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Survey on the Experimental Methods of Nuclide Solubility and Migration Study
Related to Underground Waste Disposal

Michio Ichikawa*
Abstract

This survey has been focused on the proposed models of nuclide behavior in

high-level waste disposal system, such as glass waste form, buffer material, and

host rock. The key parameters in the models has been identified, and data acqui-

sition method on these parameters have been examined, The results obtained are

summarized as follows,

i) Glass leaching model proposed by Grambow can be used to estimate long-term

i

=+

release rate of nuclides based on the data obtained from laboratory experiments,
The key parameters required in this model are actinide solubilities.

Existing data to estimate the solubility are less reliable, So it is necessary
to manage carefully the solid-liquid separation and control of chemical condi-
tion of experiment,

) Parameter needed to predict retardation of auclide migration in buffer is
apparent diffusivity of nuclide, On the other hand, nuclide migration mechanism
1s not elusidated at all, and the number of data to be obtained is large,.
Accordingly, basic approach to clarify the mechanism can be devoted to create
effective scheme to get the complete data, The static concentration profile
method has been seleted as an appropriate experimetal method to measure
apparent diffusivity .

} 1t is well known that the diffusion into rock matrix gives an great degree

of retardation to nuclide migration, however, groundwater flow within fracture
in rock is too complex to identity, and its modelling technique is now develoﬁ—
ing, The combination of static break-through experiment of non-sorbing tracers,
microscopic analysis of concentration profile and batch sorption experiment is

recommended to evaluate matrix diffusivity,

“Work performed by Mitsubishi Metal Corporation under contract with Power Reactor

and Nuclear Fuel Development Corporation,

PNC Liaison : Waste Management and Raw Material Division, Waste Isolation
Office, Hiroyuki Umeki

* Waste Management fechnology Department, Nuclear Engineering Center
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£2-1

Thermodynamic data of some mineral dissolution reactions

logK AH:_ Ref.

Hineral Naze AGY d}l;: Reaction Conzidered
{keal fmol) (kgal/wol) . {keal/mol)
"Alblee Low ~386.308  -939.680  NaAlSi 0, + 4K+ AHD 2.985  39.91  .a
== ma* + a1 . o si0, 2,983 3991 &
Analciame -7I8,098  -750.291  NaAlsino B,0 + 4KV 4 W0 7.185  -23.622  a
. == pat + a3 4 2w S0,
Anorehice : CaAl 51,0, + 84 0 -19.714 1158 b
== 4 a1 (0w + 500,
Arcinice -613.91% -698.043 Mg COy(0K), JH0 + 3yF 19.93  -32.20 a
== et 4+ HCO3 + 3Hy0
Barite ) dase, == 2a?* + 502" -9.976 6,28 b
Bochaice - -635.0 “71.0 Arotan) + 3kt ALY 4 2m,0 9.609 -28.56 ¢
Brucite 199,606 -220,390  Hg(ow), + 2= gt 4 2m0 16,66 -26.82 2
CSH(T) catom)y 510, + 2= ca?* 4y, 510, 8.08 d
Ferrihydrice -165.0 -197.0 Fe(ok)yam + ' = Fe* + 2n,0 379 -19.55 e
Gibbsice A(on)y + 3k = a1t 4 a0 LI T T b
MontworLllonite IMsg 33Alg, 1354 67010008, 19.06 -127,90 £
= m*+ % + 1m,5100,
a-Hontromite  -1078.271 3tag o FEIT(ALY 10514 000, (0K), + 186% + 12K,0
== 6re™ + ma® + AL(OM)] + 110,510,
. : 24,570 5
Hepheline =472,872 =500,241 NaAlsio, + 5}!20 5,476 -23.622 )
= H, 510, + AL{OM)] + Ha©
Portlandite -214,74 ~235,68  ca(ow), + 26T = ¥t + 2m0 22,675 -30.650 ¢
Pyrochrolite Ha(on), + 2" = m?* + 2,0 13,088 -22.59 b
Pyrolusice’ Moo, + &t 4 2e7= wn®* 4+ 210 15,861 -29.128 b
Pyrophyliice 1255997 -1345,313  AL,S4,0)4(0H), + 657 + 40 22,538 -30.827  a
= ™ + 510,
Ahodochrosite aco, = mi* + col 8,475 2,583 b
Septotite S2211.192  -2618,00  Mg,S4,0, ((OK) IR0 -37.4 -275,8282
510,4m 202392 -214.568 540, + 2H,0 = H,510, 2,728 2,298 . a
Slﬂzftxp) 5102 + 2“20 = H,S5i0, -Z:?Ji h
Serengite FePo, 20,0 = Fao* + RyFO] + 204 ~34.9 1
BaHat, -349.3 -373.8 BaHoO, =+ Ba®* + Mool S11,36 6074 e
CaMag, CaMo0, » Ca®* + Mo0}" -3.0 -0.7 3
Nd(OH) -28.320 Nd(OH)y + 3H* w wa & 30 18,87 %
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#22 — 3 Thermodynamic data for Pu phosphates

Pu Phozphate acy AR Reaction Considered tog X aMy

(kcal/mal) (keal/mol) (kealfool)
Pud, (H,P0, 1" -455.5 -451.4 Pt & P03 4 2H,0 == Puo, (H, PO, 11,728 118,36

P Akt bt * . L 2 uly LRa U, =1L, .
rathPo ) -393.2 -159.9 ru** 4+ ol + WY = pucuro )2t 24,98 38.23
Pu(HPO,), IR -§62,9 ru*t + 20007 + 2% = puchro,), 47,75 78,06
Pu(itro,)3” -941,7- -932,4 Pt + 3r07" + Y == PutHro,) 3" 63.30 111,59
Pu(HPO, )" 1215 -1212 Pt 4 erpod” + ait = puturo,);” 50,72 139,92
PulH,Po )2 -alls -407,3 Pt 4 p0]” 4 2+ " == rutiyrop? 3m61 26,53
* All chermodynamle data are found in the refarence of Lemire et al,, J. Chem. Eng. Daca,,
25(1980) 361,
2 —4 Thermodynamic data for some selected Pu species

Pu Species 6% AH'I Reaction Consideved torK &H
Pt BT TE WS TTIE S s LS -17.01 -13.3
putony Tt -184,1 -190,4 Pt 4 1,0 + &7 = ooy 4 u* 3.03 5.115
put A5 c12s,2™
Pu(oH), -328.9 -323,3 ro't 4 an,0 = puton), + et “9.4K 77.96
Pucoy) ¥ -296,8 -276,0 P 4 cod” == Pu(oopy?t 40,70 14,04 °
rulot) 2 -225,3 .222,2 it 4 2,0 == Pugon) 2t 4+ 2u* -2,33 52,63
Puc} -203,2 -212,6" rut & 21,0 == Puo} + 4t 4 o -18,53 63,13
Pu0, (OH) -246.7 -219.3 rut ¢ M0 == Puy (o) + SH* + & -28,20 93,15
PuO§+ -180.9"" 1965 ot 4 M0 === Puolt + wnt + 20" ~34,88 68,33
Pu0, (OH) -229.9 -223,0 't 4 30 === ruoz(ou)" + 55t 4 2 40,51 105,13
Pu0, {OH)} Pu’t & 51,0 == Fuo, (om)] + THT 4 2e” 53,07
* All chermodynamlc data are expressed in keal/mol unit.and these values are found mostly

in reference of Lemire ec al,, J Chem, Eng.Pata., 25{1%80)1361,
#** The Chemicsl Thermodynamics of Accinides Elements and Compounds, part 2., IAEA, 1984,
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#2—5 Thermodynamic data for some Pu-containing minerals

Minegal Hama Ac'f AH'E Reaction Considersd logK Aﬂ; Kaf,
(kcalfmal) (keal/mol) (keal/wol)

PuloR)y (s) -277.7 -271.2 PuoH)y + I =t e s 34,0 5.68  -61,9&5 1

PuloK), (s) -340,8 ~333.2 Pa(on), + ehF =2 bt 4 g 9.777  -68.26 1.

Puo, (s) -238.5 -175.0 ruo, + = 24,0 J7.36 31,03 1

Pu0, (0K) (am) -152.4 -246,2 Pu0, (OK) (an) +50% & o° 24,02 -85.95

' ’ = ptt s M0

Pu0, (0H), - -289.% -181.0 Puoyou), + 6t 4 0m 36,65 -119,46 1
= e a0

Pu0, (HPO,) (1) -458.4 =4b7.4% Puo, (hro,) + 3t + 247 _ 10.36  -123.36 1
= n 4 p0l” s 4,0

PugHPo), (3) -673.5 7293 PuqHro ), = putt 4 2p0)" 4 awt -51.57  -10.76 1

a. H.G, Helgeson &t al., An,J Sei .,278-A, 1978, I. G.H, Dolt and M.GC.H. Bruggenvert ed,, * Sefl

. Chenlscry. A ", 1976,

bo J.W. Ball ec al., PBAO-224140, 1980,
Js L.G, Sillan and A,E, Harcell, ™ Stabilicy
€. L.V.,Benson and L.S, Teague, LBL-11448, 1330, Constants of Hetal-Ton Complexes *, 1964,

d, Selid Solution Hodal

e, R.H. Carrels and C,L. Chrise, " Selucions, Hinerals, and Equilibria”, 1363,

£, H.G. Halgeson, Am, J, Sci,, 287{1%69)729. k. H,1, Plodlnec ac al., Hac.Res.Sac.Froc.,
g+ KM, Xrupa and E,A, Jenne, PHL-4274, 1941, 26(1984)733,

LRI L o 1 . Eng.Data.
h. JSS Project Phase IV report, 1387, jip; bemire et aly, J. Chea. Eog.Daca., 23(1580)

12



10
i Simulation Results of

- - Glass Corrosion JSS-A
£ - 90°C, Doubly dist. water
= B ) &&’o'é
<. ) 2.38Pu (+2('1Am) o“}‘)
= 1=

10° F A &7 Pu
) — Ql"
2 ; &
_ X ¢§$- i
& X A
=
!_‘ -
ps
=
5 1L A
= 10 [~ Pu(OH)
o » 4
S T
) i - A X AA
] .
¥ |
H
’J -
g Leaching 3 7 28 182
o days - 14 91 365
= 100 1 1 ||1L1tl | 1 lillill' ! L3 11114

109 10+ 102 103

REACTION  PROGRESS ¢ Iglm31

Bl2 —8 Calculated and measured Pu leaching from glass waste form
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FETR, RBEORL2FBICE O TRAEAINTOVIZBRESEF L, EOEFAMIEHT
6&Eﬁﬁﬁfinﬁw-Tfﬂfﬁ%$ﬂﬁiéb,%%ﬂ%?“%?“&&%@kb
DRBFHRIEPOTHHAET - o

