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Effects of salinity on diffusivities for strontium ion, iodite and deuterated water in

compacted sodium bentonite

S. Suzuki, H. Sato

Abstract

For a better understanding of the relationship between groundwater salinity and diffusivity of
radionuclides in compacted bentonite, salinity dependences of effective diffusion coefficients De for
I, Sr*" and HDO were investigated using a through-diffusion method. A sodium-bentonite was
purified from Kunipia F (Na-montmorillonite content > 99 wt. %), in order to eliminate unknown
influences of impurities (e.g. quartz and organic substances), MX80 bentonite also used included
25% of impurities. The powdered sample was compacted to a dry bulk density (pay) of 0.9 Mg/m’ or
1.6 Mg/m® for the purified bentonite and 1.8 Mg/m® for MX80 bentonite. These samples were then
soaked in NaCl solutions of 0.01 to 0.5 M. Effective diffusion coefficients for I and Sr*" increased
with increasing salinity as represented by the power law, while De for HDO was almost constant. A
salinity dependence of D, in compacted sodium-bentonite was well expressed by the power » that
was practically independent of impurities or dry densities. The power n was evaluated to be 0.5 to
0.7 for anions (I" and CI'), about 1.5 for Sr and 0.0 to 0.1 for HDO. Deuterated water may migrate
through both interstitial pore water and interlamellar water, whereas iodine (I') may prefer interstitial
pore water as major diffusion pathways as interpreted by the anion exclusion effect. On the other
hand, a positive salinity dependence of De for St** conflicts with the previously reported tendency
explained by the surface diffusion theory. Discrepancies can be considered to be due to the diffusion

cell design on the basis of rock capacity factor and boundary conditions for Sr**.

Radiochemistry Group, Waste Isolation Research Division, Waste Management and Fuel Cycle
Research Center
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& LV B S O WS AL I 1T D EAFHIEHE D 1 > & LT, MU ORE
EM IR T 2WERBATORMN A 5. ZIVET, FEEM P OO EZNILBREIL, ©
BERATERBOT 2EERNRTA—F—D—2L L THEHINTE . (BBREH 1 7 LB
FEREAS, 1999 © LIF, INC, 1999). SEMRBAREITHIEBREE (M TKOIEIREE, L5355
DIRFESE) IR EBELZITHEBZ N0, HEIRECIRE & IR ORR A E
BREVICIHAT-WRZE I3 ey, B BRI ITA S OEMHIC LV B D £ B2 6 TR,
FERNIEHAR S MUBE BRI E R OBIR A 20232 Z LU, FEEM OMERERHT I B3
EEOFRFRE MR EOBRNOEETHD. £ I T, AWIETIE, FHIFERILHURE
LMK DIEIREDOBERIZER L.

ZHET, XY bTA MRORAF Y (VLA Ay, LA A 2) OIEhIEER
B EMREORIZITECHELRH Y, ZORERITERA T PBRRICI VRS TV D,

(Muurinen et al., 1989). [&1 4 L PEBRZIE L 1X, HRENSWSEMATIE, EBEX &
JEIZ X DRaA A OPERBIRMET L, BB 4 OB NERT 5 L9 R TH S
EEZEZ LN TS, —J, Muurinen et al. (1987) <° Eriksen and Jansson (1996) (% Cs*
BRO Sr+DEILHARE L EIREDOMICADHENH L Z L 2HmE L. b L, IAES
NIeA F B ELSBITIZHE L2V bIE, BWIREIZED b3 ENILBIREIT A L 22w
ITThHD. 22T, GiA AL OEIILBIRBOEREKFMEIZA A 7 Z A FOREIZIX
B INTEGA T BREEZIERT 72O Th D EE 2 T E T (EREPLHGH ; the surface
diffusion theory: e.g. Oscarson, 1994). = ® X 9 72 EEBARI ORI B AEEIX, T v
HY, TARY EEEEA A TERESNHTODR, ZOMOILHEIZHOVNTTHRE S
TUWRU.

LoL, A F o OEGILHIREL & HRIRE OBRIZOWTIE, RORBHEETH L.

(1)  FERPEBERE DR BRI E O YL ME

(2) FEBORMGMHCmHHLME
FENIEBAIRER D YEIR EARAEME 2 UG L 2RI 2 HIRREETH Y, EH LM% TH MX-80
Ry b A FERERL, EERZRERN 1.8 Mg/m3 IZOW TSN TWAEITTHD. 20D
HE 1T, FRENC I T DREEHM DRG] (INC, 1999) LV & @mWHREEORETH

, ARWERE IO TS RO & 2708 9 DR L 22 T uT e b7, F£7e,
Muurinen et al. (1987)3 X O Eriksen and Jansson (1996) D#F7E Tl, HEREOSRMEEE
TR EZN TN 2 A LMThIL TV RN, EEEE RO RGFMECHBLMEIZ DUV T
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BT LHMENDD. FeOREILE O LT, Oscarson(1994)<° Choi and Oscarson
(1996) 1%, BUEFHED IR DN DDy b F A RSO T Sr2+d LR Sz s L,
A& DGEBRBEAENICHED LT, ENEBREER NSV LEZRELTVND.
Muurinen et al. (1987)5 Tt SN 7= ERLHIRE L MIREOBIRNFEETHDH LT 5 L,
TIE CREM IR SN TERIEIC L DEROEBEDREMFT L N TERNE
FTRL, LA, WEINTWEHIZE RO T 7 v 7 ARHKT 5 Z &R Tl
IND. ZOZEiX, N A ORI W TR THERFETH 5.
AWFZED B, Na Xy o MZoOWT, [ROFREEOSMT, ol E
DFPHIZONT, ENEHIRB ORI TG T2 2L ThD. o TIE, 2
Uik A A, A b TF U LA Ty, HKFEKOERILHSR B 2 BG L. A ba v
F LA Fy (Sr2) 1%, WEMMWEONRFL LT, 3 vkl a 4o @) & EkFAK (E
KEIT HDO) (FIUEEWE DR FEE L TRAL. 2720, I 7eA 4> L EHKIT,
AATHEA N EOHBEERORER, IWHEBNR2D B2 bND. £z, ARKERE
ST E ORI DEBERINT D722, KR LRV b A b (BT, By b
A N) A LK. &512, Muurinen et al. 198N EDOFER L k452 L &, Ritipo
WRBLEARDT-0IZ, MX80 X b A MBI L. 2O T, JIEEWE O FEahE
BRSO R ERTF D, REFATREND T L E2RT. FTo, WEREEIC X S MRS
EDOLEAN ST A = X LIZHONWT b T 5.

2. WFETFIE
2.1. NRUNFARORE LR

RS FAFRABIE LTI/ =T FXRU A b (Z=I3TE BK)) LoERLEN
Y hFA b (LT, B R A R) BEOMX-80 N> hF A h(American Colloid Co.)
AL, 7=ET7FI39899 HE%D NalA A7 2 A4 N (FEEIURrTA ) BIY
1 HEPARWBOAKEL IR AE L VR S (Table 1), A Ao ZHA &I 110.2
meq/100g® TH 5. MX-80 X hF A ML, NaIZA A7 2 A4k (FrEYV TS A L) &8
5 EEDEAHLTEY, BA 4 2R EIT 101 meq/100g T&H 5 (Muller-Vonmoos and
Kahr, 1983).

