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Diffusion Behavior of Pu and Am in Compacted Bentonite

Tachi Yukio*, Kohara Yukitoshi*,
Uchidate Nobuyuki*, Shibutani Tomoki*

Abstract

Understanding the migration behavior of radionuclides in compacted bentonites is
important for the performance assessment of geological disposal of high-level radioactive
waste. In the Second Progress Report, the distribution coefficients of radionuclides on
bentonites have been determined based on apparent diffusion coefficients(DD,) obtained for
compacted bentonites. Therefore, the apparent diffusion coefficient is one of the most
important parameters for the performance assessment. In this report, the diffusion behavior
of plutonium and americium in compacted bentonites was studied.

The diffusion experiments of Pu and Am in compacted bentonite(Kunigel V1) were
conducted by in-diffusion method under aerobic conditions at room temperature. The
following results were acquired.

(1) The apparent diffusion coefficients of Pu obtained for compacted bentonite with a dry
density of 0.4Mg/m® were in the range of 2.0 x 10" to 2.2 x 10" m%. These values
were similar to those for compacted smectite(Kunipia F) reported by JNC in the past.

(2) The apparent diffusion coefficients of Am obtained for compacted bentonite with a dry
density of 2.0Mg/m® were in the range of 2.7 x 10™to 1.2 x 10"° m%. These values
were consistent with the dependency of D, on density reported by JNC in the past.

It is difficult to obtain accurate diffusion coefficient of Pu and Am due to quite slow
diffusivity. The apparent diffusion coefficients obtained for individual conditions in this
study include uncertainty to some extent (one order of magnitude). The concentration
profile of Pu was confirmed to have complicated shape composed of three parts, which
implied complexity of diffusion behavior. To understand diffusion mechanisms of these
elements in compacted bentonites, more accurate diffusion data and information focused on
relation between species and diffusion behavior are essential.

* Radiochemistry Group, Waste Isolation Research Division, Waste Management and Fuel
Cycle Research Center
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1. LI

= AL BRI H B LAY DI EEEE I BT, R M b REEM T ORERTED
ERNETSCCREERBRETHD. CNETI, B2 ARD ZEDRMT T, EEFMANRT
FLLUTEEINE 2758 E2RWMOEED (B ZIVEH, 1999) IZHBWTIX 18 TEEX
£ & UTHEE) ORY FFA M ROEMNTOIEBFERO P EDLB ARO ) OREEEDTE
7= (B2 T, Satoetal., 1992, 1993, Sato and Yui, 1995, Sato, 1998, Tachi et al, 1999) . E2R
MY EEDITBNTIE, R b FHOHEFEEEERR > B RO RN OEEARRIC
BESERELTWA I EMNE, RMTOHBERRESCERLT —F LUBMT NS, ThE
TIF7FZRIZDOWTH, UOKGATFTO D, (5l - 4, 1994 (U DKRZATO D, Idemitsu
et al.(1996) 5 DIEDH B) , Np DAK T T D,(Sato et al., 1992, 1993), Pu DREZFTD D,

(BHEATEZEE, 1996) , Am O D,(Sato et al,, 1992, 1993)Z B L TE TS, iz, UL NpiZ
SWTH, BREEETTOD, DREINTNS (NFEEH, 1999) .

ERETIE, XY M RO Am, Pu DERMTOERBREEFLDEXE T TRELEDT,
FOERITOVWTERET S, AmIOWTIE, RbFHA R (2250 V1) OEE 04,08, 1.4
Mg/m® TD D, #EEICHE L THB D (Sato et al., 1993), TI TR, KDBEED 2.0Mg/m’ IZXL
TELNAEERICDWTHRETS, £k, PultoWWTE, AAZF1 + (JZET F) OEE
0.2, 0.4, 0.6Mg/m* T® D, ZEEICME L TWAH @EREEM, 199%6) , X bF b (=4
VD) T AREEIIRN, JITR, BE 04Mgm® O R b (25 VD) O
Pu OEHEBORRICOWTHRET 2.

