=
PNC TJ4211 89-006 (2)

REA I 3T 5 O ELT
A =X LT 505

(BLIF - BIRNBAR TR BEMEREBES)

198943 H

=EERERAST



WENBCOBHBOAFIKOVWTHE, TRIEBEWADETE W,
TI07T HERSERKEKL -9 —13
BhE - BRERARERE
ERiBHE BREEE

Inquiries about copyright and reproduction should be addressed to:Technical
Evaluation and Patent Office, Power Reactor and Nuclear Fuel Development
Corporation 9-13, 1-chome, Akasaka, Minato-ku., Tokyo 107. Japan

BHE - EREBIREIT (Power Reactor and Nuclear Fuel Development
Corporation)




PNC TJ4211 89-006 (2)
19894 3 B
BEMPIBUIEEOHMBHNEBET A A XL HEAT IHEA
i Z—ER"
® =
BEMPORBEBETEBU 2 HEETFIME NS A - REHIOEERETHE, COHED
BRERLY-TR, BHEHDORBEBTEOIEHE AN I LEHOIRT B L,

BRURTFHELAHETEILNEETH S, AETE, BEETKEDLEIEELELLND A

AZRLDEPP GHREFHLBVTERTRELOEZBRTSILEZEANE LT, BF
HMOZERBERUCBETEEBBE DLW ITLTORF 2T
() BEBTEALLTOERENY M4 oKl _

KRy b+ PREOHEABRET IRV BRVWIERVCBEHEH PO MRYHERT
ETFNCHETIHEERT>/co /e, EFNVTREIATVWAIBRTERBSEMET 2L
LOBRPEEFECHTIREEZT >0
@) zZ=EKko{LERRE

BHWEENRFIA—FELTHAR Y Va vOAF VBEOREL, TOEBREHIRLE
HEBRLIABLAY bHA M EBEBEAAVEOHEMRRBR2VTREL 2,

8 BEMPOKkOBDHE

RRMBFEEERKERENAF AR LTEFENFO NI F Y LKOLHEHZHEL
foo TDHERENS, BRNEUEDRRTEBREROEROYREDVTRH 2T -0
4 EFTIBEEOBIT

m“,MH,m“%mmr,ﬁ%bﬁﬁ&ﬁﬁv%&%%ﬁ%ﬁm.mﬁﬁmmmﬁg
RUSMTOEBFREOEECS Y I3NERBOBRETHEEC D VWTRHE ZT»> 7o

AHEER, ZESEWRISGNF EREARFEAOZRCLVEBLAHAORRT
H5o

ZWES 1 6300260

HEMBELYRELLCELAE : BREFPHBLIIHRE SHEE

*FFHEHE 7~ HFF 2



PNC TJ4211 89-006(2)

MARCH, 1989

Studies on the Microscopic Mechanism related to
Nuclide Migration in Buffer Material

Eiichiro Nakai *
Absiract

Apparent diffusivity of nuclide is a key parameter in the 2ssessment of
nuciide migration in buffer material. The determination of this parameter
should be based on the main machanism affecting the migration and on the
conservatism compensating the uncertainty in it. The purpose of this work is to
select adequate mechanism sufficient for implementation of the buffer
performance assessment. As a first step of this selection process, following
studies on microstructure of buffer material and retardation mechanism of
nuclide migration were performed;

(1) Characteristics of migration path in compacted bentonite

Theories on the inferaction between water and bentonite particle, and models
describing microscopic migration of nuclide in buffer material were surveyed.
The method for observation of microstructure of compacted bentonite was examined.
(2} Chemistry of bentonife pore water

Ionic composition of bentonite suspension was measured in various clay-water
ratio. Examination was made on the interaction between clay and ions, comparing
the observed result with the geochemical calculation.

(3) Self diffusivity of THO in compacted bentonite

Self diffusivities of THO were measured in compacted bentomites varying the
packing density and the pore water composition. The result was explained from
the viewpoints of viscoelectric effect and geometry effect of the media.

(4) Apparent diffusivities of model nuclides

Apparent diffusivities and distribution coefficients of Co%*, Ni®** and Sr®*
were measvred from diffusion column experiment and batch adsorption experiment,
respectively. Based on the obtained data, the hydration effect of these iens and
the adaptability of the distribution coefficient to the estimation of the
apparent diffusivity were examined.

Work performed by Mitsubishi Metal Corporation under contract with Power Reactor
and Nuclear Fuel Development Corporation.

Contract No., 630D260
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Table 1.1 Faqtors and Parameters Influencing Nuclide Migration
in Buffer Material
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Fig. 1.2 Schematic Flow of This Study
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Fig. 2.1.1 Schematics of Montmorillonite Structure
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THE POISSON EQUATION
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Fig. 2.1.2 Illustration of Concepts Underlying the Poisson Equatian
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Fig. 2.1.5 Relation between 1n tanh (ve ¢ /4kT) and & for Na-Kaolinite
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Table 2.1.1 Representafive Values of ¢ &6, o Os Ts

and ¢ 6/ o for

Na-saturated Kaolinite, Montmorillonite, and Illite
. ¥ L0 .I‘
Clay mineral {(m¥) (esu/em?) A o/, Reference
Kaolinite —55 456! 3.6 ~0.013 Hunter and Alexander (1963)
Montmorillonite -56.8 474 0.0 0.015 Miller (1984)
Illite -51.0 _ 412 — 0.005 Chan et al. (1984)

| Data in this column are for an electrolyte concentration of 10~* N,

(2)900-68 TIZV[L ONd
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Generalized Microstructual Pattern of Compacted Benlonite
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Table 2.2.1 Average clay gel densities in external pores of
different size

Pore size intervals : Gel density
(¢m) (g/ cf)
1~5 - 1.3
5 ~20 ° 1.2
20~50 1.1
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Table 2.2.2 Measured Apparent Diffusivities

Diffusing

species

. C1-

(Mg/m?)

1.25-1.75
1.25
1.75
1.75

1.25-1.75
1,25
1.75
1.75

1.35
1.25-1.75
1.75

Met

hod

1(a)

D,

(10-12m?/s)

10-30

7.5

0.2-0.5

1(B)

D,

(10-12m?/s)

100-200

D,

10-13
104

3-N.D
9-N.D.

35

N.D

92

1
Dy

(10-12p?/s)

45,260

1-20.1
0.2-<0.1
0.3

<0.1

0.3

N.D. Not defined due to undetectable flux.
C. Unpublished results of the author.
The other symbols are stated in the text.
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Table 2.2.3 Interpretation of Apparent Diffusivities from Different
Test Method with Double Diffusivity Model Theory
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Table 2.3-1 List of SEM Photograph of Clay Micro-structure
ERES R E g7y oS E s EHOHE
2.3-1 SRl L #H 500 g
2.3-2 ST L AR 500 o]
2.3-3 SEITL - 3ii] 2000 =]
2.3-4 ST L A B 2000 B
2.3-5 ST L FE 10000 B
2.3-86 ;L P& 10000 =1
2.3-7 +200 mesh i 500 =1
2.3-8 +200 mesh 7 &R 500 =1
2.3-9 + 200 mesh FH 2000 "
2.3-10 + 200 mesh MR 2000 "
2.3-11 + 200 mesh F=HE 10000 =1
2.3-12 +200 mesh EES 10000 "
2.3-13 200~400mesh E=3i1] 500 "
2.3-14 200~ 400mesh P R 500 H
2.3-15 200~ 400mesh =m 2000 E=1
2.3-18 200~400mesh P 2000 " H
2.3-17 200~ 400mesh o4 10000 g
2.3-18 200~ 400mesh PR 10000 H
2.9-19 — 400 mesh =EH 500 H
2.3-20 — 400 mesh M ER 500 =
2.8-21 — 400 mesh HE 2000 £
2. 3-22 — 400 mesh 2R 2000 =}
2.3-23 ~ 400 mesh xRE 10000 5
2. 3-24 — 400 mesh 7 10000 5
9. 3-25 S L e 3] 500 4%
2. 3-26 S L A 500 9
2.3-27 L5 L #=m| 2000 i
2. 3-28 S L R 2000 i
2.3-29 L e i) 10000 vLi3
2.3-30 ST L ZE 10000 i3
2.8-31 +200 mesh F=m 500 i
2.3-32 +200 mesh S 500 i3
2.3-33 +200 mesh #Zm| 2000 i
2.3-34 + 200 mesh ZE 2000 i3
2. 3-35 + 200 mesh b 3] 10000 i
2.3-38 + 200 mesh P R 10000 i
2. 3-37 200~400mesh 3] 500 i
2.3-38 200~ 400mesh A R 500 %
2.3-39 200~ 400mesh #£M| 2000 i
2, 3-40 200~400mesh Py 2R 2000 i3
2. 3-41 200~400mesh FHE 10000 %
2. 3-42 200~400mesh 78 10000 4%
2.3-43 — 400 mesh =M 500 i
9.3-44 — 400 mesh 7 500 i
2.3-45 — 400 mesh E-qii] 2000 i
2. 3-46 — 400 mesh P8 2000 il
2. 3-47 — 400 mesh M| 10000 i
2.3-48 — 400 mesh [P 10000 i3




PNC TJ4211 89-006 (2)

Photo. 2.3-1 SEM Picture of Dense Na-Bentonite. X500, Without Sieving,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-2 SEM P'ictu_re of Dense Na-Bentonite. X500, Without Sieving,
Sampled from the Inside, Drying in Freezing Mixture,
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Photo. 2.3-3 SEM Picture of Dense MNa-Bentonite. X2000, Without Sieving,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-4 SEM Picture of Dense Na-Bentonite. X 2000, Without Sieving,
Sampled from the Inside, Drying in Freezing Mixture.



PNC TJ4211 89-006(2)

Photo. 2.3-5 SEM Picture 6f Dense Na-Bentonite. X 10000, Without Sieving,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-6 SEM Picture of Dense Na-Bentonite. 10000, Without Sieving,
Sampled from the Inside, Drying in Freezing Mixture.
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Phote. 2.3-7 SEM Picture of Dense Na-Bentopite. X500, +200 mesh,
Sampled from the Surface, Drying in Freezing Mixture.