3.1 BEREZ=EFT N
BERLFEICHFTFEREAEILCT, R =—F ¥ (KBS-3) & x4 = (Project Gewahr)
?@%fﬂwrowfiabtu

U =7roEEY

HEHBEHEOEHTH T ~OBTIE, TR THEF+oR/0BAL, BEEKZOLO
PHTAKEERLABSIDEBHBING, COBE, ++=RXRI0BAERDIIBILY
HHVRELYTHY, COFRTBETABICHEI BRI EBEERA D — 2D YT &
EI TV 3,

BTAREOEMICIOVBEIEBRLET T84, REBEIBERYICLALENS
HRXABEOBRNTIKEERS I LMo Ty0 i, BEM b coRBORITEOHE
EISGRTFIETHLATE ST, MU LB E L TERBNERAFXLIh TS,

BREMPOREBOBTIR, HEAIBTAKEOERILOBEEN, 0B TERR
HEAFELTRIBEDNTHS, BHULAKEBERE2OBHE (9GS Kk
UCBREMPEBTL. R4 cBEMPRCBESAEBRLTVL, B3 -1 EHEoR
BIZEBDBEIRBHPOREEZENOERERT, ITHF + =27 OPRILBRINT
WEHN, REOFMETH, COEF LM ENARATREETHILDEATIRLT NS,
BEMPOBEORESHLEL, BEFHIrOBE~BHEINIBREOCSLEELNS
BEEOBEKELT, BTOX>UWHKEEELZ[EL TS,

O HENrEEGEHFEZTLV—2  AN—-F3FTOHEOEM

@ BREMHTOBBEOBITNERERKELLROFAE

QOFBEBNEFEHMFE TV —7 - AN—F2FTOHER, BHEHANOEEREN
BREMADNCERENIBBREDOIBIKETIEITOMHAELTN S,

QOREHPORBOBRMAMERECELALROFM TR, REHITERREAPOEK
EEAPOKESGARBNENDHEBREZEL T3, BEOAAT~ORRIIBEHEH
OAMOMRREARES 2 LCEETHZ, Th, “OBE, BHE< L) v 7 Rt
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DHEBRABHTELIREDOLDTH 2L LANE~DBITOHAXERLTN S, &5iT,
BEORGHTOBITHEZERISBERECEZRAOEKEILTHOEDRTV 2, &
EHECBEORBETORARHR, Y7 eU3BE~NOBITATAKRKEED LN
IMBAERTONTHEY, TOLDREHLUBROZEOBITIE, T LLANBEORK|
%ﬁ“@ﬁﬁ&bf%?»ﬁénfwéo

g, OHrSQKEBTIZHHOBREORBITKEBLTREREXTHEL,

CONCEN-

= . '23!%?5;!:{9%,;;.; X

FUEL CANISTER CLAY ROCK
WALL

Y,

i

v

B3 —1 Schematic concentration profile in barriers
( t; shows the profile at the time when nuclide
concentration at clay-rock interface reachs 0,05 Cy. )
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@ EFAORRERD -
BEHDPORBOBTAMOBIBREF L E LT —RAEOKEBITOWT, Bl
TrB®BEET,
-, BTAORNDPEET 2 HEO0KBOBTR, KOKNEEIBREKED
BEARCESCRRICEIDADNG, NRETARBOBM ¢, 8 x <5158/,
KBTOTRANI VREEBZIEITID, 749 70BE_HNOERELT, UTFOR

5,
dec ds dc d? ¢
€ + +eV —eD =
dt dt d x d x?

ST, e RERE, VRERTOKNZKOMBEE DRERERTH S, Fic
BRAKFOREORE, sHBGKTORBOBRETH S,
:@Eﬁ¢®&ﬁ%§ﬁ,ﬁ%ﬁ%ﬁﬁ%ﬁﬁ?%:&mi@.&@&5&%&?5
ENHETH S,
s = p-kd-c
SO D, TRATVARRUTOLS KERT 5 ENTE B,
pkd dc dc - d? ¢

(1+ ) + Vv — D = 0
£ dt d x dx?®

ZCT, HERROSENILEE,

ek d
Rf=1+
£

LECE, ERXmmiLanT,

dc dec d? ¢
Rf — +V — D = 0
dt d x dx?

EHsb, CORRBFBRIE, —BEEEFREEIFHENE, T4, CORRBHHP
DEITHTROFENERICNEL, BRELIIBREBTIERICL 3BRERTICL
NTHREACBETESLIINERD, RAOLI S SCHBLEhs,

dec d? ¢

— D = 0
dt d x?®

Rf
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@ =FrEBiyrzREER

MOO( T v—7220—32FT )OHMEORER, RECIIBEITIEELIERE
FTHERD, S3HVEREOBREZENRET A0 THBTLIEABNELTITDR S,
KI - IRV HFA T BREHPEBTIZHA0HTRROERERT. #5450
BEOAAEREEZRLTIVAEEIE O T, BBREKLZI2ITORBENZOREDE
BRIDBRVEVS ZEERLTHE, RENK, BEM~ORAKHT2EEHHH
COMBOLDOBAE( AT L6 NicXk3eL, BEVOYURMKEELURELE S TRV
BE(ES 1 OKE JAEETS. F+=270Fa% 100,000 L LTZOMORBE
OHRLEDETLELROUB " HAALZAELLERL VI L)DETH S,

WH/ MALOZREN 1 OEBBIE>VWTR, EFHUEEEH L SORBEER X &
BRY)TELTHET S, L&A Pe-23) TR, BRBREFHMECESICLE~NRA
Thd 0L0MBFIKULAIL S,

PEdho, BEMFOEEBBTORBRANEFIEEFVOEIFRROBIKTIEDHON
%o _

HBIKXY, EHEHMEPORBIOHBRBRRENEL, 20IMS, REBO
BEMCSTTHEHEHLAYD - BRERBETEIREL 2N LACOKE Y S
%o

THARBELIVEBEICEL TR, BEHRBOOCOOBHHEII, sh~OKiiaE
FERT 50 TELTRET 5. BEHANOREDY 5 » 7 213, BEHO
BRRCBEH BT 5 EAOUNE~OBHIEDRE B,

QIEBTFALEBRFERNCHLT, EBKERENETHETS s u8EKE, REY
DILBRBETH S, BEMDP T, BEONFHAEN B 27D, FYHHEEHEE( De )
CRBUOEBMBE( Da )OI, ROLIZEBANKILTSEL TS,

De = Da (1 + Kdp(1-€)/¢e)

SCT, KRSERE, o REBOETFE, cRFEEBERT, T4bb, BEEERS
LTHREBRFLEHZREL, REJOEBRBECEERBERLLZ L EREDED
HBRREEEELTVS, CORLD, RBTOLBRENNES S ZEROAENEE S
BA&CE, RBUORBBRRIINENMETERILIBV vV —~DHERFBERE Ny F
ABOLOBONINERBOELEBVTCHBI A LNTE S,

Lict-T, BRBRBEFAVERBLEBAIK, KRTHET ~SHI,
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#3—-1 Diffusion data,
outflows to the far field for some important nuclides

penetration times and maximum relative

Column 1 2 3 4 5 6 7 8 9
Canister penetration

at 105 years

Huclide D xlC)12 tl/Z " r'0.0S t0.05/t1/2 max Nzur'/N; _1_05 N?_/Ng max Nzutf};:

o /s years , years . t1/2 for Da max

129, 9 1.6x107 53 0 1 0 1 1

Pre 53 2.1x10° 9 0 1 0.5 1 1

137¢s 1-8 30 60-480 2-16 9x10"6-1x10%  >100 0 0

1354 1-8 3x10® 60-480 0 1 o 1 1

90g; 2-25 29 19-240 0.7-8.5 2x10"%-5x10"% 5100 0 o

226g.% 2-25 1.6x10° 19-240 0 1 63 0 0

2290y 5-9x107>  7.3x10° 56-100x10° 7.7-14 2x10™-3x10"% 13.6 8x10™>  2x1078

231p, 1 3.3x10% 478 0 1 2.8 0.14 0.14

234

235 1 478 o . 1 0 1 1

236,

238

7% 0.2-0.4  2.1x10% 1.2-2.4x10° o 1 o 1 1

23%p, 7-30x10">  2.4x10% 16-69x10° 0.7-2.9 5x1073-5x1072 4.2 0.055 3x107>

240p,, 7-30x10"3  6.6x10° 16-69x10° 2.4-10.5 7x1073-7x10"3 15,1 3x107°  2x1077

241 4-14x1077 433 32-120x10°  68-260 0 >100 0 0

243 4-14x10"%  7.9x10° 32-120x10° 4.3-16.2 8x107%-1x1073 135 9xi0™>  ox107%

N:®
Ni®
Nt
Niout

to.os

Da

.

B ILoBUBLAEEIRELLEBSGOBHLSOBEOR T

BRIICE»SC BB UL ERELABCORBIASORBORH

BEtDPOBHMULALEEELLBAOBBOLSORBORKE

BEHOCRMT ZREORN

REBTOWEFRY
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+ AOBEC,
© REUOMmEBERK
v AEREK
THd, ABRRO-PERI-2KERT.
BL, ZEHLLTY I+ 2RI 2ESG, TORAR-ROFARBEE LI
ETFTORTRENESEY
© ZERBFERIRDAZID,
- ZEROXRBREBEFEHT T B,
© ERPOKO—BiId, BEMERELLERNBECEAL TV,
Z0k®, BRBREFHIEGHIORBEBTEERT LTV ELTORFRERS

EKELTLR0ENEO2VTHR, BREOKBLEE S,

53.—2 Measured diffusivities and distribution coefficients

14 g} 10 ¢
x10 Ky Davx'lO Dpay*10

Element logt;*) Time (p,), x0' (p)

¢ ofrs " mbis nike nfss nss
Sr -1 50 180 1200 2.9 100 670
Cs -10 53 140 200 1.4 39 57
Th -14 64 0.46 0.85 26 0.5  <1.0
Pa -13 % 257 260 5.0 255 260
U -8 62 58 82 0.093 1.1 1.5
ub) -8 54 19 )
ue) -8 62 57 94
yd) -8 63 20 38
uel -8 53 4.5 - N
Np -9 69 22 a7 0.12 0.52 - 0.88
Pu -9 53 0.69 3.0 3.5 0.48 2.1
Am -9 7 0.40 1.4 6.6 10,53 1.8

a)Nurnber‘ of moles initially added
b)goo mg/1 HCO‘; in aqueous phase
€10 mg/1 humic acid in the aqueous phase
D18 Fey(Po,1,(s) in the clay
e)O.S% Fe(s)in the clay

Preliminary values .
For total nuclide concentrations of <10™%M
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3.2 ZomoEeFan
RXOBERFEFVEELLIDOLLTRREENTVEEFADOELH, EEF MK
BISEENRNT -5, AWM, RUEFAVILCBLTOBREZHUTIRE &1,
3.2.1 BEBREEHREFHLLET N
FYTIaTHERKX, 7oA v e RIERER, /130X, REEEFBRICES
CEFHOBEELTRE ED L,

