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1.0 Analysis of Uranium(VI) Solubility for WIPP Performance Assessment

1.1 Scope and Purpose of the Analysis

The purposs of this document is to provide an anzlysis of the available data on the
solubility of uranium(VI1) expected in a brine-inundated WIPP waste repository room.
The concentrations of uranium and other radionuclides (Th, Np, Pu, Am, and Cm) is
important in assessing the performance of the WIPP. Upper limit concentrations
(solubility limits) provide the "source term" for potential releases of radionuclides to the
accessible environment in future human intrusion scenarics. Ths present analysis is
based on results from both extant published liierature data and WIPP-dirscted
experimenta! programs. This analysis was a result of critical asssssment by an ad hee
Anzlysis Committee (sse Appendix B).

1.2 Summary of the Analysis

The deveiopment of thermodynamic models for predicting the solubilities of actinide
slements in an inundated WIPP repositery have bsen completed by the WIPP Source
Term Project (managed by Sandia National Lzborztories and performed at Florida State
University and Argonne, Lawrence Livermore, Lawrence Berkzsley, Los Alamos, and
Pazific Northwest Naiional Laborzatories). The models for the trivalent (I, tatravaiant
{IV), and pentavaient (V) oxidztion st_" t2s have hesn succsesiully compleied, howsver,
the aciinica hexavalent {Vl) modzl i3 insufiiciant ai this time. Daveioomsaricithe Vi
mogel hzs been diificult for 2 number of tustorically signiticant reasons. Far exampls,
the hydrolysis (complexation by hydroxide i s) bahavior is extramely complicated
eng the carbonete compiexation behavior is conroversial and is just now bsing

O

slucicai=gd.

Since uranium is the only actinide element expacted to be in the hexavalent state
(Weiner et ai,, 1896) this documant addresses onlv uranium{Vl) s\nubm..y behzavior, Ths
net result of this analyszs is & prediction of the concentration of uranium(VI) for use in
Performance Assessment calculations. A review of the published literaturs and WIPP
diractad research is expected to provide solubility limits for uranium{V1) under conditicns
expectad in a brine inundation scenaric. With the recent development of including

chemics! controis (engingsrzd backiili matsrizls) in the reposiiory dasign {(magnesiun
\&1 J i\ =]
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oxide), the intruding brine conditions are anticipated to be near pH 8 to 10. In addition,
the backfill is expscted to effectively absorb microbially-generated CQO2 gas from the
repository room, efiectively eliminating the potential for tha formation of hightv solubie
actinide carbonate complexes. The literature and exparimental soiubility data used in
the analysis are included in Table 1.
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Table 1.
Summary of Selected Solubility Data for Uranium(Vt)

Conc. (m) pH pCO2  molality Solid Reference

Published Literature Data

3x10® 8.4 1 atm 3.8 UO3-2H,0  Yamazaki et al. (1992)
2x 103 8.4 1 atm 3.8 Uz0g Yarmazeki et al. (1992)
2x 107 10.4 low 3.8 KolUsO7 Yamazaki et 2/, (1992)
1031016 4-5 0.083% 0.1 U02C03 Pashalidas et a/. (1993)
Project Experimantal Deiz
2.3x 108 7.0 absent 5.1 UNKRCWN Reed ot al (19938)
2.6 x 107 8.0 prasent 4.8 unknown Reed et al. (1996)
8.8x105° 100  absent 4.8 unknown Read et al. (1226)
9.2x105" 10.0  present 4.8 UNKNOWN Read ot al, (1995)
8.3x 104 4.9 absent 5.2 UO20H2(?)  Falmer et 2/ (1996)
2.8 x 10% 9.8 absant 5.2 UO-0OHo(?)  Paimer &t al. (1296)
8.0 x 10-6* 8.7 unknown unknown unknown Viilareal et a/. (1996)

* Not at steady state conditions.