3

Photo. 2.3-8 SEM Picture of Dense Na-Bentonite. X500, +200 mesh,
Sampled from the Inside, Drying in Freezing Mixture.
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Photo. 2.3-9 SEM Picture of Dense Na-Bentonite, X 2000, + 200 mesh,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-10 SEM Picture of Dense Na-Bentonite. X 2000, + 200 mesh,
Sampled from the Inside, Drying in Freezing Mixture,
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Photo. 2.3-11 SEM Picture of Dense Na-Bentonite. X 10000, +200 mesh,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-12 SEM Picture of Dense Na-Bentonite. X 10000, +200 mesh,
Sampled from the Inside, Drying in Freezing Mixlure.
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Photo. 2.3-13 SEM Picture of Dense Na-Bentonite. X 500, 200~400 mesh,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-14 SEM Picture of Dense Na-Bentonite. X 500, 200~400 mesh,
Sampled from the Inside, Drying in Freezing Mixture.
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Photo. 2.3-15 SEM Picture of Dense Na-Bentonite. X 2000, 200 ~400 mesh,
Sampled from the Surface, Drying in Freezing Mixture.

Pholo. 2.3-16 SEM Picture of Dense Na-Bentonite. X 2000, 200 ~400 mesh,
Sampled from the Inside, Drying in Freezing Mixture.
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Photo. 2.3-17 SEM Picture of Dense Na-Bentomite. X 10000, 200~400 mesh,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-18 SEM Picture of Dense Na-Bentomite. X 10000, 200~400 mesh,
Sampled from the Inside, Drying in Freezing Mixture.
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Photo. 2.8-19 SEM Picture of Dense Na-Bentonite. X500, —400 mesh,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-20 SEM Picture of Dense Na-Bentonite. X500, —400 mesh,
Sampled from the Inside, Drying in Freezing Mixture.
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Photo. 2.3-21 SEM Picture of Dense Na-Bentonite. X 2000, — 400 mesh,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-22 SEM Picture of Dense Ne-Bentonite. X 2000, — 400 mesh,
Sampled from the Inside, Drying in Freezing Mixture.
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Photo. 2.3-23 SEM Picture of Dense Na-Bentonite. X 10000, —400 mesh,
Sampled from the Surface, Drying in Freezing Mixture.

Photo. 2.3-24 SEM Picture of Dense Na-Bentomite. X 10000, —400 mesh,
Sampled from the Inside, Drying in Freezing Mixture.
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Photo. 2.3-25 SEM Picture of Dense Na-Bentonite. X500, Without Sieving,
Sampled from the Surface, Drying without Freezing Mixture.

Photo. 2.3-26 SEM Picture of Dense Na-Bentonite. X500, Without Sieving,
Sampled from the Inside, Drying without Freezing Mixture.
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Photo. 2.3-27 SEM Picture of Dense Na-Bentonite. X 2000, Without Sieving,
Sampled from the Surface, Drying without Freezing Mixture.

Photo. 2.3-28 SEM Picture of Dense Na-Bentonite. x2000, Without Sieving,
Sampled from the Inside, Drying without Freezing Mixture.



PNC TJ4211 89-006(2)

Photo. 2.3-29 SEM Picture of Dense Na-Bentonite. X 10000, Without Sieving,
Sampled from the Surface, Drying without Freezing Mixture.

Photo. 2.3-30 SEM Picture of Dense Na-Bentonite. X 10000, Without Sieving,
Sampled from the Inside, Drying without Freezing Mixture.
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Photo. 2.3-31 SEM Picture of Dense Na-Bentenite. X500, +200 mesh,
Sampled from the Surface, Drying without Freezing Mixture.

Photo. 2.3-32 SEM Picture of Dense Na-Bentonite. X500, +200 mesh,
Sampled from the Inside, Drying without Freezing Mixture.

o —68—
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Photo. 2.3-33 SEM Picture of Dense Na-Bentonite. X 2000, + 200 mesh,
Sampled from the Surface, Drying without Freezing Mixture.

Photo. 2.8-34 SEM Picture of Dense Na-Bentonite. X 2000, - 200 mesh,
Sampled from the Inside, Drving without Freezing Mixture.
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Photo. 2.3-35 SEM Picture of Dense Na-Bentonite. X 10000, +200 mesh,
Sampled from the Surface, Drying without Freezing Mizture,

Photo. 2.53-38 SEM Picture of Dense Na-Bentonite. 10000, +200 mes-h,
Sampled from the Inside, Drying without Freezing Mixture.
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Fhoto. 2.3-37 SEM Picture of Dense Na-Bentonite. X500, 200~400 mesh,
Sampled from the Surface, Drying without Freezing Mixture.

Photo. 2.3-38 SEM Picture of Dense Na-Bentonite. X500, 200~400 mesh,
Sampled from the Inside, Drying without Freezing Mixture.
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Photo. 2.3-30 SEM Picture of Dense Na-Bentonite. X 2000, 200 ~400 mesh,
Sampled from the Surface, Drying without Freezing Mixture.

Photo. 2.3-40 SEM Picture of Dense Na-Bentonite. X 2000, 200 ~400 mesh,
Sampled from the Inside, Drying without Freezing Mixture.
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Photo. 2.3-41 SEM Picture of Dense Na-Bentonite. X 10000, 200~400 mesh,
Sampled from the Surface, Drying without Freezing Mixture.

Photo. 2.3-42 SEM Picture of Dense Na-Bentonite. X 10000, 2060~400 mesh,
Sampled from the Inside, Drying without Freezing Mixture,
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Photo. 2.3-43 SEM Picture of Dense Na-Bentonite, X500, —400 mesh,
Sampled from the Surface, Drying without Freezing Mixture.

Photo. 2.3-44 SEM Picture of Dense Na-Bemtonite. X500, —400 mesh,
Sampled from the Inside, Drying without Freezing Mixture.
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Photo. 2.3-45 SEM Picture of Dense Na-Bentonite. X 2000, — 400 mesh,
Sampled from the Surface, Drying without Freezing Mixture,

Photo. 2.3-46 SEM Picture of Dense Na-Bentonite. X 2000, — 400 mesh,
Sampled from the Inside, Drying without Freezing Mixture,
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Photo. 2.3-47 SEM Picture of Dense Na-Bentonite. %X 10000, —400 mesh,.
Sampled from the Surface, Drying without Freezing Mixture,

Photo. 2.3-48 SEM Picture of Dense Na-Bentonite. % 10000, —400 mesh,
Sampled from the Inside, Drying without Freezing Mixture.
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Table 3.2.1 Results of Solid Solution Separation Experiment.
® OB 5 B B i 4 B 5 & EimhoS i BE (ng/2)
BB O EERE | 15, 000rpm, 304 336

3| B R | 15, 000rpn, 305y, 2 [E 60.5 .
it
i B EE O BERE | 15, 000rpm, 3043, 2 TG
100 | EEEGEE G.45um A>T 374 NF 60.0
EEE LA EESE [ 15,000rpm, 304, 2@
HTE A blum AV TS VT4 L% 8. 26
PR A4 i o i 5 H B XM 300 3.3
| PR #4 i 8 {35 I YM 10 1.5
4
"4 PR 41 3 8 i {5 S YC 05 3.0
1000
EEEOASBERE | 16,000rpn, 3043 34.8
ZEE LAY BER: | 16,000rpm, 3043
HZEEBE O.lum A 73 v740M%F 2.1
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Table 3.2.2 Chemical Composition Measured from Supernatant
Separated from Bentnite Suspensien.
ol w 173 pal
EnY 2 Eiki#:4

N a K Ca|Mgi{C1 |S0,|NO:|SiPH
3 XA —R #400 160 3.7 2.0 2.3 1.0 0.5 1.4 1<0.1 2.2 16.80
T AHIT—~ X #20 100 2.1 1.3) 0.41 0.2 0.2] 0.7]<0.1 1.4 | 6.40
T XA — A #10 100 1.4 0.7 0.21<0.1; 0.2 0.5|<0.1 2.315.90

ﬁﬁ@ﬁ%,izﬁz—z#wm#mvu,&&ﬁmﬁﬁ#ﬁﬁﬁv&%of.—ﬁﬁ

BETHE I AN —R HOZRBRIKEMRTLII L LT

{3)

A HER

ORH OWEF _
RBHEEOUTRL, WHRRTEKEIW BEOXY bFf FPRETS 5, Tt

ifﬁﬁ%ﬁﬁ%mmrlwt,uﬁﬁ%ﬁ%ﬁoto%ﬁ%@aﬂmﬁummkn?v

F-FBEEL, BBRICHL R,

HFBEHEOIRSOAN oS EBIU—FETable 3.2.3 KFRT.

Table 3.2.3 Sample Charactaristics of Leaching Experiment

%)
& # N aZt H®
# & 3 2 =ET7F . XA —X #10
8Si0;. 61.3 72.3
Al20,: 23.1 14.7
CaO 0.6 0.4
MgO 3.6 2.6
Na:0O 3.2 —_—
K:0 0.2 —_—
Fe:0; 2.0 3.0
I g—-1 oss 6.0 6.8
CO:. 14, 4ng/Kg 3160mg/Ke
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&
TEHEROREARERAL, T/RXF vy 725 -5 —2HVTHE
BLERH R COBEALL, BHERTEIZA 7S 2300
Bl _
&&yh+4b%&msﬁkﬁ.ﬁﬁ%ﬁwwéﬁﬁt,ﬁﬁ¢@ﬁ
B, oH, EWERIE L7, £/, CObLEMICEEEMA, RELE
YhFA PR hORBERESAE L,
BEODETHINTee -

7o

G
Ry FH A4 X 500mL

b) & W o ERK
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(@ # 2 85 MoK

© @ i M 5% (30, 50, 100, 500, 1000)

() BEMEOEMRSH : SBA058 15000rpn, 305 M. o EBE%

BESEEOAML 0.lemA V75074 L4 THERB
BO2ACENNHELAN A EBLIUVHEAREL: L RBOT0 - %X 3.2 2R Y,
Tabie 3.2.4 Measurment Items, Techniques and Instruments.
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CO. HEBET, ¥A7o<by3 7 | BX®EHT 6635
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Table 3.3.1 Chemical Composition Measured for Supernatant Separated from Bentonite Suspension.