Ry Mo N ORERLT, AHVERS A A2 D Na Bk, 0.5mm A Ok 7 OB, AIEEN
REiObRE, BEHEEOREDIEIZITbN. 25O FIEOFEMIZ OV TIXE At

(1999) THELLIBNAEINTNDHOT, ZZ CIEMBEICRIRT 5. B OSHBYERA 4
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%Z Na [CE#HT D720, 20:80g D7 =T FX A %2 2L (U > b)) @ NaCl /k
BSIR REE 1 M) ([2Inz, AZ—7—TH#, LBAHORERELZ 3E#IELE. KiC, &
Bla A A 23 KIC B S, EOSEEC KLY 0.5 pm LU FORIF-2EI L7z, B0 BER
DFEEITIE, BEOWR oA ENEENTEY, ZOHRMEIZL D 2L ORMBH/rHES
iz, WIZ, UL EOBMECRRETE b ol aliatE A~ #iY (AIOH)s, AH¥5E) %, pH 34
IZFR%EE L7z 1 M NaCl KR Clfig L7z, BRILERt:, UEHZE Eh a1 4 2By
Br< 72iz, REtEBEITHE/L e —2F 2 —7 (Viskase Sales tE4, UC-36-32-100) I
RS, REDOA A KR L, EA T BA o RKPICiRH L b ET
B0 Uiz, WA A v Of BIAEEREREIR O BEIC L 0 fER L=, 80°CDIHIRME T
BRI TIEZ, IAVBLOA Y UKL THRITL, 55T 150 pm LU F ISR L7z,
L 72 RBHZ O W T R XBETHE 2T/ 24, =F Lo 7Y a— LUz &
DIEHEHMBNZILT D e, REHIEC TV A N THDZ ENHERI N, i
R MFA MDRAAT 2 A FOFERIL, AT LV IRKD K 5 TH ¥R (1999).

(Nao.431, Ko.002, Ca0.002) (Ali.560, Mgo.305, Feo.009, Tio.007) (Sis.049, Alo.o25) O10 (OH)2

AR N A NOBA Ao aZ s E (CEC) (XEHE Y v E=v AkI2 KD 108.5 -110.8
meq/100g & SNTEY, ZOMIIBRLHEZITOMO 7 =7 F O CEC i & 1ZIEFR T T
b5, Lo T, MEWMRBICLD2AA 7 X4 NOEE, BA 40 ZWMKNEEDOEIT
Mol LW TE 5.

MARRRED R R A R 2 e LRBRERE & 375, JEMES b A b O %,
BEAF ODHFFC 3R 3L D SRR B DO ARG &2 B8 L CaRE LTz, MX-80 X R A bz
X, Muurinen et al. (1987) 1 X O Eriksen and Jansson (1996) Dt & Helg 42 7=
WIZ, 1.8 Mg/m3 Il E L. —F, KA Mo NOEEEIL 0.9 35 X0 1.6 Mg/m?
ICRRE LTz, 2o O M A R ORIREEY, EEMOM4RRE (7 =71 VL (2
=IXRTE (BR) 230 EEXD T A EiRE L, BRI L 1.6 Mg/lem3 12725
& D WCERMERRAL G D 45 INC, 1999) 35 XU MX-80 X h A b DOHMREE (pary = 1.8
Mg/m3)ZEE L CLL RO X I ICRE L. A WIRGRY A L MX-80 <> kA b
X, AREORMIEDEZER L TCND720, RERROMBRERE & 2 2 7 2 4 NMEARE
ORI E (FRAA T 2 A NEE) 138D, Zh b0y A MBI DK
BIZA A7 24 MEGIERES THHEBEZONDDT, FERARL M A N O B % i
AR AA NBEICELL D X O ICRE L (Fig. 1a; A, 2001). 7 A WiRAX
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¥ b A FOHEREGIR L O MX-80 X2 A b (pay = 1.8 Mg/m3) DOEIYAA 7 Z A K
BREL, 220098 K00 1.6 Mg/m3 LR END.

PERGERER & 3B, B R A b (0.9 Mg/m3) (IZOWTERENZERL L, BBl OB
PBEAPRE LT, MBERRILE KL 28 (110°C) ROEEE(ENGHEAE L. 4140 &
Bk CRIFIE K LIZRAEZ 2T 4 2 (JEX :0.5-1.0 mm) L, AT A AZHOW TR
EEHRLIZL ZA, BATA AN OBBREOWEL 706 £1.6 %L o7z, 2720, B
DU 0.5 mm FEEE OHFPHO BIBRRIX PRI R, OCmVEN S o7z, HIREE
1.6 Mg/m3 DR~ R hORIBRFRIT 44 % TH 5 (Sato et al., 1992). F£7-, MX-80 <
> b F A blpay = 1.8 Mg/m?3) DRI 32% T 5 (Eriksen and Jansson, 1996).

2.2, FEia L BGRER

Ny b A MO I IEEARE R BT X RGE Lz, & COIEEGEBRITRE 25
T1.0°COEMETITOI, BB OMNT LV, FMIEEREES L O T OEHtR ik % &+t
U7z, LUFCHE, IEEERBROFIEIC W CRERT 5.

Fig. 2(a) (CE@ILH /L O Z /T, e /vd T 7 D Aslc, BB 7 14—,
TIIV T T ANE—, TANE—T A —L 2o0KKEL (H BXORLE/L) THE
REND. BB T AV F =D A MERIKEOY A XX 17.5x 175 x 5 mm3 T, &
WV OEITHEK 60 ml THD. G/KBME LIZERICNY M A PRIV 72
WEOIZ, R T A X — DN T VI T ROE T I v I AT 4 v F— ($23 x 2
mm3) N7 A NF =T FNF =L L BICRESINLTND., TANVF =T VE—=2E, T
AROMFEROEKENRITONTEY, €7 IV I AT 4 NE—FFLT 4 VE—T )b
X —OYLEA M OE ST 15 mm Th 5. JRHEERIT, B OMEERNEZR 2 2 FEOHR
B TR T, MERIZENLZEH 1.5 mm (Type A) 3L 183.0 mm (Type B) T
HoT-. Type A DIEHE ML, BV T A N (pay=0.9 Mg/m3) OILHGERERIZfHEH X
L, —7, Type B OYEEE /ML, KRV A N (pay=1.6 Mg/m3) 35X MX-80 X
Y bFA R (pay=1.8 Mg/m3) ORBTHEH STz, 728, LLT TIHFRHIH H 2R Y,
TANE—LFET IV I TUNE =BT ANE =T VT —BEROZ L ERT 5.

