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2009 Annual ERSP Principal I nvestigators Meeting

Welcome to the 2009 Annual Environmental Remediation Sciences Program (ERSRaPhves-
tigators (PI) Meeting, and thank you for setting aside time in your busy scheduletcipaie in this
important annual meeting. The ERSP seeks to advance fundamental science tonahgeestizt, and
mitigate the impacts of environmental contamination from past nuclear weaponstiprodad provide
a scientific basis for the long-term stewardship of nuclear waste disposse. dineitious goals cannot
be achieved by any one project alone. Therefore, ERSP funds a combination of reseaaats@btire
DOE national laboratories, individual projects at universities and federatiageand large long(er)-
term field site research. Integration of these activities to advancdtBE Boals is a constant challenge,
but made significantly simpler by bringing together all funded ERSP researie® a year to discuss
the very latest research results. It is at these meetings where newndéar scientific advancements in
support of ERSP goals can be discussed and openly debated among all Pls in the progra®PThe ER
thrives, in part, on the new ideas, concepts, scientific connections, and collaboratenasegkeas a re-
sult of these meetings.

The annual PI Meeting is very much a working meeting with three major goais:fdjvide oppor-
tunities for scientific interaction among the ERSP scientists, a telieaent for the program; (2) to
provide the ERSP program staff with an opportunity to evaluate the progress of eaampng pro-
ject; and (3) to showcase the ERSP to interested parties within DOE and withifed#drat agencies. In
addition to program managers from within OBER, there will be representative®ther offices within
DOE and other federal agencies in attendance at the meeting.

This year, we have another full agenda. The meeting begins on Monday afternoon with anmupdate
activities at the Oak Ridge IFRC and an evening poster session. Tuesday higgmsming plenary
talks from individual ERSP projects, followed by two concurrent breakout sessiong theifree time
after lunch. The afternoon plenary session will continue with an update on activihed-#anford 300
Area IFRC, followed by an evening poster session after dinner. Wednesday will éodliomlar format,
with morning plenary session talks, free time over lunch, and an afternoon plenany easactivities at
the Rifle IFRC and an evening poster session. Plenary talks will continue Thorsdawgg, and the PI
meeting formally adjourns at noon on Thursday. Immediately after the meeting,dE&fS&mn managers
will be conducting a mid-term SciDAC review and a review of proposals sudrmttesponse to the
latest call to the DOE national laboratories for a program in Transuranicsntoatian research.

While the meeting agenda is necessarily full, we have attempted to prigeertime in the after-
noons for research groups and individuals to meet privately. We know that many groups tirse @i
the Pl Meeting to meet face to face with project members, and we do not wish to disdbigaWe
have also provided a large block of time for the evening poster presentations.afhesagé SFA pro-
gram will be presenting posters as a group and will be assigned to one of the thieg posier ses-
sions. Individual university/federal agency projects (in addition to the IFRCcpspjeill also be as-
signed to one of the poster sessions. Each ERSP-funded project will be representeddryaagpas
least one of the investigators. The ERSP program managers encourageoaditteisct the poster session,
whether you are presenting your project or not, to view results obtained from others mgtiaenpr

On behalf of the ERSP program managers and staff, | thank you for attending this aratungl. me
The past year has been quite productive, and we look forward to reviewing the progreseyoada
and discussing future plans for your research.

Best Regards,

R. Todd Anderson
ERSP Program Manager
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ERSP Contacts

Office of Biological and Environmental Research (OBER)

R. Todd Andersortodd.anderson@science.doe.gov

Paul Bayerpaul.bayer@science.doe.gov

Roland Hirschroland.hirsch@science.doe.gov

Terry Jonesterry jones@science.doe.gov

Arthur Katz:arthur.katz@science.doe.gov

Michael Kuperbergmichael.kuperberg@science.doe.gov

Kim Laing: kim.laing@science.doe.gov
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ERSP Program Office

ERSP Program Support Office
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ERSP Program Administrator
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DOE-ERSP Annual Pl Mesting

National Conference Center, Lansdowne, VA

Preliminary Agenda

Monday, April 20, 2009
Afternoon Session

1:00 p.m.

1:30 p.m.

2:00 p.m.

2:30 p.m.

3:30 p.m.

4:00 p.m.

4:30 p.m.

5:30 p.m.

6:30 p.m.

ERSP Programmatic Overview and Outlook for the Future
David Lesmes, Acting Division Director, ERSD

TBA—Invited Presentation

A Geologic Framework for Reactive Solute Transport Properties

in Sedimentary Aquifers

Richelle M. Allen-King, University at Buffalo (SUNY)

Contrastsin Biogeochemical Processes Affecting Uranium Transport at
ThreeField Sites

James A. Davis, U.S. Geological Survey

Coupled Biogeochemical Processesin the Soil and Soil-Plant Systems Re-
sponsible for Enhanced Transport of Plutonium in the Vadose Zone
Fred J. Molz, Clemson University

Terry Beveridge Memorial Lecture

Grant Ferris, University of Toronto

DINNER

Poster Session 1

Abstracts
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Tuesday, April 21, 2009
Morning Session

Integrated Field-Scale Research Challenge (IFRC) Presentations

8:30 a.m.

9:30 a.m.

10:30 a.m.

11:00 a.m.

12:00 noon

12:15 p.m.

Oak Ridge Site
Phil Jardine, ORNL, and Co-PI's

Old Rifle UMTRA Site
Phil Long, PNNL, and Co-PI's

BREAK

Hanford 300 Site
John Zachara, PNNL, and Co-PI's

A Roadmap for Practical Deployment of Models for Microbially Mediate&@Rem
diation of Metals and Radionuclides at DOE Sites
Jack Parker, University of Tennessee

LUNCH and FREE (Working Lunch with FREC and IFRC teams)

Afternoon Session

3:00 p.m.

3:30 p.m.

4:00 p.m.

4:30 p.m.

5:30 p.m.

6:30 p.m.

Nitrite Enhanced Chromium Reduction in Three Model Organisms:
Geobacter metallireducenSulfurospirillum barnesjiandDesulfovibrio desulfu-
ricans27774
John F. Stolz, Duquesne University

Structure and Function of Subsurface Microbial Communities Affecting Radion
clide Transport and Bioimmobilization
Joel E. Kostka, Florida State University

Metagenomics-Enabled Understanding of Metal-Reducing Communities at the
ORNL-FRC
James M. Tiedje, Michigan State University

From Community Structure to Functions: GeoChip Development and Its Applica-
tions to Bioremediation
Jizhong Zhou, University of Oklahoma

DINNER

Poster Session 2
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8:30 a.m.

9:00 a.m.

9:30 a.m.

10:00 a.m.

10:30 a.m.

11:00 a.m.

11:30 a.m.

12:00 noon

Wednesday, April 22, 2009
Morning Session

I ntegrated Hydrogeophysical and Hydrogeologic Driven Parameter Upscal-
ing for Dual-Domain Transport Modeling
John M. Shafer, University of South Carolina

Hyphenated Techniquesfor Deter mining pH-Dependent Pore-Scale Uranium
(V1) Speciation
James F. Ranville, Colorado School of Mines

Development of Modeling and Scaling Methods for Predicting
Coupled Reactive Transport Processes
T. Prabhakar Clement, Auburn University

BREAK

The Role of Microbial Phosphates on Uranium Mobility in the Subsurface
Patty Sobecky/Martial Taillefert. Georgia Institute of Technology

Effects of Fermentative Activity on Fate and Transport of U and Cr
Brent Peyton, Montana State University

Biochemical Mechanisms and Energy Strategies of Geobacter sulfurreducens
Ming Tien, Pennsylvania State University

LUNCH (SFA Panel Working Lunch—Orientation and Charge)

Afternoon Session

Scientific Focus Areas Presentations—DOE National Laboratories

1:30 p.m.

2:00 p.m.

2:20 p.m.

2:40 p.m.

3:00 p.m.

SFA Overview and Background (ERSD)

Argonne National Laboratory
Carol Giometti/Ken Kemner

Idaho National Laboratory
Mark Ankeny/George Redden

L os Alamos National L aboratory
Michael Ebinger

Lawrence Berkeley National Laboratory
Susan Hubbard

Abstracts
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3:30 p.m.

3:45 p.m.

4:15 p.m.

4:45 p.m.

5:30 p.m.
6:30 p.m.

8:00 p.m.

BREAK

Oak Ridge National Laboratory
Liyuan Liang

Pacific Northwest National Laboratory
Harvey Bolton

Stanford Synchrotron Radiation Laboratory
John Bargar

DINNER
SFA Poster Session

MEETING ADJOURNED
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Geochemical and Physical Aquifer Property Heterogen  eity:
A Multiscale Sedimentologic Approach to Reactive So lute Transport

Session: ERSP University Research

Richelle M. Allen-King, Dept. of Geology, University at Buffalo (SUNY))(Rsuohui Wang, Dept. of
Geology, University at Buffalo (SUNY), Kelly Lilienthal, Dept. of Geology, rsity at Buffalo
(SUNY), Gary Weissmann, University of New Mexico, Christopher Murray, PNNh,Jcheibe,
PNNL, Bruce Bjornstad, PNNL, George Last, PNNL

This project is testing the hypothesis that sedimentary lithofacies de¢etinei geochemical and
physical hydrologic properties that control reactive solute transport. Theesfaibge geochemical and
physical aquifer properties selected for quantification in the proposed proj¢ice ga®perties that con-
trol carbon tetrachloride (CT) transport at the Hanford Site (Ringold Formatigaidaulic conductivity
and reactivity (sorption distribution coefficient and transformation rate aajstse are combining ob-
servations at outcrop analog sites (to measure lithofacies dimensions atidatagiations) with meas-
urements from archived and fresh core samples (for geochemical experimetpaovide additional
constraint to the stratigraphic model) to estimate the spatial distribatigmeperties that control reac-
tive solute transport in the subsurface.

Through analysis of the boreholes and outcrop, we determined that (1) the Ringold E unit (the pri-
mary saturated zone unit contaminated by the CT plume) consists primarily elftgrasbble deposited
by large multichannel streams, and (2) this unit is lithologically relgtiveinogeneous with minor
sandbody inclusions that appear to be bar-top facies. To further assess the influémclegthlly con-
strained K heterogeneity on groundwater flow and reactive transport, we cregiteddalution lithofa-
cies maps from lidar scans of Ringold outcrops for use in 2D groundwater models. The two high
resolution terrestrial lidar scans (collected in the previous year) pravidecarate 3D survey of
lithologic unit geometry, along with intensity of laser reflection. The two outarapssare oriented ap-
proximately perpendicular to each other to allow us to assess the influence obfeigstion on
groundwater flow and reactive solute transport.

We have used a surrogate compound approach to determine that (1) the CT sorption distribution co-
efficient (Ky) is low in the Ringold formation, and (2) reasonafe@stimates can be obtained from the
measured organic carbon conteg) (©f the sediments using the literature or reference value.far-
dependent of CT concentration. This finding allows us to "rule out" sorption as a sigmi@&ssistorage
mechanism for CT in the Ringold E and to recognize that CT retardation is minisedukments on
the Ringold mud are ongoing.

A protocol for CT transformation experiments that preserves sample intiegtiity maximum extent
practical has been developed, and CT transformation experiments with the frestsdeonpl range of
depths in the Ringold formation have been initiated. Transformation was not detelotalaldack-
ground control loss in initial experiments with a Ringold sand and gravel sample. Etmsistent with
the observation of low to nondetectable sorbed Fe(ll) in samples from the same usiie\teansfor-
mation, sorbed Fe(ll) concentration, and CF suggest variable transformationgbetéhtthe Ringold
mud sample, which exhibits variable redox color indicators.

We have also begun work on reactive transport simulations that will be used t¢ {hediepacts of
the combined heterogeneity of the physical and geochemical aquifer attributestive teansport.
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Investigating Geophysical Signatures of Microbial N anowires
Session: ERSP University Research

Estella A Atekwana, Oklahoma State University (Plvid Corter, Oklahoma State University,
Gamal Z Abdel Aal, Oklahoma State University, Dwayne Elias, Univeo§ilissouri-Columbia

The primary goal of this research is to establish a fundamental and mechardstistanding of the
relationship between microbial activities involved in electron transfdydimg nanowires, and the geo-
physical/geoelectrical responses of subsurface environments. More gjlgcibiar objective is to con-
duct laboratory studies to accomplish the following:

1. Correlate the spatial and temporal bacterial nanowire distributitngeoelectrical responses,

including induced polarization (IP) and self-potential (SP) measurements.

2. Demonstrate that in electron-acceptor limiting conditions, mictaiaiaowires will be produced

and discernable differences in geoelectrical signatures will exist.

In a previous set of experiments using saturated sand columns and the metal-redtmingrbac
Shewanella oneidendi8R-1, we suggested that electrically conductive extracellular appendages e
hanced the measured electrical potentials over time. However, the sourceismaafdhe enhanced
measured electrical potential is not fully understood. In the present set of exsrime investigated
the effect of electron-acceptor limitation on bacterial electron trangpdédw-through column experi-
ment under anaerobic conditions was conducted to investigate the effect of suifatesh on electron
transport using the bacteriubesulfovibrio vulgarisTwo sets of experimental columns were utilized;
one simulating electron-acceptor “excess” conditions (containing 4 mM |lactdtd mM sulfate) and
the second simulating electron-acceptor “limiting” conditions (5 mM laaatd 1.5 mM sulfate). Both
columns contained 0.0015 mM of Fe(ll) as F&GIminimize precipitation of iron sulfide. Low fre-
guency electrical measurements (0.1-1000 Hz) and self-potential (SP) mesrgsreere made on the
columns over a period of 36 days. Fluid and soil samples were extracted from the sand twolovess
tigate the changes in the geochemical and biological properties over time. Wedlbat a difference
in the ratio of electron donor to electron acceptor caused a significant change in éh@iptias8 mrad)
and imaginary conductivity component (up to 3.5%80m) of the sulfate limited columns compared to
the sulfate excess columns. However, both columns showed significant changes ingdheeSRup to
500 mV for the sulfate-limiting column and 600 mV for the sulfate excess column). Thesshartige
SP were likely related to chemical reactions occurring at the electddésady decrease in pH from 7.5
to 6.9 suggests that the cells were viable for the length of the experiment. Geathealyses includ-
ing organic acid concentrations and scanning electron microscope imaging amédycun@er way to
help explain the differences in the low frequency electrical measurements.
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Reduction of Hg(ll) to Hg(0) by Magnetite
Session: ERSP University Research

Nathan Yee, Rutgers University, Heather A. Wiatrowski, Rutgers UniyeBoumya Das, Rutgers Uni-
versity, Chu-Ching Lin, Rutgers University, Madhavi Parikh, Rutgers UsityeiRavi Kukkadapu, Pa-
cific Northwest National Laboratory, Tamar Barkay, Rutgers Uniwe(iad PI)

Mercury is a component of mixed waste that has contaminated vast areas of smuadgdvgter as
a result of nuclear weapons production. While the complexation of mercuric Hg {Mdfi]soil or-
ganic matter and mineral surfaces can retard mercury migration, episodesraivgater contamination
are known. In some cases, mercury mobilization in groundwater results in potablsuwpatsaturated
with elemental Hg (Hg[O]). Coupled biotic/abiotic processes that reducé kgHg(0) in saturated sub-
surface sediments may contribute to this problem.

Previously, we demonstrated that three dissimilatory metal reducingibd&®tRB), Shewanella
oneidensiMR-1, Geobacter sulfurreducef®CA, andGeobacter metallireducer38S-15 reduce Hg(ll)
to Hg(0), while utilizing ferrihydrite as a terminal electron acceptor. Ongilpbty of enhanced mercu-
ric Hg reduction under iron-reducing conditions is Hg(ll) reduction by biogenic femmusTihe goal of
this project is to investigate the coupled biotic/abiotic pathways of Hg@llicteon by DMRB. The re-
search objectives are: (1) to quantify Hg(ll) reduction by solid-phase Re(iérals; and (2) to elucidate
the abiotic and biotic pathways of Hg(ll) reduction in complex enrichment culturesréndéerived from
saturated subsurface sediments .

Here we report the discovery that magnetiteg@zecan reduce Hg(ll) to Hg(0). Kinetic and spectro-
scopic experiments were performed to elucidate reaction rates and mechahesgpdrimental data
demonstrated that reaction of Hg(ll) with magnetite results in the loss by blgd the formation of
volatile elemental Hg (Hg[0]). Kinetic experiments showed that Hg(@yc&on occurred within min-
utes, with reaction rates increasing with increasing magnetite suspensiiy @0S to 0.2 g/L) and so-
lution pH (4.8 to 6.7), and decreasing with increasing chloride concentratibto(10” mol/L). Méss-
bauer spectroscopic analysis of reacted magnetite samples revealeshaalgcFe(ll) content, corre-
sponding the oxidation of Fe(ll) to Fe(lll) in the magnetite structure. Thesesreagtiest that Hg(ll) re-
action with solid-phase Fe(ll) is a kinetically favorable pathway fotlHg{duction in magnetite-bearing
environmental systems.
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Microscale Metabolic, Redox and Abiotic Reactions i n Hanford 300 Area
Subsurface Sediments

Session: ERSP University Research

Haluk Beyenal, Washington State University, Pullman, WA (leadJih) Fredrickson, Pacific North-
west National Laboratory, Richland, WA, Jeffrey S. McLean, J.Craig Ventéutest
Paul D. Majors, Pacific Northwest National Laboratory, Richland, WA

The biotransformation of aqueous uranium species associated with the solid phasercanestab-
lished communities of cells growing on mineral surfaces. In previous studies, wheaiure popula-
tions of microbes associated with subsurface sediments were stimulatedgaitft @ectron donors in
laboratory microcosms, the number of active cells increased rapidly. Developht@cterial communi-
ties on mineral surfaces can result in highly metabolically active amlisined within a matrix consist-
ing of extracellular polymeric substances (EPS). In previous ERSP reseaggnibiUQ nanoparticles
were shown to associate with the extracellular matrix material, supportimggbgance of microbial
processes and the potential role of EPS in nanoparticle collection and stabilizahor, khicrobial
processes and abiotic redox reactions that operate at the microscalgcaldaunderstanding factors
controlling the macroscopic fate and transport of contaminants in the subsurface.

The primary goal of our research program is to understand how microscale conditioolsucantr
nium mobility and how biotic and abiotic reactions interact to influence contaminanidrel@ur re-
search focuses on the Hanford 300 Area subsurface environment and uses a combination afroevel mi
scale approaches and modeling to understand these relationships. Core samples from IBB0CAsite
were used to prepare eight column reactors. We then isolated facultativealdheterould reduce solu-
ble uranium (VI). Currently, we are in the process of identifying these isotaitegyh 16s rRNA analy-
sis. Laboratory NMR microscopy studies were performed to monitor spatial and &mptabolite
concentrations and material-transport rates within biofilms. We developed sys&m that is optically
accessible for real-time nondestructive imaging during biofilm growth on cladtrellectrodes simulat-
ing redox states of solid-phase electron acceptors. New microelectrodesingeasanyl concentration
([UO,*), as well as pH and dissolved oxygen have been developed and constructed to measure local
chemistry in the laboratory and within 300 Area subsurface biofilms.

Live NMR metabolism experiments demonstrated that that the apparent diffusidor raater de-
creases linearly with biofilm depth. These values were used in a reacfimiatifmodel describing me-
tabolite profiles, and the results were compared with the experimentallyreeaseady-state metabolite
profiles (lactate, acetate, fumarate, and succinate). In parallel stuthebevoptically accessible con-
trolled electrode chamber, we demonstrated that there is quantifiable campsgitiveen a soluble elec-
tron acceptor (fumarate) and insoluble acceptor (electrodeleaanelladiofilm of average thickness
(80 um). Experiments are under way to correlate the uranium reduction and oxidationtratke pies-
ence of biofilms whose overall activity is modulated by the availability efdeland insoluble alterna-
tive electron acceptors. Microelectrodes, controlled electrochemicaledeand NMR in combination
provide capabilities for measuring metabolism, chemistry, and uranium sglabilite microscale in
Hanford 300 Area mixed species biofilms, as well as in pure culture biofilms. Thaseillade used in
developing a model to ultimately understand and predict the fate of uranium at theabgrasd then
be linked to macroscale properties and processes.
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Release of Aged Contaminants from Weathered Sedime  nts: Effects of Sorbate
Speciation on Scaling of Reactive Transport

Session: ERSP University Research

Jon Chorover, University of Arizona (lead Rfarl Mueller, Department of Chemistry, Pennsylvania
State University, Peggy O'Day, Division of Natural Sciences, UntyaesgiCalifornia, Merced, Carl
Steefel, Earth Sciences Division, Lawrence Berkeley National Labgr&ttmoyong Um, Applied Geo-
chemistry Division, Pacific Northwest National Laboratory, Nico Perdbapartment of Soil, Water
and Environmental Science, Nelson Rivera, Division of Natural Sciences, &ltynarCalifornia,
Merced, Aaron Thompson, Department of Crop and Soil Sciences, University of GeatglaS@epka,
Department of Chemistry, Pennsylvania State University

Our work aims for a predictive-mechanistic understanding of the coupling betweeraiweather-
ing and contaminant (Cs, Sr, |) fate in caustic waste-impacted sedimergs sgace, time, and geo-
chemical gradients observed at the Hanford Site. Our research approach centensasncd flow-
through saturated and unsaturated column studies conducted on Hanford Formation sedirteshts reac
with synthetic tank waste leachate (STWL) for up to 1 yr in the presence and abisS€@eSTWL-
reacted sediments are then subjected to flow-through column studies using simulgeaduoa pore
water (BPW) solution to assess subsequent contaminant release. We are usiifigcetadlapproach
(XAS, XRD, DRIFT, NMR, TEM/EDS, wet chemistry) to investigate molecsizale mechanisms that
give rise to macroscale response. In all treatments, added Sr, Cs, and | weaatedrinto the solid
phase with 3 to 12 times more uptake of Sr than Cs, and much smaller uptake of I. Sedimand CEC
specific surface area decreased with STWL reaction time, consisthrdiggblution of clay minerals,
but a finer granulometry resulted as well. XRD, DRIFT and microscopic charagtens indicated the
neoprecipitation of Ca-rich Na-zeolites for the highest contaminant concemsr@IGH: 10° m Cs and
Sr, 10° m1) and NQ-feldspathoids (sodalite/cancrinite) for the low concentrations (LOWniGs and
Sr, 10" m1) with detectable amounts of Sr and Cs in the neophases for HIGH. lodine uptake could not be
localized in the solid phase. Intensities of neophase XRD reflections incredisedagtion time. No
major effect of the pCOwas observed. Homogenous nucleation experiments conducted under similar
conditions revealed the precipitation of similar neophases with a minerdbtraagon from zeolite to
feldspathoids occurring between 30 and 365 days in both HIGH and LOW. Therefore, assurnang simil
neophases in sediments and given the presence of zeolite in HIGH after 1 yea, tnaingformation
(i.e., ripening) appears to be inhibited for HIGH sediment treatments. When theise ssdiments were
leached with simulated BPW (pH=7) in flow-through saturated and unsaturated colujuns;atian re-
lease and pH stabilized at PV > 300, with data fit to a pseudo steady-state conditiariogmaid ion
exchange and slower dissolution/precipitation reactions. Long-term fractitgaedeef Sr and Cs in all
treatments falls within a narrow range of 0.0001-0.0®@4. Conversely, rapid | desorption was ob-
served, with the total sorbed pool diminished by ca. 50% in within 50 PV. XRD of solids after 600 PV
indicated persistence of N@eldspathoids in the LOW and incongruent zeolite dissolution in the HIGH.
Numerical modeling of the long-term release of Cs and Sr is consistent wipd#ioid dissolution con-
trol in the LOW, whereas the presence of zeolite in the HIGH makes the modelmgongulex. When
considered in light of our prior studies on specimen clays and homogeneous nucleation presedses
indicate that initial contaminant concentration and sediment composition exemgistpact on the
solid phase transformations and contaminant fate/mobility in both STWL and BPWigsena

Abstracts 25



The Genome Sequences of the Fe(ll) Oxidizers Diaphor obacter sp. strain TPSY
and Pseudoglubenkiania sp. strain 2002

Session: ERSP University Research

Kathy G. Byrne-Bailey, University of California, Berkeley, CA, Antine&Hair, University of Califor-
nia, Berkeley, CA, John D. Coates, University of California, Berkeley, G#d (i)

Nitrate-dependent Fe(ll)-oxidizing bacteria (NFoxB) produce a broad range of irswhrbforms
as endproducts, including amorphous hydrous Fe(lll)-oxides and mixed-valence ironsrsnehahs
green rust, maghemite, and magnetite. These iron minerals regulate solableometntrations, includ-
ing those of uranium, chromium, and cobalt, in natural waters through adsorption and co-pogcipita
Although, it has been over a decade since nitrate-dependent Fe(ll) oxidation wesriirBed, there is
still relatively little known about the microorganisms responsible, and nothkmgign regarding the
genetic or biochemical mechanisms involved. During enumeration studies froratg shsediments,
including the Oak Ridge FRC, we isolated and characterized two novel nitrateddapEe(ll)-oxidizing
Betaproteobacteridiaphorobactersp. strain TPSY anélseudogulbenkianiap. 2002Diaphorobac-
ter/Acidovoraxspecies, of th€omamonaceaerder, are ubiquitous in soil and agueous environments,
and are often found as potential symbionts and pathogens in eukaryotid®sestogulbenkianiapp.
of the ordeNeisserialesare typically eukaryotic pathogens. Both strains grew by nitrate-dependent
Fe(ll) oxidation mixotrophically with acetate as the carbon source, while in additiaim, 2002 also
grew lithoautotrophically with Fe(ll), CQand nitrate. Both strains also oxidized insoluble U(IV) to
soluble U(VI) coupled to nitrate reduction. The genomes of strains 2002 and TPSY were 4.3tKb (dra
and 3.8 Kb (completed) respectively, with 3927 and 3479 predicted protein coding sequences. At the
16S rRNA level strain TPSY had 99.8% similarityAodovoraxsp. strain JS42, whereas the closest
relative to strain 2002 waaseudogulbenkianisubflava(99.3% similarity). Previously, we demonstrated
that c-type cytochromes are involved in nitrate-dependent Fe(ll) oxidation. BaitisSEIPSY and 2002
had approximately 40 cytochrome domain-containing proteins. Strain 2002 appears to bezvexa m
tensive suite of cytochromes, including a b5 and a Ni-Fe hydrogenase b-type cytogioboieserved
in strain TPSY), which may have a role in its ability to oxidize U(IV). A number négencoding can-
didate proteins with similarity to PioABC and MtrABC were present in both TR8Y2802. These pro-
teins, particularly MtrABC, are centrally involved in Fe(lll) respoatby Shewanellaspp. Interestingly,
neither strain 2002 nor TPSY are capable of Fe(lll) reduction, suggesting thar&&COWirotein may
be involved in Fe(ll) oxidation in a reverse pathway. Further investigations ededyéoth at the mo-
lecular and biochemical level, to determine the role of these candidatesterdépendent Fe(ll) oxida-
tion in strains TPSY and 2002, as well as to investigate whether the mechanisvedigviber between
these two strains.
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Microbial Activity and Precipitation at Solution-So lution Mixing Zones in
Porous Mediar
Session: ERSP University Research

Frederick Colwell, Oregon State University (lead P1), Robin Gerlach, Montana State University, An-
drew Mitchell, Montana State University, George Redden, Idaho National Laboiatstiie
Wildenschild, Oregon State University, Brian Wood, Oregon State University

Use of biological and chemical processes that degrade or immobilize contarmrautisurface envi-
ronments is a cornerstone of remediation technology. The enhancement of biological dodl @renm
essesn situinvolves the transport, displacement, distribution, and mixing of one or more reaetnis. ag
Biological and chemical reactions require diffusive transport of solutesdbareaites at molecular
scale; and accordingly, the success of processes at the meter scale aigldaigeed by the success of
phenomena occurring at the micron scale. However, current understanding of scatitsgoefithe mix-
ing and delivery of nutrients in biogeochemically dynamic porous media systemges | despite the
limitations this imposes on the efficiency and effectiveness of the remadthiallenges at hand.

We therefore propose to experimentally characterize and computationallyodeébergrowth, evolu-
tion, and distribution of microbial activity and mineral formation, as well as @sangransport proc-
esses in porous media that receive two or more reactive amendments. The neaetisysen for this
project is based on a method for immobilizifigr, which involves stimulating microbial urea hydrolysis
with ensuing mineral precipitation (Cag)®and co-precipitation of Sr. Studies at different laboratory
scales will be used to visualize and quantitatively describe the spaiamships between amendment
transport and consumption that stimulate the production of biomass and mineral phasesahaéistips
modify the permeability and heterogeneity of porous media.

Mixing Dynamics HypothesiStimulated biological activity and mineral precipitation reactions in
porous media will occur where reactive amendments (i.e., DOC, electron asceptbimpacted inor-
ganic constituents, including EaC0O;*, SF") are mixed. Localized reduction in permeability from ac-
cumulation of biomass and precipitates in the pore structure will result in divexfsilow, divergent
transport rates for amendments (i.e., restructuring of diffusive and advemtip®gents), and spatial
differentiation of microbial activity and community structure that leads teedsmg overall and volume-
averaged reaction rates.

Mixing Control HypothesisBy controlling spatial distribution and injection schemes for reactive
amendments in porous mediasitu longitudinal and transverse mixing zones can be controlled to opti-
mize the distribution of intended microbial activity (i.e., calcite precipita&nd Sr co-precipitation) and
immobilization of metal contaminants when compared with conventional injection eashem

To test these hypotheses, we will coordinate experimental, modeling and antdgksaBiomass
growth, activity, and mass deposition in mixing zones will be investigated usinagjtvemsional micro-
model flow cells and flow cells that can be analyzed using synchrotron-basetbxa@yraphy. Larger-
scale flow-cell experiments will be conducted where the spatial distributioediimroperties, flow,
segregation of biological activity and impact on ancillary constituents $rewill be determined in both
homogeneous and heterogeneous media. Model simulations will be conducted using ponexsdleale si
tion methods that address upscale and volume averaging of media properties.

The proposed research will define the key physical, chemical, and biological psoitgkgencing
the form and mobility of DOE priority contaminants (€%8Co, °°Sr, U) in the subsurface. This will (1)
aid prediction and control of microbial kinetics and how this translates to field-socupled processes,
(2) contribute to controlling the juxtaposition of microbial activity, contaminants meth@ments, (3)
promote new strategies for delivering amendments, and (4) allow new approachedifging perme-
ability and flow in porous media. This will translate directly to improving thieieficy of amendment
based remediation strategies.
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Mechanism of Bacterial Metal and Radionuclide Reduc  tion by Shewanella Oneidensis

Session: ERSP University Research

Thomas DiChristina, Georgia Institute of Technol@gad PI) Andrew Neal, Rothamsted Research, John Seaman,
Savannah River Ecology Laboratory, Amanda Paynerdie Institute of Technology, Brian Ginn, Georgjiech

Shewanella oneidensigspires a variety of terminal electron acceptors under anaerobic conditions,
including insoluble Fe(lll)-oxides and Tc(VIik. oneidensis postulated to be in close proximity to, or
in contact with, Fe(lll) oxide surfaces for efficient electron transfeettil-oxide surfaces. Previous
studies in our laboratories have shown that the presence of cell surface festhras axopolysaccha-
rides influence bacterial adhesion. Exopolysaccharide capsules have been shown tadiezkion to
Fe(lll) oxide surfaces and may limit electron transfer due to physicaluptam of cell-Fe(lll) oxide
surface contaciThe goal of this work is to identify novel components involve8.ioneidensiadhesion
to Fe(lll) oxide surfaces, in order to elucidate the mechanism of adhesion. Stasioadissays have
been performed on a battery of in-frame deletion mutarfss ofieidensito determine their ability to
adhere to hematite and goethite. Two adhesion-deficient strains have beerediéntifuding those mu-
tants deficient in the Type 1gépD and Type V $03800 secretion systems. Tl&spdmutant strain is
deficient in its ability to bind to Fe(lll) oxides after growth on lactate with erydumarate, and Fe(lll)-
citrate as electron acceptors. T®®3800mutant strain is deficient in its ability to bind Fe(lll) oxide sur-
faces after growth on lactate coupled with fumarate and Fe(lll)-citratadhetes to Fe(lll) oxides at
wild-type levels after growth on lactate aerobically. Mutant strairisidaf in the outer-membrane cyto-
chromeantrC andomcAdisplayed wild-type levels of adhesion under all growth conditions. These re-
sults indicate thab.oneidensisecrete outer membrane proteins that facilitate binding to Fe(lll) oxide
surfaces, and that the Fe(lll)-binding proteins may include proteins other than thmeniierane cyto-
chromeantrC andomcA

A rapid mutant screening technique has also been developed to identify mutant sticigTs def
Fe(lll) oxide adhesion. A pool of random mutants is passed repeatedly through hematiteisnspe
filter out strains retaining the ability to adhere to hematite. The resdiltirage is enriched with adhe-
sion-deficient mutants. A bank of adhesion-deficient mutants thus identifiedhigtlested for the ability
to adhere to Fe(lll) oxides after growth on various electron acceptors. Genesddéguadhesion to
Fe(lll) oxides will be identified by genetic complementation analysis of thesamtirdeficient mutants.

Microbial reduction of soluble Tc(VIl), on the other hand, results in formation of highlyiniol
Tc(IV) oxides, a Tc immobilization process that forms the basis of altermaegligtion strategies. To
identify genes required for Tc(VIl) reduction By oneidensjsa rapid mutant screening technique was
developed for identification of Tc(VII) reduction-deficient (Tcr) mutants. Tbemutant screen was
based on the observation that wild-tyfeoneidensiproduced a black Tc(lV) precipitate on its colony
surface during Tc(VIl) reduction, while putative Tcr mutant colonies remainedesd. Six Tcr mutants
were identified via application of chemical mutagenesis and the Tcr mutaahs&ased on their ability
to respire an array of 13 alternate electron acceptors with hydrogen, lactataatefas electron donor,
the Tcr mutants were divided into three classes: (1) deficiency in reductiof\vif) Tdth hydrogen or
lactate as electron donor, yet retaining the ability to reduce Tc(VIl) withafiay, (2) deficiency in reduc-
tion of Tc(VIl), NOs, Mn(lll) or U(VI) with hydrogen as electron donor, yet retaining respiratory-capa
bility on all electron acceptors with lactate or formate, and (3) deficienedirction of all anaerobic
electron acceptors regardless of electron donor. These results suggést TltgV/tl) reduction pathway
of S. oneidensisontains separate branches linked to the oxidation of hydrogen, lactate, or formate, and
shares structural or regulatory components with pathways for reductionsof\N@ill) and U(VI). The
genes required for Tc(VIl) reduction By oneidensiare currently being identified by genetic comple-
mentation analysis of the Tcr mutants.

28 Abstracts



The Natural Enrichment of Stable Cesium in Weathere d Micaceous Materials and
Its Implications for **’Cs Sorption

Session: ERSP University Research

W. Crawford Elliott, Georgia State University (lead,Miik J. Krogstad, Georgia State University, J.
Marion Wampler, Georgia State University, Seth E. Rose, Georgia StatersityivBernd Kahn, Geor-
gia Tech Research Institute, Robert Rosson, Georgia Tech Research InsdiigéKBplan,

Savannah River National Laboratory

Stable cesium likely has become concentrated in 2:1 phyllosilicates in the anbsiufing natural
weathering processes. Its presence in exchange sites limits the degreshtthede minerals can take up
Bics, so knowledge of the amount of exchangeable stable cesium in them is esseim&gmbret
knowledge of how stable cesium has become distributed in various sites in subsuréxaésnduring
natural processes that have extended over millennia, will provide the basis foeptaahmodel of how
13Cs will behave in the subsurface over its effective lifetime. The hypottebestested are: (1) that
stable cesium has become significantly enriched relative to potassiumtirereebmicaceous materials
(2:1 phyllosilicates) within the subsurface at the Savannah River Site &SRSpesult of natural chemi-
cal weathering processes; and (2) that the Cs so present is sufficient tojbefacta determining the
ability of the subsurface materials to take up and HoGs.

The primary objectives in this study are as follows: (1) to determine the togieed character of
the 2:1 phyllosilicates in various size fractions of subsurface sampleshieoBRS; (2) to determine the
degree to which stable Cs has been enriched by natural weathering processes-exchéinge sites of
the 2:1 phyllosilicates, including fixed Cs as well as Cs in sites wherermediately accessible for ex-
change by cations in solution; (3) to determine the character of the microenviromhergsstable Cs is
now concentrated, insofar as that is possible by measuring species, includinginstisoitbpes and ar-
gon isotopes, released by a set of progressively stronger ion-exchange reghtiondetermine the de-
gree to which®'Cs in contaminated subsurface materials is concentrated in the samenmioroeents
where stable cesium is concentrated; and (5) to evaluate the potential usenefciaity available
weathered mica in cleanup BfCs-contaminated waters at Department of Energy sites.