= SRy (mol/2)
&l L ph Eh
b2 Na K Ca Mg 1~ S0,%° F- NOg™ PO, £0s2~™ | BCO, ™ Si (m¥)
30 0.438-3 | 3.7LE-5 . 45E-5 .04E-6 | T.45E-4 | 1.17E-4 | 6.26E <1.0E-6 | <1.0BE-6{ 1.34E-2 | 3.60E-2 L41E-4 ) 9.91 283
4
= 50 5.26E-3 | 1.96E-5 . 02E-5 _70E-6 | 3.55E-4 | 6.518-5! 3.,01B-5| <1.0E-6 | <1.0E-6 | 2.13E-3 | 1.43E-2 .45E-4 [ 8.51 344
=4 -
T | 100 2.B67TE-3 | 1.20E-5 . 90E-6 _52E-B | 7.28B-5 | 4.07E-51 1.00E-5 | <1.0E-6 | <l.0E-6 | 1.34E-4 )| 3.61E-3 .02E-4 | 8.92 375
F
500 5.26E-4 | 3.50E-6 . . 98E-7 _929E-7 | 1.85E-5 | 5.62E-6 | <5.3E-6 | <1.0BE-6 | <1.0E-6 | 8.37B-T7 | 1. 81E-4 LO8E-5 | 7.62 428
1000 1 2.888-4 | 6.586-8 | 1.758-6 | 8.22E-7 | 1.056-5 | 2.60E-6 | <5.3E-6 | <1.0B-6 | <1.0E-6 | 5.34E-8 | 7.20B-5 | 1.60E-5 ) 7.18 | 434
| 20 | 2.31E-4| 1.286-5| 5.498-5 | 2.108-4 | 8.46E-6 | 1.30E-5| <5.38-6 | <1.0E-6 | <1.0B-6 | -— 1.816-6 | 2.28E-4 | 5.57 | 355
Y
A | 50 1.63E-4 | 5.24E-6 | 2.01E-5 | 1.74E-4 | 5.64E-6 | 8.54E-6 | <5.3E-6 | <1.0E-6 | <1.0E-8 | — 9.28E-6 | 1.68E-4| 5.71 | 355
I,
- 100 8. 96E-5 | 3.07E-6 . 92E-5 _73E-5 | 5.B64E-6 | 4.27E-6 | <5,3E-8 | <1.0E-6 | <1.0E-6 — 2. 87E-6 ,08E-4 | 5.82 380
Z
# | 500 3 486-5 | 8.44E-7 | 7.088-6 | 3.29E-5 | 2.82E-6 | <1.0B-6 | <5.3B-6 | <1.0E-6 | <1.0E-6 | — 9.06E-6 | 3.12B-5| 6.28 | 345
10 ‘
1000 | 2.836-5| 1.15E-6 | 8.86E-6 | 2.87E-5| ¢3.0E-6 | <1.0E-6 | <5.3E-6 | <1.0E-6 | <1.0E-6 | — 7.20E-6 | 1.94E-5 | 6.17 | 330
¥) HEEEE, AEINAMENCOHEETH S
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3234 PHREEQEHE

PHREEQEIC XD, BMMKAEEH L 2pH, Eh, BHRADLFER, LROER
REEFRAIL, MEBEELEL .

i, JoETFROVT, RBLABERETOHMERREZ LR, KRICKPHEN
EHEAEEAY FF 4 FOMBAFOEHBRAEREL, TORETORBERADUER
EFHLIce EEXNV P FA FPOMBATOBERSORER, UTOFEIR I >,

O EERVIFAIOBHUSE (MEAKOEEZEANER) £2.0e/ns, HE
Ex2.7g/nt &7 3, |

chickd, BEHEMKI0.25(nL/g) &5 B,

@ HMEOHRT, %;‘é%@%ﬁ&:@i&kﬁ&@ﬁﬂ%ci. BREATINRZEL—KETER
B\, e, BRI VADEATVIED,

FoT, AAFAVAESE, 2T A VBEEATAZTAERSITL, BEAS Y
ZRENTVRERETORERAMERZEEL, Chdhd, RELAERLTO
EHESEREEAFECL-THELL (BE/T AN EEH#EILE, 233
Thot) o HELALBHRSMEMETable 3.4.1 KR To

Table 3.4.1 GEstimated Compositiosn in the Bentonite Pore Water
with the Composition Estimated from the Analysys of Dilute

Suspension. (mol/ £)
Higt(ng /g) Na K Ca Mg Cl $0,2° F-
233 9. 0F-4 | 5, 46-6 ) 1.8E-6 | 1.4E-6 | 5. 7E-5 | 1. 4E-5 | 3. 0E-6
0. 25 8 9F-114.88-3|1.8E~-3 | 1.3E-3 |5.1E-2 | 1.2E-2 | 2. 6E-3

FEHOFHRELT, ROFHELEZEDT.

® #HEKcE, ATOHELLEATEOANTFET %,

® BEEG, HEOBERLBIERT ZHEERVTE, FELAV,
@ i, EENSHEBEORKTOC00,, 0. FHIKE - TV,
R+ Table 8.4.2 KR T



Table 3.4.2 lon Speciation in Supermatant Estimated Using PHREEQE.

ax SrEsy (mol/ 2)
[ He ol Eh
b Na* Na Na K" Ca®* | CaC0s; |Ca Mg?* |MgCOs |Mg MgS0, ([C1- S04%- | F- C0s®~ | HCO;™ (m¥)
C0:~ | S04° HCO,* HCOs*
1 6. 2E-1 | 2.5B-1 |4.0E-3 | 4.8E-8 | 5. 8E-7 |4.7E-6 | 1. 3E-7 | 3. 7E-7 | 2. OE-6 | 7. 9E-8 - 5.1E-2 | 7.9E-3 {2.6E~3 | 1. 2E-1 |7.2E-2 | 10.0L | 661
30 9,3-3 | - 3.5E-6 |3.7E-5 | 1.6E-5 |7.2E-6 19.7E-T | 3. TE-6 | 0. 8E-7 | 2. 1E-T — 7.56-4 | 1. 1E-4 | 6.3E-5 | 6.0E-4 ;7. LE-3 9.13 | 717
7 -
= 50 5. 2E-3 - 1.2E-6 | 2.0E-5 | 8 2E-6 | 1.6E-6 | 3.3E-7 |3.2E-6 | 3.56-7 | 1. 2E-7 - 3.6E-4 |6.4E-5 |3, 0E-5 | 2. 1E-4 | 4. 8E-3 8.92 | 730
= '
7 | 100 2. TE-3 — 3.2E-7 |1, 2E-5 | 5. 56-8 [ 3. 7E-7 | 1. 3E-7 ] 4. 2E-6 | 1. TE~7 | 0. 6E-8 - 7.8E-5 [ 3.0E-5 | 1. 0BE-5 | 6. 4E-5 | 2. 4E-3 8.68 | 745
F
233 i. 3E-3 — - 6.4E-6 | 2.2E-6 | 3. 9E-8 |2 8BE-8 | 1. TE-6 - 2, 0E-8 - 5.7E-5 | 1.3E-5 | 3.0E-6 |1.4E-5 | 1. 2E-3 8.37 | 764
500 5. 364 — - 3.5E-6 |9, 9E-7 — - 8. 2E-7 - - — 1.4E-5 | 5. 6E-6 | 5. 3E-6 | 2. 5E-G | 5. 0E-4 8.00 | 787
1000 2. 9E-4 - — 6. 9E-6 | 1. TE-6 - — 8. 2E-7 — — — 2.0E-5 | 2. 6E-6 — 7. 6E-7 | 2. TE-4 T7.79 | 802
I 30 2. 3E-4 - - 1. 3E-5 | 5. 4E-5 - - 2. 1E-4 - — 3, TE-7 [ 8.5E-6 {1.3E-5 -~ 5.5E-6 1 7. 2E-4 8.18 | 777
&
i 50 1. 6E-4 - - 0. 2E-6 | 2. 0E-5 - — 1. 7E-4 - - 2.0E-7 | 5.6E-6 | 8. 3E-8 - 2.98-6 | 5. 3E-4 8.03 | 785
I
— | 100 7. 0E-5 - - 3. 1E-6 | 1. 9E-5 - -~ 4, TE-5 - - - 5. 6E-6 | 4. 2E-6 - 3.7E-7 [ 1.9E-4 7.59 | 813
s
4 500 3. 5E-5 - - 8.4E-7 | 8. 0E-6 - - 8. 3k-5 - - - 2.8E-6 - - - i.1E-4 7.37 | 826
10
1000 2. 8E-5 - - 1. 2E-6 | 8. 8E-6 - - 2, TE-5 — - - - - - - 1. OE-4 7.31 | 829

(2)900-68 TTgV[L ONd
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Fig. 3.4.2 Measured and Calculated Cation Concentration.
In the Calculation Air Equilibrium is Assumed.
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Fig. 3.4.3 Measured and Calculated Cation Concentration. Ia the
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Fig. 3.5.2 Americium Speciation in Distilled Water Equilibrated with air.
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24 PREETFIOT, TOEBETIRANNC:(s)DAZEBE Lico ANDBRAFET -7~
— Zik, Silva, Rai?’, Allard® ¢t NUREGV D b MM L7zo Rai BT, Allardic
W, AnOHCO: (8) OF — 7B VkH, Jhic>VWTH, Silva OF—FZHERA L,
ERLEF— X —Z%Table 3.4.1 REFRT

%ﬁﬁ%u,ifﬁﬁkaﬁmﬁﬁﬁémﬁmt,:num%wﬂﬂm@ﬁ%MAT.
CNEDEEAHE L, & HIcpH%E, NaOHA W LI, HNO:ZMA S Z &ick » THALS

&, pHic LB LE¥EBOELERE, HEER%EFig 3.4.3~8.4.6 KRTo

B, HEAWATICEEIIC S0HIE, AnOHC0: (s)ZMA 2§ I L#H IS8 - TV 5pHI0. 1
POELLEVL, chBEicHE EFES>ET5E, (0: FREKBUIRATISILR
HEDT, pHEIHBE~NRELALELEZE ALY,

SREERE LT, pIS ~0 TR EA B » CIHEEREZ-2EVWL-3TE
FL, #hil bTcEEsE1 BVL5 THEMT 3, coLE, —BEVERERIC BE
T TFHB. (L, SilvadR T, Rai @ F— % TiX, < pH8.2 TAw®", pH8. 2 ~8.8
T AnCOs* . pH8.8 < TAm(COs) 2" ﬁ@%dx%‘ﬁiiﬁaﬂ@fééo NUREG @7 — % T3 < pHS.
QIEANHCOS?* AEEL TV S, Allarded7— 7 DBANZBMERETD, < pH8.0 T
EANOHZ *HEEE L, £ EOpHTIEANOH)  (an) AEERL, BREEZ—ERKL LTV S,
COEENS, AlldOF - ZARLEBVEREERTERLAE TV S,

