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Approximate analytic equation of the surface complexation based on Basic Stern Model was derived and a simple procedure to
estimate of the sorption distribution coefficient K4 was presented. The Kq4 values of Cs, I, and Pu on sandstone were evaluated and
compared to the data in the sorption data base compiled by JAEA. The calculated values are almost equal to those given by the
geochemical speciation code MICROQL II and acceptable accordance with experimental data were found. Sensitivity analysis and
uncertainty analysis were also conducted by using the presented procedure for the case in which the minimum and maximum Ky
values differed by a factor of 7 even though the experimental conditions were almost the same. The result revealed that the variation
of the logarithm of the intrinsic surface complexation constant within 10% gave rise the possible scatter of several fold in K.
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KO 3FEHORBRSGMGOT —Z MREL TS, £ T,
HRE LD 20 OF — X OHEMHET 5 &, Fig2 DXL 51T,

BIE DENC L - TA T L OMEAAEICENS.

Lo, HEFEMEN NaCl & KCl TR A A 38T
HVRE K2 1 ML EOFERSH Y, 7eishD KCI ¥
HTIHA A RERENEE K D/NEL D, 22T
Kitamura 5 DJFEFHBINCYS =5 &, Cs™ DILEICK LT KT

AT 20 NalZBAE L2 E LTINS Z ERbhol.

2%, WE L 100 Likg DAIZOWTIL KC 2 V-5 —
FIRNTED, Fig2 O X5 e BRIIHERR T E e o 7.

44

Pu(OH)a(aq) D b~ DL A& ZE B D F 5 44T —

1E+3
1E+2 | Sandstone - Cs
il S 8 ________ NaCl A
E 1E+0 @
= 1 b Syn.
= 161 ‘A _______ Seawater
N 1E-2 | ‘A _____
Kitamuraetal. A" T TTo-<--
163 1 V/W =20 L/kg A Kkci
1E-4 L
1E-2 1E-1 1E+0
Ionic Strength [mol/L]
Fig.2 Selected K. values having the condition of

Volume/Weight ratio 20 L/kg

NaCl & KCI C Ka DA A 383 DIKTEHEN R 2 5
PR & U CRESHADFRESNEDE VT LD & D & DR
N 5[32,33]. B LM ~D 2 i F 4 > DS Tidfk
FIEOENZ L > THESEER (121X SOH+ Cd*= SOCd*
+H) MoMESEA (] 21F SOHA+ Cd* + H20=SOCd(OH) +
2H?) OWTNOFEREN TR L 725 05T Ka DA A L3RR
R, AiFINEL, BEITRENE LTWS[32].
L7>L, Basic Stern Model [ZNESE(A & S ESEIARZ X B L
TS Z &I LTV HERTIERWO T, Fig2 D7 —
ADIH, A& URERFIEN/NE W NaCl T3 LT
BonRERESSARET N CHET D 2 L 24T
728, KCIIRRF DOEBOENIOWTE, %45k )
2, AU RBRE OB L L Cia L.

4.1.2 ETILEH

FEERT TV & T 2 (IR EREER) S E ke £ D
IRT A=A BT H D78 SDB T Z D DFFEHRA .
b2 % fi#AT U 7= Elakneswaran[34] D4 CTIX W 7= /e 2 4%
BT 28 ThHDL AR (GAEREI.4%) &4V FA K (A
1.4%) \Zx3 A CEMEZ A L T D, ol ), HAD
SEDOWEE SN LTZ RGBS 615 &, AEOGAHR
73 Elakneswaran OB D L 5 IR E W E D72 <, 40%H1
HBTHAHHILEZOLNDDOT, AEOEEZOEEEMAT
X BHME D TR TIZAR V. 51T, K[E Yucca Mountain
@ Wedron Sand |Zxt L CEEESAET L4 A L7z Siegel
5ORBIB6]TY, fNTD/3T7 A —4 1% Goethite D 3CHkE %
WMHLTEY, EEOMDRYIE L L TOEOREILR
V. FIT, BEL L THY OFWEIE L TE L 2-
pK BTNV OR EFBES S ES DT — 2 [16, 37-52] % FHL L
7o ZTORER, Tablel (TR T L oIT, fAK, KA, ERk
EDEETM Z BT, log KMt — log KM OfEN 10 2B %
TWBEINEN-T-.