2. AR

21 HREHRUGE

HEEMRBRIIAAT, =|RIZT, indiffision & (HIZHE, Saoetal, 1992) 2k D{To7. BER
SMEEE I, RRT7O—5F1IGRT. RV bF1 M N B2 AT 1 COSERIK 4%
THDIZTF VIS (VI XTEWED 2RWE. 72700 V1 OBPHERSFIIOVWTE, #
FEIFA (1993) IKERENTNS, R bF4 MEEKE 110COERE T 24 BRED LEEX R,
ERREEREEAVWTE 2 KRTAF IV AEIEEA S AT EQEIREE (Pu DHST 0.4
Mg/m®, Am D& 2.0Mgm®) THRELE. REOWRIE 620 mm x 20 mm THB. HEEFR
WU S AREREKIEL, | p ANLESHETEZEICED, NP1 MERABEREK
THaMX gk, SE8mE, MY -BKREZDOXY M MREORFEIC 2501 O8N
L, M2 R T L3 20uBI S Z L ——BABTHEESIEAL. 22T, bb—H—
YA & LT, Pu i, Pu (I Pu239, Pu-240) % 1x10° M 58 3M-HNO, %, Am O
e, Am-241 % 1.5 x 107 M &1 0.05SM-HCl iR ZE AW, FiEOIEIR (Pu DB E 1379
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H, Am O8E 2592 H) BELEE, VILE2MEL, MUHLBERURY LA —%HA0
ThL—0—BAEAPSEBONE ET o/, PuDRBTIZEX 0.4mm TYE 2171, G
Fr# 3ml @ IM-HNO, IR ICEHE B/, 1 AMSE L%, S2ES 7R 10,000 OEASET
AT —THBL, AEEAT >V AMAEMT, Si PEFRBEZHWTeXASY Mgl
ETDIETASAAFTO PuBEER LK, —F, Am ORBTIL, > b FEBTD
aBEIS VFL—2a v —ERWTHEELDD, BEX 0.1~0.3mm TOHE 2K
L, YIS TRICEYBF O r % GM FEEBICLVBRE L=, BUEEOUIESH S WLitsh
DR LT, FIRENEHHEEREZTOY b5 EREDBETO7 71 I 2B,

#1 HEREH
Pu Am
BRIk In-diffusioni# -

& 48 N bhFA b —
[EfEERE 0.4 Mg/m’ 2.0 Mg/m®
SRIER K -

b L—t— Pu-239/Pu-240 Am-241
b L —b—tt 3M-HNO, 0.05M-HCl
FL—Y—RE 1 x 10 mol/1 1.5 x 107 moV¥/1
(70kBg/ml) (4.5kBq/mi)
cMo—H—8BHE 50u1 (2541x2) —
BER REF -

-3 =if -
4B RS 1379 H 2592 -2593 H
S SiEERRHEE ZnS(Ag) Y Fl-yasinss-

GMAT 5 —
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2.2 MRETEIE
pETO7 A VBB OBREET 1 v T4 VHE BT ETRMMT OIEEREAE

&énéoNny4%¢®%E7D774w®%ﬁmm,m@%ﬁﬁ%?»,itm@ﬁg
EEMEEFUNERSh3ON—EEITH D (F A, Sato et al.(1992), Idemitsu et al.(1993)) .
CoT, B LE MY —BENERELDBES, G TOERSEENERET—E
TEENTWD EE Z5NDED, QDIBE—ELEE EFNEEHTS. TUVFFEOK
BREETHRICHL T, $%5‘-’}b7b§i§m xNB T EMN—MBETHD A, Kemitsu et

al.(1996)) .

kR TOEESREOILEIL, RO HERTHENS (Crank, 1975) .

ac d’C
= =p 1

Y M
T 2T, CIEmEOEE (movm?), t IBHLEIBERE (). x WEEEEGED S O (m), D, I XRA»
FORBIEE mYs)TH 5, BE-THERETTIV TR, BRSBTS b L —B—BEN—E
THBTEND, UTOMMEERUERERICEDE, HHAERORIIQAOLDICEH
=5 (Crank, 1975) .

MERLE) =0, x>0, C=0
BRE&EME) x=0, t>0, C=GC,

x >0, t>0, C—=0

_ x
C Coerﬁ{———z @] @)
erfe(x)=1 -—J%J:exp(— 172)dn 3)

