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Searching for Sustainable Approaches for Remediating Uranium-contaminated Groundwaters and Sediments
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. y limits are met and without

Uranium (U) i and i are
il [ at many Even after two decades of
research on various iati controls of U

maintenance. (The U MCL is 30 pg/L = 0.13 pM.)
. The contaminant remains controlled, even after the site’s biogeochemical

releases remain to be and Using with
regional biogeochemical conditions as a criterion for selecting sustainable

we are g for app to stabilize low solubility U(VI)
solids. Our current effort is focused on precipitation of potassium uranyl
vanadate, K,(UO,),V,0q, based on the low solubility of carnotite, an important
U(VI) mineral. Thermodynamic calculations predict that carnotite will control
U concentrations below regulatory Maximum Contaminant Level (MCL for U is
30 pg/L = 0.13 uM) in the 5 < pH < 7 range, under oxidizing conditions found at
many contaminated sites. Our batch tests have confirmed removal from
initially 1 uM U solutions to < MCL, with nearly stoichiometric amounts of V
and K precipitated. Our batch suspension tests with soils containing U(VI) at
100 mg/kg have demonstrated U removal from the aqueous phase to below
MCL. Precipitation of U occurred rapidly (often < 24 h), leaving low aqueous U
concentrations at levels predicted for carnotite.

MOTIVATION, OBJECTIVE

Although numerous effons have been made to develop methods to

and g reliable
solutions remain to be identified. The main objective of this project is to
identify effective, i ppi for i uranium (U)
below reg y levels under oxidizil iti

recover to those of the regional environment.

+ Costs of remediation are significantly lower than those incurred by
excavation, transport to an off-site facility, and containment.

HYPOTHESES

The i during the 1t step listed in our
approaches.

= Uranium i in waters and
can be lowered below the U-MCL through treatments driving the
ipitation of a tite-like uranyl vanadate solit

= Precipitation of potassium uranyl vanadate solid will not require long-term
to maintain iation goals in i withpH=5to 7.

= Strong sorption of excess vanadate will control its migration outside the
targeted treatment region.

APPROACHES

imitations of reduction-based U stabilization

+ Redox conditions needed to reduce U(VI) to U(IV)
are below typical groundwater Eh, therefore
bioreduction requires indefinite (unsustainable)

dbopoons

supply of reducing agent.
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Typical Eh(pH) range in groundwaters,

and the U(VIYU(V) couple.

time, (days reative 10 OC stat)

« Organic carbon oxidation is required to maintain
bioreduction, but also enhances U(VI) solubility

through formation of carby Very

careful control of organic carbon supply would be

2

required for optimal performance (Wan et al.,
E.S.&T, 2005, 2008; Tokunaga et al., E.S.&T, 2008).
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+ Most of the organic carbon injected to maintain U
~

Our search for sustainable approaches to control U(VI) in contaminated
subsurface environments is progressing through several stages. Some
results from these i (in are pi here.

= Equilibrium controls (1): Use thermodynamic data (especially major U(VI)
ore minerals) in the context of common groundwater chemistry to select

U(VI) solids to We chose U(VI) vanadates as our first
group of solids to test because of their importance in ore bodies, and
because numerous other groups have already investigated U(VI) phosphates.

= Equilibrium controls (2): L y batch i to
candidate U(VI) solids and
(suspensions).

* Kinetic controls: Measure rates and
of synthesized U(VI) solids in i ic g

L studies: D behavior of
reactants and U in flow-through columns and diffusion cells.

* Reactive i Based on laborat itioning of
u and added reactants, for interpreting laboratory lransport experiments and

‘organic carbon supply, mmolkg sofl day)

bioreduction is used for O,, nitrate, Mn, and Fe R
PU e 100G sa

Uranium concentrations in smusms of
U-contaminated sediments supplied
with different levels of organic carbon.

reduction.

field tests.