In this study, approximately 15 samples of clayey sand will be collected from S&S iocatuding
three samples that are contaminated Wilis. After size separations of the uncontaminated samples, the
character of the phyllosilicates in the various fractions will be determineddsgscopy and x-ray dif-
fraction. The 2:1 phyllosilicates from selected fractions will be concedtt@hysical or chemical
techniques and characterized further via x-ray diffraction and TEM. The conmermef K, Rb, and Cs
in acid leachates from untreated sample portions and from concentrated phyiéssiitbbe deter-
mined to indicate the degree of enrichment of cesium relative to the two othent&delon exchange be-
tween test portions of selected samples and a series of progressivelyfewineeedqueous exchange
agents will be used in an attempt to find the amounts of Cs (inclttd@gyfrom the contaminated sam-
ples), Rb, and K at different kinds of sites, including sites where these elementsebame fixed. After
each step of an exchange sequence, portions of the supernatant solution will be used foateteahi
pH, amounts of major base cations (flame AAS), and amounts of Al, C¥SRtand®’Sr (by ICP-MS).
For contaminated samples, yet another portion will be used for determinatid@sofFor selected sam-
ples, ion-exchange reactions will be done in an initially Ar-free reactiaelasallow the amount and
isotopic composition of the Ar released in each step of an ion-exchange process tonhieeatkter
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Accessing Uncultivated Microorganisms Involved in M etal Immobilization
Session: ERSP University Research

S.-H Hong, Northeastern University, A. Palumbo, Oak Ridge National Laboratoryng, Vak Ridge
National Laboratory, X. Yin, Oak Ridge National Laboratory, faganla@ornl.gov, @ige Rlational
Laboratory, K. Lewis, Northeastern University, S. Epstein, Northeasteretdity (lead PI)

The long-term objective of this project is to understandrtts#tu microbial activities affecting
metal-contaminant transformation and optimize these activities to achifi@ent removal of contami-
nants from the polluted sites. To achieve this, a critical first step is tesaand isolate novel microor-
ganisms involved into metal immobilization. Currently, the majority of envirotahapecies remain un-
cultivated by standard approaches. Therefore, we have developed a new concept faalnsolatoon
by growing microbial cells in their natural environment inside diffusion chamberse@éntly demon-
strated that one to sevemlsituincubations lead to domestication of many species that are otherwise
uncultivable. In the course of field and lab experiments conducted at the Oak Ridge IN:atanatory
and Northeastern University, we have obtained approximately 700 cultures of indiyécialssand/or
consortia from groundwater of DOE'’s IFRC sites, which are heavily contamingte U and other met-
als. We began screening these cultures on their ability fotro U and other metal reduction, using in-
ductively coupled plasma mass spectrometry. Our initial results indiegtapproximately 75% of the
cultures cause precipitation of U(VI) at environmentally relevant con¢emsaof the pollutant. Cur-
rently, we are in the process of completing the screen for all of the 700 culturesdy@athestablish-
ing the identity of species capable of such transformation. Our next goal will be pareoperformance
of individual species versus consortia of species, which provides valuable insigbtiress whether
synergistic consortia immobilize heavy metals more efficiently than deidhuail species. Upon comple-
tion of this project, we will obtain a collection of novel species capabesfu metal immobilization,
and a better understanding of community-level interactions that favor the rétesiofportant process.
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Microbial Community Trajectories in Response to Acc elerated Remediation of
Subsurface Metal Contaminants

Session: ERSP University Research

Rebecca A. Daly, University of California, Berkeley, CA, Eoin L. Brodie, LaweeBerkeley National
Laboratory, Berkeley, CA, Yongman Kim, Lawrence Berkeley National LabgraBarkeley, CA, Jia-
min Wan, Lawrence Berkeley National Laboratory, Berkeley, CA, Tetsu K. Tokuhagrrence Berke-
ley National Laboratory, Berkeley, CA, Catherine A. Osborne, University dfo@ah, Berkeley, CA,
Zhili He, University of Oklahoma, Jizhong Zhou, University of Oklahoma, Mary ieskone,
University of California, Berkeley, CA (lead PI)

To the degree that remediation of subsurface metal contaminants at DOBvsikéssi microbial
mechanisms of oxidation/reduction or complexation, then that remediation is controllegeipdat by
the ecology of the microbial community involved. Recognizing and quantifying thenslaip between
community structure, function, and key environmental factors may yield the queatitatierstanding
needed to inform future decisions on remediation strategies and trajectoriesvéeehaously found
that U bioreduction and maintenance of low aqueous U concentrations is strongly dependent-on the or
ganic carbon (OC) supply rate. Our results also showed that OC supply rate haficarsigifect on
microbial community structure, while the effect of two different OC typesumdstectable during the
duration of the experiment. The differences between communities attributablieterdifates of OC
supply diminished through time, despite the fact that different rates of OC supptgdes different
environmental conditions within the columns. We quantified overall temporal changgsusimber of
biodiversity indices; each emphasizing different aspects of the microbialwaoity structure. We ob-
served significant, directional, temporal trends when comparing taxa abundanse @xaeichness,
evenness, and Simpson’s diversity. Together, these data indicate that miawinlrgties stimulated
for bioremediation may follow predictable trajectories in community structure

Based on our prior work, and operating under the premise that microbial communities can be co
trolled and predicted as well as the resulting remediation capacity, thewegeftour current project
are to: (1) determine if the trajectories of microbial community compositionuaretidn following OC
amendment can be related to, and predicted by, key environmental determinanses@]jlesrelative
importance of the characteristics of the indigenous microbial community, sgdgreundwater, and OC
supply rate as the major determinants of microbial community functional responseramaeoiiation
capacity; and (3) provide a fundamental understanding of the microbial communityyacodsglying
subsurface metal remediation requisite to successful application ofrateeleioremediation and long-
term stewardship of DOE sites.

We are testing three sediments and their resident microbial seed comsnusiitg a reciprocal
transplant experimental design. We are employing small, easily reglaademanipulated flow-through
reactors receiving simulated groundwater at two OC supply rates; flow-threagtors will be destruc-
tively sampled over a period of 18 months. Microbial community trajectories widlilogved using: 16S
PhyloChip analysis of community DNA (overall structure) and RNA (active lmees); GeoChip func-
tional analysis of community DNA (functional potential) and community RNA (edtimctions); func-
tional metagenomic analyses of DNA and RNA to explore functional capacities ateidon extant
arrays; and high-resolution deconvolution microscopy and statistical evaluatioarobial spatial or-
ganization to document syntrophy and other microbial interactions. Solution chemisagtehstics of
flow cell effluents will be used to statistically correlate geochelnaicd microbial community structural
and functional trajectories.
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Long-Term Colloid Mobilization and Colloid-Facilita ted Transport
in a Semi-Arid Vadose Zone

Session: ERSP University Research

Markus Flury, Washington State Univer sity, Pullman, WA (lead PI), Jim Harsh, Washington State
University, Fred Zhang, Pacific Northwest National Laboratory, Peternachtos Alamos National
Laboratory, Earl Mattson, Idaho National Laboratory

Our general goal is to improve the fundamental mechanistic understanding and GumtiGit
long-term colloid mobilization and colloid-facilitated transport of radionuslidehe vadose zone, with
special emphasis on the semi-arid Hanford site. Our specific objectivé$)aeedetermine the mecha-
nisms of colloid mobilization and colloid-facilitated radionuclide transport in wnthst Hanford sedi-
ments under unsaturated flow, (2) to quanitifgitu colloid mobilization and colloid-facilitated radionu-
clide transport from Hanford sediments under field conditions, and (3) to develop a&kdencep-
tual and numerical model for colloid mobilization and transport at the Hanford vadose zones drat us
model to predict long-term colloid and colloid-facilitated radionuclide transport

Research Plan(1) We will conducin situ colloid mobilization experiments with mesoscale, undis-
turbed sediment columns using natural and forced flow rates and water contents\tafpress the
Hanford site. We will further use a geocentrifuge (a) to separate effetwsvafites and water contents
on colloid mobilization, and (b) to speed up the experiments. At the microscale, wesvtéhggometry
to quantify forces between colloids and the air-water interface. (2) We udl sblloid mobilization
and transport at the field-scale at Hanford using natural and forced flow rategd<Ciol Hanford pore
water will be collected with fiberglass-wick samplers. (3) We willalep a numerical field-scale model
to describe colloid and colloid-facilitated contaminant transport through the ldarsdose zone.
Results: We have taken three, large undisturbed soil cores from the Hanfordnsig9fm depth (50 cm
diameter, 60 cm height). These mesoscale columns are currently being set upbar#teriafor long-
term colloid mobilization experiments. One core has been fully instrumented and isrgdgomn at a
steady-state flow rate of 20 mm/yr. Once outflow collection begins, we widaserthe flow rates se-
quentially to 40, 80, and 160 mm/year. A second core is being set up for transient flow experiments
where we mimic natural rainfall patterns at Hanford. The third core will efosstudying the effects
of water table fluctuations on colloid mobilization.

We are currently instrumenting four field lysimeters at the Hanford 300N kysirfracility for col-
loid mobilization and transport experiments. The lysimeters are being instrameétiteneutron-probe
access tubes, water content sensors, tensiometers, and fiberglass-ypleksstomcollection of water
and colloid samples. We will apply Eu colloids to the surface of the lysimeters. Weayrghesized 200
nm size EWO,CO; colloids and have characterized their surface and colloid properties. Diféezedt-
polystyrene colloids will be also be applied as tracer colloids. Lysimetiisensubject to different irri-
gation scenarios. Hanford rainwater has been collected for the purpose of mimitgatmpn solutions.

We have collected seven undisturbed small cores from Hanford formation sedinmcihsyill be
used for laboratory bench top and geocentrifuge experiments. Geocentrifuge expermsaoteduled
to start in summer 2009. We have begun experiments to quantify the forces on colloidaispexerted
by a moving air-water interface. We have selected representatividgsaitom Hanford sediments and
have quantified forces at the air-water interface using tensiometry.

Colloid-facilitated transport of radionuclides is being added to PFLOTRAN, sivagsparallel re-
active flow and transport code developed under the DOE SciDAC-2 program. The moded|udlé
colloid filtration mechanisms, and mechanistic formulations of reversibleriaweisible sorption, in-
cluding ion exchange and surface complexation for variably saturated porous media.
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Developing Highly Sensitive Micro-Biosensors for In Situ Monitoring of Mercury
and Chromium (VI) Contaminants by Genetically Evolv  ed
and Computer-Designed Metal-Binding Proteins

Session: ERSP University Research

Qinhong Wang, Power, Environmental, and Energy Research (PEER) Center, Cdlifirnite of
Technology, Xiangdong Fang, Power, Environmental, and Energy Research (PEER)Caifiitenia
Institute of Technology, Sheng Wu, Power, Environmental, and Energy Research (REER) Cali-
fornia Institute of Technology, Patrick J Shuler, Power, Environmental, and EnesggrBle (PEER)
Center, California Institute of Technology, Yongchun Tang, Power, Environmental, any Besegarch
(PEER) Center, California Institute of Technology, William A Goddard Ill, Rp#evironmental, and
Energy Research (PEER) Center, California Institute of Technology (Igad PI

The Department of Energy’s environmental cleanup operations are facing enorneumsyebdo
remediate metal and radionuclide contaminants. In order to gain significant undieigiaf the mobility
and fate of contaminants in the subsurface, one of the key tasks requires the dexeddbpomee! tech-
niques for detecting and long-term monitoring the contaminants, both before and aftbatiemef-
forts. At present, there are lots of sensor-based detection methods, but with diffieseriages and dis-
advantages. Whole-cell biosensors, constructed by coupling microbes to transdtcersvéra cellular
responses into detectable signals, are easy to reproduce and have a greattpoteshiiee the cost.

Our goal is to employ the latest advances in protein engineering, microbiology and pbactionlet
technology to improve the effectiveness of metal-binding protein based biosensamtbhatused for ac-
curate detection and monitoring of heavy metal contaminants at DOE sites. lHetepbdhe metal-
loregulator MerR and red fluorescent protein mCherry, we constructed differerd-eéibbiosensors
for mercury detection (including inorganic mercuric ion and methyl mercury) widreiht sensitivity
with Escherichia colias host strain. These biosensors have a wide range of mercury detection (0.1nM-
5,000nM). They also have high selectivity without response to other metal ions, sucH a8dig
Mn?*, Fe*, Co™*, Ni**, CU*, zr**, Cd™*, PiF*, and MG*. By introducing the bio-amplification genetic cir-
cuit based on the gene cascade expression systegp-of from bacteriophage | arfé-XylS2from
Pseudomonas putidave have increased detection sensitivity of the whole-cell biosensors by 1~2 fold in
our tested conditions. With directed evolution of MerR and subsequent high-throughpuhscbeseid
on color assay and microplate screening, we further increase detection isghgith~10-fold at low
concentration of mercury (1) of 0.1-10nM.

To fabricate the cheap, portable fluorescence-based detector, our latess éffate a commercial
off the shelf green laser pointer emitting at 532 nm. The price of such devices hafieroww fa
$10/piece, and because it is perfectly collimated with perfect beam qualitg. @land an ultra arrow
linewidth (<0.02 nm) at 532 nm, we save the cost of collimation and focusing lens, as weita®oa
filter in the previous setup where an LED is used. This actually brings down the aghkt eblrce sub-
module in the final system, at the same time improves noise rejection. Oursutwvaes obtained with
the 532 nm excitation laser beam orthogonal to the 610 nm passing filter and PMT (Photaee¥ultipl
Tubes) beam path, and we expect to further reduce the noise and improve signal when usaginline
figuration. Also, we are trying to integrate microfluidic channels with ouesysb that single cell’s
fluorescence could be detected, and we hope to demonstrate even higher signal tombesearege the
fluorescence protein are concentrated inside the bacterial cell.
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Geochemical Conditions Affecting Electrode-based Re moval of Uranium
Session: ERSP University Research
Kelvin B. Gregory, Carnegie Mellon University (lead,Biyan Peng, Carnegie Mellon University

In situremediation is a potential cleanup strategy for sites with subsurface ¢dfugmination. A
common suggestion is the addition of bulk electron donor for biotic and abiotic reduction of U(VI)
which induces reductive precipitation and immobilization of U as U(IV) in the sulssuifeowever, be-
cause U still resides in the subsurface and re-oxidation may remobilize theioantathe risk to hu-
mans has not been eliminated. Recently, a new, electrode-based bioremediation approadh f
metal remediation was suggested. In brief, U(VI) may be reduced by indigenous analtpues of
Geobacteraceawhen provided electron donor from a cathodic electrode. This method shows significant
promise forin situ U remediation; however, knowledge gaps in the fundamental principles of metal se-
guestration at the electrode surface and the environmental factors thateaffecal inhibit successful
application of electrode technology at the field scale. The objectives of the&scbsaddress the need for
an in-depth understanding of the geochemical factors that affect contammaméteand shed light on
the underlying principles of electrode-based remediation and recovery. The govspotigesis of this
work is that geochemical conditions are a critical factor in the design andnegiztion of electrode-
based remediation.

Batch experiments investigated the removal/recovery of U(VI) at poissuhitg electrode surfaces
under various geochemical conditions. Uranium removal at electrode surfates\applied external
potential of 2 V was strongly influenced by pH. Although at least 90% removal was abaealepH
between 2 and 6, initial removal rates were inversely correlated Witbrtentration and decreased
over time. This detrimental effect of elevatetiddncentration, however, was counteracted through ap-
plying higher potentials between the electrodes. For example, increasing theapbtantl.0 to 2.5V
increased the removal rate of U(VI) by 125%, but potentials above 3.0 V did not have assigadidi-
tional effect on the removal rates. In addition to pH, the impact of ionic strength andiognpetal
cations on U(VI) removal was investigated through the addition of Al(lll) andIMgglts at increasing
of concentrations under acidic conditions (pH = 3.0). At low applied potential (2.5 V), Al(llt) D4Qt
mg/L and Mg(ll) up to 120 mg/L did not impact U(VI) removal rates, nor was Al@h)aved from solu-
tion. Interestingly, at higher applied potentials (5V), Al(lll) was removed fohation and U(VI) re-
moval rates were significantly decreased in the presence of Al(lihnaeatrations less than 135 mg/L.

Findings demonstrate that U(VI) can be removed from water under acidic conditiomstaagbies-
ence of high concentrations of competing cations, such as those observed at Area RRE tkearly,
applied potential at the electrodes will be an important design criteria foripgdim@moval rates in the
field. Under all conditions tested, at least 80% of the added U(VI) was recoveoablthé electrodes,
demonstrating that electrode-based remediation offers the advantage oficantanass removal not
offered by other remedial technologies for heavy metals and actinides. Geadhewastigations are
ongoing. Future work will evaluate electrode-based removal processes andatpiimiising site water,
and investigate the microbial community that develops on electrodes deployea il Aite water.
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Novel Sensor for the In Situ Measurement of Uranium Fluxes
Session: ERSP University Research

Kirk Hatfield, University of Florida (lead PIMark Newman, University of Florida, Michael D. Arisla, University
of Florida, Jaehyun Cho, University of Florida, &Randville, Colorado School of Mines, Valeriecgar, Colo-
rado School of Mines, Aaron Peacock, Microbial gigs Inc, Steve Cabaniss, University of New Mexicina
Perminova, Lomonsov Moscow State University

Given the emphasis on field-scale outcomes under ERSP, current hypotheses undtomreedlthe
Rifle IFRC site, and previous findings of stimulated uranium bioreduction, thergiial ®eed to de-
velop sensors to quantify uranium fluxes, reaction mass balances, stability, andtatterates at the
field-scale. Once developed, these sensors could be used with other technologestigmtevapparent
relationships between field-scale variations in mineralogy, microbmhwnity biomass/composition,
and flux variations for uranium and salient electron donor/acceptors.

The goal of this project is to develop a novel sensor that incorporates field-tesicepts of the
passive flux meter to provide dirdntsitu measures of uranium and groundwater fluxes. Measurable
uranium fluxes are essentially the product of concentration and groundwater flux dcspecifarge.
The sensor uses sorbents and tracers to measure uranium flux and specific disdwhgehowever,
sensor principles and design should apply to fluxes of other radionuclides. Flux measureiresgisiv
DOE in obtaining field-scale quantification of subsurface processesiaffectnium transport (e.g., ad-
vection) and transformation (e.g., uranium attenuation) and further advance conceptoahpund-c
tional models for field scale simulations. Project efforts will expand our cuirelgrstanding of how
field-scale spatial variations in uranium fluxes and those for salientaietmnor/acceptors, and
groundwater are coupled to spatial variations in measured microbial biomassitiopeomposition,
effective field-scale uranium mass balances, attenuation, and stability.

During the first year, laboratory studies focused on sorbent and tracer selectiestimgg $ensor
development and validation under controlled conditions, geochemical modeling, and lieltteddting.
Several anion-exchange resins tested successfully as sorbents for capaumring on the fluxmeter.
Seven branched alcohols proved useful as tracers for measuring groundwater flovishamdtary
conditions; however, additional work is needed to show tracers are recalcitfanfigld. Geochemical
modeling of equilibrium speciation suggests Ca-tricarbonato-uranyl compledmnate under field
conditions, while calculated uranyl ion activities are sensitive to changes digsidlved inorganic car-
bon, and alkaline earth metals. Further modeling is needed in conjunction with laboratisy &1 re-
solve differences in model predictions. Preliminary field tests at the IRIRC site were also conducted
to assess ambient groundwater flow conditions, monitor microbial growth on the sensgffididide-
ployment, and resolve any unforeseen problems evolving from field deployment. Grourfawezger
measured November 2008 varied from 2.5-6.5 cm/d (velocity of 9-25 cm/d) or much lower thaltytypi
quoted rates, whereas U fluxes ranged from 0.9 to 8.5 fay/Kicrobial biomass and community com-
position measured on fluxmeter sorbents varied between well locations (up/down dradidribstimu-
lation zones) and sorbent types.

Future field studies will be closely coordinated with existing ERSP profecmplement data col-
lection. For these studies, the uranium flux sensor will be used in conjunction with melacldgical
tools to characterize microbial community and active biomass at synonymosisiielse field efforts
will be designed to quantify spatial changes in uranium flux and field-scaleofatesmium attenuation
(ambient and stimulated) and uranium stability, and then quantitatively assedaxesaahd effective
reaction rates are coupled to spatial variations in mineralogy, the microtripbsition, and active bio-
mass. Analyses of data generated will lead to estimates of Monod kineticepenathat are “effective”
in nature and optimal for modeling uranium fate and transport at the field-scale. tRroppment of
these models is critical for long-term stewardship of contaminatedrsities context of predicting ura-
nium source behavior, remediation performance, and off-site risk.
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Spectroelectrochemcial Sensor for Pertechnetate App licable to
Hanford and Other DOE Sites

Session: ERSP University Research

William R. Heineman, University of Cincinnati (lead RDarl. J. Seliskar, University of Cincinnati,
Samuel A. Bryan, Pacific Northwest National Laboratory

The general aim of our work currently funded by DOE is the design and implementatinavwef a
sensor technology that offers unprecedented levels of specificity needed feisaogilie complex
chemical mixtures found at DOE sites nationwide. This project involves a vexrgssiigl collaboration
between scientists at the University of Cincinnati (UC) and several Battiic Northwest National
Laboratory (PNNL) and the Environmental Molecular Sciences Laboratory (EM8Ek goal of the
work is the continued development of a sensof*fte that is applicable to characterizing and monitor-
ing the vadose zone and associated ground water. The single focus is pertechnefatehibtOs con-
sidered to be the dominant species in the vadose zone and ground water. The sensor wilthpae the
bility for on-site monitoring, either by immersion in subsurface water for waatis monitoring or for
the immediate analysis of collected samples. The project builds on the subptagtiess of a well-
established UC-PNNL collaboration which provides the wide range of expertidechr success:
spectroscopy, electrochemistry, device fabrication, thin film technology, $ynith@rganic chemistry,
experience with Tc, and facilities for handling radioactive isotopes.

The sensor will consist of an innovative fluorescence-based spectroelecticatigamfiguration
that we have developed under our previous EMSP grants. The spectroelectrocteasmaarahas been
demonstrated on a variety of chemical systems including an authentic taalsasagtie from Hanford.
The following benchmarks have been met:

e Sulfonated polystyrene-block-poly(ethylene-ran-butylene)-block-polysty{ SEBS) character-

ized and demonstrated as an effective preconcentrating polymer film.

o Absorbance-based sensor demonstrated for detection of [Re(dmpe)3]+ (dmpe = dimethyl-
phosphinoethane) where rhenium was used as a non-radioactive analogue for technetium and
SSEBS was the preconcentrating film.

e Synthesized lower oxidation-state Tc-complex [Tc(dmpe)3]+ to use as a model commound f
developing Tc sensors. It exhibits the important properties of fluorescence ahttempera-
tures and reversible electrochemistry.

e Fluorescence spectroelectrochemistry initiated for [Tc(dmpedBiipreconcentration at SSEBS
with electrochemical modulation of fluorescence signal demonstrated.

e TcO, shown to preconcentrate in sensor films containing anion exchange polymers and to un-
dergo electrochemical reduction.

o Ability to selectively modulate fluorescence of specific analyte in magtpreconcentrated in
SSEBS film demonstrated with model systems Ru(bpy)32+, Fe(bpy)32+, Cu(bpy)22+, and
Fe(CN)63-

e Development of portable instrumentation for fluorescence sensors for DOEgiggsd.

e Study of effects of components in Hanford subsurface water on sensor performaaiesl initih
evaluation of effect of total ionic strength on sensitivity.
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Chromium Isotopes as Indicators of Hexavalent Chro ~ mium Reduction
Session: ERSP University Research

Thomas M. Johnson, Univ. of lllinois at Urbana-Champaign (legddRianda L. Raddatz, Univ. of Illi-
nois at Urbana-Champaign, Travis McLing, INL, Scott Petersen, Fluor Hanford

Stable isotope variations in chromium (Cr) may be used to quantify reduction of mobdeCit(xi)
(hexavalent Cr) to the immobile, less toxic Cr(lll) (trivalent Cr). Theten is extremely important,
since it is both the dominant mechanism of natural attenuation and the major measigioémediation
for Cr(VI). Laboratory experiments show that reduction of Cr(VI) causes isot@gitonation: The
Cr(ll1) reaction product is enriched in lighter Cr isotopes, and the remainind) ®g€tomes progres-
sively enriched in heavier isotopes as reduction proceeds. This enrichment iseguastéd shift in the
*3CrP?Cr ratio; elevated ratios indicate Cr(VI) reduction. Work so far suggi&s°Cr data should be
highly effective as an indicator and possibly a quantifier of Cr(VI) reductioroungiwater systems; we
are beginning to apply this approach in field studies.

We obtain high-precisiolfCr/°°Cr measurements on groundwater samples with concentrations as
low as 0.001 mg/L using a multicollector ICP-MS method. Results are expressetdraSmaelues,
which are per mil deviations from NIST SRM-979. Precision is +0.15%o (2s).

Our Idaho National Laboratory (INL) project is nearing completion. We have deeetmelta’Cr of
Cr(VI) in 60 groundwater samples. Well USGS-065 is located in the fast-flowirkge Rieer Plain aqui-
fer immediately downgradient from a known Cr(VI) contaminant source. It hasaategr Cr(VI) con-
centration (0.098 mg/L) of our sample set, and its measured*@elis+0.30%.. This is nearly identical
to the inferred delf4Cr of the contaminant; we conclude this water has had little or no Cr(VI) reduction.
Nine other samples with greater than 0.015 mg/L Cr(VI) are assumed to contaminanteCr(V1).
Their deltd°Cr values range from 0.3%o to 1.8%o, and suggest the extent of Cr(VI) reduction ranges from
essentially zero to roughly 40% of the original contaminant Cr(V1). The’d@itaf natural background
Cr(VI) in the aquifer ranged from 1.0%o to +2.9%o.; d&IBx of the basalt rock Cr source is almost cer-
tainly very close to 0.0%o, so either Cr isotope fractionation occurs during weather@rgyrreleased
by weathering is subjected to partial reduction within the aquifer. Together, titis segygest that lim-
ited (<40% over a few decades) reduction of contaminant Cr(VI) occurs in some stédfoédions and
not in others. Further data analysis will elucidate any spatial patterns gdtion rate.

The second part of the project attempts to reveal Cr(VI) reduction patternsat-scple Ca-
polysulfide permeable reactive barrier at Hanford 100-K. Breakthrough of)dnfdlthe treated zone
occurred in 2006, but has not yet spread beyond one well. In June 2008Cdelts +3.93%. there, in-
dicating the Cr(VI) did not merely bypass the treated zone, but was subject to strociipn (we esti-
mate >60% lost) as it moved through it. In May 2008, the concentration had increased thre©-25
mg/L, and deltZCr had decreased to 1.46%., indicating weakening reduction over time.
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Processes Controlling Enhanced Transport of Plutoni um
in Unsaturated Conditions

Session: ERSP University Research

Daniel Kaplan, Savannah River National Laboratory (leagdjistopher Bagwell, Savannah River Na-
tional Laboratory, Ravi Kukkadapu, Pacific Northwest National Laboratory, Fadg, @lemson Uni-
versity, Heino Nitsche, Lawrence Berkeley National Laboratory, BriarePo@lemson University

In prior years, we showed that plutonium mobility was greatly influenced by respéioiti under
oxidizing conditions. The mechanism for this resolubilization is unknown and the subjectmdf e
going research. Progress has been made in (1) determining how various Fe pbetses(&ff reduction
kinetics, and (2) using models to assess various coupled chemical, physical, andabiptogesses.

A laboratory study was conducted to determine which mineral phases in a Savann&Siti{&RS)
sediment (pH 5, 1.6% total Fe) affected Pu(V) reduction. Using sediment fractionethdreated with
various Fe dissolving solutions and that were characterized by XRD, TEM, and MasshgM@ reduc-
tion was determined not to be influenced by the removal of amorphous, poorly crystallixieé-e
phases. Dithionite citrate buffer (DCB) treatments resulted in the rerobeasentially all Fe-oxides, but
Pu(V) reduction ratemcreased contrary to expectation. Preliminary Mdssbauer analyses of the DCB
treated sediments implied partial reduction of clay Fe(lll). Apparentlyrédlee toncentrations of Fe in
the kaolinite and a muscovite-like mineral phases have the capacity iy gre@ase Pu(V) reduction,
even in the absence of surface Fe-oxide coatings. Pu(V) reduction for the wholensedun®r frac-
tions with amorphous Fe-oxides removed were very similar, ~0.04 (tais= 20 min), whereas the rates
for DCB-treated sediments were faster, ~0.1 hftn, = 6 min). All aqueous Pu existed as Pu(V), and all
solid phase Pu existed as Pu(lV) or Pu(V). Solid-phase Pu(V) quickly (in minutegytsahto Pu(IV),
suggesting that adsorption followed by surface facilitated reduction was thamrsn responsible for
Fe(V) sorption.

Eleven-year Pu field lysimeter experiments showed anomalous Pu-sedistghtitions below the
source, with significant upward migration above the source. The initial conceptudlohtuetransport
process was based on variably saturated soil water movement, due to the natatalodupled to ki-
netically controlled oxidation state transformations of two adsorbing Pu specmesat8ins based on
this model yielded reasonable below-source transport, but little above-sourpertrafise conceptual
model was then modified to include Pu absorption by plant roots and upward movement in thetranspir
tion stream. Modified simulations were then consistent with Pu activity coatiens in the top 20 cm
of soil and suggested an accumulation of Pu on the soil surface due to annual grass Sistiaeksur-
face soil residue has now been verified by isotope ratio analysis by TIMS. Anegilure of the
conceptual model was a continuing inability to explain upward Pu migration within 5 to 10 cm of the
source. This motivated a second modification to the initial conceptual model, wheezidisgrin the
immediate source vicinity is caused by a pseudo-diffusion process, perhaps a-fisicilthged process
resistant to advection. Simulations based on this model are data consistent angrapgesng. New
research has been initiated to identify uptake mechanisms and Pu behavior inquiantith special at-
tention directed to the probable occurrence of Pu chelation and the potential role of micwbetot-
ing more mobile forms of Pu.
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Quantifying Microbe-Mineral Interactions Leading to Remotely Detectable In-
duced Polarization Signals: Implications for Monitor ing Bioremediation

Session: ERSP University Research

Treavor Kendall, Oregon Health and Science University (leacsBphen Moysey, Clemson University,
Dimitris Ntarlagiannis, Rutgers University

Recent laboratory results suggest that geophysical induced polarizatiored8)rements are sensi-
tive to microbial activity in porous media. This presents the potential for reloogeterm monitoring of
biogeochemical conditions using low-frequency electrical techniques. A gap in kigevderrently ex-
ists, however, in understanding the fundamental processes that lead to the biokegpoi2e. It is not
yet clear which microbial mechanisms affecting the electrical piepest a porous medium—
particularly those leading to alteration of the pore space and mineral surtaeeesponsible for the
observed IP signatures. Discriminating between these mechanismsisahtask if IP measurements
are to be used for effective monitoring of complex processes like bioremediation.

Characterizing the biologic IP response is a quintessential scaling probtespaha nanometer to
meter length scales. As such, our work couples surface-sensitive, nanosca&atmsiaand conductive
force microscopy (PCFM) techniques with IP observations of bioactive colunireslabtscale. PCFM
allows us to experimentally isolate microbial processes that are hypotheseféect electrical proper-
ties at mineral-water-cell interfaces. In contrast, the IP measotemelude both interfacial and bulk
pore volume contributions. Comparing the electrical response at each scdienglbiyt provide initial
qualitative inference of the underlying causes of the observed IP effect. $itbapasaling will link the
two observation scales. Preliminary data show localized, nanoscale equitaleadstional IP measur-
ables, such as complex conductivity and apparent chargeability using PCFM. In gattheifrequency-
dependent dispersions in the polarization forces measured on a bacterium correspond tbefeatiele
cal permittivity dispersions. Moreover, frequency cut-off values for maxipoiarization forces in-
crease with increasing ion mobility in a pattern that is consistent with theedoddles. Comparing
PCFM observations of the mineral-microbe interface with column IP measateshould provide much
needed molecular-level insight into the bio-IP phenomena.
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Structure and Function of Subsurface Microbial Comm unities Affecting
Radionuclide Transport and Bioimmobilization

Session: ERSP University Research

Joel E. Kostka, Florida State University, Tallahassee, FL (lea®Ri)Prakash, Florida State University,
Tallahassee, FL, Stefan Green, Florida State University, Tallahassé®yj& Jasrotia, Florida State
University, Tallahassee, FL, Lee Kerkhof, Rutgers University, Kuk-Jebing Georgia State Univer-
sity, Martin Keller, Oak Ridge National Laboratory, Amudhan VenkateswardnR{dge National
Laboratory, James G. Elkins, Oak Ridge National Laboratory, Joseph W. Stuckirsiypie€lllinois

The overall goal of the proposed project is to closely couple cutting-edge microtablmgd bio-
geochemical approaches to provide a mechanistic understanding of the functioning ofeelsiaro-
bial communities with a high bioremediation potential. Our focus is on sediments ofkiiadge Inte-
grated Field Research Center (OR IFRC) in Oak Ridge, Tennessee, and the ewiveshgre to: (1)
isolate and characterize novel anaerobic prokaryotes from subsurface enmiarp®sed to high lev-
els of mixed contaminants (U(VI), nitrate, sulfate); (2) elucidate the diyersd distribution of metab-
olically active metal- and nitrate-reducing prokaryotes in subsurfaceeet$i; and (3) determine the bi-
otic and abiotic mechanisms linking electron transport processes (nitrdt, &ed sulfate reduction)
to radionuclide reduction and immobilization. A number of novel strains of metal- ané-nédaicing
bacteria have been isolated, and environmental sequence data indicate that tiessargpabundant in
the OR-IFRC subsurface. Based on phylogenetic analysis and phenotypic diffeseaoe$RC-32T is
now described as a novel iron(lll)- and uranium(VI)-reducing species of the Geobscterand pro-
posed asseobacter daltonii sp. novnalyses of both 16S rRNA gene and @eobacteraceaspecific
citrate synthase (gltA) mRNA gene sequences retrieved from ORFR@esgslindicate that this strain
is abundant and active in ORFRC subsurface sediments undergoing uranium(VI) biatiemefive
species of denitrifying bacteria from four phyla were isolated using an enntlameroach in which ni-
trate concentration and electron donor were systematically varied. Theddotatteria belong to the
generaAfipia andHyphomicrobiun{Alphaproteobacterip Rhodanobacte(Gammaproteobacter)aln-
trasporangiun(Actinobacterid andBacillus (Firmicuteg. A nitrate-reducing member of tiRseudomo-
nadaceaevas also isolated by direct sorting of single cells from Area 2 samples lasingytometry. A
total of 175 additional single-cell isolates were obtained from Area 2 samalstate-of-the-art direct
cell sorting methods. These isolates are growing under nitrate-reducing coralitbase currently be-
ing identified. To track the activity and diversity of active uranium-reducrggnismsn situ, mMRNA
was isolated from sediment cores sampled at a range of depths and contamirmanisawgiquantitative
reverse transcription real-time PCR, gItA and dsrA genes were det@ctedting active populations in
nearly all sediment samples analyzed. Clone library and phylogenetic anaflgge mRNA clone se-
guences demonstrated that groups closely relatéd daltonii G. uraniireducensandG. metallire-
ducensare active and abundant in the OR-IFRC subsurface. Analysis of short dsrA mRNAelone
guences confirmed the specificity of the real-time PCR amplicons and subtiegtgroups closely re-
lated toDesulfovibrioandDesulfotomaculurspecies are active and abundant in the OR-IFRC subsur-
face. Further phylogenetic analyses using longer cDNA fragments are under way
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Effects of Pore Structure Change and Multiscale He  terogeneity on Contaminant
Transport and Reaction Rate Upscaling

Session: ERSP University Research

W. Brent Lindquist, Stony Brook University (lead fV)ichael Celia, Princeton University, Catherine
Peters, Princeton University, Keith W. Jones, Brookhaven National LaboratotyRdekhold, Pacific
Northwest National Lab, Wooyong Um, Pacific Northwest National Lab

This project addresses the interrelationships between pore-, core-, anddleldesctive transport.
Our focus is on the geochemical reactions driven by release of caustic, radioadties. We target four
issues central to the reactive transport scaling problem:

1. Water-rock interactions generally involve both dissolution and precipitationpthbination of
which alters pore network structure in complex ways. Systematic study of thé@udagof im-
pact of this phenomenon requires controlled laboratory experimentation at the cqresunale
bined with a description of pore structure.

2. To accurately modeh situ dissolution and precipitation rates, which may occur in different re-
gions of the pore network, careful accounting for pore-scale variation in physicalrerd-m
logical properties, flow velocities, and wetting fluid/grain surface angihbe required.

3. Reaction rate parameterizations are usually developed from laboratory megd tflem well-
mixed, homogeneous systems. Random variations in heterogeneous geologic mediatimply tha
these rate laws may have limited relevance for field-scale modeluogréte upscaling of labo-
ratory-based reaction rates will need to account for the pore-scale vardasomssed in Issue 2.

4. Itis a critical question as to the extent that the net result of the interplagdmetlissolution,
secondary precipitation, and the effects in Issue 2 will amplify natural hetesioge bulk flow.

Our approach couples (a) measurements from reactive column experimentsgésy iggmerated
from synchrotron X-ray computed microtomography (CMT), synchrotron micro X-rayeluence
(XRF), backscattered electron (BSE) microscopy and energy dispersaye(EDX) spectroscopy; and
(c) an array of computational tools, including lattice Boltzmann, network flow, andhaanttbased
flow and reactive transport models.

In preliminary work, we have employed CMT with a flow-column experiment to captdrguan-
tify snapshots in time of dissolution and secondary precipitation changes in the nmatuostof a Han-
ford sediment column exposed to simulated caustic waste (bulk Peclet number ~Otd&ektehler
~10°). Extensive analysis of the time sequence of images reveals that dissildtioed changes in-
cluded an increase in the number of larger pores. Precipitation-induced changesl iredudé&on in the
number of small pores and closure of small throats, with accompanying reduction in poneatmordi
numbers and reduction in the number of pore pathways. Tortuosities for pathways spanninglthe sam
were, however, not dramatically affected.

In separate preliminary work, we have explored the use of CMT to provide 3D magstoimin-
eral phases. The mapping is coarse, but useful for improved modeling for reactive flow
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Design and Application of Microbial Uranium Reduct ion Monitoring Tools
Session: ERSP University Research

Robert Sanford, University of Illinois at Urbana/Champaign. Craig Lundstrom, tditivef lllinois at
Urbana/Champaign., Thomas Johnson, University of Illinois at Urbana/Champaign, KeenethrK
Argonne National Laboratory, Kurt Pennell, Tufts University, , Kirsti Ritajaseorgia Institute of
Technology, Frank Loeffler, Georgia Institute of Technology, (lead PI)

Uranium (U) contamination is a major remediation challenge at many DOEWIitée traditional
site remedies present enormous costs to DOE, enhanced bioremediation technaqdiéss{imulation
and bioaugmentation) combined with monitoring efforts are being considered coswefifecrective
actions to address subsurface contamination. This newly funded research projéctesinace DOE
remediation activities by developing novel tools with which microbial agtoan be better understood
and monitored, thus enabling science-based site management decisions that actaeveant detoxi-
fication, plume control, and long-term stewardship. The tools and knowledge generhéddcwiate the
underpinning mechanisms contributing to metal and radionuclide reduction, and will benéfibad
scientific community exploring the distribution, activity, and ecology of meidlcing bacteria.

The overarching hypothesis is that the design, validation, and application of a suitencieerdnad
novel molecular and biogeochemical tools to assess, predict, and niositareductive processes will
guide decision making for environmental remediation and provide long-term sthipaatisadionuclide-
contaminated DOE sites.

Objectives: We will (1) continue to design nucleic acid-based approaches tagdutie presence,
abundance, dynamics, spatial distribution, and activity of metal- and radionuclicéiydeg) bacteria;
(2) develop and apply cutting-edge proteomic workflows combining multidimensionadl@esppara-
tions by two-dimensional nano liquid chromatography tandem mass spectrometry, nevgp@@gcioni-
zation, and tandem mass spectrometry sequencing coupled with new generation biompooten
identification tools; (3) monitor U isotopic fractionation using high-precisiorsrapsctrometry to quan-
tify U(VI) reduction for a range of reduction mechanisms and environmental cong{#@grevaluate and
refine these complementary approaches in continuous flow soil columns and synthegéreethted in-
formation into an integrated monitoring toolbox; and (5) validate the new tools usingaimabdes from
U-contaminated IFRC sites and demonstrate their prognostic and diagnosticittepabdjuiding deci-
sion making for environmental remediation and long-term stewardship.

