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Scanning Electron microscopic (SEM) observations for micropore structure in compacted bentonite and through-diffusion
experiments for non-sorptive tritiated water (HTO) were conducted in order to evaluate the effect of clay mineral content and the
compacted direction of bentonite on the orientation of clay particles and nuclide diffusive pathway in compacted bentonite used as a
buffer material in the geological disposal of high-level radioactive waste. The SEM observations and through-diffusion experiments
were conducted for axial and perpendicular directions to the compacted direction of bentonite as a function of bentonite’s dry
density. Two types of Na-bentonites, Kunigel-V1® and Kunipia-F® with different smectite contents, which are major constituent
clay mineral, were used in both experiments. No orientation of clay particles was found for Kunigel-VI® with 50wt% smectite
content, while layers of clay particles orientated in the perpendicular direction to compacted direction were observed for
Kunipia-F® with approximately 100wt% smectite content. This trend is in good agreement with that for the effective diffusivities of
HTO obtained from diffusion experiments. This indicates that smectite content in bentonite affects the orientation of clay particles
and diffusive pathway.
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Fig.1 Design example of multibarrier system for the geological disposal of high-level radioactive waste [1]

The design example shows tunnel disposal type
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Table 1 Experimental conditions for through-diffusion experiments

Item Condition
Method Through-diffusion method
o _ - 1 . - 0,
Bentonite Kunigel-VI® (Na-smectite content: 46-49wt%

Kunipia-F® (Na-smectite content: >99wt%
Dry density 1.0, 1.5 Mg/m?® (sample size: L15xW15xH15mm)

Axial and perpendicular directions to the compacted
direction of bentonite

Diffusion direction

Saturated solution | Synthetic porewater (prepared by NaCl, Na,COs, Na,SOy)

Tracer solution HTO (initial concentration: 1.5 kBg/ml)
Temperature Room temperature (25°C)
Atmosphere Aerobic condition

Diffusing period 12-36 days

Repeatability n=2
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Fig.2 Sectional view of a diffusional direction changeable through-diffusion cell and the enlargement of the
sample holder
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Table 3 Chemical composition and concentration of synthetic porewater

. Dry density + B 2- 2
Bentonite (Mg/m’) Na" (M) CI'(M) SO,~ (M) | CO;~ (M) IS
1.0 0.23 0.002 0.024 0.091 0.35
Kunigel-V1
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 concentration of each ion was
determined by extrapolating the results of bentonite-water reaction tests for various liquid-solid

ratios.
IS: Ionic strength
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Table 4 Summary of De values of HTO in compacted bentonite obtained in this study

Bentonite Dry dens}ity Diffusion direction Effective diffusivity (mZ/S)
Mg/m”) De,* De®
Axial 2.7E-10 3.9E-10
b0 Perpendicular 2.8E-10 4.1E-10
Perpendicular 2.7E-10 2.6E-10
Axial 3.0E-10 1.2E-10
Ho Perpendicular 3.1E-10 2.7E-10
Kunipia-F Axial 3.0E-10 3.3E-11
- Perpendicular 2.5E-10 1.3E-10

* Dey : effective diffusivity in the filter
® De : effective diffusivity in bentonite

Axial:diffusion for the same direction as the compacted direction of bentonite
Perpendicular: diffusion for perpendicular direction to the compacted direction of bentonite

Xt U TP b7z De O BEERAFIE[18] & TRy £z,
Table 4 [ZAWFFEIZIBNTHE AL/ HTO @ De & AHiEIZ
W7z Dep & TIRT. RHPT Dep 32> TV DB IT
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De 7—#1%, &V%T4%®F%W@ﬁﬁmﬁbfﬁ%
FENZIER S /T8 ORI L, ARk T 51
%m&%m_ﬂbfmmﬁm YA SR A D De &[H]
BRECHEThH-T=. G0Nz Delk, XV F A +D
HERIEFE ORI AE > NS <0, B X ORE L b
INETICHEINTWDE T —4 L REERENZ xR LT,
AAIBEA NEBEROBRIZDWAN A N E BT
DL, 7= NVIRKZXT D Deld, TRTOHEEZBEL
CIEMEREL T Mk U CliEE oy & b AR O fE 2315
5, DelZBFHIIRONBRVNDOIZXH LT, 7 =7 F®
T, JEMRRRALS ISR LU CARE S AR S B2 54
De DU NAENG AI~EHSEZ5E LD bHLMICKE
<, BIZITHANRESE 1.5 Mg/m® TIE 4 f5FREE R & W A
BHENTNWD. 7 =87 FR L FFE2ERIX HDO IZxt3 %
De (2B W TH R o AL[18], IEBA MO R FEITH 5 Th
5. Flm, 7=V VI®IZKXIT 5 De DRI =T F®
W2t L TR D bR U R B CIE R RRIC R & VWMEA T
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e
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o3 0D S
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Fig. 6(a)~ (A ¥ 1.0 Mg/m®, Fig.7(a)— ()| Hikk
B 1.6 Mg/m® [IZBT B~ b b OREHETE %

IOWTIH, ZO®%IZERT AL ETH.
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% SEM 2 X 2 EEBEER OB 2”77, SEM BEEMND G
BB 272 K91, WXy M R C I R A v L 8
ODRENRLLND. AR T Z A NEFEDN S0Wt% FLE D
7 =5V VI® T, JEMEEAS st U C R mds KOt
SRELF IR & b oAh TR OREE ICE LS B b 2 v ot
LT, AAT XA MEFERERMIF 100wt% D7 =7 F®
TUE, FEAMERRAL T Mt U CEn BT TAN Hh R - A3l ) 5
DR DBIER SN, & ORI NN 51k~
THEE L R A Th o2, 2 OfE BIT ISR~ I58EE
B 015537 HTO <° HDO @ De O & &I TH
D, X bhFA MFOARXY 2 A NEHZRITR LR Ol
PRI S8 2 RIT T & 361, I TR IS b B A RIE
FTIEERLTND.
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THARMEOH L Z LIFRIEATHHRATEWY ThDH.