HHOIGR CIEMBA Sy A ML, 727 VU ABORE 7 + V2 —IZ5iET 5.
JEMERRL DS, A AT Z A b ORLF-HEME T AN FEE 2 T AIZEL R 20T (Fig. 1b), 4k
BROSEC IR AN PATICRE 2 2 K 9 ISR 7 # v 4 — 23 LTz, e v 2 40 ¢, 3R
Lo W O VE A NaCl B 2 J0% U 72 KRR 2 1 X, 2 R BSR4 ThHA L
T, 1y ARREFHE L, fafE K S o, KEROERE L, B2 M A B (pay=0.9
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Mg/m3) DA 1%, 0.01, 0.05, 0.1, 0.3, 0.5 M NaCl TH-o7=. —J7, R~ o
b (pary = 1.6 Mg/m3) 35X MX-80 X hF A bpary = 1.8 Mg/m3)iZ >\ Tik, NaCl
RE01FBLV 05 MOFKNETH-T. b, EFRKTRICNV M A FEATA XL,
REFO Na BHREZFHE LI 25, INIRIKROEIREZZE 25 2 & T, BBRUKOMERE
Farha— L TELHZENRENT (FHED).

BRI, Bk H 2 VO %, NaCl IRE 2 F1% L7z Sretl LU T 2 G ek (Srlz)
50ml & A5Ha L, YRHGRERA BAA L7z, Srle GEMUE) 1ZBIH b (BF) #HBloskgk4 i
ML7z. Srle 2252 & T, WREAMOA FUBENRKESZLLARNE SIT, HE#K
JR > Srle DIREZK) 3x103 M ICRE L7z, Zods, WKt/ HNO pH L, HEREICK L TiX
FEAERET, 60202 (A2 N A N, pay=0.9Mg/m3), 6.3£0.1 (fF~
A b, pay=1.6Mg/m3), 6.6+0.1 (MX-80 X hF A b, pay=1.8Mg/ms3 ThHo
2. ARBUFUALF LT HEA T DERKT %, U2 A k&6
LT, EARDIEBHABRAZIT>7-. H /L LV, 3ml OKIFEZHK T, [FEO D20 (99.4%
PLE) AL, FEBREBin L.

A RBUF T LA F B IO WA A OIEERBROSE, REBRBGE, EER
FICEiREL (L) 19 0.2 ml OB AT 5. 3UEHRE% I NaCl 5 % i L7z [F &
DI E W MCAND Z & T, WEORBUC X 5B VN OIRIK B OB % /MR
ZT. 72k, WMEHREUC LV BV NOBBEIRED, SEHRIZIT DR WIHE I THED
THREEMERDH D, £ 2T, JEEBREE 109 m2/s ISREL, Y7V I K HIRERD
EHEANCFHE L 2 A, BEEN 0.2 ml THIUE, 20 [V 7V > 7kOREHREUS
L DR N Q%R TH D Z L 2R LTz, LA > T, BHRIUC X 5 38
I 5. SREL 7230 103 N fisERiai TR L, ICP %#kiE (Shimadzu, ICPS-7500)
IZ& 0 SI*B IO TRE CLOzER L. &P, REBICED SrrB IO T oE R FIRME
1£3.4x 1088 L W3.9x106 M Thotz. —J, BHAKOILHEERTIX, (TEFRFFREEIC
1ml ORBRIFIK A I 5. 364 ATR © L %350 L7= FT-IR THIE L, ME#%ORE %
HONEREAVNIZEET. ATRIEIC K 2EAKOERE FRMHEZ, 2.6x102M Tho7o. K4l ¢
BT DIRE Cu) X v EFZRE Q)ERAUZLVEFE LK.

.y
A

o) = (2)

22T, VIIL BV HNOBWKRER (50ml) T, AIXREHEBKEfEB.1x104m2)TH 5.
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FERBEE QOEHMICH LT ey b L CHuEiiRE2155.
Wik v H NOWEERE L, FERBEMG SERINEGE T 5 IV ED L, ol RiT
Sr TiFHI 5 %/month TH-o7-. HE/VANOWEREEN RIS LB LWL HIZ, 17 H~

3y A, AR A SR L. ks, BEAKIZOWTIE, REOEINITLA

Elxlpoizizd, H B/VNOWIEAHITAT > TH72u.

2.3, PEEcE R SHLBARE O E

TE TR RE DR HhAR 2 AT U, Sr2+ D ERWILHREL & T OYEHURE & 15 7. it o fE
HE €73y 7740 —%50_0 A MERIKZ BERRIZIL D 5 R TH D EAE
L, 1WRucEEMEEZROE S (Fig. 1b). Z 2T, WREHET D7 4 NV Z —DORIFRAKF D
WHEBEL, WREVNOBERE Cub LX C ELneT 5. £/, XU bFA b
REHE 7 4 V2 — ORI T HFIBRK T ORERE E LW EUE L.

ZHEERPOMEEMEICB O CGREARL X OBRN WSS, 1RO T 4 v 7 DF

—iRANT,

(3)

oC, _p o°C,
ot “ o’

LFREIND W z1ZE, Oscarson, 1994). & Z T, ColIX> b A MhOPLEFEOEE [M]
D2 1ZANT OYEHRE [m2/sec] , x 1T ORI %2 FEUE L 9 5% 5 OEEE [m] TH
B, Ry MNP A NHROEERE CoMREIBRKFORE Gzl vR@o X ricksnsd &L

<, RO AL, K5 %1% (0Oscarson, 1994).

Cr=a Cp (4)
oC o0*C

a—+=D,—" (5)
ot ox

ZIT, ald3RERTCHD. De ZTFEIIHAFE L IR D, EFEREIZSNTIEXG) O
T 0 &7, 7 4y 7 DFEER X VILHT 7 v 7 A3 O & 9 123K S5 (Muurinen

et al., 1987).
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J=-D,—~ (6)

22T, OC,/ox FRBEAR P OB OWRE AR T, EFREBICIS O TIALE x 10K 5 $—E
Thb. WHEROEREMHFTR(T.D)DO L S ITEE SN TWA DT, ELhikisiaiix, 26)
o722k HricEkEEN .

C;,C; =const.;t >0

O as (7.1)
p p
D’ = —J% (7.2)

P

I, T T v s A JITHGRHEBROMEE dQ@dt LVIRETE D, ACpIERy M A

R RUBHITG 2 51T 2 IR R O EIREE DA TH 5.

TEEEBRICBW T, REZACPFEENET 52 Z ENTERVOT, WK/ HOREZE
BT A4NE—NTOREDIKTFEZFFL, X2 MrA MBI OMSEORE S AC, % M
EH L, EEREICBWCE, £7 Iy 7 A7 4 v F—EE0IERGENE oL T T
v 7 ATRTONME x ITBWTHELW. BT I v 7 AT )b 2 —NOILHTE O ILHERED
BEACThIIE, 74NV 2 —IC K DREDOWD ZRET D LA TE D (Crank, 1975). L7z
BT, N MFA MESEOEEIREDEAC, (KOIFRAD L HIcRIND.

[
_ S/
AC, =C,=Cy+2J 7 ®

e

ZIT, HET7 4 E =D MOEE (15mm) ThDH. WRENVEHET LT 4 V4 —
Uil D EIBUK D EIRE L, WREVNOBWEIREICE LnE Lz, ROIE, DAVhSn

B, FRIHT T v A JRREVZE, RIEAROHIEE 2J I/DLBIREL D L%
RLTWND.

