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RESEARCH OBJECTIVE:

Animmediate EM science need is ardiable kinetic modd that predicts long-term waste glass
performance. A framework for which the kinetics of minera-solution reactions can be used to
interpret complex slicate glass propertiesis required to accurately describe the current and future
behavior of glasses as synthetic monoliths or naturd analogs. Reection rates and mechanisms are
essentid dements in deciphering minera/materid reactivity trends within a compositional series or
across ameatrix of complex solution compositions. An essentid place to start, and the god of this
research, isto quantify the reactivity of crystaline and amorphous SO2 phasesin the complex fluids
of naturd sysems.

Perhaps the most important motivation for quantifying SO2 reectivity in the fluids of subsurface
environments is that an understanding of fundamenta controls on the reactivity of sSmple S—O
bonded phases establishes basdline behavior for silica phases widely found in waste storage
environments. Host rock glicate minerals dominate virtualy every repository rock-water system.
Further, complex slicate glasses will be the front line of defensein containing radioactive wastes in
both interim and long-term Storage strategies. However, we have little quantitative understanding of
pure SO2 reactivity in the solutes of naturd and perturbed groundwaters even though current EM
drategy calsfor dispersd of waste into silica-based glass materids. Findings will establish
quantitetive relationships between slica reactivity and complex solution chemigtries never
investigated which are presently speculative at-best. Further, we will be able to uncover an



underlying principle that governs how solutes affect sllica reactivity in a systematic and predictable
way.

RESEARCH PROGRESS AND IMPLICATIONS:

The new research project was initiated on February 1, 2001. Therefore, our reporting period for
this year spans only afew months of activity.

A. Interactions with Users: Tank Focus Area

P.I. Dove has continued to interact with TFA scientists and engineers on the problems of waste
glass properties. Mr. Colin Craven presented the results of EMSP research findingsto a TFA
subgroup & the St Lake City meeting in March of 2001 (Dove was expecting anew child and
could not travel). Following this meeting, Mr. Craven traveled to PNNL and interviewed for a
research pogtion with the Applied Geochemistry group. Results of our EM SP-funded research
have interfaced very well with the efforts of Dr. Pete McGrail and colleagues a PNNL. Continued
linkages between Dove' s former EM SP-funded postdoc, Dr. Jonathan Icenhower, and his group at
PNINL has further facilitated information transfer from the ‘university lab to user’ environment.
Similarly, former EM SP-funded graduate student from the Dove group, Troy Lorier, now works
with the Glass Chemigtry group (Dr. Bill Holtzscheiter) at Westinghouse Savannah River.

B. Publications:

Karlsson, M., C.M. Craven, P.M. Dove and W.H Casey (2001) Surface charge concentrations
ondlicain different 1.0 M meta chloride background dectrolytes and implications for
dissolution rates. Aquatic Geochemigtry, 7, p. 13-32.

Craven, C.M. and P.M. Dove (in review) Silica surface charge in akai chloride solutions.
Geochimica Cosmochimica Acta.

Lorier, T. and P.M. Dove (in preparation) The dissolution kinetics of quartz and amorphous silicain
naturd waters. A basdine for slicareactivity.

C. Awards:

In the Spring of 2001, Mr. Colin Craven received the Outstanding Student Paper Award from the
Hydrology Section of the American Geophysica Union.

PLANNED ACTIVITIES:

Over the next year, we will be busy with the first full yeer of the project. During thistime, Dove will
aso be working with Mr. Craven and Mr. Lorier to publish three papers from their two M.S.
theses. In new work, we will be conducting experimenta and theoretica anayses, to determine
basdline relations and use this knowledge to address the problem of how complex solute mixtures



found in real solutions control long-term stability in corrosion. New student, Mr. Darren Wilson,
will be finished with coursework and become active in aresearch plan to use an integrated
experimental approach to congtruct a quantitative model of solute controls on the reactivity of
cryddline and glassy SO2. We will measure the dissolution rate of quartz and silicaglassina
series of carefully sdlected mixed solute solutions over arange of pH and temperature. Wewill dso
determine the effect of reaction affinity on ratesin DIW (control) and solute- bearing solutions by
adjusting steady state silica concentrations produced during the dissolution reactions. With Dr.
Sdim Elhadj soon joining our group as a postdoctord scientist, the kinetic portion of the study will
be conducted in pardld with surface investigations of sdected samples/conditions to resolve the
controversy of reaction mechanism by conducting high-quality potentiometric surface titrationsin the
relevant solute-bearing solutions. Thiswill settle long-standing questions of whether (how) solutes
control minera surface charge and reactivity. The quantitative information will be complemented by
findingsfrom in situ Atomic Force Microscopy (AFM) and ex situ analyses by XPS and Auger.

OTHER ACTIVITIES:

2001 Invited Spesker: Fal AGU specid sesson Nanoparticles in the Environment,
San Francisco

2001 Spring TFA Meseting, Sdlt Lake City

INFORMATION ACCESS:

web: www.geol .vt.edu/geochem/pmd