BREILS>VWCE, 2EOEREZHRETHRERLN, > 44 2P, AnDKBRH,
MORBILAMTHED, v rFA PRHEAP R COERTIUERETHLIL, B
HLAROHC0s(8)TH T, Y bF A FEHRANLBERWIEAS, 5TVRBERS
Nz,

EERIE 2OV TEHAEWERTIE, A OEEEE T, An&Cl” ,80,°7, N0~ &0
P EET B ©5 LIILERBOBVWIRE T, AIAENY bFA FOBRFEFED
CERBOENBNY, THLLEROEEIERICE - TL B

B, HEAMAFICEGCLLpHIE, HMALEER Y b4 FMEB/KOBMTAE I
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BB, COPHDBWIC X BEMRE, ELEWOE(IRAEL, COBUHTEERY F+4 b
BEKOHERE2>HAL L RIEETH S,
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Table 3.5.1 Solubility Products and

Stability Constants of Am(Il)

R Silva Rai Atlard NURBG
AmQHZ* & Am** + H,0— H* 2E-8 |6.3B-9 |1.6E-6 |1.0E-8
An(0H);* & Am®* +2H,0—2H* 2,5E-17 | 7.9E-22 1E-13 | 1.3E-17
Am(0H)s{aq) & Am®* +3H.0—3H* 1. 6E-25 1E-27 1E-21 | 3. 2E-27
An(OH) .~ & Am®* +4H,0—4H* 1E-35 1E-31
Amz (OH) %% @2Am%* +2H,0— 2H* 1E-9
Ams (0H)5** & 3Am®* +5H,0-5H* 1E-24
AnCO,* & AnS* + (052" 1. 3B46 3. 4E+6

7R | An(C0g)2~  © Am®* +2005%° 1. 3E+10 1. 1E414

B4 | An(C0s) s~ & Am®* +4C05%° 1E+11
AnHCO52* @ Am®* 4+ (0% + HY 7.8E+15
An(HCOs) :* & Am®* +200,° +20* 1. 3E+30
AmNO 42+ & Am®* + N0~ 2. 6E-1 1E-1
AmS0.* & An®* + §0,2° AE+2 AE+3 | 1.3E+4
Am{50):" ¢ Am®* +280,%" 5843 4E+5 3. 0E45
AmC1%+ & An®*t + C1- 5. 1E-1 1.1E-1 | 1. 7B+t
AnCl.* & Am®* +201° 8E-1 5.1B-1 | 3.9E+1
AmF2* & An®* 4+ F- 1. 8E+3
AnF®(aq) < Am®* +3F- 5. 6E+9
Anl,P0.%* & Am®* + PO, +2H* 6.6E+16
An(H:P0L) " & Am®* +2P0, +4H* 2. 3E+35
Am, 05 < 2An** +3/2 0. 1. 8E+52
AmF 4 & Am?* +3F° 7.1E-13
AmC1s & An?* +3C1- 4.5B+15
AmBrs & Am®* +3Br- 1.6E+22

E4H | Amlg & Am’t +31° 2. BE+25
An{OH) 5 & Am®* +8H,0—3H" 3.2B+16 | 3.2B+17 1E414 | 1.1E+25
An0C1 & AnS* +1/2 0. +C1° 1. 2B+11
AmOBr & Am®* +1/2 0,+Br" 1. 1E+14
AMOHCOs; & Am®' + C0y% "+ H,0— H* |2.6E-8 6. 6E-8
Amg (C0s)s* ©2Am®* +3C05°%° 4. 3E-37

—108—




mol/ £

Concentration of Americium

PNC TJ4211 89-006(2)

-2
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10~ 4p— AmC]2* 1
AmQH2+
107 ° b= —_
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Fig. 3.5.3 Americium Speciation in Bentonite Pore Water with the
Composision Estimated from Analysis of Dilute Suspensien
Refering Thermochmical Data Measured by Silva.
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i
=
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Fig. 3.5.4 Americium Speciation in Bentonitfe Pore Water with the
Composision Estimated from Analysis of Dilute Suspension
Refering Thermochmical Data Measured by Rai.
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G
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o 7 Am et
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Fig. 3.5.5 Americium Speciation in Bentonite Pore Water with the
Composision Estimated from Analysis of Dilute Suspension
Refering Thermochmical Data Compiled by Allard.
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Concentration of Americium
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1078 p—
10- " p—

107 °% b—

107

10"]0
4 ] 6 7 8 9 10 11 12
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Fig. 3.5.8 Americium Speciation in Bentonite Pore Water with the
Composision Estimated from Analysis of Dilute Suspension
Refering Thermochmical Data Compiled in NUREG/CR-48864.
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E4E SFHMbokog ok

41 HEBoHH

FIETEXRLLIE, AFATE, BREMHEBLS BT REBRTERET B
Hith, BTRKMEAET2LEAONLAAZLEHAEL, TAOoOEEEZRBREEL
THET B EVIFEERALTV S, CHIRLAPVRHALEDZICBLT, AHAT
ERRRE LTCEELTVIRBD TEMIILLAEANEA R, ROBYLTH 5,

MEEOBTE, BANIC, RO2-OKEEIN,
© BITEROBREZILEET 2KkolH
@ BEHETHBEYEVOFAMEOBEER )

Lich =T, CNo0EFERELT, ZNFAELXCRFENTABLICEET S
LNERTH B, Ric, TVt A P OBRENBVWHEZ IV -V L LTHWS
CEHNTE, TORWBHEIRNTE2ILATAETHIAE, LEQR>DVWTOHEHEZRD
CENTEBEEZONS, LAMLUENS, RBERKE, TEVof/4 bEOEBEERN
é(ﬁw%E%ﬁﬁféc&mﬁ%?&%kw,®®m%m$m1m,ﬁﬁmﬁmkﬁb
ROPORBHPIEINZERBISNB YV, TIT, HEEHS/PEVLETFHRENZY
HEARAWS &Ik, BUNKOQOHROSEZWMO B L THRFEZITI I E LTS,

TR, ROZBKCEHWNEEWT, P—HP—,L LTI FILKEFERLAXY b
FAIPPRBYIRUEREIT - 1o

CROEHBHCAERREBELEEARFEMET 3,

CESEIRBVWT, KOMEEHE Ny FREAROERERETIIEREVEF L

BREOLBEDATFUTE TS0 E2RTTEI2ADOERT -5 2MET 3,

4.2 HEFHE
4.2.1 HEBREH
Table 4. 2.1 KEHMPORKOBEHBRAROLEERT, HBRHFHI6HTHY, %
DHSEQ~@QDH L, E2ETEELALMETH 2

Fii

ZAHTI—Z# 0O FERTBELET
LEEhbDTHE, CNOODKBEER, BETHTITEFIMEECLBRARTORIE
EBELREBECHRELL, ®LOTE, ZHEAKDPOBEBEN Lnol/l KE3X5K, 21 7E

L, KOl &ENa S0 2 I AAL—ARCEM-BELTATLRRBLAEZBDTHS. o
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2005 ATH, EMKFEET 544 v ET 5KOMERRE, 55\ 3 HER
BHEREOEELBETSCLAENE Ui,

Table 4.2.1 Characteristics of Column used in
THO diffusion Experiment

LY o— - THO
=
B | BERFE (u2Ci) . 0.1
No.
HEBEALEER (o) 6.28% 2 4
REEE (g/al) 0.70 -
@ ZHEprH 4.95
NaClip 5,0X 107 M
MgSO0, BE 5.8X 107 M
L B (hr) 3
REEBE  (g/cd) 1.0
@ Bk B 4,95
NaCl g B.8X 107M
MgS0O, BAE 6.4X 1072
5 B B (hr) 3
EFEE (g/af) 1.8
@ BEWEpH 4.95
NaClBE 7.6X 107 M
MgSO, BFE T.2X 107 M
i B B 1 {hr) 3
KEEE (g/af) 1.5
@ BEMWP H 4.85
NaC1 g 8.6% 107 2M
Mg SO, BE 8. 1x 107 M
5 H B RS (hr) 3
RMEE  (g/al) 0.70
® BiREpH 4. 8%
KC 1 isg M
i B R (hr) 3
FWEE  (g/ol) 0. 70
® BE®KDPH .05
NEZSOJEE 1M
Pk B4 B (hr) 3

(FYRBPS (3 AHT—2Z #10) 1 gl LTHBMOIZKC1 % 7. 9ng,
HEBN®IEN,50,% 150miE&KET S,
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422 HBRERVCEE

BB, BAMIKC, BAF - ERNEREEFABR CHRIRAFECLAN > TEEL
oo BREMP SO T LERICIED, F-/BAHCELITOAEREUTIRETT,
(1) HE 0%

BRAMBETH2 I XA —2% 105°CTUBMER LA, 8421 LEFE-RBROK
U®THE, TN, IR UN S0 &L icEm-B& Lk, TN ER4L 2.1
CRTHGERRABEZHVTA S LALE R L, #5 ADEHKIIBL. 28cd (ER 2 o,
Ex2m) CHEMBOKREENT~L5 g/dOMOBREMICE S X5 B kKR
KEBOBMD, BELABAKBIAKEBAL, BEAOERABR A KHRT 2 X 5/
ERERAb2HESTVATEALL, AoXRR, LHEBRTRE, 2@8oM7L%
BEALTRRBETIOT, 1 RBAKHESLY, BIRLEA T L ZEEMERL L,

ow F

— | | R

e— HA K

1

Fig. 4.2.1 Apﬁaratus for Compaction of Powdered Material
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A5 LOKETZ, B 42208 TLIK, CEBREAELLBRPIEAN T LER
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H7LERETDHE, NFLOZEBEKBILBEBRNAA VBEFLTYL, 2OC
Ed, ATLPRAFVERENATEBRT5A#EES 2, dL, (A VBRESHIER
ENLBLE, ThiTLD, PL—Y-OEBRESV I LAOKEOLDELTER
NEHB. CNZBIZDE, EATLBILEREKERLZTFAL, Thicébe TR
HAKERELI, BAFLOBRRKOHERKIY, FiHEF 4.2.11cm L,

HicnLicokiafiZ@BebkeAZT v r -y TIHEARKL, TO®, KKRHFTIO0
BB L. 75 LRDEKRBEAHARH—IKTE1D, THHMRERVISLOLT %
REEsH, SoRIHEREEZT -,

