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fFanium Physical Location in Contaminated
Sediments

» At Hanford site, sorbed U exists as U(VI) with complex speciation,
physical location, and mineral association.

Hanford 200 Area Sediments Hanford 300 Area Sediments

T

U(VI)-

silicate :i(c‘gl)dl:r
precipitates g s
materials

in granitic
lithic
fragment

» Sorbed U is commonly associated with intragrain regions.
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Conceptual Model
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" Characterization of Intragrain Diffusion

A H nuclear magnetic resonance, pulse-field gradient spin echo
(NMR-PGSE) approach was developed to measure intragrain
diffusion properties using H,O as a tracer.

NMR image of H,O distribution H,O diffusivity in granitic lithic fragment
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Projection image
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“ Slice image -

Apparent Diffusivity (mm®/s)

» Tortuosity factor (D /Dy,0):

0.66 fast region
0.006 slow region Diffusion time interval At (ms)

1 10 100 1000
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Models of Ion Diffusion Coefficients

Geometrical model: D'/ =1 D'|
Dip: pore diffusivity, 1: tortuosity; D! : diffusivity in water,

Schematic ion diffusion regions Ion diffusivity in clay matrix

Restricted ions 0=0.7-0.8
in double layers =z T—.ha—?—‘
o KCl1 NaCl
1o i o 5 7] Geometrical model
=11 O (D Non-restricted: D | © cometrical mode R
@) [ Ve . . , O [ 2 °
= © - i ion diffusion: (O . 9 o O, A
< | | . Po- - Cation| 2 .
5 Q! domain | > 1 ° R
= ! | = o o T— EDNT model
Sl e | 2 )
g l | ' l A < L: 1 @ KCI, Malusis&Shackelford, 2002 ES&T
U | : E _ O<_|_ nlon Q A NaCl, Lake&Rowe, 2000, Geotext. Geomembr
: > e 0.001 0.01 0.1 1
Distance KCl or NaCl Concentration (M)

Coupled electrodynamics-nonequilibrium thermodynamics
(EDNT) model: Dl = (T, P, DI, C))
p.: surface charge density, D)) and C;: diffusivity and concentration of
ion j, respectively.
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" Microbial Reduction of Intragrain U(VI)

Coupling of Biogeochemical Processes: Synthetic System

Alginate beads with

synthetic Na-boltwoodite
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"Intrabead U(VI) speciation and Distribution

LIFS spectra LIFS image

12x10°

1o—f
7 Delay Time (us)

Relative Intensity (a.u.)

T : | T T T T | T T T T | T
500 550 600
Wavelength (nm)

» No change of intrabead U(VI) speciation;
» U(VI) dissolved/diffused starting from bead edge to center.
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U(IV) Precipitation on Bacterial Surface

Time = 2 days Time = 7 days Time = 100 days
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» U(IV) accumulation on bacterial surfaces and periplasm
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" Modeling Coupled Biogeochemical Processes

Intragrain dissolution + Intragrain diffusion + Extragrain bioreduction
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icrobial Reduction of Hanford Intragrain U(VI)

Effects of Calcite Dissolution
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Coupling of Biogeochemical Processes

fcrobial Reduction of Hanford Intragrain U(VI)
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Crobial Reduction of Hanford Intragrain U(VI)

XANES analysis found mixed valence distribution of U(IV)
and U(VI) inside grains.
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Conclusions

"» An NMR-PGSE technique indicated that a dual region diffusion model was

required to simulate ion diffusion in the intragrain fractures of the granitic
lithic fragment in Hanford sediment.

Coupled electrodynamics and nonequilibrium thermodynamics (EDNT)
model indicated that macroscopic ion diffusivity is a complex function of
microscopic properties of mineral surface charges, ion exchange reactions,
electrostatic double layers, and ion charge coupling.

Macroscopic aqueous U(VI) concentration was determined by the microscopic
coupling of biogeochemical processes of dissolution/desorption, diffusion and
microbial activity.

Microbial reduction of intragrain U(VI) in the contaminated Hanford
sediment was complicated by the dissolution of calcite that released Ca to
complex uranyl carbonates, which in turn slowed bioreduction rate and
increased dissolution/diffusion rates. Some intragrain U(VI) in the
contaminated Hanford 200 Area sediment was in occluded regions and might
not be reactive due to mass transfer limitation.
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