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Abstract
1. Development of solid-solution model on bufffer materials

{1) Development of solid-solution model on smectite

fon-exchange equilibrium constants were measured about Na-smectite.
Ion-exchange equilibrium constants (Ln K.x) of K*, Ca?*, Mg?* and H* were
estimated 1.19, —0.25, 0.64, 1.17, respectively.

Distributions of between Na-smectite and K*, Ca®*, Mg®* and H* were
agreed to calculated distribution by ionexchange equilibrium constants.

The real solid-solution model can apply to estimation of ionic
distributions. Jlon-exchange equilibrium constants of CaCl* and MgCl*
were needed for estimation of behavior of Ca and Mg.

(2) Review of the purpose of solid-solution models
Measured distribution data of Na-smectite in 1993 were agreed to
calculated distribution by ion-exchange equilibrium constants of MX-80.
And the purpose of solid-solution models were reviewed.

2. Measurement of effective diffusion coefficient in bentonite

(1) Effective diffusion coefficient of U
Effective diffusion coefficients of U were measured in Kunigeru-V1.
Dry density of Kunigeru-V1 were 0.4, 1.0, 1.4, 2.0 g/cif. Effective
diffusion coefficients of U were measured 4.0Xx107%!, 1,2X107!', 2.6X
10712, 3.5X107'% m%/s, respectively.

(2) Effective diffusion coefficient of Am
Bffective diffusion coefficients of Am were measured in Kunigeru-V1.
pH condition was about 2. Dry density of Kunigeru-V1 were 0.8, 1.4, 1.8g/cn.
Effective diffusion coefficients of Am were measured 7.4X107'%, 5.2X
10°11, 1.8X10°*! m?/s, respectively.
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Nuclear Fuel Development Corporation.
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Table 2.1.1 Conditions of isothermal absorption test
I5H B E L
Bk NaBlz A7 %1 b
REA A 5 K*,Ca®* , Mg?+ ,H*
REA A DOEBE | 0.001 ~0.leq/ 2
Eif dud 1. 0g/100ml
ggﬁ%ﬁ 485#&5 (R & 5 2485R)
B D53 EE ﬁlbﬁ}%ﬁ-ﬂﬂﬂéﬁ (SrESFE 10000)
St A Na, K #8p ------- Bt
Ca, MgiBlE - I CP&#r
B+ e B pH5
£ 0R LA 1 B4

(2) HIERER

FERER Langmir7 oy b)) 1o, 2L 2RICLDA A VRBBEEE KD,
FOER K (391 Omeq/100g, Ca®*iI9L. Oﬁleq/IOOg. Mg?*i391. Omeq/100g, H * i
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>MgzK >H DIETH YD, Caiio>WTRlOA A L FEHBEL THIZREVWI &AtD
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2.1.2 AF VRBFEHELDNUE
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Fig. 2.1.1 Flow chart of measurement for ion-exchange equilibrium constant -



Table 2.1.2 Conditions of ion-exchange equilibrium constant measurement

I5H I TE S

EHEE NaBIZ A 7 %A b
A A FE K *,Ca%* ,Mg?*, H*
2tk A DB | 0.001 ~0. leq/ 2

Eifjsdae 1. 0g/100ml
i 485 (3R & I 240D
R E=4
&k Doy B EOSEE+FRA A8 (ZESFE 10000)
eaL VTS Na, K - FFRtiE
Ca, Mg - I CPorik
™ o pHAIE
(2) FRAE:

14 VRRBREEERE, EREHREERICRE LM 4 VOMBHRTHS TS C
LITRORDI, A YRR PEHEROELIC b 2 EEROERR UBHRREUT
iLELH B,

@ 1A R EEER (Kex)
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22 1.3XTHRIN 3,
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In A4 OERK
() &EE
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) A7 RBFEHEEBOEHR
A4 VB HERL, BREHTERTPOSBARTRALTEORL 2 &
HonTna,
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Ialnge=0Uar~-15) (1~Es) — (1—Es) InKs

+J;13nKG dEs 217

FHARTR, BREFEEETOC AV OYBFRERD, 2 L5RcLD 14
RMTEHEH TR T2 & & L,
i, EEFOALF L OLUBESR (Es ) 132 L8R KDFHET B & & L,



I8 Qs

Es =
Zaqga+ilsqs
18 Qs
T e
Is (Co(B)—C (B)) XV M

= (2.1.8)
CEC

Qu : BEEIZRE LA 4 v OEE (nol/kg)

Co : FIBIDMAEED A A v OLREE (eq/ L)

C EEEOBREDD A4 L OLEBE (eq/ L)
V o EHOERE (0

¥ EHogEE (g)

CEC : A4 | EE (eq/n)

(3) HIERFRITER
#2. L 3(~MARUR2 1. 2(~4izKielland PO » FEFRE, £/, 2. 15Ric
£ O A A R EE AR LI RER L L 4ITR Y,

- Table 2.1.4 Estimated ion-exchange equilibrium constants

XA URBRIG | AREBRICKD | TR 4 EEORE
AEE (nKex) | =% (LnKex)

K* +NaBIziy54} 1.18 0. 58

Ca*+NaZiz1444} —0.25 1. 08

Mg?* +NaXirs 754} 0. 64 0. 68

H* +NaB®Uzis4b L7 2.26




Table 2. 1. 3(1} Kieliand plol datz in K*+Na-smectile system

ik , FHikOEE ’ FEikoEE
WEHi(ea/ ) . ERIEN
HiSEAE C(mol/ 22} JUERNE (mol/2) i G iHERE ( Log) frA | BEidonsgg SYPROIG RHTE
{7 WIE | CRTELR Ln Ke
K+ Na* | pif K* Na* pH K+ fla* K+ Na* K+ Na* (meq/1008) | Ex Ews | Ln gx | Ln B,