TS T
i M_]lll; HEE R e ———

oy

<

1 o 1 12
AZNLT 4 NLF

BERABK

Fig.4.2.2 Apparatus for Saturating Sample with Water
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B8 FPlL—VEEOREERE

BEARPIEBRLAAILEMOEL, HBKHSERER /1%, PV —VYBHFERD
HHONTZ v OEE75 v VERMLE, RIS, BREOTIS U424 L, #5 LI
FH2pCi/ mLICHAELALTHOy £AHBAF THELRIE—KBEH LA,
PL—VOREZERLTHS, THOEXBHLLBEVWHEHEMOA S L (O-V v VED
MOATL) LEHLET, K 4230k RN NTEHE - FH LA,

BHLAAZLRERTTCHEOHBMEL o
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Fig. 4.2.3 Apparatus for Diffusion Test
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4 HEED2RF1 2

—EHEBRBL V-V —HEBTELER BHEzESEE 7Y -V -KARN, bl -
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Fig. 4.2.4 Apparatus for Cutting Sample into Slices
after Diffusion Test
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B BITEHCHETE

EZREEREE, ImBIRATARLTVEY, BRCIELERSEckET 2L TN
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i-1
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i=1

X; = XL (4. 1)

ZWd,

1=l

Xy BITERE (FN—YBEFEH,CEZS51 ARE T COERE, cn)
di : PV—HVBAEELD i BEEBORASA ARHOERER (g)
n RS54 ABHOLEH

L :#H#Hof£E (= 2.0cw

HHOLBRERE, FAHEESICLD 110°C, 2EBEERE, Frr—2ThHLA
BICHEERIT - 20

B, BEBEIMIELRASAXTELERSAZARBOLER (n) G420
LHRTTHEY, REEARBTUABI B LS ILRE-TRI A ANHEERHEE

BEL, INoRB—BLELD, BEKL-TRI~10+DEADELTVS,

6) HAHoOMEERDAIE
AFAALEANOBRGEEZAEL CEE o7 s A LAEERTBHLHBIT, A354X
SNEEHO—BESHR LUBHEBOAERT -, BIEFEELI TR T,
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IWiE& LcE, BET S,
®EY v Fl—Yarvhwryy (FoAE LSC-1000 ) 2HAWTTHO QKA RER
ZEHRIT B,

MILBERORDE

B VAORBORBEEN—ET, BRHNT 3 V-9 RENEACH—IKEAS
Ni-ERELRBE, FU—VBEQCHME, EMMOELR, L4.2) ARTRT—KRTO
BEFBATRTLENTE B,

aC d:C
=D (4.2
at dx?t
LT, C:HEHP NV —VEBE
t : BB
x : BiTiERE
v Do EER R

FLRBOVHEERUERESE WHNTHY, LWAORRIOEHTTRUD
ROEEE5A S, CCT, NREMLAM -V ORETH S,
C(x,0)=0 (x#0)
C (x,0) =N (x=0)> (4.8)
C(xee,t) =0
N:#@mlLAbr—-40BRE

[==]

N=J' C{x,t)dx

-0

2

N X
C(x, t)= exp {—- } (4.4)
2 (zDt) /¢ 4Dt

BE, CCTR—ReOMELE L TE-TWE%®, EECOMMIIEESZD O b
V—HBELTEINATWVS, CNAERBOBE LA T2 -DFEEEZZEL
(4.5) N B o b,

N

XZ
C (x, t) = exp {— } (4.5)
2A (gDt) 4Dt
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(4.5) KOARAZLDOWERERL, AHBTEI. UdTH 3,
(4.5) RiZ, MAOKMEELS L, (4.68) ROXHIK—REKLLTRT T ENTE S,

Y=a+bX )
(4.8)
=72 L,
r®Y=1ﬂ {& (% £}
@DX=x?
] ‘ N
*®a=ln{ }
2A (zDt) 2
1
@b=— —
. 4Dt

PlEicd b, BBBEHEAFARALAEEHEOREOHRELERO _ROTF—- Y42 E
BMTERTEZIERLL>THEE (b)) 2R, L7 RELTHEBTLIENTE S,
(4.7) Riz4.6) XOEZEBLEL LD TH 3,

1 _
s [ (I .1
4bt

Bh, LRABROEHICHAVIEBEERUBTERE, EANKEIROLI L,

BEBIC2VTE WHRAEFSATVE XK, LHARERRTEAL V-V O
BEOCHEIEIIBERERYT, NHRELEIEMECBTAREQCHMERS M NITES
THEIENTES, CORDHE6) ROBMBEHKEEE L, BEBLLTEIRBTO MY
FUOLBREMNEILL - THRONIFHEBELAMOERERTH U ALE (con/dry-g) ZHL
a & dd Ly

BEERICoVTH, GETERLALS K, RELE2 0n 254 & LASHER
HOEREBOLUBTHAERT S LR L-THREL, FARBREHTIBITLTELE
V-9 HRBICRE L TRAEHELEL LT EEEENRL L, PL—FRGFEANIGL.
Ocm ETOMMEELHFEL, ThUBIEN T LI L L L,
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4.3 #58
BRI BEONEE L EHBTHSEo - RE*EREHRL, BohsESOEMS
HIHEh s, M#ZBEE (con/s, RHOKERER S D OHEME) O EIE, #HiHE K
BITHEE (en) 0ZFELLTHMEF—-2%E2 0y L, Fig.4.3.1 ~Fig. 4.3.6 KR L7,
AIETRBANHBOPMBII b L - TH5 Y FOLKERTL, MM~ORLELE
CLlTwaicd, MEMRIZEVHONG. RIKIHEEOHEREVTRLRL o
BREER»ORDALBHBICH Y S HEHETable 4.3.1 KR

Table 4.3.1 Tritium Diffusion Coefficients in Buffer Materials

Tracer Filled
Nuclide | Density {Diffusion Coefficient Comments
{g/cm?) (m?/s)
0.7 1.24e-9 it 12 R H AR
1.0 5. 24e-10 ERELICHRE
H-3 1.3 4.65e-10 Le
1.6 3.13e-10
0.7 i.10e-9 KC1 1M #7m
0.7 7.22e-10 Na S0, IM %o
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Fig. 4.3.1 Regression of measured SH* Concentration (Dry Density :0.7 g/cm®)

—123—



PNC TJ4211 89-006 (2)

[: Intcpm gl ] FILE=H3~-2-1

18 i
R — >

Y=g+ ¥
a= 12,2457
b=—3. 82329
r=—, 997547

({200}
p= 12

(7 ~920)

HRRE

B \ — D= 5.90E-86 cmd/s
- T=3 hr

2 1 2 3 4 [K:cm2)

T T T
&
|

yd
Ve

18

|

[Y: 1n(cpmrg) ] | FILE=H3-2-2
15

I -
- ! ! - BEF-5
- A VbR
— a= 12.312
_‘thﬁj - h=-3, 2022

18- - r=-.998992
= - (A 2)
— — p= 12

— ™~ - (5" -5

m%%@

4.82E-P8 cm2rss
— : - T= 4.5 hr

¢
I
i

- 1 o 3 4 [¥:en?]

Fig, 4.3.2 Regression of measured *H* Concentration (Dry Demsity :1.0 g/cm?®)
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Fig. 4.3.3 Regression of measured *H* Concentration (Dry Density :1.3 g/cm?®)
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Fig. 4.3.4 Regression of measured ®H* Concentration {Dry Density :1.5 g/cm?®)
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[Y: Inicpm gl ] FILE=H3-5-1
£ I | ~
= - TEET -5
;— 4 v=aehe R
g — a= 12,1817
L = b=—1.851
18— O — r=—, 99683

= T s (U300
. o — p= 13

— ., — (7 =92%)

1 AR
= — D= 1.25E-05 cmess
- — T=3 hr

&3
|

/
J/b

¥ 1 2 3 4 [R:cm2]

£ ITnicpm g ] FILE=H3-5-2
15 : = o
g — T2

— Y=g+h' ¥
: d &= 12,2001
| o, 4 b=-1.53881
181 — 4 r—.5o7R12
B T d U2}
- e — p= 13
' (7 )

L

- — D= 1.6BE-8% cm2s s
— — T= 4.5 hr

i
I
I

A | | ]
@ 1 2 = 4 [M:cm2]

Fig. 4.8.5 Regression of measured *H* Concentration

(Dry Density :0.7 g/cm®, Pore Water : KCI 1)
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15 | =
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- - Y=gthe ¥
P, - a= 12.3372
o - b=-3. 28764
1P Q%_ﬂ = r=—. 995592
- e R
- R — b= 12

- . - (5 —87)

T -+ R
- e, ~ . D= T.04E-16 cm2-s

= S < T=3hr

A [HKiome]

¢
I

=
—
(L]
@

LY Intepm-g) ] _ FI1LE=H3-6-2

5 1 I 1 -
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Y=a+b-®
a= 12,2354
h=—0. 12897
p=—_ 9931005
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p= 14
(T =42m)

Thn o HEUR

18
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D= T.24E-36 cmers
I= 4.5 hr

5 ] 2 3 4 [ARsomz]

Fig. 4.3.6 Regression of measured ®H* Concentration

(Dry Density :0.7 g/cm®, Pore Water : Na.S50. 1M)
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4.4 HBE

(1) @&

MU FouLkEEYEIOFA PEDHORELER TN TERE, 4ET- 2
M) FULEREBROERE, 77 LAOBITEE (BEHEE) LT oldbokolsis
ERBLEBDOEL>TWVWE, TITR, Low"” DEAHFRESZ, BAEBLHEDLEIE
FEROECHDLIBATLEEDELTREET S,

Low ic 2 hiX, SAEBREHONE | ORBFEIBRRTEL 515,

i = i T /. (n F)

T, Cl:HRTIMEREETZER
T : #dBE
n o FEEEEREL
F:BREF

@ﬁ&%@ﬁkm%ﬁfﬁﬁﬂ%m,g@$e%mmr.wmxau%ienaﬁo

F = 1 4+ a(l—-g)/ e
ald, TVEVOFA MEFERTEMABEIBLALEZORELEBOLROERT 3
MEIEETIRTHY, NV b+ 4 bPREEET S MY FULKEHLTR2U~UDIE
MEHMEINTVWE, aDEAE30, £/, TEVEVDHFA MEFOEEES2.67Tg/al& LT,
SERRTHERALALS LOBREFAHE L LSEREHLL] KFT. BREED
0.7 g/edd ~1.5 g/ed DA FLTR, BHERR, HF7oLE—DBRONNLIKER