T A N —DEPPLHAREE Def 1, BT X v 7 AT 4V H —HRER & LT b
BRIZ X 0 BER DT, 7 4 B —H D Sr2 D FENIEEARE DX, Type A £ LU Type B
DELLORBENMIOWTHIFREICH L TUXIF LA EEILLTWieno7z (Fig. 3).
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FDTD, DLDOEITEREIZH L T—ETHDH EAR LT, ZNENOIHEREREIZD
WCEHEZFFE L2 & 25, (2.4+0.4) x 1010 m2/s (Type A)3 L UN5.0 £ 0.3) x 1010 m2/s
(Type B) Tho7=. I ufbhA A, BEARKITOWTS 7 4 IV F —DOILHURE O 1 ik A7
PEZ 7R o7z (FEKID . 7 4 V2 —NTOWEREDORDZ, 7 42 —OWibmd i
(CL-Cr) D 1~35%RETH Y, HBENENEEMEOEEIRE VR, MEEIThR
WIGEDEOT NN L3 ERETH 5. MIEINTREZEAC, 2 R(T.2ITRN UL
/¥ Db %45 5.
ST OYEEAREL Daret % “time-lag’  1EIC XV #EH L72(Crank, 1975). 20T OHEER
B R B OO R AR A LR Il L 72 BR o0, RSB e LW IRAD K o lckah 5.

2
Dy = L6—t (©)

e

ZIT, Lret TRBIORSTHS. 7ok, AWFETHM Lo @dmitgelE v 268/ L TR
TOBIERF e 13, N b A FRUBHZ KD BIERE 7200 T <, 7 4 VX —NEHEET %
BIERFE b B ENTNDHEEZXBND.

3. fEHR

Fig. 4 12 B2 A b (pay=0.9 Mg/m3) Z{#H L7=%E8o Sr2+, I, HDO Dk
BB OBGR AR Z R 7. SrrOfREG BRI, EYFERZICHINT 528, L0 CREFIC
KU CHEMBOIZHMLTEY, EFREBIEL WD EARED (Fig. 4a). 72721, Sr2+
ORI 0.01 M OEEORBGEERIC WX, FEEEREN D72, BRI E IR
REIZEE L CWEDNE I DHETE o Tolo®d, B ER O 1317 > T (Fig. 4b).
Uk A, EARICELTE, 2TORRESRGETERREBISELTWD L RR2ED
(Fig. 4c,d). R(7.2I12E> T, KRN R A b (0.9Mg/m3) OEDEHLREL De % Table
LIZRT. ARy FULL T BT UA 42 O TR DelL, HEHRE DO
& &Iz L7722, HDO OILBREITIZ E A EZ{L L7 (Fig. 5). [FIERIZENT
L7 MX-80 X A B LKA M A SO Se2+ D ELILELRE A Table 1 1277
TR 0.5 M ICH 1T B AN PEBAREIE, MR 0.1 M OS{FHIC_RCT—HREE R Z 0.
F7z, AU R A e MX-80 XU hFA RO De D& LT & 2 A, Wi IEIT
BCThHoT=.

R R A b (0.9 Mg/m3) O FEREBARI O IR ERAFIEIE, R D~ Z Rl T



JNC TN8400 2002-002

BREjic RS 5D.

D, = B(Xynuct)" (10)
ZIZT, yNaCUTHRIEEE, B, nld 7 4 v T 4 VI NRTA—H—ThH 5. XZHEHn i, Srt,
I, HDO iz oW &£ 1.5, 0.5, 0.1 Th-o7-.

RN R A MTOWT, EEBARE O WM S 5 28 01T, B EIC k-
TH7e%. HDO O FEILHARIIT, WVREESIEOMD, RIS OS54 DEO
0.6 FRETH o722, TTIHIEIT 110 12785 T e, ZAUTKEL, Sr2+ CIRRuEE &3 &
WIZH DL B, EIEEEREITIE E A E B L TR T,

Time-lag % £ ¥ Kb H AL 5 Wi OISR E % Table 2 1Z/”7. FEIERFR] e 13, Sr2+lc
DUWTIE0.7-9.3x106 s T, HDO (DWW TIEHK) 0.1x106s T o7z, T O DED R/ 3
RAEAED 2 — 6 IRETH o1z, 7 4 NZ —OBRIERRIX, TR TR0 EIZ S
T, $90.05x 106 s THH7-DT, SrHIHOWTIE, T4 NE —DRBLER LT D%k
WHIENTEEMN, HDO IZOWTIE, RO Dl 7 4 VE —DEENEGEENTND L
Exond. —FH, TORBEREIZADEEL > TLE-72. ZORRKE L TIE, ICP ¥
WL DERETIRENENT &R0, R/ FIRZEN 15-110% L 072D REWZ ERZET b
5. LIZio>T, TIZ TR TORNT OIHERB OB IIAT DR o 1o, KRN b A b
(0.9 Mg/m3) [Z2WTRD LAV, T OIEHHIREL DalE, Sr2tlT- oW TITHERE DO
IR 223, EKITIZE A EEL Loz,

W
B
E=111
£

AIFFROBERFERIT, UTDO3RTHD.
(1) @EVEBRBESRMICENT, 2EEORR LV A T, 2R TOIEYE
DEPIEEARE T E A ERI L ThH-T22 &
(2) KRS M)A FPOFERITENT, ERILEIR O IRE 3T 5 2623,
PRI L > TRARDZ L.
(3) AbarFoungty, aultha 4, FEKOEIEHREOWEIRE KT
B, NEFHICTREINDHZ L.
Thd. H ORI, Rz ELe~y Mo NhOFMIEESREEE XD LT, R
T L D E e BN EEINIC M TE 5 2 L A RE T 5. Sato (1998)1%, 7 =%
NV LIZxET D7 A WHRA RN 70 BEEYMRE £ Cl, FEIHIRENIZE A EE L2
ZEEWMEL TR, KL RTHD. H2, HIOMRIX, X A b
HOPEIEIRFERCA A 7 X A N R EIEEWEOMEERAZ2E 225 ECEETHL. LI
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ST, LFTIE, ®UINCEMENY M A FHOIEBREICOWTEZRL, 0%, £hE
MO E & JE A T = X 536 L OMERERFIEOBIRIZ DWW T 1 5.

GKEAFN U2 EfE S A MR OJRHGREE S, JEFFIFR (interlamellar space) & kit
IR (interstitial space) 7> HAERLE LD L5 % 5. MBRER L OMRY A R I L8
DORE%EE LTEILT 5 (Pusch et al., 1990; Kozaki et al., 2001; #iAftt, 2001). #uAfth

(2001) 1%, FMTEAYICHMIEET L2 BRL, SNBHBRY A X L 2FEROEEE n
B L OVEHE MG doon?D Bt E L CHEERAICER L L7z,

1 pcla
L=né Y 1= (d, g —O)n—1 11
" ((1+/1)2 P } o =) =D o

T ZC, AR A O EEE L BERORE HIMOR SO, SIZARA T XA NEED
JEE (Inm), petay, pay I TZINENA A7 X A N OFEREE (2.88 Mg/m3) B> ko
A FNOWBEETHL. NI A—=F—UIFERWITRO L Z LN TERVOT, 22T
0.05 |ZFRE L7=. Na x> b o b OEHEFNE dootd, XAREHTEIZL Y, 1.88 nm (0.9
Mg/m3; $iAKf, 2001)# LY 1.56 nm (1.6 Mg/m3; Kozaki et al., 1998) Th 2. FfEL
B OFEBRS, 5-10 JBFEE (Pusch et al., 1990) Th 5 LHET S &, RiFHEIRE Y
ARXLDOREEE, 6.0~11.1nm (0.9 Mg/m3)E L1 0.9~1.3 nm(1.6 Mg/m3) L RH 5 =
EMTED. ZOXHIT, KirRIMRY A XX, wBREENRESLS LD /NS hD. &b
2, RS EMERICH L TEHEDHEIAEIE, 61% (0.9 Mg/md)ks LV 32% (1.6
Mg/m3) & REiEs b5 (Kozaki et al., 2001). ZHHDHREMER LY, WHHREEN 1.6
Mg/m? DM ClE, BRI EERILHIREE L7220, —JF, HRBEN 0.9 Mg/m? D5k
FECIE, JEIERR &R MMBR O A LB L e b L& 2 bid (Fig. 6).