0.001 |0.099 |5.41(9.97x107* [ LO1x10"" |4.78 | 7.88x107* | 1. 02X 107" | 6. 14 107" | 7.97>%107? | 0. 108 | ~0.108 | 0.103 91.7 0.023 | 0.977 0.075 | —0.002 1111
5.41 [ 1.29X1077 [ 1.02X107" [4.64 | 1.OTX107% { 1, 08X 10~' | 8.31x10°* {8.39x10°% | 0,110 | —0.110 { 0,109 9.7 0.024 | 0,976 0.212 | —0.007 0. 909
0.002510.0075 | 5.41 [2.97X107* [9.92X10°2 §4.63 [ 2, 11x107? | 1.06X 107" | 1,64x107? [ 8.24x10°2 [ —0.109 | —0.109 | 0. 108 91.7 0.004 |0.906 | —0.418 0.043 1.649
0.005 (0,095 [5.38 (5. 17x107? | 9. 78%1072 4.62 | 4.25%107? | 1.04>107" | 3.30%x107° | 8. 081072 { —0.110 { —Q.110 | 0. 108 9.7 0.100 | 0.900 0.165 | —0.018 L. 004
5.38 (4.99>107 | 1.00X10"" [ 4.733.25x107° [ . 78% 1072 | 2.54X107? | 7.64X 1072 | —0.107 | —0.107 | 0.101 9.7 0.190 |0.810 | —0.62t 0.145 1.953
0.0075 | 0.0025 § 5. 38 | T.67%107° { 9.43% 1072 £ 4.61 | 6.20X107° J 1.01>107 | 4.89%10°% | 7.85% 10~ | —0. 109 | —0.109 | 0.107 91.7 0.151 [0.849 0.120 | —0.021 1.046
0.0 [0.09 §5.38}9.97x107%|0.35X107% {4.83|8.18X10"7 | 9.57%107% | 6, 38X10"* | 7. 46X 1072 | —0.108 { —0.108 | €. 104 9.7 0.195 |0.805 0.116 | —0.028 1. 043
538 114107 j9.17TX1072 1 4.60 | 8.29%107* | LL04>x10°" | 6.43x10°% { B.06x1072 | —0. 111 | —=0.111 | 0.f12 9L.7 0.339 |0.661 | —0.446 0.229 1. 863
0.025 [0.075 [5.3012.55%10°2 | 7.71%107% § 4.54 | 2. 30%10"* | 8. 70 107? | 1.79%10"* { 6.75x10"2 | —0.110 {1 —0.110 | 0.110 9.7 0.273 | 0. 727 0.608 | -0.229 0.350
5.3012.50x1072 | 7.91%10°? | 4,62 ]| 2.12x1072 1 8.26X10°* | 1.65%10"* | 6.44x10"% | —0.108 | —0.108 | 0.104 91.7 0.410 {0.590 0.113 | —0.079 0. 996
0,05 [0.09 9530!4.095107%|5.22%x1077 14,58 ]4.35%107% |5.65X10°2 {3.40%10°% | 4.42%10°? | —0.107 | —0.107 ] 0.100 91.7 0.706 |[0.294 0.014 | —0.035 1.138




Table 2.1, 3(2} Kielland plot data in Cat*+Na-smectite system

MMiEiE SER DEHE THikoEig
BE(ti(eq/ 2) P INER S
MERE (mol/ 2) RIERE (mol/£) & i RS ( Logy) PR A | Eighosg SROTERFH
{1y W | KhER Ln Kc
Ca** | Na* | pH Ca®* Na * phi Ca?* Na * Ca?* Na * Ca’* Na* (meq/100g} | Eca Exa | LngZca | Lngss

0.001 [0.099 [|5.42|2.87x10" |9.91X1072 4. 74 | 2. 18X 10~ | LOOX10™' | 1. 1310~ | 7.81%10-% | —0.214 | —0. 107 0.101 140.3 0.010 |0.990 | —0.252 0.001 § —0.783
5.42 | 4.68X107 [9.66x107% [4.63 | 2. 12%10"* [ 1.01x}10"" | 1.20%10~1 | 7.88%10~2 | —0.215 | —0. 108 0,102 140.3 0.037 ;0.963 | —1.617 0.029 {0.638
0.0025 | 0.09755.36 | 1.26X 10" | 9.43%1072 1 4.63 | 5.85%107* [ 9.92x10°% [ 3.57x10~* | 7. 751072 | —0.215 | —0. 107 0. 101 140.3 0.095 10.905 | —1.561 0.071 . 666
0.005 [0.005 15.30|2.46X107° | 9.24%10°2 1 4.61 | 1.25%1077 [ 9, 781072 | 7.62X10~' | 7.64%10°2 | —~0.215 | —0.108 0.102 140.3 0.173 [0.827 | —1.463 0.116 0. 656
5.30 | 2.50%107° | 9.TOX102 | 4.69 | 1.28% 107 | 8.87x 1072 | 7.79% 10~ | 7.70%10"% | —0.216 | —0. 108 0.103 140.3 0.173 |0.827 | —1.463 0.116 0. 857
0.01 0.09 5.45 | 4.83x107* 1 B.87X107% {4.61 | 2. 70107 [ 9,40 1072 | L.64X10~* | 7.34 X 10-2 | —0. 2i5 { -0.108 0. 102 140.3 0.304 [0.696 | —1.395 0. 180 0.718
5.45(4.97TX107° | 9. 22X 1072 J 4. T [ 2.75% 107 | 8. 78X 1072 | 1.66X10~* | T.61%10°% | —0.218 | —0.109 0. 106 140.3 0.317 |0.683 | —1.482 0.208 {. 860
0.025 |0.075 §5.58|1.20%107 | 7.39%1072 | 4.52 { 7.79>107° [ 8.14%x 1072 [ 4.73x10°* | 6.34x30°* | —0.217 | —0.108 | 0.105 140. 3 0.600 [9.400 | —1.388 0. 406 1. 162
5.5911.20xX107% | 7.39%1072 § 4.65 [ 8.56X 10" | 8.48%107% | 5. 15X107% | 6.58% 10" | —0.220 | —0.110 0.110 110. 3 0.615 |0.385 | —1.406 0. 441 1. 261
0.05 |0.05 §572]2.50%1072|5.30%10724.53|2.00%107% |6.17x10~% | 1.19x10°2 | 4. 76x10°2 | —0.226 | —0.113 | 0.122 140.3 0.711 {0.289 | —1.068 0. 230 0. 490
5.72 | 2.47TxX107* 1 5. 10%1072 | 4.46 | 1.93x107% [ 5. 921072 [ 1. 15%10°% | 4.58%x 102 | -0.224 | —0.112 0. 117 140.3 0.7710 10.230 | —1.142 0.433 0.971
0.075 |0.025 [5.81§3.70%107% [2.52x1072 4.44 | 3.09x107? [ 3.38x 1072 | 1.83%10"2 | 2.60%}0°2 | —0.228 | ~0.114 0.127 140.3 0.870 [0.130 { —0.968 0,709 0.63%
0.1 0 5.8914.92x107 | 0.00 4.43 [ 4.25%107% | 1. 00X107% | 2.48%107% | 7.64%107° | —0.233 | —0. 117 | ©.138 140.3 0.955 [0.045 | —0.833 0,322 0.118




Table 2.1.3(3) Kielland plot data in Mg®*+Na-smectite system

_ Mg EwhOmEiE SRk OB
WrENM (eq/ £) R
AERE (mol/ 2 FIERE (wol/ £) im & TRAFE ( Logy) a4y | BlhosR BPOFERIEH
. 1ty HE | FRER ln Ka
Mg?t | Ma* pH Mg?* Na * pH Mgt Na * Mg** Na * Mg?* Na* (neq/1060g) | Eue E s Lngue | LnEwn.

