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Participation Report for International Conference: 2nd Japan-Korea
Joint Workshop on Radioactive Waste Disposal 2005: Interaction between

NBS and EBS

Haruo SATO

Geological Isolation Research and Development Directorate
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 7, 2005)

The “2nd Japan-Korea Joint Workshop on Radioactive Waste Disposal
2005: Interaction between NBS and EBS” hosted by Prof. K. Kawamura of
Tokyo Institute of Technology (TIT) was held at TIT (Centennial Hall)
from October 6th to 7th, 2005. Approximately 30 scientists participated
from both countries, and productive discussion was made. From Korea,
6 scientists partigipated from KIGAM (Korea Institute of Geoscignce and
Mineral Resources) and HUNDAI (Hundai Engineering and Construction Co.,
Ltd.). Totally 17 presentations which consist of 4 presentations from
Korea and 13 presentations from Japan were made. Proceedings and CD-ROM
(electronic version of the proceedings) were distributed on the day.

The following topics were reported in the workshop; (1) disposal
site selection process and status of open solicitation in Japan, (2)
status of nuclear program in Korea (low level and intermediate level
radioactive waste management) and KIGAM works, (3) groundwater flow
analyses for clay-based backfill, sealing plugs (clay, concrete) and
grout, (4) underground research laboratory (URL) and underground
research tunnel (URT) at KIGAM, URL utilizing abandoned mine and research
items at URL and URT, (5) structure observation of Opalinus clay in
Switzerland by Confocal Laser Scanning Microscope (CLSM) and Molecular
Dynamics (MD) simulations for wetting angle on mineral surfaces
(kaolinite, quartz), (6) the effects of the temperature and the relative
humidity on crack growth of granite, (7) correlation between single
fracture and permeability coefficient and computation of its
permeability coefficient by Homogenization Analysis (HA), (8)

deformation and microcrack propagation in granite under water-saturated
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condition, (9) MD simulation for ionic property in interlayer of smectite,
(10) sorption characteristics of Eu, Tb, Co, Am, Yb, Cs, Sr and Se onto
rocks (granite, biotite gneiss, andestic tuff, etc.), (11) diffusion
properties in compacted bentonite by MD-HA coupled analysis, (12)
diffusion coefficients and activation energies of I and Cs® ions in
compacted smectite, (13) redox front formation in rock and bacteria
activity (reducing and oxidizing), (14) groundwater flow analysis and
modeling for evolution of groundwater chemistry at Horonobe URL site,
(15) edge models of dioctahedral 2:1 phyllosilicates, (16)alteration
of bentonite (Kunigel-V1) contacted with saline water at high
temperature (90°C), and (17) uncertainty thermodynamic data of smectite
and its impact on smectite alteration.

This report describes above technical topics reported in the

workshop.

Keywords: International Workshop, Geological Disposal, Radioactive
Waste Disposal, Natural Barrier, Engineering Barrier, Bentonite,

Underground Research Laboratory
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1. % =

200545 10 A 6~7 B, HRIEKRFOEERTSE (=74 FEEBE) KRAVWT, M
HEATEES GERUTEKRY) B U T, THSRHEERESEMLSY 2005 - RBNY T EATAYT
MOMEERICETAE 2 BRRARY—7va v BEEIhT, BERGPLEN
30 ARERSINL, BRLBRVBHEIN:, BE»HIX, BEMEREEMZER (KIGAM:
Korea Institute of Geoscience and Mineral Resources) RCERAAEFR (Hyundai) 225 6
ABHE Lz, BRiZ, BEND 44F (2 TKIGAM) . AZXH» D 134 (ARCHZEFZ2NL
EEWREL L TREDARAZED) 25T 17 BfTbh, 2T —F A4 TiThhi,
WHIZ, Fry—F 4T R*L CD-ROM GREDOETFMR (pdf)) B S, EHITES
WTHERNBHE IR, UTIZ, 5 INERXO My 7 2E2RBAT 5,

FHICHRIXFA M EREE (FTR) 2L bOETT,

B, @ BEFHRERERHERE (M) Odtil—ER» DX, AoV 4 MNEBES =
TR (B3ARAFvF) ITOWVWTHBHA S, NOMO (X, 2002 4 12 A 19 B, 3,239 D EIEHEIT
Ry7vy MRS L BEFAEMROAEZ BB L, ZHhE T 4 HORRE (Saga tow,
Goshoura town, Kasasa twon, Shinkamigoto town) M3&H o7, £DOHOFELKIR
EigE ani,