Fig. 7a |2 I D FEIWEHERE 2 IR LTl s 7 717 my b Lz, 7ok, Hig
D7z MX80 X b F A MIONTHE I TVDHEH (Muurinen et al., 1989; Eriksen
and Jansson, 1996) & 7' 1w k L7z, sflE, THhENO—HEOMFIEIZR L T/ —3RIE
THHESNAEBRTHD. I WA 4> OFEDIERAR R ORI E R FIL, b1 4
AATONTELN TV A RS (Muurinen et al., 1989) & —H T A EThH-o7-. HiZ,
MX80 (1.2Mg/m3) O#fEFIE, A~ A F (0.9 Mg/m3) OfEFIzITV. K(10) D~
¥, Eriksen and Jansson (1996) DERRZFR< &, WA 4, 3 vk 1 44k
2 0.5~0.7 DHEIPHIZH D, ZD LI, A4 OFEDIEBRBOEREMKAAEL, BWE
DFER LI LT, X A FOREIOEN, REEICLLT, BEMOHLIERT
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Holz.

I, XM A MDA A DI HOWTEERET L. HEREEMETH D
HDO & T OEEFB OEW T, B2 2B ICER T 2 B2 6 b. FEHEOMBHIRY,
HAKREIT MU F U LKITOWTEIILEARE 2 L2fliTevn. RFEORERIC L
X, EK, BEL MY FULKIZOWT S ENIEHUR B IR B34 <HKTFE L 7R u.
RLHREJE 1.6Mg/m3 TT 47 F2BR 0 0.9Mg/m3 O % 1l % Bk O EREER S L O
B DL (0.67, 0.63) 134D TEVMETH D &5 FRICE-S &, HKITRFRHIHR
KETBRIKDOM G 2B E L TNWDHEEX DI ENTED. b L, BAAUNEKD
E91z, WG OMBRAILE L T\ D7 BI1E, FERILEAREI TR B2k L CEAK & AR
(A L idzz b7y, L, TOFEIILHERENT 1/10 12D LTERY, Zo#Ed
FRIZEAKICHARIDNICRE D, UEDOZENnG, BA LT UIEZARA T ZA FOERERDBHE
PRI D78, FEARICHAIEBEER RO TS EE X B (Muurinen et al., 1989;
Eriksen and Jansson, 1996; Choi and Oscarson, 1996). L7=728->7TC, [&Af 4 0%, A A
7B A NOBRIFIRE O LR FRIFREZIEB L TWD EBXHD. 20X ) REBLI,
PER CEREIERICESWEEEY S 2L —a U b EBLEN TS (Lehikoinen,
1999). BB, WIREN LR35 L5220 T, A 4 OEOHEREKRGFN
X, BEA A BRI E LT T2 2 &N TE L. ZORTIE, XV A MO TOR
FESSAR 7> 6 RO T ARFHK 7 OYEIR RN O bR F SN D (PRI, 72721, Wl
1.6 Mg/m3 DM THLF-FMBRZY 1.0 nm FEE LW E 5 RE& TS, [BA 4 o HERR
AN THDLNE D NITHONTIE, B BB L TR b,

Fig. Tb T, Sr2+ D FERWILHURE D K FEAR A7 & BEAF O ¥ & 1] (Muurinen et al., 1987;
Eriksen and Jansson, 1996) & il L7=. time-lag 512 K 0 R 72 B O E D1
BFERAAIEIZ/ N E <, 2081 Muurinen et al. (1987) & —EJ 2R TH-7. LaL,
FENEBAR I DR FEARTF I I & OFER L 1T 2L BApo T 5. FRIZ, WL MX80 T
UHz MR O EFAER Z i LT b, EIEBUIREOEIIHT TR > TS, b L, 20D
FERMNELVOTHIUE, B S SeHIKREBRESNTEY, REEHITEZ - T
WRNEWNW) ZEEEIRL TS, LaL, HEEITHET D FOLEARE DB DA
INENWZ &L, REIBEIERIC L VHPASNDBHRTH D, HAKDFEIEHAIR IR O s
R E B2 D L, SOV T HBBREROBRIT L, TR EN /N & B 13
THHN, EBIITF LA LB L TOARY., FREIEHEGR CIEEZEER IR X
212#£ EN D (Muurinen et al., 1987).
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D, =&D, + 0D, (12)

ZZC, Dy TMBAKPIEEREE, Ds IZREILBIRE TH D, olTIE SN WE & &
BUKNIROIRE DT, IGE SNTWENE T T 27 bifo=pKa TH 5. ZORAIT,
RO FE DS @S EEIEBUR BRI R E S R D AREERH D Z LA RB LTS, 2Ok
T, Sr2+O FERIPLEARE O R FE AR AT L3R i DL R CILA I T 20 DS, RuIREs K
I RTIEBERIC L VMRT A LN TEDE 0, FENREL TS,

MY, ZOFRITERCHER L7 Mo S OffEE L OWR% 23, Muurinen et al.
98N L HIR D=0 THDH EBEZ TV, LiL, BOEREEZD MX80 X A &
AL TITo 72 EBRTH, BRIV A b (0.9 Mg/m3) % L7258 & Rk DR 23
BoNTND Z &b, N b A FOMEBRREEITRETIERWnWEEZEZIObNS. &K
IZBZBNDHEE LTI, IBIROEEIRE OEW AT 5115, Eriksen and Jannson
(1996) TI%, HAHEME 2R L CHLHIR OV E IR L 106~109 M ORI CHIHERR 417
W, JEEAR B O IE BRI R EIE E A E RN EERAE LTS, L, A#FET
TIEMSHEWE 2 L7272, JEEIRO Sre+EfE (3103 M) 3@ <, 20 X 5 ZafEik
FCEDIEBRERFE L TH D008 ) IR SN TR, Fiz, BERELI D L,
WEDA I =X LB T DAREMERDH Y, TOZ LN EBRKICHEL 5 2 5 e
b ot L, ik, v hF A hHd Cs-137 (HE : 4 U 7HRE 3x 10™M)
DFBILHRRE AT -T2 & 25, AW L FER 72 ERILRR B O R F RS ST
W5 (R, FMZ). ZOMAEIE, Muurinen et al. (1987) T STV DI & 2L T
bD. ZOZEND, HBIROWEIREDENS, HIREKFED FERFE TR L
BEzbhb.