0.001 |0.099 §5.44)3.72X107" 1 8.69x1072 1 4.72 ; 1.80X10~* | 1.03X107" | 1.09x107* | 8.03x10"? | —0.216 | —0.108 | 0.104 91.9 0.042 | 0.958| 0.659 § —0.725 0. 986
5.44 | 4.53X107" | LLOOXI07' §4.75 [ 2.56%10°% [ 1.00X10°F | 1.56X10°* | T.BIx107% | —0.215 | —0.107 | 0.101 91.9 0.043 | 0.957| 1.033 | —0.731 0. 598
0.0025 | 0.0975 ] 5.43 | 1.02X 1077 | 0. 481072 1 4. 71 { 5. 10%107* | L. O1X10°* { 3.10x 1071 | 7.88>%10-2 | -0.216 | —0.108 | 0.103 9.9 0.111 | 0.88%| 0.698 | —0.563 1.033
0.005 (0.095 [|5.41}2.16%107" [9.23x107* 1 4.70 | 1.19>%107* | 9.83%x 1072 | 7. 25X 10~ | 7.67x10°% | —0.215 | —0. 108 | 0.102 9.9 0.211 | 0.789| 0.818 | —0.355 1.013
5.41 | 237107 | 9.48X10°2 4. T4 | 1. 31107 | 9. 70% 1072 | T.98x 10~ | 7.57%10°2 | =0.215 | —0.107 | 0.101 91.9 0.231 | 0.768| 0.821 | -0.311 1.032
0.01 0.09 [5.35]4.57X107* | B.9)x1072 14.72{2.93%10°% | 8. 78%x1072 | 1.77x10~* | 7.61 %10~ | —0.218 | —0.100 | 0.107 91.9 0.357 | 0.643| 0.917 | —0.055 1. 037
5.35|4.39x107° | 8.79%107% § 4.68 | 2.55X107% | 8.57X 1072 | 1.55%107° | 7.46X%107% | —0.216 | —0.108 | 0.103 9.9 0.400 | 0.600| 0.735 0. 100 1. 386
0.025 [0.075 1534 [9.3T%X1077 | 7.34%X1072 1 4.62 | 5. 96X 107* | 8.35<10~? | 3.63% 107 | 6.52%10°% | —0.215 | —0.107 | 0.10t 9.8 0.742 | 0.258| 0.639 1. 203 2. 568
5.3 | L19x107* | T.61X107* 1 4.61 | 8. 19%1077 | 8,48% 1072 [ 4.94x1077 | 6.58% 1072 | —0.220 | —0.110 | 0.109 91.9 0.814 | 0.185| 0.653 1. 563 3.034
0.05 |0.05 [5.34(2.03x10°*|5.01x107% §4.53]1.61x10°%16.28x107% [9.69x10* |4.87x10"%{ —0.221 | —0.110 | 0.111 91.9 0.914 | 0.086| 0.790 1. 980 3. 406
0.075 [0.025 |5.34 (3. 11x107*]2.52% 102 1 4.48 | 2.70%107213.49%1072 | .62x10°2 [ 2.TOX10"% | —0.223 | —0.112 | 0.116 91.9 0.862 | 0.108| 0.980 0. 957 I. 240
0.1 0 5.414.24x10°% | 0.00 446 12.79%107% | LO3X1072 [ 2.25%1072 | 7.93X107* | —0.227 +| —0.114 | 0.124 91.9 0.979 | 0,021 0.948 1.382 1.838




Table 2. 1. 3{4) Kielland plot data in H*+Na-smectite system

ik FHE OB Wk oBEIs
REffiCen/ £) IBRGRR
HEBEE (nol/ 2) IEBE (mol/£) E & TERIFH ( logy) BiAAr | BEdhoss SROERELE
1ty M %mﬁﬂ La K¢
H* | Na* | pH n* Na* pH H* Ha* [ Na* H* Na * (meq/100g} | Ex Ewa | Lo BEu | LD Ena