() 57 1a7THERKARTE 74 v F Y v £ BSEs

e

its

® 71 THSERR
FY7IaTHORERE, REFTFOHREFEORBMLE —BRUENLTELTFES
BHRITB2LOISBERTFERFERCESVTCEINS, COHBTR, BAREKIEZ—
EBOREYA FRBY, —DOH 4 PR —DOHFHRBEEZNZELT, £2TOH
A PRBRERTFREL-THDONALKOREFESLBANRERSy THBEEL TS,
(S+)=1(S) + (S}

(s BURESE

)

(S) : ZEH4 +OFE

(8] : HFYA+OBE (REHEOHEBAE)
BEEANE 1 &ThiE, BHBERKRRTEAON S,

Ky (5] [C]

(S]] =
1+K. (C]

Ki @ BRERIGOFEHERK
@ 7v4riry o eRERA
Y AaTETRREYA FORARA-RETHIZ0KHL, 74Py vk

BT 44 FicMaxwell-Boltzmann 5’4’7"@55‘2‘5%&%1./‘(0‘%:, LoBEDORE I,
KARDOEIIZ, 12°0ES A PEHLBEHORFEEOI/n BIEEBRHUCKBT L E
ABIENTE 5, |

S+1/n(C) = 5
BEBOLL~Y M P FBPEEFEETZLLT, DEHNZEEZBELIVIEETRE, &
YA I'WORFRBZEHE L1 L35 E0TE2, COEE, HEEHN, S, EHEEBEL
LTRABE SN S,

S=Ks (C] '/

Kr : BRERGOEHER
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ChoBRFLEERNICLEZEFNMTI,

1) RESAALEBEEREY A POBHNX

2) REHLEGREEEOMOBENERES

3) BFA A VEUAOKBRS EEHORE
EEBLTOROEYD, BROBEHOREY A P PREBLELRERS LN TEN
Ve DEZB LA vEREF NV, 51IXDE3) 2EEBULALERTERABRES L IZ
DOTRBHAKE &,
@ A4FxrRB|EFN

:nm&%énkﬂﬁﬁéiﬁﬂ4k@%ﬁﬂi%%%bt%?»fééoK*4i

vENa* A3 %2PELIEUTORLEEL 5,

Na* + S=K* +Nas
XS, NaS : EBEHEECERZEINAZK' 43 YRCENa* 44>
HEEHORALS, RA%XE S,
(K*) (Nas)

K =
(Na* ] [(KS]

ELDEFATE, 44 vRBBERETHAZ LD, BHEENZELLTSEHEO
B (ERICIRER) HE—ET53 0S5 RENEHTE 3884 RT3, = O
EE, RROKIK,

(K*) {KS)
e — — K [P
(Na*] (Na$s§]

EEHEREBILE TR, BHOTHMAL Y EBETHRAF YOBRIEREIC—FE &3,

®) EEEABRET
COEFNE, METTOEF VAR EOMBMARICETILBA - L NREEE
CHREINTH D, NABRENSOHRE LT ARATRESE LTV 3,
SOEFATIR, KEERTIEMETBCALETZXOHERE YA F & LTH-T
"3 (EL, XBSi, Fe, Ti, Al, Mn%, BERECH3EHNEFEEL
THW3) o ¥, CORBREOKMER, B/HE (k) oBlEEs, BEE
DUTA+ v EBEERBRT ARETFLZION3, BHEECEC3BTRERD,

23



BFEXEEE, RURERGBOEHERIE, Th¥fhkokI>E5ions, (REE

ELT, TITIH2EDAF A YERE LI, )

BFiEsERIER XOH+Hs * =X0OH., *
(XOH. * )
Ka; =
[XOHEJ [H+]s
BFEERI XOH=X0- 4+ Hs*
(X0~ ) (H*) &
Kaz =
[XO0OH)
W 3% I % : XOH+Ms 2*= (X0- —M?2*) * + Hs *
( (X0~ —=M=2*')* ) (H*),
*KM=
(XOH] [(M?**]
T, [ . BEAOA A4 rOFER

Js ¢ BUAROCER_EEARNKSZA4 YOER

—

?ﬁﬂﬁ‘?@'&%ﬁﬁ?_&—EQ@KMNTE@&%‘IME&FE&@ELWL WA & v & B
ETAEMOMEOBERT Yy APREETIIETH 3, COHER, hEsF7 v
YenDOREELT, BRIPOBRBCH LEAEFTCOBBERRADOLIUHELE L
5o

(A%]1 s =(A*]) sqexp( —ZF¢/RT)

(A% ] . T BECEBRHICHFAAT 414 yDiER
(A% ) aa : BHWPBPOA? 414+ OFR
. A ADOHEE
TrIF—EH
BEETF Y S L
SAREH
B EE

H e TN

EAEEOLSLHEOBRBREI VTR, ThilkE TS 3 X oBRNERNS R
ENTWREVRYD, BEEEZ 1 ET2EUNTLOTVS,

REHERLEF VICR, EFEREFVEZBRE =S VRS 5, BURELTUTT
ik, Na*, Cl1-, SO, - RUBREAA Y LTCAdOBRRATR B IRER
BERYD Lif 3,

O FEBEFLD OO

EHEAEEERAICRLEDOERI - 2KRT, COEFATR, H*, OH" &
BCAd2 2o BEHCEET 544 YRERCRLEC oBICHEEL, B o & K7
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i }
| I
X—0-He |
X0 | = Kq,
SCHEMATIC OF X=0-Ha" | «— g, -
CONSTAN
SURFACE SPECIES X =0 - Ho { - CORRESPONB?NG
X—-0-Cd" | ~—"Kgy, TO SURFACE
x-ro.l | . SPECIES
x——o'Cid | ¢ "Kce
| ‘0" PLANE AT POTENTIAL @y AND
SCHEMATIC *~ § | } CHARGE oy
OF CHARGE- i ] ‘d" PLANE QR OUTER HELMHOLTZ
POTENTIAL S S Q—i PLANE (QH)
RELATIONSHIPS =2 Yy |
= A :
o i ]

g : S—— g
@ l—-t——DIFrUS: LAYESR OF COUNTER IONS

DISTANCE FROM SURFACE (x) —>-

B3 — 2 Schematic representation of surface species and surface charge-
potential relationship for the constant capacitance layer model,
Brackets in the “0” plane indicate deprotonated surface sites
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Vielhge FBZIE, BEXRBWNa, Cl1-, SO, * REFELET, B
R EEAORRBCEET 2L %1 %, BR - BBNOREER o EBEXF v v
N OEBERUETOL3 CHREN, |

eg=C' ¢,
C': BK_HEOEKRHEE
BRADNTCOMKISBERUVBERGOFHEERRZIOWEALTOLS K3,
XOH+Hs * =XOH, *
(XOH: *}

Ka:= GXP(ﬂgb)
[(XOH: ) 1H+ f

XOH=XO0" +Hs *

(X0~ ) {H* }
Ka, = exp(— A ¢ )
(XOH]

XOH+Cd « *= (X0~ —Cd ?*) * +Hs *

(X0~ —~Cd 2*) {H" }

*Kegr =

(XOH) {Cd 2}
(XOH),+Cd . **= ((X0~), —Cd*) ° +2H. "
((XO0-), —Cd2} {H" }?

*Keaz = exp{— A ¢ )
( (XOH). ) {Cd?}

EL, A=F/RT
| b R BRPOERERT.

ZFHEREEYA VEEZIKMEFEINTVEAL YEOWENELIS, KEXEB S,
Ns Sa Cs /N, =[XOH]+[XO'J+[XOH2‘]

+ (X0~ —Cd ?**) +2 { (X0~ ).—Cd *%)

Na : THEEFo

S, : HEiEoOkEmH (n2g)

Cs D BERRBE (g /L)

Ns : FMWEY 4 FEE (number of sites /n?)

TRERATMTCOBRBENIN &, RAER B,
C'" ¢ 84 Cs /F =(X0H:2*])]—-(X0"])]+4+ (X0~ —Cd ?*]
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#3—4a Clay minerals (Both from barren rocks and from uraniferous rocks)

Formation Number of Samples Included
Member In This Report
Bed/Unit Age Barren Ore Zone
Mancos Cretaceous & -
Dakoka = '~ Cretaceous g -~
Morrison
Brushy Basin L. Jurassic
Jackpile 3s, 6 .30
Shales ) 18 ——
Poison Canyon Ss. 22 12,
Westwater Canyon Ss. L. Jurassic 24 40
Recapture Shale L. Jurassic 9 —

#3—4b Additional clay mineral information

Avg. Range in Abundance of Clay

. Clay Minerals - Minerals

Unit %) in Rock Kaol. Chlor. TIl1l. HMort, I1l.-Mont.
Barren

Mancos ~ 90 0-5 <5 10-20 <20 50~70
Dakota—bentonite ~70 2-40 <2 <10 20--30 16-20.

—-sandstone ~ 25 72-95 - <10 <}l0 <15

Jackpile 2-5 40~95 <15 5-15 1lo0-20 6~-10
Brushy Basin Sh.  70-95 <20 <20 <15 80-90 20~30
Poison Canyon ¢.5-3 25-85 < 5 1g-20 <10 30-50
Westwater Canyon 1-20 10-70 <10 <20 <15 30-60
Recaptuze _ 80-100 0-25 < 5 5-20 10-30 40-100
Ore Zone : L -, .
Jackpile <20 >50 <30 20-40 <20 10-40
Poison Canyon <10 >50 <20 10-40
Westwater Canyon <25 20-80 10-50 10-20 15 19-50

- Note: The clay content of the rocks studied are extremely variable
(2} as are the abundances of clay minerals in the barren and ore zone
samples (1, 2, 4). Abbreviations: Kaol. = kaolinite; Chlor., =
chlorite; I11. = illite; Mont. = montmorillomite; Ill.-Mont, = mixed-
layer montmorillonite.
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# 3 — 5 Rare earth element data from barren rocks (data in ppm )

A. B. C.. D.

£2u REE WR REE R RK

Maacos Shale 58 - 147 75 - 110 0.3 ~ 1.5 1.22
Dakota Formation 307 - 502 13 - 413 1.2 - 34.4 14.3
Jackpile Sandstone 266 ~ 3100 91 - 1500 2.1 - 3.3 2.78
* Poison Canyon 23 - 498 48 - 186 . 0.3~ 3.8 2.89
Brushy Basin 50 - 238 41.- 536 0.3 - 3.0 1.74
Westwater Canyon a} 82 - 409 44 - 388 L.1- 3.8 Z.Dlﬁ
b) I0L - 548 47 - 255 1.0~ 5.5 . 2.28

¢) 55 - 138 55 - 106 0.9 - 1.3 1.06

Recapture Shale 63 ~ 1547 75 - 110 0.3 - 1.5 1.22

Mote: Barren rocks refers to those with low uranitm contents (i.e., less than
100 ppm). Column A = range in tetal REE for the <2¥; Column B = range in
total REE for whole vocks; Column C = ramges in the average < 21 REE/WR REE for
each rock unit; Columa D = mean (Rx) for the ranges shown in Column C. a) =
Ambrosia Lake distriet; b) = San Miteo area; €} = area north of Ambrosia Lake,
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B3 —13 Elemental profiles from Loch Lomond
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B®HElLT,