@ KIGAM @ Yongje Kimt@+2Hix. BEICRITIDRFAHCETEZ 707 508K (F
I L~V R EEZEY)) & KIGAM OB BN W THE Sz, KIGAM O&FI L LT, (1)#
BICRT A REMOFM. QBB ORARCAHENETE. Q) FAMREIFERE, (4)
KRN 7 OHIERL RN 72 R H BTN RE SNz, SEOHRE T, HEEEED
THBEICEZ > HHBOIF LD, HEE L AREORRCAZEEOREN (BED
EFRICHOERE A L. 2000C TiE 10~20%, 500~600°CTid 40~60%34) . #TK
REMRITO—B & LTIThh B A4S (K ORIE (Blh BH & 8858 TIXBARENRE
720 . BB TK=1.56-5~2E-10 /s, fEHETK=1E-6~1E-12n/s). TEME. FHAE.
metabasite IZXF$ 2K (Am, Eu) OWEZERFILRENMEShi, &@LU VRIHERE
BOHECHOWTERILELE 25, BE, FEVAVORTHY, BV IOV TIER
ETHHEREBEE SN,

@ ETFHREREBHEE M) OEERK»HIX. LaRNENHEDRE LM AL
KFS 7L 7S5y NADTORTARBRITICOWTHRE Shis, BT, 3 RTHERER
ETbh. HTASER., FEREg. KI5 IS T U M EOFEKRESLEIKAE

* Fu—F 47 R :Radioactive Waste Disposal 2005: Interaction between NBS and
EBS, 2nd Japan—Korea Joint Workshop, October 6th to 7th, 2005, Tokyo Institute of
Technolgy, Japan
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BRG A= L L, HTAEECE 2 2EEORE R EBRFT S, T /KIEH HTK
BN ~RVEEE RISTER ENRE S,

@ KIGAM ® Chang-Ha Ryu {8251, KIGAM ¥ + OH#FAFZFT (URL) R URT (HiTFHF
22 by kV), BEIRERILZFIA Uiz URL B UV URL R° URT TOMEEE 22 EIT W TR SR
7eo BlZ X, KIGAM ¥4 R URL TiX, P RAMRERET, AR, HTKREFER L
BHEE N TWAE, URT TiX, VAT A RE, HTKRSBFFE. ATRYT VAT L (7
FY 7 RAPAOKREOELI, T ¥, #ITKGE) 2EBHESATVWSE, Lo,
FBEER & LT, A MAEBRICET2F. BROITFHAREE, RET=F) 7Lk
BERRME., $RAIEMER (EDZ) OFHfiR ERHE SN TWHERHE I, BURERAMT
ROEROFREBHICOVWTEMLIZE ZA, B EAFRBTIIRVIRLDETH- T,

G A4EBKREOTH)IEREENLIZ. XA XDF /Y F X5+ (Opalinus Clay) I
B THMC (BUKSHLERGDER) e RCRITE A= EBO—BE LT,
L —P—Jt4E HPEMES (Confocal Laser Scanning Microscope: CLSM) 2 & AHEHE (K
SBEOEE) RUSTFEHEE (Molecular Dynamics: MD) 1=k AEEMEE TOKDIK
BIZETEYIab—YarilonTH#HE SNz, W HETI, i, ¥4V 74 PR
RERBPHELEHOMPNE > RERB R E, e o F— 0 TOKGOEMRE (97
DA, BREEARE) OV Ial—YarBRESNBLEC. TRHDHERRC
ESWT, FIEAL GUEZERE) TORABSMIONTHER SN, ZOHREICD
Wi, Capillary (BHE) & Swelling () oW TEBHRMBRKZLINT,

® ALHBERZED Y. Nara LA bik, EEEOENBEORE (ER) RRBICKETIRE
CHMBEOEBIZOVWTHE SN, BhERX, MHxhBED LRI THMT 5%,
B LFAXHNBE LB LG T P WEEZAIE L L 25, RE LHEHBEOREIL,
ISAE AT LRSI /RS 3 5, P BOEENT. MIXRBE OB > TROT 5%
REBBEESNTL, ZORBETOVTIE, BE LAHKHARREES. Fh B OEEN2
BErE (VOUYBARLIIEEBLLBR), ~(7us Ty 0% (BE) L PEEEL
DR IOV TERSLI AL MR 23T,

@ KIGAM O Byung-Gon Chae {22 51%, HAAFOFNE LAkDFh FEARFEE &0HE
BIZHOWTHE SN, TODEFaT—F 7 ($5.5xllcm) IZOVWT, CLSMIZ L 55!
NEOEELWMMOREZITV., BhEREOR S ZFE U THELENT H) X9 H
NEPCOEHHBAGEEEZEN LEBERICOWTHESNZ, BEHINZBKREDE
FE(BREE) KOWTEBLEZEZA, e oRBHCH LTRIRSNIEE — KL TWDHE
BEZ SN, Z20M, REOHIPENBRETORNDA A —VRETOVTERS
niz,

LHBRFDOA H M Faisal Anwer b3, KEafnf ToERSE FRHE)
ERRR~AL 70l Ty DERBIZHOWVWTHE SN, ZTOWRIZ. REFBRROIERS
B (H20xW40xT5mm) (2RI 2> & — 85 FICEMEIS /1 2 8T, CLSM I X VBB L ED
FE (CLSM T, BELEIOE(LBHETE) 21To0b T, ISHEMBR L BHABED
BEFERND, MEOBRIZOVWTEE LT, 25 TR, EE~ORBIIXTI2HA%
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¥R 7 5 biotite @ cleavage (BERH) DFERL CLSM OBBER LI oW TERINT,