BdbL, 12EE~40EEB>T WS,

Table 4.4.1 Formation Factors for Columns Used in THO Diffusion

Experiment
5 LES FEEEE ZERE BRAF
1 0.70 0.74 11. 7
2 1.0 0,63 19.0
3 1.3 0.51 29.5
4 1.5 0.44 39.5
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ZEFEAOHER, ErEYnr S MITAB D AERIIIBFEIN I KGFORTIK

LDEMT 2, BRLIIEEOE{LBEIKEEDRLFEHL, RATEALSNBY,
7 = 5o ( 1+ fE?)
COT, n BREEMNMASKhIE ZOMEERER
no :WEONILYKOEFRE
P BEMEEK L02x1071 af/volt DEAMES LTV

CIT, MBORS, EVEI DA PETFRKBTSALS S LHT, —EOBME
%%§of$ﬁtmﬂbfﬁé%méb,ﬁv4>%o§ﬁ%ﬂﬁ¢é:&aﬁéo:®
HER, RRCTHEALAN I LORMBEENASVED, FUA U REREZED 32 TH
AT EEPTRETHESI LOEBLEITVWTV S, COREBEEL T &EILLD,
REOMEET2R%E, ABHEFE TS | HOBBETFREFESELEENTE 5,
COEINEBREROMOEREOMBEICH I 2BEEORE IR, FRE (BE) PHEE
HEAUEIHAED, REBRAEZCHTIER _EBRERCAVWTHEEYT 5 & TRE
THbo

BROEEERRI, EFNEFTANT (BMENKE, ZoqF) OREEERBITLE
fEAA ERTETHUTEODOTH S, BHAWITE, BRIBH T 2Poisson ORE 1A
v AFETBoltzmann ORE A& L /Poisson-Boltzmann FRERAAN, BWEL-T
W2e | DOEREZDRBIIEY 2 BBEEA,SEBREN SR TR, Poisson-Boltzmann
FiERE, RXTHELN 5,

¢ ¢ 1 Z: ed

T Z:i e n; exp (-~ — ) (4. 8)
d x? £ i k T

I

CIT, ¢ :Bi
x cRFREH,SOBES
e FER
Z, i A4A Vi Ol
e : BFTOEXN
n: :BEFRKEET 2444 1 O@K
k :  Boltzmann EE
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SEATEROFRICHE T 2 Poisson-Boltzmann FREELEZFEICY b, KOFEREBT 2,

@
@
®

@

A4 OREH R LF -, BEIRLF LR FGAE L,
HTREOBME, BERERCKST, —CE0oE: &3,

n: LT, B2ECT-ABHKHREZEHAFT LB O 2T Kkho T
BEEZBEVWAIENTE S,
ERERERE (131, £, 2x2) &73,

OOERENS, ¢iE(4.8) ROLOEREHLENLELN B,

27 e fidWenp ozl ti+Tnsn 65 (8 —x1]
¢ = In ( i )
kT (1 —-Texp (~xx)) (1—-WVexp (—& (d—x))]
o {4.9)
2 n, e?
k: =
! e k T
e ¢
T = tanh ( — )
4 kT

do : ZMEBH, —60 n voit &9 3,
d : EE Bk

BEER QXAZzERTHLITIELIDEOL S,

d ¢
B ¢ x
27, o k¥exp (—&x) tWexp L—r Cd—x)}
kT [ l1+%exp (—kx) ) 1+Texp (-« (d—x))
£kVexp (—xx) E¥exp (—& (d—x))
I-Texp (—xx) ) I—=Wexp {—wn (d—=x}) :

MABEHERRILT 2L 5, HERBOBEEEZBHAATHES L, TNEBHEETRST C

LISk D, ZEEAKOREEHNBEEAROBRINB SN B,

1 1 d 1
—_ = — dx (4,10)

7 d 0 ne (1 +fE?)
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ﬂﬁﬁ%?&mtkﬁﬁAgﬁmﬁno/nmﬁ%,4#7%&éﬂﬁx—ﬁébf,

GIDRZHVTHELAHRERZRIALL2 LRT, XA - A0EBRKOA 4 VHRKIE,
MIBTOHSHEOKE (F1g.3.8.3)0 5, Nt tMe*' 0 2O A A4 Y KEHZE LD,

FOFEERIFZESE LYy, LAR-T, IHIBBFERVIH2ABHELZIZERS
BEELBIENTES, ChEZOEEHERMLT, Poisson-Boltz-mammABEREZEL T
LREETH LD, RTR, BEkdbicgEhdz A vraTId1BoEeaRT2H
ZHOBAKLYVWTRLE, RBEOERAKCEVWTE, TOMOEE*M2b0LEbh 3,

F#d 4l KRLAEBREFORE, RUKLLZ ERLABRNEVROEBEIHASL
b FULAROBIEEAFIZRL L3 DXL 5,

Table 4.4.2 Normalized Viscosity Change of Bentonite Pore Water

FHRBE 1:1 2: 2
0.7 g/cdt 1,68 1.61
1.0, 1,84 + - 2.14
1.3 . 1,83 2. 87
1.5 1.76 3. 01

Table 4.4.3 Estimated Retardation Factor of THO in Bentonite Column

HREE 1:1 2 :2
0.7 g/cdd 20 19
1.0 35 41
i.3 54 79
1.5 70 120
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(2] #E% & O
RAZICETLHAHENEESE 404.3200FBELEZRETL L, GHETCHEOR
A —F—oBONRE B (£4d.4.4),

Table 4.4.4 Estimated Diffusivity of THO in Bentenite Column

T EE 1:1 2:2 £ Hl &

0.7 g/ed | 1.076-10  L.13e-10 1.24e-9
1.0 6.11a-11 5. 2%-11 5. 24e-10
1.3 3.960-11 2. 7le-11 4. 85e-10

RUMWEEFHREELZ, THTH 0.7e/0°OEETOETHRBIAL THES 3 &,

R A4LLB5DEIRN B,

Table 4.4.5 Relative Variation of THO Diffusivity

F i E SR E
1:1 2:2
1.6/70.7 0. 57 0. 486 0. 42
1.3/70.7 0. 37 0.24 0.38
1.570.7 0.29 0.16 0. 25

BREEL HEBERELTEOCHSZTEEY, EAMEEBENBEL—RLTVWS, Li
BT, SEORBTHZERAIICIBEE 2MOAA VREFELTORY, SBMK1HE
DHRENXBN T EEABENTE S,

MTHENLEHRIPHSEZRETEL0IHRBRTCREZTIETHE, K 4.4.2KRL
REICHEOHRBREZNEARSCBVOT, BREEMNELOZOFERIEREAFOR
PHDRRDHEILNTES, TOLE, BRAFESASRROHD a OREM(-30)
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LERAS 2. T4k, a0BREFOBRCEETIRTHY, XHMELRRETZ LR
tHELOoNDE, REIhi: TNORHEE S, BEPREZERELT, #icaD@E%ExR
bBE (RLLDWLEERLL S, XREDNE2 COBEItEALNE, S BEEFERED—
HEBonsd, BEETORRNATELETIHERIEARAL L TEEILS,

B, K1ENSO R EhENBMULAHNTAREVWTR, BEVWABBIREEs i,
Tisbht, THOOHEFERE, KIRRBOTNGLSLREDSARIHELNSZ, i,
KCl A7k oEECH LEBEEARVOoIRHL, N S0LRBERRNTHSIEVWHI L L
BRI —BLABERLAE->TVE, WFhEEIHEOREWIEIEHBETLH20T, 4
FUVEBRPAF VEBENKOBSHEEAEIEE I EIARBEORBICEA 5 HE R, ik
FHcBVWTHERTIBEOLOTRAEVEEL DN B,

Table 4,4,6 Estimation of a Value

EHE (g/cn®) a
0.7 0. 068
1.0 2.08
1.3 1. 58
1.5 2.27
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FE5FE ETTFTLEREOET

51 HERoB®

BLETHEEHFOKOBEHRBII>VWTERE T~k KOBEEBBEILEYHT
2, TR LEHCORGAHECAAE, BEHEM P TORBERRAZNEHTE S,
EHEDORBIBF2HEORECHLIFEBRTELT, HEOKRK, BHREKiIx
ANF-FRMOENTWVWS,

BREOWRE, T2V o+ rORERBCH T ILBPREN L TRECHEEEES
ABo CORELT, TEvEVOFA FORGEBUV~NOEREORRLE S K OEED
FRE, TrveEludd MEROAEBBOSARF—LICT1+ v b T E2RESTHE L
b\i%ﬁﬂ,ﬁ%%ﬂf%c&ﬁ'&ééo —fRic, BRAKEEBE, £k, kM xLF-H
NS KB, RENRIDPTLABEARS B0 £EL, HBIE, ChOOEMOD
AFHFRERLDE-T, ThTho/AvDEVEVOFA FAOREORIRENREEIN
T3,

KEER, E0HAT, KMLALY—OBBIBEELTRHARSC & &L,

52 TFABEBEORTE

AFDRMEE, 14V -BRBRFEACE>TAA U BNREEETIRELTHLT

50, %@ﬁ[‘ﬁti?kiﬁ'@l?ﬂiﬁéhéo
M™+nH,0 —M{(H.:0)."*
MH0) "t &fir4+ b L B7a44 8 TNh3, £, nidkink

(hydration number) TH 5., KMREOZERIBEVWELSI I LR T OBB/KERD
THREILFERETLIILLBETE, COHKRKIREOLEERFIFVEEZEEHE~OK
HEEIVDEWCEXFHENS,

