GAM) =
BT o8I >V TR &Nz, flxiE, YROEBIzo>nwTlt, 222V — ko
FBEIZARY b A FERBLER T2 Y — NOARIDOE T AEEZENTRZ LI
LV T ADEBICBT 2R EIToTWBFICOWTRA ST, Biglc. SHEE
BRTHEBRE SN LO0, RERBEICHTABREFELV R M L—ta B
LUOREBMETHBEEED LN, '

COBEEX L, HRABITIZOVWTIRASHEIEL TV EOMERE =, =
HUCK L, 7Y AENVEMBRBRE TT o TV AT ABITRBR S IICHHE S hir,
HABITRBR T, 2v 7 ) — MIEBLEBICY s/ > FORBEA ERBT N
TRY, TOBRHETARBITLCHRITRZL2EE. £, OO~ v
A Mz EORERTDOPEREBETCOERTHENID TS LEIESHE, £,
204 FBITRRIZOWVTIEE 3 1To TV A0 EOBERICH LTIk, a4 K3
NS haod RFEREELTWAZE, Ry A haog FEFERITHLT
BB TEER AT SRR TBITRREIToCVW B I LAV REE S Wi, 20
. HABITIRERLL TV Ik BET 5, BEHEEOSY M4 F P i3az
PTELIDL LRV L, WoL VRAETIEAIIEESN R OIS S BET3 -
EEBRaXs rank,
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(6)Session 59 : Underground Research Facilities (B FEFZSHEER)

28 B OFEIFIZEINE, MTHEEROE Yy a VIcHE L, D€ v 3
VTR ATV =—=FT 2 (Asps N—Fa v 7 FKS 8 V), KE (WIPP) . ~ULF— (Mol).
77> * (BURE) OHTHFFERRICOVWTES S,

ETL O Werme XV, Xy z—Frd Asps ~N—Fuw 7 3RS 2T
NTHLHEICHT 2 FEMETOBERRICOVWTHBEINE, ZOFEIX UK & X
U=—TF Y OERTITORTWE L OTH Y, BBICRT F—AE2HHI L. P
E—=F—, TOREBIZRY A PPEREShTVWS, LIAL AL —KY
DHEDIAEN TS, EREFIZ.AKT.BR E 75CICH LT 2 BEROEIES (sulfide
containing water : FiBE 2 Z A K, reducing chloride water : {4 A2 K) TFF
v, FERIT 2001 F 5 AlCBbEh, BEERPLOZLTHD, £/, LOTH
BE LIINBERRER (LOT experiment) 7% 25°C & 50°CIR LTiFhi, 50CIEE
OB REEILER Suny L ARb BN, T, BEOBRERY. 21T
Cu,0;, Cu,COOM) 72 DB E NI, E/e, LOT RBRON, BRILFEHE (LOT
Experiment Final Test ECN measurement) $1Thh., FEHEAEEEIT 1.70mly TH3B =
&, FEBREOTERIIE N LRSI,

CORGIZHLT, BREEIZOVT, H0BRCHIBRNABELTVWAEDT
BRITRE SNEFRICK LTET 58, BEMICREZETSEES, LoEH,
BIZIT 20 F< DV OERBLETIIRV AL 0EBR RSN, “hicxLT, 2
DAEEIZEZEZ BN 3, BRI OV TIREROREROTRI L TR WL 0EE
BpIhi, |

&KIZ, M. L. Matthews & 0| RE WIPP ¥4 M CIThh TV 3 EEREOK
HEBEFY (Nuclear Weapons Waste : NW) 1254 5 L3 BF Iz SN TR Shuis,
Session 49 & TRU BEFEHEEOBIA THEEML L2, WIPP O +TiX, 0%
HIRT 650m O Saisdo FHIZERT B, # 1381m, % 1586m DK & S 2#->, FE
DEBIEEZEERL LEbOTHY | EEWOREICIE pH BRI E LT Mg #
FIREEND, 1975 FICH EEROBRM/IBET D, 1981 EnLITRHOBRBE LT -
2o 1983 ENLIRFME COEARERELEB SN, BE, HWDE Y77 v
7B (EEMORDVIZE —F—R2 PR AVERR) BMTbRTW5, 2003 £z
i<, REFRET 0.002Sv/h-10Sv/h O TRU BEZEY (RHIRUW) Z3HH5& Uiz L5 5E
BENBRBELTHS,

ZOEEFIIK LT, TRUW BEESBITITLSDEBIEINEE, TOBRLADORED
AT O OEBMMZENZ, THIZH L, B8, BUERICIZZ S THER, &
FHBIUBINICIIE R BRROH AW EETILERH B L EESRE, Fiv,
BEHERE (M—H3 & L) 2AVRNTEBLZHZDIIBRRAND 5, #lxid
77T = FIIREOREIIA LTHEBTHI LN OEETHS, ') AELEL
ERBRBEREETI/IF=FRELERLTARTEBY, 29 LT 75 = FREs
EERAVWEMELTRETHHLarr M ahi,

KIZ, A. Sneyers fEE XY, _AF—D Mol FEFOM THEKS (HADES
Underground Research Facility) Z-oWTRBM &Nz, ~AF—0OHEEEYHESE
FENL 1974 FEITHEEY | 1976 EITH LB OTENRBE I NI, 1980 4EITIE URF OR
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BRDRE D | 1997~1999 4EIZ/3 55 2 BT L UL NS S e, HIFERRMEERIT 225m
DERSIH D, aly Y~ AORHEMBOFEANTETH S, SITEG L &
BEMESLIA VEOKEBTHY . HTKD pH I 82, BRI 2B-10m/s B2
B, SEBREUT RENT OMLBIEE T Dapp<B-10m*s Th 3 Z LARBESNT, =~ 0
R TIE, EFMONY THERCET R CORMEEER T X 0BT4 E T3
DICELTWHZ L2 ERBERASIE, £/, RAFE TS HOEMBRE S =
BWAHRTHBZ LR ERFEHEINTT, &

LOBEFICH LT, 77 F= FEAVERNBERARIIT-> TV A0 E DB
RENT, ZHIZHLT, P—HRANWTWARVR, 727 F= K2 HEEEy,
ExERLIEFNERBRA Y 2TFoTVB I LR EAEZ S, .

HBIZ, J. L. Gaussen 8t kY, 752 R URL 72=% b (BURE ¥4 B oz
DWT, BIZTA MNBEFBER L RF P a— L EBRLNCHES Shi-, BURE 1S
U BBIRICH 300km IZBT B/ SRMTH Y., BTHEEROMBRT 2,
1994~1996 FIZH A MBE 3 ¥4 b) EFTV, 199 XS A RA2TELR,
BAEIL URL 7=~ (~2005 : 2000-2003 4EEEER, 2000~ : RILHBEER) 1o
2B. 2005 FILIBRICHEELRBHETASEL 2T W 5. #HE L Callono-
Oxfordian JEERETH Y . 120m OES %¥> (BTE 420m~540m 2608, 45%i1%E
TR, 25%ITFHE, 0BIEFBE L VWD DL Thotr, BAEEIE B-12m/s F/h X
< BEDREIL 26MPa 5 2 & Thotr, HTFHFEHRIIEE S00m (22D
NOTFETH D, RIROFEHE TIE, BELBEH O EHEDBITHECEFT
TEDRED, URL BRICL > TAE U ZEREBROESER (2LA) YR Fh
RELONTHET 5. B, #ERRIT 70%ER L TH Y., BHIT 150m OEE
ETHRL, NUFL—v g VAT 80m OEEE T LD L ABE SR,
F7c. FHENEIET CNE (National Review Road) & DSIN (Nuclear Safety Authority)
DUVE2—2RTTWBIE b BEINE,

