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GEOC 49 

Comparison of metal sorption capacity of AMD iron oxides and three soil samples: Implications for metal sorption modeling in soil-water systems 
Ran Liu, Emmeline B. Altschul, and David A. Dzombak, dzombak@cmu.edu, Department of Civil and Environmental Engineering, Carnegie Mellon University, 5000 Forbes Ave., Porter Hall 119, Pittsburgh, PA 15213 

This study involved determination and comparison of pH edges and sorption capacities for sorption of three metals (Cd, Cu, and Zn) on three iron oxide samples recovered from different abandoned coal mine drainage (AMD) sites and three oxidized soil samples representing a range of properties. The results showed some modest differences in sorption properties of the AMD iron oxide samples. For the three soil samples, at lower pH (<6), modest differences in metal sorption capacity were observed, and sorption capacity appeared to be correlated with iron content. At pH greater than 6, however, all three soil samples exhibited similar metal sorption characteristics. Overall, the sorption properties of the three soils investigated did not differ much from those observed for the three AMD iron oxides, suggesting that iron oxide may be useful as a model soil for the purposes of first order estimation of metal sorption in soil-water systems. 

GEOC 50 

Modeling metal ion adsorption in packed bed reactor systems 
Lynn E. Katz, lynnkatz@mail.utexas.edu, Department of Civil, Architectural, and Environmental Engineering, The University of Texas at Austin, 1 University Station C1786 - ECJ 8.600, Austin, TX 78712, Chia-chen Chen, chiacc@mail.utexas.edu, Department of Civil, Architectural, and Environmental Engineering, University of Texas, Austin, TX 78712, Gerald E. Speitel Jr., speitel@mail.utexas.edu, Department of Civil, Architectural and Environmetnal Engineering, University of Texas at Austin, Austin, TX 78712, and Shannon N. Stokes, stokessn@mail.utexas.edu, Department of Civil, Architectural and Environmental Engineering, University of Texas at Austin, Austin, TX 78712 

The use oxide media or oxide coated media in continuous-flow packed beds is an attractive option for treatment of metal contaminated waters. However, the actual performance in these systems is highly dependent on solution characteristics such as pH, ionic strength, and the presence of competing ions. Thus, a robust modeling approach that incorporates both the rate and extent of sorption must be applied. Surface complexation modeling is the appropriate technique for characterizing adsorption equilibrium, and research suggests that surface and/or pore diffusion are required to capture the rates of adsorption in packed bed reactors. In this research, the diffuse layer model has been linked to the homogeneous surface diffusion and/or pore diffusion models to describe the sorption of metal ions onto iron oxide media. The results suggest that the combined model can capture adsorption behavior in fixed bed reactor systems over a range of solution conditions. 


GEOC 51 

Metal/metalloid speciation and adsorption in engineering applications: Examples from European radioactive waste management programs 
Scott Altmann, Scientific Division, ANDRA, France, 1/7, Rue Jean-Monnet, Parc de la Croix Blanche, Chatenay-Malabry F-92298, France 

Deep underground disposal has been selected (or is being considered) by many countries as the most appropriate solution for managing certain types of radioactive waste. A demonstrated understanding of the redox state, solubility and aqueous/adsorbed speciation of radio-elements spanning the periodic table in the saturated porosity of engineered barrier materials (concrete, bentonite…) and the geosphere is a key aspect of the process leading towards licensing. This talk illustrates how basic research carried out in european national and international research programs contributes to demonstrating the safety of these major engineering projects. Examples include spectroscopic determinations of sorbed species molecular structures, molecular dynamics modeling of cation exchange and mobility on clay surfaces, predictive modeling of RN sorption in geological barrier systems, measurement and modeling of coupled sorption-diffusion of highly-sorbed radionuclides in clayrocks, etc. Most examples are drawn from the just-finishing European Integrated project ‘Funmig' and the French program. 


GEOC 52 

Molecular sorption investigations from Mexico: Complementing spectroscopy with wet chemistry 
Mario Villalobos, marvilla@nature.berkeley.edu, Ayax Perez-Gallegos, Alma I. Olivos-Suarez, and Carlos Salazar-Camacho, casaca31@yahoo.com.mx, Environmental Biogeochemistry Group, Universidad Nacional Autónoma de México, UNAM, Instituto de Geografía, Ciudad Universitaria, Mexico City, Mexico, Fax: 52-55-5622-4352 

Spectroscopic methods are very valuable tools for accurate chemical speciation of complexes that form with relevant environmental species on mineral surfaces. The configurations and stoichiometries found for these complexes, in turn, are necessary for realistic thermodynamic modeling efforts of sorbate macroscopic behavior. This behavior is normally determined through wet chemistry as a function of pH and ionic strength. One of the principal goals of modeling is to provide predictive capabilities of the fate of these species in environmental settings, through knowledge of their fundamental interactions with the relevant reactive components. The speciation-modeling process as described above, however, is not unidirectional, and in many instances the wet chemical data may strongly suggest surface species not immediately evident from spectroscopic measurements. In the present work some examples will be shown where macroscopic adsorption measurements have been crucial in determining an accurate set of surface species present, by complementing significantly the interpretation and modeling of spectroscopic data for these systems. 