= Field testing: Rifle IFRC for for in-situ precipitation, ex-situ precipitation,
and solution mining of U and V.

o
Traane
UM (V). 100 mM | Database:
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1997,
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E.S.&T., 2006.

were for for the two most
common U(VI) vanadate minerals, (a.) carnotite {K,(UO,),V,0g}, and (b.)
tyuyamunite {Ca(UO,),V,0g}, with mM levels of K and Ca". and 1 uM V(V), over
ranges of pCO, and Ca?* D

. are below the MCL from pH = 5.0 up to
pH= 6.5 (pCO, = 2.5) and pH=7.5 (pCO, = 3.5).

U those with Ca?*) control the upper
pH limit for solublllty control of these minerals (and other U minerals as well).

Batch solution tests without sediments
1

Aqueous phase batch studies are being
conducted to cover a wide range of

perimental The i
summarized here start with [U] = 0.9 uyM
solutions at pH 6.0 and 7.8.

= At pH 6.0, low V and K concentrations
rapidly decrease [U] to < MCL.

Batch p tests with

Sediments from Oak Ridge National Laboratory (pH 8.1) and the Savannah
River Site (pH 5.2) were contaminated with U(VI)-nitrate to a final U
concentration of 100 mgkg, then treated in suspensions with V ranging
from 0.05 to 1.5 mM, and K from 0.1 to 5 mM. 10

= Control suspensions (U-contaminated to
100 mg/kg, but no V addition) had aqueous
phase U concentrations in the range of 1.0 to
4.5uM

= Aqueous U concentrations declined to
below the U MCL within 1 day in all V-treated
suspensions (only the weakest U removal

cases are shown here). SR, 504M V, 0.1 mil K

* Vanadate sorption to sediments is. 2 4 6 8 10 12

significant at low concentrations for both time, days

sediments. Removal of U(VI) through precipitation of
potassium uranyl vanadate in suspensions.
of U-contaminated sediments.

SUMMARY

= Equilibrium calculations indicated that
the uranyl vanadate minerals carnotite
and tyuyamunite could be useful in
controlling U(VI) concentrations.

‘Carnotite equilibria vs. data

ST condiions ot
00 mM 1

500, 3.5, 0.5 mu Cat-
—pCO, 3.5, 5 mM Cat

= Batch experiments involving K and V
itions to U. 0 q

and suspensions of U-contaminated
sediments demonstrated rapid U
removal to below the MCL.

= Even though the precipitated
potassium uranyl vanadate solid phase

20 30
« At pH 7.8, higher [V] is required to Time, days
precipitate U out of solution.

= The precipitated solid is amorphous, with
K:U:V molar ratio of 1.2:1:1.1.

= The efficiency of this solution phase

is it controls aqueous U
concentrations at levels very similar to
that predicted for carnotite.

Predicted canotite equilibrium U concentrations
compared with various solution and suspension
experiments under roughly similar conditions.
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reaction is supportive of its potential use in
in-situ U precipitation, and also ex-situ

iati of elevate 4’
in both U and V. In such case, pH
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significant masses of U and V.

0 20 30

Time, days
Aqueous phase removal of U(VI)
through precipitation of potassium
uranyl vanadate.

= Wan et al., Environ. Sci. Technol, 2009, 43, 2247-2253, on U speciation in Hanford vadose zone plume.
« Tokunaga et al.,. Environ. Sci. Technol., 2008, 42, 8901-8907, on organic carbon supply during U bioreduction.
= Wan etal, , Environ. Sci. Technol., 2008, 42, 7573-7579, on organic carbon supply ollowing U bioreduction.
+Tolunaga'st k. Enveon. Sl Tctnol. 200,42, 835.24,onxidton states o i, Fe. o U ng U borsccion.
+Wan ot al Envion, So, Technol, 2008, 42, 19731978, onnfialon tes of Henlord vacose one U

« Zheng
oevmaas o a1 B Se Tochna, 2005, 30 70777085, on 0 Tocion  sedmerts cug orgonc carbon s,

ant o, Enion. S Technol, 200,38, 162.6169, o eoricaton  reducing conditons.

Tokumaga ot 1 Emio. So Tochmay 3004 35 3055408 om s a2l (V) fvon o sl
= Zheng et al., Environ. Sci. Technol., 2003, Sa5608, o o hvanemof sl rbonst on U(vI) sorption.