1995 FITHEFLH L CEIC URL BER L ISRV LB U B2, S bALHE
LR EDZ ENnL0BBBRENT, TRIEXLT, ¥ MIED THEHLBTH
DRBVRT, RERRREEITIDIBETHELELTVWALESE ST,
e, BREEBERAVERBRIITE 300 OBEBEICHLTIE. T2 BRL0C b
Tholz, &LICHENLRER CREFRICEMMEINRA LY MBI o0 E D
HRBREN, SOLIARMBEI o TWARNWEEEShE, 0, HRR4E
Eﬁi%@ﬁﬁ&EtOMT%%éhtoit\%%m\ﬁmepH%ﬁﬁwﬁ%
BRI DBRLBETEEICOVTER L 25, HITFAD pH i 11 BELTAL Y
THIZ L, BIEBTR R ARELBETCEERFA L P THBEES TN
EREVEEENT, #oT, 4D L 2 AFMLETRMEIL L < 459 o> TWHAL
LOLBEENB,

3. EFOWMELER
FEIZ. 2 A 26 B (k) OFEiRIziTbRE, £yial 20 (Determination of

Contaminant Migration) {35\ T DEERR L7 GRAHEE 1 : 3538 OHP. IRAEH 2
RHARL I Y —28), F87 7 BE»H = O Session TORBEIIER L HEZET Y

-10-
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B ORERABCRER LIZODWT I —T 4 % Tol, D%, SEEZBEL,
EESGIMPoTo, BRIZ, BF CERLETERE Vo &Rl bU—s s

v 7 DL I BREECITONL, BEELRE 4 A) RANCBRITRIOBIZEY, —A
—~ AERBIVEEIGE LB, EyviaryOREICII. BELEOREIIXTS
wETRRIIThN, 4 HFORRICH L TH 2 BFEThh T,

EFORERII. B NVHFEREDLSIRB W CTERABRF I W3, BF
MELTDERENY MFA MO FORMEL XY Mo MROEESR TG
MDAAZ ZA MERFREOBRB IUEDIESEE LA FOERRMFR & O
RIZONWT, EEEETFEME (SEM) BELFEREHZREO ) F YAk (HTO)
ZRAWERFTmICH U CHESR EBEFM~DOFZRILHRERERICOVWTHREL

oo SEM BEIZ, 7=HFN V1 7T FIHLTEEREL TITo7, £k,
HTO ZHWIERERICOWTHEERR A b 2ERL, BEEEERZELE
7o, SEM BENhL, AATZA FEFEROBEWS =7 F (& LTk Fic
—EOERRMBAH BN, BEOEHEFMIZE LTHEFRICERT3&EFREESH
7o, AR EAL VEBEDENWS =/ VI TR, HTO 2543
BRILHER Y VB o REMIRGRE D SEM B2EFR LA ThHY . IR
DELEF IS 5 ESIHREO S BREFR L DV bREL, Z7=5/AVID LD
(27 U FLREFMICER L TWARTIXAEEEFMA & bIZITR UESikEmEE L
o7, INHDHEREBEL, EHESV FHA PPOEEBITRE~DEEIZSOWV
TR LI, RAZ8 A4 FEFEOFE W/ =YT F Tid, ERFRICH L TEREY
FICHSTRFRER L, ZHICE > TEBFMIZR L CESMIciET 25838
HERRELRZDIIR LT, EfEFAICH L CHREFE~EET 256X, ¥t
RLF OEMBREICHE 5> D BMEII/NE b, —FH., RAAZ7FA4 FPEFEOREN
7 =GNV T, BRETREZ bRV bR FiR T X akEmEmL, 0
TeOEHEIXEOFEIZH LTCHIRIER L 20, EOEEREOEREF mKkESE
HERLNEN-2ELDEEE LT, o T, E2FTMLETIX. FiH B WVIZT A
BEREROR A PRERTAEELES. EEFAIICLALHEEORF
HEITEILRNWEEZNRA L EHE LT,

EFZOREICH LT, 28216, A# NaB~_y b oA FEER LD, ofE
BHORPFA MIBZDRRVONE Vo RERRR SN (T4 Rar R
% : C. H. Benson f#t), Zhizx LT, NaBIRy b oA MIHBASITEBWTEE
RBREMOBEML 25T WS, Na BT CEC BB BA A ICHT 2REHELE
WV, Ca ZBOMMTREERMTEE, BEATUN CaBllzb 02, Ca Bl{kic
DWTHIEBREIZLOWTRFILTW3, AFFETIE. Na BoAZREE L THE
L7, Ca BT oW THEBZTWARWDIT T WwWo LR EZ L, KRiz, BB
BEBRTERLEERELE FL—HI@hE0FR (V4 22 v kK% C H. Benson
) loxt LTk, %L NaCl, Na,CO,, Na,SO, TiRsl L /- A2 ERALE D
&y MU—HIE HTO 2ER LT &, Fi HTO 1FEREETHY, XU bFA b
RECHEERZEZ SRWI LM OHBBER T 2B ORBENBRNI ERE
FEIZE L, KIZ, SEM B2 THEALEZRABOR T 4 AFICEREIRE SRRV
& DB ERT (Jacobs Inc. USA : D. B. Ward 1), ZHUZx LT, REH
BEZBRICHEBESER%, BEEERITTVNR 2D, BEERER S35kt 5
EEIHB IR FOREMIIEZERIETLOTRRY, ATFM ROV THL—F
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W®$m6ﬁm&<{ﬁééﬁifﬁotﬁﬁ%MEﬁv%ot:k%@%bto
RIZ, AA R Nagra @ L. G. McKinley {8555, EEORIIA—F—Rr—ALKE
w%@ﬁ&ﬁéhéo:@i5wk%w%m%hr%%&€hm€%%%&&#&
%ifhé@m\ﬁ%&%%m&%om&wotﬁﬁﬁ&énto:hﬁ%L\:
:Tﬁbtﬁtmot®@\?:ﬁ?F@&iKZﬂ&&4%§€$®%W%iK
%LTﬁﬁﬁﬁﬁﬁD\ﬁﬁmiofﬁﬁm@\Mﬁ%ﬁﬁ?@ﬂﬁf—?ﬁ%m
?6:&ﬁ%i6néﬂ\%%K@:@ii&&VH#JPMEmBhf\&4@
BRESN D0, BB A 3 ER ENBd, ZOLIRESIIBEFEOLE
mw%tm&wi:&?&éa@%btoit\é%&%ﬁ%ﬁ(@@%ﬁﬁé)
ib\ﬁy%%4%@ﬁﬁ@8h<6w\2@&5Mﬁot@myﬂﬁtgﬁ%m
Y7 LN DBRBREN, TR LT, <R A MIERNZCEBET
T%@l&ﬁﬁ*é%toNVFT4F®ﬁ4?%§Hmnﬁgwfﬂy&W%ﬁ\E
%ﬁmﬁ%zﬁﬁvﬁﬁﬁﬁéo%LﬁET?ﬁméﬁhﬁ;D%<1ﬁﬁEE?
ﬁmféoEL\ﬁﬁmﬁmﬁﬁw%ém\41V%ﬁ%ﬂ—ﬂ&é%%ﬁ%éo
LIFI Na D4 F 2 F x v 7 Li=Z L3 B8, BB L FERCTOE—IzhoT
Wi BRGTOE—HEIZHONTE BKE, RUMFA FERTALRL, Sk
%ﬁ%ﬁ&k:aﬁﬁb\@—wt%:&%ﬁﬁbfwécetgéﬁgbto

ZOf, V4 RaL v kED C. H Benson BT, Wyoming X kA Kz
WTHAELTEY, DO 2AVTBRATET SR THEBT AT L0 -
EThHol, BL, HEEAMELTVB DL, JEREFR &9 X U i Loosely X hF
MIFLTEWS 2 Thot,