R RBES S ER O ZITEER (CLT pH) £ X GEYYDE
&2 % 5 [53,54]. Kitamura 5 O R WZEEHI AR S & L
THbh, A%, REFEIAMBRIEME L, EAIcAE
LI 2D A T A NEH BN ERZ N [55]. £ LT,
ZNBIEMOD pHAZ O W TIAE (<B), £ T4 b (9~10),
FA (iso-electricpoint & L T<3) 72 & DRED & H D T[56],
RS ORI RBESOSERDZE (pH: D 2 £5) AR
EALVIEIREL, 4174 ML b/haneEEzohs.



RT3y 7 = FRESE

December 2025

. 1 (l kit _1 Kmt) 39 Table2 Parameter Values of the Cesium Sorption on
=—(lo —log K"
piz =508 R+ g 39 Sandstone
. . Parameter Symbol Value Unit
Table1 Surface Protonation, De-protonation Constants,
and Capacitances of Various Materials Site Density N, 1X10°Y mol/m?
: logK "t Capacitance [F/m?] Specific Surface Area S. 6.33 m¥/g
Material — Ref. Surface Protonation it
i Ci C Constant logK? 4.46 mol/L
Quartz 380 1.25 0.2 37,38 Surface De-protonation . }
Constant logk™t 9.35 L/mol
Goethite 17.8 1.5 0.2 39 .
Capacitance G 0.176 » F/m?
3)
Fe(OH);am 15.8 1.4 nr. 40 Bulk Solution pH o 492 _
- 3)
a-Fe;0 17.0 0.9 nr. 41 Initial Bulk Conc. of Cs® C 1.5X107% mol
Ferrihydrite 15.82 0.6 0.2 42 Surface Complexation
fCs" logKt 350 —
0-ALO; 18.42 0.8 02 43 Constant of Cs
. i 1) speculated value, 2) average of the values in JAEA/SDB, 3) value in JAEA/SDB
Microcline 5.05 0.2 0.2 44
Biotite 7.32 0.2 0.2 44
Kaolinit 168 106 J s 7E, WALOWETHIET A MEEDEN 7 —r
aolinite . .
I 073 06 o " B0 53E 2 b5 EiaRAME66] TéH 5 0.965 C/m? (1
Tt 7 R M
= ) X105molim?) £V & 1 A—F—PlEkE<, Risno, K
L . 5
Montmorillonite 18.06 Two sites DLM 47 RIVEICKF LT IV BILS 231 sites/nm® (3.28 X 10
. 6
Pumice Tuff 5.65 NEM 48 mol/m?) [67,68] IV HERARDT, FRO 1X105mol/m? &
. 5) | 5 P
Calcareous Soil 16.22 DLM 49 UCRAT L=, £7-, Cst ORISR RIS O SEH R
Loam 1193 | 033 | CCMP | 50 (A FRESERERER IR THEDOT, FMIZED
sand 1381 | 051 | com® | 50 T 5 I BATHRRC & 0 A e 7.
Andisol 14.6 2.0 3.0 16 Table 2 /35 A — 4 v b OFRIRA T 5 5> % H b7
Syreambed 8.6 ) ) 51 T B0, El ﬂi@%@f~ S AL O /£1[E[69] & ur@fc

1) logKi"*=-3.9 was taken from Hiemstra(2010).

2) Reported value (log Kit=7.85) is for the reaction SOH + OH" — SO + H20
and revised by adding the logarithm of the ion activity product of water (-14.0).

3) not reported.  4) Constant Capacitance Model.

5) Diffuse Layer Model ~ 6) Non-electrostatic Model

EWRO X5 IS I OTM DER R TH LD T, W
ORI FENTND/RT A —F i > THEAINZH D
[STIvNVFHA METANREIDEELL, EiRFms —#H
DRTA—=LZ ¥y NCRET D Z LIS TiERvy. Lo
L, JZCEMEDLD, HRIY O EE LT —
FONRTG A=ty PTRESHDLZ L E L. b, ©
HITKT D pH: DEFE S WL D0dH DD 22~8.1 &7
F725TH Y [58,59,60], fE &K 2mo720DT, 26 FIHD
THED pHz L FBIO RS & TN H B & omE61]
HBEZ, FREREN Kitamura D OfE 7.60 m¥g 1217 <,
KRS ERDZENA T4 LD 0oR0/hE L, Ak
LD BREWVIARDS ORI D501 2 W 7e.