RBIERS - ATREE S LCiE, EBRICHER LB Vv oMER BT 6D, A A
¥ D EIYLHRE IR ) U CHIINT DY, AR & ko> Cstd FEBR (R, FA
12) 20 Thv, EBLLEUBROILEE/LVEZHH L T 5. Muurinen et al. (1987)%°
Eriksen and Jansson (1996) Ti%, 7 ¢ /L% —WNIZABRIEIK 2 SR H PG B & & 2 YEHGRER
FEZHH LTV D, Se2H DWW TIEMIEBARE & BT OILERE D Dd D, TH 2 B
LDIRFHR T a3 RS 5 &, HRE O, 0.015 (0.06 M NaCl) 725 0.13 (0.56M
NaCl) ECTHKLE. BIBIEEZIET 572 61F, RERIE—RICRR0 Lo icksh
5.

a=¢+pK, (13)
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ZIZT, iy F A FOBBRE, pMg/mdlizXy A b OEIREE, Kddmd/kg]
TIEDOSEARE CH D, DB OMIT, —MICHEIREREHWVIEE/NESLRDHDT, £
FRFH/NSL 22 ETHITE S, EBRIS, RESMNOFE LZRFR L, 115005 1.6
£ THA LTEY, ST DdDaTKRD &I ARFFE F O IR AR & 2 M Th -
7= (FH8K IID ARFFR 1L, N R A R E T 4 MV E —OBERTORBIZEKRT L2 L5,
N bFA MR OREARSCHMIKRE REEEL 52 5LE 2515, Eriksen and
Jansson (1996)1%, [Cst<° Sr2+d X 5 ZRUIUEHEDILHUNE TIE, £ D15 b 1L 5 IR
JERCE VICHAET D 7 A N E — OB LB 2T %) LRtk LTWa. RIFSE T, Fig. 1
b IZBWT, Y T OMmO 7 4 v F —NOREARLNE L, ERGENR(T.DTE X
bND EREL TV, ZORENEBELITRR>TW Db Ly, iz, mil
DT 4 NE—NTERRDBEABIZZ: D A[REMED H 5 (Lehikoinen, 1999). 4%, BEARS
FaEFEBRNICa Yy ha—LTED KO RFIE, BIZIET7 4V E —NOWEOWRE AR % 73
TTDIT, 742 —WITREHER 2 B R S 2 &9 22530 (F121F, Muurinen et
al., 1987; 1989; Oscarson, 1994; Erksen and Jansson, 1996) TENIEEAREZ ST 5
VERSD. 20 LT, Sr20 FERHIR B OERERFHEOFBMEZEIZONTE X2 T
RIFULR B,

5. fEE

KT, FEfEX b T A MRIZBT D Szt T, HDO O M HEBARK O I R A PE 2
SWTIHRE LT, EREEME Th 5 TITHOW TR, HHEE R EVIE L ORI K
<, BEEDOMIGE &R CHE BRI 2R LTz, /KO TR R SR 0 6 fs AR A7 A &
el LT, ZoZEE3fa A A U BRI TSN D b D Th o 7. — 7, Sr2Hic >\ T,
BEAE DWFFE & 1342 < 272 2 FERWIEBARI O HIR EEAR MG D aviz. IREFIRF DT % 2
O, ILHGABRE LV DIBIR, FRZT7 4V Z IR D LEZDND. 5%, FrLunkr
ERRGEL, A A O FEIIR B ORI R EH L NS T D HER S 5.

AWFFEAMED DI Y T20, BB A 7V BRFE MRS, B2 551X, SRR, BB —I%, R
BRI, FFZERE BIZOW T L T2z, A B TS (BK) , BBk —EIZIE Cs D %)
PEBAREL DI FEARAENE DT — 2 AR ML T2 T2, BB A 7V B SE b, B AR AR
B, FHRaPRECITIR ICP FEEHIE TL KRB & Toi2 vz,
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Table 1 Effective diffusion coefficients for Sr, I and deuterated water (HDO). Errors were

lo.

De
[ x 10" m¥s]

purified bentonite (0.9 Mg/m®)

Salinity [M] 0.01 0.05 0.1 0.3 0.5
Sr2+ - 0.77+£0.01 24=+0.1 15.0£0.1 23.0+0.1
r 6.4+0.1 16.0+0.1 27.0+0.5 34.0=+1.0 50.0£2.2
HDO 79.0+1.2 146.0£9.0 119.0+5.0 143.0+8.0 120.0 £ 3.0
D, purified bentonite MX80 bentonite
[ x 107 m%/s] (1.6 Mg/m?) (1.8 Mg/m)
Salinity [M] 0.1 0.5 0.1 0.5
Sr2+ 1.8+0.1 19.0+0.8 29+0.1 17.8+03
I 25+£02 56+0.2 22+0.1 6.7+£0.1
HDO 90.0+23 65009 75010 650+14
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Table 2 Apparent diffusion coefficients for Sr, I and deuterated water (HDO). Errors were

lo.

D,
[x 107 m%s]

purified bentonite (0.9 Mg/m®)

Salinity [M] 0.01 0.05 0.3 0.5
Sr2+ - 050+0.1 0.60+0.1 1.1+0.1 1.8+0.1
I - - - -
HDO 220+44 150+0.7 17.0+£04 19.0+09 17.0+£2.0
D, purified bentonite MXS80 bentonite
[ x 107 m%/s] (1.6 Mg/m?) (1.8 Mg/m’)
Salinity [M] 0.1 0.5 0.1 0.5
Sr2+ 1.3£0.1 29+09 1.4+0.1 22402
I - - - -
HDO 13.0£25 160+32 17.0£35 19.0+3.1

+
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25, N ——
| —<— Kunigel V1
r —&— Kunipia F
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Dry density of bentonite [Mglm3]

compaction

Fig. 1 (a) Dry densities of smectite aggregate in compacted bentonite were
calculated for the Kunipia F, Kunigel V1, MX-80 and the mixture of
bentonite and sand proposed as a buffer material. (b) A typical SEM
photograph of cross section of compacted bentonite (purified bentonite, pg, = 0.9
Mg/m”). The sample was compacted from vertical direction, saturated with 0.1 M
NacCl solution and then freeze-dried.
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d
A

salution cell solution cell
B Eentonite Sample
[ Ceramic Filter

b concaniration profile

_II
H L
cell cell

5 d

Def

| 1 N
Cri Ce' Cf G

Filter 1 Sample } Filter

Fig. 2 (a) A cross-sectional view of diffusion cell. (b) Schematic illustrations of
concentration profile in the pore-water of the filter folder, ceramic filter and
bentonite sample. Abbreviations: J: diffusive flux in the positive x-direction, L;: a
thickness of the bentonite sample, L a thickness of the filter, C,’: concentration of
the diffusant in pore-water at the surface of bentonite, high-concentration side, sz :
concentration of the diffusant in pore-water at the surface of bentonite,
low-concentration side, Cy: concentration of the diffusant in the high-concentration
cell, C;: concentration of the diffusant in the low-concentration cell.
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Fig. 3 Effective diffusion coefficients for Sr in the filter depends on diffusion
cell design. Empty squares (o) for the type A cell and solid circles (o) for the

type B.
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Salinity [M]
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Fig. 4 Break-through curves for saline conditions of 0.01 to 0.5 M. (a) The whole curves
for Sr and (b) detailed plots for Sr experiments at 0.01 and 0.05 M NaCl solutions. (c)
&(d) Curves for I and HDO, respectively.
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Fig. 5 Effective diffusion coefficients D, plotted with respect to salinity on a log-log plot.
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Fig. 6 Schematic illustrations of diffusion pathways in compacted bentonite.
Pathways were indicated by the broken lines, A: through interlamellar
spaces of smectite stacks, B: on the smectite surfaces and C: pathways in
pore water. The A or B are predominant at high dry density (a), while the
whole pathways can be postulated at low dry density (b).
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De [m

