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TNX Area, Savannah River Site, SC

TNX Area

➢ Former pilot scale nuclear facility (1958 – 1980). 

➢ Released contaminants into unlined seepage basins: 
Cl, Cr, Hg, NO3

-, Pu, Th, U, and Cl-hydrocarbons.
➢ Contaminants migrated to nearby wetland. 
➢ .Hg in surface sediments ranged 0.02 (background) 
to 12 mg/kg
➢  U ranged from 1 (background) to 1200 mg/kg
➢  Remediation – source term removal, phosphate soil 
amendments, Monitored Natural Attenuation.

http://picturethis.pnl.gov

Wetland >1200 mg/kg U

70 mg/L U

Kaplan et al. ES&T 2007

Seepage Basins

Liquids released via 
overland & 
subsurface flow

Pilot-
scale 
nuclear 
facility



Objective

Objective: 
Characterize Hg and U sorption to 
TNX wetland sediments.

Intention: 
• To providing a conceptual geochemical model for use in risk assessment 

calculations and 
• To provide guidance for the selection of an appropriate in situ remediation 

strategy. 

Approach: 

• Using contaminated sediment, measure the proportion of Hg and U that might 
desorb from the sediment under natural wetland conditions.

• Conduct thermodynamic calculations 
• X-ray Absorption Spectroscopy: U LIII edge XANES & EXAFS
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In-situ desorption Kd values

𝐾𝑑 =
𝐶𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡

𝐶𝑎𝑞𝑢𝑒𝑜𝑢𝑠
=

𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − 𝐶𝑒𝑞

𝐶𝑒𝑞
×

𝑀𝑎𝑠𝑠𝑠𝑜𝑖𝑙

𝑉𝑜𝑙𝑎𝑞

Adsorption distribution coefficient, Kd, and Retardation Factor, Rf

In-situ desorption distribution coefficient – measured with contaminated 
sediment from the study site

𝑅𝑒𝑡𝑎𝑟𝑑𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝐹𝑙𝑜𝑤𝑅𝑎𝑡𝑒𝑤𝑎𝑡𝑒𝑟

𝐹𝑙𝑜𝑤𝑅𝑎𝑡𝑒𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑛𝑡
∝ 1 + 𝐾𝑑

𝑖𝑛 𝑠𝑖𝑡𝑢 𝐾𝑑 =
𝐶𝐴𝑐𝑖𝑑+𝐶𝑂𝑀+𝐶𝐴𝑚𝐹𝑒𝑂𝑥𝑖𝑑𝑒

𝐶𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑒𝑑  𝑃𝑎𝑠𝑡𝑒

Kinetics: Adsorption occurs more quickly than desorption because the latter must 
break surface bonds (surface activation energies).

Fewer assumptions about: soil/contaminant aging, contaminant speciation

Desorption is the rate limiting step.  As such, it’s the parameter that best reflects 
contaminant migration through porous media.



Mercury Sequential Extraction

Hg in TNX Wetland

Sequential Extraction Procedure

Sequential Extraction Results
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Mercury (Ad)sorption & 

Desorption Kd

In-situ Kd (mL/g)
A-5 Sediment >6820
B-3 Sediment >630
C-5 Sediment >9450
D-28 Sediment >9200

Adsorption

Desorption
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Mercury vs. soil size fractions
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Hg (and Th and U, data not shown) was  not consistently enriched in fine grains.

Dong et al. 2012 ES&T



Sequential Extraction & 

in situ desorption Kd 

values (L/kg)

In-situ desorption Kd values (L/kg)

Sequential Extraction (% of Th or U)

• Th and U associated with 
exchangeable OM & amorphous Fe-
oxide fraction.

• Bound strongly to sediments.
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Oxidized-to-reduced sediments with depth 

(from nearby wetland – Tims Branch) 
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Sediment U - Conclusions from cores

• Accumulation of U in the top 5-10 cm 

• In drier or near-surface environments 
the predominant valence state is UVI. 

• Conversely, in saturated sediments 
that are not directly exposed to air 
the predominant valence state is 
stabilized as UIV

• Important implications on modeling 
U transport & risk in the environment

Blue line = Total U
Red histogram= U(IV)
Grey histogram = U(VI)
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➢ Hg is very strongly bound to sediment, likely (co)precipitated in Fe, not S.
➢ U is very strongly bound to sediments as U(VI) near surface where most U 

resides and as U(IV) in deep saturated depths.  U(VI) bound as dispersed 
hydrated ions to Fe-oxides (~40%) and OM (~60%).

➢ Given the ecologically sensitive nature of the wetland and the fact that the 
Hg is strongly bound to the sediment, it was concluded that a monitored 
natural attenuation approach for site remediation may be appropriate.

Conclusions
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