Fig. 8 \ZRHi & iM% £ 5 JEff~> b F A MIxtd
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Mg & U CTEEN TV DEEWRLMSCEER 72 & O U
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SEM photograph (c) SEM photograph (d)
Fig. 6 Cross-sectional photographs of both bentonites (Kunigel-V1® and Kunipia-F®) at a dry density of 1.0 Mg/m® by
SEM

Scale: 100z m

(a): SEM photograph observed in perpendicular direction to the compacted direction of bentonite for Kunigel-V1®

(b): SEM photograph observed in axial direction to the compacted direction of bentonite for Kunigel-V1®

(c): SEM photograph observed in perpendicular direction to the compacted direction of bentonite for Kunipia-F®

(d): SEM photograph observed in axial direction to the compacted direction of bentonite for Kunipia-F®

SEM otograph (c) ' ‘ SE phoograph @

Fig.7 Cross-sectional photographs of both bentonites (Kunigel-V1® and Kunipia-F®) at a dry density of 1.6 Mg/m®
by SEM
Scale: 100z m
(a): SEM photograph observed in perpendicular direction to the compacted direction of bentonite for Kunigel-V1®
(b): SEM photograph observed in axial direction to the compacted direction of bentonite for Kunigel-V1®
(c): SEM photograph observed in perpendicular direction to the compacted direction of bentonite for Kunipia-F®
(d): SEM photograph observed in axial direction to the compacted direction of bentonite for Kunipia-F®
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A A NOEBEREIEFTHZENALNTEY[2], 20
TEMDDARAT BA NEARORI ST NS A b
OB EZ 2250, E& U TR TG Y OB E,
TRDOHBARAY ZA NESEE O EEZZ T H DL
EZzbhb.

FIT, RATEA MNEGIKRE S DOHRTER LICBE,
Whipd “RRA 7 XA NESERE” [19]& De & OBE
WTCHE L. ORI A—41F, BHLICK > TGS
NTWs “ErelotA MNEE” 201ERUCZ L ERT
BDTHD., T TRLTWND “RRAZ ZA NESBEE”
OFENXIT, BHLIZE > TRENTWDIEERXRE LY —
WAL L7 DOTHY, ARAI XA NERENE-T-3F
SFERFEDON R A Mot L CEMAFRETH . Iz
TERRED LI, EBEOBROUEIME XV M FA
RESIELELAICH L TCHEH T8 TX 5.

EBEDARA I B A4 NEFAFREHFOY M A MUEE
DOEOWMP ERE ST HARITB T A A
DARA T B A NRPEEE, UTORIZE-TiHEIND
[19, 21].

1-fa)fm-
pdm: ( ) pd
1-fa)(1-fm) *£ (®)
S EOTLIE N
H;pimk ’
ZZ T,
Odm ! AAT B A NESHE (Mg/m®)

0 imk : KT H ORHHOLEE (Mg/m®)

pa: Y b A bNEA LT IRIN O BB (Mg/m’)
n: N2 bAoA MTEEN T D R OFEL

fa: X2 kI A hNRE LI OE AR (Mg/Mg)
fm: X2 NI A DR RA Y XA NEHE (Mg/Mg)

) D EEAR R BB FRIC SOV TITSCER[19]IC i S h
TWb. ARXA7 B A MESEEDOFHREIZBWTIE, 7 =5
Jb VIS 2 AR D KE 3 34 3 & [/ UAL 5% Fr
OFERITHoT-Z s, EHEEEE 2.7Mgm® & L,
R NFA NFDORRA I ZA NEHEE 05 L LT

Fig. 91 HTO B X O HDO (2% % De DA A7 XA k

Chalcedony/quartz

bl Clay particles (smectite aggregate)

| Rilica sand

Impurities(p lagioc lase/calcite/analcite/dolomited yrite)

Fig. 8 Concept of pore structure in compacted bentonite
with impurities and additives
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—Ji, AATHA MRIAICEIENBIE S ol =
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Fig. 10(a)3 & OF Fig. 10(b)IZX> ~F ok oREFEIL RS
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W E R EERARA 7 X4 NEFRORY M A |,

O K-V 1l/axial: This work

[] K-¥1iaxial[15]

FH K-V1axial[17]

("} K-Vlperpendicular: This work
4 K-Fiaxial This work

W K-Flaxial [16]

’ K-Fi/perpendicular: This work
A Smectite/HD O/axial [18]
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0 0.5 1 1.5 2
Smectite partial density (Mg/m?)

10—11

2.5

Fig. 9 De values of HTO and HDO for axial and
perpendicular directions to the compacted direction of
bentonite as a function of smectite partial density

K-V1: Kunigel-V1®

K-F: Kunipia-F®

Axial: diffusion in axial direction to the compacted

direction of bentonite

Perpendicular: diffusion in perpendicular direction

to the compacted direction of bentonite
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Diffusion

direction

Compacted
direction

Perpendicular to
compacted direction

September 2002

Axial to compacted direction

Impurities (plagioclase/calcite
analcitedolomite/p yrite)

{(a): A bentonite with low-smectite
content (e.g. Kunigel-¥1)

(b): A bentonite with high smectite
content {e.g. Kunipia-F)

Fig. 10 Conceptual model for nuclide diffusive pathway in compacted bentonite
(a): bentonite, of which smectite content is low and impurities and additives are contained
(b): bentonite, of which smectite content is high
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