@O wZEEIrenohilisation®@F —y HRE SR,
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@ DMBEBEOF—FEAFTo 774 NERHFBERTLAEIHUE,

8, SRORELLTHRAOAN LD REBICECKEZERO L RERFOHAES %

BFTWHa,

%3 -6 Sorption/desorption data

4} Nuclide Expre” Eh [ ] x L >
{inpue aqueousr cone g/=l)  (mVv} (zaep)  {ileosocpl sorp desarp
{ml/al  (wifg)

1, I s6a [ I 1.1 I7]
(L.0x1077) F 451 5 & a3 1.5
H s10 ] 4.5 3.3 7.1
4 607 4 1.8 2.z 5.1
139

(3 1 513 g I3 a0 1900
(1.821077) 2 74 6 I3 1109 2100
] 608 . 4.5 9.1 12
4 507 ] 4.5 2.5 It
) 1 545 I3 4 110 729
(9.5x10-8) 2 426 6 . & 190 1000
] &7 4 EX] 6.6 7.3
P Ga6 4 4.5 6.5 7.7
' 1 379 ] s <z <
t1,2x10713) 2 425 § & <1 <!
¥ 82 E ] 4.5 z.8 s.0
) 578 4 4.3 EX) 5.7

218 .
. g 1 737 4.5 4.3 1.0 5.2
te.axre~tT) z 764 4.3 1.3 .1 <2
2 670 ) 4 I.6 7.9
P ¢53 7 1.8 6.1

* axpt I = LLt/alr I = Lenfair # moan value, varieeion beewasn
2= r.r.l:.ﬂr: § = ELN/N, duplicates generally + 103
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F* A4 —1 Data for central calculation case

Water flow at a depth of 500 m Uo 10"4 m3/(m% year)

Flow porosity € 10-4

Fracture frequency, water- -1

bearing fractures 1/s 0.2 m

Porosity of matrix €p 0.002

Effective diffusivity for

dissolved substances (all ' . 14 2

nuclides) D ¢ 5 x 10 m/s
PP

Peclet's number (gives disper-

sion coefficent) : Pec 2

Distance for nuclide migration

in rock Z0 100 m

#F4—2 Distribution coefficient for radionuclides in granitic bedrock-
groundwater system

Distribution coefficient, m3/kg
Element Values used Best estimate

Co 0.2

Ni 0.2

Sr 0.0042
ir 4

Nb
Tc
I

Cs

.05 (0.0002)

.05
Lanthanides
Ra

Th

Pa

U

¥p

Pu

Am

13b

23
(0.01) >13% (0.06)°¢
(0.01) >13° (0.03)
(3) 6 (4.3)

6

L v L b i © 1 O ©C O &

49



4.1.2 Project Gewahr TOEFAEANIT 2 — 4 2)
n =2F¥roBE

HHMBEEORTKTOBTIR, S OWEY, LENEBCYBEAS A, BRL
EERBESHAEREBG LAY, BAKERC SO TRERT 3, cOX 573
7R RBTORAR, ZROBEPELED X # =X s+ ACEBESATOROOTR
AEETH D, Fh, (/7olBTREATITFRERIEAREBTEEL, LohLds, Sk
O, FIPHMHbDE LT, REV(representative elementary volume) CH#i#:-Sif
BNRNTVH, COREV HBBEPEREOFTHNNIOAERB I I DT HASE
POTRPREB LBV, BHAMELROBIERID S FANILbOTHRTRE
WS, REVHERENZEBERbLB, £—5 A WEKE LTMOES & 5 228
MIEHNBEESBETE, REV OBRANOEMAFLIOAE EABERD 3,

TRER, A+54 PORANEPEROBERLE ST, B3R TTFS5A P22
FALOENBOEY OERFERR O KOBANEET MBIV EZoNE, &
$54LOBNER, BOBWROLDELTEFAMLEATED, TT54 b /7=
54 BRI, WHRERBRE LTEF AL ST B, |

AEIFAMTH, TFAELEBORERELTHD (), COBOERER,

eeff=nmR?

NIBRERS O OBOR TS S,

$h. WANERANEORET 3 RIEH1 TR, ShEOREE 2T 5,

geff=nb
Thb. 0 HERRIYUADOHNOKTS 5,

BRECHK BRI, BTAORIA—DOAEHNEFENLN, “OEALED
HREBEPBREOYEN AR ( RTHOAK (. ) RUBSFAOHEK (ar NREET
Bo Fl, WAHBMTREMCLZBAOGERTILENS 5, RNDBIHA S VB
KEOTR, BERSFTHLZEEIRLTOARVWISITH S,

@ =FroBRERI

BEOBTUESMIYRNX MBI LEEERTORREIVERETATHL S, X
DHBEITR—KIEELL, BREABRCLIIBBOBTAXENLLIOLELTVE, T1t,
BERCXZBEHNEPERIOBHIREODVTLIZER SN TV S, KOBTERN LR
DEFAEENLSDOTH 2 BE ( FOWRE L RUTHFRAN ), HRIC K 5KHE

50 .



@@ﬁﬁ%ﬁ@ﬁ%c;aéonkﬁfmémtw,m%m¢5§ﬁm$®$ﬁﬁ%&
EASHOAZRETHETATHE S LE LT S,

Brooihd, FELEEIhI2EEOBITERI,

® NBEKB--KL—RAFHOBH

@ BNECEELHANOLRICE 5B

THD, BERZAZHUTORTREBEIL T 2,

QoREHLT
. - i i
3 R i 3<Cs acs 2 3C,
= lteff C¢ + 8SF) = sopp{Df VE— = eplp —
q i -1 -1
- A leaff Ce + 3Se)+ dy.) (eeff Cp + aSf )
(4-3)
QORIH LT
i
a[ ¢} & (1-eg) o) la( >
—epbp T teplo p] TepDp——Ar -
3t P ar
i i i-1 i-1
Kep Cp+ (ogd oSy |* 2icy [ep Cp + (1oep) 087 |, 1ag ey
| (4-4

LITEREhORLSIA,

Cet : FHNETOBREBRE
C."': ZRPOEEBRE

S:': HNAREOKEEE
S, EEROMMNNBETONERE

b : BN EOLEZREH

D¢ : HAESHEORKNENDKER
Ve @ EHOABOHOKOHE

e,  EBROFHERE

D, : BHEVOEEREKR

R D BREBITEOXEE

i 1 HBE¥

e 1 BAOEE

51



TH 5,

CO-~RAKLBELUR, 2UKTHORETEAFMEREE5ITLh330THY,
EFNCHARRCFOTHEIBIETHIHEEDTH 5,
@ =FLICERENEAS -4

AEETR, BOFBET VEERIOL TV ARIBLEALDONS A —s0BMRTIRCR
LENTHEST, BEHUELD, B30VRIA PRI T 49 2 THNIONRE N, £
O, MHGEOELFMTR, RFIVWLELERATIEAKLES, LoL, AL
NG =~ CRDPEOTRERCEL LNV ETH S, EBHRFT -7 RREBELT
WAEREAK, BENRTNEEEAFEI CLUELTFH IV CHBATBT 2 a2t s
ST (LD, TORDOHTHECOIEELTLD) , THERTLHEND 3,
EL-JRURBRL AR ZREZNUBEICRELEV /ST 2 -5 EHBICKET 585 #
=4 %RT. RPFCRBIZDOF - HPRENTE2H0O0E 30, EBRICHEEHTE(
BRHUETHLI2NRTEICH2) 2 HAKKTHLEERT,

o2



# 4 — 3 JNuclide-independent parameters for geosphere transport

Tube frequency n 1 m2, 9 m2
Fissure frequency R 10 m-1

Tube radius R 5.10~3 m, 5-10-% m
Fissure aperture b 10-4 m
Specific discharge in the kakirite/

dyke zone 1,5-10-11 m/s
Average specific discharge in the ‘
middie crystalline qn 1.2-10-13 m/s
Average specific discharge in the

upper crystalline qq ' 2-10-9 m/s
Dispersion length ap .o 56 m, 250 m
Rock density of the kakirite zone 2616 kg/m3
Matrix porosity ¢ p (Kakirite) 3.3-10-2

Matrix diffusion constant Dp
for the kakirite zone 1.
1

-10-10 R2/s
1

5
5.10-11 m2/s

Extent of altered zones

. Fissures (D) 10-3 m

. Kakirite zone (D-2) 1.0m, 0,5 m

Migration distance 1 500 m, 1700 m
(see text)

The base case parameters are in bold type
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#4—4 Equilibrium distribution coefficients K 4 (m2/kg) for
hydrothermally altered granite

Element Kq (m3/kg)
realistic conservative

Ac 5 0.25

Am 5 0.5

Cs 0.03* 0.006*

Cm 5 0.5

I 0.001 0

Pb 1 0

Mo 0.005 0

Np 1 0.1

Pd 0.01 0

Pu 5 0.5

Pa 1 -0.01

Ra 1 0.05

Rn 0 0

Sm 2.5 0.25

Se 0.005 0

Tc 0.25 0.005

Th 1 0.01"

Sn 0.05 0

] 1 0.05

ir 5 0.1

* For concentration of 10~4 moles/1 (different to NTB 84-40
where the data is for 108 moles/1).
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B 4—2 Schematic view of tracer injection

@ Injection holes @ Sampling holes

B4 —3 Schematic view of the 2-D test site
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Injection holes

B4 -4 Location of injection and some collecting holes
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CONSTANT PRESBURE VALYE

FOR WATER FLOW REGQULATION
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In situ Migration Test in a Borehole
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WNEEMEFEAERE LTRED CERBEMTREY, HNETHIAZ SRS
Ry /i, 2AELENETRACE AN OTHEL, EVCERLTS D, A
BbRARCEEREETEF + YAAVBELRER LTV bDEEZZ5N0E, LN
ST, ERFORTKORNRFE—THY, BHRHTEMEELERBELRL TS
LBbhE (H4-17) .