4. FRR%E

SOYVURIY MZHE L THERSB U S L3, SR SN OER D
tb@%ﬁ&%ﬁ%ﬁé%ﬁ%%g%fu¢§A\%5wﬁ%iﬁ%%®x?~9
Kﬁbétbwfntz%Eiéiém%ﬁmﬁB\WOéW%EﬁitﬁB%%
B A CERABFEIC Y e & PHBERFIRTHDEENHZ L THB,

@%%&ﬁﬁ%#ié&\ﬂ%%&ﬁ%%ﬁ%ﬁkhooﬁ%ﬂﬁwﬁﬁ%ﬁﬁ
Léﬁﬁﬁgﬁbéokmﬁﬁéﬁ\E%%ﬁbr:w%ﬁﬁﬁ&mﬂ%ﬁ%m%
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A Study on The Effect of Clay Particle
Orientation on Diffusion in Compacted
Bentonite

WM’02 Conference

Session 20: Determination of Contaminant Migration
February 26, 2002

Haruo SATO

Japan Nuclear Cycle 5" i ]
Development Institute <°\o— #%.%*;

WM’02, Feb. 24-28, 2002, AZ, Tucson

Abstract

The effect of the orientation of clay particles on diffusion in compacted
bentonite was discussed on the basis of effective diffusivities De for
tritiated water (HTO) and of the results of observations by Scanning
Electron Microscope (SEM).

Through-diffusion experiments for HTO were carried out for
the same direction as compacted direction of bentonite and for
perpendicular direction to compacted direction. SEM observations for
the cross section of bentonite in axial and perpendicular directions to
compacted direction were carried out. Both experiments were c_ar_rled
out for Kunigel-V1 (smectite content 46-49wt%) and Kumpla.-F
(smectite content > 99wt%) in order to discuss the effect of smectite
content,

Although De values for Kunigel-V1 were approximately the
same for both diffusional directions to compacted direction, for
Kunipia-F, De values in perpendicular direction to compacted direction
were higher than those in the same direction as compacted direction.
Also in the SEM observations, no orientation of clay particles was found
for Kunigel-V1, while the orientation of clay particles was found for
Kunipia-F and was congruent with the results of De values.

-13-
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Concept of HLW Geological Disposal in Japan
Design example adopted in H-12 report (tunnel disposal type)

Buffer material
Disposal tunnel (bentonite 70wt%, silica sand 30wt%)
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WM’02, Feb. 24-28, 2002, AZ, Tucson
Introduction -Background and objectives

B Use of a compacted bentonite is considered as an engineered barrier
in HLW geological disposal system

M Since diffusion properties of radionuclides in bentonite directly
affect the release rate of radionuclides from the bentonite to
natural barrier (geosphere), it is important for safety assessment

M It is well known from conventional studies that the diffusion of
radionuclides in bentonite receives the effects of dry density of
b_entonite, additives to bentonite (e.g. silica sand), bentonite grain
size, ete. which closely concern with micropore structure

M Since bentonite is composed of smectite aggregates which have a
sheet structure as a major component, there is a possibility that the
orientation of clay particles takes place in bentonite and affects
diffusivity when the bentonite was compacted from a constant
direction

= To consic_ler the correlations between the orientation properties of
clay particles to compacted direction and smectite content

= To consider the effect of the orientation of clay particles on
diffusion in bentonite

S
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Method

B SEM observations for compacted bentonite
SEM observations for clay particles from axial and
perpendicular directions to compacted direction of bentonite

WM’02, Feb. 24-28, 2002, AZ, Tucson

= Structure observations for clay particles in compacted

bentonite
* Kunipia-F (smectite content: > 99wt%)
* Kunigel-V1 (smectite content: 46-49wt%o)

B Diffusion experiments for HTO
Through-diffusion experiments for HTO in axial and
perpendicular direction to compacted direction of bentonite

=> Diffusional direction dependency of De on compacted

direction
* Kunipia-F (smectite content: > 99wt%)
* Kunigel-V1 (smectite content: 46-49wt%)

WM’02, Feb. 24-28, 2002, AZ, Tucson

SEM Observations for Compacted Bentonite

Procedure for sample preparation and observation

M Filling of bentonite powder dried

24 hours at 50°C into a stainless Observation for perpendicular

column to obtain desired densities Compacted direction to compacted direction

(dry density: 1.0, 1.6, 2.0 Mg/m3)  direction X200
B Saturation of the bentonite with ‘

synthetic porewater T
B Pushing out of the porewater- /

saturated bentonite from the
column, freezing in liquid nitrogen, ?;;lctl%l]l;ﬁ: Cutting
and drying in a vacuum chamber Observz}ti((])r[lﬁf;f)erc?i.‘(()inaldiFeCtiO" to
M Cutting of the bentonite in axial \ g i
and perpendicular directions to
compacted direction and Au- 1
evaporating
B SEM observations for both
directions (x200)

Size: p20xH20mm

= i
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Results of SEM Observations for Compacted
Bentonite —p 1.0 Mg/m?3

Kunigel-V1

Kunigel-V1
Kunipia-F No significant orientation
R ) of clay particles is found
for both directions to
compacted direction

Kunipia-F

Layers of clay particles
orientated in perpendicular
direction to compacted
direction are found

\4

Indicating a possibility that
the orientation of clay
particles affects diffusion

erendiclar direction _Perpedlclar direction

I 100pm

Axial direction : Axial direction

WM’02, Feb. 24-28, 2002, AZ, Tucson

Results of SEM Observations for Compacted

Bentonite —p, 1.6 Mg/m3
: Kunigel-V1
Kunigel-V1 Kunipia-F No significant orientation
; b5 ey of clay particles is found
for both directions to
compacted direction

Kunipia-F

Layers of clay particles
orientated in perpendicular
direction to compacted

; ; S ; RS direction are more clearly
Perpendicular direction Perpendicular direction g,und

Indicating a possibility that
the orientation of clay
particles affects diffusion

2538

Axial direction Axial direction

L dlg=
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Results of SEM Observations for Compacted
Bentonite —p 2.0 Mg/m?3
Kunigel-V1

Kunigel-V1 Kunipia-F No significant orientation
P senaSsEcc Ry Rviomesesermeseesmnerss  of clay particles is found
' . for both directions to
compacted direction

Kunipia-F

Layers of clay particles
orientated in perpendicular
direction to compacted
direction are more clearly

found

Indicating a possibility that
the orientation of clay
particles affects diffusion

:‘:- Al Ty ey FESEET

Perpendicular direction

SR 2 2 e A ]

ection

WM'’02, Feb. 24-28, 2002, AZ, Tucson

Diffusion Experiments —~Through-diffusion
experiments for HTO

Diffusional direction changeable through-diffusion cell

Diffusional
Silicone tube Bentonite block direction

Tubing —— (15x15x15mm) Compacted
pump direction

Sample holder (stainless steel)

Measurement cell

Tracer cell
LT Sampling port

= [ [ : ﬂj
Compacted

1 direction

Diffusional
direction

]
[l ]
Ry

[y
r ]

b 5
: i
; — | Bentonite : TS
Tracer tank e Sintered metal filter
Silicone
Acrylic cell O-ring Filter holder
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Diffusion Experiments —Experimental conditions

Experimental conditions for through-diffusion experiments

Item Condition
Method Through-diffusion method
Bentonite Kunigel-V1 (smectite content: 46-49wt%)

Kunipia-F (smectite content: > 99wt%)
Dry density of bentonite 1.0, 1.5 Mg/m? (size: a cube of 15mm)
Diffusional direction Axial and perpendicular directions to
compacted direction
Saturated solution Synthetic porewater (prepared by NaCl,

Na,COj;, Na,S0,)
Tracer solution HTO (initial concentration: 1.5 kBq/ml)
Temperature Room temperature (25°C)
Atmosphere Under air
Diffusion period 12-36 days
Repeatability n=2

WM?’02, Feb. 24-28, 2002, AZ, Tucson
Diffusion Experiments —Porewater

Chemical composition and concentrations of synthetic porewater
used in through-diffusion experiments

Bentonite DY de1SitY nNaiM CHM] SO2-M]  CO2M] IS

[Mg/m3]
Kunigel-V1 1.0 0.23 0.002 0.024 0.091 0.35
1.5 0.51 0.0044 0.052 0.20 0.76
1.0 0.37 0.021 0.0052 0.17 0.55
Kunipia-F
1.5 0.77 0.045 0.011 0.35 1.1

* The chemical composition of the synthetic porewater and the concentrations
were determined by extrapolating the results of bentonite-water interaction
tests for various liquid-solid ratios.