0.00L |0.099 J3.04 8. 12x107" | L.O4X107! }3.60 | 2.51%107* | 1,02x10-" | 2.50x 10 | 7.97x10°2| @ =0.108 | 0.102 9.0 0.084 |0.916 | —4.876 | —0.018 3. 367
3.0419.12X107* (8. 78X 1072 [ 3.76 { 1. 74X 107 [ 9.92X1072 | L. 74Xx107* | 7. 76X 1072 { 0 =0.107 | 0.099 79.0 0.093 |0.907 | —5.295 0.024 3.829
0.0025 1 0.0975 | 2.64 | 2.20%107° [ 9.66x 1077 | 3.08 | 8.32x107* | 9.92x 10~ [ 8, 32x10°* [ 7.75%10°%{ 0 =0.107 | 0.100 78.0 0.185 |0.8i5 | —4.582 | —0.052 3.050
0.005 |0.095 | 2.34 [ 4.57X107" [9.35%1072 § 2.61 | 2.46X10"* | 1. 01107 | 2.46X%10~? [ 7.87x10"%| © —0.108 | 0.103 79.0 0.268 [0.732 | —4.126 | ~0.173 2,462
2.33[4.68x107° [ 0.86X107% [ 2.61 } 246X 107" [ 0.92X 1072 | 2. 46X 107 | T.74%10-2 | © -0.108 | 0.102 79.0 0.281 |0.719 | —4.162 | —0.157 2.514
0.0075{0.0925 | 2,15 | 7.08%107* | 8.65% 1072 | 2,34 [ 4.57X107% | 9.73%10°% [ 4.67x107° | .58 1072 | 0 —0.108 | 0.102 79.0 0.318 |0.682 | —3.832 [ —0.296 | 2.04G
0.00 {000 }2.041512x107°18.35x10°2 12,19 | 6.46X107 | 9.57%107% [ 6.46%107* | T.47x10°* | 0 —0.108 | 0.102 79.0 0.337 | 0.663 | —3.651 | —0.389 1.772
2.0219.55%1077 | 6.24x1072 12,17 | 6. 76X 107" | 9.40X 1072 [ 6. 76X 10"* [ 7.34x1072| 0 =0. 10T | 0.101 79.0 0.353 |0.647 | —3.660 | —0.390 1. 786
0.025 (0.075 §1.64(2.20x107* [ 7.83X10°% | 1.T0 | 2.00x107% | 8.03x10°? | 2001072 | 6.28%10°*| 0 =0.17 | 0.100 79.0 0.3714 [0.626 | —2.944 | —-0.822.% 0.632
1.64|2.20%10°% 1 7.01X107% 4 1.73( 1861072 | B.04x 1072 | 1.86X10°% | 6.20%10°2 | O —0.107 | 0.099 79.0 0.543 | 0.457 | —3.417 | —0.537 1.390
0.05 [0.05 J135[4.4TX107%{4.78x10721.40]3.98x107% |5.65x10°% | 3.98%10°2 | 4.43x10™*| O —0.106 | 0.096 78.0 0.615 |0.385 | —3.057 | —0.992 0.576
0.075 |0.025 §1.18]|6.61x107% | 2.60X107 ¢ 1.22 | 6.03x107? [ 3.35%107% | 6.03%107* | 2.63%10°2| 0 —0.105 | 0.094 78.0 0.736 |0.264 {-2.916 | —1.229 0.197
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2.2 2ESRAEEE~OBERAEORS
BEEET L ERTT 288, TORLERBZORA 4+ U RBEEHEF N Wanner® 5
W) THd, TITEY, 14 VB PEHEFLOBAKICO>WTHEANBE I &IT L,
CITRZEAREHRELT, 2 L2 TERLAHERBROERLEAVTEEFIIC
L BEERER LB AT 21 51T, ME-80 IXDWTE ST WA A AV REHER
ERWNaBR A7 5 14 FOSEEFEEZHEL, BEAIEIELLISEADS 4 35458
EEEROBREMEICDWT LTI,

2.2.1 #EFE

SEFEDOIEEL, NaBIRA 7574 FEK*, Ca®*, Me2*RUH * O& 2RB8FRico
WTERBL SEET- Ly —ARUTDO 34— Th 5,
OEEEFEETIVICLBHE M 74, EEOBERBELL)
QERBRETNVICEAE MM -2, BHEOBEEREESD)
OEBEF/KET ML 551 CutlE, BHOBERESLL)

PTR, Zhehosr —Richid 2 EESETTRT 5,

(1) BEEEETTFIVICEZHE MM -4, EHEOERBERL)

2.1 2 TSN/ A & U THMEHEHER Y, BRICRS LA+ oMBHR
XY BIERFHE RITOR WA GBEEEEETIV) T NBRAZ 54 bDA 4
v OOEREETE LI

HEEHER2 2 LITRT, o, HECEH L/ 4 L S REEEREE2. 2.2,
PHREEQE 60D AN E LIcfEXE2. 2. 3IcFNhF R L7z, PHREEQE 60D ANER
~NOBEIZBRLTIE, Nat +1 ~ =Nal OFEEREBESL V102 L KE L1,



Table 2.2.1 Conditions of estimation for ion-exchange equilibrium
158 HERME
AEa—-F PHREEQE 60
(LR TEHA RS pH 7.0
. +pe+bh.9 (Eh+350mV );
7 A ASFEHESK (€0, A X107 *atm )
g L 10g./1 £ (10.8meqa/ £
BAEOERBMIER | Debye-Huckel DR
EROEE 1 HRE (BEEEEETI)
FeHR=2 PHREEQE AV U FNF—F N—2
A F URBEHEES | R2.2. 28K
Table 2.2. 2 Ilon-exchange equilibrium constants of Na-smectite
Kex
A A VIS ——
AAERMIEFER | Sposito data*
Na-smec +K * => K-sme¢  +Na* 3.28 1.8
Na-smec +H * => H-smec  +Na* 3.21 1.26
2 Na-smec +Ca®* => Ca- 2 smec+ 2 Nat 0.78 1.48
2 Na-smec +Mg®* = Mg- 2 smec+ 2 Na* 1.90 1. 48
Na-smec +Ca®*+Cl1- =CaCl-smec +Na* _— 193
Na-smec +Mg2*+C1™ =>MgCl-smec +Na* _ 181
* : MY-80 IC oW THIEE Nz F—7




Table 2.2. 3 lon-exchange equilibrium constants of Na-smectite
(PHREEQE format)

AEERDAEER Sposito data*
1 A VSR . .

K i Log K K :logK
Na* + smec” =Na-smec | 1.00X10%° :20.00 | 1.00X102° i 20.00
K+ + smec” K-smec | 3.28X10°° i 20.52 | 1.8 x10%° § 20.26
B+ + smec™ =d-smec | 3.21X10°° { 20.51 | 1.26X10%° ; 20.10
Ca®*  +2smec” =>Ca-2smec | 0.78X10%° 30,89 | 1.48X10%° i 40,17
Ca®*+C1" + smec™ =>CaCl-smec 193 X102° | 22.29
Mg®*  +2smec” =Mg-2smec | 1.90X10%° | 40.28 | 148X 1047 40,17
Mg?*+C1™ + smec =>MgCl-smec 181 X10%° | 22.26

* : ME-80 IZ>WTHIEX NI F— ¥

@) EAERETMICLZHE (M 7—4, BHOZEERHEESD)
BEEEICRE LA 4y OBBRBEICHT 3 EFNIE, RERETS 3,
CCTHEETOFERMEE TN E L TR —MIITH BIEAER (Regular solu
tion) EFLEZEEL, TOEREIT>WTRNTBEIEE L,
EREETV3aSE BT AN EICHEESNAERBREETLTSHD, 2
BT RTIREAPOSRICH T 5 ERMH Logw ) & (1-Ex )20/, UTOR
DEIB—REFRICHZ2 I ENAMSNTWB, £, FOHFIFRE (a /RD FAA
YRIKEKSTRUTH 2 EBNRESIN TV S,