@ HANEXNERVORE

%nﬁmﬁﬁm¢®ﬁﬁ%&towru,%ﬁmmmwﬁﬁaﬁgﬁbfmibxg
HETHY, RENBERT~ORRENHNT ZCERBOEORENH B9, BL4
HHEELHES, RCHABAI—F 4 v I LTOEEWMEREE L, BNSEYE &
LTIk, v5=2Y5LCU~EDTAXROTORRZROKE, BnELra—5
4 YT UTOBEMEBRE T AAMEEERT 2L, BEARRIS LS, ANE
=S4 VI LTV ERPOFIRAESC RTINS (R4—558) , cARBHL
TOBRTANSERBERE~OKBOBIT (v 1V v 2 2B BARTHS - EER
LT 3,

Th, A—BBRERTHBLAES, WhBEI -5V LEBBOETREIEE
RIE~FEFLAELEEZ LS (H4-828K) . 2hid, AhBHoERIIZ. KED
BACESELIEO M8 EROMUSFERIOEBMIEENEIEERLTV S, K
A-8OERBR THE ERE TBIT) TROBITHY, WRERIL (BT 2R
KOAHET2I-0TH B,
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B ZBEORE

ASLEZOMBOBREELELNERRCEREL, LoRALOERIIND - TWH
POLEREORKEEMA L s, RREBROEAISBEEEIR TS, 230~ 280
SECEATTRIERBEIEEQCNNEEI, F7 300~ NKETL~T0% IR
T35, RAELTR, EARLZFTHEROED, BUhEBOEMEENEZI OLNT

Nd,

Channels with

Areas with stagnant mobile water

- water. Access by
diffusion only

Fracture surfaces
in contact with
each other

B4 —7 Concept of water flow within a fracture



Bl4-3

Fe ——= gronite

X ===« gng{ss

¥ = flssura coating

. granite, Brodbury et al 5)

°g
|

Moo matn g
1 LMY

- . It [}
in -3 -2

log porgaity (leaching mathod)

by the leaching method

-1

Effective diffusivities versus p0r031tles determined

#F 4 — 5 Determined effective diffusivities of Iod1de Uranine
and Cr-EDTA
Effective diffusivity, 0,.10"14 nl/s
lodide Yranine Cr-EDTA
Fissure coating 0.2 - 6000 (14} 0.7 - 4000 (10} 0.6 -~ 50 {3)
materigl
Granites 4 - 66 (38) 0.2 -7 {7) 0.6 - 5 (6)
Greisses 1-3 (9) 0.3-8 (7} 0.6-3 (4)
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BREBRTCAT I8 RYOREBE PO TOMARDEVE(A L, ZOEMHELT, A
BUEORBI BB T LDCARLOLOOBWANRETHS 2 &N —HEL > T
3. —HBIC, ITBPOFEYHET I/ E, KEBE, A rFFrEErOHERENRTEY,
FIVEBPINVEBOIINFERBLEIUTEETLZLNEZD, TEOBRIC L X 54,
FRYURH1I~3%LBRCEFINTED, 7IVYBPIAEBEng/I10F -5 —CF
BT 2. 8k, FRVBEEROAKRST, BERTKIFNTHZOEERERILTY
57,

REZENEFRYCEULLEFEBRLTLES &, RANY TTCOWEFMEANKRE L
BLTHLEEIAGNTVE, £, 2{ BITOBEEZRI X vbIFTRAL, #HEKEH
PREJAERTALDEEZLOEEDRIIR/TE 5. HE, HEDOFEESBREBITICL
ORECEERREIITHIHITIHENTLOABDALELIATHD, TITE, BB
HEOSbOBHOREehLIKFT LD 3,

O 7IvBREF7AMEBOEE
TIVREEYE, B-TAAVOBERELIORBFCRIBEEET SN, BTK
BEPTEETIOEROF OO, 73 vyB( 7AAVIKEE IP7TARBE( Bica

BITH5B,
oH

Q

!
OH

S B
@ @ - @ e
l

B 4—9 Formation of humic acids
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T e AR T ) BN ST I VREERT ARERBEIE, TAs ) BEAKT
HEELTZ2I$/ YU NOFERERLTVE 'Y, 2014/ YREOK
RELT, RERI7IVBARI~—%2BRIZ(H4-9 ), 73 VEDPIAEBOE
g, FHKEEERTO LD TRITVE, DASFRCCIII2BERRBRBEXN
TVE, 7IVEPINEBODTFRIER, DAVAUERENS S, 2051, Wk
PHBOFERTHY, T KBRESTHE, 7VFBR7 I VBEBRNTHFER D
SR, PTFHTORKBREPAINVEF P LEOEENAE L, EEENL, 30KERC
523BE(RB4-10), #AoLR, FIXAHEEBAIF VEORBKASHEELRIT
To 7IVEBIP I NVFRRBEOA A YE L —FRAEL, 205 RUBBROHEKSE
ERd %,

X:0,8,NH,c{0)0
- \ A Y=0,S,NH

Z = OH,SH,NH, ,atkyl/aryl

B 4—10 Schematic segmental structure of humic and fulvic acids

@ 7IvBPYPIARBEORE

B4 -0 2BERDO7 I VBLEEORNIR, TELbAFEOBEA AR —K
BTy, BR7IVRBREGRA A VEORBTRAH—ER( BREEHCS T 2 KI5 )
BERIBE, 7IYBRP7LVEBLEEBELIORER, FL— 1REFITELSRIBTH5 &
EZOoNn3(R4-11),

B4 ~11 Complex formation by chelation

Fh, KRALABEAZT Y E 7 VBBV ERIALEBIO~AF o BF OB TR,
KFEEESCIARIEBDECIDHIBZ, CORIBIE, HA4-120 K Rr3INBYRBZOBS
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KBRohsto 1,

n+
— ==Y H-OH M (H;0) T

N\

XH XH

Bl4 —12 Interaction between hydrated ion and humic/fulvic acids
by hydrogen bonding
b D —DORIGDAJEEWE I, §—13KRENDLHE, "R ryBEFEEEAA
YORBTHY, wOEEOERRETS 5,

O
+

//’0
N C/ +M 2+ + Hzo ﬁ/c + H
\ — \
\r o OM(OH)

B4 —13 Reaction of metal ion with isolated carboxylic acid group

HALOBEOTHCAERER LV OEFBAZA TV, LEBEREEINT
NN, CORBEHERPEEEERERALTAVIATL S, THPE, 7
IVBPINEBOBRLY 4 P ABKOBEFET ALY, $RLIEEFOLIES
BHETHEL, BHEBVAVARBEALZTRENSZ L0 EH, BAOEHT
%5,
TIVBENTAESBOEAR, #F4 v/ RV kv - tORBEBREIC,
ERHOELBERYBEVSRELHE'D, TUbLL, 7I VB OLBORAR,
pHEEMATRL, ¢B/ BUEFUMBITH L dRERERBEML, L7 v
BOT =4 YEOEHOMM( pHOMM )& & bERERRIBNT 5. B4 4 >
REFHEHF 2L EDLE, 73 vBP 7 A ARERB— G L Tl B OB EEER
T3, TOK, EHEKI, 2.56.5 0UMIcs 5, tk, BT vBR~ONELE
BA4 ORFESLp HOMME & bicEmMT 59 19
AFCRETON—RIELEREORY—RHK20T, MELELEH A,
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@ B—-—KIb
BREEZEEEI 7 I VBP 72 EBEORIER, ¢RAF VL VOBMRFOK( § )
CHERER(log F ITHESUONE, LWL, LWPTIFF4 ViIERO jCHL
ENENOERERMNEEEI NS,
©® FPEELORRK |
CsoBd, COpHEHRTHlog BIIIEBTTHB, Sr, Co, N2 T, BT
RIBEYPTHB., ( PH 2/ j/log BDIE )
St/ 73 vE: 4570.0570.7573.3. 7.00.1 /0.8273.4
Co/7 %I vB: 4570.0571.0 /5.2, 6.5/0.1 /1.0 /6.0
Co/ 738 : 3.5,0.1 /1.0 /2.5, 2.00.1 /1.0 3.9
Ni/ 7

L

“®: 5 /S — /1.1 /3.6,
Ni/ 7K 3.570.1 /1.0 /3.3, 5 01 /1.0 /4.2

EEOF -4 LD, Co, St, NIRpHA 4L LOBEP TR 7 I vEBLP7AVEBRER
BLTHAREOHEERRLPT VI ERbIE, T/, log BORMDSHET 3 &,
Coldp HEEHDPBORSITHBO I EPBEEINIY, /13 v BEALZECANINE
BHb, CHhoDEBLERYOREA3L, Coidl : I T7IvBOPI7LER&ER
EHRT B, SIRBEFRHLELARKURTHEEBET 3, chid, SrizEsE
BLPTOTLrA 0L HEEETHIDICHL, (RMUBERTFELIBITERSLRTEHD,
ZOEENVBRERICBEET 21D TH B,
@ BuRUTIFF4FEDORIER

3MDEuE 7 3 VBRI L EREDORLSE, 4 — §iomT o,

#Z4— 6 Interaction between Eu®* and humic (HA)/fulvic(FA) acids

Ligand pH u | - log B

HA 4.508 o0.1b 1.00/2.00 7.8/10.7
HA(III)} 4.472 0.05 0.9% % 0.08 6.15 = 0.15
BA(L) 4.483 0,05 1.04 = 0.16 6.20 * 0.23
HA(L) 4.482 0.1¢ 0.93 * 0.I4 5.88 % 0.17
FA 4.502 0.1 1.00/2.00 6.9/11.0
FA 3.2 '0.3¢€ 1.00 6.9

2 acetate buffer

b 4 adjusted by RCl
€ p adjusted by NaCl
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M&7S7$$7»£$®$ﬁmﬁm®ﬁmﬁﬁm,w®ﬁﬁﬁﬁ&b%l~2ﬁk%
We Bud 7 KB EDEEKER KO TR, ATOoERMXHEENRTNE 'S
- Buid, pH= 3.95~0.5 OMETHE, 7rE*BHIO2LULDOAIVESF L E S K
42,
- LEXDEYp HEETH, BM—DAhnEF NV EBELROHENRIENTDH 5,
cpH= 7.5~90.5 OEKRTR, FhO7 -/ - NVEOBRXIFEEILNE VB
ZEARF V- FERAIBEL S,

TIFFAVETIVBPILVNRBEORBRODVWTRF - RPROR, 47
KRTELIK, TEOERERIEFICAE, BRTH, LORBEIVTHHEFIEI2E
HEEL, BN/ 1FLR2/1E8-T 5,

A, BMOUEL7 I YBLP 7 AFBEORBICEH2p HEKEEAR 4 - 142K 4
~15KRT. M4 -14ER4 — 15, BERPTEEIERLREAEC LTORE R
BOHRKIVBEFREZEAT I LWIBEEZFAL TR OO LT -4 THY, RMEIIH
ﬁkbfwﬁmﬁ@%é.?Hb%ﬁﬁbt(é%é%ﬁbTW%oDH§4TM4M
DUNRCHBOU L OBELERERRT 2. F/, CORBRE, 2BEHOEEY 1
BEETLLYD, EREROBER2FOBEKAIBK LT 3,

# 4 — 17 lInteraction between actinides and humic/fulvic acids

M ligand pB B log 83 log 84
Th*+ BA 3.5 0.1 6.742

ThY4+ “HA 3.95/5.02 0.1 13.1/13.2 16.2/18.4
Th+ EA 4.01/5.00 0.1 9.8/10.8 13.5/15.1
vo3* HA 5 0.1 5.68°
oo3* HA 3.5-7 0.1 7.8° -
wozt Ha 4.04 0.1 5.11 8.94
pudt BA ~4 - 12.0 14.0
pub+ HA ~4 - 17.5 24
Pus+ HA | - 12.5 15
Am3+ HA - 6.5 6.4 10.6
Am3+ HA 4.5 0.1 7.3 11.0

a j=1;92 corresponding to an almost pure l:2 complex
b j=1.26 corresponding ca. 75% 1:1 complex and 25% 1:2 complex
. © only log Bj determined. No pE variation given
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% U(VI) dialyzed