44 DKM DWT OESE, Frank-Wen OB - BEI9E 7L R 0 Sanol 1ovD
B -HNETANER LT > TWE, Frank-fen DEF NI, KMBAZEICL > TW
BlE, RUBHETHIKIBEEZ L >TVRLEEFEALHEBENHE, THbLE, #i
ELTORBAREGRLLD, DI2BEEOBELL-THY, TOBMRAA VHFEAS
MNBeL, AFVERDFOREMERIKLDKEZENFEESN, W 2hoKkGFRA 4V
OEBI, MO RELR, MOBRELAENEL - TKMBEEZERT 2. cokfuEsd
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DRKOBEHETNE, L7 OKROBHEICHRTRIHPCEL, TOXDEKAEDHEEK
BHEFEROER (AHER) ¢FiEhs, LhL, SA70okBELXHEShAKITFR
ETABEBKHRVAZN20TREL, KEAEBKOPHMCBEORLZ 2 20EE% >
BEHEBRAELT 5. COEE (BB TR, A4 VYK TFOHEFRRIBEIAL,
IAFRIPEDEHRREEFIL, P oPBEPLTLL>TVWELEEFELONE, A4 VEENR
KELBENDMIVWAS Vo, RAFLOEEFAPLENEVAD, 14 rOREIK
MK UABABE T2 LNTEY, BLALSBHEROAZENT 2, COX50
CAk RHEMERN A Y ERER S, —F, BEKMBEERRYS S A4 v I HERR
WAt LB, ’
Samoilov® EF LT, "L KBRUAA VOFBEORSFRABEL/LTHULECE
ZORETHRME (EhEN, T 7, £75) ORI, ROMEIBMIALTHEEELS
hTW5,

T 'AE
= exp (

) n

SCT, AER, SAI KB TOBRUB~OBHOE Rtz ANF L AF Y ORAT
DBELB~OBBOT AL ANF~LOETH R, AERETHEINW, (4 YOBH
OKBFR SN 7Ly b xc { GEDKmM) , Bz, ATHhE, A7 FIDE
X g3 (ADOKHAD o A4 OBEEY, LADEDIEBREDIWIZE T % Nernst
OEXrS, AEDEIBKKNTEALN S,

1 dou, 1 "1 dDw AE 1

& — — (2)
u, d T T Dw d T o T2 l1+aexp (AE/KkT)

a FZEEEIBAA B L TIREMNIC0.3BOEREALSNTVSE, AROEDZERAT
BRSBTS D, hdhd, AEARDBZIEHNTE B,

ST, AMERLBVT, KFIEHEHLTEFIEEERET RS ALY, KNOERI
TELRYMRNTHEENEZ L, £2ET, Samoilovd AEZERET N, &AE
EWBte LOLELD, BEZLBEFLATVWEAA VOBMERUKO B SIHEHER
DHREREOF -y NERXLLOTUR WD, B2OL T VKODWTAEZEET S

SHESTH 2. CHIEEDALOLLT, TR, NMREZHWTHONWE A
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CEHEFHAEZLTVLADTF (B1A0E) *EAHOKNTEANSED B EE (B KL
FREHEE) PEigen KIDEIDONTOEDT, ChAEBEELTHNICEE L,
H5.2.] CEAD&EA 4 YORNADFEBREERRERL 2.

KITFRBEEER R, 13 " ROBBERERELTVAADTFEKERDO 7 ) —4 K
FFOXREETHY, COMIPE RETRRIGNEB RS EEL 005, Thb
5, KATFTRBREERBLVBOEERESREE R ANRBICS D, EiEE 0NSERIEAE
SLPTV, 7ibs, ARFRBERSBOREIETY, BLHBRREE & 2T kErS
e

B5.2. 1 KBS TV3A44 0l hhd, ﬁiii:isb‘fﬁilb&b‘ﬁlﬁ'éfi&EOJﬁﬁ
FEBLUT, °°Ni**, ®°Co?+, °5S12* A =P uikfe LTESE L, C.?n!’o.@/f;s"‘/GD
KAFRBEEERERS 2.l ERT. ¢HORBIES O TAMOEENBEE AR SR
S, Ni®*, Co®', Sr**@®IER, HEBEVFAE LD, FLEMBRRIAXEZ
vHFENG,
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i ] ;I\ L
Nat K+ Rb*
VI2+ Blez'" N’i“ Mlg“‘ /I F'ez* MnLCz!z*'l ” I\HL’*
. . Co™  Zn* Cr** \\ Bat*
I | >
7\

a+ I+ 3+ Ery
- Cr Al Co A }es LGa” Ti*™ Mn™* In™ L™ Y3 Sc¥* Lo

o i W -

=4 Az

{1.8x107%) e
Svyss4k
10t 1 10?2 100 10 ‘ 108

RAFRBHE TR /57

Fig. 5.2.1 Rate Constants of Water Molecule Substitution for
Various Metal Ions

Table 5.2.1 Tracer Nuclides Used in the Experiment

Nuctide |/ARSGFREGHEEER(s™')

8N ~10*
%o ~10°
858y ~10%
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5.3 BEBRA®E
581 &ERGEH
Ny FRAREHR
Ny FRBFEBREZTVREREZRD L, AIEEHEZED. 3.1 RUKL 3.2 KRT.
Y, BRLOBELCLIZHABEBER~OFBIIOWVWT, br—¥ LT NiDHZRAL
THIEETo7e COERE L CHERFOI BERLEZREL, EFLEEIER
KHET3REABOAMEET -t COBARR, RBRMABHIBY IRETORER
EXBRENICEMSETERB LA, ABRBARE I LRARTTEI N EHKERICH
BEdi, fZl, AEFEORVWR L3 ZERKEBZOELBZENEERELLVOT,
I BEOoHR TRESE T,

(2) 5 B 5 Bl B S BR
EFNVEEORBMAREMHEERS. 8.8 IKRY . RWHKO.T, 1.0, 1.3, L6g/en’
ODRBICH LTZERENNI, 200, *SSrEf#sd, £ SrKoVTHERKD A
ﬁyﬁ5&64%yﬁﬁﬁﬁ%&m%i%%@%&ﬁ?&tbu,MI&UMﬁmﬁ%
hENlool/l OBERKLELIICHBLAATILAEZRAVTHEZT -
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Table 5.8.1 Experimental Condition of Batch Serption Test to Examine
the Effect of Solid-Water Mass Ratio on Kd

B H %% ' &
it BR & | NaCl 7.6 107°M, MgS04 7.2%10°°M , pH 4.76
2 B | i X Aho =210 Bk

E#k (n g /g) 50, 100, 200. 500, 1000
B ok A & | #E R, %HE208M
B oW B OB |EHE (18~23)

% | °SNi

Pk GERE { 5 X107« Ci/ng
mEEVHEE 8 X10"°M

o H H|IZHIEHIEL

(B) BEELVBEB L —VRESOMEHKEEREES 5 X10 % Ci/ng &
Lol BN LAELNBETS 5,

Table 5.3.2 Experimental Condition of Batech Sorption Test to Examine
the Effect of Nudlide Concentration en Kd

H B % R

A OB T g | (D NaCl 7.6%10°M, MgS0. 7.2X10°M , pH 4.76
@ Kci 1M, pH 4.76
@ Na,S0. 1M, pH 4.76
E:Y ¥ ..ZJ’J.L-’#EO R
Bl (m2 /g) |+ 50

ok F B | HHE 1R, §R 5208
B ow B OFE|®EE (18~237)

¥ | °°o0, SNl ., °%Sr
VMK HEERE | 5 X107 uli/m2
BEETLEE q B

M EF B ¥ 1RBESEHELEL

(FE1) WE%»%W-;@EEE&ME:Ph%xiﬁ@iﬁnm:}bJzowwjoﬁﬁ
b&8i T 4R T0.345& 0. 655D LB TRMU 7=,
mMmLi-HRBRKROBD,

Co = 00804 . 7HzD ’ COCI?, . 6“20
Ni = Ni§O, -~ 68H.0 ., NiCl, - 6H.0
Sr = §r80, . orfle +6H.0

() BBREiop HEAFHWRTHEL-.
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Table 5.3.3 Experimental Condition of Nuclide Diffusion Test

GUC O GSN i 858 r
BEE2HE (uC1) 0.05 0.05 ¢6.05
HEELVEE( o) 6.28% 2 4 §.28X 2 4 6.28x 2 &
REEE  (g/al) Ey 0.7 E 0.7 = 0.7
BEEPH Eg 4,95 & 4.95 B 4,95
NaCl@g¥ No| 5.9%X107°M [No | 5.9x107°M [No | 5.9%x10°*M
MgSO.BE |®| 5.6X10*M |@ | 5.6X10"°M |® | 5.6%x10°*M
Pk 8 B RS (hr) 184 189 184
FEHEE (g/af) - 1.0 & 1.0 = 1.0
BHEEDPH B 4,85 B 4.85 & 4,85
NaClBE No f 6.8X107°M |No | 6.8%107°M | Mo | 6.8X107*M
MgSO.EE B.4X107*M [ @ | 6.4X107*M |® | 8.4X107*M
I &S B 1 (erd) 185 190 185
FTEEE  (g/cl) # 1.3 = 1.3 # 1.3
BREEPH B2 4. 67 B 4,78 B 4.76
NaCl#g No.} 7.8X107*M |No | 7.6X107*M |Na | 7.6X10°*M
MgSO.BE |@| 7.2x107*M |® | 7.2x107*M @ | 7.2x107*M
PiE & IR RS (hr) 186 191 186
KRIEFE  (g/a) = 1.6 o 1.6 = 1.8
FiEKEPH , E& 4. 87 B 4.867 E% 4. 87
NaCl®E |[No| 8.6X107°M |No | 8.6X1072M [No | 8.6X107*M
MgSORE |[@| 8.1X107*M @ | 8.1x10°*M |® | 8.1X107°M
¥ &R 0 1 (hr) 187 192 187
FEFEE (g/al) &=t 0.7
FiE®”p H - — - — % 4,95
KCl#E No. 1M
i (hr) @® 187
REEE  (g/al) = 0.7
BEEPH - — - — B 4,95
Na, SO0, BB No. 1M
P &k s R (hr) @ 189