T IT, CIEEI B BB ORE (RERE mo/m)TH2. & bNEESDT
A MR EFR/BRN BRIV T4 v T4 2 TTBILT, R OI#EE D, &%

HEIRE C, 28 L .
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3.1 Pu

FLREE 0.4 My/m’ O by MIHLTE LN Pu OBETO 7 7 L EE 3 I0RT.
M- —BRAHEEOEATESNZZD0 707711 (Nol, No.2) ZHETSE, Nol
IZHANT No2 DF T —FDESDERRENDOO, FIFREHOBESO 7y NELR
T3, WITNOBRETOT7 71 ILIZBVTS, (WEEEOMMR S 1.5mm BEQEH#S TO
EEN v — TS, OEMIENS 1.5~4mm (HEOEE AEPNIZES, (3)4mm BED T
Z v MBS HED SN2 FRABRICBVWTRYUNFOERAEICK A UMK ESOBE2T-
THELY, F— SO DERERATA AN DOEIQIESO%ICEET b0 EEL 5H5,
X7z, dmm DEOT7Fy MBS THEERA Y MELA TRV HOORBETSH D,
BN SNEET R E, IV IX—2a ORBETHLAEENEL NS,
BETO7 7 NVOOOEEIEN S 1.5mm EE DS (region(l)) , (2}D 1.5~4mm OE4>
(region(2)) 12, BTMQREFTNTNT 4 v 7+ 2 UTB I EICED BN OMLBIGEEEET
Ve 74 974 »JHREHE3 OBETOT vV ER, B5h EnTOEEIRER SR
REEE 2 IR,

&2 PuDRNTOWBMBRE (=50 V1, BEEE 0.4 Mgm®)

fl# No. PR AT AR RinOEEFRE D, (m¥Ys) XKERE C, (molVm?)

No.1 () 2.2 x 10°% 1.2 x 1073
2 1.1 x 10™ 1.2 x 10*
No.2 ¢h) 2.0 x 109 1.3 x 107
@ 2.2 x 10M 1.1 x 10

=207a7 F AN S BENERNTOBBBEKL, WThOERICBLTHERETSHD,
(DT 2 x 105 m¥s, QDERT 1~2 x 10 m¥s DETH - 7=.
BEIT/RSNTNAENRY M MO Pu QRN OEEIRRE LTI, BHAEEM (1996)
MHY, NbhFAREHBUEAAI YT b (FoIXTEREI YT F®) OFE 0.2~
0.6Mg/m* IZH Y 2 BinlT DIEBAHE U T 2 x 10Y~8 x 107 m¥s (0.4 Mg/m® T 8 x 107 m¥/s)
DEZHREL TN NS OF—FESAEBONET—F ERHIBEIMNLTIOy hLED
DEE 4 1R, 28, HREEH (1996) TREINAET—FI, BESO 771000
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1E-12

1E-13

1E-14

1E-15

1E-16

dry density (Mg/m”3)

M4 Pu® B TOIBERDaDFEERFE

B Kunipia F - region{1) / PNC(1996)
A Kunigel V1 - region(1) / this study
O Kunigel V1 - region(2) / this study
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— -
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O
(@) el
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1 | ]
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B (LIRS S 2mm BE) T LTESNEZETHS. SENDEBIC L TRELNLEL
#gT s L, SEGSNAEBEOANBEL, XTI (TSN V) QD,OFBAAT T
M ZE7 PO D ICHRTENETH S, ZOERIZRERL D Sato et al.(1992, 1993), Idemitsu
et al(1996)% T, BWHEOHBIIH L THRSNTVIEALIZRZDHERTH 2.

Tz, SITHM (1997) KBWTH, BMEER (1996) LEUCF—FEHRELTED, SEE
ShEF—F LR, BETO7 7 IVNRPTRNENRABRTH S ZEARINTND,
IOEIRTOATFAINEPu DR MFA MROBREBOEE S EZRMLESOTHD, &
OERIZEZWEEOCH D2 DD ELTHE,