Table 2 (/R TIA S DF — Z [T Constant Capacitance
Model #i#H L 7= % DT 5 D T Basic Stern Model (2%} L
TEYTHD EIFRORVWD, ERNRTA—FIFZFOEE
OBEEFANTHIT LT, WolE ), RET D EHR S E D
&N 725728, Constant Capacitance Model D 3 /33
B AT L, WERA~VARLYEIZIE 08<C1<1.5

F/m2[62], AME~IL LR ST IE— AR 72 C2=0.2 F/m?
[63,64] 75, KA[651% VT G=0.176 F/m? & L7=.

1 1 1

iTote (40)

45

wéo“C 5;7’_ pH =8 “C@ﬁ“& L, Stemﬁ&@'“@ ﬁ@ﬁﬁ@ﬁﬁ

Bt d 1213 2 SOWE OWEM70]2 Ay, Ciid 1.5 Fim? &
L7z, fEF%a Figd (RT3, 220 d DEO EH 5L EH
S THFAMEITENE (&) LEAHNTHY, NTFTA—F
Ty MIkkteiazy LAk L.
¢ =va=a=1h) 35 d (41)
¢ B—FEM [V]
g  HEZEHOFEER  8.854X 1072 [F/m]
d :Stern & TRV EOBOEEE [m].
10
Z o d=025A —
E -10 “; t
% 20 ¢ L d=0.48 A
2
A -30
<
< .10 Electrolyte : NaCl
N # Shirahama sandstone pH=8
-50 : :
0 0.5 1 1.5
Electrolyte Concentration, C, [mol/L]
Fig.3  Zeta potentials of Shirahama sandstone: Comparison

of observed and calculated values

A A DIEBARE il T 2 A A 2 ZHRSE DOEHT & [
FRIZ Davies DR 53R, IBEZ 25CE L THAQBHM B4
72 Cs D Kak Cek ODBR%E Fig. 4 [CEBTRY. £72, [



FHEMR SIS RN K D IS D ER O S HEEE —CsY, T, Pu(OH)s(aq) DibE ~D UG ZE8) D FF 1535 —

URT A—& %Afi o THIERL P SUOSfENT = — K MICROQL
I [17] CHENT LA R BT X TR, A AIEE—%
LTWBZ ENbMND. 728, Kitamura b DT — X ([ TITK
A I BRI D b DM, EEEE V=10 & DU
30 L/kg T pH=8.6~9.2 ® Barney D7 — & HXIHFITR LT
B, ZOT—2 L ARFIECHEWNETHD LV R D F,
FENTH DL & CsPREE & - THANITR L7zl o B A
ERTEOSEFHE LIZE 2 A0.03KiETH Y, 1EZEIHL &
LS e Ex b,

1E+4 log K[t = —3.5
1E+3 | Sandstone - Cs pH=8.9
V/W =50 L/kg
En 1E+2 - C=1.5 X107 mol/L
e 1E+1 8
‘50— %
E o] oo R UYx O
-] I
M 1E1 |
1E-2 X MICROQL Il O Kitamura et al.
O Barne Analytical
1E-3 y ald
1E-3 1E-2 1E-1 1E+0
Electrolyte Concentration, C, [mol/L]
Fig.4 Model calculation : Ksof Cesium on sandstone as a

function of electrolyte concentration compared with
some sorption data compiled in JAEA/SDB

4.2 AJeAF o OIE
4.2.1 F—4hH

RYEIEREA A A BRED/ NS L [71], 3 vAkA A (B
T ) ONGEITRESEARGS XA L BETE 5. SDB
WA S TR T 2 T U REOTF — 200, FIEE
LE R X OV Ky & AW TER@)IC X D ISR OB (UL
M Cona) ZEFEL, MR L Ka & OBIR% Fig5 (R LT,