GEOC 53 

Application of a surface complexation modeling approach to simulate U(VI) adsorption and desorption in a heterogeneous contaminated aquifer 
Gary P. Curtis1, gpcurtis@usgs.gov, Matthias Kohler2, mkohler@usgs.gov, Michael B. Hay1, mbhay@usgs.gov, Kelly J Johnson1, kjjohnso@usgs.gov, and James A Davis1, jadavis@usgs.gov. (1) U. S. Geological Survey, 345 Middlefield Rd., MS 409, Menlo Park, CA 94025, (2) Civil and Environmental Engineering, University of Maine, Orono, ME 04469 

The migration of U(VI) in groundwater is limited by adsorption and desorption from mineral surfaces and can be controlled by aqueous speciation reactions including complexation with carbonate ions. Semi-mechanistic surface complexation models provide an approach for coupling these aqueous speciation reactions with adsorption to heterogenous natural sediments. This approach has been tested in laboratory and field studies in a uranium-contaminated aquifer located near Naturita, CO. The semi-mechanistic model was calibrated using laboratory batch results and (1) gave good estimates of U(VI) adsorption by contaminated sediments, (2) predicted temporal changes in U(VI) concentration in tracer tests and (3) reproduced the plume scale distribution of U(VI) in groundwater. Significant challenges remain in applying the semi-mechanistic approach to simulate U(VI) desorption from contaminated sediments because desorption can be limited by diffusion in intragranular pore spaces and by slow advection in impermeable facies. These processes are being investigated in batch, column, small-scale tracer tests and modeling studies. 

GEOC 54 

Reactive solute transport modelling for the design and evaluation of permeable reactive barriers 
David W. Blowes1, blowes@uwaterloo.ca, Carol J. Ptacek1, ptacek@uwaterloo.ca, K. Ulrich Mayer2, umayer@eos.ubc.ca, Richard T. Amos1, Sung-Wook Jeen1, and Blair Gibson1. (1) Department of Earth and Environmental Sciences, University of Waterloo, Waterloo, ON N2L 3G1, Canada, (2) Department of Earth and Ocean Sciences, University of British Columbia, Vancover, BC V6T 1Z4, Canada 

The installation of a permeable reactive barrier (PRB) imposes sharp geochemical changes within an aquifer. In addition to the desired removal of target contaminants from the flowing groundwater, the changes in the geochemical regime imposed by the barrier installation may result in the precipitation of secondary minerals which affect barrier performance or cause unintentional releases of contaminants from aquifer materials. The complex interactions between chemical and physical processes within a permeable reactive barrier, and adjoining aquifer materials, make it difficult to predict quantitatively the potential effects of a PRB installation. Reactive solute transport models have been developed to integrate the effects of physical and biogeochemical processes within groundwater flow systems. These models are applied as a tool for understanding PRB performance and longevity and for developing designs for new PRB installations. 

GEOC 55 

Surface complexation modeling of U(VI) adsorption by an aquifer sediment from a former mill-tailings site at Rifle, Colorado 
Sung Pil Hyun1, sphyun@umich.edu, Patricia M. Fox2, pfox@usgs.gov, Kim F. Hayes1, ford@umich.edu, and James A Davis2, jadavis@usgs.gov. (1) Department of Civil and Environmental Engineering, University of Michigan, 1351 Beal Avenue, Ann Arbor, MI 48109, Fax: 734-763-2275, (2) U. S. Geological Survey, Menlo Park, CA 94025 

U(VI) adsorption by a background sediment from a former uranium mill-tailings site at Rifle, Colorado, was studied under oxic conditions as a function of U(VI), Ca, and dissolved carbonate concentration. Batch adsorption experiments were performed using artificial groundwater solutions prepared to simulate the field groundwater composition in equilibrium with specific partial pressures of carbon dioxide. The experimental conditions ranged from 5×10-8 – 10-5 M in [U(VI)], 3×10-3 – 6×10-3 M in [Ca2+], 0.07 – 2.7% in partial pressure of carbon dioxide to cover the geochemical conditions of the alluvial aquifer at the site. Extraction of the sediment with a dilute bicarbonate/carbonate solution was conducted to determine the background sorbed U(VI) already present in the sediment. Adsorption of added uranium was complete within 24 h, but desorption of the background uranium was slower. A semi-empirical surface complexation model was developed with the best-fit adsorption constants for uranium established using FITEQL4 and uranium adsorption data. A non-electrostatic, generalized composite model successfully simulates the uranium adsorption over the field groundwater conditions. The sensitivity of the background U concentration on the predicted U adsorption was evaluated. The modeling approach combined with aquifer sediment mineralogical characterization provides a mechanistic understanding of the uranium adsorption by the sediment. The model is expected to contribute to the prediction of transport and fate of the U(VI) in the aquifer at the Rifle mill-tailings site. 
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