100 |'
80 ¢
m(
60 -
[+3]
N
-r; 50 ¢+
40 t o
=
> 30+t
20 + R
10 ¢
1 1
O: 731 vE O:73 v
A7 ER AN TR
Q5= @ ;57 =g
B4 —14 Dialysis of an agueous B 4 —15 Dialysis of an aqueous
solution of H(V[) solution of U(IV)

ABEDOThZ7 S v BP 7 v KBEBRERHFEREBRL, 2OREMLERE Y I YBRO
BRETOHEMEEdickEs{Ls (£4-8) '7,

#24 — 8 Dissociation constants and formation constants of Th

PR E B log £, log B
0.25 11.14£0. 01 16.17% 0. 02
0. 43 12.03£0.02 17.29£0. 04
0.54 _ 13.18+0. 04 18. 43+ 0. 17
0.37 10.74x0.01 15,7910, 04
0. 39 10,94%0,02 16. 43+ 0, 06

i, Th& 7 I vEBOBBEIGAENBZ I &Ik, AMOThE7 32 vBEORIBI
B, BESEEEEDOY A LR L 4BERETI RO THS D
Th& Rk, Pud 7 3 YEEOHBEIKIOTH, HEZNICAERETREORABENE
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BT 5. £, EEQ#EFCJ:DPua)fﬁﬁiﬁﬁﬂ:‘é‘éC&ﬁfﬁﬁi{!éﬂfbl\éo TiEb b,
Puld BRI TRABELTEETSY, pHARILTTR 7 I YEYEICXIVER
EhT3@&ENs. LHL, BREBHEPTHE BL2OBILLREOPIDKNREILESFR
BEL B, LEAE, FEAREBEESATrpH23 1 S5, EXEBI STV, BK
MEHZEOE, BLNBEIOEAN, ZRTOHPHAGLE LTI, 4MOKREEHN
FBEENED, BELREISUE W, HOPuMBSEXREM~BIILINIEF vy i,
BiEhOp HERTRAE VLY, BEIOIINT 2/ —AELIVERBCRTEN
B, COEIEYHE(BREL IPFBBEICEEZECSNE, SWBOBOPuOEER, B
MTRE B3

T, b 7IVYREIDEMPS4BCBRENSGD, URBRLIHRILNY
@ AH—-RIH

EE 7 3 vBA~DCs, S1, CoODWNFRHET BT 7 RBPE A, pHOEREE DI
CsOMEwIHMT2ERRBOHONLT NS, —H, Cs, S1, Cok lENGART I ¥
BEN £ THERREN > &, STPCoREEALRESAN, (siRI0~50% L
fRETET, T, NiPTD7 I YE~DORER, pHOLR, £RA4ZYORBD, F
FEELTNET S vREEOMME & b K HEDEXBMT 52 0bRTVED
BEL7I VBORKETANEERIY, pHOMEK LS, pHARE~ 0 O®HET

i,
Cs :0.01~0.5
Sr :0.03~1.8
Co :0.04~0.7

OEAFEONS, CLTHEERRE, EMEl ePOREOBLEMBL g Z2& LM 1 nl
POBREOR IO (nl) ELTEHEINSE, —4, V5PV VL2073 VB~

FH( 7IVBRANESR (g) 6LV O&RAI4A VEER (g ])) B, ROFAHDAEA

EERT'Y
U:125.1(pHi =2.5) ~ 879.9(pH = 5.5)
Th: 69.8( pi = 1.5) ~ 389.7(pH =3.5)

COoBE&b, pHOMMKE - C&BONSRERENT S, g/, V75214t D7
P UBIEHTARSELHEEINTE L, ZONBHROAZ IS, BALSOER
W7 vBEERHITARELALTWARELH 52D , 7 vEBR, ERB/REBRER
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PUREKAPTOBHLCHBICNEFEL, ChE3BRLTOROIL R A EEDA
YRBRIBEDEZIONZD, L~ RIBEBEI > T 325 28 21 AREHO
WBRPpHECHLEBEHOKEREERT S
G HFRUOEET ZLBPOBERIT
BWFKKEBHABTR, VANAEUAS S — s ORBLTY, 20—, Fikh
TERULI-ERPEORB—REB( WERR )RG /X —RKib( ftkER )Th 2,
—BIC, DToRBLELNS,
CTIFFAVREOBUEREBTH-TD, 57 I VEVE L BENERED
B3 3.
S oL, REBELOHEP KRB EEETZ2L, EWpHOBAKEE
&3,
- HEBLRERARIERETHIN, REVBUAREREECENES LD 3,
CEBEESULRVHEEY I VRAPAER, TEBESIC, 5F0NF LGV
BOERRIGEBHETAWHEE LTHERT 3, LAL, BIEDDPY YV 4 WET
~OWNEBICE T 5EHUT 51250,
&Eiﬁﬁi:ﬁ?‘éﬁﬁ%#@@%@@ﬁ@lﬁi;&ﬁfsb‘, BE/FRDO#HELE: BEREA
EORBERELTCHL L, UToOMBEENES EM-TL 3,
CHERABERETL200, NETEHROGHEOBENET 200
cIBBRBEPTHEEELHRBL, KEEREIEIEENFEET SOH
SEEONEFR, HEBRSOERIKIS, UL, THOBKINFROASNERE
RFERO2EAGKEEERYEODIOOERET I EHMOATV S, #ENLE
1F VEKENTNHFEFDNELLTH, NBEREIPSNELARTENETELE S LTER
TEARESS S, VI VEYHESULIBEGRTCETHIV)OBAFENZ &0 5, Pu
(N)GDJ:5fiih’:in‘ﬂ’a}:ﬁ{ubf:mﬁéfgﬁéﬁw%@-&?Eﬁéﬂn%“” 18y 20y 2m
o T, AnPPUPHILIETH, MARBLTHY, 7L vEYEL XA ERPBIT
K, BEGEEZIULEL, L, BELE TR, PiWM X0 bAn (OB HM
KOBOBERAZVLOT, XOBITLPLTLHS,
MTXKPOEBAA Y, PIAET7 9 FAFT B ABAIF v EAEZRALT, HELS
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ARBRCHEAL, BEOBAAED WERLEET 2D o o1, BFAhiEY
CUBIEDTAREET &, BEBANBESNA LV SARLEEIN, Y
COWERIEbERT 2 BB 5,
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BTARKPREBAA4 Y& LTEETIERER, ATHEYSPULAEOBHcEET 3B
f:#ﬁi:i(ﬂ%?‘éa LALECHEBELR I FREEXANELLES, BMEOBD
MRAFF VICERBENICAS(RBETFHRENE, COTHELRE0R, 14 VR
CTHEETIRBOBEAPIART 3304 FERS LLBON (204 Fiogd 228
ER) , RU, BEEBRE LI FORELBHHTH 2, cHOEDOHRICDNT, An
ZTRHOCTHRELEHESNE S , CORETHR, Elland FEXA2BITEZERT 50
BRUVWEERINTW S,

KRTR, eYE)orM P ERED2 S FREFOMOSBEHEROBMELFTV, &
EOHEET0. 2~0. 4278, €vEVoFrl tOBATE~164/cREELE
oo SHRKAVA FARRCEBE T LR 7L FREXHNEETIESICE, D KiEE
EORLE, EHTHAMEMELT VI TRERFET I LicknaE Iy, B
DOoBLULILAmOBDZ (W7 (416, 4 —1T8R) « COEBRTIR, BTOoXS
BAH =X LRI EBEINT B, _

O Andtavd FHOSBRBFINEFELTVIFETFENSLE
@ avfA FEOHOHNEMICNELE

Foll, BEBEI/nEHY, BEET AR TALIF AT A~NMOBRL 204 FERLE
BLIA 7 2B8BATbON (R4-9B8B) . CORBTR, —8 (~8%) 0Bl
A RRE S AEBBLER, CHERENAEh A LBET 322100, 45
LAGRHOE S ORI CHBEBDINU, - 2,

1ok T T T L} L] L) |’ T T L] - T ¥ | J 1‘0 [ r r . 1 ¥ 1 ¥ ) 1 T T T T
» o 4 L a .
o W
3 ) % ] I
I ° L
2 It
% os 8 3 osl .
s Pl
o Cuarlz o Montmoritionile Jd
1 i ] i L | DR T TR N W T | 1 A1 1 &t 34 1 4 3 | ¢
5§ & o8 8 10 5 6 7 B 8 1o
aH pH

B 4 —16 Removal of americium pseudocolloids by centrifugation (17000 rpm,
30 min) after various storage times (O at the start, @ 6 h, (O 1 d,
B 1w A 6wand A 6 months)
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10 | T PRI LI JLY Y 10 | J
A.—-_:A' » ﬁf’o

{c,-clkc,
-1
L
T
:
(Co=Chic,
k=]
w0
T
N

o | Quartz - . o | Montmorlilonile N
PR : T I

5 ) 7 B 9 10 5 8 7 a 9 10
PH pH

B 4—17 The sorption of americium pseudocolloids on alumina ( 10 g/l1,
0.019 — 0.125 mm) afyer various times (O at the start, @& § h,
1d B 1w A 6wand A B months)

#4—0 Mobility of americium pseudocolloids in columns packed with
alumina or granite

8 Golloidal b Initial Flow rate Eluation © Max. volume d

Sorbent
carrier pH ml/min 7

a Qz [} 0.05 0.2 12¢

a Qz 6 0.5 0.3 25 *
a Qz 8 0.05 0.5 95 ¢
a Gz 8 0.5 6.0 200

a Mo 8 0.05 1] 90

a ¥o 8 0.5 6.2 250

b Qz 8 0.05 1] 150

b Mo 8 0.05 0.2 350

b Mo 8 0.5 ] 120

e Qz 8 0.05 0 140

c gz 8 0.5 0.3 220
c Ho 8 0.05 0.1 380

c Mo 8 0.5 3.2 210

ae Al,03, 0.090~0.125 mm; b = Alz0y, 0.125-0.250 mm; c = Stripa gramnite,
b 0.090-0,125 mm
Qz = quartz, Mo = montmorilleonite .
Fraction passing through the column {average of two runs) with little re~
tention (calibration with Na-22); 0 indicates no significant activity
above background
Maximum volume (number of column volumeg) that passed through the column
(without break-through in any case)
Ca 880 column volumes in one column with the dimensions 23 em x & mm
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BEOZLWEREETH, B4 (URER) TCORBBITN, ANETOBRESK
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. ﬁﬁ@%ﬁ‘:;?fci,‘ EROEHEOLEEENNE WY, ERABRTIIERMY,
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LT, =b )y 2 ABEHMKEATIRRCS VTR, BEZEI N3 TEZERT
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MREHZEZEETILVWIRAWLT o —F Iy, REBITREARAL, H>F7 -
FOMBETICEHABFLUEIEI SIS,
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(A)
(D)
(H)
(K)

(9)

8.75
9.81£3.0

9.72

(D)
(H)
(K)

(1)
(K)

(A)
(cy o
(D)
(1)
(K)

oo WO 00 OO0 W =]
. . h Pl .