Ci -
Cena = L”W (42)
v D HRARIRRE [m?]
w s FEMAE R [kg)
Cinit D PR [mol m)
Cend : ”X%%%‘%%TE#@/&%E [m()l m‘3].
1E+0
Sandstone-I|
1E-1 A
ol puBg o ¢
> 1E-3 |
chdl 2
M 1E5 | ‘ OHaighetal(1991) O Hietanen et al.(1985a)
1E-6 | @Klotz and Lang(1982) O Llang and Klotz(1982)
© Sato(2003) A Sazarashi et al.(1996)
1E-7 : : - - - -
1E-12  1E-10 1E-8 1E-6 1E-4 1E-2 1E+0
Iodine Concentration, C,,, [mol/L]
Fig.5 Kuof lodine on sandstone compiled in JAEA/SDB as

a function of Iodine concentration

Fig.5 Tt Ka DIEICKI 4 HrDIER H D, Cs DIEE & Rk
2 EDMEES BT REDEEIIZHERT CE RV, £, O
INENRIHNZD, A4V REOFRREBZDEVI TR

RECTHBRMNMTONIZA L H Y, T O IIRRE LD
ENTORR AR LR WD O RATH 5. £12,
Haigh HOT —Z 34 FVREZ O HONFEH I T
WO TERIVE A, & 51, Lang &Klotz, Sazarashi & D7
—HNFA A HEN 1 mol/L B TWEHD0LH 5.
DL, —RTDEBE DT —EREHD I HTENR,
FFICHETE 2 bDIIBIN E DRV, Enohb, A4
VIR AR T4/ NSV 106 mol/L LA F DIRED T —H
R L TA A IR & ORREZ R L= Fig.6 Th 5.

1E+1 O Hietanen et al.(1985a)
1640 | Sandstone-| 3;::;;;;‘,;"’"‘”82’
ED 1E-1 |+ A Sazarashi et al.(1996)
= 12 | |:|
E e | oo ¢ B
2 1E4 | 8 14 A
1E-5 |
1E-6 . . .
1E-3 1E-2 1E-1 1E+0 1E+1
Ionic Strength [mol/L]
Fig.6  Kuof Iodine on sandstone compiled in JAEA/SDB as

a function of ionic strength

X7 BAEA A BRENEM LTS Ke 2MET 5 g A
HEIR 5N, HFEA AN a vREolGE #HELTW
RNDT, 3 YRIEA A ISR TR < RirSEER R
WE-TRELTWS ElbD. 22Tl pH=8.1 TH
TV U VEDOIRIRSA 23 D Hietanen H DT —H 2381,
REERET VL D 0N EIT- 7.

4.2.2 ETILEH

FENTIZ N /28T A — 213 Table 2 (R T EEZTDE E
MWz, 72720, F oRESEEERERIRATHL DT
AATERRIC L v EZ D T2, K(Q29)Z W T-fE B & FigT I
FERTRTD, Cst DA & FBEIZ MICROQL 1T OFER &
E<—%L, FHEOEMbHFHRTE. 22k, RLL
7= Hietanen & DT — X N7z, RN Xk E L
B72 B BENLISOSRMAEHFELL L T Fig.6 D SDB H1 DT —
%, Hietanen & D pHen=12.4 DT — X HBE|TR L2,
RREOTIELDERHEHODOHEAIIF LT TH o7,

ii:i | Analytical logl_(}"f =81
O Hietanenetal. A SEkl
— 1E¥0 5 microaL V/W=10L/kg
éﬂ 1E-1 - [ SDB PH,g=12.4 Cini=1E-7 mol/L
o 1E2 | O
E 13 | (5/ ?@ B Ep
= 1E-4 X >8 H—x XXX X O
M les |
1E-6 | Sandstone - |
1E-7 : : :
1E-3 1E-2 1E-1 1E+0 1E+1
Electrolyte Concentration, C, [mol/L]
Fig.7 Model Calculation : Ky of Iodine on sandstone as a

function of electrolyte concentration compared with
some sorption data compiled in JAEA/SDB
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4.3 Pu hEEADIE
4.3.1 T—4HH

OECD OENZTF —F R—2 2 i, Pu 1ZPudt,
Pu*t, Pu0j, PuOZVEDRETFET H[72]. £L T,
L DIFETREDMEE N I D MRS 5. T OMR
Mric ki, 4 PuiBEN 109 mol/L, JEFE 25°C, &EMN
10°Pa (IZFFRKULEIZFE L) OEMETIE IV D Pu 3MESS
b FRCTH D LHEESNTWA[T3]. £ LT, Powell &
WZEAUE, VIO Puld, REEA U RENE DO TME
FAUE, pH 23 4 LU ET Pu(OH)« NEEULFRETH Y, K&
D RER T A MR & D41 pH S 8.3 (& BRI
FECAGZRALFAE DS Pu(OH)s 725 Pu(OH),(C03)2 1225 b+
5[74). ©FY, EBRDOREEH AT L > T Pu DXEL
{LFRENEET 5.

