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ATTACHMENT
EY 1993 SCOPE QF WORK

Task 1. REVELOPMENT OF THERMODYNAMIC NATA FOR 25.C
Carbonato Cbmplcv:qs of Tetravalent Actinides

Oxides and hydrous oxides of letravelent achnidcs have very low solubility and rcliablc
solubility products for these eompounds are available (Rai 1984; Rai et al. 1987, 1990; Ryan and
" Rai'1987). Theae data suggest that reasonably low upper limits can be set ou the cancentrations of
_ these efements in repository-leachates, provided il can be shown that aqueous complexation due to
the presence of CO3 , Cl, SO4 , F-, and PO4 in the groundwatet/glass-lcachates do not
significantly increasc thcxr solubamy Therefore, accurate thcrmodynamic data for actinide
complexesiion-interactions with groundwater anions are required to determine their influonce on
{he solubility of tetravalent actinidc compounds.

~: - Only limited experimenial data arc availsble for the Ai(IV) complexes with carbonate (Moskvin
and Gelman 1958, Moskvin 1971; Kim ot al. 1983; Moriyama et al. 1989). These data forn the
basis for ‘valucs reportcd in many past reviews of sctinide thennodynamic data (Lemire and
Tremainc. 1980, Phillips 1982; Kelicr 1971). The reported values (k1=10. to 10. )indicate that
carbonatc makes very strong complexcs. If these values were correct, they would make the An(IV)
Oxides extremely solublc. Howcver, recent results show that such high carbonate constant valucs
arc at least 20 orders of magnitude too high (Rai and Ryan 1985). We surmise that the reasons for
such high valucs in previous studies include experimenta! difficulties (such as maintaining a proper
*_oxidation state or effectively separsting solids from solution) and difficulties in interpreting the data
as 2 result of very high salt concentrations, inadequate characterization of the equilibrium solid
phasc/s, and the lack of reliable thermodynamic data for the equilibrium solid and the appropriate
- hydrotysis species. ' We-are now in & position to overcome many of these difficulties. We propose
to obtain the values of carbonato complexes from solubility measurements of ictravalent sctinide
hydrous ondes the chemical potentials for which were previously detennined, in the presence of
 varying - amounts of carbonates and as a function of pH, where appropriate. We wili
_ monitor/control the redox potential and throughly characterize the solid and the agueous phases.
Our. proposed studies will involve hydrous oxides of ‘Th, which has only one oxidation state, and
_ we will nitiste studics of U and Np, where tetravalunt oxidation statcs can be maintsined by using
" redox agents.. Carbonato complexes of Th through Th(OH).(am) solubility in carbunate media and
initiate studies with. Np(IV)/U(IV) carbonate complexes (include progress to date) will be included
in.the report of FY 1993 Work. '

 Task 2. DESZELQPM‘F'N'E OFMECHANISTIC DATA AT HIGHER TEMPERATURIES

“In FY 1993 we will initiato studies to develop thermochemical data at higher temperatures.
Tew -reliable thermochemica! data cxist for the actinides at higher temperatures. This lack of
nceeysary data includes cven the fundamental hydrolysis reactions that must be understood before

- any of the other strong complexation reactions can be evalualed.
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Therefors, in FY 1993 we. propose to study the hydrolysis reactions of Nd@IYAm(II) at higher
temperature. These studics will involve the solubility of ncodymium hydroxide/oxide aver a range
of pH values. These data will allow us to design the neccesary cxperiments to evaluaic the effects
of ather strong .complexants such as carbonate and sulfate. Nd/Am was selected bocsuse of its

. importance in _performance assessment modcling and because of our cxtensive experimental

experience with thiesc elements. Hydrolysiy constants of Nd/Am(UI) at higher temperature wall be
mdudcd in lhe report.

Task 3. DF..WW ICHANISTIC ADSORPTION CONSTANTS

- The gcok:hemical ‘behavior of those clements and oxidation states that do not form insolubie
solid phases can be controlled by the adsorption process. The pentavalent and hexavalent actinides,
with .2 foew posibilc exceptions, do not generally form insoluble sofid phases. This is particularly
true of N(V) and pertains to a shg.htiy lesser extent to U(VI) Therefore, to predict the
geochemical, behavior of these species, the values of mochanistic adsorption constanis for these
oxidation states sre requited. Such a mechanistic understanding of the develop reliuble and

- scientifically defedsible performance asscssmicut models for both the near and far ficld.

. In ‘the ‘mechanistic adsorption approach, intrinsic slability constants are developed for the

_ adsosption of specific actinide and groundwater species onto discrete adsorption sites or onto
" funotional groups prescal on the adsorbents/geologic materials. For mmp}e the mcchanistic
approach maey requitc quantilative data for the adsorption of actinide species onto aluminum oxide
‘or siticon oxide functional groups that are present in the bentonite, or onto iron oxide functional

groups. that may be prescnt as coatings on bentonite or may form from the corroding overpack
material. - These quantitalive adsorption dats for functiona! groups are then used 1o intcrpret the
adsorption in complex geologic materials. These quantitative adsorption data for funciional groups

 are then- used to intcrpret the adsorption in conplex geologic materials. Therefore, this approach

will -require ‘dsta for purc phase adsorbents, such as iron and aluminum oxides and coatrolled

- experiments with morc complex materials {e.g., bentonite) over a range of pH values, acunide

species coucentratrons, and, if appropriate, competing ion coiccnurations. Cousequonti» the
ad_sorbcnts that must be considered for near-field aualyses include  iron  oxides,
monunonllonite/beidellitc, aluminum oxide, amorphous aluminosilicatcs, bentonite, and other

. :cbository materhlé

Armong the penhvﬂcm and hcxavalent actinides, U(VI) and Np(V) are most idealty suited for
cxperimental adsorption studics. To unequivocally interpret the adsorption experimental data for
the specics, however, valucs of thermodynamic equilibrium constants aic also required for the
actinide species with the ligands that ere expecicd in the repository environment. Uranium (VI)
bydrdlyzes very readily, yet rcliable values for hydrolysis ¢onsiants asc not available. Neptunium

(V) dogs not readily hydrotyzc and docs not forn strong complexes with many anions such a3 Cl -
and SO . : Beeausc rolinblc data for U(VT) hydrolysis is unavailable, we will therefore initiate

,xdsorpuon srudm w:th Np(V)

Somu dala for- Np(V) adsorption by won oxides developed at BNW (Girvin et al. 1991) and
clsewhere (Nakayara and. Sakamoto 1989) are available. Thercfore, our initial Np(V) adsorption
studies will ponpcn&a:e on acquiring ncw data on other important adsorbents, such as aluminum
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oxide/hydroxide, which could be present in the repository cnvironment. Tho adsorption of Np(V)

on the. slocted adsorbents will be studicd as » function of pH, Np(V) voncentration, adsorbent

quantity, and concentration of major groundwater ions that could compete with Np(V) for

adsorption- sitcs and thus possibly dispiacc Np(V) from the sclected adsorbent. Limited
. experimeiital validation of Np(V) adsorplion on Fc/Al oxides will be included in the report.