IS: Ionic strength
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Enlargement of Sample Holder

WM’02, Feb. 24-28, 2002, AZ, Tucson

Compacted Diffusional Bentonite block Bentonite powder dried at 105°C

direction _direction (15Wx15Lx15Hmm) over night is filled into sample
holder with a size of 15x15x15mm

. (cubical block) and is saturated
Axial to compacted  yith synthetic porewater for 3

direction days under atmospheric pressure
after being degassed a half hour
in a vacuum chamber.

For an experiment for axial
An image of the direction to compacted direction,
orientation of |—P—— both directions for diffusion and
clay particles compaction are the same. On the
Compacted other hand, for an experiment for
direction ) perpendicular direction to
Perpendicularto  compacted direction, since
compacted direction diffusional direction to compacted
direction is different, bentonite

* block is rotated by 90° after being
compacted. Then the sample

“ﬂ holder with bentonite is set

between tracer and measurement
cells.

WM’02, Feb. 24-28, 2002, AZ, Tucson

Calculation of Effective Diffusivity

Diffusion equation for one-dimensional non- C: concentration in bentonite

steady state: t: diffusiong time

5 De: effective diffusivity
iE _[De\ 0-C o.: rock capacity factor
i N 3 %2 x: distance from source

X Q(t): accumulative quantity of
Accumulative quantity of the tracer permeated the tracer perm:wated
through bentonite up to an arbitrary time: through bentonite
Initial condition A: cross-sectional area of
C=0, t=0, 0<X<L, bentonite A
Boundary condtion Co: concentration of the tracer in
C=Cosai, £>0, X=0 the tracer cell _
C=0, t>0, X=1, L: thickness of bentonite

-
Qt) De o o g (D" ( Desn2eni2et ) 4 b7
_— exp|-——|
ALCo 12 6 m2:1 n? L2+
p ! Steady state part
At long time such as steady state, the following
equation is approximately obtained.
&
Q® - e ik <>/ (ime-lag time

ALCo 12 6 An Example of Permeation Curve
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Results —A dry density dependency of De

O K-Vi/axial: This work

[] K-Vi/axial: Sato et al. 1994
FH K-Vi/axial: Kato et al. 1997
O K-Vi/perpendicular: Thiswork
@ K-F/axial: This work

W K-F/axial: JNC 1991

10—9:- — @ K-F/perpendicular: This work
- 3
e
g v 5
E ool ve_% ]
2| L
4
v
10_111Il|
0 0.5 1 1t 2 2.5

Dry density of bentonite [Mg/ms]

B The De values for Kunigel-V1 are
approximately the same for both
diffusional directions to compacted
direction and are congruent with
the results of SEM observations

For Kunipia-F, De values in
perpendicular direction to
compacted direction are higher
than those in the same direction as
compacted direction

\4

Smectite content in bentonite affects l

the orientation properties of clay
particles and diffusion pathway

WM?’02, Feb. 24-28, 2002, AZ, Tucson

Calculation of Smectite Partial Density

Chalcedony/quartz

Smectite aggregate

Impurities (plagioclase/
calcite/analcite/dolomite/

pyrite)

An image of pore structure for a
bentonite, of which smectite
content is low (e.g. Kunigel-V1)

The smectite partial density for a
bentonite added additives such as
silica sand is generally calculated
by the following equation

(1-fs)efmepg
I (1-fs)(1-fm) +—£S—}Pd

Pim
Pam*® Smectite partial density
Pg: dry density of bentonite
Pim* average solid density of impurities
pg: solid density of an additive added to

bentonite _
fim: smectite content in bentonite
fs: content of the additive added to

bentonite

Pdm=

1

=20=
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Results —A dependency of De on smectite partial density

O K-Vi/axial: This work
[] K-Vi/axial: Sato et al. 1994
FH K-Vi/axial: Kato et al. 1997
O K-V1/perpendicular: This work
@ K-F/axial: This work
9 WV K-F/axial: JNC 1991

10— @ K-F/perpendicular: Thiswork
||
Is

44
g[@@-
<
2

*1

v
10—”=- 1 PR TN (T SN TR N TN (N TN ST T T Y T S

0 0.5 1 { BT 2 2.5
Smectite partial density [Mg/m3]

B The De values for Kunigel-V1 are

wholly higher than those for
Kunipia-F

The obtained De values are in the
order of diffusion in parallel
direction to the orientated direction
of smectite particles, diffusion in
direction orientated at random,
and diffusion in perpendicular
direction to the orientated direction
of smectite particles

\

B Diffusion depends on the i

orientated direction of smectite
particles and the effect of
orientation is significant for a
bentonite, of which smectite
content is high

The effect of orientation can be |
ignored for Kunigel-V1

WM’02, Feb. 24-28, 2002, AZ, Tucson

Effect of the Orientation of Clay Particles on Diffusion

Diffusional

C acted
direction s

direction

Axial to compacted direction

Chalcedony/quartz

gl Smectite aggregate

Perpendicular to .
compacted direction

Impurities (plagioclase/calcite
analcite/dolomite/pyrite)

A bentonite, of which smectite content
is low (e.g. Kunigel-V1)

Smectite aggregates orientate at random
by the mixture of impurities

= Diffusion pathway is the same in
any directions

A bentonite, of which smectite content
is high (e.g. Kunipia-F)

Smectite aggregates orientate in

perpendicular direction to compacted

direction

<> Diffusion pathway in parallel
direction to the orientated
direction of smectite aggregates is
short, while that in perpendicular
direction to the orientated direction
of smectite aggregates is long

s i
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Conclusions

=

N |

Correlations between smectite content in bentonite and the
orientation properties of clay particles

For Kunipia-F, of which smectite content is high, smectite
particles orientate in perpendicular direction to compacted
direction of bentonite, while no orientation of smectite

particles occurs for Kunigel-V1, of which smectite content is
low

Effect of the orientation of clay particles on diffusion

De values in parallel direction to the orientated direction of
smectite particles are higher than those in perpendicular
direction to the orientated direction of smectite particles for
Kunipia-F, which the orientation of smectite particles was
found, while no anisotropy in De is found for Kunigel-V1
which no orientation of smectite particles was found

WM’02, Feb. 24-28, 2002, AZ, Tucson

Future Work
B Detailed study based on through-diffusion experiments using HTO
and deuterated water (HDO)
" Dry density and the kind of bentonite (smectite content)
] S_tud)_f by non-steady state diffusion experiments using HTO
(in-diffusion method)
|

Study on thermodynamics for diffusion and the orientated direction
of clay particles

Activation energies for diffusion in parallel direction and _
perpendicular direction to the orientated direction of clay particles

Correlation between porewater chemistry and micropore structure
and discussion on thermodynamics for the effects of porewater
chemistry and micropore structure on diffusion

* Ionic strength and basal space .
* Correlation between ionic strength and activation energies for

diffusion in parallel direction and perpendicular direction to the
orientated direction of clay particles