@ FEEITEKRFORMEBITHEEIDIZ. M Iz —ral itk B3RA A7 Z4 NERF
TOA F DEBITONWTHRE SN, FESEMBIBIZE DR AT Z A DA A—TR,90C
T®DNa, Ca, Mg, Cs B =7 F (FrE®VurA b) OFEREE (EmHRZEL). XRD
KEZERERBOZOHEENE (RERE., RAFGTCOERRRE 2L, BET
bNIEFRICONWTHBMNT B LIE, AATZ 4 MNEMF TORLY 24 F /D0 TD WD
¥ a b— g VEITV LI, Na, K IXBEBR B DK (structure affinitive hydration) .,
Rb, Cs IIEERHERIOAFI (structure breaking hydration), Mg, Ca, Sr, Ba IX#&iE#H
MBOKRMTHIERENBESIN,

@ KIGAM @ Kil Yong Lee bk, TERE. BERAME. netabasite, RILEEIK
BITx3 B Eu-152, Tb-160, Co—60, Am—241, Yb-169, Cs—134, Sr-85, Se-75 MDIFIZD
WTRBRMENT, ERIZ. Ny Fik (B 30~150pm, FEHKIEE 0. 45um K& OE D47 BE
(20, 000g) . ¥EELL V/M=20mL/g) IC & V. FAENZ 6 B, BA LK & 2l S 1Tk
ZERALTITbhi, BonoERE (K) & pHRBA A RBAER (CEC) & OBk
ERBAENT, FOM, 7T LETLDERBITOL, TVv—0 AN—A—T72 b
&N, ZOHFETH LTI, bUr—V 0N EDERFIER Se I8 2 ERIZOW
TEHHmENT, £, THIX., RBROPESS Se 2 PBLETICHB2 TR T 5BILE
TEMEDHEE R LT ONTa AV b L,

@ BARFHFICEAFEEE (JARA) OEEHFESHELLIE. WD L HA B2RA SEL
MD-HA &5 S FRATIRIC X BIERER Y M F A MHOFEBEBEHEIC oW THE S, 2, [EHE
Ry hFA PO HIO OIEEIZOWT, ) A FOBITREOBEET NV ERFTS
Litiz, BT OAKOBETIERICOWTIEIM VI 2 b—ya VETW, ZOFBREBITHE
BOBEETFNVEESE L TREAOIEERE CUEEEAE) 2HHL, ZAME S R
LEbDT, #xtEE LT 2~3EREDET—RLTW:, Z0REE LT, RENRE
HMELDEBENTHI LEZL-ERRESNE, Z0oBEFIIHL T, FEBESESh
JERERY P FA PR OHEBIZOW T, RERAR L IEBAREOBMOFEIC W THER S
hiz, ‘

@ ZHZ, RV FA MO L Cs'A F 2 DIEBURE L EH (L= R F—IZ OV TH
B, Zhid, Vb POBIEEHOR AT ZAL |k (FrEY RIS D) T
BLEBET, RAAZFA rOXREERL, HBE, BErAn, RE, RREEZN T
— X ZHA A2 DR OIBRKR R BIET B LT, BT IAFX—2RD, EHAR
AT EAL MDA FT Y OBARBREBRAN=ALIODWVWTEE L, Zo®ETH LTI,
IRBIZRIFTTy VA FOFERLNCL I L BHEBE MAKRHTAK) ORFHER LTS
WTEBIRZ SN, FFETIE, =y P34 bOBES TIFMEHRZVWAE, =y V¥A
R A~DULETL pH PR EEEEERTAIA T VICE > THREETHIE, 2. BV VAD
REITIE, — BTy VYA F~ONELEENLTHEEOCHHF, HREIX, BAKLHE
ARZEMELTO0.01l & 0.51M D NaCl & Lz, A AV ORBECL>TUIRV bTHA D
BB B E 5073000 Y, STLLREBTILEHEVEINL2VWES LD
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AHEEEZE LT,

® £ HBRAKZOEAE—BEENLIT. TFaIATFulFRO—RLE LTTolks
FHOBRLBTIy FOEREZ TV TES (BIRUETED & oBERICONT
WL, BLBT ey FOEEL LT, $onfi LBLRBRENOHETED
B, T, BREBEVEIICR > TVBEE, IO XD RGMTR DT OVTIE,
757 7 OREPEHLERTILERHZERENRES I,

@ KREHOLUAREEL)OIX, BIEHIRICRAT 2T ATE & T AMROET Y &~
ZRoNTHES N, BFY U ZICRWTIE, #ITFAERYR &R TARI{IEZEL M3 £F
J (Maltivariate, Mixing and Mass Balance Model). ZKBRE KX CHIREIX, 7u—%F
F., B2y 71X, ThETCHESMERESNE 3 RTHEHEET VIZESNT
SZfi Lfr, EiZ. TOUGHREACT (Chemically Reactive Transport Simulator) 2 X ¥ Rk
BIFEHEL., HEEREORBIICHTIEMEFH L, SHTIX. ZBERE (RR) O
B0 E R Vi oW TER S,