WD Pu D Kg ([2OWTC pH BHPEAET, 7
D, PuNIVIiEBZHNDT —% % SDB 2> L L Th
MrL7=. Bamey (3t RT VUM, HMESRMEH 2 03
{bEHESRAED 2 SDOIRFHR, DEFH3 DDOEMED S & TPud
INERBRAEZIT> TV D, EBRKE THO pH X 8.6~98 TH
0, &AM 5 Eh OEITHA STz, holE ),
Tanaka & DT —# [3FER% D pH (5.5~8.8) & Eh (240~
470 mV) DRENTEDY, Bell 50T — XX pHea 78 6 &
LR, FEBRBIAARTO Eh (£ 200mV TH B DT, KK
STz 8 D 25 COKIRIRIC KT D Pu @ Eh-pH XA ¥ 75
LOBI[T5]3 8, Pu S VAIE TEMLT 5 Z &322 < IV Al
THHEHE L. ThHDT—F0 5, Fig8 DX 91T Ky
EALUBEIC LTI Ry N5 L, KiDA A L3RR
TN NSNZ ERDNY, A 4R TIE2 < BRI
2L F A ITIE LTV D EBESNLD.

Fig.8 ™ Tanaka & D7 — Z \ZITHEIK D3 BEFIEN R 5
T=EPFEL, WRIITREORLRD 7 I VWENE F
nNTna., LT, ZOZENT—FOEHOER &7 -
TWbEEZOND. £7-, Bell 5OF—#1L, FEEriE
T2 R U CTREIOAED R D720, X520 OFIKILE
FHORHE (B2 IXHFEEE) OFEWICED HOE LR
VLRSI B IR AR e E OB FIE I SDB TIXZEHIC
RoTNWEDT, TR EOBIFIETE Rd o7,

1E+4 { OTanakaand Muraoka(1999)
1643 || @Bamey(1982) Sandstone-Pu
— 1E+2 A Bell and Bates(1988) Cir=l~2 X 10°M
w .
.§ T T T N
£ 1E+0 | -~ - N
[Sami C A \
SaH.08 e &80
1E2 | 66 109N "= --- RREEEy o s
1E-3 | o \_‘,\ Cin=3 X 107M
pH=5.5~8 "
pH=6
1E-4 L 1
1E-4 1E-3 1E-2 1E-1

Inonic Strength [mol/L]

Fig.8 Ka of Plutonium on sandstone compiled in JAEA/SDB

as a function of ionic strength

WIZ, Barney 3L O Tanaka & DT — X IZkF L CUNETL
®D pH TH D pHend & Ka DEMRZERD D & Fig9 DL 51
AT Tl K XIZIERBETH Y, 6.5~9.8 O pH HiFH

47

December 2025

Tl Pu DALFEFEENR R ESB{fLL TV RNHD L LTz,

1E+3 ©0.05M-hydrazine
Sandstone-Pu A aerobic condition
1E+2 | A oxidizing condition(air)
)
£ 161 Tanaka 8:Mura_ok>a<
[3) s N
E 1E+0 [ o .
Z ¢ X %
1
1E1 X 7N
\ -
1E-2 R '
5 6 7 8 9 10 11
Final pH, pH,,4

Fig.9 Ksof Plutonium on sandstone compiled in JAEA/SDB

as a function of final solution pH

4.3.2 ETIEMH

Pu I¥ Pu(OH)4 SO AIZINAE T 5 b O EARGE L, Barney @
T—=FDHENEL, PuiNIVIliTH D L Bbh2E TAIE K
TFUVERMULT =225 LoD . i cik
Table2 (R THDNT A =L EZDEFEH, RiZWd
DI Fig.10 IR A H W, Pu O R SS A A R E R0
1TEEER TR DT,

Fig10 TIXRGNIC L 2R ZEHR TR LR,
MICROQL II {2 L B4R LF L ThH -7, A E L
TWDH72, Ko O CARTFHEITIAE RN E 3D, 72
B, Bamey OF — X {3 A A 2 A O#iPH SV O T, Tanaka
5OT —Z O HIRE LA 20 Lkg, pH 23 5.5,7.5~8.0 D
T=EHEBEL L TRLEE. T —7y N &35 pH
K0 LB H D KATERORN N, PRI &
% Kald I OFA LT LS IR ROERE EIch s 2
ERPMND.