Fig. 7 Effective diffusion coefficients D, 2plotted as a function of salinity. (a) For anions of
Eriksen and Jansson (1996) was recalculated as
a ionic equivalent concentration of base solution. "' this study, > Eriksen and Jansson

I and CI and (b) for Sr. The

-PB 0.9 (I) *1
“PB 1.6 (1) *1
-MX80 1.8 (1) *1
-MX80 1.8 (1) *2
-MX80 1.2 (Cl) *3
-MX80 1.8 (Cl) *3

/:,ﬁ:::://

01
Salinity [M]

--m--PB 0.9 (Sr) *1
--E- - MX80 1.8 (Sr) *1
--E--PB 1.6 (Sr) *1

--6--MX80 1.8 (Sr) *2
--&--MX80 1.8 (Sr) *4

Salinity [M]

salinity for

(1996), “* Muurinen et al. (1989), * Muurinen et al. (1987).







JNC TN8400 2002-002

(e

-+ B &
FF8k 1. RIBR K R OHEAL TR AR LT OUN T 27
FHR L 74— D FIEHAREL DS DY EEARATYE o, 30
% 1L R_UR AR DR F T AT, TIACMIA T DY FE SR SRR T, BT D
P BRI T DU N T 32






JNC TN8400 2002-002

1. N2 A FhOEAT MY U AREIZOWNT

SRR E L ORI 2 0.01-0.56 M £ T LS E2BRD, KDL T F U 7 AR
DOEALIZOWTHET 5. Fig. I-11 12X b A FH O Na OREESFHi %, Fig. -2 12
NF A RO &AM IR ORI ORISR AR T, RS OB, (I 25
L W&z, Xy A b O Na OFRE Qe 1L, SMTVETR D NaCl EE ConiNa
OHERIZENEIML TR Y, BREAICKRATRESND.

QwotN2=0.71 Cene™2 + 0.65 (FHEIFR%X=0.95) (A1)

Z T, XA PHEALAKREF D Na D& QudNalE, ARA 7 XA NORZHVEGA 4 &
LCHAE SN TS Na D& QexN &, BIFUKF O Na DR Qpore™2 DIMH 25 A TUD
L ERETS.

o =0, + 00 (A2)

fot exc

ZZT, QporiE

Ope =€C ., (A3)
&%éﬂé f:fi L, 86iﬁﬂlgﬁ$‘, CporeNa @j:FEﬁB%iﬂ(EP@ Na /;;%)E’CZ@% Z :T, C’pareNa
2, SRR O NaCl I IZZE LW EREL, X (A3) % (A1) IfhiA AT 5L, A%
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KA A b (0.9 Mg/m3) OBREIFZ0.71 THHZ EE2EELT, X (A2) L(AD
PR 5 L, Qe IINHTAENE D NaCl 22 0 M OFRFDO~X ) A FH D Na O&ET
b5, e (1999) 1%, BRSNS bPORBBA A v EERL, BNV RS A b
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(0.9 Mg/m3) IZFE F4H Na ODREICHRE T 5 &, 0.65 mol/dm3 L7205, T7RDL, Qex
12065 THDH. ZnkoHiz, XN (A2) e LT, BEampicgtsnizt (A2) 1%, ¥
AR RS A b (0.9 Mg/m3) IOV TREICEH Sz, RADEIFIE—K LTV 5.
oz, RA)THRELEL IS, v b T A FEBKT O Na DR, SMERERTE
DO NaClIREICI VI N TWD EEZXBND.
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Fig. I-1 Concentration distribution of Na at elevated NaCl concentration in
solution cells (the purified bentonite compacted to 0.9 Mg/m?).
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Fig. I-2 Sodium quantity in a unit volume of compacted bentonite plotted
as a function of NaCl concentration in solution cells. Error bars were =+
lo.
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& IL. 7 4 )V 7 — O FNIEBARE D DB B

AbharFUnLAy, aulkAtr, EKRKOT 4 Z—HO IR % Table
II-1 (2779, Fig. II-1 [Z8IEG 722 7 ¢ v 2 — OFmik kR omam th# 2 #e7-. Fig. 11-2
WRT LI, 7 4 VE —DOEPERIREBITIEIR ) L TEiE & A EZL L TR,
JEEE L OEKER DA Wi EEE (Type A: 1.5 mm, Type A: 3.0 mm) (Z#&1F L TE1L
LTW5.

Table II- 1 Effective diffusion coefficients for Sr, I and HDO in the filter at elevated salinity.
Av. D/ were used for the diffusion analysis. *One experiment was conducted with
ion-exchanged water. Type A and B were names of diffusion cell design.

[x107 m?/s] 0.01 0.05 0.1 0.3 0.5 Av. D/
Sr2+
23 22 - 2.1 23
Type A 24+04
2.9 - 3.0 1.9 2.6
Type B 5.4 5.0 - 5.0 4.7 5.0+0.3
i
2.0 24 - 2.0 2.5
Type A 2.7+0.6
3.2 - 33 22 3.9
Type B 8.6 7.4 - 5.6 9.4 77+1.4
HDO
Type A 6.7 53 7.8 49 5.7 62 +12
Type B 17* 17
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Fig. II-1 Typical break-through curves for Sr (Type A cell). A
experiment under a salinity condition 0.05 M was failure because
any diffusants was not added.
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Fig. II-2 Effective diffusion coefficients for the filter plotted as a function
of salinity.
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8 II1. XV b A DR rrFUuLsLy, vk 4 ORESA
LIRERT, BT oirsREiz oW T

B PLHEERAE TS, N b A PR OIEBWEORES M ZH D Z LT, REFR
FaB LORNT OIEBAREZFHE T 5 2 LB TE . AH I CIE, IRES MO RD T,
ORFFA T, T OIEEERE & ol HiAR O AT 0 SR D BN D, ThENOE L T 5.