[Lng,\ = (a/RT) *Es P = (O!/RT) - (I-Er)?
Ings = (a/RT) *Ex® = (a/RT) - (1-Es )? (2.2.1)

NaBIZ A7 74 MZoWTiL, 44 B BICOWT (I-Eu )2&Llngu OB

ffE7Toy bL, BPEREICIOEE (2 /RD 2RKDT, EHRICBVWTER
MEZETTO>IEE L,



(3) EEEEEETIIMCKEHE CUEE EEOFERBESL)

Sposito &' ick D MESNIMI-80 DA A L RBTEERERNT, NaBIX A &
74 MOSEEHEEIHE L, Sposito SICK B4 VRBREHEREE2 2 2R
#*2.2. 3IcPHET B,

ATEICER LT VRINTERT 35BS R & HEd 3700, BEEEREKEFIL
&L, BRI 4 Y OBERBEMTOUEMN » 1o 174 ¥ ERTPHERSI DR HL
BT T TSR U2 EFIL & L

2.2.2 FHEER

NaBiZ A7 4 FEK T, Ca®t, Mg**"RUH * A4 L OREFHICHOWT, AIEHE
EBEFTNL BHEEROHEEM2. 2. 1 (I~AiTR Lz, HFTxEizigiBhoy
BOE yHREHEbOXERETH S,

(1) BHEEEEE 7N EEBEETFNOLE

HEEEEGE TV EERBRET VLB LIS, K +NBX 2754 bRT
BRBEAEZREL, 50 bITAEMESE—BT 5 Eh%bh -7, Ca?* BUMg?
NI A 5 44 FRISDVTIR, 2 1L 2 CERSNINBEIRA Y 4 b DA A VIl
THERICHBELNH2b0EEI o0, B +NaBXA 754 FRIZOVWTE, B
HEBAHEE 7LV TRAEES RIE—HT 20, EAERETLVTRAEBE KS (H
BTBIENbh -1, ERBRETVTR, EHEBOSE (En ) AR WES,
EEGH (gx ) ANELIRYD, EBROFRID DL DARELFEEN B EHE
HTh 5,

PEDZ Edo, BEBEBEKETMICLD, 14 0 OREEHEEZTFHTEII &I
—IGRIEETH B T Ehbih- 1o, EREREF VIS D ERPO A 4 L OEERHIES
fT-72384, k¥, G ROV CHEBEBRTIN L EEALERTVHOD,
B COWTRAE QBT BRI B » 1o kT, 174 Y ONETEETET
550, BEEBRETTVCLDFET A LVBNTHE LD L HE L.



(2) MaBIZXA T 74 b EME—80DA 7 VBT EERD B

212 THLONINEIZ A 7 514 bDA A VT HES & Sposite Sick ZMI—
B0DA A Y RGTHERERWVCHEL, TOEREEHEEL,

ZORER K* +NaBIZ A 7 54 FRTR. M- 80DFHER DL IBETEER
EH-7chl, EBSHRAEEDNNT>EOHBANT—HT B &b -1, (a2
UMg** +NaBIX A 7 7 £ FPRICOVTI, £S5 M-S0 FHERIc L 2EEDS
AIEE L —HT2ERETH -1, TOFRFEIZL 12 TREI NI A A L BmER TR
HBWT, Call* RUMCl* KX B FEERNFEINTWREWHEEI SN 3B,
H* +RaBIR A7 74 PRICOVTIE K * +NaBIRA 794 bREERE EB5b
REIED/ ST 7 F OFANTIZIZ—ET B Edbho 1,

P EDEREN G, M-8 oWTHEEI N A 3 VRBEEERER VTS, NaX
AX*7 54 FDGEFES, HEED/ RS >XDHEENTHETE S LMbd -7,
AX T 54 b OBESEOENIC LB 1A L RBTEER~OHE LD VTN
H5
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2.3 3BEAHRSETEHEOBERMEORE
A A CRPEHET N NannerE7N) OBRAROBERBERTT 5709, 3HS
RICOVWT HHEARETY, BEEEEETMICL25TEER L T L, BRI
LizDid, PUTOIRDNBTH 3, |
K* +H* +NaBix A7 51 b
[K T +Catt+NaBIR A H A B

2.3.1 SERR
(1) HEAHE
Ry FRNERBRE T 70 NaBIRA 7 4 MR L LRI LA AL
E Lt RBEBERL 3 1IRT,

Table 2.3.1 Conditions of ion-exchange equilibrium constant
measurement (ternary system)

IHH HIESRLE
BEiEsE NaBIZ At 7 %4 b
e A L K*, H+
K + , Caz-i-
A 4 o OB | 0. 001 ~0. 05eq/ £
Eifidnd 1. 0g/100m]
FEfmb R 480R] Pk & D 24B%f)
BEE EiR
[EiR D4y BE LB+ RA A8 (SESFE 10000)
A Na, K - B
Ca - I C Poyirik
H* e pHAIE

(2) REER
IFAFZTONEABROBERTZEEL, F2. 3 2{1)~CHFK L1



Table 2.3.2(2) Measured data of ionexchange equilibrium in Ca?*+H * +Na-smectile system