@ SRAZEOARE—ELINOIE, Z/\HEH 2:1 B phyllosilicate DLy PEF NI
SNTHEESRE, 2 ¥4 TORRSENERYA FHBFEL, 2 DOy PEF L PBC

(Periodic Bond Chain) & /v & Non-PBC 7 /L& HEDAM, HIH ATy VEFAR
ERgE I,

® IRI (FEEAERIZEREN OHAREELALIX, BETCHEALERMLEXV A |
DEEEHIC O VTHRESNF, 7 =5 A VI XY A b &2 90CTATIEAK (ASTM) &%
il X778, Mg, Na, Ca REDESHEOBRBEMERELZLZA, Na L Ca I3 &3
B> LTods, Mg X CEC (0.8 meq/g) MBI TEFENEMLILE, REXV A +O
CEC. Cs DL R UZ KM, Mg OTEIEREED FTIR, TG-DTA, XRD 2>O D#HTHERA
5. Cs BBEICBALEE, ABRCEESNAZIESC. BELEAY A FOBHE T,
Brucite (Mg(OH),) AILEEL. Cs ODEEARWMEZMEL TWAIERERRESINTL, &
OHREITH LT, BERY FFA MO CEC REEOBEE (kinetics) 2 ETOWTHML
el B, THERY A RO CEC BB THER, FEEEIRREKFETIERER
E1Z: ¥ gy rall

Bz, @ AARBEFANZERZEE (JARA) OLAMEENDLIX. RAZZA FOBRS
2B ORBESE (RNFVF) PEERRETEEC VW THE S, BR. #ES
NTWABAEF—F LEFAERVTHETS L, RAT FA b LBAKRMT A EA
L7588, EERETOSRMBRIIEL RS b00, AR TAKEEMLLES, &
BEIIA LR, RAZZA MRBRTITTEERD D LRESN

BEITI, HKEEMLELZATRY A FOBEBEZ S LIBZIIW, &
BERT, HLETTEEHROREEZTRTLOTHY, BEANRBEEBEENTVWHRTH
2V, S, EFALEDTENEF —FORLE BERSLELRDLEZD,
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@ K. Kitayama, NUMO
(Japan)

NUMO structured approach for implementing HLW repository

® Yongje Kim, KIGAM
(Korea)

Hydrogeological strategies in radioactive waste repository
assessment: A case study for crystalline rock formation in
Korea

® Y. Sugita, NUMO
(Japan)

A design study of clay-based backfill and plug for the
intersections of tunnels in geological repositories

@ Chang-Ha Ryu,
KIGAM (Korea)

Utilization of underground space at depths and rock mechanics
problems

® Y. Ichikawa,
Nagoya Univ. (Japan)

Why does the mudstone become hard? Molecular dynamics analysis
and microscale interpretation

® Y. Nara, Hokkaido
Univ. (Japan)

The effects of the temperature and the relative humidity on
the elastic property of granite

@ Byung-Gon Chae,
KIGAM (Korea)

Scaling up of single fracture roughness using a spectral
analysis and computation of its permeability coefficient

A. H. M. Faisal
Anwer, Nagoya Univ.
(Japan)

Surface deformation and microcrack propagation in granite
under water—saturated stress relaxation condition

® K. Kawamura, Tokyo
Inst. of Technol.
(Japan)

Physical properties of interlayer aqueous solution in
smectite —Two dimensional nano—thin aqueous solution
investigated by means of molecular dynamics simulation—

@ Kil Yong Lee,
KIGAM (Korea)

Sorption characteristics of radionuclides onto different rock
media

@ N. Fujii, JAEA
(Japan)

Diffusion properties in bentonite buffer material by
molecular dynamics and homogenization analysis -Modeling of
3 dimensional microscopic structure—

@ H. Sato, JAEA
(Japan)

Activation energy of diffusion of iodine and cesium in
compacted smectite

@ H. D. Yoshida,
Nagoya Univ. (Japan)

Natural analogue of redox front formation in near—field
environment at post—closure phase of HLW geological disposal

@ H. Yamamoto,
Taisei Corporation
(Japan)

Reactive chemical transport simulations for evaluation of
ambient chemical conditions at Horonobe URL site, Hokkaido,
Japan

@ K. Shiraki,
Kanazawa Univ.
(Japan)

New edge models of dioctahedral 2:1 phyllosilicates

@® S. Suzuki, IRI
(Japan)

Alteration of bentonite contacted with saline water at high
temperature '

@ M. Shibata, JAEA
(Japan)

Uncertainty of thermodynamic data of smectite and its impact
on smectite alteration
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e Expenmentals
« Preparation of Na-smectite
« Diffusion experiments (I and Cs’f) ‘ ‘
* Measurements of basal spacmg by X—ray dxffractmn analysis