To accomplish these goals, research activities build on previous achieventaetswestigating
team. Available genome information and U(VI)-reducing isolates will be useddy sindamental, mo-
lecular-level processes and understand cellular, population and community leaetions, functions,
and dynamics. Culture-based studies will define and compare the nutritional and enviabmetgiire-
ments of U-reducing bacteria, including isolates we recently obtained fromERIESites. DNA-,
RNA-, and proteome-based tools will monitor the presence, abundance, dynamics, spaiiation,
and activity of target organisms in the contaminated subsurface. Multitooll€®MS will provide
high-precision U isotope measurements to quantify U reduction reactions and pncrtdeate infor-
mation. The new qualitative and quantitative tools will be tested, refined, addtedlin continuous
flow columns, and synchrotron-based techniques (XANES and XAFS) will confirm U redexasd
complexation. Subsequently, the value of the integrated application of the new maeadutémgeo-
chemical monitoring tools will be demonstrated through tests with mateoatsoingoing bioremedia-
tion projects at DOE IFRC field sites. Community-encompassing systems tandéng provided by this
comprehensive set of tools supplies the technical framework for selectingshenomising and cost-
effective remediation technology, and promotes efficient implementation ofi®dration strategies for
achieving predictable and verifiable outcomes (i.e., detoxification leadingtolsgure).
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Coupling In Silico Microbial Models with Reactive Transport Models To Predict
the Fate of Contaminants in the Subsurface

Session: ERSP University Research

Yilin Fang, Pacific Northwest National Laboratory. Richland, WA, Srinath GaegaBment of Chemi-
cal Engineering and Applied Chemistry, University of Toronto, Ontario, Canada, KaigHbepart-
ment of Chemical Engineering and Applied Chemistry, University of Toronto, Ontamn@da, Hanno
Richter, Department of Microbiology, University of Massachusetts, Amhdist Sarah Strycharz, De-
partment of Microbiology, University of Massachusetts, Amherst, MA, RadimalaisMahadevan, De-
partment of Chemical Engineering and Applied Chemistry, University of Torontori@r@anada,
Timothy Scheibe, Pacific Northwest National Laboratory. Richland, WA, Deoglel,, University of
Massachusetts, Amherst, MA (lead PI)

This research directly addresses the goal of the DOE Environmental ReomeSi@énces Program
to develop tools that will make it possible to predict the fate of subsurface coatasnunder either
natural attenuation or engineered bioremediation conditions. The objective is to coguiedmseth
silico models of microbial metabolism with reactive transport models. We hypothiesizéis integra-
tion will lead to a significant improvement in the predictive ability of nuna¢neodels that are used to
simulate complex problems of contaminant fate and transport of interest to the Di@Breental mis-
sion. Initial studies are focusing on tinesitu bioremediation of uranium contamination in groundwater.
In the past year, we completed the first iteration of a coupled model that sudgeesfatibed microbial
growth and associated geochemical changes during the Fe(lll)/U(VI) redpbise oin situ uranium
bioremediation at the Rifle, CO, site. This modeling approach was significamiéypredictive than
conventional rate models that require substantial “parameter fitting,” leeitauss based on first princi-
ples of microbial physiology and geochemistry. To further improve the modeling of ké@dction by
Geobacterspecies, a novel kinetic model was developed that represents the role of oubeameem
type cytochromes as temporary electron sinks. The results of the model providamnipsights into
the correlation of U(VI) removal from groundwater with high proportionG@bbacteispecies in a
planktonic state. Given the apparent importance of plank@®aabacterspecies, field and laboratory
studies were initiated to further investigate the attachme@eobacterspecies at the Rifle, CO, site.
The surprising result was that ca. 90% of @eobactercells are planktonic during active Fe(lll)/U(VI)
reduction. Parameters for acetate uptake are key inputs to the modeling. alyss af acetate up-
take byGeobacter sulfurreducensvealed three high-affinity acetate uptake systems likely to be4impo
tant in natural attenuation, but also demonstrated that, at the high acetate coocetyyzcally em-
ployed duringn situ uranium bioremediation, acetate uptake should be modeled as a diffusive process.
Geobacterspecies compete with other organisms for resources both during natural attenuaten of ur
nium and when anaerobic respiration is artificially stimulated. Recenabiéyl of the genome-scale
model ofRhodoferax ferrireducersnabled improved modeling of the interactions betwssdoferax
andGeobacterspecies, providing for the first time an explanation of Wiepbacterspecies are so suc-
cessful in outcompetinBhodoferaxduring acetate additions at the Rifle site, but Rimpdoferaxare of-
ten more abundant in zones in which there is natural attenuation of ur&@eotractemmust also com-
pete with sulfate reducers for added acetate, and the outcome of this competitioredarpbaant con-
sequences for the effectivenessrositu uranium bioremediation, because sulfate reducers vary greatly
in their capacity for U(VI) reduction. Results from initial attempts to incatgosulfate reducers into the
modeling will be presented.

These studies demonstrate that coupling a genome-level understanding of the phgtlibgwr-
face microorganisms with well-known geochemical parameters and hydroélpgnmapals may make it
possible to accurately predict the fate of contaminants in the subsurface.
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Molecular Analysis of the In Situ Metabolic State of Subsurface Microorganisms
Session: ERSP University Research

Mariza Milletto, University of Massachusetts, Amherst, MA, Melissdd®ia University of Massachu-
setts, Amherst, MA, Jiae Yun, University of Massachusetts, Amherst, MA, Tisigki, University of
Massachusetts, Amherst, MA, Derek Lovley, University of Massaclsugettherst, MA (lead PI)

Predicting the fate and transport of contaminants in the subsurface and the ratignadfdeisre-
mediation strategies requires an understanding of: (1) what microbial proaessalsng place in the
subsurface; (2) the rate of these processes; and (3) the factors controllirig #relrextent of these
processes. The objective of our research is to determine whether quantifylagtaxenscripts for key
genes can provide an estimate of the rates of microbial metabolism in the suebandadentify factors
that might be limiting the rates of microbial reactions mitigating comtamiconcentrations and/or
transport in the subsurface, either under natural attenuation or engineered bioremsttlzegies. Pre-
vious studies under this project focused on diagnosing the physiological status of thiasaltsummu-
nity of Geobacterispecies that predominate when U(VI) reduction is stimulated with the addition-of ace
tate at the study site in Rifle, CO. Those studies demonstrated for the fershaihguantifying the abun-
dance of the appropriate gene transcripts in the subsurface could provide estmatsisuf rates of
metabolism; growth rates; limitations for iron, phosphate, or fixed nitrogen; andraityiwé¢ environ-
mental stresses. During the 2008 field study at the Rifle site, the focus shifiegnosing the sulfate-
reducing community that competes widleobacterspecies for acetate, but appears to be less effective in
U(VI) reduction. Clone libraries based on the gas@# anddsrB, which encode subunits of the enzyme
dissimilatory (bi)sulfite reductase, indicated that there were threm piaylogenetic clusters of sulfate
reducers at the sitBesulfobulbaceaeere detected prior to the initiation of the bioremediation, but not
during the active sulfate-reduction phaSiemicuteswere detected at constant numbers throughout the
study, possibly reflecting the presence of spores. In conirastiifobacteraceaere initially rare, but
arose as the predominant sulfate reducers as sulfate reduction became an ipnpedgastand U(VI)
reduction was less effective. This is consistent with pure culture studies, fnehie demonstrated that
members of th®esulfobacteraceaare capable of oxidizing acetate with the reduction of sulfate and do
not reduce U(VI). The recover@sr sequences were used to design primers to assess the metabolic state
of the sulfate-reducing community from estimatedsftranscript abundance. The results suggest that
diversion of acetate flux froif@eobacterspecies t@esulfobacteraceais a likely explanation for the
poor performance of the uranium bioremediation strategy under sulfate-reducingoc@ndito better
understand the succession from metal-reducing to sulfate-reducing conditions, #s$s pvas studied in
detail in laboratory incubations of Rifle sediments under conditions that mimic thasg idwsitu ura-
nium bioremediation. Studies in which the availability of Fe(lll) was manipdlsuggested that the ini-
tial bloom ofGeobacteispecies following acetate additions is the result of the faster intrirsighgrate
of GeobactewersusDesulfobactespecies, rather thaBeobacteinitially outcompetingdDesulfobacter
for acetate. Once sulfate reducers are established, they effectivglgtedior acetate even if Fe(lll) is
available. Although measuring gene transcript abundance has proven to be a powedubiaghbsis
of the metabolic status of microorganisms in the subsurface, the techniques fdimextr&RNA and
quantifying transcripts is difficult and expensive. Therefore, we have inittateew approach of quanti-
fying the abundance of key proteins with specific antibodies. Initial resultsstubgethis may be a
simpler, more cost-effective strategy for elucidatingithgitu metabolic status of subsurface microor-
ganisms.
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Development and Spectroscopic Study of Catalytic DN A Biosensors for
Radionuclides and Metal lons

Session: ERSP University Research

Yi Lu, Dept. of Chemistry, Univ. of lllinois at Urbana-Champaign, Urbana, IL (leadXiingli Meng,
Dept. of Chemistry, Univ. of lllinois at Urbana-Champaign, Urbana, IL, Scott. C. 8linibept. of Ma-
terials Science & Engineering, Univ. of lllinois at Urbana-Champaign, UrbanBylice Ravel, National
Institute of Standards and Technology, Gaithersburg, MD, Gerard C. L. Wong, Dept. aald&er
ence & Engineering, Univ. of lllinois at Urbana-Champaign, Urbana, IL

We are developing novel catalytic DNA biosensors for simultaneous detection anificpismt of
bioavailable radionuclides (such as uranium) and metal contaminants (suchay leweddead. The
sensors are highly sensitive and selective, not only for different metal ionssdtdradifferent oxida-
tion states of the same metal ion (such as U(IV) versus U(VI)).

To achieve the goal, we are employing a combinatorial method calledrd selection” to search
from a large DNA library (~19 different molecules) for catalytic DNA molecules that are highly spe-
cific for radionuclides or other metal ions through intricate 3-dimensional ati@na. By labeling the
resulting DNAzymes with fluorophore/quencher, gold nanoparticles, or quantum dots, wieheke
oped new classes of fluorescent and colorimetric sensors. Using this approach, uletdiaed cata-
lytic DNA sensors for Pb(ll), Hg(ll), Cu(ll) and U(VI). The uranyl sensor hagectien limit of 45 pM
or 11 parts-per-trillion, and selectivity of over one-million-fold over othemimiehs. This sensitivity and
selectivity rival those of instrumental analyses. Application of the semsi@técting uranium in con-
taminated soil samples from ERSP’s Oak Ridge Field Research Centgdsdasen demonstrated. A
novel approach of using an inactive variant of DNAzymes to tune the detection rahgeensors is
also shown, and these sensors have been converted into simple “dipstick” tests fooe straight-
forward field applications.

In addition to sensor development for field applications, we are also using biocherditébghysi-
cal techniques, including luminescence and EXAFS spectroscopy, to elucidate tlesdtelements re-
sponsible for high selectivity for radionuclides and metal ions. The knowledge gaimeé wery useful
for designing more selective sensors (as well as chelators) for radioswaidienetal ions in remedia-
tion.

The catalytic DNA sensors allow for on-site and real-time monitoring of otraten, speciation,
and stability of radionuclides and metal contaminants at the DOE sites. Thanfohmation will help
researchers to better understand subsurface physical, chemical, and biologessgs,cend to carry out
more accurate modeling to explain and predict remediation effects. Therefopepjact will not only
help assess the effectiveness of science-based solutions for cleanup loheesead engineers who
perform the cleanup, but also contribute significantly to the long-term monitorin@Bfddntaminated
sites by DOE staff members, state and local regulation agents, and concézaead around the sites.
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Characterization of Microbial Communities in Subsurf ace Nuclear Blast Cavities
of the Nevada Test Site

Session: ERSP University Research

Jim Bruckner, Desert Research Institute, Jen Fisher, Desert Resettaote|idavrik Zavarin, Law-
rence Livermore National Laboratory, Ken Czerwinski, University of Netadavegas, Michael J.
Daly, Uniformed Services University of the Health Sciences, RachehBvéll, Lawrence Livermore
National Laboratory, Matt Marshall, Pacific Northwest National Laboratohyick Russell, Desert Re-
search Institute, Duane Moser, Desert Research Institute (lead PI)

From 1957 to 1992, the U.S. DOE conducted 828 underground nuclear tests at the Nevada Test Site
(NTS). The resulting subsurface cavities were sterilized by tempesaind pressures sufficient to melt
rock. Today, the juxtaposition of radionuclide contamination (e.g., Pu, Tc) with a range ofpesk t
environmental chemistries, and hydrologic conditions represents a unique naturabfslforastudies
of legacy waste transport and microbial re-colonization of materialge@lbgrnuclear detonations. Over
the 2008 field season, in coordination with ongoing hotwell monitoring by the DOE Underground Test
Area Program (UGTA), we obtained the first aqueous samples from nuclear deta@aaities to be
characterized for microbiology.

Fluids from three cavities (GASCON, CHANCELLOR, and NASH) and one tunnel W&2iN)
were sampled by means of bailers or pumps. Microbial diversity was assessenhilyired molecular
(16S rRNA gene libraries) and cultivation-based approach. Bacterial PQIRi@ations were successful
for GASCON, NASH, and the tunnel, verifying the presence of microorganisms irxtit@me habitat.

The one cavity from which we were unable to detect microorganisms (CHANCELi@y be hy-
drologically isolated, as it retains a very high temperature (~95°C) &eer3a years. Whereas all of the
samples possessed significant diversity, several groups were common tosalktddspicuous were pre-
dicted iron-oxidizing bacteria (most similar $ederooxidans lithoautotrophicwdFerritrophicum
radicicola) and a cluster of sequences affiliated witfiranicutessubphylum recently discovered in
South African mines. Members of this group are thought to be deep biosphere speciadigbssaitdist
by sulfate reduction utilizing hydrogen and sulfate resulting from the radiclgawage of water [1].
Other database sequences related to NTS clones included microorganisms cajegpkdaig phenolic
(CaulobacterandPhenylobacteriunspp.) and hydroaromatic compounédzdgarcusandPropionivibrio
spp.), as well as Deltaproteobacteria relatddasulfovibrio Characterization of our growing NTS cul-
ture collection (nitrate-, sulfate-, and iron-reducers; fermentativeoonganisms; and methanogens) con-
tinues, with special emphasis on metal reducers and anerobes.

Chivian, D., E.L. Brodie, E.J. Alm, et al. 2008. Environmental genomics reveals a girglessecosys-
tem deep within Earth. Science 322:275-278.
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Subsurface Uranium Fate and Transport: Integrated Experiments and Modeling
of Coupled Biogeochemical Mechanisms of Nanocrystal line Uraninite Oxidation
by Fe(lll)-(hydr)oxides
Session: ERSP University Research

Brent Peyton, Montana State Univ., Bozeman, MT (leadTit)othy Ginn, Univ. of California at Davis,
Davis, CA, Rajesh Sani, South Dakota School of Mines and Technology, Rapid City, SD, dhetSpy
Lawrence Berkeley Laboratory, Berkeley, CA, Akash Adhikari, South Dakdtacbof Mines and
Technology, Rapid City, SD, Jaysankar De, South Dakota School of Mines and Technolod\CiBapi
SD, Raghu Gurram, South Dakota School of Mines and Technology, Rapid City, SD, Brandy, Stewar
Montana State Univ., Bozeman, MT

Uranium mobility and bioavailability in the subsurface is dependent on an intricalbénadion of
abiotic, biotic, and coupled reactions that dictate oxidation state, aqueous complexatiospciatias
with mineral surfaces. Despite the promise of reductive immobilization aaasnhof decreasing U(VI)
concentrations in groundwater, emerging studies have revealed the propensitgoicifig to reoxi-
dize in the presence of molecular oxygen, nitrate, and Fe(lll). In several irsstea@d) (hydr)oxides,
common constituents of soils and sediments, have been shown to reoxidize (and remobiér&) biog
UQO,. This reoxidation has also been shown to occur even under sulfate-reducing conditions;, ibevever
mechanism of this process remains unresolved. Our main hypotheseshis thatation of uraninite
nanocrystals by Fe(lll)-(hydr)oxides would occur through the interactions of uraninite nyestaisrwith
biogenic electron shuttling compounds or Fe(lll)-chelating compounds (e.g., siderophores) which have
solubilized Fe(lll) from Fe(ll)-(hydr)oxide solids.

Under abiotic conditions, we have investigated the influence of electron shutitirieeéll)-
chelating compounds on reoxidation of biogenic,B@ferrihydrite, goethite, and hematite-coated
quartz sand in batch systems. Starting Fe and U concentrations were 2.5 and 0.12 mM/algspResti
sults thus far indicate that desferroxamine B (DFB) and riboflavin added in cotiosmstizt 0.1 mM
promote formation of soluble U(VI) in solution following 7 days of incubation, while U(Mtpisde-
tectable in unamended control systems.

In biotic systemsDesulfovibrio desulfurican&20 was grown with hematite (15 and 0.89 mmol
Fe/L), FeC}.6H,O (0.89 mM). Some siderophore activity (equivalent to 9 mM DFB) was detected using
the Chrome Azurol S (CAS) assay, after treatment with Zn acetate to renibde interference. No
siderophore was detected after 7 days; however, analysis after 15 days of incabataiad limited
siderophore activity. Additional characterization of U, Fe, and S mineral phasesdf elemental
composition (TEM-EDS), oxidation states of sulfur (XPS), and Fe(ll) & Fe@tips and Fe-oxide bio-
transformation (Mossbauer Spectroscopy; MS) will be presented.

Numerical simulations using the TOUGHREACT and PHREEQC codes were conduassi$s
thermodynamic and kinetic controls on the abiotic, &»xidation by Fe(lll) (hydr)oxides. Because bio-
genic UQtypically forms as nanometer-sized particles, the effect of partiadeosi UQ solubility was
taken into account. Using representative surface energy values, calooatadubilities for 3 nm U@
particles is near reported values for amorphous, W@ereas high-end values could be orders of magni-
tude greater. Accordingly, computed U concentrations upon reoxidation by Fe(lll) (hyds)eaigeby
orders of magnitude, depending on the initial size of p@ticles. Under equilibrium conditions, sulfide
inhibits UG, oxidation as it is preferentially oxidized by Fe(lll) (hydr)oxides (i.e., redudlisgolution
of Fe(lll) (hydr)oxides by sulfide instead of YOTherefore, in natural sulfate-reducing environments,
the relative rates of UQrersus sulfide reoxidation (by Fe(lll) (hydr)oxides) likely determines theative
tendency for U@reoxidation. Our simulations also confirm previous studies showing U(V})a0®
U(VI)-Ca-CG; as dominant species in the reoxidation of,lJJ@ising questions on the effect of increased
HCOs concentrations in biostimulation systems designed to precipitate UO
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Adopting Biophysics Methods in Pursuit of Biogeophy sical Research: Advancing
the Measurement and Modeling of Electrical Signatur  es of Microbe-Mineral Trans-
formations Impacting Contaminant TRA

Session: ERSP University Research

Camelia Prodan, Dept. of Physics, New Jersey Institute of Technology (leadd>§later, Dept. Earth
& Environmental Sciences, Rutgers-Newark (R-N), Dimitrios Ntaalagis, Dept. Earth & Environ-
mental Sciences, Rutgers-Newark (R-N)

“Biogeophysics” is a rapidly evolving earth science subdiscipline studyingethghgsical signatures
of (1) microbial cells in the Earth, (2) the interaction between microorganrsnsudsurface geologic
media, and (3) alteration of the physical properties of geologic media as a resigitalfial activity.
Previous ERSP-funded research has conclusively demonstrated that ¢lgetteysical methods are
sensitive to microbial-mineral transformations and are potentially deptogald field-scale bioremedia-
tion monitoring technology. However, the modeling of these transformations has, asetgetd little
attention. We intended to advance the utility of electrical geophysical methagsdienstanding biomin-
eral transformations by the adoption of (a) dielectric spectroscopy measigeameh{b) physics-based
modeling protocols/concepts, developed by biophysicists rather than relying on trhdetioplaysical
methods in the interpretation of broadband electrical data. We assert that thislapplidenprove (1)
the sensitivity of electrical measurements to biomineralization tamations, and (2) the prediction of
pore- and nano- (cell wall) scale transformations from electrical data.

The following hypotheses are formulated:

H1. Physics-based modeling of low-frequency dispersions (hencefortheceterasalpha) measured in
broadband dielectric spectroscopy data can quantify pore-scale geommatiges impacting contaminant
transport resulting from biomineralization.

H2. Physics-based modeling of high-frequency dispersions (hencefortredefe asetg measured in
broadband dielectric spectroscopy data can quantify rates of biomineral growth indeti wel.

H3. Application of this measurement and modeling approach can enhance gealpihysipretation of
bioremediation experiments conducted at the RIFLE IFRC, by providindraomns on bioremediation
efficiency (biomass concentration, mineral uptake within the cell wall, mesnalization rate).
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Scale-Dependent Fracture-Matrix Interactions and Th  eir Impact on
Radionuclide Transport
Session: ERSP University Research

Harihar Rajaram, University of Colorado, Boulderad PI) Russell Detwiler, University of California, Irvine

Matrix diffusion and adsorption within a rock matrix are widely regarded as impon&nitanisms for
retarding transport of radionuclides and other solutes in fractured rock. Due to to camplliatitations
and difficulties in characterizing complex subsurface systems, diffusifeege between a fracture network
and the surrounding rock matrix is often modeled using simplified conceptual repiiessni&hile these
representations are useful and lead to tractable approaches for interpreéintges®s and providing first-
order estimates of field scale transport, there is significant uncgriritite “effective” or “conceptual” pa-
rameters used in these models, such as the “effective matrix diffusivityinass-transfer coefficients,
which are calibrated parameters. Often, calibrated parameter valumgdale anticipated ranges, in large
part because these interpretive models do not account for complex three-dimermionéthiin fracture
networks and matrix heterogeneity. There is very little fundamental underggaridhe relationship be-
tween the effective parameters and underlying rock-mass characdemstiuding network structure and ma-
trix properties. There is significant recent evidence for an apparent spaledéace in “effective matrix dif-
fusion"—estimated values appearing to increase with scale and sometiragsdading typical molecular
diffusivites. These observations raise additional questions as to whethearefi@ettrix interaction parame-
ters estimated from small-scale tracer tests can be used for prediclimguclide fate and transport at the
scale of DOE sites.

High-resolution three-dimensional Discrete-Fracture-Network-d&FNM) models based on well-
defined local scale transport equations can help to address some of these questiores, B&NM& models
have not been used extensively in the context of fracture-matrix interactions,ebteguare computation-
ally demanding. However, due to tremendous advances in computational technology ostrithgdars,
DFNM modeling in relatively large domains is how feasible.

The overarching objective of our research is to use DFNM modeling to improve fundbureterstand-
ing of how effective parameters in conceptual models are related to fradtuoeknstructure and matrix
properties. An advanced three-dimensional DFNM model will be developed by incorpefitiant parti-
cle-tracking algorithms for fracture-matrix interaction into a regadleloped parallel fracture-network
flow simulator. The particle-tracking algorithms will allow complexityfiow fields at different scales, and
track transport across fracture-matrix interfaces based on rigorousjirakimations to the transport equa-
tions. This modeling approach can incorporate aperture variability within $iagtares and among frac-
tures, and matrix heterogeneity. We anticipate that the code can handle computatiairad @t about 1
billion nodes for flow, and simulate particle-tracking for transport with about dibiiarticles. Extensive
computational studies on computer-generated three-dimensional fracture netillddesd to a database for
improving understanding of effective parameters and their scale-dependence, ratatitteemer-
its/disadvantages of various classes of upscaled transport equations. Tihes®vilealso provide unique
insights on (1) the relationship between effective fracture-matrix intengearameters, network structure
and matrix properties and (2) their scale dependence in different types of fraottkedvironments. Our
research plan will specifically target applications at the Oak Ridgd Riesearch Center, several former nu-
clear test sites in Nevada (e.g., the Shoal and Bullion tests) where recentdasss have been conducted to
obtain fracture-matrix interaction parameters for site-scale modedsliohuclide transport, and other field
sites where reliable data-sets exist (e.g., Mirror Lake). The nature whdeelying fracture network and
rock-matrix properties at the above sites is vastly different and will tlowidera comprehensive backdrop
for our investigations. Theoretical analyses will be pursued in parallelléitbamputational studies, to de-
velop improved representations of field-scale fracture-matrix interecin complex fracture networks and
rock masses.
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Measuring Uranium Binding with Nanoparticulate Hema  tite and NOM
Session: ERSP University Research

Emily K. Lesher, Division of Environmental Science and Engineering, Colorado Schoahes,Mames
F Ranville, Department of Chemistry and Geochemistry, Colorado School of Miad<>()eBruce D.
Honeyman, Division of Environmental Science and Engineering, Colorado School of Mines

Uranium can be released to the environment as a result of mining, milling, disposalyar na
causes. The mobility, bioavailability, and toxicity of uranium contamination hargsult from the
metal’s speciation. While thermodynamic equilibrium constants are known for mangganic solution
complexes, U (VI) may also complex with naturally occurring nanoparticles, ongeater, and/or mi-
crobial exudates, for which binding constants are often conditional or nonexistent. Thssspegiation
modeling difficult and necessitates an analytical technique for measuringtgpewith species encoun-
tered in environmental samples. We have coupled flow field-flow-fractionattechaique that sepa-
rates colloids by their diffusion coefficients, with inductively coupled plasrass spectrometry, which
measures U concentrations in the parts-per-trillion range. Since a paditfiesion coefficient can be
related to its diameter by the Stokes-Einstein relationship, we arealde¢late concentrations of U
with the associated size fraction.

We will present results of characterization studies of U sorption to synttiésneatite nanoparti-
cles and U complexation with natural organic matter. Results to date show thatemeags using Fl
FFF-ICP-MS compare well with measurements of partitioning using morédraditechniques. Fur-
thermore, FI FFF-ICP-MS has advantages over other techniques including feagrement-induced
artifacts and the ability to deal with samples containing polydisperse gartge will also discuss the
possibilities of using the method to better understand the mobility risks posed atrstein siture-
covery or milling operations occur.

50 Abstracts



Advanced Self-Potential Inversion
Session: ERSP University Research

Andre Revil, Colorado School of Mines (lead,Busan Hubbard, Lawrence Berkeley National Labora-
tory, Nic Spycher, Lawrence Berkeley National Laboratory, David Watson, (@gk Riational Labora-
tory

We are developing an advanced approach for inverting self-potential (SP)sjataletted in a
time-lapse manner, at the contaminated Oak Ridge National Laboratory tedelgield Challenge
(ORNL IFRC) Site in Tennessee. These datasets will be inverted both inofelngdrological and geo-
chemical properties. At this site, natural recharge creates large hydnadiigeochemical gradients,
which disrupt geochemical equilibrium. Although understanding the impact of naturaigecmaflow
and geochemical processes is critical to assessing the sustainalmatyi@ attenuation at this site and
elsewhere, it is difficult to assess the spatiotemporal impacts of reabratgrge subsurface systems us-
ing only wellbore data. The SP method is attractive for monitoring natural reghacesses because (1)
it is a passive method that is cheap to implement and that can be used acrosg ef gpa¢ibtemporal
scales in real time; and (2) the SP signals respond to both groundwater flux and concenadients.
The SP methods hold great potential for illuminating the spatiotemporal distribuponcesses associ-
ated with natural recharge, and that information obtainable from this method can bi#lyezplipled
with reactive transport models to improve the prediction of complex processels a¢lievant scales.

We have already developed a stochastic inversion framework that permit$agivantiversion of
SP datasets in terms of both hydrological and geochemical processes. (In additiciats, 8/ are
working with spectral induced polarization, SIP, and seismoelectric data, SeIBther complementary
geophysical methods.) We are working on coupling SP, SIP, SME and transport phenomenhevithin t
reactive transport model TOUGHREACT. The approach will be tested both through sandbyex expe
ments and field-based datasets collected at the ORNL IFRC within the Eedr\@atershed. Our goal
is to combine this integrated approach for understanding transient hydrologicalrgmatipeocesses at
field-relevant scales. The results from this proposed project should complemengbing investiga-
tions at the site, as well as promote the development of autonomous geophysical mapfmoaghes
that are needed to guide closure and long-term stewardship activities acib$sgacy waste sites. We
have already completed a set of sandbox experiments, which illustrate the usefutngsspproach for
remotely detecting contaminant plume migration and redox fronts in real time.
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Experimental Reactor Studies and Physiology-Based M odeling of Microbial Redox Me-
tabolism in Biostimulated Uranium-Contaminated Subs urface Sediments

Session: ERSP University Research

Eric Roden, University of Wisconsin-Madison, (leRl, Santosh Mohanty, University of Wisconsin-Madisow; E
genya Shelobolina, University of Wisconsin-Madisbayrell Chandler, Akonni Biosystems, Qusheng Uiniyver-
sity of Oregon

A series of batch and flow-through reactor experiments have been conducted to exaremedha t
progression of terminal electron-accepting processes (TEAPS), uraniuatispe@nd microbial com-
munity dynamics in ethanol-stimulated, uranium-contaminated sediment from Aréae2QRFRC. The
goal of these experiments is to provide detailed reaction path and rate inforregtioad to parameter-
ize bench- and field-scale reactive transport simulations of biostiomlatiArea 2 and other DOE sites.
Sediment from zones of maximum uranium contamination (native saprolite and gyeavgWas sus-
pended in Pipes-buffered artificial groundwater (PBAGW) designed to matclotnedgrater chemistry
in well GW835 at Area 2. The flow-through reactors were operated in “semicontinuaug’toibde,
which involves removing ca. 30% of the aqueous phase of the reactor every 3-4 daysd foyl@adi-
tion of an equal volume of fresh PBAGW with or without 1 mM ethanol. Nitrate was coiypiete
sumed in the ethanol-amended (+ethanol) reactors, in contrast to the ethanetise®(} systems,
where only partial consumption of the incoming nitrate took place. Significant atation of dissolved
Mn(ll) was observed during the first few weeks in the +ethanol reactorsyéifiter Fe(lll) oxide reduc-
tion was the predominant TEAP. Detectable sulfate reduction began after ca. #Dttaysethanol re-
actors. No methane production was observed in any of the semicontinuous culture reasiosedi
and NaHCQ-extractable U(VI) concentrations were highly variable, and it was diffioudiscern the
response of uranium redox speciation to biostimulation. Results of culture-dependentiaed cult
independent microbial community analyses were in close agreement with one anmitnenidBobial
enumerations and quantitative PCR (Q-PCR) analysis of 16S rEN#ateria, Deltaproteobacteria,
Geobactey and functional geneslgr, nirS, andnirK) indicated that initial densities of ethanol- and ace-
tate-utilizing nitrate-reducers were ca. 100-fold higher than Fe(lll)- alfets-reducers, and that cell
densities of all these groups increased by 3—6 orders of magnitude in response to atastimuRFLP
targeting PCR-amplified reverse transcribed 16S rRNA showed that the abuntiegsteiction frag-
ments belonging tGeobacter, Ralstonia, Burkholderiaceaereased over time in the +ethanol reactors.
Gel element 16S rRDA array analyses were generally consistent withcitodied enumeration, Q-PCR,
and T-RFLP results, indicating major stimulation of nitrate-, Fe(lll)-, arfdtedteducing taxa. Several
strains ofGeobactermndRalstonia as well as representatives of other physiological groups (nitrate- and
sulfate-reducers) were isolated from the +ethanol reactors. These oigaaisserve as models for de-
termining U(VI) reduction capacity and kinetic parameters for electron don@caegtor utilization.

A microbial physiology-based reaction model was developed to simulate the oésdtech-scale
reactor experiments en route to incorporation into field-scale reactivpdrassnulations oin situ bio-
stimulation. The model accounts for direct and syntrophic metabolism of ethanoldaysvaicrobial
functional groups. The rates of these processes are calculated according t@dyth@mcally consis-
tent rate law that includes kinetic control by electron donor and acceptor conoenaat thermody-
namic control by time-dependent free energy availability in the reacticensy$he model also consid-
ers various geochemical reactions that operate in parallel with micradgiaboatism, including aqueous
chemical speciation, sorption, and mineral precipitation and dissolution. The residtstiofeactor
simulations indicate that complete oxidation of ethanol by denitrification, incong{etation of etha-
nol coupled to Fe(lll) reduction and sulfate reduction, and acetoclastic methanogeedise domi-
nant processes responsible for ethanol degradation. The developed model is currendlydieidgo
simulation of the results of the semicontinuous culture reactor experiments.
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Role of Desorption Kinetics and Physical Heterogen eity in Colloid-Facilitated
Transport of Cesium and Strontium in Variably Satur ated Porous Media

Session: ERSP University Research

Joseph N. Ryan, University of Colorado at Boulder (leadTit)othy M. Dittrich, University of Colo-
rado at Boulder, James E. Saiers, Yale University

At several U.S. Department of Energy sites, colloid-facilitated trahbpsrbeen documented as an
important process in the migration of contaminants in the subsurface environmentldtd+faoilitated
transport to be important, the kinetics of desorption must be slow relative to ¢hectihe of transport.

In the vadose zone, colloid-facilitated transport will also be affected by phireiterogeneity of the me-
dia (e.g., macropores). Our research has examined the role of desorption kinetics iaatih@tgsoge-
neity in the colloid-facilitated transport of contaminants in variably segdnaorous media. The cations
cesium and strontium were used as the contaminants, and illite was used as the Celuts and
strontium were monitored by liquid scintillation &&s andSr. The porous medium was composed of
guartz sand of two grain sizes—the smaller size as matrix sand and theitargsrascentral macropore.
The transport experiments were conducted in saturated and variably saturated hoosogeddetero-
geneous porous medium columns. In both saturated and unsaturated homogeneous porous media, the im-
portance of facilitated transport was greater for cesium than for strontiung tshe stronger binding
of cesium to illite. In the unsaturated porous media, the difference in colloidafedItransport between
cesium and strontium increased with decreasing moisture content, owing to loweeliboity and

longer residence times in the columns. In the heterogeneous saturated and unsatunatesd the pres-
ence of a preferential flow path, the central macropore, resulted in more rapmbttarishe cations and
no significant difference between the extent of colloid-facilitated transpossium and strontium.

Abstracts 53


https://esd.lbl.gov/abstracts/viewAll.php?event=2#top
https://esd.lbl.gov/abstracts/viewAll.php?event=2#top

Colloid and Cs-137 Mobilization and Transport in Vad  ose-Zone Sediments under
Transient-Flow Conditions

Session: ERSP University Research

James Saiers, Yale University (lead, FBo Cheng, Yale University, Joseph Ryan, University of
Colorado

Several studies have demonstrated that contaminants present within the vadaséJz8nBepart-
ment of Energy (DOE) sites are associated with mineral colloids. Theszatiems may stabilize con-
taminants in the aqueous phase and facilitate their transport through the vadose zoweuadeéiiying
groundwaters. Our work is aimed at exploring the coupled processes that goverritatethtansport
of radionuclides by mineral colloids. In particular, we seek to elucidate thésaffguerturbations in
porewater flow on the mobilization of mineral colloids and radionuclides within vasallrated sedi-
ments. Measurements made during simulated rainfall onto laboratory columns pébksetiments
contaminated with Cs-137 reveal that high concentratioms ©fu colloids were mobilized with the pas-
sage of drying and wetting fronts, but that colloid mobilization was slow during periotsady pore-
water flow. The mobilzation of Cs-137 occurred concomitantly with colloid release,saeldit€d from
the columns existed predominantly in the colloid-associated form. Although the coticestod Cs-137
adsorbed to the eluted colloids (Cs-137 mass per colloid mass) were independent oeplmeweae-
locity and ionic strength, effluent colloid concentrations, and hence total effludi@Gssncentrations
(Cs-137 mass per effluent volume), were affected by these factors. When takaerdbese results
suggest that porous-medium imbibition and drainage trigger colloid release, anidtiigon of Cs-137
in vadose-zone sediments is controlled by colloid mobility. We used the laboratoryatiosesren col-
loid migration to test a new model for the mobilization, transport, and re-depositiortioiesai his
model is based on the assumptions that colloids are mobilized from those pores that ungestjo sna
(i.e., pores that fill with water during soil imbibition or empty of water during saihdige) and that the
snap-off response, and thus colloid release, is distributed according to the vestgoneharacteristics
of the porous medium. Comparison of modeled and measured results reveal that colloictwobiliz
rates declined precipitously with increases in porewater ionic strengthlessreensitive to porewater
velocity, and, for a given ionic strength, were greater during soil drainage thag sit imbibition.
Findings from this work, then, provide sorely needed data on colloid-associated rademuatiliza-
tion and transport within real sediments and a means for quantifying the phenomena.
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Geochemical and Microbial Controls of lodine-129 Mo  bility in Groundwater
Relevant to Long-Term Stewardship of DOE Sites

Session: ERSP University Research

Peter H. Santschi, Texas A&M University, GalvestoK, (lead PI) Robin Brinkmeyer, Texas A&M University,
Galveston, TX, Kathleen A. Schwehr, Texas A&M Umsity, Galveston, TX, Daniel I. Kaplan, SavannakieRi
National Laboratory, Aiken, SC, Chris M. Yeagery&aah River National Laboratory, Aiken, SC

I-129 is among the top three risk drivers for waste disposal at the Yucca Mt., Hantb&hwannah
River Sites. 1-129 is of major concern because of its perceived mobility in thierenent, excessive in-
ventory, high toxicity, and long half-life (~16 million yrs). lodine is a biophilic elentieat exhibits a
relatively complex chemistry, with iodide, organo-iodine, and to a much lessat iextate, as the com-
mon chemical forms detected in groundwater. The various isotopes of iodine can be btwandlyo
macromolecular organic matter, which can significantly decrease or$edtedransport, bioavailability,
and transfer to man, depending on the molecular weight and physico-chemical propéngagsulting
iodine-organic matter species. We contend that the chemical form of iodine, as iogligarar-iodine
(e.g., in the form of iodinated, i.e., covalently bound fulvic and humic acids), is signifithrmespect
to the mobility of 1-129 in groundwater. Thus, a key to improved risk assessment ancatemesdiate-
gies for I-129 groundwater contamination is a better understanding of iodine interadtionatural or-
ganic matter in the subsurface.The objective of our experiments is not only to detdrenchemical
speciation (iodide, iodate, organo-iodine) of I-129 and 1-127 in selected groundwater Seonpleeo |-
129-contaminated DOE sites, but also to investigate the extent that orgamicaoatént, microbial
cells and exopolymeric substances affect the speciation and mobility of iodine hypotkeses will be
tested through detailed environmental characterization paired with contrditadtiary experiments:
(H1) The chemical form of iodine in groundwater is dependent not only on abiotic, but also laictic pr
esses—importantly, these processes must be investigated using envirtdpmaetant iodine and
ligand(s) concentrations; (H2) lodine mobility through sediment is highly dependentsprdiation—
organo-iodine mobility can be enhanced or retarded depending on the organic moiety, wbegaatci
iodine mobility is largely dependent on its oxidation state; (H3) Naturally oogumicroorganisms pre-
sent in the Hanford Site and Savannah River Site subsurface environment céue alentical form of
iodine. Our experimental approach will determine how microbial activity, contiensand chemical
speciation (iodide, iodate, and organo-iodine) of I-129 and 1-127, as well as organic carlpan g8C
lected groundwater samples from contaminated Hanford and Savannah River 8aedaféect iodine
mobility. Controlled experiments will assess the extent and mechanisms of iodike lyptaicrobial
cells and exopolymeric substances. Methods include 16S rRNA gene sequencing, FIRD-MEH,
and species-specific DNA probes for microbiology, HPLC, CHN, TOC, GC-MS, NMR bital far io-
dine and organic iodine characterization, and use of I-125 radiotracers. So far, our@&xgeniithh aqui-
fer sediments from the Savannah River Site reveal that iodine interaateohiyhly dependent on iodide
(I concentrations added to sediment slurries, the time of equilibration, and the OC cotites¢ of
sediments, with particle-water partition coefficients (Kd) becoming asrsevpower function of the io-
dide concentration. After equilibrating a sediment suspension with ambient conoastodtodide, or-
gano-iodine was formed and constituted a major fraction of the total iodine. As theotatahtration of
amended iodide increased, the fraction of organo-iodine in the system decreasedndiigs attrib-
uted to OC becoming the limiting factor. Past laboratory experiments conductedaatéliodide con-
centrations that are more convenient for analytical detection have undetedtimaltogether missed
the detection of organo-iodine formation. These findings suggesting that subsoriaeenay exist as
organo-iodine more commonly than previously believed has important implications on samt fren-
ceptual biogeochemical model and our perceived risk associated with radioiodine.
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Optimizing Metalloporphyrin-Catalyzed Reduction Reac tions for In Situ
Remediation of DOE Contaminants

Session: ERSP University Research

M.A. Schlautman, Dept of Envr Engr & Earth Sci dnst of Envr Toxic; Clemson University (lead PE.R. Car-
raway, Dept of Envr Engr & Earth Sci and Inst of/Efoxic; Clemson University, S.L. Estes, Dept oVEENgr &
Earth Sci and Inst of Envr Toxic; Clemson UniversR. Zhang, Dept of Envr Engr & Earth Sci; Clemsdmiver-
sity

Past activities conducted by the U.S. DOE havetaxsin a legacy of contaminated soil, groundweded
other environmental media at DOE facilities natia®yv Uranium and hexavalent chromium have condigtbaen
ranked among the most frequently encountered agitkhi-priority metal and radionuclide contamingrtssent in
groundwater and soil at DOE installations. Chemigadiological reduction of U(VI) to U(IV) and Cr(Yto Cr(lll)
at contaminated DOE facilities can be beneficiaiduse the reduced metal species are less toxiessmdobile.
Although direct biological remediation or naturéteauation have been reported for U(VI) and Cr(¥ig reactions
can be slow due to unfavorable environmental cardit For example, high concentrations of contantsar co-
contaminants present at DOE sites may inhibit nhiacactivity or even be lethal to the microorgamss In addi-
tion, the unusual conditions of pH, ionic strengddox potential, etc., often encountered at coimtated DOE sites
may also result in microbial inhibition. Under swanditions, a promising approach for thesituremediation and
immobilization of some DOE contaminants is to méliabiotic reductants, together with redox catalysten
needed, to chemically reduce the contaminantsswr®bile and toxic forms.