MM T Dl
BBl Ceq/2)
MRS (mol/2) MIEZUE (mol/ 2 ) & It ERUES ( Logy) i
y B
KCl [CaCl; | NaCl | pH K Ca Na pil X Ca Na K Ca** Na* K+ Ca?* fa*
0.001 10.000510.098 |5.51 [ 1.27x10° [ 4.52X 107" | 9.74X107% [ 4.74 | 9.72x107* | 2. 1410~ | 9. 7810~ | 7.60%10-* | 1. 31x 10-* T.65X107% | —0.107 | —0.214 | —0.107 | ©.099
0.0025[0.094 §5.43|1.33%107° [ 2.39% 1077 | 9.24%10-2 §4.73{ 9. 87x 10~¢ | L. 26107 | 9.48X107% | 7.72%107* | T.70X 10 | 7.41%107* | —0.107 | —0.214 | —0. 107 0. 100
0.005 |0.089 §5.5311.27x10"° [ 4.53%x1077 | 8.96x10"2 [ 4.73 | 1.02x 10~ | 2, 66 10-° 0.26X107% | 7,96X107* | 1.62X 1077 [ 7.23x]0°* [ -0. 108 | —0.215 [ —0.108 0.102
0.025 [0.049 |[[5.64 [ 1.33x107 | 2.33x10°2 }5.05%1072 [ 4.57 | L. 13102 | 1. g9 x 10~* S, TIXI0T? ) 8. T4X107* { 1. 131072 [ 4. 421072 | —0. 111 | —0.223 | —0.111 0.115
0.005 [0.0005|0.094 [550(65 12X107* |4.80%10~*]9.38%10"2 | 4.7} [ 4.53x10°* | 2. 47X107% 9, 48%107°7 1 3.54%10°7 | 1.51%107* [ T.41x1072 | —=0.107 | —0.214 | —0.107 0. 100
0.0025 1 0.090 [5.51|5.12x10°° |2, 3Bx107° | 8,96 1072 14.69 | 4.63X107° | 1.35X10° [ 8. 15%10°% | 3.62x10° | 8.24%107* [ . 15X 10-2 | —~0. 107 | —0.214 | —0.107 0. 100
0.005 10.085 }5.54 |5.22x107° [ 4,68>107* | 8.70x107% { 4.69 | 4.91x10* { 2.83%10* [ 8.96% 10~ | 3.83%10~* | 1. 72%10~* | 6.99%10-* | —0.108 | —0. 21§ =0, 108 | 0,103
0.025 |0.045 [[5.66 |5.22x10"* | 2,34 %102 | 4.62X 1072 14.56 | 5.29%10~* | 1. 81 ¢ 10-2 5.30X107% | 4.00%107° [ 1141072 | 4. 171072 | =0.112 | —0.224 | —0.112 0.116
0.01 0.00050.089 |5.43 | 1.22%107% [4.78x10* | 8. 87Tx10°2 § 4.68 | 9.41%x10-7 | 2. 67> 10~ 9.40x10°% 1 7.33% 1077 | 1.62x 1071 | 7.32%10°% | —0.108 | —~0.217 | —0.108 0. 104
0.0025 (0.085 [5.50 (1. 14x107% | 2, 3810 | 8. 46%10"2 [ 4.65 | 9, 41%10°7 | 1. 47%10"* | 9,05 102 T.33%107% | 8.92x10°" [ 7.05x 50~ | —0.108 | —0.2F7 | —0.108 0. 104
0.005 [0.0B0 [5.531.14X107%]4.57%10"? | 7.86%10"* § 4.66 | 9.41% 1079 | 3. 01%10-? 8.70x1072 [ 7.33x1077 | 1.89%16°* | 6.77x10°2 | —0.108 | —0.217 | —0.100 0. 105
0.025 |0.040 |5.64|1.14%10°212.26%107 | 4. 181072 [ 4.55 | 9. 72%10~7 [ .94 x10-2 | 5. 05x107* [ .51 107* [ 1. 161072 | 3.90X 1077 | —0.112 | -0.225 | —0.112 0.118
0.05 0.0005(0.049 45.4414.84%1072 |4, 70%10~" | 4.96x]10°2 | 4.56 ] 4. GOXIO"‘; 3.53x1071 | 5.92x10"* | 3.98% 1072 | 2,14 x107* [ 4.61%10°% | —0.100 | ~0.218 { —0.108 0. 106
0.0025 | 0.045 5.4914.84Xx107% | 2.31%107° [ 4.54% 1072 | 4.51 | 4.55%10°2 | 1. 75% 10~ | 5.48 %102 | 3. 54 ¢ 10-2 LO6X107* [ 4.27x10°? | —0.109 | —0.217 | —0.109 0. 106
0.005 |0.040 §5.56]4.80%107% [6.91x]107° |4.04x1072 [ 4.50 | 4. 61102 | 3.58%10°7 | 4.96%10-2 | 3. 59X 107 | 2. 17X107* | 3.86%10°2 | —0.108 | —0.218 | —0. 108 0. 106
0.025 |0 D.6814.92x107% | 2.26%10°2 (¢ 4.51 14,93%107* | 2.01x107% | L,0OX107% 1 3. 80 10°% | L.20x10°% [ 7.72%10~* | —0.113 | —0.225 | —0.113 0. 120
EHiE OB
=1 101t 2 o E e T Ehod it MA A4
RER
K* | Ca®* | Na* K* | Ca® | Nat Ex Eca Ex. | (meq/100g)
0.010| 0.004| 0.986| 0.010| 0.002| 0.988| ©0.028| 0.044( 0.928| 108.1
0.010 0.026] 0.964| 0.010| 0.012| 0.977) 0.032( 0.209| 0.759 108.1
0.010] 0.054| 0.936| 0.011| 0.026| 0,963 0.023| 0.346| 0.83] 108.1
0.012( 0.394( 0.585) 0.015) 0.231| 0.754§ 0.019| ¢.814| 0.167 108. 1
0.045( 0.005( 0.950( 0.045) 0.002) 0.952§ 0.055| 0.043| 0.902 108. 1
0.047| 0.027| 0,926 0.048| 0.0:13| 0.9394% 0.0457 0.191| 0©.784 108. 1
0.049 | 0.057| 0.894 | 0.051] 0.028| 0.9221 0.029] 0.342| 0.629 108. 1
0.054( 0.392 | 0,553 0.069| 0.230| 0.7018-0.006] 0.796| 0.21i| 108.1
0.091 0.005( 0.904  0.091] 0.002| 0.9078 0.258] 0.039| ©.703 108, 1
0.091| 0.029| 0.880( 0.093| 0.014] 0.893§ 0.184| 0.168] 0. 648 108.1
0.092| 0.059| 0.849] 0.095| 0.029¢ 0.B77f 0.184| 0.289| 0.527 108.1
0.008| 0.392| 0.510| O.124) 0.229) 0.647] 0.155] 0.5682| 0.253| 108.1
0.434 | 0.007| 0.559| 0.436( 0.003| 0.5617 0.222| 0.022| 0.758 108. 1
0.438 0.034 | 0.528| 0.446| 0.016 | 0.538Y 0.268| 0.104] 0.628 108.1
0.4381 0.070| 0.482| 0.465| 0,034 0.501§ 0.176| 0.516| 0.208| 108.1
0.495| 0.404 | 0.101( 0.634| 0.238| 0.1297-0.009] 0.463| 0.547 108. 1




Table 2.3.2(1) Measured data of ionexchange equilibrium in K * +H * +Na-swectile system