T D O O DD =t

3. 42*%
(5. 6)
2. 46
5.511.4

5. 82

-

H

(D)

(E)
(6)
(K)

(E)
(6)
(K)

(E)
(6)
(K

(B
(6)
(K

(&)
(6)

(D).

(A)
(D)
(E)
(6)
(N
(X)

(A)
(D)
(E)
(6)
(K)

(C)
(D)
(E)
(6)
(N
(K)
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Np (IV) Pu(IV)
(8) () (8 (D)
13.0 1.4 (6)

13 (K)

23.8 £1.4 (6)

24 K)

33.4 £1.4 (6)

33 (K)

43.1 £1.4 (8)

43 (K)

217 (©)

—97.6 1.4 (8)

3.51% (R (5.8 (D)
(5.7 () 5.8%t1.4 (8)
3. 41" (1) 3.66 (1)
5.8 (K)

(9) (0 (9) (D)
5. 42 (Y 10.3£3.0 (&
7.4 (K)

(8.5) (D) 6. 77 (A)
8.3 (1) 7.94 (©)
(8) (D)

8.0 1.4 (G)

6. 77 (1)

8.0 (K)

An (IV)

8.9

13.0

23. 8

33. 4

5.6

10.3

8.6

(1

)

()

(J)

(1)

(N

(J)

()



Cl-

(1! 2}

(1,3

(1, 4

(1, 5)

(1,6

(1,4) (s}-25.3

(1, 1)

(1,2)

(1.3)

(19 4)

(-27)

Th(1¥) U(Iv)
15.1 £0.2 (&) 12.40* €}
15. 08 (D) (16.0) (D}
14. 25 () 14.5 (E}
14.25 (K 14.5 £1.4 (8)
15.7 (1)
14. 4 (K}
19.8 £0.4 (&) 17.30" (c)
19. 8 (D) (21) (D)
18. 90 n 19.1 (E)
18. 93 (K) 19,1 £2.3 (6)
21.2 (N
19.1 (K}
23,2 (A) (26) (D)
23.2 (D) 23.6 (E)
22.31 () 23.7 £2.3 (&)
22,31 (k) 23.6 (K
25.2 (E)
25.3 £3.0 (6)
25.2 (K)
27.7 (E}
27.6 £3.0 (6)
27. 17 (K)
(€) -21.24 (C)
- (D) (-28) (D)
-30.2 () -18.5 (E)
=23.9 £3.7 (6)
~27.6" (E)
-27.5 £2.3 (6)
1.38 (o) 0.30 (A)
1.38 €y 0.8 ()
1. 38 M 1.9 (D)
111 (0 (1.33) (B)
1.09 K) 2.5x1.4 (G
0.26 (1)
1. 46 (K}
(0. 4) (0 (1 (D}
0.84 (0
0.80 (K)
1. 66 (H)
1. 65 (K)
1.23 (H)
1,26 (K)
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Np(IV)

(14, 8)
14.5

(20)
20.3

(25)
23.1

(-28)

0.15
-0. 04
(1. 2)

0.15

-0. 24¢
(0. 91)
-0.24

(D)
(1

(D)
(1)

(D)
(1)

(D)

(A)
(W)

(D)

(N

()
(D}
(1)

Pu{1V)

(15)

(20)

(25)

-19. 22
(-28)
-13.2£5.8

(D}

(0)

(D)

(C)
(D)
(6}

(A)
(©
(D)
(6)
(n
(K)

()
(D}
(1

An(1V)

14.5

19.1

23.86

25.3

-24

(J)

(N

(1)

(J)

()



(c) Pentavalent actinides

oH- 1,1
(1, 2
(1, 1) (s)
€02~ (1,1)
(1. 2
(1, 3)
ND.- (1, 1)
HPO2- (1, 1)
80, * (1.
F - (1, 1)
(1, 2)
(1, 3)
(1, 4
c1- (1, 1)

U (V)

(4 £1)

(8§ £2)

(0.1)

(2.0
3.7
(6. 3)
(7.6
(1.7

-0.1

Np (V)
(n 5.15
4,01
50 %
4.0
5. 15
M (10x2)
(1m
<-9.3
~9.09
-9.1+1.0
0,1
50
16,3
o 1.1
3.38
3.3
(D)
§1)]
(m
(D)
(D)
(I -0.3
0.3
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(B)
(C)
(F)
(1)
(K}

(F)
(K)
(B)
(€)

(F)
(I

(K

(K)
(D)

(©)
(K)

Pu (V)
4,8 (B
4,3 (0
4.3%0.8 (F)
4.3£2.3 (&)
4.3 (n
4.3 x)
(9= 2) (F)
(9 49)
-8.6 (B)
-9, 30 (]
-0.3+%1.0 (R)
-8.0%£1.4 (&)
-9, 3 {0
2.8 (¥
-0, 17 ()
-0.17 (D
-0, 17 (X

An (V)

4.6

-8.8

(5)
(9)
(14)

3.7

(N

(J)

(J)
(J)
)

(&



{(d) Hexavalent actinides

0H-

(L, 1

(1,2

(1, 3)

(2,2)

(3, 5)

U on

> 1
=]

OD'OOOOOOQGOOCDOOOO
O D DD OSSN DD
HH
[ B . |
oo

—
o
(=]
(==

22.38%0.02

22.94

<
H H

(]

[na]
R
[
(==

-

o
How
v [
[==] -3
H+

-

|

[2%)

o2
R N N e —E

oo
LoD D

-]
-]
(%]

p—t
[t

Np(VI)
8.9 (&)
8.85 £0.09(B)
10. 63 ()
8.9 ()
9.1 % (F)
8.6 (1)
8.85 (K)
18 (D)
(17.8% 0. 8) (F)
(17.8) )
(23%2) (n
(23) (K)
21.6 (&)
21.61+0.06(B)
21.6 (D)
21.6 £0.8 (F)
20.9 (1)
21.61 (K)
52.5 (A)
52,51+ 0, 06¢(B)
52.5 (D)
53 +1 (F)
50.7 (1)
52.51 (K)
<-21.4 (B)
-22.70 (C)
(-22) (D)
-22.7T £1.2 (F)
-22. 1 (1)
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Pu(VI) An (VI)
8.4 (A) 8.3
8.4%0.2(B)
8.70 ()
8.4 (D)
8.9 £0.3(M
8.4x1.4 (B)
7.9 (1)
8.4 (K
16. 99 (€) 16.0
(16) (D)
17.6 £0.5(F)
17 (N
17.6 (K)
21. 29 (C)
22%2 (F)
2L. 3 ()
22 (K)
19. 6 (A 22.5
19.64+£0.15 (B)
19. 49* (C)
19.6 (D)
20.3£0.3 (P
19.7+£2.3 (&)
20.1 ()
19. 64 (K
48. 4 (A) 54.5
48.35 = 0.09¢(B)
48. 4 (D)
a0£0.5 (F)
48.3x3.7 (6)
49.3 (F)
48. 35 (K
-24. 52 (€) -23.0
-22.8 £1 (F)
-24.4 £1.4(6)
-24.5 (1)

(1

(J)

(N

()

(3



o, 2-

N0~

HzP0a™

HPO.%-

U

(1,1 (12)
10.
10.
10.
9.

(1, 2) 14
(14.
16.
17.
17.
16.

(1.3 18.

(3. 6)

(vn

06
1+£0.4

(Anﬂa)a(DH)aC03*

(1, 1) (s} -10.
' -14.
-14.

-14,

(1L, 1) (0.
(1, 1) 3.
2.

3.

(1, 2) 5.
9

{1, 3) 7.
7

(1, 1) 8
8

8

(1, 2) 18.
18

18.

(1, 1) (s} -12.
-10.

(-13)

54
16
2%0.2
4

8)

0T

L2207
.40

473
.43

L5173

17°

(D)
(E)
(6)
(1)
(K)

(C)
(D)
(E)
(6)
(1
(K}

(€)
(D)
(E)
(6)
(1
(K)

(C)
(E)
(6)
(1}

(D)

(E)
(6)
(K)

(B)
(6)

(E)
(6)

(E)
(6)
(K)

(E)
(6)
()
(4)
{C)
(D}

Np (VD)

-0.9 *
(1. 0

(-13)
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(A)
(D)

(D)

Pu(VI)
12.0* {€)
12 (1)
15. 04 (C)
14,9+2.3 (&)
15 (n
15 (K)
18.3 (1)
-12, 772 {£)
3.3 ¢ (C)
4,0 £2.2 (6)
i1
-12.6%£2, 3(6

(K

An (V1)

10.0

16.7

23. 8

6. 5
46
-13. 8

3.0

5.9

3.4

18.5

-12.8

()

)

(J)

(J)
(3
(N

(J}

(J)

(J)

(J)

0



U VD)
(2,2)(s)-23.5+£2.3

PO+ (3,2)(s)-49.7
-46. 33
(-51)
-49.0
-49.113.0
S0.%- (L, 1) .95
95
75
OX0.7
81
.95

DD = O3 0D DD D
H P

(1,2

W o o
wI

(1, 3)

R- (1, 1) 4,3°

(1,2

(1. 3) 10. 55*

(1, 4) 12.0°

(6)

()
(C)
(D)
(E)
(6)

(A)
(D)
(E)
(6)
(1)
(K)

(A)
(D)
(E)
(I
(K)

(A)
(D)
(F)
(K}

(A)
(c)
(D)
(E)
(6)
(1)
(K)

(A)
(D)
(E)

(6)

(1)
(K}

()
(D)
()
(&)
(1)
(K

(A)
(D)
(E)
(6)
(1)
(K)

Np(VD)

(-50)

3.
L
3.
1.
3.

2.
(4.
2.

(5)

el e

7.00 F

6.
(1.
6.