Stﬂgdy on the effects described above for sorbing nuclides and
anions

=
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ASTUDY ON THE EFFECT OF CLAY PARTICLE ORIENTATION ON DIFFUSION
| IN COMPACTED BENTONITE

H. Sato
Japan Nuclear Cycle Development Institute

4-33 Muramatsu, Tokai-mura, Naka-gun, Ibaraki-ken 319-1194, J apan

ABSTRACT

In this study, the effect of the orientation of clay particles on diffusion in compacted bentonite,
which is regarded to be quite important as a candidate buffer material in safety assessment for
a geological disposal of high-level radioactive waste, was experimentally discussed by
nvestigating effective diffusion coefficients (De) for tritiated water (HTO), which is non-
sorptive onto bentonite. The diffusion experiments were carried out for 2 kinds of smectite
contents of Na-bentonites, Kunigel-V1® (content of Na-smectite, 46-49wt%) and Kunipia-F®
(content of Na-smectite, > 99wt%) at dry densities of 1.0 and 1.5 Mg/m® by a through-
diffusion method. The through-diffusion experiments were carried out for the same direction
as compacted direction of bentonite and perpendicular direction to compacted direction.
Scanning electron microscopic (SEM) observations for the cross section of bentonite in the
axial and perpendicular directions to compacted direction of bentonite were also carried out at
dry densities of 1.0, 1.6, and 2.0 Mg/m’. Although De values for Kunigel-V1® were
approximately the same for both diffusion directions to compacted direction over the densities,
and no anisotropy in De was found, De values in the perpendicular direction to compacted
direction for Kunipia-F® were clearly higher than those in the same direction as compacted
direction. In the SEM observations, no significant orientation of clay particles was found for
Kunigel-V1® over the densities, while the orientation of clay particles was clearly found for
Kunipia-F®, and the degree of the orientation of clay particles became significant with an
increase in dry density of bentonite. This tendency is in good agreement with that for De
values obtained, indicating that smectite content in bentonite affects the orientation property
of clay particles, and that the orientated clay particles affect diffusion pathway.

[NTRODUCTION

In safety assessment of a geological disposal of high-level radioactive waste in Japan, a role
as a barrier function of buffer material (bentonite), which composes the multibarrier system of
the geological disposal, is quite important, and a lot of studies have been therefore carried out
up to the present (e.g. 1). Particularly, since diffusion property of radionuclides in compacted
bentonite directly affects the release rate of radionuclides from the bentonite to the geosphere,
it is regarded as one of the important parameters in the safety assessment. It is well known
from conventional studies that the diffusion of radionuclides in bentonite receives the effects
of various pore structural properties or parameters, such as porosity, dry density of bentonite,
tortuosity, additives to bentonite (e.g. silica sand), initial bentonite grain size, etc. Since a Na-
bentonite, one of the candidate buffer materials, constitutes stacks of smectite flakes, there is a
possibility that the orientation of clay particles takes place in bentonite when the bentonite

- 24—
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was compacted, and that the orientated clay particles affect diffusion pathway. The author has
preliminarily discussed for the effects of pore structural properties or pore structural factors
such as dry density, diffusion direction to compacted direction of bentonite, mixture of silica
sand to bentonite, and initial bentonite grain size on diffusion in compacted bentonite in
previous studies (2, 3). Moreover, a study on modeling of micropore structure for compacted
bentonite has been carried out, and a model of micropore structure considered the orientation
of clay particles has been proposed (4). However, neither the orientation property of clay
particles in compacted bentonite nor the effect of the orientation property on diffusion has
been quantitatively discussed. | | | '

In this work, the effect of the orientation of clay particles on diffusion in compacted
bentonite is discussed by scanning electron microscopic (SEM) observations and effective
diffusion coefficients (De) for tritiated water (HTO), which is non-sorptive onto bentonite.

EXPERIMENTAL
Diffusion Experiments

The diffusion experiments were carried out by a.through-diffusion method (5). Table I shows
the experimental conditions for the through-diffusion experiments. The diffusion experiments
were carried out for 2 kinds of smectite contents of Na-bentonites, Kunigel-VI® (content of
Na-smectite, 46-49wt%) and Kunipia-F® (content of Na-smectite, > 99wt%) at dry densitics
of 1.0 and 1.5 Mg/m®. Both bentonites were obtained from the Kunimine Industries Co. Ltd,
Japan, The bentonites were taken from the Tsukinuno mine, Yamagata-ken, Japan. Kunigel-
VI1® is a crude bentonite, and chalcedony, quartz, plagioclase, calcite, dolomite, analcite, and
pyrite are contained as impurities, While Kunipia-F® is a purified bentonite, and no impurity
is contained. The detailed mineralogy for these bentonites is described in the literatures of Ito
et al. (6, 7).

Figure 1 shows a sectional view of a diffusion cell for a through-diffusion experiment
and the enlargement of the sample holder. The diffusion cell consists of a tracer cell, a
measurement cell, and 2 sample holder as shown in Figure 1. The through-diffusion
experiments using HTO as a tracer were carried out for the same direction as compacted
direction of bentonite and perpendicular direction to compacted direction. Bentonite is filled
into the sample holder. At both sides of the sample holder, sintered metal filters sandwich the
bentonite to prevent the swelling of the bentonite, and furthermore filter holders sustain the
sintered metal filters from outside. The tracer cell is additionally connected with a tracer tank
to keep the concentration of HTO in the tracer cell constant, and the solution is circulated by a
tubing pump if necessarily. The diffusion experiments were carried out according to the
following procedure.

The bentonite was firstly dried at 105°C overnight, and was filled into the sampie holder
with a cubical space of 15mm. The diffusion experiments in the axial direction to compacted
direction were carried out as the compacted bentonite blocks were, while the experiments in
the perpendicular direction to compacted direction were performed after the compacted
bentonite blocks were rotated by 90° in angle. The bentonite in the sample holder was then
saturated with synthetic porewater for 3 days under atmospheric pressure after being degassed
a half hour in a vacuum chamber.

_25_
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Table 1. Experimental Conditions for Diffusion Experiments

[temn Condition
Method Through-diffusion method
Bentonite Kunigel-V1® (content of Na-smectite: 46-49wt%)

Kunipia-F® {content of Na-smectite: > 99wt%)
Dry density of bentonite | 1.0, 1.5 Mg/m® (sample size: L15mmxW15mmxH15mm)
Diffusion direction Axial direction to compacted direction

Perpendicular direction to compacted direction

Saturated solution Synthetic porewater (prepared by NaCl, Na,CO,, Na,S0,) *
Tracer solution Tritiated water (initial concentration: 1.5 kBqg/ml)
Temperature Room temperature (25°C)

Atmosphere Under air

Diffusing period 12-36 days

Producibility n=2

* See Table II for the chemical composition of the synthetic pdrewater.

Tuabi Bentonite block Diffusion
o I?'lllllll)llll)1 s ﬁ_ | - OXIxlSmm) & direction
rI \ Sample holder (stainless steel)
Tracer cell Measurement cell
Sampling port
AV ] Y
- E
[l 1]
\ = Diffusion
4 $ direction
1.5kBa/ml
1dm3 100m!l 100ml
B4 o
Tracer solution . pow
Bentonite | |>llicone ) —
Tracer tank . —— |O-ring Sintered metal filter
Acrylic cell| | Filter holder

Fig. 1. Sectional view of a diffusion cell and the enlargement of the sample holder.
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Table II shows the chemical composition of the synthetic porewater. The synthetic
porewater was prepared by NaCl, Na,CO;,, and Na,SO,. The concentration and the chemical
composition of the porewater were determined based on the results of bentonite-water
reaction tests for various liquid-solid ratios. After the saturation of the bentonite, the synthetic
porewater in the tracer cell was exchanged with that loaded HTO to obtain 1.5 kBg/ml.