1. 2B X O )7 ik

FRPLHGERAE THRIC, XU M A MBI Z X740 2L, Sr2+, T 38 KU Na O
RO, N2 b A MBI EREBI T 02— L LI L LB RICERD (11, AT
VABIDA Y LA/N—=T0.5mm DESIZAT A A LT, AT A4 A LB ZEBHIZA Y
(10ml) (ZA#, EEAZWE L%, 0.IN R 5 ml # A7z, £0%, 1H1, 2[R
Uiz FCTHRE 5 L Se2tEa it 9 5. 1 EERBRERE L7z keR T, im0 8 (3000rpm,
3047) IZ RV ERDBEST 2. DBESNTZERE Y, I3 bAoA 4 OERICHWTIE, 1ml
DR %57 L, 1mN fE2 1ml THR LU CTHIE L7z, Sr2tds KU Na O 54, 20pl OEHK
ZrEL, 1mN 2 2ml CARURAIE Lz, WRPOREN S, EfEX2 M A MEALR
P ORWEREE (mol/dm3) ZFHHEL, ®REMONL Mo M4 EE x=0m) &
LT, ATA AFNCEISH T 2WERESM 2SI, 728, Na OFHriERIZHOWTE,
g1 TRoR L7z, E£72, BEARIZOWT S REROENE 232773, BEKORNMRINE — 7 215
HZEMTERD ST, BEITIIEL R -7,

N T A RO Srztl KON T DRSO 6, JEMEN > R T A~ OPREFR T 25K
iz, RFRTF oIk L Y, BIBKFORERE LN A FHOREOLE LTH
z b5 (Oscarson, 1994).

oa=—" (A9)

ZIT, EREBEKEMUIDERN M A e T 4 E—DBERIZBNT, 74K
—BLORY M A FORIBKT OWERENS L, ERESMN Fig. 2b DX 5 Th
LHERETSD., Z0LE, HEROT 4 NVEZ—DBBEKTORERE Clix, RANSHRD D
ZENTED.
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c'=c Jlf (A5)
p  “H F

e

Ny A FHOBRERE ColE, RESMZE/N "L, £ORa x=0 (Z4MHF L2 |
MBROT-.

Fiz, XYM FA NOWEORESANPD Y, BT ORGSR EZ RO D Z LR TE
%, EFEARETIXRAD R Y ST,

A
J=-D G (A6)
Ax

Ry M A N OWE OPRFERARLACKAx & /N FRIEIZ LV RO T, BT OIEEAREL Da
EEtHET 5.

2. R Lk
2.1, PREFIE T DI AR AT

Fig. ML IZJEMERY b A RO S B L O TORESffiE R LIz, AhvrF 7 hAL
VDR FE TR AMEVIE E . Table IH-1 (SH8A > R4 k(0.9 Mg/m3) @ Sr2+
BLEOTOREER 2R T. IRESMNOROTZA M U F U LA F 2 ORFFR 1%, Bk
FEDRBEINT 2 ITHEVIAD LTz, BB RAE DD S5 TV D ERGE L, KU K 0 PRFFE 7
Mo Kew g LTz,

Thsn. ZZ7T, liFr bFra rofMEE (0.71), plg/emsliz~<> b A b ORMEEEE
(0.9 glem3), KadmlUgliZUE DOHEARITH D, Ki EIRREIIZAOHBENRH Y, Zh
ENy FUERBR L VGO TWHMAIZ—Ed % (Eriksen and Jansson, 1996). & 2
AN, BB OMNT OO, ERIEBARE L BT OILEURE O L & R TR
FiN 7 OH IR FEARIF IR, IRENADLROIZZR EIFELHFoEmTH Y, £/, 20
TS FUGERBROFE R EZ TR L2V, LLEOFE R DM LT, AKD Sr2+dOfRFf
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HF1E, BESALLROIZEONELWVWEZZLBND. LMLRND, JEBIREN K
DIRFER T2, BARLZHBHIZOVWTIIAZ DRHBIMLETHD.

—77, TORFFRT1E, HHIRED G < RDITHEVHIIN LTz, IG5 D4y ERES 0 ml/ig 725
X, PREFEFIE

a=c¢ (A8)

ERIND. B A b (0.9 Mg/m3) OFMFTIEMBEEIL 0.71 720 T, EilkoOR
ALY FRISNA SRR 71X 0.71 THDH. LovL, EEOERFER L, HIRE 0.5M ©
FMEEBRNT, 0.7 XD 070 /S, REFERFORREERFELEAEDED L, Z0
FERIL, BBA AL THLIINAAZ Z A PREDOKFEICL VPRI TND & 2 L E2RET
5. Tibb, T OFEDILHEREIS X OREHE 7 O IR EARAFEE, B2A A o HEERRIC X
DT 22 LM TE S, 2B, TIZOWTE, time-lag {E0 5 AT OIEBEEEE RS 5
ZEMTERholzlcd, JLHIRED RFR TR TE R o T,

2.2. R oYnEfRE

Table II1-2 {22 hF A R D Sr2+is KON TOREAE N S FHE L7z BT Otz
ZRT. AT U LAOREARITADEAIR S, RERE/NFEELR->TEY,
IEDOMEZ RS (01 M) bdhoTo. WREAES AT OILHIRE 2 RD- & 24,
BENEWVIEERERMEL o7, £72, time-lag 15X VRO 72 AT OFEEER S & ik
5L, HIEE 0.05MBL0.3M OFEEIZHONWTIE, time-lag iEIC LV RDELY b
IHTRRE /NS L, HIEE 0.5 M OSMEIC W T, BERBEMHE TH-T-. 2D X H i,
B2 B T OILEER R O RIE TR ORI B L o7z, —J7, TOgRE, ik
ERBNMEEEARE LS, FRREAE S RKE V. REQE D DR D 72 /T OkH
REE, MR L TIER VAL L TWhRu,
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Table ITI-1 Rock capacity factors « for Sr and I in the purified bentonite compacted
tan N 9 Mo/m3

Salinity Cp Cy a=Cy/ Cp Ky a=D./D,
[M] M] M] [-] [ml/g] [-]
Sr2+
0.05 2.8x10° 3.2x 107 11.0 11.0 0.015
0.1 2.8x10° 24x107 8.6 8.8 0.040
0.3 22x10° 1.1x107? 5.0 4.8 0.14
0.5 1.9x 107 40x10° 2.1 1.6 0.13

.
0.01 43x10° 3.9x 107 0.091 - -
0.05 40x10° 6.1 x 10™ 0.15 - -
0.1 3.5x 107 1.4x10° 0.40 - -
0.3 3.8x 107 1.6x10° 0.34 - -
0.5 32x10° 22x10° 0.69 - -
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Table III-2 D. for Sr and I in the purified bentonite compacted to 0.9 Mg/m3.

Salinity AC/Ax ’ 9 D,
M] [x10° mol/m”] x10 5 [x10712 m%/s]
mol/m*s]

Sr2+

0.05 -0.27+0.06 0.430.00 1.620.1
0.1 0.160.33 0.12-0.04 -
0.3 -0.21+0.11 0.65+0.01 31+6
0.5 -0.070+0.035 0.860.01 123+27
r

0.01 -0.015+0.005 5.1+0.1 350+30
0.05 -0.058+0.008 11+0.0 190+5
0.1 -0.17+0.08 15+0.0 85+18
0.3 -0.17+0.03 19+0.0 110+2
0.5 -0.28+0.02 20+0.0 71+17
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Fig. I1I-1 Spatial distribution of Sr and I in the purified bentonite compacted to 0.9
Mg/m3. In-set numbers are NaCl concentration.