Our research results to date have shown that de@remon electron donors are capable of reducifyIm
acidic to slightly alkaline aqueous solutions, sastsodium dithionite (pH 6.0);ascorbic acid (vitamin C) (pH 2.5,
6.5, and 8.5), and microsized zero-valent iron (4pH 5.5 to 8.0). Cr(VI) reduction by sodium dihite is suffi-
ciently rapid such that no catalyst is requirede Téduction rate of Cr(VI) by vitamin C decreaseathuncreasing
pH and with increasing concentrations of #igr C&* at constant pH. Currently, it is hypothesized thatobserved
decrease in rate is a result of complexation of Kigf* by vitamin C, possibly coupled with vitamin C oatibn by
oxygen. Additional studies are under way to tess¢hhypotheses. Microsized ZVI demonstrated onlgeraie
Cr(VI) reduction rates, again with the reductioterdecreasing with increasing pH. Therefore, Crféfuction with
both vitamin C and microsized ZVI shows potentiahéfit from the use of metalloporphyrin catalygtseliminary
investigations using vitamin,B a corrin (i.e., porphyrin derivative) with a Cetal center, in conjunction with mi-
crosized ZVI demonstrated increased Cr(VI) redurctites compared to the ZVI alone. UV-Vis absorppectra
showed that vitamin B was reduced from Co(lll) to Co(ll) during the réan, consistent with the theory that met-
alloporphyrin catalysts work as electron shuttles.

Addition of the reductants sodium dithionite anthmin C to acidic uranyl solutions resulted in @éeses in the
steady-state luminescence intensity of U(VI). Hogreweither reductant led to the expected visuatipitation of
U(IV). Because complexing agents can also potéyiiedhd to the luminescence quenching of U(VI), pessible
complexation of U(VI) by dithionite, sulfate, orh@r unknown dithionite decomposition products wagstigated.
Stern-Volmer analyses revealed, however, that doeedise in U(VI) luminescence upon addition of waddithio-
nite was not consistent with uranyl complexationfdct, addition of sulfate resulted in an increase(VI) lumi-
nescence. Additional studies are being designe@tiermine the presence or absence of U(VI) compbaxan
these experimental systems. For example, invegtigatitilizing techniques such as luminescencéiie meas-
urements and competitive ligand reactions are uwdgrto elucidate whether uranyl reduction or canration is
responsible for the observed luminescence decrbatite presence of the redox catalyst vitamip) B decrease in
U(VI) luminescence was also observed. In this caseiever, we determined that the decreasing utamyjhes-
cence was consistent with the Stern-Volmer model abrrecting for inner-filter effects, which imdites that only a
single type of quenching, either static or dynansi@ccurring.

Future work includes the investigation of nanosiZ&tl, which is hypothesized to increase reductiates sig-
nificantly, as well as additional work identifyir@r(VI) and U(VI) complexes that may enhance or liithieduction
of these metals.The efficacy of additional redutiatalysts, such as free and sol gel immobilizeth$ of uropor-
phyrin, coproporphyrin, and protoporphyrin, wilsalbe investigated.
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Integrated Hydrogeophysical and Hydrogeologic Driv en Parameter Upscaling for
Dual-Domain Transport Modeling

Session: ERSP University Research

John Shafer, University of South Carolina (lead Mighael Waddell, University of South Carolina,
Camelia Knapp, University of South Carolina, Gregory Flach, Savannah Rivenaldtaboratory,
Margaret Millings, Savannah River National Laboratory, Mary Harrisa®aah River National Labora-
tory, Susan Hubbard, Lawrence Berkeley National Laboratory, Michael Kowalsyehce Berkeley
National Laboratory

Our research is motivated by the observations that conventional charsicte@pgproaches capture
only a fraction of the heterogeneity affecting field-scale transport, andahe¢ntional modeling ap-
proaches, which use these sparse data, typically do not successfully predictrfoplystee behavior
with sufficient accuracy to guide remedial strategies. The P-Area Satrennah River Site serves as our
field site for testing data integration and dual-domain modeling approaches inteneksd tio hetter un-
derstanding field-scale transport processes. During the third year attteseark continued on the de-
velopment of the multiscale characterization framework and numerical evgmesi with multidomain
transport. We also installed three additional characterization wells attwlsitie in which geophysical
and hydrogeologic tests were performed to bolster our understanding of the multismagemeity con-
trolling plume migration.

We have developed a linked data integration-transport modeling approach for taraptgaminant
transport predictions and collected a variety of field-scale hydrogeophgaieaat the P-Area to test the
approach. We are using a simplified transport model that can be parameterizegistieatp with mul-
tiscale characterization data. We employ a 1D dual-domain transport moddienvétbsumption that it
can adequately reproduce the transport behavior of a 2D aquifer containing low petyriaelisions.
Transport between the mobile domain (i.e., high permeability regions) and the immoldie dioen
low-permeability regions) is explicitly accounted for using geometriealfes inferred in the data inte-
gration approach. Specifically, the transport model requires characterizatienggometry of the im-
mobile blocks (surface areas and nodal distances between the immobile inclusidresaandfer), the
spatially varying volume fraction throughout the modeled region, and a mass+tfarsi@eter. The re-
quired information is obtained though a Bayesian approach that integrates multigigdst@.g., geo-
physical and hydrological data) collected at different scales, such as waelltztbserrface-based geo-
physical data. In particular, a pseudo 3D surface seismic reflection datdesetedodit the site reveals
subsurface stratigraphy that is expected to control permeability zonation, and thusobioéing longer
term plume behavior.

High-resolution numerical experiments also have been performed to inveabgaienensional rela-
tionships between multidomain transport parameters (i.e., porosities, mass tcaefficient, dispersiv-
ity) and practical measures of field-scale heterogeneity. The siondativolved 30 realizations of 32
different normalized discrete and continuous heterogeneity configurations. Ogiat@lomain model
parameters were determined by empirical fitting of breakthrough curves.r&oespart formulations
were considered: (1) traditional advection-dispersion, (2) dual-domain (moloilebite porosities)
without dispersion, (3) triple domain (mobile-immobile-nonparticipating porositrébput dispersion,
and (4) triple-domain with dispersion. We are presently relating these optilmnes va practical field-
scale characterization information, such as median and effective pertgeapdtial correlation
length(s), flow field orientation, and contaminant mass transfer and exposuredla®e €ur interpreta-
tions suggest that optimal dual-domain values can be approximately defined fropetheftfield char-
acterization data described above.
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Toward Quantifying Kinetics of Biotic and Abiotic M etal Reduction with
Electrical Geophysical Methods

Session: ERSP University Research

Kamini Singha, Dept of Geosciences, Penn State University (leafld?dn Regberg, Dept of Geo-
sciences, Penn State University, Flynn Picardal, School of Public and EnvironAféantal Indiana
University, Eric Roden, Dept. of Geology and Geophysics, University of WiscMeilison, Susan
Brantley, Earth and Environmental Systems Institute, Penn State University

We conducted three sets of batch experiments with goethite as the electrooraceepaising the
complexity to understand the effect of iron reduction on fluid electrical conduct¥)jtyJur goal is to
identify contributions from changes in ionic strength, redox, biofilm formation, perntgabiid precipi-
tation from the electrical methods in conjunction with geochemical measureimejtntify the associ-
ated biogeochemical processes through time at the flask and column scale.plést €xperiments
(abiotic), designed so that reduction occurred without a biological catalyst, caraatebic acid as the
electron donor. In vitro experiments, conducted to include a biogeochemical reaction thiehoarnpli-
cation of whole cells, contained Na-formate as the electron donor and total meméactoad(TM)
from Shewanella oneidendidR-1, a known iron reducer. The abiotic, in vitro, and in vivo Fe reduction
batch experiments were characterized by different rates of changepéf, and dissolved Fe(ll) concen-
trations ([Fe(Il)]) over hours. These data were interpreted using compositeaheeactions validated
with chemical measurements. We found that surface area-normalizedoedates of goethite increase
from abiotic to in vivo to in vitro reduction for similar concentrations of electron daraeceptor, and
the electrical geophysical measurements were key to developing meanomgpdsite reactions. We de-
termined that certain diagnostic reactions (reductive dissolution, aciddst®ns, and surface adsorp-
tion) control changes in electrical conductivity regardless of the reacticimamism. To scale up in com-
plexity, we conducted column experiments where we measured electrical conglircfiatv-through
reactors with ongoing iron reduction. The columns were filled with iron-bearing setirand inocu-
lated with an environmental culture. We fabricated and inserted electrodes atutine.cSterile PIPES-
buffered artificial ground water was amended with acetate to encourage irotiaediicetate consump-
tion and the reduction of iron oxides observed in the column effluent did not correspond to changes in
bulk electrical conductivityqb). cb during Fe reduction was observed to increase more rapidly than pre-
dicted based upon in vivo flask experiments or measured fluid conductivity in the columig: ttheriast
two months of the experimenib increased by a factor of 3. [Fe(ll)] does not show a similar trend. We
currently hypothesize that biofilm growth causes the increasle, iand new column reactions are cur-
rently being built at Penn State to explore this phenomena. In addition to the diagnostngeaud-
lined in the batch experiment, we note that biosynthesis likely needs to be considersd syshems.
Simple, well-controlled experiments building up in complexity are the key to undergjérath column
and field experiments.
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Geophysical Characterization and Monitoring of Groun dwater-Surface Water In-
teraction in the Hyporheic Corridor at the Hanford 300 Area

Session: ERSP University Research

Lee Slater, Rutgers-Newark (lead,Mjed Day-Lewis, U.S. Geological Survey, WRD/Office of Ground
Water, Branch of Geophysics, Andy Ward, Pacific Northwest National Laboratory, daknUL.S. Geo-
logical Survey, WRD/Office of Ground Water, Branch of Geophysics, Roelof&égstdaho National
Laboratory, Dimitrios Ntarlagiannis, Rutgers-Newark, Kisa MwakarafanRutgers-Newark, Carole
Johnson, U.S. Geological Survey, WRD/Office of Ground Water, Branch of Geophysicspiters
Strickland, Pacific Northwest National Laboratory

We are performing geophysical research to characterize the Hyporheido€ @) at the Hanford
300 site and determine how aquifer architecture and sediment characteristaxst mith temporally and
spatially variable hydraulic forcing to (1) dictate the size of the HC, an@gR)ate hydrologic exchange
with, and contaminant transport to, the Columbia River. Geophysical measuremesrsgeiduring
Year 1 of the project primarily focused on characterization of the hydrogeoléigicework of the zone
of interaction between uranium-contaminated groundwater and river water along @iraggely 3 km
stretch of the Columbia River centered on the 300 Area Integrated Field Resealtehd@® (IFRC). Ex-
tensive waterborne resistivity, induced polarization (IP), seismic and gronattgieng radar (GPR),
supplemented with focused land-based resistivity, IP, and GPR were performedyaanirigof this pro-
ject. Inversion of the large waterborne resistivity/IP dataset haaleevthe distribution of the Hanford
and Ringold units along the hyporheic corridor, as well as the depth to the Hanford-Ringodtl ddreta
IP measurements proved particularly effective at imaging the distibatithese units, and the depth to
the contact, as the fine fraction of the Ringold formation imparts a high polatizaliitive to the over-
lying coarse-grained Hanford formation.

The results of the waterborne resistivity/IP survey are generallystenswith recent estimates of
regions of the Columbia Riverbed, where the transmissive Hanford formation iséhatintact with the
riverbed (as based on planar projections from wells onland, as well as direct push testriverbed).
However, the resistivity/IP survey identifies additional locations on aloagpyporheic corridor where
the Hanford unit is in direct contact with the riverbed. Such estimates provideamigadight into the
distribution of the Hanford unit in contact with the riverbed, which in turn is criticalteymeing the
likely contributing source zone of uranium contamination of Columbia River wateerbéante GPR
and seismic surveys provided limited stratigraphic information, primarilyaltiee poor signal penetra-
tion arising from scattering by pebbles/boulders on the riverbed, along with ttneiglhigh electrical
conductivity associated with the Ringold formation that is in direct contact alsiggificant portion of
the hyporheic corridor. Scattering/reflection of energy from the riverbed didderageful qualitative in-
formation on the variability in the physical characteristics of bed mbhsdoiag the hyporheic corridor.
Land-based GPR was able to resolve the Hanford-Ringold contact in some lodatigrth@ ~3 km
zone of the river corridor adjacent, and central to, the 300 IFRC. Perhaps most sitiyifimad-based
GPR has revealed compelling evidence for the location of paleochannels incisedhseRingold-
Hanford contact and potentially proving conduits for accelerated transport of conehgnaundwater
into the Columbia River. Unlike earlier geophysical studies conducted at theusiteork has identified
at least one paleochannel in direct contact with the Columbia River. This hydrogedlagacterization
was used to help constrain the location of a fiber optic distributed temperature BarSpsystem
along the channel reach. Cables were deployed, and the system calibrated in late 2008usafdta
collection started in December 2009. Analysis of these data is ongoing and will be effocu¥ear 2
efforts. Autonomous resistiviity and self-potential surveys are anticifstertly.
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Field Investigations of Microbially Facilitated Cal cite Precipitation for Immobiliza-
tion of Strontium-90 and Other Trace Metals in the Subsurface

Session: ERSP University Research

Robert W. Smith, University of Idaho (lead PYoshiko Fujita, Idaho National Laboratory, Timothy R.
Ginn, University of California at Davis, Susan S. Hubbard, Lawrence Berketeynilal aboratory

Subsurface radionuclide and trace metal contaminants throughout the U.S. Departmengyf E
(DOE) complex pose one of DOE’s greatest challenges for long-term steypar@ste promising stabi-
lization mechanism for divalent trace ions, such as the short-lived radionuotintush-90, is copre-
cipitation in calcite. We have previously found that calcite precipitation apdexipitation of Sr can be
accelerated by the activity of urea hydrolyzing microorganisms, that higluétleqrecipitation rates can
result in increased Sr partitioning, and that nutrient additions could stimulateteraotwity. We are
conducting integrated field, laboratory, and computational research to evaluaiatioaships between
urea hydrolysis and calcite precipitation rates and trace metal panifionder environmentally relevant
conditions, and investigating the coupling between flow/flux manipulations and precgigatbution
and metal uptake.

Ouir first field campaign was conducted within a 5-spot well-field dedicated wréfect and located
at the Vadose Zone Research Park (VZRP), an uncontaminated site with subsuifagediggic char-
acteristics similar to the nearf{gr contaminated Idaho Nuclear Technology and Engineering Center of
the Idaho National Laboratory. Well-to-well experiments using conservadieers, molasses, and urea
were conducted to estimatesitu ureolytic activity at the VZRP, and to conduct a preliminary assess-
ment of the ability of geophysical and molecular biomarker methods to detect scbsuga hydrolysis.
Samples were collected from the extraction wells for chemical and biolagiablsis. In addition, cross
borehole tomographic radar, seismic, and complex electrical data were doiefdee, during, and after
urea injection to characterize baselineitu heterogeneity and to monitor the spatiotemporal distribution
of biogeochemical transformations associated with the urea hydrolysis. Anafitbe extracted water
confirmed the conversion of urea to ammonium in the subsurface, and a first-order uregsisyda
constant of 0.034 tiwas estimated. This was more than an order of magnitude higher than rate constants
estimated aboveground using water samples spiked@tlabeled urea, suggesting that attached mi-
crobial communities may play a significant roldnrsitu urea hydrolysis. The seismic data collection at
the VZRP was determined to be ineffectual, but the radar and ERT data appear to be oflggpdrglia
the analyses of those data are ongoing. Also ongoing are the analyses of microbikidogofoaurea
hydrolysis (urease genes and transcripts).

In support of the field investigations, targeted laboratory studies and flow angee¢satsport
modeling development are under way. In synchrotron microtomography and laboratory fioghtbol-
umn experiments, conducted to date the observed distributions of calcite precipitetd®drasparse,
but the geophysical monitoring results suggest that complex resistivityragasts are sensitive to the
biogeochemical transformations associated with stimulated calcit@ipagon. Also in the laboratory,
we are conducting cation exchange studies, to develop a site-specific ion exchangemtiod&/ZRP.
The ion exchange model will be incorporated into the multicomponent reactive transpdrofmode
ureolysis and induced calcite precipitation and strontium co-precipitation. T¢t®neeomponent of the
model includes product-inhibited enzymatic ureolysis kinetics, and has been testest @data from the
literature, the column experiments, and data from (NSF-funded collaborator) J. Del&@®avis. The
model is embedded in two separate modeling platforms, grid-based and streamtdbécbalsial analy-
ses of then situureolysis experiments, affording cross-validation of modeling results. Cyrral
model is being used to support the analysis of the well-to-well tracer testsafaicterization of VZRP
hydraulic properties.
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Uranium Immobilization by the Activities of Microbia | Phosphatases
Session: ERSP University Research

Patricia A. Sobecky, Georgia Institute of Technology, Atlanta, GA (leadRBbert J. Martinez, Georgia
Institute of Technology, Atlanta, GA, Melanie J. Beazley, Georgia Institutediriology, Atlanta, GA,
Kathleen Salome, Georgia Institute of Technology, Atlanta, GA, Cindy Wu, Lawreatkel8y National
Laboratory, Berkeley, CA, Terry Hazen, Lawrence Berkeley National Ladygrd&8erkeley, CA, Gary
Andersen, Lawrence Berkeley National Laboratory, Berkeley, CA, Samualé¥db, Stanford Synchro-
tron Radiation Laboratory, Menlo Park, CA, Martial Taillefert, Georgiatunstiof Technology, Atlanta,
GA

Our previous funded project (DE-FG02-04ER63906) demonstrated that the natural phosphatase a
tivities of subsurface microbes, isolated from contaminated Oak Ridge, TN®RERC) subsurface
soils, released inorganic phosphate fA@xtracellularly during growth in the pH range 5-7. The amount
of PO liberated from an exogenous organophosphorus substrate, provided as the sole carbon and phos-
phorus (P) source, was sufficient to precipitate >95% of uranium [U(VI)] as |laibtyl uranium-
phosphate minerals even at pH 5. Presently, the range of phosphatase activitiagfiacgutvscrobial
communities exposed to long-term metal and radionuclide contamination is unknown, and theal pote
role in immobilizing metals and radionuclides remains poorly characterizedoWurehe geochemical
conditions regulating the rates of formation and the stability of these phosphapége=cin soils and
groundwater have not been examined. In this project, a multiphasic approach is used toalgterimi
crobial phosphatase activities present in natural subsurface communitidsecate Isufficient phosphate
to promote the precipitation of U(VI) under both oxic and anoxic growth conditions. One component of
this work entails demonstrating the formation of U-phosphate minerals in subssoiigc&oils from
ORFRC are incubated with different types of P source, in the presence or absesselwédioxygen,
and over a wide pH range to investigate nonreductive U biomineralizationiastiVihe mineral product
of these incubations is analyzed using X-ray absorption spectroscopy, and ity ssadfilidied at differ-
ent pH's and in the presence of carbonates or other P sources. A second component of the project exa
ines microbial community structure in soil slurry incubations maintained under oxioxicaonditions
as well as acidic (pH 5.5) and circumneutral (pH 6.8) pH regimes. Oxic slurry irendbdemonstrate
that organophosphate hydrolysis rates are greater at low pH. Anoxic soil slurrytimesiibatiated with
10 mM glycerol-2-phosphate and 15 mM nitrate amendments under acidic anoxic conditiahderive
trifying and organophosphate hydrolyzing activities. Total DNA extractions foanslarry incubations
are currently analyzed via high-density oligonucleotide microarray (Phigd@ collaboration with
LBNL investigators. Preliminary data suggests that under oxic conditions, ¢habal community
structure is enriched at low pH compared to the diversity of unamended soils.
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Chromate Reduction under Nitrate-Reducing Condition s in Geobacter metallire-
ducens, Sulfurospirillum barnesii, and Desulfovibrio desulfuricans

Session: ERSP University Research

Peter Chovanec, Duquesne University, Courtney Sparacino, Duquesne University BRat,
Duquesne University, John F Stolz, Duquesne University (lead PI)

The focus of our ERSP investigation has been to determine how respiratory nituateoreto am-
monia impacts Cr(VI) transformation. The goal is to elucidate the specificaniesm(s) that limits
Cr(VI) reduction in the presence of nitrate, and to use this information to develegissahat enhance
Cr(VI) reduction and thus immobilization and detoxification. Our central hypothesiatisitrate im-
pacts the biotransformation of metals and metalloids in three ways: (1) apetitomalternative elec-
tron acceptor (inhibiting transformation); (2) as a co-metabolite (i.e., cormumiduction, stimulating
transformation); and (3) as an inducer of specific proteins and pathways involvedatiamreduction
reactions (stimulating transformation). We have identified three model engsy@eobacter metallire-
ducengMechanism 1)Sulfurospirillum barnesji(Mechanism 2), anBesulfovibrio desulfuricanstrain
27774 (Mechanism 3).

Mechanism 1G. metallireducensiWe have found that growth on nitrate is actually inhibited by the
presence of Cr(VI). Activity assays indicate that Cr(VI) inhibits t@treduction (e.g., Nrf activity). Pro-
teomics analysis indicates that aldehyde oxidoreductase and an iron-cont&ioimg déhydrogenase
are up-regulated upon Cr(VI) exposure. This may be interpreted as a response tcecstidessy The in-
hibition, nevertheless, could be attenuated by amending the medium with ferte (¢iteahigher the
concentration of ferric citrate, the greater and faster the attenuation).

Mechanism 2S. barnesiiWe confirmed that this organism can simultaneously reduce Cr(VI) while
respiring nitrate. Activity assays, however, indicate that Cr(VI) inhihirite reduction (again being
preferentially reduced by Nrf); thus, physiologically, there must be a sepagat@nism for Cr(VI) re-
duction. Activity assays have shown that Cr(VI) is reduced by RarA, a proteis thagrexpressed un-
der these growth conditions (as determined by proteomics analysis). We also havedoamedox ac-
tive secondary metabolite (possible a ketoquinone) is secreted into the mediungcawitigand are in-
vestigating its reactivity with Cr(VI).

Mechanism 3D. desulfurican®7774: This organism first reduces any Cr(VI) in the medium prior to
respiratory growth on nitrate. Activity assays also showed inhibition of Nrf aratthenulation of ni-
trite. Comparison of the proteome of cells grown in the presence of Cr(VI) veosgsgrown on nitrate
alone have revealed a suite of proteins that are differentially expressed.

These results have provided new insights into the dynamics of Cr(VI) on nitratieatisn in the
three organisms. They suggest that Cr(VI) is a preferred substratd tord\ihus interferes with nitrite
reduction.
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Identifying Biomarkers and Mechanisms of Toxic Meta | Stress with Global Proteomics
Session: ERSP University Research

B. Hong, Pharm. Chem. , UCSF, S. LaVoie, Microbiology, Univ. of GA, M. Lipton, PNNL, EMSL, S.M.
Miller, Pharm. Chem., UCSF, A. Perez, Pharm. Chem., UCSF, B. Polacco, Pharm. Chem.SUCSF
Purvine, PNNL, EMSL, E. Zink, PNNL, EMSL, A.O. Summers, Microbiology, U of GAJIE§

Data suggest that Hg(ll) is toxic in two ways. At low levels, Hg damagesna@e-bound respira-
tion, causing a burst of reactive oxygen species (ROS) that further damagé #hiehegher Hg concen-
trations, Hg(ll) may also enter the cytosol, directly inactivatingetgstcontaining proteins. Our first ob-
jective is to identify, quantify, and compare ROS- and Hg-damaged proteins undeas\lgi concentra-
tions to test this model for two mechanisms of Hg toxicity. Our second objective iEnt® ihe cellular
roles of the ubiquitous mercury resistance (mer) locus. We know much about how mer martefiosm
reactive ionic Hg(ll) and organic RHg(l) to less toxic, fully reduced, velatiionoatomic Hg(0), but
much less about how they protect other cell proteins from Hg damage. We use masssfrecglobal
proteomics both to identify Hg- and RHg-damaged cellular proteins and follow tbeuerg with and
without the mer operon. We focus initially on adducts of monovalent organomercurials, péreayym
(PhHg), and ethylmercury (EtHg) as safer surrogates for methylmercury.

Since RHg-modified proteins cannot be enriched by affinity chromatography, the I&hilldevised
a computational filter based on the seven stable isotopes of Hg to reveal RHigdnpelitide signa-
tures in mass spectra. This algorithm can confirm putative hits identified@QYWESE&T and has success-
fully identified adducts in RHg-treated pure protein samples and bulk cell extsaet below). For tha
vivo RHg exposure work, the Summers lab treated mid-log phase cultlEeobMG1655 with PhHg
and EtHg, also treated or not with IAM, and supplied these cells to the Lipton group for mass-
spectrometric total-proteome analysis. The Summers group also benchmalkpdegdor total and pro-
tein-bound thiols, protein carbonylation, essential metals content, and free Fe. ahehiief damage
to total and protein thiols is Hg(l)>>PM>MT. Surprisingly, brief mercurig@sures (15 minutes) re-
sulted in neither increased protein carbonylation nor changed metal pools. HowevehdzRRhat
Hg(ll) releases Fe(ll) from Fe-metalloproteins, amounting to nearly 75&tabdfcellular Fe. Proteome
analysis of cells, prepared under 12 variations of mercurial and IAM treatmewtsteated that block-
ing other thiols with IAM immediately after RHg exposure preserves RHg-&lotuahole cell prepara-
tions. In analyzing the fragmentation pattern of pure proteins treated with phexwytynéne Miller
group also confirmed the value of IAM blocking of free thiols to stabilize RHg-aslducpeptide cys-
teines. Recently, the Miller group observed some loss of Ph/EtHg-peptide addutgssdumple process-
ing for mass spectrometry and are working with the Lipton group to rectify thigeRuork will evalu-
ate RHg-adduct stability, analyze MS proteomic data for evidence of oxidizedgs@tnd analyze
vitro vulnerability of cysteines in select proteins identified in whole cells. Tpmhilab has completed
mass spectrometric analyses on 40 total cell or pure protein experimental tiwapdram the Miller
and Summers groups. These followed 99 pilot runs for optimization of procedures to improegyretov
total peptides and proteins and detection of mercurial adducts. Typically, ~8000 peptigepamtion
are recovered, yielding identification of 1100 proteins, comparing well with typégides and proteins
identified by mass spectrometry in other bacteria. Nearly 50 RHg-adductethegdtave been identi-
fied in 41 highly abundant proteins using SEQUEST and filtering for stable Hg isotopeSuingers
group is analyzing RHg-madified positions in protein structures and comparing thenmwitdified
cysteines in the same and related proteins. Mapping RHg-vulnerable proteinS @ pg&Ehways identi-
fies candidate biomarkers for Hg exposure. The remarkably wide reach of RHty iexabvious in the
functions of the abundant proteins targeted by PhHg or EtHg; multiple targetsliiealygs, the TCA
cycle, the translational apparatus, redox damage control, and respiration. Futurelveattt pre-MS
treatments to enrich less abundant, but important proteins, including transcriptiphataes.
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Integrating the Molecular Machines of Mercury Detox ification into Host Cell Biology
Session: ERSP University Research

X. Feng, Pharm. Chem., UCSF, I. Harwood, PharmnCheCSF, B. Hong, Pharm. Chem., UCSF, G Leon, dicr
biology, U. of GA, S. M. Miller, Pharm. Chem., UCSE. Momany, Pharm Biomed Sci, U of GA, R. Nausgrin.
Chem, UCSF, S Ojha, Pharm. Chem, UCSF, L. Ollificigbiology, U of GA, T. Sasaki, Microbiology, U GA,
R.A. Scott, Chemistry, U of GA, R. Stroud, Pharrhe@., UCSF, A. O. Summers, Microbiology, U of Gagdl PI)

The bacterial mercury (Hg) resistance (mer) opéuantions in Hg biogeochemistry and bioremediatign
converting reactive inorganic [Hg(ll)] and orgafirHg(1)] mercurials to relatively inert monoatomitercury va-
por, Hg(0). Its genes regulate expression (MerRDVi&erOP), import Hg(ll) (MerT, MerP, and MerChdde-
methylate (MerB) and reduce (MerA) mercurials. Weus on these components’ interaction with eacérathd
with the host cell to allow cells to survive andadéfy Hg compounds.

Regulation of mer Operon Expressi@®y calorimetry, free and DNA-bound MerR diffenktically and ther-
modynamically in binding Group 12 metal ions. DNAumd MerR strongly prefers Hg(ll), consistent witMR
observations on the DNA-dependence of metal-spealibstery. On binding Hg(ll), MerR-MerOP beconmesre
compact and monodisperse. In DNA binding buffettfwidditional Mg(Il) and K(I) ions) MerR coordinatélig(ll)
with 3 sulfurs at 2.44A, just as in free MerR. bntrast, free MerR’s binding of Zn(Il) has both heto- and endo-
thermic phases, an overall stoichiometry of >6, ianubt well fit by any model; XAFS reports Zn(has 3 sulfur
ligands at 2.32A on free MerR. The MerR-MerOP cawrgiinds Zn(ll) 14-fold less well than Hg(ll), atitis
Zn(ll) is lost in dialysis during XAFS preparatigmecluding observation of Zn(ll) coordination g complex.
Both free and DNA-bound MerR aggregate when boorgh{ll). Cd(Il) binding to free MerR is also mydtiasic,
exo- and endothermic, but can be fit to a 4-sitpieatial model with 2 high and 2 low affinity sited(ll)-
provoked aggregation is also indicated by two hglginamic measures. Calorimetry and XAFS work on MerR
Cd(ll) and MerOP-MerR-Cd(ll) are in progress. MaRo contacts RNA polymerase (RNAP); we've usedro
linking to show MerR domains that abut various (RNAubunits. MerD is a MerR antagonist that deatg op-
eron transcription. MerD’s insolubility has comprisedin vitro work on it, but we have overcome that problem us-
ing metabolic induction.

In the year ahead, we will examine the anti-activatlerD, alone and complexed with MerR, MerOP, FNA
by crosslinking, footprinting, as well as variougllodynamic measures of size and shape with ourlOgNabora-
tors. Proteolysis of MerA: From 10-30% of MerA iofeolytically truncatedh vivo with or without Hg(ll). We've
ruled out autolysis and activity of any single A@iEpendent soluble protease. Core does not binthéhnebrane, but
a small fraction of full-length MerA is membranetma, so we examined mutants in the membrane-boditt A
dependent protease FtsH and found that loss of élietihates MerA truncation. FtsH’'s normal roleasremove
damaged membrane proteins. That MerA is a subdtrafésH suggests it suffers redox damage whitelibg the
membrane to access electrons for Hg(ll) reduction.

Future work will assess the effects of mutantstieocomponents of the FtsH complex on MerA, antl a#so
examine MerA for oxidative damage. MerA Core Int¢i@ns with NmerA: Initial NmerA-Hg(ll)-Core crosesked
complex, made to examine contacts between domaassheterogeneous, so we're making this complex fogw
strategy for use in small angle x-ray and neuteaitsring work with ORNL collaborators. We also &a/new
strategy to obtain pure full length (untruncatedri for interaction and structural studies such-aay scattering
with the ORNL group.

Novel protein motion in MerA mechanism: Structusadinformatics work, including a structure of a Mefri-
ple Cys-to-Ala mutant (determined with previous DIDEding), identified a novel interaction betweenaztive site
lysine and an arginine in the mutant protein, \&ithossible role in catalysis. Mutation of Arg to thtewild type
MerA yields a new inactive mutant that stabilizesraermediate that normally occurs only transieitlthe cata-
lytic reaction. The results provide evidence foroael transient motion controlling the catalyticahanism. MerB
interacts preferentially with NmerA: Stopped flomdtics using fluorescence of the active-site pr@tiTrp95 as a
reporter show that NmerA rapidly and completely oges the Hg(ll) product from MerB, but cellular cemtra-
tions of glutathione react more slowly and do not@completion. These results clearly show thegadiHg(ll)
transfer to MerA provides a more efficient route ffapid turnover of RHg(l).

In summary, our work covers the interactions offthe macromolecules involved in mer regulation—Rer
MerOP, RNAP, and MerD—and the interactions withtiie enzymes MerB and MerA (and the latter withoath
membrane protease). Future work will add interastiof MerA with the mer membrane Hg(ll) transpariderT.
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Impact of Microbial Mn Dynamics on Uranium Bioremed iation
Session: ERSP University Research

Bradley M. Tebo, Oregon Health & Science University (lead$djyavathi Chinni, Oregon Health &
Science University, Rizlan Bernier-Latmani, Ecole Polytechnique Fedaedlausanne, Daniel Giam-
mar, Washington University St. Louis, Jonathan O. Sharp, Ecole Polytechnique Fdddralsanne,
Kai-Uwe Ulrich, Washington University St. Louis, Harish Veeramani, Ecolgt&dinique Federale de
Lausanne

Bioreduction of U(VI) to U(IV) has been proposed as a strategy for the stabiizdtlU contamina-
tion in the subsurface. For such approaches to be effective, the products need to be lstedsipesgitto
reoxidation or remobilization under groundwater chemical conditions. One ubiquitous but teveyel
looked subsurface dynamic involves microbially catalyzed Mn redox cyclingy@atacidation of
groundwater Mf" by microbes produces the powerful oxidants Mn(lll) and Muaer suboxic (low
oxygen) conditions. M is present in groundwater at US DOE sites at concentrations of 1-20 pM.
However, under reducing conditions, the microbial reduction of MyOurs along with the reduction of
U(VI), leading to the accumulation of much higher (mM range§‘Moncentrations in the groundwater.
Thus, when @containing groundwater comes into contact with the reduced zone following bioremedia-
tion, it is likely that MA* oxidation will occur at the interface of these two zones, and U(IV) reoxidation
could then be driven by oxidized Mn products. Ironically, biogenic Me@ strong sorbent for heavy
metal cations, due to its high surface area, malleable structure, and tendentytberaainerals. Thus,
while Mn oxides catalyze the oxidative dissolution of AJfey can also retard the transport of U(VI). In
spite of the clear importance of these processes, little is known about theiidyaachmechanisms in
the subsurface. Our research to date has focused on the kinetics and mechanispoxiofatian by
Mn(ll)-oxidizing bacteria and by synthetic and biogenic Mn oxides. Using Mn(ll)-oxigigpores of
Bacillus sp. strain SG-1 as a model system, we have investigated thetffgierent concentrations of
U and Mn on the coupled biogeochemical oxidation-reduction reactions of U and Mn. In the presence of
5% headspace oxygen Woxidation is 30-50 times faster in the presence of Mn oxides as compared
with Mn oxide free controls (i.e., 5%,@lone). As a consequence of J&xidation, Mn oxides are re-
duced to Mn(ll), which can then be re-oxidized by SG-1 spores. SG-1 spores cannot directy oxidiz
UQO,, but oxidation of synthetic U{proceeds rapidly with Mn(Il) concentrations of <5 pM. Thus, only
catalytic amounts of Mn(ll) are required for the rapid oxidation of.Whetic studies show that in-
creasing concentrations of Y@nd U(VI) decrease the rate of Mn(ll) oxidation in different ways by in-
hibiting the Mn(ll)-oxidizing enzyme. Experiments with biogenic #Bow a similar behavior as the
synthetic UQ. Mn(ll)-reacted biogenic UDwas overall more stable than unreacted biogenig HOw-
ever, oxidation of Mn(ll)-reacted Uaccelerated after an initial lag phase, as some Mn(ll) was released
from the mineral and oxidized by the spores. These results emphasize the need to bensnpact of
Mn(ll)-oxidizing bacteria when predicting the potential for Jffidation in the subsurface.
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Optimization and Directed, Natural Evolution of Biol ogically Mediated Chromate Reduc-
tion in Subsurface Soil Microcosms
Session: ERSP University Research

Gene S. Wickham, Department of Biological ScienBesdue University, West Lafayette, IN, Karuna Qteyy
Chemical Sciences Division, Oak Ridge National lrabary, Oak Ridge, TN, Nathan C. VerBerkmoes, Cleaini
Sciences Division, Oak Ridge National Laboratorgk@idge, TN, Stephanie Thieman, Department ofdgjicial
Sciences, Purdue University, West Lafayette, INp&bL. Hettich, Chemical Sciences Division, Oakidgd Na-
tional Laboratory, Oak Ridge, TN, Dorothea K. Thawmp, Department of Biological Sciences, Purdue &hsity,
West Lafayette, IN (lead PI)

Scientifically sound, effective strategies for the bioremediation of conédea Department of En-
ergy waste sites depend on knowledge of the structure, dynamics, and activityutddheh@nous mi-
crobial community. Mass spectrometry (MS)-based shotgun proteomics has tremeoteatial for un-
raveling the metabolic profiles and protein signatures indicative of acéted-neducing soil microbial
communities. When coupled with the careful use of ssu-rRNA-based techniques, itikegossharac-
terize both the extent of microbial diversity within the community and the expresdsety @f that
community. As such, we are taking a bicameral approach to characterizing tberganaisms and their
attendant protein expression profiles in chromate [Cr(VI)]-contaminated swdlmral communities.
DOE Hanford Site subsurface soils were used to construct benchtop microcosms toesaifiyct of
various carbon sources aRdeudomonas putidal (a chromate reducer) on the indigenous microbial
community. Triplicate microcosms amended with glucose, lactate, additiond),@n(P. putidg as well
as combinations of these, were incubated for 36 days, during which time the evopwd<O@onitored
in order to assess the physiological response (microbial activity) of the cotyimmuerms of aerobic
respiration. At the end of this period, one microcosm from each treatment waseacaind subsets of
each were chosen for parallel molecular phylogenetic and HPLC-MS/MS esaly® respiration data
indicated that in the absence of exoger®ugutidaF1, respiration levels were highest for glucose-
amended microcosms. Addition Bf putidato lactate- or glucose-treated microcosms initially yielded
higher respiration levels with lactate, only to be surpassed later by regpoatglucose. In the absence
of addedP. putida glucose stimulated G@roduction in microcosms to a higher level than did lactate.
Phylogenetic analysis of the autochthonous microbiota revealed stark cortirestrbthe microbial
community composition of contaminated versus uncontaminated Hanford Site soils. Tdt@ahoom-
munities in uncontaminated soils were dominated&ynobacteria includingArthrobacter Verrucomi-
crobiae Bacteroidetesand alpha-, beta-, and deRasteobacteriawhile contaminated soils comprised
most notablyFirmicutesand gammarroteobacteria Most striking was the presence of sevé&abutida
relatives such aBseudomonas mendocjriRseudomonas pseudoalcaligenssdPseudomonas nitrore-
ducensas well as other uncultivatéd putidaclose relatives to name a few. None of these phylotypes,
or any other members of the gamma proteobacterial subphylum, have been found in the untcedtamina
soils. The phylogenetic analysis indicated that the degree of species riclmesarqber of different
phylotypes) in both the Cr(VI)-contaminated and uncontaminated soil samples i®rddatdlopment
and application of MS-based proteomics to soil: the species richness is high enoughribgrealistic
challenge, but not so high as to be an insurmountable task. It is also clear that the dPoegidhas a
seed organism was prescient. Our phylogenetic analysis indicated that leltgesref Cr(VI)-reducing
P. putidaare natural and significant members of the chromate-contaminated microbmlicdynthat
we are studying, and that the ambient conditions in the soil are sufficient to suppoowttiedjrthis
model microorganism. Currently, we are in the process of applying phylotypeisfiecifescent rRNA
probes to the microcosms. These probes will enable the relative enumeration anttagti@amtif the
mixed populations of microbes in the microcosms. The data obtained will serve as aorirdiadich
organism-specific proteins should be easiest to identify by MS-based proteath&sreeasure of the
sensitivity of the method in identifying proteins from the less abundant populations onh=inity.
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Technetium Reduction and Permanent Sequestration by Abiotic and Biotic
Formation of Low-Solubility Sulfide Mineral Phases

Session: ERSP University Research

Paul Tratnyek, Oregon Health & Science University (leagB?§dley Tebo, Oregon Health & Science
University, Jim Szecsody, PNNL, Jim McKinley, PNNL

Technetium-99 is a highly mobile subsurface contaminant at U.S. Department of ED@)ysites,
and its mobility gives it one of the highest risks of exposure. The predominant and mobite# fech-
netium in the subsurface is the"f@xyanion pertechnetate (TgQ Under reducing conditions, T¢Qs
readily reduced to T, which forms highly insoluble oxides such at Fe®,0. Many studies have in-
vestigated the reduction of TgOby abiotic and biotic means, on the premise that this could be used for
long-term immobilization of the contaminant for remediation activities g Bies. However, a diffi-
culty with this strategy is that (re)oxidation of Toxides is relatively facile and therefore remobilization
is possible.