2.9 Analysis of Uranium{Vl) Soiubility Caia
2.1 Backaround

Development of reliable tharmodynamic models based on Piizer iormalism for prediction
of actinide alement solubiiities has baen successiully accomplished for the actinide 1,
IV, and V oxidation states (Novak et al., 1396). The actinide{Vi) model, however, has
not yet bean suificiently developad for reliable use in predicting concentration of An(VI)
in WIPP brines under various solution conditions. Uranium(VI) solubility modeling has
proven difficult even after fifty ysars of researzh. Ths hyadrelysis behavior of UWVI) is an
importiant componant of the modetl and is quite compiex anz not wall known. Even
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given a great deal more tunding and effort, it is unlikely that 2 moda! could be
constructed for Actinide(VI) solubility in the near future. The hexavalent states of
neptunium and plutonium are not expected 1o be present in the repository rooms and
are thus not included in WIPP PA calculations by virtue of their ready reduction in tha
presence of excessive amounts of slemental iron{0) and soluble iron(ll). (Weiner ot a/.,
1996) Uranium(V1) can also be reduced to uranium(lV) in the presence of iron(0) and
iron(ll), however, a number of oxidants are readify available for “re-oxidizing® uranium
back to the (Vi) state. These oxidants include, Fe(lll), No(lV), and Pu(IV), to name a
few. Consequently, uranium is the only actinide elemant expected to exist in WIPP
brines in the hexavalent stats. Published literature data and experimenta! data collected
under contract io the WIPP project have been analyzed for MgO backiill-specific pH
regions in the ebsence of CO;. )

2.2 Literature Data

Published literature values for uranium(Vi) solubilities undzr various conditions used for
this analysis are provided in Table 1 and include reasonably high values of 2 x 10-3
molal at pH 8.4 in the prasencs of carbon dioxidz, which promotes the formation of quite
soluble uranium(VI) carbonats complexss (Yamazaki et 2/, ,1992). Note, however, that
in this sams publication, that at a slightly higher pr vaiuz of 10.4 and in ths absence of

-

czrocneis ions i solution, the UV SqI‘J.JHII_)’ ciopoed 12 1.3 x 1077 Mozt
et al. (1293) rapert a vaiues ranging from 10°° 10 100 evan with 2.03% carbon -:?iox‘:de

2.3 WIPP Specific Experimental Data

Laboratory experiments presantly in prograss in WIPP brines by Reed st 2/.(1338)
provide U{VI) solubility values of 8.8 x 10-5 molal with carbonate absent 2t pH 10.
Thase rasults should be regarded as prefiminary since some of the vesssis are siili
appreaching steady staie conditions. In previous experimants, Palmer etal, (192%)
raportad valugs of 8.3 x 104 m at pH 4.9 2nd down to 2.8 x 10 at pH 9.8 in the
ebsance of carbonate. Further, empirical results are reported by Villareal st 21.,.{1255)
on Source Term Test Program (STTP) experimants with simulated wastes at Los
Atamos National Ladoraisry. Preiiminany g2tz of Lranium (Vi) salubilities of € x 10° m &t
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pH 8.7 for some containers. Althcugh STTP resuits are reported herein, these should
be considerad as highly provisionai because the containers are by no means at steady
state conditions nor under highly defined paramaters. These data are being used in this
analysis only to acknowledge data showing solubility values well below the value
provided by this present analysis.

2.4 Assessment

Based on anelysis of literature data and WIPP Projsct experimental data (primarily from
experiments that have reached or are epproaching s‘—"-ady stats canditions) it was
dsterminad that glf of the velues fzil within an ¢rder cf magnituds or thersabouis o a
concentration valug of approximately 1 x 165 moial. Thersfore, b:sed on the bsast
information available, a value of 1.0 x 10-5 molal is provided for the uranium(Vi)

concentralion input parametsr for pariormance esssssment calcuiations for WIFF, This
value is consistant with racommendations set forth by the Expert Panel Eiicitation for
Source Term conducted in 1390, With little relevant experimantal data available at the
time, this panel suggested a value of 3.0 x 10°3 M icr the 25th fractiiz value. (Hobart &t
al., 1998).

l
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Appendix A
Information required by QAP 9-1

The authors are qualified to analyze solubility data from a variety of sources. Thay ars
experts at onz or more of the icllowing areas: actinide chemistry, geochemistry,
envircnmental chemistry, computer modeling of environmental systems, and datza
analysis. Furthermore the Analysis Committes consistzd of a numbar of qualitisd
scientists with expsrtise in a wida variaty of reievant subjsct

2CiS.
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