@ Results and Discussion
¢ Basal spacing
« Diffusion coefficients of I :«md Cs“‘ mns
* Activation energ1es of d}ffusmn for I and Cs*‘ ions

e {(onclusions

3

guffef ma‘;enal /
entonite
Bed rock

Waste package [
(vitrified waste) |

Buffering
Corrosion of OP

,f Bed rock (crystalline and

Reposi edi k
Repository 3 lmentaré roc s)
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® In recent stud1es, it is clear that clay particIeS‘ orlente in the
perpendicular direction to the compacted direction of bentonite which
has high-smectite content and that the diffusivities for HTO and HDO
are different between parallel and perpenmcuiat direchons to the
oriented direction of clay partlcles (l.e, amsatm;)}; in diffusive
pathway) (e.g., Sato, 2002)

@ The interlayer space of smecﬁte and electrostahc effect from smectite
surface depend on dry densxty an Sahmty This indicates a possibility
to affect diffusion and activatlon energy (AEa) (e 8., Kozaki, }9‘,}‘}} ‘

The amsﬂgﬁggg ;ﬁwihe effect of salinity in the éiffuswn and
" AE,s for I and Cs* jons in compacted Na-smectite are discussed

5

Dependencies of Des for HT()
& HDO on diffusion divection
&Qempmm to the oriented &xrecimn of aiay

Kunipia-F partmfes

O KViadal This work
H Re¥17axisl: $at ot nli 994
K-V1/axial: Keto ¢t 41,1997
O\ KVipempeadiculan Thiswork
K-Fiaxiak This work
& K-Flaxial: PNC 1991
@ X-Fipeprudiceln This work
&, Smeciiteavial(HDO): Suzski et 2l2003
& Smecutepripcadicuiar{ HDO): Suzu ki et212002|

Perpendicular
direction

»: 3 * :‘ o ¥ .} : 10” '...‘...""‘. Ny *
Axial direction ; Axial direction ioo,xm 0 05 1

Dry density /Mg/m®
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Preparation

of Na-smectite

Repeat 3 times

. Recovery of
Tmmersion for Waste of Water Repeat 5 times supernatant
1w supernatant i+
smectite
Centrifugation
= 1(3,000rpm, Stiiny
Recovery of paticles
with < 0.58m
Cenlrifugation
{3,000rpm, 20min)
Wasts of pH meter 1M-NaCl

supetnatant
Vesse] for

centrifugation

S Measurement of pH /

entrifugation e 3!

b . cat liquid-exchange until pH eaches

(3.000rpm, 20min) g’mmqwewmng ’ ’

Suspension Semipermeable
J membrane
\ll Waste of = Smectite l

80%ethyl - Repeat 3 times supernatant
alcohol / .

Centrifiigation

. Periodically take samples, and repeat
{3,000rpm, 20min) N 1. P PO

vat until no precip is
found as AgNO; was added

Bentonite boek
(13x13x13mm) - Compacted
dircetion

Sawiple hotder
for compaction

Plinth

Sample holder Punching tool

for compaction {stainless steal) 'ﬁ-al' ot . :
1 i cer solation _ pyiffision column under diffusion
0 i 1 N
Diffusion direotion 'é‘ Compacted Cutter knife
divection direction

® Pashing ool

Low pressure Samiple holdet XXF‘

Polypropylene bottle

3000cpmx 10min
*’P-l~ Centrifugation r=

Filter (0.21um)
Bentonite (smeetite)

Desorption of tracer

Sample boitle

W\ ] Pretreatment = Analysis: HR ICP-MS / ICP-ATS

\ S‘illgone O-ring
Bentonite
Sataration by distilled water Saturation by NaCl (0.01 or 0.5 1M)

U
Filter

8
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_ Diffusi «mw«“&mgmmmmim ﬁmﬁmﬂm

Item o Method / Condition
|Method | n*dxffusmn mefhc)d (one side back-to-back)
| Bentonite | Na-smectite (Kunipia-F® ion-exchanged by Na*)
Dry density | 1.0, 1.4 Mg/m’ (sample: cube of 15 mm)

Diffusion direction Parallel / Perpendicular directions to the m‘mmed
direction of smectite particles

Saturated solution NaCl([NaCl1]=0.01, 0.51 M)
Saturated period 54-150 d (saturated with distilled water for a month

' | before saturation by NaCl)
Tracer solution Csl ([Csl]=1.5E-2 M)
Spiked tracer quantity | 50 pl/sample - ‘
Temperature 295-333 K (22-60 'C): 295, 303, 310, 313, 323,333 K) |
Atmosphere Aerobic condition - .
Diffusion period 6h-11 d (depending on dry density and temp.)
Recovery of tracer | Desorption by KCl ([KCl]=0.5-1 M)
Analysis Cs: High Resolution ICP-MS / I ICP-AES

Measurements of Basal Spacing by XRD

Measurement
X-ray  Surface

Measurement condition .