One way to minimize the prospect of remobilization is to effect reduction undelogdfiic condi-
tions, so that most Tcwill be immobilized as T«S;, which should remain relatively insoluble even un-
der oxic conditions. For this purpose, a feasible and practical way to create wedl-paifddogenic con-
ditions is the injection of fine-grained zero-valent iron’fFeor related materials composed of various
combinations of Fe S, Fé', and $. These materials will react directly with f¢ yielding a degree of
immobilization by reduction and precipitation, but thé &so will scavenge dissolved oxygen and ni-
trate, and generate significant concentrations of dissolygthéteby stimulating sulfate- and sulfur-
reducing bacteria (collectively referred to as SRB), which will favquestration of Tc in less reoxidi-
zable forms (esp., T8;).

Fine-grained Feand related chemical reductants—ranging in size from 10’s of microns to 10’s of
nanometers—are available and suitable for introduction into the deep subsuriise @ad saturated
zones) by a variety of injection technologies. This makes the approach proposed heabladphin
situ chemical reduction at sites like Hanford, where the vadose zone and groundwateimetiotatoy
Tc is 80—120 m deep. The outcome of such scenarios, however, will depend on a complex mixture of
multiscale processes, where the spatial distribution of the injected maiériave heterogeneous ef-
fects on then situ biogeochemistry, which—in turn—will determine what mixture of fundamental proc-
esses control the overall (im)mobilization of Tc.

The overall objective of this work will be to provide the fundamental understandingsaegéo
evaluate the feasibility of reductive immobilization of T,c@ the vadose zone or groundwater by con-
trolled application of F& F€/S’ (and sulfate or organic carbon, if necessary) to stimulate microbial sul-
fate reduction. This proposed work is focused on these biogeochemical mechanismagaifantbe-
tween F& S, and Tc (not the technology to emplacé &ed F&S’ in the vadose or saturated zones).
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The Reaction Specificity of Nanoparticles in Soluti on: Interactions between Iron
Core/Shell Nanoparticles, Their Coatings, and the E  nvironment

Session: ERSP University Research

Paul Tratnyek, Oregon Health & Science University (leagJahes T. Nurmi, Oregon Health & Science
University, Vaishnavi Sarathy, Oregon Health & Science University, AldneaSalter, Oregon Health &
Science University, Donald L. Baer, PNNL

The general objective of this project is to understand how the environmental fatéeatslcf
iron/iron oxide nanoparticles (NPs) (including transformations of NPs by aging astbtraations by
NPs of solutes such as DOE priority contaminants) are controlled by reactibmsttnt NPs (i.e., be-
tween the core, shell, and coatings), and interactions between the NPs and the gabohkeoi con-
sisting of water, major solutes (inorganic anions), and minor solutes (contamiii&wetg)\erall project
includes four activities (syntheses situcharacterizationin situ characterization, and modeling), which
are shared among investigators at PNNL, OHSU, and Univ. of Idaho. Resulig siacharacteriza-
tion that has been performed at OHSU will be presented here.

Using powder disk electrodes (PDEs) made with iron/iron oxide NPs, we can make pretquan-
titative in situmeasurements of the electrochemical properties of these materialsi@@opaentials
(Ecor) measured by chronopotentiometry (CP) exhibit diagnostic transitions that caitolee dquantita-
tive model for autocatalytic breakdown of the passive film. CP data also shoantptex effects of so-
lution species such as carbonate and natural organic matter (NOM)—which can be rosiliecand
passivating, depending on time scales and conditions. Vallgs,@heasured on materials with varying
degrees of “aging” in solution correlate with rates of félgradation and +production rate. These
measures of aging all suggest increased reactivity in the first 1-Zaflaygnmersion, followed by a
gradual decline in reactivity. Additional studies of NP aging are under way, alssngative probes and
more environmentally realistic conditions.

The potential effects of NOM are of particular interest to this project, betheg range from insu-
lating the passive film from interactions with solutions (passivation), td émtd/base or chelation ef-
fects on the oxide film (corrosivity), to catalyzing electron transferst{steftects), to stabilization vis-
a-vis inter- and intraparticle attachment. Based on our most recent column andkpatahents, it ap-
pears that NOM dramatically decreases attachment of iron/iron-oxide Kb, gveatly increases their
mobility in porous media. The effects of NOM on NP reactivity appear to be more coimmesver,
with electrochemical and batch experiments showing mostly subtle effectesssnggompeting corro-
sive and passivating processes.

While our main interest is NPs in solution, some procedures require recovery oftitiegpiirom
solution before analysis. The potential for artifacts related to the recowemsgris especially high for
iron/iron-oxide NPs because of their reactivity. Some of these effects canrttdiggiaising the electro-
chemical methods mentioned above. We have used these methods to evaluate methodwéiNP re
and identify recommended protocols for minimizing changes during recovery and subséoyagyet
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Influence of Natural and Synthetic Organic Ligands on the Stability and Mobility
of Reduced Tc and U

Session: ERSP University Research

Nathalie A. Wall, Washington State University, Pullman, WA (leadBdphua Gu, Oak Ridge National
Laboratory, Oak Ridge, TN

It is imperative to clearly understand the fate and transport of reduced uranii)j fd techne-
tium [Tc(IV)] in order to design better strategies for the remediation of wamdded DOE sites, where a
number of natural and synthetic organic ligands commonly co-exists with the comtar@uaaprimary
objectives are (1) to quantify the interactions of organic ligands with Tc({i¥)§IV) through the gen-
eration of thermodynamic and kinetic parameters needed to assess and predictlitiysofimeloiuced
Tc(IV) and U(IV) at DOE contaminated sites; and (2) to determine the impaajarfiorigands on the
mobility and fate of reduced Tc(IV) and U(IV) under field geochemical conditions.ifghgdar of this
project is dedicated to the study of Tc(IV) and its interactions with organrdsg®ur initial work was
to set up an atmosphere-controlled glove-box to conduct experiments in absence of oxygeefane ther
maintain Tc in the tetravalent state. We successfully completed the aehegadiaction of technetium
from Tc(VII) to Te(IV), producing a soluble Tc&f complex solution, confirmed by UV-visible spectro-
photometry. Experiments were then conducted to ensure an appropriate replication of pub(ished T
complex stability constants. The stability constant of the Tc(IV)/oxalate esybktermined by solvent
extraction, was found to be I$d01 = 5.9 £ 0.1 at 0.5 ionic strength and pcH 1.9. This result is in good
agreement with the published value of fig1 = 5.76 £ 0.01 at pcH 1.46 for the same ionic strength.
Confident in the validity of our experimental protocol, we are starting simifzeraments to determine
the stability constants of Tc(IV) with acetate ligand, at different ionémgths. Within one to two years,
we will determine the stability constants of Tc(IV) with a variety of nigéigands at different ionic
strengths and perform the dissolution and transport studies of reduced Tc(IV) in cotgdsatiments
obtained from the Oak Ridge Integrated Field Challenge Site. All data obtzonethiese studies will
then be used to calculate parameters (SIT or Pitzer) to be integrated inngieatbpeciation codes. The
research is anticipated to provide new thermodynamic data on the behavior of redidedniccU(1V)
with organic ligands and ultimately our improved predictive capabilities irotigeterm stability and
mobility of these contaminants at DOE contaminated sites.
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Influence of Wetting and Mass Transfer Properties o f Organic Chemical Mixtures in
Vadose Zone Materials on Groundwater Contamination by Nonaqueous Phase Liquids

Session: ERSP University Research

Charles J. Werth, University of lllinois at Urba@&ampaign (lead PIAlbert J. Valocchi, University of
lllinois at Urbana-Champaign, Hongkyu Yoon, Uniuref lllinois at Urbana-Champaign, Mart OostroRgcific
Northwest National Laboratory

Previous studies have found that organic acidgrocgoases, and detergent-like chemicals changertiper-
ties of organic chemical mixtures and surface viditp. Wastewater and NAPL mixtures dischargetianford
contain such chemicals, and their proportions yikélange over time due to reaction-facilitated gg@ur specific
objectives are to determine (1) the effect of orgahemical mixtures on surface wettability, (2¢ #ffect of or-
ganic chemical mixtures on CGlolatilization rates from NAPL, and (3) the migaat, entrapment, and volatiliza-
tion of organic chemical mixtures.

Representative organic mixtures (MIX1-MIX6) wereated from chemicals discharged at the Hanford Eite
organic mixtures include different compositionsafbon tetrachloride (CT), DBBP, TBP, DBP, and laildLO).
A representative wastewater was also preparedaditigion of DBBP, TBP, DBP, and LO components cduse
considerable lowering of both the interfacial tensivith water and the surface tension of a waswwatase in
equilibrium with the NAPL, but had a minimal effeart the surface tension of the DNAPL itself. Thieifacial ten-
sion of biologically aged MIX1 decreased slighthdicating that the biological activity may not sificantly affect
the interfacial tension of CT mixtures due to thesence of surface active compounds already imtkiires. For
pure CT, contact angles from different pre-equéttom fluids (i..e, water and MIX1) were similarfooth quartz
and calcite slides. However, MIX1 does change thtakility of the quartz surface from water wetttogheutral
wetting and the wettability of the calcite surfdicem water wetting to oil wetting.

The homogeneous micromodels were fabricated amdubed to perform NAPL entrapment and dissolution e
periments for pure CT and the MIX1 NAPL. After NARDtrapment, the initial NAPL area of MIX1 was &lity
lower than that of pure CT, while initial perimetength of MIX1 was higher than that of pure CT ushinitial
NAPL dissolution was higher for MIX1 than for putd. Since MIX1 has more small NAPL blobs than Ciermall
NAPL dissolution rate was faster in MIX1 until ade fraction of high solubility components (DBBRJA@T) in
MIX1 dissolved. Later, the NAPL dissolution rateNHX1 decreased dramatically, probably due to dtirgction
of TBP and LO remaining because of their lower ity relative to DBBP and CT, while the dissolutirate in
pure CT decreased steadily.

We conducted four flowcell experiments in a 1004omg, 80-cm-high, and 5.5-cm-wide 2D flowcell irder
to account for the impact of the organic mixtured wastewater on DNAPL distribution and migratiorailayered
vadose zone which contained a fine lens surroubgiearser sand. After packing, either the orgamidure with
the lowest interfacial tension or pure CT was redebinto the flow cell. After the NAPL distributiorached equi-
librium conditions (no apparent movement), soilmagxtraction (SVE) was applied. For one experimtit pure
CT and wastewater, the CT penetrated the bottaitmedfine sand lens and reached the water satuzatesl For an-
other experiment with the organic mixture and waater, the mixture did not migrate beyond the finad lens. For
SVE experiment with pure CT, numerical modelinghgse TOMP with no fitting parameters matched expenial
results well. This showed that local equilibriuns@®ption can be used to simulate CT volatilizatiothe layered
system in which a majority of NAPL was initiallydated in a lower permeability zone, provided petuiigp and
initial NAPL distributions are known.

During the coming year, we will complete NAPL emim@&ent and mass transfer experiments in micromagels
ing pure CT and water, as well as fresh NAPL mizsuaind wastewater. Modifications to incorporateticainpo-
nent mass transfer into the STOMP simulator wilcbepleted, which will be validated with micromoaedperi-
mental results. We will compare NAPL infiltratioNAPL redistribution, and soil vapor extraction ritsdfrom
flowcell experiments with STOMP simulations. STOMM also be used to simulate NAPL migration and NA
entrapment at the 3D field scale.
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The Role of Nanopores on U(VI) Sorption and Redox B ehavior in U(VI)-
Contaminated Subsurface Sediments

Session: ERSP University Research

Huifang Xu, University of Wisconsin—Madison (lead,jic E. Roden, University of Wisconsin—
Madison, Kenneth M. Kemner, Argonne National Laboratory

Most reactive surfaces in clay-dominated sediments are present within nan@aoes of nanome-
ter dimension). The behavior of geological fluids and minerals in nanopores is aigphyfidifferent
from those in normal non-nanoporous environments. The effect of nanopore surfaces on U(VI) sorp-
tion/desorption and reduction is likely to be significant in clay-rich subsurfaceements. Recent
studies of ethanol-stimulated reduction of U(VI), associated with weatheslsaprolite sediments
from the Oak Ridge National Laboratory Field Research Center (ORFRCatmthat only ~50% of
solid-associated U(VI) is subject biotic or abiotic reduction. The redox specaitihe residual, nonre-
ducible U(VI) cannot be explained based on standard models of U(VI) redox speciation. We thrapose
both water property changes in the nanopopres and surface energy changes in nanoporeesulfaces
a very strong physical-chemical affinity for U(VI) in the nanopores, and theceltyot the reactivity of
a large fraction of solid-associated U(VI). Our research objective eéstdhe hypothesis that U(VI)
sorption on nanopore surfaces can be greatly enhanced by nanopore confinement environments. To tes
this hypothesis, we will carry out the following five tasks: (1) synthesize lsa@cterize nanoporous
alumina and goethite as analog materials; (2) investigate U(VI) sorption smghtilen on nanopore sur-
faces in controlled carbonate-bearing model systems; (3) investigat® &b(ption and desorption of
natural sediments from the FRC site (4) investigate the effects of nanmesrers the susceptibility of
the sorbed U(VI) to reduction by a range of commercially available quinones wittlefieled redox po-
tentials, as well as well-characterized dissimilatory metal-iaduzacteria (e.gseobacter sulfurre-
ducens; (5) carry out EXAFS studies of U(VI) sorbed on normal surfaces, on nanopore sunfaces, a
post-reduction samples, in order to understand chemical environments of the sorbeat thg/holecu-
lar level. To isolate the effect of nanopore surfaces, we will also conducepargleriments on non-
porous bulk materials; the measured chemical reactivity of nanoporous verus nonporonsgteui{s
will be compared. With the experimental data, the relationship between nanoporelsthemical af-
finity of sorbed uranium will be established.

Our preliminary FTIR study shows that vibration modes in the rahgd,625 to ~1,640 cihfrom
nanopore water are different from that from bulk water (1,643 cRecent molecular dynamics simula-
tions show that the dielectric constant of water confined in a nanosiomal spherical cavity is much
lower than that of bulk water. The dielectric constant of waikraffect Born solvation energy of both
cations and anions. The solute water in nanopores may reduce uranyluaadybicarbonate (with very
large molecular dipole moment) solvation, and therefore increagh sifrption and chemical affinity
(i.e., significantly lower effective redox potential). The enatifference between the surface with nega-
tive curvature and the surface with positive curvature can fuahBmit/decrease desorption of U(VI)
from the nanopore surfaces. The influence of nanopore surfaces on couplathigarption/desorption
and reduction processes is likely to be significant in virtually all subugiagironments.
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Kinetics of Fe(ll)-Catalyzed Transformation of Ferr  ihydrite
under Anaerobic Flow Conditions

Session: ERSP University Research

Carl 1. Steefel, Earth Sciences Division, Lawrence Berkeley Natiatabdatory, Li Yang, Earth Sci-
ences Division, Lawrence Berkeley National Laboratory (lead)thew Marcus, Lawrence Berkeley
National Laboratory, John Bargar, Stanford Synchrotron Radiation Laboratory

The readsorption of ferrous ions produced during the abiotic and microbially mediatedveediseti
solution of iron oxides drives a series of transformations of the host Fe-hydroxidelsnifibese trans-
formations play a critical role in regulating the mobility of soil and groundveatetaminants. To better
understand the mechanisms by which these transformations occur and their kitleiiica microporous
flow environment, flow-through experiments using capillary tubes packed withyferite-coated glass
spheres were conducted in which inorganic Fe(ll) solutions were injected andgroinidar circumneu-
tral pH conditions at 25°C. Synchrotron X-ray powder diffraction techniques were useqdtify ithe
secondary phase(s) formed and to provide data for quantitative kinetic analysiacAhtrations above
1.8 mM Fe(ll) in the injection solution, magnetite was the only secondary phase forate(medi-
ates were detected), with complete transformation requiring 30 hours and 150 hoursaof a&d& and
1.8 mM Fe(ll), respectively. Rather than occurring at a constant rate, thekioktine transformations
to magnetite, as revealed by the time series of X-ray diffraction peakiat® were best described by a
power rate law, with rate constants of 1.31 X40d 2.14 x 18s" for 18 and 1.8 mM Fe(ll), respec-
tively. However, when the injection solution consisted of 0.365 mM Fe(ll)), goethsi¢heapredomi-
nant reaction product, and only minor magnetite was formed. In this case, the transfootzurred
much more slowly and followed a linear rate law that gave a rate constant of 3. 18" Tife kinetic
phenomenon observed in this study is not compatible with the conventional dissolutictatiezayion
mechanism, since it cannot explain the inhibition of magnetite and the switch to aegdethibant
pathway at 0.36 mM Fe(ll) injection when the system was still far oversadungth respect to magnet-
ite, nor the much more rapid transformation rate to magnetite observed at 18 mM thanMtFe@In
when there was no dramatic difference in thermodynamic driving forces and sorpte(h)osFessen-
tially the same. Rather than a simple dissolution and recrystallization nsoh#he results obtained
from this study suggest that the transformations involved an electron-treeesféon between the aque-
ous Fe(ll) and ferrihydrite acting as a semiconductor. The rapid and completescamt@magnetite
without the formation of an intermediate phase indicated a mechanism involvingetttesdiid state re-
duction of ferrihydrite by fast electron injection from the high concentration of) Befleous solution.
With an injection of 0.36 mM Fe(ll), the electron-transfer rate was appareithapid enough to keep
up with the destabilization of ferrihydrite structure, and the transformationgsrbeeame dominated by
a reconstructive dissolution-recrystallization mechanism resultirigeifotmation of goethite. The re-
sults obtained from this study further highlighted the importance of semiconductor igopénton ox-
ides and electron-transfer reactions as an important mechanism for tgfortraations in subsurface
environments.
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Improvements to GeoChip 3.0 and Application for Mic  robial Community Analysis

Session: ERSP University Research

Joy D. Van Nostrand, University of Oklahoma, Norm@i, Patricia J. Waldron, University of OklahonNgrman,
OK, Meiying Xu, University of Oklahoma, Norman, OWeimin Wu, Stanford University, Stanford, CA, Liyo

Wu, University of Oklahoma, Norman, OK, Zhili HenlWersity of Oklahoma, Norman, OK, Ye Deng, Univgref
Oklahoma, Norman, OK, Christopher Hemme, UniversitPklahoma, Norman, OK, Dave Watson, Oak Ridge Na
tional Laboratory, Oak Ridge, TN, Craig Criddleabrd University, Stanford, CA, Phil Jardine, (Rikige Na-
tional Laboratory, Oak Ridge, TN, Terry C. Hazeawkence Berkeley National Laboratory, Berkeley, Gizhong
Zhou, University of Oklahoma, Norman, OK (lead PI)

GeoChip 2.0 is a functional gene array containing probes (50mer oligonucleotides) for >24,800 gene
involved in the geochemical cycling of C, N, P, and S, metal resistance and reductiorganic con-
taminant degradation. Due to exponential increases in the number of genes and gene segoetaecks
a new generation of array, GeoChip 3.0, has been developed, which has several newReatuf&so-
Chip 3.0 contains ~25,000 probes and covers ~47,000 sequences for 292 gene families. Second, the ho-
mology of automatically retrieved sequences by key words is verified by HRJM&ng seed sequences
so that unrelated sequences are removed. Third, a universal standard has been mjpsentieatt data
normalization and comparison of different microbial communities can be conducted. Foertbirag
standard is used to quantitatively analyze gene abundance. In addition, GeoChip 3.0 includesiphylog
markers, such as gyrB. Finally, a software package has been developedittdatzita management,
analysis and updates. Examples of GeoChip analysis of microbial communities &RBPEsites dur-
ing bioremediation processes are presented.

(1) Microbial communities within a pilot-scaile situ biostimulation of U(VI) reduction in the subsurface
by injection of ethanol were examined. Sediment from eleven different samplilsg neplesenting two
different treatment zones within this system, was evaluated. The resulesdstiav different microbial
communities were established in different wells, and high gene overlap waseabsemn wells within
the same treatment zone. Higher microbial functional gene number, diversity andraieundee ob-
served within the active bioremediation zone. The microbial community strucasriighly correlated
with the hydraulic flow rate and geochemical conditions of the treatment zone adlggEdj manganese
concentration, and electron donor level.

(2) In a different study of the same system, functional community dynamics wengegaduring a pe-
riod of oxidation by nitrate. Diversity and gene number decreased after nitrate exposbwhile re-
covery appeared to begin, the gene numbers were still low even 100 days afteeexrgosiure. Principal
component analysis of detected genes indicated a shift in community structurgti@te exposure. Ni-
trate exposure appeared to result in long-term changes to the overall community.

(3) In the third study from the FRC, analysis of groundwater monitoring wells alangamnation gra-
dient revealed less overlap between wells with different levels of U aga@di@amination. While diver-
sity of nitrate-fixation genes decreased ingN&ntaminated wells, the diversity of metal reduction and
resistance genes did not correlate with metal concentrations. Signal jntiesitowever, increase in
heavily contaminated wells, indicating a larger percentage of organismmetfial- related genes. Sul-
fate-reduction genes had greater diversity and greater signal intensioye contaminated wells. Indi-
vidual principal component analyses (PCA) of the gene diversity and geochevhisieywells separated
them in similar ways. CCA indicated that pH was an important variable thatated with gene diver-
sity in the lowest-contamination well, while N@nd U correlated with the most contaminated well.

Overall, contaminant level appears to have significant effects on the fumcfemeadiversity along
the contaminant plume at the FRC. These studies demonstrate the analytical phe/&eadChip in ex-
amining microbial communities and its ability to provide direct linkages lestwecrobial
genes/populations and ecosystem processes and functions.
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Multiscale Assessment of Prediction Uncertainty in
Coupled Reactive Transport Models

Session: ERSP Federal Agency Research

Gary Curtis, U.S. Geological Survey (lead PI), Ming Ye, Florida State WityePhilip Meyer, Pacific
Northwest National Lab, Steven Yabusaki, Pacific Northwest National LexibicR R. Rodriquez, Colo-
rado School of Mines

Reactive transport models provide an important framework for the integratiydi@iogic and bio-
geochemical conceptual process models into a quantitative description of subiseii@aders. The ul-
timate goal of these modeling analyses, however, is to assess risk and ttempdiformance for waste
management decision-making. Achieving this goal will require an additiodad@nmensurate effort to
characterize and quantify uncertainty in the model predictions and assessmemtsnExme groundwa-
ter hydrology has demonstrated that the total uncertainty of a model simulationscohbih the un-
certainty of the parameters and the uncertainty in the conceptual model thagmepites scientific un-
derstanding of a particular hydrogeologic environment. Moreover, it has been deradris@afor
groundwater flow simulations, the conceptual uncertainty dominates the totatsomuincertainty.
This project will assess the both the parametric and the conceptual model unyceftagxavalent
U(VI) transport at both the Naturita UMTRA site and the Rifle FRC. The paearmard conceptual
model uncertainty will be evaluated using a maximum likelihood formulation of Baye®del averag-
ing. The focus of the work at the Naturita site will be to investigate how concepadal uncertainty
varies across spatial scales ranging from column tests to the plumePselirinary results of assessing
uncertainty in uranium adsorption models at the column scale will be presented. So&semi# pro-
vide a fundamental understanding of the uncertainty associated with upscaling fncvddddboratory
conditions to a field setting. The research at the Rifle site will evalvatearameter and conceptual
model uncertainty for highly complex biogeochemical reaction networks that fresnlthe stimulated
bioreduction of U(VI) by microbial processes. At both sites, the uncertaintysasalyll be extended to
assess the value of new data in reducing prediction uncertainty. Together, thehrastdeese two sites
will provide complementary results, which together can provide a quantitativestarténg of how pa-
rametric and conceptual uncertainty at various experimental scales asdlewalirogeochemical com-
plexity impact the prediction uncertainty of future plume-scale behavior.
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Upscaling of Long-Term Uranium(VI) Desorption from Pore-Scale Kinetics to
Field-Scale Reactive Transport Models

Session: ERSP Federal Agency Research

James A. Davis, USGS (Rary P. Curtis, USGS., Derrick R. Rodriguez, Cdlar&chool of Mines, Andy Miller,
Colorado School of Mines, Bruce D. Honeyman, Calor&chool of Mines, Kelly J. Johnson, U. S. GealabBur-
vey, Matthias Kohler, Colorado School of Mines, ICaGteefel, Lawrence Berkeley National Laboratddpuglas
B. Kent, U. S. Geological Survey

Upscaling of reactive transport models was studied to develop a quantitativstandieig of how
processes occurring over a range in scales can be incorporated in plume-scatemubatgbns. The
approach taken was to obtain a detailed understanding of U(VI) desorption rates framiraiethsedi-
ments at three scales: bench, intermediate, and field.

Uranium-contaminated aquifer sediments were collected at the Naturi}Jd )@TRA site, with
grain sizes ranging from silt to gravel. A <2 mm composite sample was plepateieved into 6 size
fractions, each of which was studied intensively. The rate of desorption measuresize fihactions in-
creased with decreasing size fraction. For the smallest fractions, dE86yption was initially rapid, ex-
ceeding 80% of the equilibrium value after 8 hr, followed by slow desorption that requireds30 day
reach equilibrium. Conversely, U(VI) desorption by larger size fractions did netahsignificant rapid
release of U(VI), but still required 30 days to reach equilibrium. Column expesrsieotved slow
U(VI) desorption, with rates increasing with bicarbonate concentration. Cengi@sbrption was rate-
limited, as shown by U(VI) effluent concentrations below those predicted by chemidhbrium and
by increases in U(VI) concentrations during stop-flow events. The benchrssalts were consistent
with a conceptual and numerical model in which U(VI) desorption is limited by diffusiof\dj U
through coatings on grain surfaces and/or the intragranular space of grainsragdtagg

Two intermediate-scale experiments (2.4 m length) were completed that eddnfifig desorption
in a homogeneously and a heterogeneously packed 2-D tank. The two experiments wedreigathe
same sediments except that one tank was packed homogenously with <2 mm sedliensetsind tank
introduced physical and chemical heterogeneity by splitting the <2 mm sedimert25® and <250
um dry-sieved fractions. The two size fractions were placed in alternayieg laf different thicknesses,
with a “block” of <250um fraction at the upgradient end. Spatial gradients of U(VI) were variable in
time and space and differed in each tank. Although solid-phase U(VI) content in thakeevées simi-
lar, U(VI) release rates differed significantly, e.g., 7.3 (homogenous) versusk®lmheterogeneous)
during the first pore volume of elution. Reactive transport modeling is being conductedutate the
effects of heterogeneity on U(VI) release rates.

Small-scale field experiments were conducted under both natural- and fordehgcanditions to
evaluate the role of groundwater velocity on U(VI) desorption rates. Experimerécanducted by in-
jecting uncontaminated groundwater (with Br tracer) into the aquifer. Breakthveagjobserved in 6
multilevel wells located 1.7, 2.1, and 2.5 m downgradient. The velocities observed in thégratdient
experiment varied from 0.1-0.4 m/d, with several wells exhibiting highly nonideal belfeng., double
Br peaks). U(VI) concentrations exhibited complex behavior, with severaloeadtonts that coincided
with the arrivals of Br and a dissolved Ca front that resulted from ion exchange. Grtemadslacities
were 5 times faster in the forced-gradient experiments, with chemiodtkrstll being determined. Re-
active transport simulations of the natural-gradient experiment were sfutaesng a surface complexa-
tion model to simulate U(VI) adsorption, including ion exchange reactions that impsalvdis Ca and
U(VI) aqueous speciation.

Two multicontinuum modeling approaches are being evaluated for incorporating balectesorp-
tion kinetics into intermediate scale, tracer-test scale, and pluneet$@al) desorption simulations.
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Heterogeneous Chemistry of Water and Carbon Dioxide on Magnesium Oxide
Surfaces under Ambient Conditions

Session: Joint ERSP-NSF EMSI Research

John T. Newberg, Lawrence Berkeley National Lab, Chemical Sciencesobijv&srkeley, CA, David.
E. Starr, Lawrence Berkeley National Lab, Chemical Sciences DivisiokelBg, CA, Soren Poosgard,
Lawrence Berkeley National Lab, Materials Sciences Division, Beyk€lA, Susumu Yamamoto, Stan-
ford Synchrotron Radiation Laboratory, Menlo Park, CA, Sarp Kaya, Stanford Synchrotratidtadi
Laboratory, Menlo Park, CA, Erin R. Mysak, Lawrence Berkeley National Lab, iCakSctiences Divi-
sion, Berkeley, CA, Tom Kendelewicz, School of Earth Sciences, Stanford Unjiy&@aitAnders Nils-
son, Stanford Synchrotron Radiation Laboratory, Menlo Park, CA, Miquel Salmeron, LaBerhetey
National Lab, Materials Sciences Division, Berkeley, CA, Gordon E. Brown, Jr., SahBatth Sci-
ences, Stanford University, CA, Hendrik Bluhm, Lawrence Berkeley Nati@iglMaterials Sciences
Division, Berkeley, CA (lead PI)

This work was performed in the framework of the Stanford Environmental Moleaiéarc® Insti-
tute (EMSI). The goal of the Stanford EMSI is to create fundamental moleeudrinderstanding of
environmental interfaces and the important chemical and biological processasnocthere. Using
synchrotron-based spectroscopies under ambient temperatures and relativedsyumiiprobe the cov-
erage and chemical speciation of molecules, in particular water, at swifatgealistic thermody-
namic conditions. Oxide surfaces have a particular relevance in environs®@eiae, since water-oxide
interactions play an important role in chemical, environmental, and biologicahssgEven though
these systems have been extensively studied using vacuum-based surfaedet@ngues, the nature
of the water-oxide interface under ambient conditions remains poorly understood. Usiagtgrés-
sure photoemission spectroscopy and near-edge x-ray absorption fine structuossp®gtwe have in-
vestigated a number of relevant oxides surfaces, e.g., MgO(100). Our experimentsftdribasic
mechanism for water adsorption and bonding on oxide surfaces, in particular the role of hydrdeyls
termining the hydrophilicity of the surface, and the thickness of the waterdayefunction of relative
humidity. We consistently find that on oxide surfaces, water adsorbs moleculalgtaerhumidities
below 1%, i.e., even in the driest environments on earth, molecular water will bet @tesede sur-
faces. The adsorption of water is always preceded by the formation of hydroxide growepsxadé sur-
face. We will also present recent results related to the influence of wlatgption on the reactivity of
oxide surfaces towards carbon dioxide, an important subject in view of the potentiaicialeyese of
oxides in carbon sequestration.
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Reduction of U(VI) by Magnetite: Observed Oxidation States and
Calculated Rates of Electron Transfer

Session: Joint ERSP-NSF EMSI Research

Kevin M. Rosso, Pacific Northwest National Laboratory (leadPBnces N. Skomurski, Pacific North-
west National Laboratory, Sebastien Kerisit, Pacific Northwest Natlatadratory, Eugene S. Ilton, Pa-
cific Northwest National Laboratory

Our team uses the computational and experimental capabilities of the Environvhaetilar Sci-
ences Laboratory (EMSL) at PNNL to provide detailed understanding of elexrmsfier processes
across interfaces under study in the Stanford EMSI. Our focus since FY08 has been omdintgrsta
mechanisms and rates of heterogeneous electron transfer from magngfifptFe(V1)q. The reduc-
tive adsorption of U(VI) to magnetite (§&) surfaces prospectively retards radionuclide transport in
some subsurface environments, including locations such as the Hanford site and inssoécampro-
mised iron-based materials for subsurface storage of spent nuclear fuelu$nevestigations assert
that magnetite reduces U(VI) to U(IV) but with incomplete reduction, leavirgdnralent uranium on
the magnetite surface. The thermodynamic stabilities of possible reactiontpratithe surface are
completely unknown. Here, we describe the results of our experimental and computatiecalanin-
vestigation into the heterogeneous electron-transfer process at theamtBidéural magnetite crystals
were cleaved approximately parallel to the (100) surface and exposed to urarg/lseittion at pH 4.5
under anoxic conditions for ~90 hours. X-ray photoelectron spectroscopy (XPS) was usedcterizera
metal oxidation states and their relative proportions before and after exposures Rdstdte a signifi-
cant amount of U(VI$orption on all samples, but samples that differed in their initial surf&¢&" Fa-
tios showed different propensity to reduce U(VI). A sample with an initiallyitoiwetric F&"”** ratio
showed partial reduction of U(VI) to stable U(V) products. No U(IV) was observednplsadhat was
partially oxidized initially showed no evidence of U(VI) reduction. These resulisate that reduction
is dependent on the availability of lattice’Fat the oxide surface, which depends in part on the electron
resupply rate from the underlying bulk to the surface.

Quantum-mechanical calculations were used to first predict the chargjeutiistr of lattice F& and
Fe* at magnetite (100) surfaces, and to calculate rates of electron resupplyRé’thiealence inter-
change transfer on the octahedral sublattice. Predicted rates of electrfar tans not surprisingly
found to be strongly dependent on surface environment and local structure. At the sugaspamafour
orders of magnitude from $010* hops/second. Measured electron transfer rates for bulk magnetite
powders are in the range of'i@ops/second. Therefore, rates near the surface are generally two to three
orders of magnitude slower than in the bulk. Surprisingly, the presence of adsorbed veatert dhaee a
significant effect on the charge distribution nor electron-transfer ratéeg isurface. The findings sug-
gest that relatively slow F&*" interchange rates at the surface could be rate-limiting for reductivg U(VI
adsorption if reduction involves similar or faster rates of electron traméb@rever, quantum mechanical
cluster models of inner-sphere bidentate uranyl surface complexes suggdstthat &ansfer from sur-
face Fé" to adsorbed U(VI) is much slower (®Ifbps/second) than electron resupply. Furthermore, the
calculations predict reduction of U(VI) will end at thermodynamically stadderbed U(V) and not to
U(IV), in agreement with the XPS observations. Increasing the number of coordiigemds for the
U** cation to configurations comparable to that in crystalling tie not increase the endergonicity of
conversion to U(IV). If less Béis available at the surface, reduction to U(V) is less favorable, indicating
that the locally available concentration of Fis the key for reduction rate and extent at the magnetite
surface. Collectively, these observations shed new molecular-levéditiigig chemical processes impor-
tant for predicting uranium stability in subsurface environments.
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Water Adsorption on Silica with Deposited Alkali Ha lide Particles: In Situ
Atomic Force Microscopy and Photoelectron Spectrosc opy studies

Session: Joint ERSP-NSF EMSI Research

Miquel Salmeron, Lawrence Berkeley National Laboratory Materialsh\8egDivision (lead PlKenta
Arima, Department of Precision Science and Technology, Japan, Peng Jiang, bBedmiey Na-
tional Laboratory Materials Sciences Division, Albert Verdaguer, Centrevestigacio en Nanociencia
i Nanotecnologia, Bellaterra, Spain, Hendrik Bluhm, Lawrence Berkeley Nhtiaharatory Chemical
Sciences Division

We have studied the adsorption of water on silica surfaces, both bare and covered widteranom
thick deposits of alkali halides. The goal is to understand molecular-levelagi@md biological proc-
esses that are important in environmental interfaces. We use laboratatySlbasaing Probe Micro-
scopies, such as STM and AFM, to image the structure and wetting properties of nfadeksurclud-
ing real mineral surfaces. The properties studied include water growth andrstriaric solvation,
ionic mobility, dissolution and ion exchange between solution and mineral surface. In paeallse
synchrotron-based spectroscopies (XPS, XAS) under ambient temperaturestarelremidities, to
probe the chemical speciation of adsorbed molecules in the presence of water vapaalistierenvi-
ronmental conditions of pressure and temperature.

In this work, we will present recent examples that illustrate the possibitifiour two techniques.
Using noncontact mode AFM (Scanning Polarization Force Microscopy), we followediheeizr-
scale topography of silica surfaces before and after deposition of small amoukédi tilatides. The ad-
sorption of water up to nanometer-thick films was followed to determine the growtief and the sol-
vation of ions of the salt deposits. Solvation of ions gave rise to large incnediseslielectric response.
The mobility of the solvated ions can be studied with frequency-dependent force responkeidvsbi
diffuse on the surface, giving rise to Ostwald ripening of the salt partidkesolDtion of the salts was
accompanied by selective segregation of anions at the liquid-gas intertaeecase of KI, KBr, KCI
and NaCl, which gave rise to a negative contact potential. In the case of KF gpositi\segregated in-
stead. These results are interesting because they show that the presendguid-taitl interface does
not alter the segregation known to occur in bulk solutions.