() 88 (I Z272—2 #10) 1 gic@ LTHBENM®IRKC 1 %7, 9ng, REN.O &
NﬂzSOq%:’lE)OI'I]E (Eé%ﬁgbko
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5.3.2 HREBRIEME
(O3 w FRABERER
Ny FRBERRTE, UTKART 2HEEOARBREDOUEZT » 72,
O BikhzENNFA-5& Lf:ﬁﬁﬂ@éﬁ@iﬂu.ﬁ
©® BEBEESTA-5ELEARRROME
ORAEFRBHUELHEOS> LERLERETI2HOFERRTHY, QRAERTD
2, WFHORMELBVWCHEFRNLMEFHEEZELTHY, Ch2UTERT.
® 100m L£OHRY FoE L yEE-RBICHBKERD & 5,
@ PL—ViEKk (BELCi/ng) 0.25nf ZHEMT 5,
® =TI/ RATF4avIRI—-FOHEFEANERT B,
@ FEBORMNZBALIBHHERT 2, SBRPRERFLOLDEOSEHEHI.
® FrEREERE £B (18~23C) TREHET 5.
® BEEsMoxD, RHEBRRECHFEORD, 16000rmic TIONHELSHEZT S0
@ LEEBEXHERT3, °Co, **SricoWTREEBRK Ins 2BBRERKERT %,
NiE I =N TR EBEA I BERL, BEYyF L% (Fa70—40)
BmlEMA, YUFUL—F tHBIrEBECRTIETEST 5.
BEEHEANTCO~QOREEZTY, 7778 B ET 5,
@ °°Co, **SrixyHANRI boA—% (AEARFHERM 160-251988) KXo vy
BE, NWNiIRBBEY vy FU—varhury KNy h—Fi, FJ44—72050C
0 Ik D105 BERENET 5, |
@ KAV SERBEEEBYT 3,

Ce — C v

Kd = %
C M

=R L Kd: SE#HEK

Co: 77vs8lBorvr b

C : REoAoV M

M : EHOCEER (g)

LT

BEEOEH (m L)
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QLB FEAETRE

AHORES LIUCEHOKBIMEE LI EORBAELRAKICIT e £/, PL—Hi&
BOBMERBREZHEL L pCi/mMLORBEOIVATA YV F—~TF50pu L 2B ITHY
TTEARYE—KBHL, 2@OATLEEGHLETCERTREL . —EHBBREL
&.ﬁﬁh%ﬁvﬁ—f47TX§4XLto%i?%x%?bﬁﬁbtﬂﬂMKW@.
EbCEREZEMD, RiC, HEHKERET 110C, 2EBHEOERE LK, Fo5—47T
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Table 5.4.1 Distribution Coefficient of ®°Ni** in Various Clay-Water Ratio

HEREEEO | BREHBE =i ke ER =) %k SHER R B RBRETED
Bk DiEHRE (ml/g) (mi/g) pH

@ 3.88 4.4 0

@ 3.5 3 4.41

50 ® 3.6086 4,41

NacCl
EO 3. 7 —_—
T7.8xX107M

@ 3.97 4.51

@ 3.6 4 4.52

MgSO0, 100 )] 4.5 7 4.5 3

7.2%107%W CEL B 4.0 —_—

8 x 10 oM

: D 0 4.8 2

pH 4,78 )] 1.6 3 4.6 2

200 &) 3.08 4.8 3

£ B 1. 8 —

@ 0] 4.7 4

@ 5.81 4.7 3

500 ® 80 4.7 4

o5 2..5 —

(FE) RAERBRM VO MM MBI O P NIBBE® 5 X107 *uCi/ng & LT, HLiRSTEELE

TRBEILLATHEELTORE,
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BSNiZ*, C°Co*t, RU SI™ONEFRMAMEREREER5.4.2 ~R5.4.4 KT ENR
To

NIRRT OBE, BEBEARS LTHARERIELASELET, 0
DI THREEEZAFELABRERBOTE L X107 ~ 1 X107 OREGEHETA
) —HOBRERPRILTVESDEERLZCENTE B,

Srttig &, Sr80. OBERERLBHANS, BREREZCNITTRUCo* 0I5
SRR EREE TRETAC LR TE N -4, BEMEL X107 ~1 x10°°
M TREEORDCHEVSREFBHEIETHMLTVWE LI TH S, LrLUEARS, 2 X108
NCHEL A BEERRFCENEEERLTEVE V. ChdhS, KBICHEY
B &8 R oWTHONITRUCo2ERIBA VY —BOBRERNFRILTVE D
DEEZBLIENTEEITH B,

—%, GEROHERRARET 2L, BRRXOMENED N5,

Kd(Ni)=Kd{(Co) <Kd(Sr) |
ST ORNEEMAAEL H o TVE S EERVTR, AT L SHBOKATFRIEER
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SNLEIE~AVNELLE->TWEERERER, K, 250id Na* OBRBEOHEMICL 36
CTOBRBEICH T EIBARLOEMEELSNS,

FRONEFELEBIOERGRREOMIH2EEDCHBEI/HLLTHE, COF
o, FRHOZGICBTE2H5 LHBTH, KC1ENLS0.AKOBERRT WL IE
EFEEEZBECTCAOBHE, 51l *55r OB RETEBNRESHEDIREINS

CENREIBEN S,
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Table 5.4.2 Distribulion Coefficlent of F°Ni2%* in Various NiZ?* Concentration

HERBARAEE o | EEIL - | RERPRMEE | RERNEH HEEY |RRATEO
wi (ml/g) DKHBEE {ml/g) p H
) 3.86 4,26
@ 0.29 4,26
NacC 1 X107 2M ® 5. 73 4,28
7.6X 10" 2M T i 3. 2 -—
6)) 2. 81 ' 4. 26
&) 2,17 4.27
1 X107M @ 1. 86 4.27
Mgs50,
T 2. 3 —
T.2X 10" M B}
@ 0,53 . 4,28
@ 0.53 4. 27
1 X107'M ® 4,08 4,286
pH 4.76 E B 1. T —
@ 5.10 4.26
@ 1.73 4.26
6 X 10"'M ® 3.07 4. 26
E B 3. 3 -

(i) BERBAMGIS DKM RE 6 X107 ' MEREXZEZHFLMATORL,
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Table 5.4.3 Distribution Coefficient of ®°Co®* in Various Co2* Concentration

R EABA I B o Bl ks RERM e | HERE R S EAE ARBRETEHD
B (ml/g) ¥ ik -1 (m1/g) p H
' D 3, 06 ' 4.28
) 2. 95 4.29
NacCl 1 x1072M @ 3.59 4,29
7.6X 107 2M Ty 3. 5 —
@ 3.26 4,29
7 ) 2,47 4,29
1 X107°M @ 2.48 4,29
MgSo, :
ooy 2. 1 —
7.2X% 107 M 50
@ 2, 87 4,28
@ 2. 70 4.28
1 X 10~ *M @ 3.00 4.28
pH 4,786 A 2. 8 —_
6] 3. 66 4. 30
@ 3.50 4. 30
8 X 10°°M ® 2,41 4,29
R 3, 2 —

(EE) HERBHMIS OMHME 8 X 107" HLEXEBHICMA TV W,
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Table 5.4.4 Distribution Coefficient of ®5Sr2* in Various Sr2* Concentration

RERBIEIR O Ejf HERMEE | RBREK SRR REETHD
i (mi/g) ok X k-3 (ml/g) p H
@ 5,32 4,28
@ 5. 30 4.28
NacCl 1 X10-5M @ 5.83 4.28
7.6X107 M T 5. 5 —_
@ 8. 72 4.25
) 8.90 4, 24
1 X10°°M ® 9.55 4,24
MegSO,
o 9. 1 —
7.2X1072M 50
) 8. 64 4,22
@ 9.99 4,22
1 x10°"M ® 10,1 4,22
pH 4.76 £ 8 9. 6 —
@ B. 65 4,28
) 8. 70 4.28
2 X 108N ® 8. 35 4.28
. SR < 7. 9 —
@ 1 4.086
KC1 IM @ 2. 84 4.08
50 2 X 10°%M )] 2.92 4.04
pH 4.76
F o 1.9 —
® 0 4.50
NazSO., 1M @ 2.28 4.50
50 2 X107 @ 1. 50 4,50
pH 4.76
EOig 1. 8 —

(EE) BRERMULES @i MEE 2 X 1078 BEETEMA S,
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5 4.2 HEHERNERAR
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HoRREEN 0.7, 1.0, 1.3, Ll6g/co’ ODBAOEETH S, IKBIHEBAKETH
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Table 5.4,5 Apparent Diffusivities of

PNC TJ4211 89-006 (2)

Tracer Nuclides

Tracer Dry Apparent Diffesivity <{cm?®/s)
NUclide | Densliy Comments
{g/cm?) No. 1 No. 2 Average
0.7 LB3X1077 [ 6.39X 1077 || B.OoxXI0TT | IEHER
Ni-83 1.0 JITX10°7 1 4.94X 1077 || 5 IX1077 | R ASTICHRE
1.3 LB0X 1077 12.56% 1077 || 2.5x10°7 | L7,
1.6 .82% 1077 11.92X10°7 || 1.9x%10""
0.7 .23%x107% | 2.04X10°¢ || 1.5%x10°¢
Co-63 1.0 L44% 1077 [ 4.59% 1077 | 5.0x 107 B E
1.3 L44%10°7 1 2.80x10°7 | 2.5%x10°7
1.6 J87TX10°7 [1.81X10°T | 1.8x10"7
0.7 L08X 1075 {1.02x10°° | 1.1x10°¢
1.0 L91X1077 {4.81x10°7 ¢ 5.1%x10°7 H Lt
1.3 LBEX 1077 12.41x10°7 Y 2.5x1077
Sr-85 1.6 LBOX10°T 1 1.51%x10°7 ¢ 1.6%x10°7
0.7 LB1X107°% |4.86X107° || 4.5x 1075 [ KC1 1M %0
0.7 L76x 1075 {1,81X107% | 1.8X107° | Na.S0, IM M
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Fig.5.4.2 Regression of measured °*°Ni®* Concentration (Dry Density :0.7 g/cm®)
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Fig.5.4.3 Regression of measured °°Ni?* Concentration (Dry Densilty :1.0 g/cm®)
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Fig.5.4.4 Regression of measured ®3Ni?* Concentration (Dry Density :1.3 g/cm®)
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Fig.5.4.5 Regression of measured 53Nj2* Concentration (Dry Demsity :L.5 g/cm?)
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Fig.5.4.7 Regression of measured ®°Co2* Concentration (Dry Density :1.0 g/cm?®)
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Fig.5.4.8 Regression of measured so0g2* Concentration (Dry Demsity :1.3 g/cm®)
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Fig.5.4.9 Regression of measured ®°Co?* Concentration (Dry Demsity :1.5 g/cm®)
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Fig.5.4.10 Regression of
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Fig.5.4.11 Regression of measured 8582+ Concentration (Dry Demsity :1.0 g/cm?®)
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Fig.5.4.13 Regression of measured °5Sr2* Concentration (Dry Demsity :1.9 g/cm?)
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Fig.5.4.14 Regression of measured °%Sr®* Concentration
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