Item - Spéciﬁcation / andition‘

Angle /20 2100 =

Bentonite Na=smectite (Kumpia-F‘E ion- exchanged by Nat)
Dty density 1.0, 1.4 Mg/m? (sample: cube of 15 mm)

Suturated solution NaCl ([NaCl]=0.01, 0.51 M)

Saturated period 31 d (saturated with distilled water for 29 d before

saturation by NaCl)
Measurement position | Depth from Sdmp}ﬁ: %ﬂrface 0. 5 and 7 5 mm (center)
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Examples of Measurements of Basal Spacing

16000
14000 Compacted purified Kunipia-F
[NaCl]=0.01M

Dry density: 1.13Mg/ m’

£ 10000 £ Depth: 0.5mm

3 water-layer 18.87A

TRTTTFTTT I TvoT

B
[=3
[=3
(=]

TTTTT T v rT T

T

Compacted purified Kunipia—F o
[NaGl1=0.01M 15.68A  Mixture of 2 and

oL 3 o
8 : 82; tierz)sgt:": 39Mg/m 18554 3 water-layer

2000 F FUTNSIERE .

0 T T T T T T T T T T
0.00 1.00 200 3.00 400 5.00 6.00 7.00 8.00 900 1000
X 2 theta/theta /degree '
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| ﬂﬁmmg@ﬂm aﬁaﬁ” @“"MWW&W@%@;W&@ Profiles of I and Cs*

LOE+06 R R L R
1/1.0 Mg/m? / perpendicular Cs/ 1.4 Mg/m? / perpendicular
[NaCl}=0.51 M /303 K [NaCl]=0.51 M /313K

D,=1.44E-10 m¥s /t=18.5 h D,=7.70E-12 m%s / t=166.5 h

10405 LOE+0S &BE@E
1.0E+04 e

LOE+06

C /mg/m3
C /mg/m3

1.0E+04 \__%

LOE+02 ¢
1.0E+03 \ 3 \\

LOE+01 |

1.0E+03 LN

10E+02 ———— i bt 10E+Q0 ———— I
0.0 50 10.0 150 00 50 100 150
X /mm X fmm

[1: Measured value
» : Calculated concentration profile at remvery ]00%

Both plots are in good agreement = recovery 100%
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?3@@5@rmﬁmﬁz§@m§ of 1D, and A,

i
i
e

I)xffusmn equatmn bmad on Fick’s 2nd law

ﬁ?_,,wnﬁc a’c
o axX( 'ox) “\aXz

\ Ana}ytl,cal solution for a planar source consisting of a limited amount of
substance in a sample of infinite length

jrok
Cax x*
C“‘ 0. AD

: ypD,:t

AE, based on Arrhenius plot
dinD, AE,

dr  RT
(: concentration of tracer in smectite  7: diffusing time
X: distance from the tracer source  Da: apparent diffusivity