@ Pu DEBERICHEOEMIITERL T, &ybffbﬁ%m¢t£mTPuﬁ@&®ﬁ&,

HBEWELEEE L THEET A HEE
@ thEmBWEEERE ML —T— Fﬁtbfﬁﬁbthtkﬁwa,ﬁﬁﬁ?&kﬁ%m

Pu BEMNE VRETHER S h, ToMMic /o7 70 IVANER L /-9 EEE
NEZSNDH, YEOHEROAZNSEEREZEETSIERBEETH S,

AR bhFA RO Pu ORHERICET AMER, BEAMEETZFOERNFHNSERET
Bir<, NaBIR Y b N @D Pu OBICET B FOMOEE & LTI, Torstenfelt et al.(1982,
1986)% Xia et al.(1999)3H DDA TdH B. Torstenfelt et al (1982)Tid, WEHM TR TRME
EIREE 2Mg/m® DA RF A b (MX-80) 10D Pu O BRMTOIEEFREEE LT 6.9 x 107 m¥s
#8E LT B, Torstenfelt et al.(1986)T®H, Torstenfelt et al.(1982)EF UL TL D EMM DT
—FERELTBED, D,ELT19x10 m¥s ZHRELTND, E/, Xiaet (19T, &
HATEKEREEBE 1.4~20 Mg/m® D7 =45 ) VI RO 7 ZEY F FO Pu DILEEARZITY,
WTNOLEICBWTHHERRBE T T 7 1VIENT, BhT OEHREA 1 x10P mYs
UTT%%L&%mbTM%Dtk,Mamﬂﬂ%%fﬁﬁ%ﬁiﬁ%%##éﬁtai%@f
HRBEFT-TBD, ARTORMOEMBEIDEW 10Y mYs F—F—DEZETH S,

PEOZ EMS, ZHEZSHEEEOHETIE, Pu? D, I MELWEEGET 10 mYs 7
—F-LFThdEELLNS, LALAND, SEESIhEZT—F£280, Pu OIETIOY
7AIREER TSRO LEERT, £, S0 7 A NVGERTHNERDEFTLIHOT
B2, 5%, TDBEOBWT—FEREL, XM bHOEBAANZALZRLNITS
72DIiTid, Pu OERBEEZMESED &I, P —P—OEEICEELERRZTY, BE
Tu7 v A NOREHEELEERRTILEND D, i, AT, BEELREFCIREOEE
LENRIA—F ELRHEERETORELT, Pu OEBEEEHEHOBEFREZASHIZLT
W HEDNDH S,
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3.2 Am

RIREEE 2.0 Mgim* DAY b MZX LT, eBEPCrBAEIKCIDESNSE Am ORE T
o7yt NVE, TRENKES, 6 RY. bl —Y-RAEEERDEMT, EERKROZDOS
o771 (No.l, No.2) BREENTWS, £/, PudiBE7 07 71 MR TF - DES
DEBMEL, BPTIHNMA S XS 2EmbdRH 5NN, eRE rRBHEIZIDESNR
E7OT7 A NVERETSE, oL 0BONET 07 7y NOEBEENR +—T7 T,
TO07 7 IIOERFBNWT EBNHAENS.

BEOZ77001 85 (BL<Z1~2 KB) 2RWeTO7 71, BFReKE 7
AVTFATTBIECLOENTOEBREERS LE. 709 T 1 X UHRREKS, 6 OR
E7O7yr0 L, BoNERNTOBBREKCEMBEL2RE 3 ITRT.

#£3 Am ORMTOEE SRR (V=5 V1, BREE 2.0 Mgm®)

#{# No. HIEE RpGOEBEE D, (mYs) FHEIRE C,
No.1 o # 2.7 x 10 4.5 x 10° cps/m®
TH 1.0 x 10° 2.8 x 10® cps/m’
No.2 o 3.0x 1076 4.1 x 10° cps/m®
7 #R 1.2 x 108 2.6 x 10® cps/m’

—o07n Ty 6ELIUERMTOBEZREIL, WIThORIEEICBWTHREEOHE
THD. oFHETIXx 10 mYs BE, rHAETIx10"mYs BEDOD, THD, rHEET
BoNEEOHN 3 HEEEREVEERLE. BRI VI OREEMTRSN T —F
I3, Sato etal(1993), &EiFAH (1997) WKWHEXTN TS, &iFh (1997) TiX, FE 1.4 Mgm®
BN T r BHETESNED,OH N alEICH L T2~ 3 EEREREVWETHD I LIRS
NTH3, TOREKELT, rHAIECIZBWTIE, offlEICER, X2 b1 MZEEh DX
REBROBHHENRNy I T IO RELTIORE<EBL TCHADTFHEMENBZ 513, Sato et
al. (199N B NT, EFEEE 0.4~1.4 Mym®’ O RMTOREBREEL T, 1.7 x 107~2.8 x 107
mYs DEVHMEIN, BEOEMEKIZ D, WRPTSHEMATREIN TS, Sao et al.(1993)T
Beohi-D, ESESGENA D, FHIT Satoetal(1993)DARAZ 1~ (FZET F) o33 D,
EEECHLTIOY FLEBOEZR 7 IIRT., SHEEERE 2.0 Mgm® IZHLTHSI A D,
© Sato et al.(1993) THRE SN EEKRFRHICORT 5 I &R NL.