Table II. Chemical Composition of Synthetic Porewater

Bentonite | Dry density Concentration [M] *
m3
[Mg/nr] Na* Cr SO Co,~ | LSt
L 0.2 0. 0.024 0.091 0.35
Kunigel-V1 0 3 002
1.5 - 0.51 0.0044 0.052 0.20 0.76
. 1.0 0.37 0.021 0.0052 0.17 0.55
Kunipia-F
1.5 0.77 0.045 0.011 0.35 1.1

* The concentration of each ion was determined by extrapolating the results of bentonite-
water reaction tests for various liquid-solid ratios. : '

* L. S.: Ionic strength.

Samples, 0.5ml, were periodically taken from the measurement cell. To minimize the
effect of the decrease in the volume of the porewater by sampling, when total volume of the
porewater decreased up to 95ml, the porewater in the measurement cell was exchanged with
synthetic porewater, in which no tracer is contained.

Through-diffusion experiments of HTO for sintered metal filters were also carried out in
order to correct concentration gradients in the filters when De values are calculated. The
concentration of HTO was analyzed for 20 minutes with a liquid scintillation counter. The
accumulative quantity of HTO permeated through bentonite specimen from the tracer cell to
the measurement cell was obtained with time based on analyzed data. The accumulative
quantity is calculated from the following generalized equation.

Qn=Cn{V—(n—1)v}+l§(Ci-V) (n=1, 2, 3, 4,----) (Eq.1)

i=l

Where Qn is the accumulative quantity of the tracer permeated through bentonite specimen up
to the n-th sampling (cpm), Cn is the analyzed concentration in the n-th sample (cpm/ml), V is
the solution volume in the measurement cell (ml), and v is the sampling volume (ml).

At the end of each diffusion experiment, bentonite block in the sample holder was
pushed out, and cut with a knife into Imm pitched slices. Each slice was immediately
weighed to accurately obtain the thickness of slice. The slices were immersed in a 2ml HCI
solution with a concentration of 0.1M overnight to extract HTO from the slices. Furthermore,

- a 18ml liquid scintillator was added to individual slices in addition to HCI. The concentrations
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of HTO were then analyzed, and the concentration profiles in the bentonite were determined
based on the analyzed data,

Scanning Electron Microscopic (SEM) Observations for the Cross Section of Compacted
Bentonite ' '

Scanning electron microscopic (SEM) observations for the cross section of bentonite in the
axial and perpendicular directions to compacted directions were carried out at dry densities of
1.0, 1.6, and 2.0 Mg/m’ in order to observe the orientation property of clay particles in
compacted state. The SEM observations were carried out for both Kunigel-V1® and Kunipia-
F® bentonites in order to evaluate the effect of smectite content in bentonite. Figure 2 shows
the procedure of the SEM observations. The SEM observations were carried out in the
following procedure.

The bentonite was firstly dried at 50°C for 24 hours, and was filled into a stainless
column with a cylindrical space of 20mm in diameter and 20mm in thickness. Each bentonite
in the column was then saturated with synthetic porewater, of which chemical composition
and concentration are the same as that used in diffusion experiments, and was frozen in liquid
nitrogen after being pushed out of the column. Each bentonite sample was then dried in a
vacuum chamber, and was cut in the axial and perpendicular directions to compacted
direction. The SEM observations were carried out for both directions with a magnification of
200 times after being Au-evaporated.

Observation for perpendicular

direction to compacted direction
Compacted e

direction
X200
; -
< D /
N

Bent_onite Cutﬁng
specimen

\ Observation for axial direction to

compacted direction
S—
; X200

Size: $20xH20mm t—j
N~

Fig. 2. Procedure of SEM observations for compacted bentonite.
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DIFFUSION THEORY

The calculations of De values were based on Fickian law (8). The diffusion equation for one-
dimensional non-steady state is generally expressed by the following equation (9).

dC (De\d*C
a_tz(F)_'—axz Fa-2)

Where C is the concentration of the tracer in the bentonite (cpm/m®), t is the diffusing time (s),
De is the effective diffusion coefficient (m*fs), o is the rock capacity factor (=¢+ ps-Kd), ¢
is the porosity of the compacted bentonite, p, is the dry bulk density of the compacted
bentonite (Mg/m®), Kd is the distribution coefficient (m’/Mg), and X is the distance from the
tracer source (m).

The De/a. is equal to the apparent diffusion coefficient (Da). The accumulative quantity
of the tracer permeated through bentonite specimen up to arbitrary time for Eq.(2), based on
initial and boundary conditions, is written as follows.

Initial condition
Ct,X)=0,t=0,0<X <L
Boundary condition
Cit,X)=Cora,t>0,x=0
Ct,X)=0,t>0,X=L

QW _De. o 20 |(-1)° Den®n?t
—_—— 3
ALCo L= 6 =2 ,,:I{ n? P TTZg Eq-3)

Where Q(t) is the accumulative quantity of the tracer permeated through bentonite specimen
(cpm), A is the cross-sectional area of the bentonite sample (m?), L is the thickness of the
bentonite sample (m), and Co is the concentration of the tracer in the tracer cell (c’prn/m’).

At long time such as steady state, the exponentials in Eq.(3) fall away to zero. Therefore,
Eq.(3) is approximately written by the following equation for steady state.

QW _De, _a |
AlCo L& Eq4)

The De is calculated from the slope in the change of Q(t) with time in steady state based
on Eq.(4). If surface diffusion does not oceur, De is expressed by the following geometric
parameters (9, 10).

De = q{%)Do =G Do=FFDo  (Eq5)

Where 8 is the constrictivity, 12 is the tortuosity, Do is the diffusion coefficient in free water
(m’/s), G is the geometric factor (or is also called the tortuosity factor), and FF is the
formation factor.

It is familiar that Do depends on species in solution. The Do values for ions are
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calculated by the Nernst expression as shown below (11).

RTA | -
= 6

Where R is the gas constant (8.314 J/mol/K), T is the absolute temperature (K), A is the
limiting ionic equivalent conductivity (m®S/mol), F is the F araday constant (96,493 C/mol),
and |Z| is the absolute value of the jonic charge. '

Tritiated water, part of water molecule was exchanged with *H, can be regarded as a
neutral species. Therefore, although Do for HTO can not be obtained by electrochemical
measurement, Do directly measured by a diffusion experiment using tracer is reported. In this
case, since water diffuses in the water, Do is called a self-diffusion coefficient, and is reported
to be 2.28E-9 m’/s (25°C) for HTO (12).

The concentration gradient of tracer in the filter, which was used to prevent the swelling
of bentonite, is also included in De calculated based on Eq.(4), and must be corrected to
calculate true De in bentonite. This correction is made using the following equation for (13).

L .
De = 7
(L+2L: ) (2L Ea _)
De, De;
Where De, is the effective diffusion coefficient including the concentration gradient of the
tracer in the filter before correction (m?/s), De; is the effective diffusion coefficient in the filter

(m’/s), and L, is the thickness of the filter (m) (1mm in this study).
The detailed derivation process for the correction of De is described in (14).