In situ XPS studies confirmed spectroscopically the findings from the AFM experimehtdso re-
vealed chemical shifts associated by the solvation of the ions, with diffetsgteesen surface and sub-
surface species.
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Microbially Mediated Transformation of Metal and Me  tal Oxide Nanoparticles
Session: Joint BER-EPA Nanoparticulate Research

M. J. Doktycz, Oak Ridge National Laboratory (lead Bl)A. Pelletier, Oak Ridge National Laboratory,
C. K. McKeown, Oak Ridge National Laboratory, S. D. Brown, Oak Ridge National LabgrBtdsu,
Oak Ridge National Laboratory, W. Wang, Oak Ridge National Laboratory, D. ForAlliie Univer-
sity of Tennessee, Knoxville, D. C. Joy, The University of Tennessee, Knoxvill&idgk National
Laboratory, T. J. Phelps, Oak Ridge National Laboratory

Engineered nanostructures have a central role in energy conservationestrategeconomic
growth. One of the most significant impacts of engineered nanostructures ietingfheterogeneous
catalysis as required for fuel transformation, energy storage, polymer poodact chemical synthesis.
Metal and metal oxide nanoparticles are often used. They possess high surfaaedatieasbility to se-
lectively mediate chemical transformations. The size and composition ofrtletepaffects performance
and may similarly affect nanoparticle fate and transport in the environmentanksétmation of such
nanoparticle catalysts in the environment is likely to proceed through inbersetith bacteria. Several
bacterial species are well known to interact with nanoparticles. Nandparocluction, nanoparticle
toxicity, nanoparticle binding and incorporation with bacteria have all been observeevétphasic
knowledge that would allow prediction of the probable interaction between an engineeredti@opa
and bacteria is lacking. Our efforts seek to quantify and characterizeciitessbetween engineered
metal and metal oxide nanoparticles and selected microbial species. Thefedfeetand chemical
composition of nanoparticles that are currently considered for various appliedeibesng studied. Ini-
tial efforts are focused on the effects of cerium oxide nanoparticles on the grahtlityyiand genetic
response oE. coli. Well-characterized CeManoparticles of various sizes have been prepared and pre-
sented to bacterial cells in a dose-dependent manner. Advanced imaging technigsed toevaluate
the binding and fate of the nanoparticles and the bacterial cell. The results ofude=se\sill provide a
basis for understanding how nanoparticle size and composition influence their iateradth microor-
ganisms, and how microorganisms may alter the fate and transformation of estjime®oparticles in
the environment.
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Palladium(0) Nanoparticle Formation by  Clostridium sp. BC1 Provides an Effec-
tive Biocatalyst for Hexavalent Chromium Remediatio n

Session: Joint BER-EPA Nanoparticulate Research

Jeffrey P. Fitts, Environmental Sciences Department, Brookhaven NatidndUpeon, NY (lead PJ)
Daniel Van der Lelie, Biology Department, Brookhaven National Lab, Upton, NY, Dev @haam,
Environmental Sciences Department, Brookhaven National Lab, Upton, NY, Safiyhil &jbkgy
Department, Brookhaven National Lab, Upton, NY

This project addresses the need to understand the catalytic activity,itgaetid transport of palla-
dium metal nanoparticles in soils and aquifers. The rapid increase in the use ofipatiadtaining
catalysts, which results in their incidental release to water res@mnddbeir deliberate release for envi-
ronmental remediation, necessitates fundamenpaiori knowledge of their environmental fate and im-
pact to properly assess related societal implications. The project has mvobjeaitives: (1) determine
the biogeochemical transformations that alter the bioavailability angtere palladium metal
nanoparticles in soils, and (2) apply this knowledge to develop a inosiél remediation strategy for the
immobilization and/or degradation of U.S. Department of Energy priority contamirealsnradionu-
clides, and organics. The results presented at this meeting will demonstrade tfdPd and Cr in a
novel, yet generally applicable remediation strategy.

The remediation strategy involves co-injecting aqueous palladium and a carbanteainnulate
sulfate-reducing and fermentative soil bacteria that in turn produce palladium riexkepand hydrogen
within an active aquifer treatment zone or bioreactor. In the presence of palladgiopariecles, the hy-
drogen acts as the electron donor to reduce and immobilize soluble chromate ions. @dhisticam
scheme is an extension of recently demonstrated strategies used to treplatinegavastes, and it is in-
tended to extend nanoparticle-baseditu treatment to deep aquifers, where traditional reactive barriers
cannot be implemented.

Our results show an extremely efficient method for synthesizing Pd(0) nan@sansahg members
of the genu€lostridium Aqueous Pd(ll) ions are readily reduced to produce uniform Pd(0) nanoparti-
cles associated with the microbial cell surface. The Pd(0) nanopartickes eféective biocatalysts for
the removal and reduction of hexavalent chromium in both batch and advective flow sand column ex-
periments, most likely via a reduction mechanism using biologically produced bydasgn electron
donor. Microbial community derived 16S rRNA gene sequencing from within the treatomenival
also be reported. This study has significant implications for both the fate and traris@oroparticles in
the environment, and the situ generation and use of Pd(0) nanoparticle biocatalysts for contaminant
remediation.

88 Abstracts



In Situ Measurements of Functionalized Nanoporous Particle Transport
in Porous Media

Session: Joint BER-EPA Nanoparticulate Research

Chongxuan Liu, Pacific Northwest National Laboratory (leadZHgming Wang, Pacific Northwest Na-
tional Laboratory, Kake Zhu, Pacific Northwest National Laboratory, Juan Lifi®Bcrthwest Na-
tional Laboratory, Jun Liu, Pacific Northwest National Laboratory, John M. ZacleificiNorthwest
National Laboratory

Various nanoporous materials have been developed for research and industrial appbcat as in
energy storage and fuel cell technology, catalysis, photonics, biology and bioengirsediegviron-
mental remediation. These nanoporous particles, which could eventually enter sebsuvieanments
either intentionally or unintentionally, may affect groundwater quality. This grajes to understand
the fate and transport of engineered nanoporous particles in subsurface porous media,edfetthen
the reactive transport of radionuclides at DOE cleanup sites.

A functionalized material of engineered nanoporous silicate particles (HNSBeen synthesized,
its internal pore surface covalently bonded with the metal-chelating lighoglaaide. Salicylamide
was selected because of its strong, selective adsorption affinity for id(@fpundwater and its flores-
cence-producing properties, enablingitu monitoring. Two sizes of nanoporous particles have been
synthesized (80 nm and 200 nm) with internal pore diameter of about 2 nm. Various synthetidhapproac
have been evaluated to minimize the aggregations and improve the stability of nasgyoticles dur-
ing porous silicate structure formation and ligand assembling processes. Anl eptithasis approach
has been developed.

Particle transport is typically studied in column systems by varying expetatnconditions and ob-
serving the responses of particle concentrations in column effllieisisu measurements of particle
transport, while important for understanding the physics of particle interactiomparous media, are
rarely performed because of the technical difficulty in detecting particlesrous media. Here, we have
developed a scanning optical fiber-laser excitation fluorescence-protensyhat can trackg situ,the
transport of nanoporous particles in a column system. An array of optical fiberslethat different
locations within the column, and the excitation laser beam is sequentially dirgctéael optical fibers
to incident on the porous media inside the column. The emitted fluorescence is collebeddyé fi-
bers, and after they are dispersed through a spectral graph, the fluorescenaespeetorded by an in-
tensified CCD camera.

Thein situmeasurements revealed the complex behavior of ENSP fate and transport in the column
system. The complex behavior apparently resulted from the combinational effeat®as factors, in-
cluding preferential flow, mass transfer into slow mobile domains, time-depeetiemion/release
properties, and sediment surface electrostatic properties that aredffgcolution chemical composi-
tion. Research is under way to evaluate the role of these factors in contribubiaghseérved transport
behavior.

This project is a part of theNanotechnology Research Program: Investigatiéng Fansport, Trans-
formation, and Exposure of Engineered Nanomaterials: A joint research progranmig&ERA, NSF,
and DOE.
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Fate and Transport of Engineered Nanopatrticles afte  r Their Release into Soils
and Groundwaters

Session: Joint BER-EPA Nanoparticulate Research

Susan Habas, Molecular Foundry and Materials Sciences Division, LawreneteBdyltional Labora-
tory, Yongman Kim, Earth Sciences Division, Lawrence Berkeley National atlygr Saeed Torkza-
ban, Molecular Foundry and Materials Sciences Division, Lawrence Berkeleyald_aboratory,
Taleb Mokari, Earth Sciences Division, Lawrence Berkeley National Ladygra etsu Tokunagal,
Earth Sciences Division, Lawrence Berkeley National Laboratory, diéfan, Earth Sciences
Division, Lawrence Berkeley National Laboratory (lead PI)

The rapid development of nanotechnology has generated considerable interest in tatcepplic
engineered nanoparticles (ENPs) for renewable energy technologies, medidiliie sciences. At the
same time, the unevaluated risks of ENPs to human health and ecosystems édeongiserable
speculation and could have very costly impacts. This research project aimarnoeathe DOE’s proac-
tive decision to further fundamental understanding on the environmental impacts oftelsy help-
ing guide the future development of safe nanomaterials. ENPs will most likelythe subsurface
through soils; thus their mobility through the unsaturated zone will control their etdryriderlying
groundwater. Subsequently, the stability and mobility of ENPs in aquifers wilhdatetheir long-range
subsurface transport to aquatic environments and drinking water supplies. Thealjective of this
project is to address the crucial question: “Can we predict the stability andtynobENPs after their
releasing into soils and groundwaters?” We address this question from thras:gdpemderstanding to
what degree ENPs retain their original sizes and surface propertiethaftenter the subsurface envi-
ronments, (2) understanding mobility of ENPs in unsaturated soils and testing thebdpplafahe un-
saturated filtration model developed for colloids (Wan and Tokunaga, 1997) to ENPs, and (B)-quanti
ing mobility of ENPs under a range of transport conditions representative of acanfeitesting the ap-
plicability of classic filtration theory for ENPs.

Cadmium selenide (CdSe) quantum dots (QDs) were chosen for initial investsglgicause of their
uniqgue nanoscale optical properties, which make them excellent candidates fos dadicemmercial
applications. These nanocrystalline semiconductors (4—6 nm in diameteryniresgzed and stabilized
in water using different types of surface stabilizing ligands. Studies on the letability of ligand sta-
bilized CdSe QDs as a function of pH, ionic strength, ion type, and particle concentratiomprgress.
Concurrent investigations into the transport of the CdSe QDs are being conductedidliiesvaeing
tested include water saturation of the porous media, flow rate, grain surfaceipsopietie porous me-
dia, and solution chemistry. Our preliminary findings will be summarized in our gostented during
the workshop. We anticipate that these studies will significantly improve oursiadging and predic-
tions of the stability and mobility of ENPs (QDs) after their release inteuhsurface.
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The Fate of Organic Nanoparticles Used for Heavy Me tal Remediation
Session: Joint BER-EPA Nanoparticulate Research

Paul M. Welch, Theoretical Division, Los Alamos National Laboratory (legKit) Rasmussen, Theo-
retical Division, Los Alamos National Laboratory, Jerred Chute, UC Santar@dribheoretical Divsion,
Los Alamos National Laboratory, Nikolaos Voulgarakis, Theoretical Divisios,Alamos National
Laboratory, Lu Yang, Theoretical Division, Los Alamos National Laboratory, [@axekwell, Theoreti-
cal Division, Los Alamos National Laboratory

More than six decades of R&D and production of nuclear materials at DOE siteshdietirin a
staggering legacy of environmental contamination. Pollutants, including radjmesoimetals, and or-
ganic solvents, are present at over 100 individual DOE sites. The estimatest ctesriing up the many
landfills, surface spills, and water reservoirs exceeds $200 billion. Fortunateliectenologies are in
development that promise to improve the economic efficiencies of current réorediathods. Organic
nanoparticles such as dendrimers and core-shell polymers demonstrate rencajiabilities to seques-
ter radioisotopes, anthropogenic solvents, and metals. However, the fate of thiesm&beoials in na-
ture and the design principles needed to improve their function in environmental settiagss un-
known. This is unacceptable from a regulatory stance, since we may be compoundingaimeation
with their use. Moreover, our current lack of knowledge with respect to the chemétphysical behav-
ior of these materials once deployed limits our ability to optimize theirteféeess. We are pursuing a
course of research to rectify this poor understanding by examining their moleealdrdkavior and de-
composition in various soil and fluid environments.

To facilitate informed decisions about the use of nanoparticles for heavy mme¢aliaéon and to
improve upon their capabilities, we seek to answer four questions: (1) Under whabosndill the
nanoparticles aggregate, and what does that do to their ability to sequestardb&sf?t(2) How do they
interact with mineral surfaces? (3) How do they interact with microbiahrehbranes? (4) How do they
chemically degrade, and what are their decomposition products when left in aqueous aadsmriner
roundings? We are answering these questions using a combination of theoretical andicnaipiotals,
including coarse-grained simulations, atomistic molecular dynamicsiveeawblecular dynamics, semi-
empirical methods for dealing with photo-degradation, and self-consistent mdzahdiery.

In this poster, we will present the results from ongoing efforts to address thesierggieSpecifi-
cally, we will present results on the physical properties of tectodendrimegssloelt polymers, and den-
drimers in different environments, as well as the behavior of various nanogartithe presence of en-
vironmental substrates.
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PFLOTRAN: Next-Generation Model for Simulating Reac  tive Flow and Transport
at the Petascale

Session: SciDAC Research

Peter Lichtner, Los Alamos National Laboratory (lead 8lgnn Hammond, PNNL, Richard Mills,
ORNL, Bobby Philip, LANL, David Moulton, LANL, Barry Smith, ANL, Albert Valocchi, UC, Steve
Yabusaki, PNNL

As the U.S. Department of Energy continues to make investments in high-perfercoamguting as
a means of accelerating scientific discovery, there is great opporturetyet@age this capability in the
simulation of subsurface flow and transport to both improve understanding of the fundamenmtal phys
and chemical processes in the subsurface and apply this knowledge to real-woechtiappliAs part of
DOE’s SciDAC-2 program, we are continually advancing the development of tsevetpparallel code
PFLOTRAN, a multiscale, multiphase, and multicomponent reactive flow and transgerfounded
upon established and well-known DOE computational libraries (i.e., PETSc, SAMRédmprehen-
sive overview of PFLOTRAN's capabilities is presented, including a getsxeriof the object-oriented
Fortran9X coding paradigm implemented in PFLOTRAN, parallel I/O through HDF5 capdize mesh
refinement (AMR) through SAMRAI C++.

Leveraging PETSc provides access to a suite of sophisticated precondmioeeisplementations
in PETSc, as well as providing interfaces to those from several externabpadle.g., Hypre, Trilinos,
etc.). Through careful design and algorithmic development, the original PET Scdassured grid im-
plementation of PFLOTRAN has been extended to allow for structured AMR that reifpeinese of
multiple grids at different levels of resolution. Developments related tonlementation of discretiza-
tions, vector and matrix operations, nonlinear and linear solvers, and multilevel ptiecension AMR
grids will be described. PFLOTRAN has been designed to enable applications to be runtaresiy
structured AMR, or unstructured grids while using the same chemical/physicabprkernels. With
such a degree of modularity, the code is very extensible both with respect to the deenamaad the
solver framework.

PFLOTRAN'’s chemical algorithms include homogeneous speciation equilibriasaingmecipitation
and dissolution using a kinetic formulation of reaction rates, and a mechanistieqadddrium descrip-
tion of sorption through surface complexation and ion exchange. Features currently ppé&nggimed in
the code include unstructured grids, multiple interacting continua, colloid-deditransport, and solid
solutions. A novel multirealization capability within PFLOTRAN enables thewti@n of thousands to
tens of thousands of realizations simultaneously, where each realization may run omore mioces-
sor cores. Performance and scalability studies demonstrating the excequtédahility of PFLOTRAN
to tens of thousands of processor cores on leadership-class supercomputers argeatsa pre
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PFLOTRAN: Application to Uranium Migration atthe H  anford 300 Area
Session: SciDAC Research

Peter Lichtner, Los Alamos National Laboratory (lead 8lgnn Hammond, PNNL, Richard Mills,
ORNL, Bobby Philip, LANL, David Moulton, LANL, Barry Smith, ANL, Albert Valocchi, UC, Steve
Yabusaki, PNNL

This work is a collaborative exercise between the DOE ERSP Hanford 300 AeaifetRhe DOE
ASCR SciDAC-2 program, where PFLOTRAN, a multiscale, multiphase andcomjhionent reactive
flow and transport code designed for execution of any range of computing platforms (i.e.,daptop t
petascale), is being developed and applied to simulate real-world problem scend©E's latest su-
percomputing architectures.

Results are presented for the geochemical transport of uranium at the Hanford 3@ éwmaat-
ing surface complexation and mineral dissolution and precipitation, using the mapanatle! subsur-
face reactive flow code PFLOTRAN developed under the SciDAC-2 program. TliertH800 Area
presents many challenges with regard to simulating radionuclide transportfrasidiae many concep-
tual uncertainties in the problem such as the choice of initial conditions, rapid floicsuat the Colum-
bia River stage, which occur on an hourly basis with several meter variatiodhsgweaa dramatic impact
on the size of the uranium plume, its migration direction, and the rate at which itesigrahe river.

Due to the immense size of the physical domain needed to include the indispensilleundsry con-

dition, the grid resolution required to preserve accuracy, and the number of chemical cumpiome-

lated, 3D simulation of the Hanford 300 Area would be unsustainable on a single workstation, and thus
high-performance computing is essential. In this preliminary formulation,soalé processes are incor-
porated through an effective dissolution rate for the uranium source in the form arbetaite
[Cu(UO,)2(POy). 8H,0O]. Model results for the cumulative flux of uranium into the Columbia River are
compared for cases with and without sorption.
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Upscaling Multi-Physicochemical Processes in Porous Media
from Pore to Continuum Scales

Session: SciDAC Research

Peter Lichtner, Los Alamos National Laboratory (lead ®ihjun Kang, Los Alamos National Labora-
tory, Moran Wang, Los Alamos National Laboratory

Pore-scale modeling can provide insight towards understanding the underlying phyrsinsusrt
and reaction in the submicron and micron length scales. The objective of this work est@ate the
role of pore-scale heterogeneity on macro-scale continuum representationspifysiglochemical proc-
esses in porous media. To this end, multiple processes, including fluid flow, diffusion antibadvec
electrochemistry, adsorption-desorption reactions, and other chemical reaasiored| as the evolution
of pore geometry due to dissolution/precipitation, are simulated at the pore soglthadattice Boltz-
mann (LB) method. Heterogeneous reactions are incorporated into the LB method through boundary
conditions imposed at the mineral surface, with an augmented triple-layer modabtntzfor com-
plexation between the ions in the solution and the active sites covering the solid.sLina&B models
can provide detailed information on local fields, such as fluid velocities, elpatential, solute concen-
trations, mineral compositions and amounts, as well as the evolution of pore geometrglteraital
reactions. Provided sufficient resolution of the pore-scale geometry can be ejtaéngore-scale model
can be used to determine the form of continuum formulation (single, dual, or multiple corttatuzgst
fits the upscaled pore-scale simulation and, simultaneously, provide parameetées! for constitutive
relations appearing in the multiscale continuum formulation. It is demonstrated,drptina for spe-
cies-dependent diffusion, the rates of homogeneous reactions cannot be replaced byomasktons
in the LB implementation, necessitating the solution of all aqueous species withlarge kinetic rate
constant for local equilibrium conditions. For many systems, this is prohibitive raathgrand in this
case alternative numerical methods are needed to solve the pore-scale tesxsport equation.

As an example, we apply the multi-component reactive transport LB model to modelingthien
of a CQ saturated brine into various porous media structures at temperature T=25 and 80°Grin the v
ous cases considered, the porous medium consists initially of calcite with vgurgingize and shape. A
chemical system consisting of N&&*, Mg™*, H", COx(aq), and Clis considered. Flow and transport by
advection and diffusion of aqueous species, combined with homogeneous reactions occurribglkn the
fluid, as well as the dissolution of calcite and precipitation of dolomite, are sadwathe pore scale.
The effects of the structure of the porous media on reactive transport aregateelsti he results are
compared with a continuum-scale model, and the discrepancies between the pore- and ceoéleuum-
models are discussed. It is shown that for both T=25 and 80°C, dolomite only precipitatesjteut cal
both dissolves and reprecipitates. It is found that for the higher temperaturey eesleéion front is
formed. The front moves at an approximately constant velocity that is found to be dependeabn the
cite surface area, in contrast to a conventional continuum formulation where the dpmagairon rate is
independent of kinetics. This effect is caused by armoring of the calcite swith@®olomite. The front
velocity is roughly inversely proportional to the volume fraction of the fractiorautive calcite. The
numerical results presented here are still subject to confirmation by Isigltten microscopic experi-
ments. Nevertheless, these results may help understand the fundamental physiabpheresses dur-
ing CQO, sequestration in particular, and reactions in heterogeneous media in general.
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Development of a Framework for Subsurface Simulati  on
Using the Common Component Architecture

Session: SciDAC Research

Bruce Palmer, Pacific Northwest National Laboratory (lead¥#lip Fang, Pacific Northwest National
Laboratory, Vidhya Gurumoorthi, Pacific Northwest National Laboratory, Glenmhtgrd, Pacific
Northwest National Laboratory, James Fort, Pacific Northwest National atzippr

The goal of this project is to develop a component-based framework for performingtsingibf sub-
surface flows, specifically targeting two codes. The first is designed to degaleesimulations of reac-
tive flows using a smoothed particle hydrodynamics algorithm (SPH) that ugesbgen particles to
model the behavior of fluid flow. The second code is a continuum reactive subsurfacenflbatc
based on the STOMP suite of codes (Subsurface Transport Over Multiple Phaset)e8otodes are
in the process of being divided into individual components in a way that encapsulatesdifteneri-
cal, physical, or computer science functionalities in individual components. This elat@psis de-
signed to promote ease of maintenance, reuse of core technologies, easier upgradestmakmgies,
and easier inclusion of new physical and chemical processes. The use of the Common Cdfngioinent
tecture (CCA) toolkit to create this framework provides additional beneftisiding automatic language
interoperability and runtime configuration of applications.

A nearly complete set of components for performing parallel SPH simulationsdraddagloped.
These are being used to validate SPH flows in three dimensions and to begin lookingsaaledrans-
port using systems containing on the order of 7 million particles. Preliminarysresu study of advec-
tive porosity will be presented. Work is ongoing to improve the parallel IO pafaenof these codes so
that larger simulations can be performed, and a reactive chemistry componéng ceveloped to
model the behavior of uranium transport in subsurface porous media in collaboration wkiNIh&&t-
ence Focus Area effort.

Work on componentization of the STOMP subsurface simulation code is less developed tinan for
SPH code, but significant progress has been made. Most importantly, the grid has traetedlficom
the rest of the STOMP code, recast with an interface that uses an unstructissutget, and encapsu-
lated as a separate component. Most of the remaining STOMP code has been recoofigperd¢ioig un-
structured syntax. Although the existing grid component still uses a rectangdilander the interface,
it should be possible to develop other versions of the grid component that create unstrudsisetig
plug these into the existing STOMP component with minimal modification. Work is ongodeyélop
such a component in collaboration with the ITAPS SciDAC Center for Enabling TechnotigjtioAal
work is planned to further componentize the remaining STOMP core, including isdatingtines,
solvers, chemistry, and input as separate components.

A longer term goal of the framework is to develop components that can be used to couple both the
SPH and STOMP simulations together to create multiscale hybrid simulatiozecte flows that are
coupled at significantly different scales. These components will be based on metiedsycbeing de-
veloped and tested under the related SciDAC Groundwater Science Application.
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Hybrid Numerical Methods for Multiscale Simulation s of Subsurface
Biogeochemical Processes

Session: SciDAC Research

Tim Scheibe, Pacific Northwest National Laboratory (leadA8xander Tartakovsky, Pacific North-
west National Laboratory, Phil Long, Pacific Northwest National LaboratorgrggeRedden, Idaho Na-
tional Laboratory, Paul Meakin, Idaho National Laboratory, Daniel Tartakovskyetsity of California
San Diego, Scott Brooks, Oak Ridge National Laboratory

Many subsurface flow and transport problems of importance today involve coupled nonliear pro
esses that occur in media exhibiting complex heterogeneity. In particularvedeatisport involving
biological mediation of reactions, precipitation, or dissolution of mineral phases, diffi/sion-limited
mass transfer falls into this class of problems. Recent experimentatiebaa revealed important de-
tails about the physical, chemical, and biological mechanisms that control thesgspsotom the mo-
lecular to laboratory scales. We are developing a hybrid multiscale mottalmgwork that combines
discrete pore-scale models (that explicitly represent the pore-spaceyeaminaelocal scale) with con-
tinuum field-scale models (that conceptualize flow and transport in a porous medhoutwei detailed
representation of the pore space geometry). At the pore scale, we have imglargartlel three-
dimensional Lagrangian model of flow and transport using the Smoothed Particle Hydnaxy(%PH)
method and performed test simulations using millions of computational particles apénessnputer at
the Environmental Molecular Sciences Laboratory. We have also developed methgritiding arbi-
trarily complex pore geometries and simulating pore-scale flow and transpgtpasallel implementa-
tions of grid-based computational fluid dynamics methods. Within the multiscalel igdmework, we
have directly linked pore- and continuum-scale models to simulate coupled diffusing,meaction,
and mineral precipitation, and compared the results with conventional continuum-only asdgere-
only simulations. Quantitative conditions under which a hybrid modeling approach isamgdesse
been mathematically defined and numerically tested. We have developed a numbecati@pprob-
lems that serve as both numerical testbeds for methods development and demonsitthegossplica-
bility of hybrid methods. This project is funded under a partnership between the Envirorireenelia-
tion Sciences Program (ERSP) and the Scientific Discovery through Advancedi@an{SciDAC)
program, and is closely coordinated with two SciDAC Science Application Pdmmersjects de-
scribed in separate abstracts (Bruce Palmer, Pl and Karen Schuchardt, PIfhesel@artnerships, our
reactive transport codes are being developed using advanced high-performance gbanpbitectures
and efficient parallel solvers, and integrated into a component-based workflmanement to facilitate
seamless integration of codes operating at multiple scales with differesntgdhpiological, and chemi-
cal conceptualizations appropriate to the needs of specific simulation problenmybFidemultiscale
modeling framework also draws on a number of SciDAC enabling technologies, includ®gnimeon
Component Architecture, advanced solvers, grid technologies, scientific wotkibsy and visualiza-
tion technologies.
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An Integrated Framework for Subsurface Simulationa  nd Analysis

Session: SciDAC Research

Karen Schuchardt, Pacific Northwest National Laboratory (lead&id Chase, Pacific Northwest Na-
tional Laboratory, Jeff Daily, Pacific Northwest National Laboratory, ToddtB#gen, Pacific North-
west National Laboratory, Vicky Freedman, Pacific Northwest National batnyr Timothy Scheibe,
Pacific Northwest National Laboratory

The goal of this project is to develop a framework that integrates data meerdgeanalysis and
visualization, and workflow technologies into an extensible environment that sesphié process of
conducting subsurface modeling studies encompassing hundreds to thousands of simulatioeasKey a
where such a framework can impact the science include: tracking provenancerotcdss and exposing
the relationship between individual simulations and analyses, management of theutatand outputs
associated with each simulation perhaps performed across many machines, dutwwateent of large
data sets to and from archives, and desktop visualization utilizing remotelpasalblization tools. The
current framework supports running two models: the Subsurface Transport overé/Rltgses
(STOMP) continuum code, and the Common Component Architecture (CCA)-based Smoolé Parti
Hydrodynamics (SPH) code, which is currently under development. However, the benigwot spe-
cific to these codes; any simulator can be supported and a new hybrid model that combimesnconti
and particle scales will be supported when available. Two visualization toolbé&@wventegrated to
date: TecPlot and General Mesh Viewer (GMV). Support for the parallel zatiah tool Vislt is in
progress and will enable desktop visualization of large data sets residing onesepats. The frame-
work is exposed to modelers through a python-based user interface tool called thee@rgars tool
provides access to tools that have been integrated through a registry. This itudiglesch as simula-
tors, visualization tools, data translation scripts, grid viewers, editorsngienciple, any tool can be in-
tegrated. As the modeler invokes tools, the inputs and outputs of each task are recordedttathe
relationships between tasks, thus creating a directed graph representidgptteenance record of the
research process. Each recorded task can be annotated and “tagged” to capturenddiriextledge.

The Organizer presents two primary views of the provenance record. Thedigtaigh-based repre-
sentation where the layout is provided by the GraphViz program. This view shows tir@velhance
record, provides access to all inputs and outputs of each task, and can be used to initesiesn@vet
second is a simulation view, which shows a table of simulations and key information &hout each,
such as where it was run, its status, and the start and finish times. This viesogaroaide a timeline
view, but does not show relationships between simulations. Simulation execution is sufyportgh a
workflow developed using the Kepler workflow system. This workflow takes af $eb requests, along
with a set of target machines, and distributes these jobs to the machines whitengal#U load.
Workstations, clusters, and supercomputers are supported.
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Integrated Field-Scale Subsurface
Research Challenges (IFRC)
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Multiscale Mass-Transfer Processes Controlling Natu ral Attenuation and
Engineered Remediation: An IFRC Focused on
Hanford's 300 Area Uranium Plume

Session: Hanford IFRC (Program Head: John Zachara)

John Zachara, PNNL (lead PBruce Bjornstad, PNNL, John Christensen, LBNL, Mark Conrad, LBNL,
Jim Fredrickson, PNNL, Mark Freshley, PNNL, Roy Haggerty, Oregon Statetdity, Glenn

Hammond, PNNL, Doug Kent, USGS, Allan Konopka, PNNL, Peter Lichtner, LANL, Chongxuan Liu,
PNNL, Jim McKinley, PNNL, Mark Rockhold, PNNL, Yoram Rubin, University of Gatliia, Berkeley,
Vince Vermeul, PNNL, Roelof Versteeg, Idaho National Laboratory, Andy Ward, PNhlnr@iao
Zheng, University of Alabama

The Integrated Field-Scale Subsurface Research Challenge (IFR€)Hanford Site 300 Area ura-
nium (U) plume addresses multiscale mass transfer processes in a complerdigdrogetting. A se-
ries of forefront science questions on mass transfer are posed for researclelatedo the effect of
spatial heterogeneities; the importance of scale; coupled interactiongbédtiwgeochemical, hydro-
logic, and mass-transfer processes; and measurement approaches neededddzsharattnodel a
mass-transfer dominated system. The project was initiated in February 2007, aderablesprogress
was made installing the saturated zone experimental site within the footphet®bdtith Process Pond
during FY 08. The site has 35 instrumented wells and an extensive monitoring systeloddiirzc
deeper borehole for microbiologic characterization that sampled the entineessabf the unconfined
300 A aquifer and that will be used for future downhole biogeochemical research. Theldgiided
over 1000 sediment samples, and a characterization program is under way to defirad, ghyesigcal,
and electrical/geophysical properties as necessary to construct a 3Qigfezdtenodel of the IFRC ex-
perimental domain. Geophysical field characterization is employing crossécieoal resistance tomo-
graphy that will provide information on sediment properties and structures over thdig¢ances be-
tween wells. An extensive hydrologic testing campaign was completed, and adargactive tracer in-
jection experiment was conducted during November 2008. The results display and quantifydhe hydr
logic complexity of the site, but also define the presence of variable hydraulic deitgzcines condu-
cive to the evaluation of our mass-transfer scientific theme. The projectingptésim is developing a
robost hydrogeologic site model that can be expanded to include mass transfer, gebdmhioegeo-
chemical processes, and site-wide properties distributions as documented. Studiagiof adsorp-
tion/desorption and mass transfer have been initiated with contaminated sediorerntefsite to pa-
rameterize process-specific modules for field-scale application. Thecpropves into CY 2009 with
ambitious plans for a series of well-planned saturated zone field experimenéssaelling opportunities
for collaboration with other ERSP investigators.

This research is part of the ERSP Hanford IFRC at Pacific Northwest Natad@atory.
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Uranium Isotope Systematics in the 300 Area (Hanfor  d, WA): The Relationship
Between the U Groundwater Plume and U-Contaminated Vadose Zone Sediments

Session: Hanford IFRC (Program Head: John Zachara)

John N. Christensen, Lawrence Berkeley National Laboratory, Mark E. Conrad ncavBerkeley Na-
tional Laboratory, James P. McKinley, Pacific Northwest National Laboratofgvan Dresel, Pacific

Northwest National Laboratory, Donald J. DePaolo, Lawrence Berkeley Natiabatdtory/UC Berke-
ley, John M. Zachara, Pacific Northwest National Laboratory (lead PI)

The 300 Area at the Hanford Site in Washington is situated along an ~2 km stretch @tithbi&
River. Past operations in the 300 Area included the disposal of chemical and radivastevéerived
from fuel rod fabrication and other experimental processes into a series nfgsitids and disposal
trenches. These waste fluids included U, Zr, and Cu, as well as a mixture of acidiciassdlbtiens.
This resulted in a persistent groundwater U plume in the 300 Area (that communitatke olumbia
River), with U concentrations reaching greater than 100 ppb. Despite removal of treinated pond
sediments and trench material starting in 1995 (completed by 2004), the U plume has nt¢diissipa
the predicted time scale. The persistence of the groundwater U plume is likétyrdpgenishment from
slow release from contaminated vadose zone sediments influenced by the dynamic aperucitemis-
try, resulting from incursions of Columbia River water due to highly variabde stages (see review in
Zachara et al., 2007, and references therein). The 300 Area IFRC was established tdietthdoate
experiments and modeling regarding U mobility in a hydrologically dynamic envirgniere, we re-
port and discuss our U isotopic studies of the groundwater of the 300 Area, with a particidamfdice
IFRC experimental well array, and of vadose zone sediment samples both frorh blem@adcess
ponds and within the IFRC array. These data not only provide insights into the sources aral timpor
namics of the U plume, but also aid in the planning of experiments within the IFRCeaagaydentifi-
cation of wells with similar and contrasting U isotopic compositions to the IFR§)aPlanned experi-
ments will involve adsorption/desorption of U within the IFRC experimental gneayiill be monitored
in part through U isotopic analysis of groundwater samples from the array. Groundveaie sediment
leachate U isotopic compositions fall along similar arrays, indicatingineistderived from processed
enriched U fuels, processed natural U fuels, and in some cases depleted U. Sighifcaopic differ-
ences are evident between different process ponds (with subpond sediments from theoblesth P
Ponds characterized in part by higff@/?*®U than from the South Process Ponds, each designated
NPP1, SPP1, etc., for individual samples), along with U isotopic variations with deptind@rater
within the IFRC experimental plot appears to be effected by SPP2 U and a second sduaps (pe
SPP1), while groundwater nearer shore, represented by wells 2-1 and 3-1, appearbderhaffected
by both SPP2 U and the source for Well 1-17a, possibly the 316-5 trenches (yet to be deatadiae
spatial and temporal variations we observe in the U isotopic composition of 300 Area gatarralw
lows tracking of water masses independent of U concentration, and identificationibfepsssrces of
U contamination to the Columbia River.This research is part of the ERSP Hanf&@ ctfHRcific
Northwest National Laboratory.
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Experimental Investigation of the Effect of Transie nt Groundwater Flow on
U(VI) Transport in the Hanford 300 Area

Session: Hanford IFRC (Program Lead: John Zachara)

Jun Yin, Oregon State University, Roy Haggerty, Oregon State Univdesaty 1), Jonathan D. Istok,
Oregon State University, Doug Kent, US Geological Survey, Mark Rockholdjddoifthwest National
Laboratory

The U(VI) transport at the Hanford 300 Area is affected by stage changes of théi@dRiver.
Continuously changing hydraulic gradient in the 300 Area produces a complicated transgoonsi
with interactions of high- and low-alkalinity waters that strongly aftéatl) transport. Alkalinity gradi-
ents are preserved in immobile and low-permeability zones, increasing thet enetalsetween high-
and low-alkalinity waters. We report results of ongoing column experimentgigateyy the effects of
transient flow (including gradient reversals with high- and low-alkalwweyers) on U(VI) mass trans-
port. In the column experiments, artificial solutions are prepared to represemah&chtaminated
Hanford groundwater (SGW) and Columbia River water (SCRW). The clean SGMt isjécted into
the column to desorb the labile U and obtain clean sediments. The contaminated SGVétamitiaed U
concentration of 100 ppb) is then injected into the “clean” sediment to observe the sorptipreoess.
In a transient flow experiment, contaminated SGW is injected into the clean sedotiewed by flow
reversals (using SCRW injected at the opposite end of the column), according tolthgoosperiod of
Columbia River. The effects of the transient flow are investigated by comgphe transient flow U(VI)
breakthrough curve to a breakthrough curve obtained with steady (nonoscillating) dlomnCG=xperi-
ments will provide controlled results that will be used to test the ability ouigesohnsport model to
represent U(VI) transport in a geochemically complex environment, and in the gre$escillating
and changing pore-water geochemistry. This research is part of the ERSP HaRforal IPacific North-
west National Laboratory.
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Variability in Adsorbed Uranium Concentrations in S aturated-Zone Sediments
from the IFRC Tracer-Test Well Array in Hanford’'s 3 00 Area Uranium Plume

Session: Hanford IFRC (Program Head: John Zachara)

Douglas Kent, U. S. Geological Survey, Deborah Stoliker, U. S. Geological SuntheyZdchara,
Pacific Northwest National Laboratory (lead PI)

The objective of this research is to characterize the distribution, cheoniced, fand reactivity of
sediment-bound U(VI) contamination across the Hanford 300 area IFRC field expekitioendén. Re-
search to be reported on here focuses on the distribution of sediment-bound U(VI) contanmrta&on i
saturated zone of the IFRC tracer test well array (TTWA) and the wariatiJ(V1) adsorption over the
range of groundwater chemical conditions observed across the 300 Area.

Concentrations of adsorbed U are being determined on samples taken from sites W#he/fAére
three-well clusters were emplaced. A shallow (near the water table) gn¢héee the base of the Han-
ford formation) sample from two of the three well locations in each cluster &g ibeestigated. Grab
samples collected from adjacent depths were composited to obtain a sufficieny qhdné <2 mm size
fraction for the characterization work. In addition to these samples, experimeetsanducted on sedi-
ments (<2 mm size fraction) previously collected at Site C5708, which is theitoaatvhich IFRC
Well 2-5 was emplaced.

The time scale for U desorption was determined by extracting sediments withiia $ochrbon-
ate/carbonate buffer at pH 9.1. Time required for desorption was ~1,000 hours, in agreemiéet wit
time required for U desorption from deep vadose-zone sediments from the South ProceS®Ppdd-(
termined previously. This time scale is consistent with rate control by riaimagjffusive mass transfer.

Total adsorbed U concentration varied with depth from approximately 1 to 17 nanomoles/d-Peak
sorbed U concentrations were observed in the smear zone. Based on this limitednselest saere ap-
pears to be significant spatial heterogeneity in adsorbed U concentrations ie#nesne over both the
minimum and maximum spatial scales represented by this sample set. Adsorbedritraboecs and
spatial variability are much lower in samples collected near the base cdutfi@r¢iformation. Total U
concentrations in the sediments, determined by alpha spectrometery, follow gartitzal and horizon-
tal trends. The adsorbed U concentrations for the four shallow sediments with the dugloelséd U
concentrations comprised 39-44 percent of the total U. For most of the deep sediments) &llsorbe
stituted 4—15 percent of the total U.

The concentration of adsorbed U extracted by artificial groundwater is a strotigriusfaalkalinity.
Results show that most of the adsorbed U on these sediments can be desorbed as tiyeedichies
the upper range of values typically observed in 300-area groundwater.