1E+4 logit = 4.2
1E+3 |  Sandstone - Pu pH=9.1
s | e
D 1ps1 | pH=7.578 e
=X ]
T w0 | 5 XKD XX
— 1E-1
=
¥ 1E2 pH=5.5
1E3 | Analytical O Barney
164 X MICRQQLII . o Tanakal&Muraoka
1E-4 1E-3 1E-2 1E-1 1E+0

Electrolyte Concentration, C, [mol/L]

Fig.10 Model Calculation : K, of Plutonium on sandstone as

5

5.1

a function of electrolyte concentration compared with

some sorption data compiled in JAEA/SDB

R

REE R E KRG O FEER
SIHT TV R ESEA LR BSOS ER Dz, 5

% [ R O Al [48,74,76-80] & LR+ 5 Z & THT A —X
EDBE DR Y M & e L7z, Table 3 IZHE AR,

Cs™ |2kt 2 RmEmsEA LR ESITREHT L 2BV R KX
<, o, BH LREHEET NVSCEMNRR D 12000
FLOHEBHETE DO TIEARWA, I & Pu(OH) 1%



KIEFFASOSEELLTFERUT X D DS D BURE O S HEE L —Cs', T, Pu(OH)a(aq) DS~ DI Z8) O Hf5i /34T —

T AHME & ORI BIRE B L, AEERE LI fEIEsCEk
FHOMEE L FEPILTEY, 3 DOILRITHT HRKEHE
ERGEBOMEIZRY L Bbhd. 723, Table 3 110
Powell[75] & Sanchez[80]DfE I Put % reactant & L Cicik
L7e ORI T 2 EMER TH D728, Pu(OH)4 %
reactant & D EIZZEHE L TR LT,

Table 3 Intrinsic Equilibrium Constants of Surface Species

logK int Ref.
Species Tovis Solid Model No.
Work in Ref.
Non-
5.74 Tuff electrostatic 48
3.2 . Two Sites
073 Granite Triple Layer 44
. Constant
-5.5 Silica Capacitance 76
2.95 Quartz Triple Layer 77
+
Cs 3.5 4.57 Two Sites
072 Quartz Triple Layer 44
-0.51 Biotite Triple Layer | 44
0.24 Microcline | Triple Layer 44
0.84 Clay Triple Layer | 78
-1.8 Clay Triple Layer 78
Non-
I 8.1 6.06 Tuff electrostatic 48
. Diffuse
6.99 Soil Layer 79
Non-
491" Silica electrostatic 74
Non-
Pu(OH), 42 5219 | Gibbsite | ejectrostatic | 74
295" | Goethite | TripleLayer | go

1) Original values were given for the following complexation reaction and the values
were revised by subtracting the log K value of the hydrolysis reaction (logK=-8.85)
to coincide the reaction as Eq. (35).

SOH +Pu*" +3H,0 — SO- Pu(OH ), +4H"
Pu* +4H,0 - Pu(OH),+4H"  (logK =-8.85)

5.2 414X BMRIEDFE

BTG A A MBE DR E P E EN D 56D
bV RMESEIBISTENT Tl A F U RIOSIZ LA IE B
ZZBHiD. B Kitamura HOT —# (28, Nat <° K*
L Cs* DA F BRI DORIBEMED 8 5 DT, KiFIPEAK
S & A T BIRORDHEE T DA OV T L7z
521 AAUTWMETIL

BRI D Cst & B L DA A 2 BHIOE RO K DI
W9 B, ZOXITEFRE 223814 R X 0% (mol/kg)
BHEMEL L CE DT Gapon X[81ICHI»7=KFETH Y, US
Salinity Laboratory Tl¥, 25 < O 138 T — & DED
LD EDOEHEND, BEMHNERELYESETRDLT
Gaines-Thomas R[82]°F /L4y T# T Vanselow [81]
TiE72 < Gapon & AWVTWEDT[83], ZZThZEhIC
TeoT. fBHOZD, EHOERERRELY 1 LBV TERE
BEICEESHZ, Cs* L B L ofickoE &EEHMOBR
MRV SEDET 5.