RESULTS AND DISCUSSION
Effect of Diffusion Direction to Com pacted Direction on De and SEM Observations

The concentrations of HTO in the measurement cell as a function of time showed non-linear
- curves in transient state, and increased in a straight line as a function of time in steady state.
The concentration profiles of HTO in bentonite approximately linearly decreased from the
tracer cell side to the measurement cell side in all cases. This indicates that the diffusion
reached steady state in all cases, ‘ '
Figure 3 shows De values of HTO in the axial and perpendicular directions to
compacted direction as a function of dry bulk density of bentonite obtained in this study
together with De data of HTO reported to date ( 15-17). And Table III shows a summary of De
values of HTO obtained in this study together with De, values used for correction. All De data
reported up to the present were obtained for axial direction to compacted direction, and are
approximately the same as De values obtained for diffusion in the axial direction to
compacted direction in this work. The De values obtained decreased with increasing dry bulk
density of bentonite, showing similar tendency to data reported to date (15-17). The De values
for Kunigel-V1® were approximately the same for both diffusion directions to compacted
direction over the densities, and no anisotropy in De was found, while De values in the
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perpendicular direction to compacted direction for Kunipia-F® were clearty higher than those
in the same direction as compacted direction, being approximately 4 times greater at a dry
density of 1.5 Mg/m’. The De values for Kunigel-V1® were moreover higher than those for
Kunipia-F® on the whole at the same dry density. This is considered to attribute to the
difference of smectite partial density (18) caused by the difference of smectite content
between both bentonites. The effect of the smectite partial density on diffusion is discussed
later. Since the smectite content of Kunipia-F® bentonite is approximately 100wt%, there is a
possibility that smectite particles in bentonite orientated in a constant direction by being
compacted from one way.

Table III. Summary of De Values of HTO in Compacted Bentonite Obtained in

This Study
Bentonite D& gzﬁty nglguc;f; Effective diffusion coefficient [m?s]
De;*® , De®

Lo Axial 2.7E-10 3.9E-10

Perpendicular 2.8E-10 4.1E-10

Kunigel-V1 Axial 2.1E-10 2.1E-10
1.5 2.1E-10 2.0E-10

Perpendicular 2.7E-10 2.6E~10

10 Axial 3.0E-10 1.2E-10

Kunipia-F Perpendicular 3.1E-10 2.7E-10
15 Axial 3.0E-10 3.3E-11

Perpendicular 2.5E-10 1.3E-10

* De;: effective diffusion coefficient in the filter.
® De : effective diffusion coefficient in bentonite.
Axial : diffusion for the same direction as compacted direction (see below figure).

Perpendicular : diffusion for perpendicular direction to compacted direction (see below
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(O De(K-V1/axial) This work
[] De(K-V1/axial) (15)

FH De(K-V1/axial) (17) 5
/\ De(K-V1/perpendicular) This work |
A De(K-F/axial) This work |
\/ De(K-F/axial) (16)

10° — € j

- De(K-F/perpendicular) This work
— ? @
2 VvV .
E 1010] VvV A % B
o v
At
0 0.5 1 1.5 2 25

Dry density of bentonite [Mg/m°]

Fig. 3. De values of HTO for axial and perpendicular directions to compacted
direction as a function of dry bulk density.of bentonite.
K-V1:Kunigel-V1®, K-F: Kunipia-F®
Axial : diffusion in the axial direction to compacted direction
Perpendicular : diffusion in the perpendicular direction to compacted

direction
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The difference in micropore structure between Kunigel-V1® and Kunipia-F® was found
also in the results of SEM observations. No significant otientation of clay particles was found
for Kunigel-V1®, and it was observed that clay particles orientated at random in compacted
bentonite. On the other hand, the orientation of clay particles was found for Kunipia-F®,
layers of clay particles orientated in the perpendicular direction to compacted direction were
observed in the SEM observations, and the degree of the orientation of clay particles became
significant with an increase in smectite content in bentonite and dry bulk density of bentonite.
Namely, clay particles showed a tendency to orientate in the perpendicular direction to
compacted direction of bentonite for Kunipia-F®. This tendency is in good agreement with
that for De values obtained, indicating that smectite content in bentonite affects the
orientation property of clay particles, and that the orientated clay particles affect diffusion
pathway such as tortuosity.

Correlation between De Values and Smectite Partial Density

The De values of HTO for Kunigel-V1®, in which smectite content is about 50wt%, were on
the whole higher than those for Kunipia-F®, in which smectite content is approximately
100wt%. Smectite, major clay mineral of bentonite, is considered to compensate spaces
between impurities in bentonite. In this case, it is presumed that radionuclides predominantly
diffuse in smectite compensating the spaces between the impurities. It is well known also
from many literatures reported to date that the diffusivities of radionuclides in smectite
depend on the dry bulk density (e.g. 1).

Here the author has considered a density focused on only smectite aggregates, so called
the “smectite partial density” (18). This parameter is equivalent to the “montmorillonite
density” reported by Kuroda et al. (19). The smectite partial density defined here is more
generalized than that proposed by Kuroda et al., and can be applied for all kinds of bentonites.
The smectite partial density for a bentonite added additives such as silica sand is generally
calculated by the following equation (18, 20).

1-fa)fm- o
Pam = (1 fa)fm- p, (Eq.8)

_ (l—lfai)(l—frn)_i_f_a 5
_zpimk P
I gy

1

d

Where p,, is the smectite partial density (Mg/m®), p,.,, is the solid density of the -th impurity
(Mg/m?), p, is the solid density of the additive added to bentonite (Mg/m’), n is the number of
the kind of impurity contained in bentonite, fa is the content of the additive added to bentonite
(= additive weight / (additive + bentonite weight)) (Mg/Mg), and fm is the smectite content in
bentonite (= smectite weight / (smectite + impurities wei ght)) (Mg/Mg).

The detailed derivation process of Eq.8 is described in the literature of (18). With
respect to the calculations of p,,, a density of 2.7 Mg/m® was used as the average pure density
(solid density) of the impurities. Moreover, fm for Kunigel-VI® was assumned as 0.5 in the
calculations of p,,.

Figure 4 shows a dependency of De values for HTO on Pam- Data converted from Dg
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values (1, 15, 16, 21, 22) for HTO to De values are also simultaneously shown in Figure 4.
Since HTO is non-sorptive onto bentonite (1), Da for HTO can be regarded as diffusion
coefficient in porewater (Dp), and the relation with De is given by the following equation.

De=¢-Dp= (1 -&}Dp (Eq.9)

P

Where Dp is the diffusion coefficient in porewater (m%s), and p,, is the solid density of
bentonite (Mg/m?).

The porosity of compacted bentonite (¢) was calculated assuming 2.7 Mg/m® (23) as an
average solid density of bentonite.' Although some variations in De values are found, De
values for HTO are well correlative with p,,, even though kind of bentonite is dlfferent As is
clear also from Figure 4, De values of HTO for Kunigel-V1® are wholly higher than those for
Kunipia-F®. And De values in the perpendicular direction to compacted direction for
Kunipia-F® are higher than the other data, Particularly, significant difference in De is found
at high dry bulk density (1.5 Mg/m®). This is considered to be due to that clay particles
orientated in the perpendicular direction to compacted direction for a bentonite, of which
smectite content is high such as Kunipia-F®:
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(O De(K-Vi/axial) This work

[] De(K-Vi/axial) (15)

\/ De(K-Vi/axial) (17)

/\ De(K-V1/perpendicular) This work
FH De(K-F/axial) This work

A De(K-F/axial) (16)

> De (K-F/perpendicular) This work
® Da: ¢ (K-F/axial) (1)

1078 MDA 1 axilal ) (15)
: O Da- ¢ (K-F/axial) (21)
WV De(K-Vi/axial) (22)
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Smectite partial density [Mg/m’]

Fig. 4. De values for HTO as a function of smectite partial density.
K-V1: Kunigel-V1®, Kunipia-F®
Axia : diffusion in the axial direction to compacted direction
Perpendicular : diffusion in the perpendicular direction to
compacted direction
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CONCLUSIONS