This research is part of the ERSP Hanford IFRC at Pacific Northwest Natadaatory.
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Geochemical Characterization of the Hanford Site 300 Area IFRC Groundwa-
ters and Sediments

Session: Hanford IFRC (Program Head: John Zachara)

James P. McKinley, Pacific Northwest National Laboratory (PNNL), Ricdhl WA John M. Zachara,
PNNL, Richland, WA, Andy L. Ward, PNNL, Richland, WA

The Hanford IFRC is located at a site where persistent residue from reestsoiabrication contrib-
utes to a groundwater contaminant plume migrating into the Columbia River. Theraglbeovided
sediment samples at spacing sufficient to characterize the distributieactive phases within the test
plot, and groundwater sampling can be adapted to experimental need. The array includesliB&well
triangular plan. Twenty-six wells were screened (~6 m) through the saturatemddam. A subset of
wells, in three three-well clusters, was completed to discretely saneplgper, middle, and lower few
feet of this interval. Sediments were systematically collected fnengriound surface to the uppermost
Ringold Formation. Within the limitations imposed by drilling results and operatlmmsediments were
either collected as continuous core (7 wells), or as grab samples taken everynos itinan 700 sam-
ples were collected in total. Characterization measurements includeesnafiggoundwaters and sedi-
ments. Groundwater samples are collected using an automated pump system, and inttuceassi
urements of conductivity, pH, temperature, oxidation-reduction potential, and dissolvethoxyg
Groundwater sampling is conducted monthly or as experimentation permits; sam@alralgzed for
cation, anion, carbon, and uranium concentrations. Preliminary results showed tempotatainhida-
tions in groundwater compositions. Sediment samples were catalogued during dolliaghdseline es-
timation of reactive properties and distribution, all the grab samples from olnef wath three-well
cluster were analyzed. Analyses included total U, bicarbonate-extraciible U, single-point U Kd
using a synthetic groundwater formulation, JltH-HCI extractable Fe(lll), BET surface area, spectral
gamma counting on bulk and size-separated materials, and U isotopic analysesctibexdolutions.
Groundwater compositions varied in total dissolved solids over the fall of 2008. For exoml|&ep-
tember to December, the long-screen samples (derived from water pumped froiaidibeofithe satu-
rated zone), had Cl and U concentrations that decreased by approximately 25% (U atooce fiet|
from 50 pg/L to 37 pg/L, while Cl concentrations fell from 24.4 to 18.6 mg/L). Shallow and deep
groundwaters each showed declines in U of ca. 20 pg/L (from 70 and 50 pg/L, respectivelygrbut
mediate waters remained approximately constant at 50 pg/L. Labile U and Kd enessisralso re-
flected stratification: bicarbonate-extractable U was highest neardtiee table and near the bottoms of
the sediment column, and the Kd estimated from bicarbonate extractions and sediregf veaieed in
parallel. These preliminary results suggest that seasonal mixing betweedwater and river water
causes significant variation in U concentrations, and that significangsagtic variation in reactivity is
superimposed on the hydrologic system. This research is part of the ERSP Hanfoed F&R@ic
Northwest National Laboratory.
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Hydrologic Characterization and Results from the Fir st Tracer Experiment at
Hanford's 300 Area IFRC Site

Session: Hanford IFRC (Program Head: John Zachara)

Mark Rockhold, Pacific Northwest National Laboratory, Vince Vermeul, Radifirthwest National
Laboratory, Chris Murray, Pacific Northwest National Laboratory, John ZacRacific Northwest Na-
tional Laboratory (lead PI)

An array of 35 instrumented groundwater-monitoring wells was installed in the swhg@08
within the footprint of a former disposal pond for uranium process wastes in Hanford's 30Gialéa
hydraulic characterization activities that have been performed to datesétetivelude short-duration,
constant-rate injection tests in 14 of the wells, and electromagnetic boreholedtew(EBF) testing in
all 35 wells. The first tracer test at the field site was also performedvarhber 2008. The average hori-
zontal saturated hydraulic conductivity of the Hanford Fm aquifer at the site txapately 7000 m/d.
Geostatistical analyses of the hydraulic conductivity data indicate hotizmotaertical correlation
lengths on the order of 25-30 m and 1-2 m, respectively. Numerical modeling of the #séxaeri-
ment has also been performed using the STOMP simulator. Summaries of the fielditgteaacteri-
zation data, geostatistical analyses of these data, and comparisons of obwésiedikated plume be-
havior for the first tracer test are presented. This research is part i 8ie Hanford IFRC at Pacific
Northwest National Laboratory.
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The Method of Anchored Distributions (MAD) for Inte gration and Inversion of
IFRC Hydrogeological Data and for Establishing a Ge  ostatistical Site Model

Session: Hanford IFRC (Program Head: John Zachara)
Yoram Rubin, UC Berkeley (lead PBepu Zhang, UC Berkeley, Haruko Murakami, UC Berkeley

This presentation will focus on the efforts undertaken by our team to meet our tds&pnoject.

We are charged with developing a geostatistical model of the Hanford IFR&Chs/ sntegrating the mul-
tiple types of information, direct and indirect, local and no-local, that are in the pi@idesing acquired
at the site, such as various types of pumping tests, tracer tests, measuséprestsure and hydrogeo-
physical surveys. Geostatistics is emphasized because it provides d eggmoach for modeling uncer-
tainty due to spatial variability and data scarcity. Using multiple sourae$oomation enhances our in-
verse modeling capabilities by examining the subsurface form multiple pévepect

The central devices of MAD are a new concept called “anchors” and a succisiftozlasn of all
relevant data. Anchors are localized, statistical distributions of theblesiaf interest (e.g., conductiv-
ity) that are conditioned on the indirect and nonlocal information. Ideally, the anchors wotulice Gl
the relevant information that is contained in all the available information. Foipéxaanchors can be
used to interpret a tracer test and extract from it the information thatvamefer improved characteri-
zation of the conductivity field. Or they can be used for joint interpretation of$aje pump tests and
borehole flowmeter tests, again in terms of statistical distributions of cavitlestat key locations
(hence, anchors). Generally this would require selecting several anchorsraathffecting the tests and
identifying the statistical distributions of the conductivity at these anchamdjtmnal on data. Capturing
the relevant information that is encapsulated in complex experiments in termenofadhors instead of
a detailed spatial distribution of the parameters is where the computatiangssare.

The data classification scheme makes MAD modular and extensible by atesddya in an ab-
stract, nondisciplinary way. Data is defined by the way it could be represented bysaaruthaot by
physical relationships. The physical models, in the form of flow, transport, or geopmysiterical
models, are integrated into MAD through independent, plug-in modules. Model developers can plug i
their codes into the MAD computational platform without having to rewrite an lovecsde or to de-
velop new inversion concepts. The significance of this step is in engendering andopeei-environ-
ment. Such an environment is important for broad adoption of MAD, but more importantly, folueontin
ity of its development as a community resource.

In this talk, we will present the MAD concept in detail, and we will demonstsaggijilication to
Hanford-like synthetic studies and initial applications to the IFRC site.rébesarch is part of the ERSP
Hanford IFRC at Pacific Northwest National Laboratory.
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An Initial Nonreactive Tracer Experiment at the Han  ford 300 Area IFRC Site
Session: Hanford IFRC (Program Head: John Zachara)

Vince Vermeul, Pacific Northwest National Laboratory, Richland, WA, Braa,Hpécific Northwest
National Laboratory, Richland, WA, Rob Mackley, Pacific Northwest National laayr, Richland,
WA, Mark Rockhold, Pacific Northwest National Laboratory, Richland, WA, John ZacRacific
Northwest National Laboratory, Richland, WA (lead PI)

The U.S. Department of Energy—Environmental Remediation Sciences Divisopgerting an In-
tegrated Field Research Challenge (IFRC) Site at Hanford’s 300 Areait€himgediately adjacent to
the Columbia River, is the location of a groundwater uranium plume that resulted sbdiggharges of
liquid effluent to unlined disposal ponds and trenches. An IFRC site has been establisheteadhe a
one of the former disposal ponds to address a series of forefront science questions @msiaspdased
to evaluate the effect of spatial heterogeneities; the importance afmabéed interactions between
biogeochemical, hydrologic, and mass transfer processes; and measurementleppeeded to char-
acterize and model a mass-transfer dominated contaminant system. As ksteptia the hydrologic
characterization of this field research site, a nonreactive tracer mepenvas conducted in November
2008. The objectives of this tracer experiment were to assess transport gracesEgmational hetero-
geneities present in the saturated zone, to refine the site conceptual model aattdsaamerical mod-
els, and to test operational procedures. A solution containing a conservative~ts&éceng(L Br) was in-
jected into a single injection well and tracer arrival was monitored in surrouweilsy A tracer solution
volume of ~160,000 gal was injected at a rate of 180 gpm, for a total injection phase duration of ~900
minutes (15 hrs). The test was run for a sufficient duration to fully describeritred egsponse at the
three closest monitoring wells, at which time the injection was stopped and #repitane was allowed
to drift under natural gradient conditions. The location of the injected tracer plume thie well field
was tracked by sampling selected monitoring wells over time and monitorimglevitnhole probes.
Bromide concentrations were measured using lon Selective Electrodes (1BHp &dench-top flow-
through cell for analyzing aqueous samplesiargitu using downhole ISE probes. Archive samples
were also collected and submitted to PNNL laboratories for verification adcentration by ion
chromatography. Tracer concentrations were monitored for several weekdriglthe injection until
tracer concentrations within the well field had declined to near background lelvelsbjectives of this
initial non-reactive tracer experiment were met, providing for an improvedstaddmg of the forma-
tional heterogeneities and flow system characteristics at the IFRC sit

This research is part of the ERSP Hanford IFRC at Pacific Northwest Natalmaratory
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Geophysical Characterization of the Hanford IFRC Sit e
Session: Hanford IFRC (Program Head: John Zachara)

Andy Ward, Pacific Northwest National Laboratory (lead Rbelof Versteeg, Idaho National Labora-
tory, Timothy Johnson, Idaho National Laboratory, Christopher Strickland, Pacific Nstthational
Laboratory

Pleistocene-age cataclysmic flood deposits are particularly heteuge@ad their transport proper-
ties can vary over a wide range of spatial scales. An integrated hydrogeapimygstigation surface
and borehole geophysical survey is being conducted to classify the dominant sedifaer@agnd map
architectural elements including possible channels. Prior to installation éiRiawell field, a surface-
geophysical investigation was conducted as part of a preliminary assessthengxient of contamina-
tion, subsurface structure, and the location of conductive lithologic layers. MagtetpBD resistivity,
inductive terrain conductivity, ground-penetrating radar, and seismic methoelsisegf to characterize
the south process pond and surrounding areas. Magnetometer gradient anomalies vediyesyeakkr
Terrain conductivity, resistivity, and induced polarization showed a conductivegtagbeability that
was avoided in site selection. Resistivity profiles also showed signitaiture with incisions into the
conductive Ringold Formation in-filled with resistive sediments. Seisnlkaway tests suggest that
common midpoint reflection profiles would be useful for mapping structure and sipaygatithe site.
Twenty-eight of 35 wells at the IFRC site were instrumented to measureréganpeand resistivity. Pre-
completion borehole neutron and gamma logs show evidence of small-scale fasiéstisawith three
main architectural units, and a strong correlation between K, U, and T and grastasstes. Core re-
sistivities also show three dominant facies, with resistivities rarigang 1-2 kohm-m in the Hanford
formation to 100 kohm-m in the Ringold. Following well completion, 35 wells were logged ovitlen-
tional tools, including acoustic televiewer, electromagnetic induction, borehosgideycrosshole ra-
dar, and gross natural gamma activity. Conductivity in the vadose zone wawseogtie permanent
sensors and cannot be used to deconvolve lithologic effects. However, saturated zone/ityadaict
radar measurements showed significant structure within the architedtumaings. Collectively, these
data are being used to characterize facies distributions, to constraiwitgsistersions, and to develop
correlations with facies abundance. The integrated approach to data collectiosisaaatyinterpreta-
tion allows the site conceptual model to be refined iteratively as additionil ggaiphysical data and
time-dependent transport data are collected. This research is part of the ER&FPAcific Northwest
National Laboratory.
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Modeling Field-Scale Uranium Mass Transfer atthe H anford IFRC Site
Session: Hanford IFRC (Program Head: John Zachara)

C. Zheng, University of Alabama, R. Ma, University of Alabama, H. Prommer, CE#R@ and Water,
Perth, Australia, C. Liu, Pacific Northwest National Lab, J. Greskowiak, G&ihd and Water, Perth,
Australia,J. Zachara, Pacific Northwest National Lab (lead Ml)Rockhold, Pacific Northwest
National Lab

Microscopic and spectroscopic analysis of contaminated sediments, batch anddlayirtlabora-
tory experiments, and numerical modeling have collectively implied that ghadidttransport of ura-
nium at the Hanford IFRC site is controlled by complex coupling of uranium geochenaicabns and
mass-transfer processes at various scales. Our objective is to: (1) intefpboratory research results
into a field-scale reactive transport model and (2) identify important pteesrend processes that con-
trol the reactive transport of uranium under field-relevant hydrogeocheroiuditions.

A multirate, surface complexation model (SCM) that has been proposed to describe timg adupl
uranium geochemical reactions and mass-transfer processes (Liu et alWWa@8Resources Reseaych
is applied to a selected vertical section across the Hanford IFRC siedacdihe Hanford 300 Area ad-
jacent to the Columbia River. The model is intended to assess the hypothesizechepartaultirate
processes on the fate of uranium at the Hanford IFRC site, and to more generadjea effect of
variable geochemical conditions caused by dynamic river stage fluctuations. pnetsentation, we will
discuss: (1) the implementation of the multirate SCM in the existing multicompsanive transport
simulator PHT3D based on MT3D and PHREEQC-2; (2) the sensitivities of key modeiqtars in the
multirate SCM under field relevant conditions; and (3) pre-experimental scewhthe fate and trans-
port of uranium at the Hanford IFRC site.

The importance of the multirate mass-transfer processes has been assasseerioplly comparing
the multirate SCM against a correspondent equilibrium SCM. In this comparison])abe@ving solu-
tion was introduced as a short-term point source at approximately 150 m from the Colurahi#nRi
both models, river-water intrusion results in complex spatio-temporal variatidhe water chemistry
and uranyl speciation that generally decreases aqueous uranium concentration and erdnainoe ad-
sorption. In the case of the multirate SCM, U migration is much more dynamic and inigytieew
groundwater flow field. Even though the general extent of the U plume does not changeasitiyiif-
ter five years, the plume’s high concentration zone remains fairly dynamie, wlile simulations with
the equilibrium SCM, the plume shows very limited seasonal movement.

Overall, the results from the multirate SCM appear to be more consistenteldtbdservations of
dynamic behavior of uranium plumes. The reactive transport simulation resultgenthat with both the
multirate SCM and equilibrium SCM, the U plume is strongly adsorbed by aquifer s¢slitdeanium
breakthrough curves at selected observation points and the mass balanced@hiegsatversus time)
indicate that uranium adsorption/desorption never attains equilibrium, as a result thfebbighly dy-
namic flow field and the chemistry variations caused by the intrusion of river.Wdtus, the multirate
SCM model appears to be a crucial feature for future reactive transportsamsiof uranium at the
300A site.

This research is part of the ERSP Hanford IFRC at Pacific Northwest Ndtadaatory.
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Research Highlights and Future Directions of the Oa  k Ridge
Integrated Field Research Challenge Project

Session:Oak Ridge IFRC (Program Head: Philip Jardine)

P.M. Jardine, Oak Ridge National Laboratory (leadPdvid B. Watson, Oak Ridge National Labora-
tory, G. Baker, University of Tennessee, Craig C. Brandt, Oak Ridge Natidmaidtary, Scott C.
Brooks, Oak Ridge National Laboratory, Craig S. Criddle, Stanford UniversitykQhugarten, Oak
Ridge National Laboratory, Baohua Gu, Oak Ridge National Laboratory, Juska HaktRjdde Na-
tional Laboratory, Susan S. Hubbard, Lawrence Berkeley National Laboratory, SéiéjlyArgonne
National Laboratory, Ken Kemner, Argonne National Laboratory, Peter K. Kitantdisfa®d Univer-
sity, Joel Kostka, Florida State University, Jian Luo, Georgia Tech, Anthoneyumiia Oak Ridge
National Laboratory, Jack C. Parker, University of Tennessee, Chris W. Scha®jdge National
Laboratory, Brian P. Spalding, Oak Ridge National Laboratory, Wei-M Wu, Stanforetdityy Joe
Zhou, University Oklahoma, Fan Zhang, Oak Ridge National Laboratory

This project is a DOE ERSD funded Integrated Field Challenge (IRC) located Oakifeidge Res-
ervation in eastern Tennessee. The project encompasses an integrated iplitigdisanulti-
institutional research program that provides an improved scientific understamdimgedictive capabil-
ity of subsurface contaminant fate and transport at scales ranging from thalardie¢the watershed.
The Oak Ridge Field Research Facility (ORFRC) is being used by the IFRE #@sld laboratory for
investigations of contaminant attenuation rates and mechanisms using a camlamhgé&ophysical,
chemical, microbial, and hydrological analytical tools. The influence of coupled pesces contami-
nant migration are being quantified along numerous distinct flow pathways and wittsnidrazones
throughout the watershed, particularly processes associated with naturaltiaesfuezontaminant ni-
trate by denitrification and of U/Tc by natural immobilization on soil/rock. Thesestigations are a
unique blend of macroscopic geophysical, isotopic, and hydrogeochemical monitoring otise atatine
watershed scale, coupled with smaller-scale laboratory studies and liyhioessurface interrogation
technologies. The various observation scales are being integrated with ongoingalustheties to pro-
vide an accurate predictive capability for long-term site performance, antetonde if targeted ma-
nipulation is required to impede contaminant migration. Pilot-scale manipulateiiseaefore being
tested which include sustaingdsitu bioreduction for U/Tc immobilization, controlled adjustment of
soil-groundwater pH to precipitate U/Tc with aluminum hydroxides, and organophosphate #&d olea
amendments to enhance U/Tc adsorption/precipitation. The influence of spatiallynpodatiéy variable
groundwater recharge on contaminant fate and transport processes is also bdiggtewed a variety
of scales, since the ORIFRC resides within a climate regime thateecel400 mm rainfall/y, of which
50% contributes to groundwater and surface water recharge. The ORIFRC ig invaliled with a va-
riety of outreach activities, including site-specific sample disserom&t DOE investigators, EM and
site contractor technology transfer, public information releases via tecangcaontechnical presenta-
tions and news articles, and peer-reviewed publications. Active participatioem DOE ORR Closure
Project Team by the ORIFRC manager and principal investigators wileassuediation planning needs
are addressed and technical insights are transferred into DOE remediatitm &ffe project will de-
liver multiscale predictive monitoring and modeling tools that can be usedsathsdeghout the DOE
complex to inform and improve the technical basis for decision making, and to asséssitebiare
amenable to natural attenuation and which would benefit from source zone remediahtrdarv
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Distinctive Shifts in Subsurface Microbial Communit y Structure Correlate with
Uranium Redox Phases during In Situ Field Manipulation at the Oak Ridge
Integrated Field Research Challenge (OR-IFRC)

Session:Oak Ridge IFRC (Program Lead: Philip Jardine)

Stefan J. Green, Florida State University, Tallahassee, FL, Will A. Overtmilida State University,
Tallahassee, FL, Weimin Wu, Stanford University, Stanford, CA, David Watson, iQg& Rational
Laboratory, Oak Ridge, TN, Phil Jardine, Oak Ridge National Laboratory,Oak,Ritlg(lead Pl)
Tonia Mehlhorn, Oak Ridge National Laboratory,Oak Ridge, TN, Kenneth Lowe, Oak IRédigaal
Laboratory,Oak Ridge, TN, Jack Carley, Oak Ridge National Laboratory,@gk RiN, Susan Carroll,
Oak Ridge National Laboratory,Oak Ridge, TN, Gengxin Zhang, Oak Ridge Natidr@hbltary, Oak
Ridge, TN, Christopher Schadt, Oak Ridge National Laboratory,Oak Ridge, Ty,@rddle, Stanford
University, Stanford, CA, Joy D. Van Nostrand, University of Oklahoma, Norman, Cignijzzhou,
University of Oklahoma, Norman, OK, Joel E. Kostka, Florida State Universtighssee, FL

Long-term field manipulation experiments investigating the effects of saesurédox conditions on
the fate and transport of soluble uranium(VI) were conducted at the OR-IFRC oyeaa®eriod. In the
highly contaminated Area 3, introduction of ethanol to the subsurface stimulated nattviéytey, sul-
fate-reducing, iron-reducing, and fermentative microorganisms and reduced oOvicOb@3 mg/L. Sub-
sequently, oxygen and nitrate were experimentally re-introduced into the subsudaaentne the po-
tential for re-oxidation and re-mobilization of U(IV). Introduction of oxygen or nitratesed changes in
subsurface geochemistry and re-oxidation of U. After reoxidation, the subsurfacerspeaiseveral
months of starvation conditions before ethanol injection was restored to reducatimentezone. Sub-
surface microorganisms were characterized by community fingerprintingiciiglogene arrays (Geo-
chip), targeted population analyses, and quantitative PCR of key functional groups it daken
during multiple phases of field manipulation. Statistical analysis confirheetypothesis that the mi-
crobial community would co-vary with the shifts in the subsurface geochemisittidivhensional scal-
ing plots reveal distinctive shifts in microbial community structure durhgrel amendment, nitrate re-
oxidation, and starvation phases of field manipulation. Principal components analyss $hows that
community structure correlates with the accumulation of reductants (Feffidie3 during ethanol
treatment and oxidants (nitrate, U[VI]) during reoxidation. U(VI) concentratie@rs correlated with
elevated nitrate and negatively correlated with ethanol amendments in theeabBeitrate. Ethanol and
nitrate+ethanol amendments yielded significant shifts in microbial commatnityture; however, the ef-
fect of ethanol alone was small relative to differences by sampling well atid @onversely, ni-
trate+ethanol treatment and starvation selected for a similar miconlonshunity regardless of sampling
location. GeoChip analysis indicated that the functional community was moresdfbscethanol and ni-
trate than reoxidation. Ethanol addition increased the diversity and abundance of funenesahdile
nitrate had the opposite effect. All functional gene groups were detected dunadicteand reoxida-
tion conditions, indicating a resiliency in the community. The level of hydraulic covityeof sampling
wells to the injection well was readily tracked by microbial community amal@verall, the bacterial
community was dominated by denitrifyilgtaproteobacteriairon-reducingAcidobacteriaof the genus
Geothrix and sulfate-reducing bacteria from the gedraulfosporosinuandDesulfocapsaWe dem-
onstrate quantitatively that specific populations, espedimulfosporosinysare heavily influenced by
geochemical conditions and positively correlate with the immobilization of urafialowing nitrate
reoxidation, populations of Fe(ll)-oxidizing, nitrate-reducing organidrhgpacillug showed an in-
crease in relative abundance.
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Subsurface pH Manipulation and Geochemical Modeling for the Immobilization of
Uranium and Technetium

Session: Oak Ridge IFRC (Program Head: Philip Jardine)

Baohua Gu, Oak Ridge National Laboratory, Fan Zhang, Oak Ridge National Laboratosyi \Weo,
Oak Ridge National Laboratory, Ken Kemner, Argonne National Laboratory, Shdéljy Kegonne Na-
tional Laboratory, Wei-min Wu, Stanford University, C. Schadt, Oak Ridge Natiafalratory, Joel
Kostka, Florida State University, Jizhong Zhou, University of Oklahoma, BriadiSgaOak Ridge Na-
tional Laboratory, David Watson, Oak Ridge National Laboratory, Jack Parkeerkity of Tennessee,
Philip Jardine, Oak Ridge National Laboratory (lead PI)

This research is part of the Integrated Field Challenge (IFRC) Sciengs fmEa at Oak Ridge Na-
tional Laboratory. The source zone soil and groundwater (Area 3) at the IFRC si@reterized by a
low pH (~3.5) but extremely high contents of U (~60 mg/L), Tc (=5 pg/L), Al (=500 mghtai(up to
10,000 mg/L), and toxic metals (e.g., Ni, Cr, Co). Few treatment options exist to effentimove or
immobilize these contaminant metals and radionuciidegu. In this study, we evaluated the feasibility
of controlled based addition (or pH manipulation) for immobilizing uranium (as uranyf,)u@d tech-
netium (as pertechnetate, T£0n situthrough the precipitation or co-precipitation with aluminum and
other metal ions in a highly contaminated sediment. In addition, a generic geodimeotehbased on
agueous complexation, precipitation, sorption and soil buffering with pH-dependent ion exchange was
developed to predict aqueous and solid phase concentrations of metals and anions during ttra-batch ti
tion and column flow experiments. Results indicate that the addition of a strong basedbaoagal yet
effective means of sequestering U(VI), Tc(VIl), and other toxic metals suli(i#) and Co(ll) in the
soil and groundwater. Greater than 94% of soluble U(VI) and >83% of Tc(VII) could be inredlat
pH above 4.5 by the co-precipitation and/or adsorption with Al-oxyhydroxides. The presenceneihsedi
minerals appeared to facilitate the immobilization of these contaminaotsatpH values, possibly
through the specific sorption or inner-sphere surface complexation between ursesiipetate and Al-
oxyhydroxides. The immobilized U(VI) and Tc(VIl) were found to be stable againstithegloy rela-
tively high concentrations of Ca(NJ@ solution (up to 50 mM). However, significant amounts of dissolu-
tion or desorption of U(VI) and Tc(VIl) can occur in the presence of carbonates (50 mM XHEO
cause of the formation of uranyl-carbonate species and the surface complexati@m loalvenate and
Al-oxyhydroxides. The geochemical model using HydroGeoChem v5.0 did well in predictingdhe a
base behavior of the sediment-solution system under variable pH conditions and sntredsediment
solids as a polyprotic acid or alkali. Comparison of model results with experirdetdabf major ionic
species (e.g., U, Tc, Al, Ni, Co, Ca, Mg, §0ndicated close agreement. The present study demonstrates
the feasibility and a potential remedial option for immobilizing U(VI) and TMkrough the subsurface
pH manipulation, particularly for soils and groundwater contaminated with higls lefval, U, and Tc
at a low pH.
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Hydrogeophysical Quantification of Plume-Scale Flow Architecture and
Recharge Processes at the Oak Ridge IFRC

Session: Oak Ridge IFRC (Program Lead: Philip Jardine)

Susan S. Hubbard, Lawrence Berkeley National Labora@nggory S. Baker, University of Tennessee,
David Watson, Oak Ridge National Laboratory, Jinsong Chen, Lawrence BerkéieydNaaboratory,
Michael Kowalsky, Lawrence Berkeley National Laboratory, Erika Géspex, Lawrence Berkeley Na-
tional Laboratory, David Gaines, University of Tennessee, Aubrey Modi, Univefsitennessee, Philip
Jardine, Oak Ridge National Laboratory (lead PI)

We present two joint inversion approaches for integrating multiscale hydrogab|@gochemical,
and geophysical datasets to: (1) quantify subsurface architecture that megaafflow at the plume
scale, and (2) monitor subsurface processes potentially induced by recharge.tiiéeapgtoaches us-
ing datasets collected across the ORNL DOE Integrated Field Reseateh &¢he ORNL in Tennes-
see, where large precipitation events may impact contaminant concentraticanspart.

Quantification of aquifer architecture was met through developofeatBayesian framework that
permits simultaneous inversion of surface geophysical and wellbtaset® thereby jointly honoring all
available (multiscale) datasets and minimizing errors assatiwith conventional inversion of surface-
based geophysical datasets. The developed framework was testpduwéice seismic refraction travel
time and wellbore-based lithofacies datasets collected ataker{dge site. The analysis indicated that
the incorporation of local-scale depth constraints, provided by wellbtasads in the geophysical inver-
sion procedure, significantly reduced the uncertainty in the essrma®ibsurface architecture obtained
using surface seismic-refraction datasets. The analysislelis®ated the location of a seismic low ve-
locity zone that may serve as a preferential subsurface flowpath along theapigme

To meet the second objective, we are using coupled numerical modetplore the sensitivity of
time-lapse electrical tomographic (ERT) methods for monitorexharge-related processes, such as
changes in moisture due to infiltration or contaminant dilution. We taveloped a coupled numerical
framework that co-simulates hydrological and geophysical phenommh#hat permits incorporation of
hydrological, geochemical, and geophysical measurements colleciebeitveen wellbores. The model-
ing is allowing us to distinguish the impact of different rechaelgted processes on the geophysical
signature and to gain confidence in the use of surface-based E&®tUnemments for monitoring recharge-
related processes across the plume.

Ultimately, we will superimpose our seismic-based architectuantification with the electrical-
based recharge monitoring estimates to gain insights about pmessseiated with natural episodic,
seasonal, and annual recharge along the plume extent.
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Site-Wide Oak Ridge FRC Watershed Monitoring of Con  taminant Distribution
and Attenuation Processes

Session:Oak Ridge IFRC (Program Head: Philip Jardine)

Brian Spalding, Oak Ridge National Laboratory, David Watson, Oak Ridge Natiabatdtory, Phil
Jardine, Oak Ridge National Laboratory (lead P&n Zhang, Oak Ridge National Laboratory, Guoping
Tang, Oak Ridge National Laboratory, Jack Parker, University of Tenndsst&. Kostka, Florida
State University, Stefan J. Green, Florida State University, Om Prakiasida State University, Wei-
Min Wu, Stanford University, Gengxin Zhang, Oak Ridge National Laboratory, Shelly Kegonne
National Laboratory, Tonia Mehlhorn, Oak Ridge National Laboratory, Kenneth Lowe, i@gd Ra-
tional Laboratory, Kenneth Kemner, Argonne National Laboratory, Craig Criddle p8tdufiversity,
Christopher Schadt, Oak Ridge National Laboratory, Wensui Luo, Oak Ridge Natiboahtaay, Bao-
hua Gu, Oak Ridge National Laboratory, Juske Horita, Oak Ridge National Labp&totlyBrooks,

Oak Ridge National Laboratory

As part of the ERSP IFRC at the Oak Ridge National Laboratory, an intensive gedenednd
stream water sampling campaign was initiated throughout Bear Creekhvemtén November 2008, to
obtain a spatial distribution of contaminants (uranium, technetium, nitrate, and)aeigitgous geo-
chemical characteristics, dissolved gases, isotopic abundances of key,spatimicrobiological char-
acteristics. The objective of this characterization effort was to obtairment spatial and temporal pic-
ture of contaminant distribution as an aid to site-wide modeling tasks, and to proyvceietations
with ongoing natural attenuation processes for uranium, nitrate, and acidity anigiinam the former
S3 wastewater impoundments at the head boundary of the watershed. Maps showing cuitvatibdist
of contaminants and pertinent chemical characteristics, including dissobsesl gae presented. The dis-
tribution of denitrifying microbial activities was assessed using molebidéogical techniques. Isotopic
abundances were measured on dissolved nitrogen and nitrous oxide and on dissolved nitrata- The dist
bution of groundwater characteristics was used to bound site-wide model and to identiimy loca-
tions delineated by geophysical characterization. Selected soil sampéeanadyzed for speciation of
their uranium contamination using x-ray adsorption spectroscopy. In a supporting te&sistoerthe
magnitude of natural attenuation of uranium, samples of uranium-contaminated s@hwaagpsulated in
hydrogels and weather@a situin minimally impacted groundwater for over two years. The kinetic
“half-life” of uranium retention in six naturally attenuated soils ranged l@1\We5 and 1.5 years. The
situ hydrogel technique is being employed to evaluate several ongoing manipulation itept®ve ura-
nium immobilization using pH-adjustmetm, situ bioreduction with slow-release substrate, and solubil-
ity control with phosphate amendment.
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Laboratory and In Situ Biostimulation of Uranium Reduction and Immobilizat ion Us-
ing Long Chain Fatty Acids Containing Organics as S ustained Release Electron Donors
at the Oak Ridge IFRC Site

Session: Oak Ridge IFRC (Program Lead: Philip Jagji

W-M Wu and C.S. Criddle, Stanford University; D\WWatson, T. Mehlhorn, K. Lowe G. Zhang, B. Spaldigg,
Brooks, Ch. Schadt, F. Zhang and P. Jardine, OdggeRiNational Laboratory; S. Kelly and K. Kemnergénne Na-
tional Laboratory; Y. Wu and S. Hubbard, Lawrenezk&ley National Laboratory; G. Baker, Universifyl@nnes-
see

Bioreduction of U(VI) to U(IV) with ethanol as ateetron donor was tested over a 4 year period aidea-
tions on the ORIFRC site. Low U concentration (keldS EPA MCL of 0.03 mg/L) were achieved by frequien
jection of electron donor. To reduce the costsimmove the sustainability for remediation and sit@intenance,
we are exploring the effectiveness of slowly degrgdubstrates, such as a Ca-oleate, and a conainenailsified
vegetable oil (SRS) as alternative electron donarces.

Microcosm bottle tests using site subsurface m@gdia650 mg/kg) and groundwater (pH 6.9; Ca, 2.6 mM,;
trate, 0.5 mM; sulfate, 1.1 mM; bicarbonate, 6.8 wire used for the performance evaluation undmrktory
conditions. In order to examine the effect of gglfane set of microcosms was amended with vatgwvels of sul-
fate. Both oleate (a long-chain fatty acid withce8bons) and the emulsified vegetable oil (60%wih 6% biode-
gradable surfactant) supported nitrate reductiolfiate reduction, Fe(lll) reduction and U(VI) renad¥rom aque-
ous phase. U concentrations fell from >3.0 mg/armund 0.1 mg/L within 3 months. The reduction ¢¥l) to
U(lV) in sediments was confirmed by XANES analysisere after 3 months, the fraction of U(IV) in tothin-
creased to 56, 35, and 56% with ethanol, oleat& pdnrespectively. The Fe(ll) and acetate conbersediment also
increased after reduction. Acetate was the materrimediate of the degradation of ethanol, oleatd,al. Results
from the various microcosm tests suggested thaebiation of U with oil can be sustained longer.

Microbial community analysis using 16S rRNA genend library analysis indicated that the microcosms
amended with ethanol, versus those amended withdbain fatty acids such as Ca-oleate and vegetdligxtures
(SRS), have strong differences. While a predomieaid-e(lll)-reducing and sulfate-reducing Deltapabacteria
were found all amended sediments compared to dengenera level composition and diversity pattearsed
dramatically. Diversity was greatest in the compésubstrate (SRS) amendment, followed by Cateleand fi-
nally ethanol. Ethanol stimulated a community daatea byClostridia andDesulfovibrio(with Desulphorhopalus
andGeobacterlso important). Contrastedly oleate and SRS weminated byDesulforegulaSyntrophomonas
andDesulfocapsdwith GeobactetandDesulphorhopaluslso important Varying sulfate concentrations tended to
shift the relative importance of dominant genertoinia substrate type, but to a much lesser extant substrate
type (e.g., ethanol versus fatty acids). Archdehliies also showed methanogens tended to deasthssulfate
level. The increased complexity observed with fattid substrate types (SRS and oleate) combinddowit knowl-
edge of the physiology of cultured representatofedominant genera, such @gntrophomonaandDesulforegula
suggest that more complex syntrophically basedioglships may be important in determining commusttycture
and reduction outcomes than previous efforts witlaol and other simple donor substrates.

Based on the results of microcosm tests, we ifiestihe emulsified vegetable oil (SRS) for ousfin situ
bioreduction experiments. Laboratory batch and flomugh column experiments were carried out t@stigate the
sensitivity of geophysical method to SRS injectiBrior to the injection of SRS, groundwater samplege taken
from more 50 wells for background geochemistry syrwnicrobial samples of groundwater and sedimemewol-
lected from selected wells, and site hydrology aleeracterized by bromide tracer test and surfametredal meth-
ods. The field stimulation test has been startadea©ORIFRC site On February 9, 2009, diluted S&&tion (20%
concentration, 900 gal volume) was injected inte¢hnjection wells within 1.5 hours. The distrilout of SRS in-
jected and biogeochemical process has been matisimee the SRS injection through analysis of Wil sam-
ples and time-lapse surface electrical methodmaryi results showed that bioactivities of denttafion, Fe(lll) re-
duction and sulfate-reduction occurred in sevematitoring wells one week after the injection, mdiabter than mi-
crocosm tests. Long-term monitoring is in plac&ack the continuing dynamics and reduction duraiiothis test
area.
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Multiprocess and Multiscale Modeling and Data Analy  sis at IFRC Site,
Oak Ridge, Tennessee
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Fan Zhang, Oak Ridge National Laboratory, Guoping Tang, Oak Ridge National Laboratkr{Parker,
University of Tennessee, Jian Luo, Georgia Institute of Technology, Wei-Min Wafp&taJniversity,
Gengxin Zhang, Oak Ridge National Laboratory, Shelly Kelly, Argonne National Liabprdionia
Mehlhorn, Oak Ridge National Laboratory, Jack Carley, Oak Ridge National tatyorigenneth
Kemner, Argonne National Laboratory, Craig Criddle, Stanford Universitysjptier Schadt, Oak
Ridge National Laboratory, Wensui Luo, Oak Ridge National Laboratory, Baohua Gu, dopkNRi-
tional Laboratory, Brian Spalding, Oak Ridge National Laboratory, Scott BrooksRidgk National
Laboratory, David Watson, Oak Ridge National Laboratory, Philip Jardine, @gk Riational Labora-
tory (lead PI)

Multiprocess and multiscale modeling and data analysis of the f@ePonds waste disposal site
on the Oak Ridge Reservation have been performed to develop agiracidel, to simulate the biogeo-
chemical processes that control contaminant uranium mobility anohétedly) to predict remediation of
the geochemically complex site. The computer code HydroGeoChem &bdbmprehensive model for
fluid flow, thermal ,and reactive transport. HydroGeoChem was coupith the nonlinear inversion
code PEST and used as our primary modeling tool.

Uranium containing precipitates have been observed in a dolomitiel dilhas a result of exposure
to acidic groundwater from the underlying saprolite contaminated Wwyithl, SO;> and NQ. Over 80
sampled regions show that uranyl carbonates are present with amdopkalisninite as coatings on the
gravel and as individual precipitates in the fine material. dunldérium precipitation/dissolution reac-
tion model was developed to simulate the groundwater geochemical compositiomeandval resulting
from exposure to high pH carbonate gravel. To investigate thebilagsof U(VI) reduction with a
slowly degrading electron donor, microcosm tests using uranium @A)aminated sediments and
groundwater amended with calcium oleate were performed under anaarabient temperature condi-
tions in the presence of sulfate. Oleate was degraded by indigeraasnganisms with acetate as a ma-
jor product. A kinetic bioreaction model was developed to simulateafhid removal of U(VI) from the
agueous phase associated with oleate degradation, acetate productiaffatendesiuction. Local-scale
models were developed for Area 2 and Area 3 to facilitate iriepon of flow and tracer studies and to
investigate the impacts of aquifer heterogeneities and nonequilibnass transfer on degradation rates
of contaminants. Reaction models developed through simulation of batch, cahanireld experiments
will be incorporated into the local-scale models to help interpret future on sitigaten.