1
Bi/mX + Cs* = CsX +—B™ (43)

48

(CsX)__(r)/m - (BT )Y/

Kesyp = (Bl/mX) Ves (CsH) (44)
(CsX), BimX) : EAHF OHNEA A2 Cs?, B OPREE
[mol/kg]

(Cs™), (B™)

¥Cs, 1B
Kcsn

R DA A Cs, BT OPEE [mol/L]
D A A Cst, BYOWRAE T OTE AR
AT IS DRGSR,

R DASHNE A A28 BRDIRT, 93D Cst DIEFEH iR
BRECTCHIIEX, BREMAGTENS CEC = (BX) +(CsX) =
(BiymX) &HREDLOTRAEND.

__(CSX)__K _ (B1/mX) K CEC
47 s Cs/B (Bm+)1/m ~ f¢s/B (Bm+)1/m

(45)

FEEOBREKPIIZLHK DA A BNEFET 0T, 3
AR FEAT I I T HIERA L 2 OGS FRAT = — RN LTV D23, K
MEtDR B WD 1 D Th 5 HIEEFALE ~DOFI M % R
DT DM AT 2R T, B O AL RSB TOA A
RHSONALIR L TSI T 2 2 L 2B 2 5. R
B 532 A5t A A T8 B Nat, KY, Mg, Ca**d 4
DTHY, b & Cst & DA A AW % Gapon AT
AT ELUTDLE IR D.

NaX + Cst = CsX + Na* (46)
KX +Cst=CsX+K* 47)
MgosX + Cst = CsX + 0.5Mg?* (48)
CagsX + Cst = CsX + 0.5Ca** (49)

HERFDD,
CEC = (NaX) + (KX) + (MgosX) + (CagsX) + (CsX) (50)

ZoRIE 2 DA F KT L2EEERAOXEZRAL, &
5T, Cs™ PRERE CTHIIE(CsX)=0 & 2T 2 LR T
D00, A UBEISIZE DIEE (CsX) 133G T
FEN, Cs" EBBHEEA A OBPURE R F UEA A
RSN L D INEB(CS)NRETE H. AG52)&HTh
MNB LI, RO 1ZIHAFT DA 4 ORE L EHOH
TRETE 20T, EDHIE THFEA A ORENEL
Lane 3T, Ho 0 UDEZ RO TB Z N TED.

(CsX) = Oy - (Cs™) (51)
Onn = CEC (52)
EX = (Nat) (K Vs (Mg2+)°-5 (Ca?*+)05
vt —+ 55 +
KCS/Na KCS/K Yo% KCS/Mg KCS/Ca

&Y, EROFRTOAF UGS E D Ka 13K
NHMEILELND.
(CsX)
d = (CS+) = UYgyx (53)
ek, KPDA F 2 OIEEFREL ymye 13 Basic Stern Model
DfFHT L 7 T < ¥R Davies D [84,85]17> BRI L7-.

VIS
log Y4+ = —0.51- 22, - (1

+IS
Zmv 2 AT A OMER
IS A AR,

—os-m) (54)
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5.2.2 HRERGOEN

A F BSOS X B INEBIFAG)TREN, 2,
Cs™ DA IRFEDSFRIRIE O & 1T REIEERRISIC X D
—fi DA F A DULERIZNGS) TEBIcE SRS, &
5z, MATHBOLEIL Cs™ ODREL T THDD, K
(50), 5H% Cs* OERRIFRUITRA LT, REMEERER &
A F WIS HE T D ED Cst IREAZ TGN E
B ZLENTES, T, A A DILE B
mol/kg, FHEEEARSIEDINFE R mol/L O HAL TRlik &1
TWDZ EIWTHEETS.

- -
— —

[SOCs] = Og4¢ - (Cs™) (55)
NG S WV
®“=1+m-%+xy%[4 (56)
w
wfj=(a%—{7-mﬂ)+woaﬂ (57)

(Cs)o : ¥ Cs ¥  [mol/L].

2 SORIENEEST AHEDOIWNER L Ct EEN Fiko
RTHEZOLNDED D, Ki (mikg) 1ZXG)D XL HicEb S
na. 7wk, XENDHS Cst BREN DN D D TOsc % Oscrev
\IEETD.