Through-diffusion experiments using HTO for 2 kinds of smectite contents of Na-bentonites,
Kunigel-V1® (content of Na-smectite, 46-49wt%) and Kunipia-F® (content of Na-smectite, >
99w1%) were carried out for the same direction as compacted direction and perpendicular
direction to compacted direction at dry densities of 1.0 and 1.5 Mg/m®. Scanning electron
microscopic (SEM) observations for the cross section of bentonite in the axial and
perpendicular directions to compacted direction were carried out at dry densities of 1.0, 1.6,
and 2.0 Mg/m®. The conclusion is summarized as follows.
(1) Although De values for Kunigel-V1® were approximately the same for both diffusion
directions to compacted direction over the densities, and no anisotropy in De was found,
De values in the perpendicular direction to compacted direction for Kunipia-F® were
clearly higher than those in the same direction as compacted direction, and the effect of
anisotropy in De was found.
(2) The results of SEM observations clearly showed the difference in micropore structure
between Kunigel-V1® and Kunipia-F®. No significant orientation of clay particles was
found for Kunigel-V1® over the densities, while the orientation of clay particles was
found for Kunipia-F®, and the degree of the orientation of clay particles became
significant with an increase in dry bulk density of bentonite. This tendency is consistent
with that for De values obtained, indicating that smectite content in bentonite affects the
orientation property of clay particles, and that the orientated clay particles affect diffusion |
pathway.

AKNOWLEDGMENTS

The author would like to thank Dr. S. Suzuki for productive discussion with respect to
micropore structure of compacted bentonite.

REFERENCES

1. H. SATO, T. ASHIDA, Y. KOHARA, M. YUI, and N. SASAKI, “Effect of Dry Density
on Diffusion of Some Radionuclides in Compacted Sodium Bentonite,” Journal of
Nuclear Science and Technology 29 (9), pp.873-882 (1992).

2. H. SATO, “A Study on Pore Structure of Compacted Bentonite (Kunigel-V1),” INC
TN8400 99-064, Japan Nuclear Cycle Development Institute (1999).

3. H. SATO, “The Effect of Pore Structural Factors on Diffusion in Compacted Sodium
Bentonite,” Proc. Int. Symp. Scientific Basis for Nuclear Waste Management XXIV,
Sydney, Australia, August 27-31 2000, Materials Research Society, in press.

4. S.SUZUKL A. FUJISHIMA, X. UENO, Y. ICHIKAWA, K. KAWAMURA, N. FUJII, M.
SHIBATA, H. SATO, and K. KITAYAMA, “Microstructural Modeling of Compacted
Sodium-Bentonite and Application of Unified Molecular Dynamics/Homogenization
Analysis for Diffusion Process,” Journal of the Clay Science Society of Japan, 41 (2),
pp.43-52 (2001}, in Japanese.

5. A. MUURINEN, P. PENTILA-HILTUNEN, and J. RANTANEN, “Diffusion
Mechanisms of Strontium and Cesium in Compacted Sodium Bentonite,” Proc. Int. Symp.

~36-



JNC TN1200 2001—007

WM’02 Conference, February 24-28, 2002, Tucson, AZ

10

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Scientific Basis for Nuclear Waste Management X, Boston, Massachusetts, U.S.A.,
December 1-4 1986, Vol.84, pp.803-811, Materials Research Society (1987).

M. ITO, M. OKAMOTO, M. SHIBATA, Y. SASAKI, T. TANBARA, K. SUZUKI, and T.
WATANABE, “Mineral Composition Analysis of Bentonite,” PNC TN8430 93-003,
Power Reactor and Nuclear Fuel Development Corporation ( 1993), in Japanese.

M. ITO, M. OKAMOTO, K. SUZUKI, M. SHIBATA, and Y. SASAKI, “Mineral
Composition Analysis of Bentonite,” Journal of the Atomic Energy Society of Japan, 36
(11), pp.1055-1058 (1994), in Japanese.

J. CRANK, “The Mathematics of Diffusion,” 2nd ed., Pergamon Press, Oxford (1975).

K. SKAGIUS and I. NERETNIEKS, “Diffusion in Crystalline Rocks of Some Sorbing
and Nonsorbing Species,” KBS TR82-12, Royal Institute of Technology (1982).

H. SATO, T. SHIBUTANI, and M. YUIL, “Experimental and Modelling Studies on
Diffusion of Cs, Ni and Sm in Granodiorite, Basalt and Mudstone,” J. Contaminant
Hydrology 26, pp.119-133 (1997).

R. A. ROBINSON and R. H. STOKES, “Electrolyte Solutions,” 2nd ed., Butterworths,
London, p.317 (1959).

Chemical Society of Japan, “Chemical Handbook,” 4th ed. ,-Maruzen, Tokyo, p.II-61
(1993), in Japanese. : '

H. SATO, “Effect of Ionic Charge on Effective Diffusion Coefficient in Compacted
Sodium Bentonite,” Proc. Int. Symp. Scientific Basis for Nuclear Waste Management
XXIII, Boston, Massachusetts, U.S.A., November 29-December 2 1999, Vol.608,
pp.267-274, Materials Research Society (2000).

H. SATO, “Diffusivity Database (DDB) for Major Rocks: Database for the Second
Progress Report,” JNC TN8400 99-065, Japan Nuclear Cycle Development Institute
(1999).

H. SATO and T. SHIBUTANI, “Study on Adsorption and Diffusion Mechanism of
Nuclides in Buffer Material and Geoshere,” PNC Techinical Review, No.91, PNC TN
8410 94-284, pp.71-89, Power Reactor and Nuclear Fuel Development Corppration
(1994), in Japanese.

“Annual Report -FY1989-,” PNC TN1410 91-009, pp.51-52, Power Reactor and Nuclear
Fuel Development Corporation (1991), in Japanese. |

H. KATO and T. YATO, “Estimation of the Effective Diffusivity in Sand/Bentonite
Mixture,” 1997 Fall Meeting of the Atomic Energy Society of Japan, October 14-17 1997,
139, Atomic Energy Society of Japan (1997), in Japanese.

H. SATO and S. MIYAMOTO, “A Study on Diffusion and Migration of Lead in
Compacted Bentonite,” JNC TN8400 2001-018 , Japan Nuclear Cycle Development
Institute (2001).

Y. KURODA, K. IDEMITSU, H. FURUYA, Y. INAGAKI, and T. ARIMA, “Diffusion
of Technetium in Compacted Bentonites in the Reducing Condition with Corrosion
Products of Iron,” Proc. Int. Symp. Scientific Basis for Nuclear Waste Management XX,
Boston, Massachusetts, U.S.A., December 2-6 1996, Vol.465, pp.909-916, Materials
Research Society (1997). ' : '

H. SATO and S. MIYAMOTO, “The Effect of Silica Sand Content and Temperature on
Diffusion of Selenium in Compacted Bentonite Under Reducing Conditions,” Proc. Int.
Symp. Scientific Basis for Criticality Safety, Separation Process and Waste Disposal,

-37 -



JNC TN1200 2001—007

WM™02 Conference, February 24-28, 2002, Tucson, AZ

21.
22.

23.

Tokai-mura, Ibaraki, Japan, October 31-November 2 2001, Japan Atomic Energy
Research Institute, in press.

Y. TORIKAI Doctoral Thesis of Hokkaido University (1996), in Japanese.

H. KATO, M. MUROI, N. YAMADA, H. ISHIDA, and H. SATOQO, “Estimation of
Effective Diffusivity in Compacted Bentonite,” Proc. Int. Symp. Scientific Basis for
Nuclear Waste Management XVIII, Kyoto, Japan, October 23-27 1994, Vol.353, pp.277-
284, Materials Research Society (1995).

H. SUZUKI, M. SHIBATA, J. YAMAGATA, 1. HIROSE, and K. TERAKADO, PNC
TN8410 92-057, Power Reactor and Nuclear Fuel Corporation (1992), in Japanese.

-38-