—10—-
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1.0E+Q7
(@) Am-V2.0-No.1 (alfa)
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OE+

?1 1.0E+Q6 bo
B 2 measured data
g- fitting curve
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L]
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= 1.0E+04
=]
L]
|
-
«
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M5 AmORETOY 7 ANV ROHFEHER (afRifllE) (@2No.1, (bNo.2)
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Am-241 concentration (cpm/m*3)

Am-241 concentration (cpm/m”3)

1.0E+10

1.0E+G9

1.0E+08

1.0E+07

1.0E+06

1.0E+10

1.0E+09

1.0E+08

1.0E+07

1.0E+06
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@ @ measured data

fitting curve

L L 1 L 1

0.0 1.0 2.0 3.0 4.0 5.0
distance(mm)
(b) Am-V2.0-No.2 (gamma)
L&
@ measured data
fitting curve
1 — . ] 2 i
0.0 1.0 2.0 3.0 4,0 5.0

distance(mm)

H6 AmDEETO7 7 IVROERER (y#EE) ((@No.1, (biNo.2)
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I Kunigel V1 by alfa-ray measurement / Sato et al.(1993)&this study
A Kunigel V1 by gamma-ray measurement / Sato et al.(1993)&this study

@ Kunipia F / Sato et al.(1992)

IE'13$‘I'I'-l'l'l'l'i'l'l
ﬂ @
1E-14 A ++++ R824 18R4SR AR R 18 -
- =
@ O
< A
& A
S’
&
o) @]
A
1R-18 e 1 AAER T R Aa SemaeAe Rt BRSSO RSN SR & A
H
1E-16 X I 1 i 1 " 1 A | 1 | 1 1 1 | " 1

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 p 2.2

dry density (Mg/m"3)

W7 AmOEM T OEEREEDaD BEKEE

—13—
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N2 b RO Am ORHESHICETIMHRICONTD, TORIEFEICIHRS, TDHD
BFFE6 & U Tld Torstenfelt et al.(1982, 1986)41dp B DH Td 5., Torstenfelt et al.(1982) T, #RifE
MK TEFI S B2 EE 2Mg/m* O X b b (MX-80) D Am O BT OTERE &
LT 4x 10 m¥s Z{EL TW S, Torstenfelt et al.(1986)T %, Torstenfelt et al.(1982)& 8] U & (&
TEOEMOTFT—FEWELTHD, 13 x10¥mYs D D, ZHEL TWB, SEHESNET—F
i, TNSOW|EELDEICENWETH - %,

4, EEDRUSHDEE

FEfEAR b bhD Pu RN Am DILEGRRE, AR T, ZBRIC T In-diffsuion #EICE DT,

BT o#ERAFEN .

(DPuCDWTH, %IBEEE 0.4 Mgm® iIZx LT 2.0 x 10%~2.2 x 10" m¥%s O BT OihE iR
NESNEZ, COBEIGAERICBRELEAAZY A FOEE 0.4 Mym® IZHTAEEFRET
Hol.

(2) Am 2D W TIFEIREEE 2.0 Mg/m® 104 LT 2.7 x 1070~1.2 x 10 m¥s D BT OIL#REN
Bohlz. ZOEBERBECHELAIVEEEDORY M O D, F—F DEERFHEI
BETHLDTHo7,

Pu, Am @R QI BREIIERICEN DI, BEOEWF—FERGTH Z &I3EL <,

L TRELET Y5 —HEEOEZ2H-EHLLTESNAEDDOTHE S, BT, Pu DBEE

32 F%ﬁ%ﬁsj 07 7 AEEP TN S @m0 o, HMLHE = L HWRRENTR

HWENE, 4, KOBEOHOT—F ERBL, EHANZXATDWTRIT BEDIH,

Pu OERBEOMLEES LT, b L—d—EROBESCRELZRRETY, BESD
T7 1N ORBEELOF - EEMBETILENS S, £z, (MFEBEIBBEHOBBICEEL
FHEIZDNTS, AN XLAZHONMITE LTEETHHEEI NS,

5. BiEE

FRBREED D ETHE, LOWRBRIEEEI N —TOE—kKEs, BFAE TL, F
H TL, EREBREEEHRE, RAERER, £E—K, FLS/NU 7 EEHRE I — T O
HZW GL KBAZETEHHABEESELE. £k, BRROEMITYZ> T, PuBEE—-HRRE
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