4
Ko = (Osx + 177 Oscren ) - 107 (58)
w *
Ng-Sq 'V'KCS " Py /D
GSC,rev = (59)

1+ K Dy + K /Dy + K- g/ D - (Cs)
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Ko7z, £, KGENITEFENDOscrev FODg & Ds DIFIT
A A VBRE (BMRERIE) BEZDND & A AV RBKE
WCHERRICIRE 20T, EROFNEIZHE> THAX DT — X
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WREG50,  Ka DWEOSEHINTE 255 DT Ka DFHREAE
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Fig.11 Comparison of calculated and observed Ki of

Cesium sorption on sandstone
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1E-3 ONa
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é 1E-4 Barney(1982) ONa-Mg
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g 1E5 | & NaK
= A 7. ﬁ\vm & A Na-K-Mg
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Fig.12 Normalized sorption isotherm of Cesium on
sandstone
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Table 4 Cesium selectivities of various solid samples

Solid Kcana Kcux Kcamg Kcvca Ref.
399 11.7 220 453 This
Sandstone Work?
323 13.4 2740 471
Sandstone | 60.5 121 | 3.69X10° | 6.10X10° | Sato®
Sediment | 263 | 525 204 Steefel 9
Mordenite | 29.1 | 4.57 4217 | Ames®
Clinoptilolite | 26.6 | 3.67 3137 Ames 9
Heulandite 3.90 0.47 Ames ©
Chabazite | 29.7 | 444 | 8802 1762 | XS

1) Estimated by using the relations Kcg/co=Kes/va/Kcasnas

KCS/Mg = KCs/Na/KMg/Na

2) Values for the reaction 0.5MX, + Cs* = CsX + 0.5M?* with
applying Vanselow Eq.

3) Upper and lower values are for the combined reactions and for the ion
exchange reaction, respectively

4) Values for the reaction 1/mMX,,, + Cs* = CsX + mM™* (m=1,2)
in Ref. [86]

5) Values for the planner site in Ref.[87] estimated by Gains-Thomas Eq.

6) Values are compiled in Ref. [88].

Table 4 (TR TV AT A4 M9 5845250 Vanselow
RICKH L TELNZLOROT, AREHCHE-IE & B
DI TE WD, A F U MOF/NEFRE RS Z &1Ew]
RTHD. 1 ML FA AN T DIETA A 506 T8
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BiZRWE HICEbNns. WolE ), 2 o b F A Tkt
L ClE Kegmg DT — 2 3072 < 42 FI3 2 13 L
WS, ED 2 FIOBEHRE L ITHEOBE TH Y, A A ASH]
FISEHRAESED EFENETD.

RIAFEIRIR & A F MBSV AT D86 O o
RE%E D702 KaDFHFAE L ERfEOLEZ &V, A F
AL & OBIMRE R ® Fig 13 [TR L7z,

1E+2
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-8 1E+1 | logKg! = —4.38 '
= \El logkft = —4.51
M (@l
2 e |
. [
3 - ;
= ‘
< 1E1 | Ocombined model (1.27+0.68)
M @ Only Surface Complexation (1.02+0.42)
1E-2 ® Only lon Exchange (1.13+0,56)
1E-3 1E-2 1E-1
Ionic Strength [mol/L]
Fig.13  Ratio of calculated and observed K; of Cesium on

sandstone as a function of ionic strength
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Fig.14 Comparison of calculated and observed Ksof Cesium
applied on various sandstones
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Fig.15 Comparison of calculated and observed Ksof Iodine

applied on various sandstones
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Fig.16 Comparison of calculated and observed Ki of

Plutonium applied on various sandstones
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BRORHHATEZE LTWA[0]. 202 thby, 22
TRULIENRT A—F Ty FEMOREHIEAT 2 Z &1,
ST E <, Ke DI Z F R HEET D 12I3E X
LEBbha. BRENL, TRIORKEZ BT 512i%, %t
BLRDARBHIHT BT A—=F Y NEBGET 5 Z LN
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5.4 Z{fi4 A ~DEAKE
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SDB (ZA STV D WAEITHT 2 Ni OF — 2513
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Fig.17  Kuof Nickel on sandstone compiled in JAEA/SDB as

a function of ionic strength
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Fig.18 Model Calculation : K. of Nickel on sandstone as a

function of final solution pH compared with some
sorption data compiled in JAEA/SDB
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Table 5 Scatter of the Parameters in ten different

experiments reported by Barney

Relative
. Standard
Parameter Symbol Average Unit D -
()
Initial Conc. By 6.30<10° | mol/L 2.83
Electrolyte
Conc. C. 1.35X102 | mol/L 439
Final pH PHena 9.21 — 2.93
Specific
Surface Area Sa 50.9 m%/g 1.6
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Fig.19  Distribution coefficient with varying the parameters
as results of the sensitivity analysis
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