(10)

(11)

27
a0
27
82
27

17*
1
62

T G2 O O Oy
[

97°
5)
97

96

o
w

(D)

(4)
(C)
(D)
(1)
(K)

(©)

D}

()

(0

(A)
(C)
(D)
(1)
(K}

(A)
(C)
(D)
(1)
(K)

(D}

(D)

Pu (VI)
3.3 £1.6 (&)
3 (K
9.7X0.7 (G)
5.6 ()
11.0£0.7 (6)
11. 0 (K)
15.9 £0.7 (&)
15.9 (K)
18.8+0.7 (G)
18. 8 K

An(VI)

-23.5

3.0

4.3

5.1

11. 1

15.9

18. 8

()

8)

)

(N

(J)

(J)

{(n



U (VI) Np (VD) Pu{Vl) An{vD)

cl- (1. 1) 0.21 {4) 0.3f A (0. 4 ()
0. 21 (¢ -0,35" (C) -0.3*0.7 (&)
0.21 (D) (0.2) (D) 0.1 (N
0.24 () -0.1 (y - -0,3 (K}
1.8 £1.4 (@)
0,21 (K)

8 1=0.1 e [=1.0 L An(OH) 5CO4- * AnP.x 2. 50:0(s)

v I=0.1, 23 T f1=0.5 120¢C <2

¢ Data for Nd 9 1=1.0, 20¢C k 1=2 ° I1=0,3, 20%

4 pata for Eu 22t t1=0,12 P I=0,4

A : R M Smith, A E Martell, Critical Stability Constants, Vol. 4,

Inorganic Complexes, Plenum Press, New York 1876

: C.F.Baes, R.F. Mesmer, The Hydrolysis of Cations, John Wiley and Sons, HNew

York 1976

¢ L. L. Ames, D, Rai, R.J. Serne, “A Review of Actinide-Sediment Reactions with an

Annotated Bibliography ” ,BNWL-1983, Battelle Northwest Lab,, Richland 1976

: B, Allard, H. Kipatsi, B,Torstenfelt, © Sorption av langlivade radionuklider

i lera och berg, Del 2*,KBS Teknisk Rapport 98, K®rnbr®nsles®kerhet, Stockholm
1978 and B, Allard and G, W Beall, " Predictions of Actinide Species in Ground-
water ”,Workshop on the Environmental Chem, and Research of the Actinide Elem-

ents, Warrenton Qct 8-12, 1978.

: D, Langnuir, “Uranium Solution-mineral Bquilibria at Low Temperatures with

Application to Sedimentary Ore Deposits ”,Geochim, Cosmochinm, Acta

2, pa47-569, 1978

: B.Allard, H, Kipatsi and J.0.Liljenzin, “ Expected Species of Uranium, Neptunium

and Plutonium in Neutral Aqueous Solutions®, J, Imorg. Nucl, Chem 42

p1015-1027, 1980

: R.J. Lemire and P, Tremaine, “ Uranium and Plutonium Equilibria in Aqueous Sol-

v utions to 200C", AECL-B655, Whiteshell Nuclear Res, Est., Pinawa 1980
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H : D, Langmuir and J, S Herman, “ The Mobility of Thorium in Natural Waters at Low
Temperatures *, Geochim, Cosmochim, Acta, 44, p1753-1766, 1980

1 : B.Skytte Jensen, ‘fCritical Review of Available Information on Migration Pheno-
mena of Radionuclides into the Geosphere”, Final Rep. Contract (§6-78-1
WASDK, Ris ¢ Nat, Lab,, Ris¢, 1981,

J :B.Allard, “ Solubilities of Actinides in Neutral or Basic Selutions *, in
Actinides in Perspective, N. M, Bdelstein{(Ed.), Pergamon Press, Oxford and New
York, p553, 1982

K S L Phillips, “Hydrolysis and Formation Constants at 25¢C ™,

LBL-14313, Lawrence Berkeley Lab,, Berkeley 1982,

L :D.Rai, ® Solubility Product of Pu (IV)Hydrous Oxide and Eguilibrium Constants
of Pu(IV)/Pu(V),Pu (IV)/Pu(VIl),and Pu { V)/Pu(V¥I)Couples, * Radiochimica
Acta, 35, p97-106, 1984

M:J I.Kim et al,, " Complexation of the Plutonium(IV)Ion in Carhonate-Bicarbona-
te Selution *, ACS dymposium Series No216, 317, American Chemical Society,
1983

N : D Rai et al,, "Solubility of NpO 2+ xH,0(am)in the Presence of Cu(I)/Cu ( II)
Redox Buffer ™, Radiochimica Acta, 42, p35-41, 1987

O : D Rai et al,, “Thorium (IV)Hydrous Oxide Solubility”, Inorg. Chem.. 26,
p4140, 1987

P :D.Rai et al,, “Am (II ) Hydrolysis Constants and Solubility of Am(II)Hydroxide®,

Radiochimica Acta, 33, p201-206, 1983
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9.2 BRENER

5.1 TE~F LS C ORFTHAT <% Key persone LCRai HEIF o1 5. BHHE
%@?—9tﬁb%ﬁﬁﬁm%éﬂfﬁ%%miac&%ﬂ%cbtmu,Eﬁ%tﬁ%
OERBENOBUMTH AL EES, BAESMEIERFACDOTZOHREXLT
TLHB,

(1) BE#ET#

£5—-212, 60006 TULNBLAMET - BROLBERE, THAREBLIEWRICE
NZNEETNZPEERT, ' HollITHEEOARCIDPIBEKRRIMNOENR
5N3, Pul0: OBRMBRERBLEBR 74 My —THEINLLPOXEEF
g—vid, Pul:0)0HOTHY, BB LIDPUBELENETIRERI 7 4+ 5 —
@h4zy®w§?mu<.K%ﬁﬁﬁ?ﬁ?xwa—ﬁﬁiénfwé:ac&é%
DTCHbB, THOLE, BLABTREPRBHEZEFELALDBLLPESBTERIL
CEHFRENTV S,

%@&@%@Eﬁ%i%t%ﬁwﬁmfﬂ,Eﬁﬁ%@tbﬁﬁﬁiﬁ@ﬁﬁbnf
“55),4),5:,5)3: o HHLTWA 7 40y —idpid ~10TH, Anicon tyﬁe F25 Cen-
triflo Membrannre Corne (S HE2FE1125000) pil2 ~14Tik, Nuclepore Ultrafil-
ter Type FNo1FT7257 (35 FE20000TH %o BRESEEIATOBOR - —7
AN —RKBRENTHY, ZOXRBRVELELIHICBRBEROARS cEEEN, BLH
BEEIMOohD, BAEHEER, SHERLB—OplEEPTY riLesh, THER
FrPULTH2LDCEHCRAMBEREBBLABOPHAONT N B,

Wk, 10M Bl EONaGHEE#E =i, Millipere Solvinert UGWP 250nmitEH XA T3

11)
]

@ Ehifg

RaiDFTH - mERTR, 4O Th U, Np, Pu RU3MDAn OBREDZ VR
FERMSMEEN TS, AERECHRESNTLBOR, 30y ETKREBA
OMBAHBELTEABESIFPRBREM L L TRESI L TLILILL S, OIS,
BRENEOMAIZREINT IS,

’3%5‘%%75*@@%::?‘??&#9%1:@@, UENpTH39 2, HEIZ99.99
UYL LOWMEDON, $30IIATHTTHLN, ExfELT, BE=FIVEF VUL
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0.20 0.98 1.06 1.14 1.22

BI5— 2 Variation of solubility products of actinide dioxides,
(A) Hydrous oxides, (B) Crystalline oxides
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%5 —2 Concentration of Pu in 0,0015M CaCl. solution after
contact with 2%° Pul.(c) and 2%9Pu{0H)4(am} for
approximately 90 days

Log Pu(mol/Liter)in solution *

Filtered through

Sample
no, pl Unfiltered 0.1um 0.015um
Solutions contacting Pul, {(c) **
13 3.80 -6. 14 -6. 17 -6.12
14 3. 80 -6.09 -6. 08 -6. 05
15 4. 30 -6. 42 -6. 60 -6.57
16 4. 30 -6. 43 -6. 43 -6. 44
18 5. 40 -5.69 ~-7.28 -7.29
17 5.45 -6.15 -7.46 -7. 47
19 7.30 -6, 33 -8.70 -8. 535
20 7.30 -5.62 -8.71 -8.78
Solutions contacting Pu(OH) s{am)**

21 3.95 -4, 40 -4.44 -4, 46
22 4. 00 -4 54 -4.54 -4.52
3 © 4. 00 -3.90 -4, 31 ND
6 4,00 -3.39 -4.22 ND
24 5.00 -5.26 : -5.23 ~h, 25
23 5.05 -5.43 -5, 44 -5. 47
8 5. 25 -4, 99 -5.17 ND
T 2. 30 -5.19 -5.31 ND
26 6. 60 -6, 51 -6. 77 -6.79
25 6. 70 -6. 56 -6. 83 -6.98
10 6. 80 -5.18 -6.63 ND
9 6.83 -5, 71 -6.73 ND
27 7. 50 -7.43 -7.54 -7.58
28 7.70 -7.19 -7.77 -7.79
12 7.85 . -5.21 -1.11 ND

* All solution were centrifuged at 8, 000g for 40 min;ND=not deter-
mined;the average values of three subsamples counted from each sample
are given and the error{one standard deviation)in all the samples was

< +0.06, except in unfiltered Pub. (c)samples 19 and 20and Pu{0H) ,(am)
samples T and § where the error varied from £0.13 to =0, 18.

** ppproximately 8§ mg of crystalline Pu0B or amorphous Pu(OH} . were shak-

en with 20 nl of 0. 00154 CaCl. .
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(Na.5.:0., ®pH), B, &, =vy&r, HNOLEH (EpH) »EL
Shfc. CNODRIBOFHER IEHBENRIKOBD TH 3,

reaction logk E* .V
280224+ 200 +2e- =85,0.%"+ 404" —37. 86 —1.12
Fe #*4+2e- =Fe —13. 86 —90.409
Zn **+2e- =Pb —25.79 -~0.763
Pb %* +42e- =Pb — 4.25 —0.126
Ni 2*+2e- =Ni - 1.77 —0.23

CRLOBAMRECRILERBHFECEOC L2 BHEBAENT S,
TUDSE, UDHBE AMICHBET 3ADIKEVLNA) (SMBE=F2 w8+ F 1 oA
PEH Y S — (Lbg o) 3, BEORANY Y v+ —ThHD, BEREF10-°° B
FETaBIRBERAETATY 5,

BRILETEMNE —ERKEDVDW S Redox Buffer OBIRBFEELTCEET o b D
RIEC, RITHEBRLZ2EREBUCTDOATL S, Npi20Tid, TEl, HOMNE
WEE, RCULsHBE2ELRLOIELENS, CuClECuCl, RALSATL S,

Cu (1) /Ce (0) OFBHEHMKEADLIRBELOLEHERRKOBYTH B,

Reaction(a) Logk®
Cu?*+e- =Cu 2.62

Cu * +Cl- = (Cuy Cl 2.70
Cec * +2C1 - = Cu Cl, - 5.51
Cu 2*+C1- =cCuCl* 0. 40
Cu 2*+ Cule)=2Cu * -6. 25

CHos0ENMSCu (1) /Cu (1) THESNIBLILEABERRATET &

NTE 5B,

(Cu (1)) (/7. 4+10°* (Ci-))
Bh (mv) =59.2 ¢ 2. 62-1og

(Cu (O)J (/r, +10%7°7, (C1- ) +10%%'7, ([CI-) %) |"

SCTry, T REDNENIME, 2043 Y OFERERTHY, Davies ORXDH
SHEENE, ASEEABOLATEREREBL B LT,
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METhT I, KELWOERERMAEIRTOEDY, c0LE, BENSORMNY
ROEEE X B, REBTRAAESA—J Ll o—TFEy 2 ARTRENTbRI,
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