PIImiEin ik Tl
WSENG (mol/2)
BIERE (mol/2) PERE (mol/2) & Ot fEmiE (Logy) p—
7
KCI HC] NaCl pl K [} Na pil K H Na K+ I+ Ha* K* H* Na*
0.001 [0.001 [0.098 #3.04 | L24x1072|9.12X107* [9.87x10° | 3.679.87%10°* } 2. 14%10™* | 1. 03X 10~ | 7. 69 10~ LB7Tx107" | 8.03x1072| —0.108 { —0.108 | —0.108 | ©. 104
0.005 (0,034 [2.34(1.24x107° [ 4, 572077 | 9,57 1072 | 2.57 | 107X 1077 | 2.69% 107 | 0,92 1072 | 8.35%10°° [ 2. 10%10~* [ 7.74x10~2 | ~0.108 | —0.108 | —0.108 | 0,103
0.0l 10,089 1204)1.23%107" | 9.12X10°7 [ 9.24%1072 [ 2. 17| 1.05% 107 | 6. 76X 107? | 8,67 10~ | 8. 19%10™° | 6. 27x 10~ | T.46x10~2 | —0.108 | —0.108 | -0.108 | o 104
0.05 |0.049 §1.341L.21x107° [ 4.57X1072 | 8.61X10°2 | 1. 38 | 106X 107 [ 4.17%10°2 | 5. 741072 | 8. 28%10°* | 3. 26102 | 4.49%10~2 | —0.107 | —0.107 | —0.107 | 0,100
0.005 {0.001 (0.094 §3.02]|4.91x107° [ 9.55X107* | 9.24x 107 {3.59 | 4.58%10° [ 2.57%10~* | 9.67x 107 | 3. 58% 102 { 2. 01 % 10~* | 7. 55% 1072 | =0,.108 | —0.108 | —0.108 0. 102
0.005 [0.090 £2.345.22x107 | 4.57x107* | 9.17X1072 § 2.55 [ 4.78x 1077 | 2.82x 10" [ 9.67%10°2 | 3.72x10-* | 2.20%10-? | 7.53%10-2 | —0. 108 § —0.108 | —0.108 0. 104
0.01 0.085 12,04 ]5.32x107° [ 9. 12X 1077 [ 8.79%1072 | 2,17 [ 4.83%10"* [ 6. 76X 1072 } 9. 2410~ | 3. 7610~ | 5.27%10~° | 7.20%10~2 | —0. 108 | —0.108 | —0.108 0. 104
0.05 0.045 §1.35]5.22X1077 [ 4.4TX107* [ 4.63%1072 | 1.37 [ 4. 75X 107 | 4.27% 107 | 5.31%107% | 3. 7T1x10~* | 3.33% 102 | 4. 15%10-2 | —0. 107 -0.107 | —0.107 0. 101
0.01 0.000 [0.089 [3.03]1.14%107%[9,33x10°*|8. 96107* 1 3.56 | 8, 70X10°" | 2.75%107* | 9.41% 1072 { 6. 78X 10~* | 2.15%107* | 7.34x10"* { —0.108 { —0.108 | —0.108 0.103
0.005 |0.085 j2.35|L14x]107 | 4. 47107 | 8.70% 102 | 2.54 [ 9.21x10"7 | 2.88% 1077 [ 9.24x107% { 7. 18x10"* | 2. 2510~ | 7.20% 10~ | —=0.108 | —0.108 | —0. 108 0.104
0.01 0.080 2041 00x107% | 9.12x1077 | 8.26%1072 [| 2.16 [ 9. 41X 1077 {6.92x107° | 8.73x10~% | 7.34%10~° | 5.39%10-* | 6. 81102 | —0.108 | —0.108 | —o. 108 0. 104
0.05 0.040 | 1.34 [ L02X107% [4.57X1072 [ 4. 18X 072 || 1.37 [ 9. 41X 10"* | 4.27%10°2 | 4.82x10°7 | 7.35%107° | 3.33x10-7 | 3. 77¢10°* | —0.107 | —0.107 | —0. 107 0. 100
0.05 0.001 |0.049 §3.04(4.80x107% {9 12%107" [ 4.96x107* | 3,44 | 4.49%10~2 | 3.63x10™* [ 5.65% 10~ | 3.50% 1072 [ 2.83x 10~ | 4.41x10"2 | —0.108 | —0. 108 | =0.108 0.102
0.005 {0.045 2,354, 91X107% | 4.47x10°* | 4.63x107% 1 2.50 | 4.61X10°7 | 3. 16> 10~° | 5.55x10~7 | 8.591077 | 2. 46> 10~ | 4,32x10-2 | —0.108 | —0.108 | —0.108 0, 105
0.01 0.040 §2.05 (5, 12X107% | 8.91X1077 | 4231072 | 2. 14 { 4. 761077 | 7. 24107 | 5,05% 102 [ 3. 7T1x10~? | 5.84¢10~* | 3.93x10-* | —0.109 | —0.109 | —0. 109 0. 105
0.05 [0 1.34(5.12%107% | 4.57T%10°2 | 0 L3 4.76X1072 [ 4171072 | 1021072 | 3.72%107% | 3.26% 1072 | 7.79% 107 | ~0. 167 { —0.107 | —0.107 0.099
ik oEE
110 11 s g LRERAER BEghoSiaE - | Bty
BRER
[ i B+ | Na+ K+ H* | Na* Ek Eu Exa | (neq/100g)
0.000} 0.002( 0.088| 0.009( 0.002| 0.9880 0.023! 0.129] 0.847( 108.1
0.010} 0.026] 0.963| 0.010( 0.026| 0.963) 0.016| 0.3481{ 0.637| 108.1
0.010} 0.065] 0.925| 0.010| 0.065| 0.925§ 0.017| €. 437| 0.547| 108.1
0.011| 0.416) 0.573| 0.012 | 0.416| 0.573% 0.014| 0.744] 0,242 108.1
0.045| 0.003] 0.952| 0.045( 0.003| 0.952] 0.031] 0.120| 0.840] 108.1
0.046 ) 0.027| 0.927) 0.046| 0.027| 0.927] 0.041 | 0. 324 0.635 108. 1
0.04G| 0.065| 0.889| 0.046| 0.065] 0.889f 0.045; 0.437! 0.518 i08. 1
0.047| 0.424 ] 0.528| 0,047 0.424{ 0.528¢ 0.044] 0.372| 0.585| 108.1
0.084( 0.003; 0.913| 0.084| 0.003| 0.913] 0.250( 0.122} 0.620| 1081
0.088) 0.028| 0.884| 0.088! 0.028| 0.884{ 0.203| 0.293( 0.505 108.1
0.091 0.067| 0.8427 0.091| 0.067| 0.842} 0.138( 0.407| 0.454| 108.1
0.094 0.425| 0.481] 0.094 | 0.425] 0.481} 0.073| 0.565( 0.363| 108.1
0.4411 0.004| 0.565] 0.441) 0.004| 0.5551 0.287| 0.102| 0.612| 108.1
0.440] 0.030 | 0.530) 0.440| 0.030( 0.530) 0.278| 0.241| 0.481 108, !
0.452 ( 0,060 0.479) 0.452| 0.069) 0.479) 0.333| 0.309| 0.358| 108.1
04789 | 0.419| 0.103 | 04789 | 0.419| 0.103] 0.333| 0.744 | -0.077 108.1
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Table 2.3.3 Conditions of estimation for ion—exchange equilibrium
(ternary system)
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Fig. 2.3. 1(1) Equivalent fraction of K* between aqueous and solid phase