T: absolute temperature  AE,: activation energy R: gas constant

memm ies @ﬁ" %%f@ ﬁ”ﬁ%‘* I on Dry Density
1m0 4} o I | ’”“E 5.;%2:2&2&2”"‘ o Dis are higher in the parallel dlrccnon
i I v omemmcpant L than in the perpendicular direction to the
| :'Perpm}'wbn DWSaootal 1992 © | i W Panell[NaCIOSTM d di £
;.,z;c_,{:wm oot 595 | T i oriented direction o smectite parucles
B — el 10809 fered _Aj_' ¢ Dasi in the parallel direction decrease with
3 ® i i | increasing salinity at low-dry density
kS | : : !
! v ! P .
E | el ! ¥ . |Whatis occurring in smectite?
s | B Kl
JOBAD e mde T e O omde b e B
! &G *% 1 ® Blectrostatic repaismn from  smectite
8l P surface (ion exclusion).
5 R o
oA jBwxl i e Inferlayer aperture and exiernal pore
P TL RO SR YRS S - aperture decrease with increasing  dry
10808 ; o "TFepeniiaha TR0 | 10508 i ! density and salinity
{ [ ® Perpendiclar NaCHOSIM | | : @ Perpendiubr[MaCH0.S1M |
,;‘;f;{;;cgﬂgg,;, ! | armpecpan % Resmctmn of diffusion for anions: the
| T inerease in fortuosity for diffusion in the
| é 1 parallel direction
TOE09 ootk e B X el S
g Pt [ Lo [ Where is diffusive pathway‘? }
a : B§ g ; i
= g L | 8 Cnnsxdermg electrostatic  cffect from
e e I S T e {ir - smectite surface and the increase in
Lo e LE tortuosity for diffusion in the paralle]
[ o i - direction with increasing dry density and
| ; 323 K| | -
EIEEI R i 8 salinity, I is interpreted to mamly diffuse
Y7 XTI SN SR [PPSR RSN Rt S R ENUUSR SRERTS B in E‘»"{ff}}‘nﬂ pores o
0o s 10 15 20 0.0 s 0 1.5 20
Dry deonsity Mg'nd Dry densdy Mgimd 'y
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M Hoom J b s Yo Dhnnitte
 Dependencies of D,s for Cs* on Diry Density
e -y repdEGRIN 1080 e e @ D8 arc higher in the parallel direction
P D P NaCIDOTM 1 i i Tpemkun ] HACHISIN | an 2 5 o e
b | ameaps R § el than in the perpendicular direction to the
g st P TEEERER qncnted direction of snuecutcmg}gglgs
wsi0 | ool mve i1 ® Dy uniformly increase with increasing
3 i : i salinity o
Ay ] . ‘i What is occurring in smectite?
! | ,éu T Y T :
B T T WEILTTTITTT T e Interlayer aperture and external pore
) i | [ & aperture decrease with increasing dry
; FEx] M density and salinity -
rags e i et o] ‘ = No significant restriction on diffusion of
LOE9 £ ™ pendicdat INaCROIM i LOB09 - 1 pepe ] B CﬂﬁOnS : % .
i i f erpendicular NaCOSIM | £ % :Pmukm«,luzcn:l.sm 2
P R L amimcpen___® Sorption (Kgq) of Cs* decreases with
T ! Pl increasing salinity %he decrease 11 Ky by
10810 &-oen «v%—-~~§— - -m{ LOE-10 B e g ﬂﬂm?&ﬁﬁg Wﬁh Nﬁf -
L ; L Where is diffusive pathway?
& ¢ 6 ” " St
| g & Considering Cs* is sorbed onto smectite
HoE R e e o I by don exchange with Na* in the
| i ~interlayer of smectite, Cs® diffuses in both
g interlayer and exfernal pores
| e
OB Sorsters 5 e wod jemiz hs i
(X o5 18 20 18 s 18
Dry density Mgm3 Dry density Mg
15
8 ) 2 A Y ’ iy o by
Dependencies of Al,s for I on Dry Density
100 = Ry L @ AB,s are similar levels (15.67:£0.37 ki/mol) to
o | .P“Pe“ ficua r/’EN:CI}O'SlM that of diffusivity in free water (D°) at low-dry
. O ParallelNaCI0.0TM density and mcmgse w1t§ ;ncreas:n‘gfdgy‘denslty
[ s . . P
Pasallel/[NaCI0.5TM What is occurving in smectite?
7 < CL: Perpendicutar/DW/Kozaki et al, 1998 S—. o s "
Y & Electrostatic repulsion increases with inereasing
H b dry density ‘
g 50 AE , by thie o : . | : -
] lowering in aiig nierlayer aperture and external pore aperture
T AR of D" for1 ‘ decrease with increasing dry density and salinity
30 || 17:36 ki/mol - @ {fmtiviijg of porewater {ani0) fowers  with
¢ = i increasing dry density (Torikai ctal, 1995)
20 v o = : g E: 5 =
© i [ Why AE, changed? i
0 ) & Considering that I predominantly diffuses in
0.0 05 10 15 20 external pores, the increase in clecirosialic
Dry density /Mg/m® repulsion from smectite surface and the lowering
in dmne With increasing dry density complexly
contribute to A, i -

= Consistent with that AE;s (23-25 ki/mol (Suzuki
of al. 2004)) of Dis for HDO at a dry density of
1.35 Mp/m® are slightly higher than that of D°
(19.29 ki/mol)

16
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%@W@ﬂ@@mg% off Ali,s for &g‘* on | K{y %m%ﬂﬁy

100 - L& AHs are clearly higher (24.66:20.96 ki/mol)
O Perpendicalr NaCIO 1M than that of D® even at low- -dry density and

90 © Perpendicular/[NaCIJ0.5 1M
O Parallel[NaCII0.0TM increase with increasing dry demlty

80 .
& Parallel/[NaCl]0.51M . X )
. o reeor oWk 1990| | VVhat s occurring in smectite?

6 AB, by the Jowering ¢ Intetlayct aperture and external pore aperture

5 in o - decrease with i mcreasmg dry density and salinity
crerod ALY s
5 ﬁ considersd A1 J / . o a0 lowers with i mcreasmg dry density (Torikai
cit, 27.6 klimol &
0 L etal. 1995) ‘

AEa /k3/mol

30 ¢ Kqof Cs* decreases with i increasing femperature
4_ AR (ion exchange enthalpy (AH?) between Cs! and
20 Nat: AH%= 1110 kl/mol (Gast 1972))

10 —'l AE, of D° for Cs"; 16.47 k¥/mol ‘ Why AE-\ Changed"‘ I

L]
00 05 1.0 15 20 ® Considering that Cs* diffuses in both mteﬂayer
Dry density /Mg/m® and exiernai pores, the effect of the lowering in

- - A0 with increasing dry density in addition to
Relationship befveen AE; and AHC]  th effect of AH® complexly contrbutes to A
AE, = AR AR [n «p,'K,) ‘

AE,; activation energy for D°
st pOrosity. p: dry density

Diffusion Mechanisms of lons in Smectite

Interlayer
Diffusion species . (2~3 water layers)

