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Abstract

The PNNL Scientific Focus Area (SFA) will resolve critical Hanford and basic subsurface science
issues through integrated, multi-disciplinary, science-theme focused research on the role of
microenvironments and transition zones in the reactive transport of technetium (Tc), uranium (U), and
plutonium (Pu). The overall ten-year goals of the SFA are to develop: i.) an integrated conceptual model
for microbial ecology in the Hanford subsurface and its influence on contaminant migration, ii.) a
fundamental understanding of chemical reaction, biotransformation, and physical transport processes in
microenvironments and transition zones, and iii.) quantitative biogeochemical reactive transport models
for Tc, U, and Pu that integrate multi-process coupling at different spatial scales for field-scale
application. The SFA will build on established areas of PNNL expertise in geochemistry, microbiology,
and multi-scale modeling. The SFA consists of eleven projects involving twelve external collaborators
that fall into the following science categories: i.) microbial ecology, ii.) molecular scale mechanisms,
iii.) pore-scale coupled processes, iv.) reactive transport science, v.) multi-scale reactive transport
models, and vi.) in-situ structures and reactive transport properties. Cohesiveness and integration will be
achieved by focus on four SFA hypotheses and Hanford-relevant contaminant scenarios to enhance
information upscaling, resolution of broader science issues, and Hanford impact. The SFA relies
strongly on the Environmental Molecular Sciences Laboratory (EMSL) for fundamental science
capabilities and the Hanford Integrated Field Challenge (IFC) site as an essential location for samples
and opportunities for field scale research.
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markedly across such transition zones while remaining
relatively stable for significant transport distances both
above and downgradient of these more active locations.
Thus, they are focal points for biogeochemical and
hydrodynamic change that must be understood for system
prediction. Transition zones may have dynamic spatial and
temporal characters if influenced by changes in temperature,
water content or pore space saturation, or chemical
composition. These dynamics are especially important along
the Hanford Reach where the Columbia River-groundwater
system is subject to 1-3 meter changes in river flow stage on
seasonal timeframes and even daily as a consequence of
water flow management via dams. These river stage effects
force marked changes in associated groundwater
compositions, temperature, and dissolved carbon/nutrient
levels.

A common aspect of both microenvironments and
transition zones is that their overall behavior is strongly
influenced by the coupling of molecular, microscopic, and
macroscopic geochemical, microbiologic, and physical
transport processes. Moreover, their properties, associated
processes, and in-situ chemical contributions must be
understood at various spatial scales to accurately forecast the
long term, field behavior of high-risk contaminants at
Hanford as will be briefly described below. It is these
complex linkages, interdependencies, and their profound
impact on reactive contaminant transport over a range of
spatial scales that are the focus of the PNNL ERSD SFA.
PNNL investigators and their collaborators have actively
published on various subject areas related to this science theme and are internationally recognized (see
Biographical Sketches). The SFA will serve to align these accomplished PNNL investigators and
talented new staff, complemented by external experts, along a common multi-disciplinary theme for
higher scientific impact and enhanced contributions to Hanford contaminant fate and transport
knowledge needs. Moreover, this SFA is in direct support of DOE-ERSD’s mission to “advance our
understanding of the fundamental biological, chemical, and physical processes that control contaminant
behavior in the environment in ways that help solve DOE’s intractable problems in environmental
remediation and stewardship.”

Background and Justification

The PNNL SFA is focused on fundamental Hanford subsurface science needs. However, the
Hanford Site is one of the world’s largest, most complex, and costly environmental remediation projects.
Consequently, diverse and often conflicting views exist on all issues including science needs. There are
many players at the site including the PNNL which has been an active player in Hanford research since
1964, and various remediation contractors that come and go on approximate 5 year time frames. PNNL
is arguably the dominant holder of Hanford-site science expertise because of its long and sustained
engagement, and the institutional priority it has placed on resolving both fundamental and applied

Figure 4. Redox boundary in 300 A
Ringold sediments about 2.5 m below the
Hanford-Ringold contact. The boundary
represents a point where oxygen and other
terminal electron acceptors have been
consumed by microbiologic respiration.
Residual organic matter in the sediments is
believed to be the electron donor for this
process. This reducing zone appears to
collect contaminant U(VI) that migrates from
above under conditions of high groundwater
U (Williams et al., 2007).
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science issues at the site. PNNL’s role in Hanford
science and technology was recently reviewed by the
National Research Council (NRC, 2001).

Science needs and gaps for Hanford are evaluated
periodically by different groups and teams, often with
different objectives and biases, but PNNL is generally
an important participant. Recent, example
assessments of this sort include: Cantrell et al. (2007);
Mann et al. (2007); Zachara et al. (2007c); Zachara et
al. (2007a). These identify the “high inventory”
contaminants U, 99Tc, 129I, Cr, and CCl4 as being risk
drivers because of their environmental mobility and
persistence; and 239,240,241Pu, 137Cs, and 90Sr as
problematic because of relatively low mobility but high
radioactive toxicity. All credible data analyses for
Hanford admit to the poor existing capability to predict
subsurface contaminant migration because of: i.)
insufficient understanding of controlling processes
(hydrology and geochemistry primarily), and lack of
robust process-level models and parameters to describe
them; ii.) a historic and continued lack of consideration
of any and all kinetic processes; iii.) inadequate
characterizations of subsurface properties, structures,
and features over the large-scale domains of interest;
and iv.) lack of modeling approaches to quantitatively
deal with substantial heterogeneities in chemical and
physical properties at different scales (See Figures 5
and 6). The SFA recognizes these inadequacies and
seeks to resolve key issues that will substantially advance the field of fundamental subsurface science.

Underappreciated by the Hanford community is the important role of subsurface microorganisms in
transforming contaminant speciation; modifying solubility; precipitating or dissolving mineral phases;
consuming/assimilating carbon, oxygen, and other electron donors; and modifying contaminant transport
through other means. These phenomena have been a long-term focus of ERSD/OBER research which
has developed the world’s preeminent understanding of the microbiologic transformations of Tc, U, Cr,
and Pu. Such transformations could be highly significant to long-term stewardship, but have generally
been ignored in Hanford “performance assessments” as they represent “one more thing to look at” for
those seeking cost-incentives rather than effective and informed, long term clean-up. Selected subsurface
microbiology investigations were performed at Hanford, mainly in the western central plateau, in the
early 1990’s by ERSD predecessor programs (Fredrickson et al., 1995; Kieft et al., 1995; McKinley et
al., 1997). Little additional research on Hanford microbial ecology and subsurface biogeochemical
processes has been performed since that date except for an ERSD/LBNL biostimulation experiment for
chromate reduction in Hanford’s’ 100 A (Hazen et al., 2006); characterization of microorganisms (Figure
7) in a chemically- and radiologically-extreme high level waste plume (Fredrickson et al., 2004a); and a
study of the biogeochemistry of Columbia River hyporheic zone sediments (Moser et al., 2003). This
limited information on Hanford subsurface microbiology, especially in sensitive near-shore regions along
the Columbia River corridor, has motivated the SFA to place significant research emphasis on identifying
the nature and function, and contaminant transformation potential of Hanford microbes, and models to
describe their behaviors at different levels.

Our SFA science theme selection on microenvironments and transition zones derives from numerous

Figure 5. Cataclysmic flood deposits of the
Hanford formation exposed in Hanford’s central
plateau where major vadose zone contamination
exists. Micro-environments and zones of different
scale and lateral connectivity are ubiquitous,
leading to large challenges in predicting water
migration and reactive contaminant behavior.