(K*+H*tNa-smectite system, H*:0.001 mol/£ constant )
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Fig. 2.3. 1(2) Equivalent fraction of K* between aqueous and solid phase

(K*tH*+Na-smectite system , H*:0.005 mol/ £ constant )
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Fig. 2.3. 1(3) Equivalent fraction of K* between aqueous and solid phase
(K*+H*+Na-smectite system , H*:0.0lmol/Z constant )
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Fig. 2.3. 1(4) Equivalent fraction of K* between agueous and solid phase

(K*+H*+Na-smectite system ., H*:0.05mol/#¢ constant )
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Fig. 2.3. 1(5) Bquivalent fraction of H* between aqueous and solid phase

(K*+H*+Na-smectite system, K*:0.001 mol/ £ constant )
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Fig. 2.3.1(6) Equivalent fraction of H* between aqueous and solid phase

(K*+H*+Na-smectite system , K*:0.005 mol/ 2 constant )
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Fig. 2.3. 1(7) Equivalent fraction of H* between aqueous and solid phase
(K*+H*+Na-smectite system, K*:0.0lmol/ £ constant )
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Fig. 2.3. 1(8) Equivalent fraction of H* beiween aqueous and solid phase

(K*+H*+Na-smectite system , K*:0.05mol/# constant )
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Fig. 2.3. 2{I) Equivalent fraction of K* between aqueous and solid phase

(K*+Ca®*4Na-smectite system, Ca®*:0.0005mo0l/£ constant)
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Fig. 2.3.2(2) Equivalent fraction of K* between aqueous and solid phase

(K*+Ca**+Na-smectite system , Ca®*:0.0025mol/ £ constant)
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Fig. 2.3.2{3) Equivalent fraction of K* between aqueous and solid phase

(K*+Ca®*tNa-smectite system, Ca®*:0.005 mol/Z constant)
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Fig. 2.3. 2(4) Bquivalent fraction of K* between aqueous and solid phase

(K*+Ca®*+Na-smectite system , Ca%*:0.025 mol/ £ constant)
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Fig. 2.3.2(5) Equivalent fraction of Ca®* between aqueous and solid phase

(K*+Ca®*tNa-smectite system, K*:0.001 mol/ 2 constant)
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Fig. 2.3.2(6) Equivalent fraction of Ca®* between aqueous and solid phase

(K*+CaZ*+Na-smectite system , K*:0.005 mol/ ¢ constant)
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Fig. 2.3. 2(7) Equivalent fraction of Ca®* between aqueous and solid phase

(K*+Ca?*+Na-smectite system, K*:0.0lmol/ £ constant)
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Fig. 2.3. 2(8) Equivalent fraction of Ca®* between aqueous and solid phase

(K*+Ca®*iNa-smectite system , K*:0.05mol/ £ constant)
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Table 4.1.1 Condisions of steady-state diffusion experiment

of Uranium
HA HERGE
AWt S E L EER (Through-diffusionik)
SEANL{A NYbFA b 22450V
HE 1 X $20X1 mm
TaNs $20X1 mAF v L &L T £ Ly
AN FERTE 0.4, 1.0, 1.4 BLU2.0 g/cn®
LR U (depleted)
HENAK N b4 MMEEZEREK
HERIREE =8
THEX REFZHR
REAHARS #940~80H
VA4 Tap S

SEEILEAE (Through-diffsions:) 2EMT2 T Eick . ROELRD S ELE
BREERE L,

Q(t) De t a
- — ‘1.1
SLCy L2 6

De : EXERE (n®/sec) ‘
Qt): BEER~NEB L b —VOREER
L: A5L0EX @
S : 5 LOMERE (m?)
Co: SRER ML —VEEE
a: BEONERE
t : BEEEE  (sec)
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Table 4.1.2  Effective diffusivities of Uranium in compacted bentonite.

SEAERUREE  (@%/s)
N bFA b
ﬁiﬁ%ﬁ/hﬁ%ﬁ FEEEDOER 1990 FEOER
g/cm
7449 h AyMH} e 7404 ¢p Ryb{} &
0.4 7.9x10~? 4.0x10-1t —_— —_—
1.0 5.8x10°*! 1.2x10°1? 3.7x10°1? 1.9x10-!
1.4 6. 6x10"1! 2.6x10"12 _—
2.0 5.8x107! 3.5X10°1* 3. 7x107*! 4.2X107*
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Table 4.2.1 Conditions of steady-state diffusion experiment
of Americium.

IHH HERS

HER EENESEER (Through-diffusioni)
AREE Ny b4 b HE7 =41V
HEHI = $20X1 mn

T4IY P20X1 mAF > L 2B T LY
iR EE 0.8,1.4 HXU1.8 g/cn’
e An-241

AR pH2 IEMEER Mk

HAEREE =2

FHS, AREBHEK

HERIARG #7100 ~130 H
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Table 4.2.2 Effctive diffusivities of Americium in
compacted bentonite.

Ry b4 b EIEREME  (?/s)

R FREE
(g/cn®) Falyd | Ry bFg p
0.8 4.2 X107 | 7.4 x]10°1
1.4 3.7 x10°%! 5.2 X101
1.8 3.3 X107'' | 1.8 x10°"
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