Interlayer watczmw } s s mle ofite sheet Fdge ‘ ‘ u
4 "\ Cations diffuse in both interlayer
l _and external pores, and anions
ggggml @3 ./ predominantly diffuse in external
TR, 1 8_—-» pores because of ion exclusion
|z ~
®: = e "
Diffusion in interlayer B

ct Smectite
External pore s

High salint ‘ ; :
eh v Part of external pores changes

%WAWWWWWMMWWWGG ' Tortuous pathway ?HEO '.imeﬂayer b}f ‘Coag‘ﬂaﬁﬂn
| o with increasing salinity, and the
e——— 2 diffusion of anions is resiricted

External @ = {ortuosity for diffusion in the
‘paraﬁel direction to the oriented
direction of smectite pamcle‘; for

anions increases with mcre«mng

Dlﬁ’usmn in . Roundaboutroute Coagulation salinity
interlayer (increase in tortuosily) ‘

@ SIS SO
S
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_ Conclusions

Discuss the anisotropies and the effect of salinity in the diffusion and

AE,s for I" and Cs* fons in compacted smectite ,

aperture and electrostatic effect from smectite surface, diffusive

®
<

@

L

pathway when charged ions diffuse in compacted smectite depends on
the charge of the diffusion species ...

Namely,

I predominanily diffuses in external f;sfas, and the Dys cﬁénge by the

changes in tortuosity and electrostatic repulsion with changing dry
density and salinity. The AE,s increase by the increase in clectrostatic
repulsion and the lowering in a;,0 with increasing dry density

Cs* diffuses in both inisﬁa},{ﬁr‘aﬁééxtema% pores, and the D,s decrease

by the increase in tortuosity with increasing dry density and increase

by the decrease in Ky with increasing salinity. The AE.s are mainly
due to the effect of AH® at low-dry density and the complex effects of
AH? and the lowering in amo at high-dry density ‘

| Mé%age mmmggh%a%ggm& y 2

What AE, is controlled by ? ;
Micropore structure (interlayer aperture, extefnal pore aperture) and
activity of porewater ~

In actual repository condition, how much is AE, in compacted
bentonite 7 . . ‘
Procisely AE, depends on species, but if the reference case in the H-12
report (Kunigel-V1, dry density 1.6 Mg/m?, silica sand content
30wt.%: 0.9 Mg/m° in montmorillonite partial density) is assumed, the
use of AE, for diffusion in free water is appropriate

Considering the effects of dry density, salinity and diffusion direction
on the Dys and AE;s for both ions, interlayer aperture, external pore

21
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° Measuremants 0f the Ii)as an’ \AEas for b terlayer "of

smectxte (2 water-]ayer)

® Meqsurements of the chang . smectlte)
and quantxtatwe d1scussmn of the effect of the change in agso on.
dxffuswn \ ‘

Multi-barrier System in
A design example adopted in H.-]
Surface |

N . N e
= Bed rock‘s\ -
e *“’*“T:‘: '“'T”"‘:\
Buﬂ‘er matenal

Bed rock

Repository
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LOEQ8 rowm=p

Plots for Dy

JOE-Q8 frrmom e o

Da/mls

LOE-10

BOE-LE [ N “yln NaCl}0.01
0 Densityt 04 NaC1}0.5 {/perpendicular
Dcnsnyl O/ANACI]0.0t/pacaile!
B Densityl /{NaC1j0.5 1 /paralic!
Densityl.4/{NaCl1j0.0t dicul:
5 Densityl, 4/{NaCH{D.5 1jperpendi
- Densityl /[ NaCi[0.01 /pasalict
£ Densityl 4/[NaCH[0.5 jparaltel
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:If roak c:ap"u:lty factor o (»npded) is
approxxmatcly equivalent  to  pdKg,  the
yelationship between D, and K, and the
relationships between Dy, D; and Kq and T are
expressed by the following Eqs.

D= - = e (D
n4p Ky py Ky

D, =D, "XP(“ %:.?;‘) (2)

< AE
D =D} FFe.rp(w*ﬁ;i‘ﬂ) W)
- . AHY
K =K, e.rp(-—»-§~i;) 4

Substituting Egs. (2), (3) and (4) into Hy, ),
the follc)wmg Eq. is obtained

; me Eq (1) the
_obtained

-

LOBOB e

1LOE09 [

5 parallel

S1jparallet
water

10E-10 |~

1 i H H i H
[P 7SN SN SO RO SEN. WIS
/0029 0003 0003t 00032 00033 04034 00035
TT/YK

e

lor g
Taking the logarithm of both sides of terms
AE, AE, AH

o
: Dp, K ‘
g n oREd dr e
RT o ( D“FF ) (6?

following relationship is

DIFF
Pﬂ K

Substituting Eq. (7) into Eq (6), the follcwmg

o

_relationship s finally derived

AL = {&EFA;QH“ -

D, apparent diffusivity

D.: effeclive diffusivity. ny: porosity

pa: dry density - Kq: distribution coefficient

Dr, D&, Ker: frequency factor
- FE: formation factor

AE,: activation encrgy for DO
AHO: enthalpy for sorption . R: gas comtant
it absolute temperature