Long computational times and high spatial and temporal variability have been icomgtoar abil-
ity to predict site-wide contaminant transport in the field. We have made saifirogress in reducing
computational time using parallel computers and are addressing observatibilityaneacalibrating the
site-wide transport model for the OR IFRC site. Parallelization of HydrolB&o@sing OpenMP, use of
a parallel version of PEST, minimization of the model domain to focus on the dissolver] phdruse
of 10 to 20 computer nodes with two or four processors on each node for model calibration has reduced
computational time from months to days. With an equivalent single porosity model, aldete cap-
ture major spatial and temporal trends in historical nitrate concentration atizesyWe are further im-
proving the efficiency of HydroGeoChem and Parallel PEST with MPI, using a dusitgyanodel to
better describe the nonequilibrium mass-transfer processes, and increasesgltiteon to incorporate
variability in the smaller-scale processes. We are moving toward deeriopifma multiscale, multiproc-
ess numerical model for the prediction of contaminant migration in complex ¢iallel-snvironments.
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In Situ Bioreduction of Uranium in an Alluvial Aquifer: Ov erview of Results from
the Integrated Field-Scale Subsurface Research Chal lenge Site (IFRC)
at Rifle, Colorado

Session: Rifle IFRC (Program Head: Philip Long)

Philip E. Long, Pacific Northwest National Laboratory (PNNL), Richland, WAd(IRB, Jill Banfield,
University of California, Berkeley, CA, Darrell Chandler, Akonni BiosysieFrederick, MD, James
Davis, U.S.G.S., Menlo Park, CA, Richard Dayvault, SM Stoller, Inc, Grand Junction, COt Rebe
tich, Oak Ridge National Laboratory, Oak Ridge, TN, Susan Hubbard, Lawrencedgdxational
Laboratory, Berkeley, CA, Peter Jaffe, Princeton University, Princeton,déJKerkhof, Rutgers Uni-
versity, New Brunswick, NJ, Ravi Kukkadapu, PNNL, Mary Lipton, PNNL, DereképJniversity of
Massachusetts, Amherst, MA, Aaron Peacock, Microbial Insights, Rockford, Tik Spmne, PNNL,
Nathan VerBerkmose, Oak Ridge National Laboratory, Kenneth H. Williams eha@Berkeley Na-
tional Laboratory, Steve Yabusaki, PNNL, The Rifle IFRC Science Team,-Msiiiutional

The U.S. Department of Energy's IFRC at Rifle, Colorado, conducts multiscalelisaiptinary re-
search on uranium bioremediation in naturally complex subsurface environments. Thehovgigoal
of the project is to develop a mechanistic understanding of the physical, chemical, agi¢dliproc-
esses and properties controlling uranium mobility in these settings. Key astadyoinclude (a) spa-
tially variable material properties that can evolve during biostimulatrggochemical and microbial
controls on stimulated U(VI) bioreduction by iron-reducing microorganisms, {¢) 9¢rption under
iron- and sulfate- reducing conditions, (d) post-biostimulation uranium stability eamavaéfrom
groundwater, and (e) rates of natural bioreduction of U(VI). The Rifle IFRC has dethfileee of seven
planned field experiments, including two that used novel proteogenomic and stable isotopetpobbing
nigues to track the metabolic status of microorganisms stimulated by addéten and involved in the
removal of U(VI) from groundwater. Results from the acetate amendmentxXddments demonstrate
the ability to rapidly remove U(VI) from groundwater to levels at or below themuen contaminant
level (0.13uM) under high alkalinity conditions (8 meg/L) and in the presence of elevated ca&ium (
mM). Enzymatic reduction of U(VI) initially occurs when Fe(lll) is the propaditerminal electron accep-
tor and the subsurface is dominated3sobactersp. However, results from 2008 confirmed the impor-
tance of achieving sulfate reduction for continued removal of U(VI) from influeningiwater after ace-
tate amendment is stopped. A third field experiment conducted in 2008 under conditions of intreased a
kalinity in the absence of biostimulation resulted in desorption of U(VI) from theneets, enabling us
to enhance our predictions of sorption behavior under ambient field conditions at the &ifle 2009,
we will assess the effect of abiotic reducing conditions (Fe(ll) amendmeniMinddrption and, in a
separate experiment, determine if limited additional acetate can be tuflth enhanced U(VI) re-
moval. The project will then be in a position to combine bioreduction and desorption experimieats in t
field under Fe(lll)-reducing and then sulfate-reducing conditions. Results should asablaccurately
combine surface complexation models (SCM) and bioreduction in reactive transpdd agrdss a
range of subsurface hydrological, geochemical, and microbiological conditions.
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Uranium Desorption from Contaminated Sediments at t he IFRC Site in
Rifle, CO: From Batch to Field
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Patricia M. Fox, U.S. Geological Survey, Sung Pil Hyun, University of Michigared@&mbDavis, U.S.
Geological Survey, Kate Campbell, U.S. Geological Survey, Kim F. Hayesetditivof Michigan,
Richard Dayvault, SM Stoller, Aaron Peacock, Haley Aldrich, Mark Conrad, lreerBerkeley Na-
tional Laboratory, Kenneth H. Williams, Lawrence Berkeley National Labgra®dnilip E. Long, Pacific
Northwest National Laboratory (lead PI)

Uranium contamination in the subsurface is a part of the legacy of nuclear weaponsgyngrene
duction, resulting from both mining activities and nuclear waste disposal. limggdoailogical, geo-
chemical, and hydrological studies, the Rifle IFRC project focuses on gainingarbethanistic under-
standing of U mobility in the subsurface and the use of bioremediation to achieve groutfle@teen-
trations below the MCL at a former U mill tailings site. As a part of this proyee are initially investi-
gating U(VI) sorption-desorption and transport behavior under oxidizing conditions atehis s

To obtain parameters needed for field-scale modeling, a series of U(VI) aoisamd desorption
experiments with aquifer sediments were conducted in batch and column reactorsh&beigh ad-
sorption and desorption data, a surface-complexation model was developed to descrildesd(ytjon
and transport behavior under high alkalinity conditions in a column experiment with theesdgiments.
Results from the column experiment indicate that U(VI) desorption is kingtloalted at flow rates
corresponding to typical groundwater velocities in the field, and that calcitipipggon has a large ef-
fect on the predicted U(VI) desorption.

An array of multilevel samplers (MLS) was installed at the Riflafgte to monitor U(VI) transport
over 3D spatial and temporal scales. Sediment core sample analyses, nenteaeiests, and biogeo-
chemical groundwater sampling indicate a high degree of geochemical, hydrokmgichiological het-
erogeneity. To assess uranium desorption behavior at the field scale, a U(Mbfidedascer test was
performed in which 1000 L of water, amended with 40 mM Nakl@ng with Br and BO as conserva-
tive tracers, was injected into two adjacent wells at three differerdtela intervals. Breakthrough data
collected from downgradient MLS demonstrated the existence of a slow-moving zone ffagpimthe
shallowest region of the aquifer (21 ft bgs) and a faster-moving zone (0.5 m/dagilldeaper in the
aquifer (25 ft bgs). These zones correlated with finer-grained sediments and &agandgspectively,
observed in core samples. U(VI) desorption from the sediments was greaterhiallihg zone of the
aquifer and increased with transport distance in both the fast and slow-moving zonese$hks are
being used to assess the impact of field-scale heterogeneities on Uergacisport in contaminated ag-
uifers. Experiments investigating U(VI) sorption, abiotic reduction, and transpont iatiieing condi-
tions are under way in order to understand U(VI) behavior over a wide range of geothendd#ns.
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Microbial Growth, Activity, and Succession in Respo nse to Electron Donor
Amendment at the Rifle IFRC: Il. Results from Colum  n and Batch Experiments
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Peter Jaffe, Princeton University, Lee Kerkhof,d@us University, Ravi Kukkadapu, Pacific Northwissttional
Laboratory, Lora McGuinness, Rutgers Universityetgin Moon, Princeton University, Lucie N'GuesdRacific
Northwest National Laboratory, Aaron Peacock, Micab Insights, Nikolla Qafoku, Pacific Northwest titanal
Laboratory, Mike Wilkins, Larwrence Berkeley Nataraboratory, Kenneth Williams, Larwrence Berkelds-
tional Laboratory, Philip Long, Pacific Northwesatibnal Laboratory (lead Pl)

Column and batch experiments were conducted wile BRédiments and groundwater to help interprailteef
ongoing field experiments and design new ones. Exgats have focused on: (1) the effect of ironitold and
limiting concentrations of acetate on the transitio sulfate reduction and efficiency of uraniurduetion; (2) the
effect of microbial composition on long-term uramiwemoval; and (3) post-stimulation dynamics ofttierobial
community.

(1) Column experiments were conducted to studyitfebetween bioavailable Fe(lll) and the switcbrfriron-
dominated to sulfate-dominated reducing conditiansl its effect on the bioreduction of uranium.57egoethite
(0.1 wt%) was amended to half of the columns tokiigoethite biotransformation via Méssbauer spscopy and
to study the effect of Fe(lll) amendment on theedmd sulfate-reducing conditions and the micropigpulation dy-
namics. Columns were sacrificed at regular intereald analyzed for their geochemistry and biomasgosition.
Results showed that U(VI) reduction was not negétiaffected by the shift to sulfate reduction, dmat the addi-
tion of Fe(lll) did not affect timing for the onset sulfate reduction, but suppressed the amoustilédite reduced
and affected the microbial community compositioricfdbial population dynamics were tracked by TRFitBfil-
ing of 16S rRNA genes. Active microbes were deteadiby RT-PCR/TRFLRGeobacteiflike species comprised 0-
60%, DechloromonasndRhodoferax-likespecies accounted for 2—25% of the total pro@lemparison of the RT-
PCR profiles from inflow and outflow indicated tBechloromonasndRhodoferaxike groups were more active
during days 10-80, while tH@eobacteilike group was more active during days 80—100u@wl experiments with
acetate added at limiting conditions (0.5 pM) foarsignificant delay in the transition from ironrdimated to sul-
fate-dominated reducing conditions as compareaManans run at higher (3 to 5 mM) acetate concepmatvith
the transition occurring after 40 and 200 dayspeetvely. While these results suggest that soaifin of the total
pool of Fe(lll) minerals is bioavailable over extien time scales, suppression of low redox conditinrthe low-
acetate column inhibited the overall extent of imanremoval in this column as compared to the ldghktate col-
umn.

(2) The contribution of microbial community to thentinued removal of uranium was investigated io types
of reduced sediment. The first sediment sample \{&&)collected within a plot that had been bioskatad for sev-
eral months in 2007 and 2008. The second sedirmemtle (S2) was collected outside of any previotrsigted
area. 16S-rRNA based microbial community analysi@spholipid fatty acid analysis, and estimatethefmicro-
bial population using quantitative PCR showed thatmicrobial community composition of the sedimsaminples
differed greatly. For example, the percentage@hebacteilike group was greater in S1 than in S2. Batcluliec
tions revealed that the sediment collected fromv&4 able to remove uranium from groundwater, wtedid not.
Columns with S1 and S2 sediment suggested thadthéty of iron-reducing bacteria is longer lagtithan previ-
ously anticipated. Results from this investigatoiggest that the presence and/or activity of aimapmicrobial
population might be essential to the continued reahof uranium from the groundwater.

(3) Rifle sediment was reduced via acetate injedtidaboratory columns for 100 days, after whicktate
amendment was discontinued and columns were sattifit regular intervals over 70 days to track-ptistulation
changes in the geochemistry and biomass. Re$dtgesi a small remobilization of uranium during finst 30
days. The gPCR data showed that the total bionradsiding Geobacterand dsr gene) remained stable for the first
50 days, after which the total biomass declineddigpand no dsr genes @eobactemwere detected in the sediment
after that time. This was also observed for thiiefft, where only total bacteria were detectechffid to 1
cells/ml), but ndGeobacterand dsr gene.
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Sedimentology and Fe-Mineralogy of the Rifle IFRC A lluvial Sediments: Implica-
tions for In situ Bioremediation and Long-term Behavior of U(VI)
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tional Laboratory, Richland, WA, Bruce Arey, Pacillorthwest National Laboratory, Richland, WA, Yi-Bott,
Pacific Northwest National Laboratory, Richland, WRichard Dayvault, S.M.Stoller, Inc., Grand Juati€O, Pe-
ter Jaffe, Princeton University, Princeton, NJ, IBheelly, Argonne National Laboratory, Argonne,,IPhilip Long,
Pacific Northwest National Laboratory, Richland, Wi#éad PI) Jim McKinley, Pacific Northwest National Labora-
tory, Richland, WA, Hee Sun Moon, Princeton UnivgtsPrinceton, NJ, Nik Qafoku, Pacific Northwesatidnal
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cific Northwest National Laboratory, Richland, WBhongmin Wang, Pacific Northwest National Laborgt®tich-
land, WA, Steve Yabusaki, Pacific Northwest Natidreboratory, Richland, WA

Characterization of the sedimentology and readtamesport properties of sediments, especially their
mineralogy, is critical for understanding the preses that will control bioreduction of contaminargnium in allu-
vial aquifers. The Rifle IFRC provides an excellepportunity to examine the interaction betweemiuwna and
sediments that are heterogeneous in grain sizeraiogy, and redox status.

SedimentologyWe analyzed geologic borehole log data from thadhester/Big Rusty gallery, classifying the
descriptions into 3 sedimentary facies: Sandy draweddy gravel, and fines. More than 95% of thdireent in the
gallery were gravel, with twice as much muddy gtagesandy gravel. Geologic log data were also tséatkentify
portions of the gallery where reduced sedimentgyseesent. Geostatistical methods were used tgzntie spa-
tial continuity of the sediment types, and to proglblock diagrams and maps of the sedimentarySatigtribution.

To provide field-scale estimates of the physical gaochemical properties associated with the litbiefs, we
are developing property-transfer models betweeimggiae distributions and properties importantdoanium reac-
tive transport. To develop those models, we hapars¢ed Rifle sediment into size fractions for gsial of porosity,
hydraulic conductivity, particle shape and densiitjon exchange capacity, surface area, gammayeaealysis,
and extractable iron geochemistry. Functions d@eataising gamma energy analysis data will enaledigtion of
grain size from spectral gamma borehole logs.Onam-gize distributions can be estimated from boleltog data,
the property transfer models will be used to priegliysical and geochemical properties from theveded grain-
size distributions.

Fe-mineralogy We analyzed samples obtained under various babganical conditions to gain insights into
Fe-mineral (bio)transformation and its implicatiarsU(VI) removal from groundwater: (a) back-
ground/prebiostimulated, (b) biostimulated, (c)unally bioreduced, and (d) column samples. Intal samples, Fe-
oxides (Al-goethite, hematite, and magnetite) aaetlkys (clinochlore and smectite) were dominantritgerals.
Pyrite (Fe$) was evident in XRD of some naturally bioreducedisments.

In some naturally bioreduced sediments (Type A; aN@ster gallery), U was primarily associated withody-
crystalline magnetite-like mineral (up to 200 ppany framboidal pyrite (up to 120 ppm). Almost timtire reduced
sulfur (TRIS)was associated with Fe. Uranium amounts on franathgigtite, however, were inhomogeneous, appar-
ently related to weathered state and microcrysfgiegation in the framboid. U existed both as U@fl U(1V),
based on U-XANES of Fe-rich regions of a polish@d-section. The mixed U speciation may be dud&¢onineral
phase (magnetite versus pyrite), the framboidalatharistics, or the age of the mineral-U aggregate

Bioavailable Fe(lll), TRIS, ankicarbonate extractable U contents of the biostited (to sulfate-reducing
conditions Big Rusty gallery) and a different tygfenaturally bioreduced sediment (Type B; La Qusgdiment)
were similar. In these samples, Fe-sulfides weteasalominant as in the Type A sediment. Also kaniin the Type
A sediments, only a fraction of the TRIS was assed with Fe; pyrites and other Fe-sulfides were.réhe
amounts of TRIS were an order of magnitude less ithéhe Type A sediments. A new, yet-to-be-ideadifFe-
phase was evident from Mdssbauer. The nature daafohis Fe-mineral phase in U sorption are uridegstiga-
tion.
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Lucie N'Guessan, Pacific Northwest National LabamgtAaron Peacock, Microbial Insight, Darrell Chéar,
Akonni Systems, Lee Kerkhof, Rutgers Universityrd &cGuinness, Rutgers University, Kenneth Williaioew-
rence Berkeley National Laboratory, Derek Lovileynivwérsity of Massachusetts, Amherst, Jillian Badfi&niver-
sity of California, Berkeley, Philip Long, Pacifidorthwest National Laboratory (lead PI)

Research activities at the Integrated Field Research ChallengeRifke, CO, have demonstrated
that uranium can successfully be removed from groundwater to levels far beloaxineum contami-
nant level set by the U.S. Environmental Protection Agency. During two suesasivner experiments,
Winchester (2007) and Big Rusty (2008), 5 to 25 mM acetate were added to the subsurfacataver a t
period of ~160 days to stimulate the activity of dissimilatory metal-reducictgrite able to reductively
precipitate uranium and/or create conditions favorable for the sequestrationasfitmeiclide. As ob-
served and reported in previous field experiments, the addition of acetate to theasehssulted in a
succession of bio-geochemical changes broadly characterized by an ironereghese, a transitional
period, and a sulfate-reduction phase. The Winchester experiment was designed tie ¢hecidacha-
nisms of uranium sequestration under iron-reducing conditions, while microbial m®cesdributing to
the removal of uranium from groundwater under the transitional and sulfate-reducties peas the
focus of the Big Rusty experiment. Several molecular-analysis approacleessedrto distinguish be-
tween the different phases of biostimulation initiated by the addition of acethgedolisurface.

Phospholipid fatty acid analysis (PLFA) as well as quantitative-PCR usmgrgrspecific to differ-
ent groups of bacteria showed that the overall groundwater microbial populationedoogas the first
15 days of biostimulation, but remained stable thereafter. Terminal restriggment length polymor-
phism (TRFLP) of 16S rRNA genes, used to fingerprint the groundwater bacterial mysutatring the
Winchester experiment, demonstrated thabbactersp., as well a&eobactedilike strains, dominated
the overall community profile in groundwater under iron-reducing conditions. Furtheranstiable iso-
tope probing (SIP) experiment was initiated and ascertained that the grour@eait@cterandGeo-
bacterlike organisms were actively utilizing acetate to replicate tmome. Similarly, SIP incubations
with sediment collected within the biostimulation plot suggested that thera ska of bacteria from
the sediment to the aqueous phase during biostimulation.

During the Big Rusty experiment, a microarray-based environmental diagrystémsvas devel-
oped to monitor microbial community structure and dynamics in the groundwater on the fiel@.0"he
Bioremediation TruArray™ containing four replicates of 150 thermodynamicakiynbeatl probes target-
ing 35 genera of metal-, sulfate- and nitrate-reducers, dechlorinators and ézsmead used to analyze
samples in the field. Probes targettBgobactemere the most reactive during the Fe-reduction phase,
while those targetin@esulfobacteandDesulfitobacteriunwere the most reactive during the transi-
tional phase and into sulfate reduction, with a consiflesulfotomaculunsignature throughout the
field experiment and a general decreasBaobactelS/N ratios. These corroborated in-field screening of
SRB that utilized 16S-based primers specific for different groups of SRB and deatexh#hat the mi-
crobial community composition of the groundwater during sulfate-reduction is much mergedihan
during iron-reduction, and the community of SRB is complex.

Additionally, gene transcripts levels were quantified@aobacterspecific citrate synthasgl{A).
Results from this study suggested tBaibbactersp. were still active during sulfate reduction when the
system was dominated by SRB. This finding implies that during the sulfate-tedpbfise of biostimu-
lation, dissimilatory metal-reducing bacteria suclasbacteicontinue to contribute to the reductive
precipitation of uranium.
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P. Mouser, University of Massachusetts, M. Newntmiyersity of Florida, L. N'Guessan, Pacific Nortest Na-
tional Laboratory, N. Qafoku, Pacific Northwest Matl Laboratory, J. Ranville, Colorado School ahbs, T.
Resch, Pacific Northwest National Laboratory, Wuket, Colorado School of Mines, M. Wilkins, LawrenBerke-
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Understanding where to use active remedial technologies, and where passiueabsystiems can
be relied upon for remediation of uranium plumes, requires knowledge of the subsurfadeattatura-
tion capacity. An important component of understanding the natural attenuation capagityg @ o
guantify the extent and rate of natural uranium bioreduction occurring indigenously.

One feature of the Rifle IFRC site is naturally occurring zones of bioreductioreffElet of these
zones on the fate and transport of uranium in the subsurface is likely key to acadatiéoprof natural
attenuation of U in alluvial aquifers with high organic matter. During the sumn2&08f, geophysical
surveys were conducted to locate zones of natural bioreduction at Rifle. In the2f2liyfexploratory
boreholes were drilled in three of the most promising areas identified by the geapbysieys, and a
total of five wells were installed. The location of the wells was largatgessful, in that each of the ar-
eas did contain bioreduced zones. Sediment from well LQ-107 was chosen for initialestratan due
to apparent sulfide precipitates. Geochemical results showed the total Fe obagatitnent from the 20
ft depth was 10.5 pumol/g, Fe(ll) was 8.28 umol/g and total U was 3.36 pgrams/g. The amoahtef tot
duced inorganic sulfur (TRIS) extracted from LQ-107 at the 20 ft depth was 6.85 umol/g asithilas
to that extracted from biostimulated sediments after prolonged (100+ day) aretstgment. We infer
that the TRIS from LQ-107 is the result of natural microbial activity, whichatiésast partially respon-
sible for the observed geophysical anomalies that led to selection of the watinobk&crobial quantita-
tive polymerase chain reaction (QPCR) analysis targetingEataacteriaprovided an estimate of 10
cells/g at the 20 ft depth and*i€klls/g ofA-proteobacteria. Previous results from another bioreduced
zone at Rifle contained a significant amount of solid phase carbon, even relativarnmtims utilized
during active biosimulation of iron and sulfate reducing bacteria. The high carbtorfsda the natural
bioreduced zones may have the potential to maintain long-term reducing conditions andnibins ura
stability. Analysis of sediments recovered from other such locations istywmeder way.

An immediate question about natural bioreduction zones is their possible role as net cosimes
for uranium and other compounds. A thorough understanding of how these zones impact the overall ura-
nium flux at a site will be critical to the decision-making process and maeag@fthese plumes. As a
first step in this process, we are deploying passive flux meters (PFMs) intdhal béoreduction zones.
The PFMs will provide both the water and uranium flusitu. We also plan other reactive and nonreac-
tive tracer tests to ascertain the actual rates of bioreduction in these/ooier related part of our
science effort includes the detailed characterization of background microfiaiunities at the Rifle
site. During this year’s field experiment, changes in the microbial communifjeprbbackground
wells were studied. Results suggested that the microbial community compositideraffected by sea-
sonal fluctuations in the groundwater table typified by changes in organic carbon cossatvedi oxy-
gen, and other parameters. We have also identified several types of bacteribdokground samples,
including those known for nitrate reductiddgchloromonaspp.), Fe reductiorf3eobacteispp and
Rhodoferaxspp.), and sulfate reductiobésulfotomaculurspp andDesulfovibriospp). Understanding
the role these bacteria may play in the natural bioreduction of U at Rifle is aofdciisre research.
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Biosciences, Oak Ridge National Laboratory, Oak Ridge, TN, Kenneth H. Willizemth Science Divi-
sion, Lawrence Berkeley National Laboratory, Berkeley CA, Stephen J.t@alBsological Sciences
Division, Pacific Northwest National Laboratory, Richland WA, Paula J. Mousgarieent of Micro-
biology, University of Massachusetts, Amherst MA, Hila Elifantz, DepartraeMicrobiology, Univer-
sity of Massachusetts, Amherst MA, Lucie N'Guessan, Department of Micropjdlmgversity of Mas-
sachusetts, Amherst MA, Brian C. Thomas, EPS, University of California, IBgrk&A, Carrie D. Ni-
cora, Biological Sciences Division, Pacific Northwest National LaboraRighland WA, Manesh B.
Shah, Chemical and Biosciences, Oak Ridge National Laboratory, Oak Ridge, TRpRedm,
Chemical and Biosciences, ORNL; Genome Sci and Tech, Uni of Tennessee, KnoxvikemIm.
Handley, EPS, University of California, Berkeley, CA, Mary S. Lipton, Biolddgsz@ences Division,
Pacific Northwest National Laboratory, Richland WA, Derek R. Lovley, Depantof Microbiology,
University of Massachusetts, Amherst MA, Robert L. Hettich, Chemical andiBm®s, Oak Ridge Na-
tional Laboratory, Oak Ridge, TN, Philip E. Long, Energy and Environment Direct&atdic North-
west National Laboratory, Richland WA (lead,Rlijlian F. Banfield, EPS, University of California,
Berkeley, CA; LBNL, Berkeley CA

Uranium bioremediation within the acetate-stimulated Rifle aquifer igisest throughout a transi-
tion from Fe(lll)- to sulfate-reducing conditions. Analyses to date of the JFeftilicing proteome dem-
onstrated metabolic shifts as geochemical conditions evolve during the ongoingoredtitt(V1) to in-
soluble U(IV). Three planktoniGeobacterdominated communities were recovered from the U-
contaminated aquifer during the 20@%&itu acetate amendment experiment. The samples were taken
over a period of stimulated Fe(lll) reduction. Over 2,500 proteins were identifiedrpplesby matching
LC MS/MS spectra to peptides predicted from seven is@atshactelgenomes. Genome-specific pep-
tides indicate early proliferation of multiple M21 a@d bemidjiensidike strains and later dominance by
M21 andG. bemidjiensidike strains more closely related® lovleyi Throughout biostimulation, the
proteome is dominated by enzymes that convert acetate to acetyl-CoA and piynueatdral metabo-
lism. Later in bioreduction, decreasing abundances of ribosomal proteins, ATP symibgs®sphate
and nitrogen acquisition proteins indicate slowing biomass production, whereas san€eESaA cycle
proteins and flagellin suggest a transition toward attachment, possibly drivepdnddace on less read-
ily reducible iron oxides. Changes in U(VI) groundwater concentrations may be ssseath both the
community and physiological shifts that occur over the period of microbial Fe(dliction. Results
demonstrate that metagenomics-independent proteomics can resolve population phgstkigain
composition of subsurface communities. Research currently under way aims to erafgoynps cou-
pled directly with metagenomics (in the absence of sufficient pure-culture gedata) to explore the
dynamic functions of sulfate-reducing consortia dominating during later stagebiegion.
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Induced Polarization and Biosensor Studies atthe | = FRC Site in Rifle, CO
Session: Rifle IFRC (Program Head: Philip Long)

Kenneth H. Williams, Lawrence Berkeley National Laboratory, Berkeley,Atiian Flores Orozco,
University of Bonn, Germany, Andreas Kemna, University of Bonn, Germany, Susan S. d{ulzvar
rence Berkeley National Laboratory, Berkeley, CA, Darrell R. Newconaeifi® Northwest National
Laboratory, Richland, WA, Frank A. Spane, Pacific Northwest National LaboratatylaRd, WA,
Kelly Nevin, University of Massachusetts, Amherst, MA, Ashley Franks, &Jgity of Massachusetts,
Amherst, MA, Derek R. Lovley, University of Massachusetts, Amherst, MAt 8talton, Tulane Uni-
versity School of Medicine, New Orleans, LA, Diane A. Blake, Tulane Univessihpol of Medicine,
New Orleans, LA, Philip E. Long, Pacific Northwest National Laboratory, Richl&/A (lead PI)

Research activities at the IFRC site in Rifle, Colorado, are designeddgmietéiological, geo-
chemical, and hydrological studies to enhance our understanding of subsurface uraniumassbi-
ated with both natural and stimulated biogeochemical processes. As part of tihjsvefioave devel-
oped and field-tested a variety of novel sensor-based analytical approadtesditave used the sur-
face spectral induced polarization (SSIP) geophysical technique to chaeatterdistribution of zones
of natural bioreduction across a portion of the Rifle floodplain and to estimateossiatihydraulic
conductivity. This effort extends ongoing work using SSIP measurements to monitardhiegecal
changes accompanying acetate amendment performed under the LBNL SFArpssgnam. Spatial
variations in the phase response between imposed electric current and relsgtidnfield were found
to correlate with changes in mineralogy and pore fluid composition associated vattctimulation of
reduced chemical species (e.g., Fe(ll) and bisulfide) and mineral precipitate$eS) accompanying
natural microbial activity. By altering the flow of electrical charpe precipitates and electroactive ions
generated sufficiently large phase anomalies (<15 mrad) to allow for thdiadian of drilling targets
subsequently found to contain elevated levels of microbial biomass, reduced inoufani@asd ura-
nium. The SSIP technique was also used to estimate values of saturated hydraulitvitigndaexist-
ing empirical relationships between complex conductivity and permeability. Albhowmsite specific,
these relationships yielded permeability estimates in excellent agneenth values obtained using both
slug tests and borehole flow meter data. Second, we have developed sensor platfdrie®téna
monitoring thean situ activity of Geobactestrains during stimulated bioremediation and (b) rapidly
quantifying levels of uranium removal. For the former, anodic graphite electredesnstalled at mul-
tiple depths in boreholes downgradient from a region of acetate injection; cathodstedoofsgraphite
electrodes embedded at the ground surface. Increases in current @&asityd(nT) resulting from elec-
tron transfer by anodophilic microbes tracked the delivery of acetate and the penptohnal uranium
removal, with vertical variations in current flow reflecting aquifer tegeneity. Changes in current den-
sity were not observed for an upgradient control. Cessation of acetate additicedrgsaltapid de-
crease in current density; however, current flow was maintained for extended pétious (100+ days)
thereafter. Confocal microscopy of an electrode revealed a firmly affiedithhiwith community analy-
sis detecting sequences dominatediepbacterstrains (ca. 70%). Field-testing of two uranium-selective
sensors was also completed along with refinement of the methodological approacimsohe wiized a
fluorescent monoclonal antibody capable of binding a’?Udicarboxyphenanthroline complex in a ki-
netic exclusion immunoassay format. After calibration, changes in fluoresesuteng from binding of
the antibody to the uranium-chelate complex successfully quantified decreasssumuroncentration
accompanying acetate amendment. Decreases calculated using the immungseniavsto <0.13
1 M) were corroborated by kinetic phosphorescence analysis of duplicate santpl#ise wo methods
exhibiting excellent agreement®.88).
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Reactive Transport Modeling of  In Situ Biostimulation Experiments at the Rifle
IFRC: Progress to Date and Remaining Knowledge Gaps

Session: Rifle IFRC (Program Head: Philip Long)

Steve Yabusaki, Pacific Northwest National Laboratory, Yilin Fang, Raddrthwest National Labora-
tory, Jim Davis, U.S. Geological Survey, Li Li, Lawrence Berkeley Natibabbratory, Carl Steefel,
Lawrence Berkeley National Laboratory, Philip Long, Pacific NorthwesibNal Laboratory (lead PI)

The reliable engineering of microbially mediated uranium immobilization unessecific subsur-
face conditions will require a predictive and quantitative understanding of thepptipobcesses and
properties controlling uranium biogeochemistry. Here, we describe the concepioialcf reactive
transport process models for the Rifle IFRC, evolution to the current modeling @gpabd principal
knowledge gaps that are being addressed by ongoing field and laboratory studies.

The initial conceptualization of the biogeochemistry of uranium bioremediatiorowadédd on
laboratory studies published in the early 1990s that identified acetate-oxidizihgrEd(cing microor-
ganisms that could concomitantly reduce aqueous U(VI) to insoluble U(1V). Biostiomuéxperiments
in 2002 and 2003 at Rifle confirmed that the growth of acetate-oxidizing Fe(lll)-msdim@inated by
Geobactersp., was accompanied by significant uranium removal from groundwater. An important fea
ture of these two field experiments was the eventual onset of sulfate reductidnywakicharacterized
by a decrease in aqueous sulfate, near complete consumption of acetate, andiéedd E¥i¢ removal
from groundwater. Thus, the earliest biogeochemical reactive transporttmulaere based on
Fe(lll)-reducing microorganisms stimulated by acetate that simoitesheused Fe(lll) mineral and
aqueous U(VI) as terminal electron acceptors, followed by the onset of acethr&gxsulfate-reducing
microorganisms that were not generally associated with significani tgsiliction. A reaction network
based on reactions and rate laws from the literature was successfullgtedlifor simulate the observed
changes in the Fe(lll), U(VI) and sulfate terminal electron acceptors dwetate biostimulation.

A key observation from field experiments at the Rifle IFRC was that loegex-post-biostimulation
U(VI) removal from groundwater was associated with longer periods of sudfatetion. This paradox
led to the inclusion of abiotic chemistry for the bioreduced U(IV), Fe(ll), and sulfahipts of the
principal TEAPS, to address their potential roles in long-term uranium immaioiiz&nder unamended
field conditions, surface complexation is considered the dominant abiotic uranium &emextha-
nism because the U(VI) mineral phases are generally undersaturatedsptti te the groundwater
chemistry at the Rifle site. During and after biostimulation, however, thegdrificant changes to
uranium and the major ions, pH, alkalinity, redox potential, and biofilms that could havefiaaig
impact on uranium surface complexation. Thus, the fate of sorbed U(VI) during and atitx bhie
stimulation is an open issue that continues to be investigated.

Recent Rifle IFRC laboratory and field experiments in 2007 to 2008 are providing imponegpe
tualizations of the processes controlling uranium behavior, as well as confirnmgfgtomg process
modeling assumptions. For example: (1) we now include phyllosilicate Fe(lIliasrect terminal elec-
tron acceptor pool for the acetate-oxidizing iron-reducing microorganismsjdiipoaal evidence from
gene expression and proteomics support the assumption of Fe(lll)-reducers renadivenduaing sul-
fate reduction; and (3) we confirm that lower acetate concentrations delagrtsiédan from dominantly
Fe(Il)-reducing to dominantly sulfate-reducing conditions. Other ongoing expeahstndies are fo-
cusing on post-biostimulation conceptual process models, including the long-ternystabilogenic
uraninite in reduced sediments and the effect of biomass and secondary miner@rficomaing-term
removal of uranium from groundwater.
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The Argonne Subsurface Science Program Scientific F ocus Area
Session: Argonne SFA (Laboratory Research Manager: Carol S. Giometti)

E. O'Loughlin, Argonne National Laboratory (ANL) (Key Investigator), M. Boyanovi. AR Carpen-
ter, Virginia Commonwealth University, C. Criddle, Stanford University, Jriakeson, Pacific North-
west National Laboratory, C. Giometti, ANL, P. Jardine, Oak Ridge National Ltabgr. Kwon,
ANL, L. Liang, Oak Ridge National Laboratory, T. Marsh, Michigan State Untyefgi. McCormick,
Hamilton College, R. Sanford, University of lllinois, Urbana-Champaign, M. 8chédniversity of
lowa, D. Sholto-Douglas, ANL, K. Skinner-Nemec, ANL, W. Wu, Stanford University, énier, ANL
(Program Coordinator)

The Argonne Subsurface Scientific Focus Area (SFA) integrates synchbaised biogeochemistry
with microbiology, molecular biology, and protein biochemistry to pursue the long-texntic goal of
elucidating the interplay, at the molecular level, between specific mitrabtabolic activities, solution
chemistry, and mineralogy contributing to the transformations of contaminantEati@dsites. Hy-
potheses directed toward achieving this goal are tested by experiments tiadizeagn unique Argonne
capabilities, together with key collaborative efforts at Oak RidgeoNaliLaboratory (ORNL), Pacific
Northwest National Laboratory (PNNL), Michigan State University, Usitgiof lowa, University of Il-
linois Urbana Champaign, Stanford University, Hamilton College, Virginia CommaltiivUniversity,
and the lllinois Institute of Technology. The objective of the ANL SFA is to chaizetsoupled biotic
and abiotic, molecular-scale contaminant transformations, integrated oeeewulifiength scales, to pro-
vide knowledge that is necessary for predicting contaminant reactivityaargport processes. This ob-
jective drives the development and optimization of synchrotron methods for measisratrtee molecu-
lar level pertinent to understanding contaminant transformations in subsurfacmemrits. Two scien-
tific themes drive the development of hypotheses. These themes are: (1) rhineshlolic activity—
together with changes in solution chemistry, mineralogy, and solid-phase sedatety, and the pres-
ence of electron donors, acceptors, and shuttles—affects the formation and distrib{itioynoheral
phases, as well as the rate, extent, and mechanisms of biotic and abiotic metztalaontaminant
transformation; and (2) multiple coupled biological, chemical, and physical processafect the mo-
lecular-scale transformation of contaminants in the vicinity of mineralaine microenvironments. Re-
search is focused on the transformation of the contaminants uranium and mercueyeaitdifiatial
scales and in the context of iron and sulfate reduction. Research strives to (lingetdrich aspects of
microbial metabolism, solution chemistry, and mineralogy are key to the diginlmitmineral species
and to contaminant transformations; (2) evaluate the reactivity of reaadiyenic mineral phases with
respect to the chemical transformations of UVI and Hgll; (3) provide fundamemalddge concerning
the molecular-scale transformations of contaminants at the mineral-miorotmenvironment; and (4)
evaluate the effect of diffusion and advective water flow on contaminant tnaradfons. Research em-
phasizes laboratory-based experimentation with single-crystalline-pbasexide (inclusive of oxides,
oxyhydroxides, and hydroxides) powders, fabricated iron-rich mineral assemblgsedietsi mimic
mineralogical conditions in the ERSP Integrated Field Centers (IFRCs), ird@ thin films, and geoma-
terial collected from all three of the ERSP IFRC sites (Oak Ridge, Hir#od Rifle). Inocula for pro-
moting iron- and sulfate-reducing conditions include (1) monocultures of dissimiledarreducing bac-
teria (e.g.Geobactespp., Anaeromyxobacter spp.) and dissimilatory sulfate reducing bacteria (e.g.,
Desulfovibriospp) representative of organisms identified at contaminated sites and (2) micaisor-
tia collected from all three of the ERSP IFRC sites. Experimental work éfrfeane SFA drives tech-
nological development at Advanced Photon Source beam lines to increase theligywailadiay beam
lines with the characteristics required for the proposed work. This researchattpe ERSP SFA at
Argonne National Laboratory.
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Respiration by Remote Control: Role of Electron Shu ttles in the Biogeochemical
Transformations of Fe, S, and U

Session: Argonne SFA (Laboratory Research Manager: Carol S. Giometti)

Edward O'Loughlin, Biosciences Division, Argonne National Laboratory (Key ligagst), Michael
McCormick, Department of Biology, Hamilton College, Maxim Boyanov, BioscieBigsion, Ar-
gonne National Laboratory, Deirdre Sholto-Douglas, Biosciences Division, ArgaatienBl Labora-
tory, Kelly Skinner-Nemec, Biosciences Division, Argonne National Laboraktay Jae Kwon, Biosci-
ences Division, Argonne National Laboratory, Carol Giometti, Biosciencesi@iyviArgonne National
Laboratory, Michelle Scherer, Department of Civil and Environmental Engnggesiversity of lowa,
Robert Sanford, Department of Geology, University of lllinois Urbana-Champaigente Marsh, De-
partment of Microbiology and Molecular Genetics, Michigan State Universggnith Kemner, Biosci-
ences Division, Argonne National Laboratory (Program Coordinator)

The use of Fe(lll) as a terminal electron acceptor for anaerobic respiratitissbyilatory Fe(lll)-
reducing microorganisms is a major driver of the biogeochemistry of many sweserfaronments.
However, effective transfer of electrons from microbes to sparingly saubiacellular electron accep-
tors such as Fe(lll) oxides requires either (1) direct microbial contdctivatmineral surface; (2) en-
hanced dissolution of the mineral by exogenous or endogenous ligands and subsequent reduction of the
dissolved Fe(lll) complex; or (3) facilitated electron transfer involvimdpgenous or exogenous elec-
tron transfer mediators, also commonly referred to as electron shuttles. Redeg suggest that ex-
ogenous electron shuttles, such as low molecular mass quinones (e.g., juglone and lawsoneg and hum
substances, may play a role in many redox reactions involved in contaminant tratisfisrand the
biogeochemical cycling of redox active elements in aquatic and terrestrisdrenents. In addition,
many microorganisms excrete soluble electron shuttles, and several of thesedkanin, phenazine de-
rivatives, flavins, and uncharacterized quinones) have been shown to enhance thalmachottion of
Fe(lll) oxides. Moreover, soluble electron shuttles may increase the effezss of the remediation of
contaminated environments by facilitating microbial transformation of congants that are physically/
spatially unavailable to microbes (e.g., contaminants located in pore spaceslt@o benaccessed by
bacteria, but large enough to accommodate low molecular mass electron shuttles).

In an effort to better define the role(s) of electron shuttles in biogeochenocalpes in natural and
engineered subsurface environments, we are investigating the effects ofnencogied exogenous elec-
tron shuttles on transformations of Fe, S, and U under conditions favorable for dissynmitat@nd sul-
fate reduction. Specifically, we are focusing on three areas: (1) the idsmdgii@and characterization of
microbially produced electron shuttles; (2) the effects of electron shuttles mtdétend extent of the
reduction of sparingly soluble Fe(lll) phases and the formation of secondary matéalproducts; (3)
the effects of electron shuttles on the community dynamics of Fe(lll) andestdthicing microbial
populations; and (4) the effects of electron shuttles on the reduction of U(VI) and theooxadat-
duced U species.

This research is part of the ERSP SFA at Argonne National Laboratory.
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The Interplay Between Sulfate- and Iron-Reducing Co  nditions: Effect on Uranium
Speciation Studied in Static and Flow-Through Colum ns

Session: Argonne SFA (Laboratory Research Manager: Carol S. Giometti)

Maxim Boyanov, Biosciences Division, Argonne National Laboratory, Argonn&divard O’Loughlin,
Biosciences Division, Argonne National Laboratory, Argonne, IL, Shelly Kelly, EXAnalysis,
Bolingbrook, IL, Kelly Skinner-Nemec, Argonne National Laboratory, Argonne, IL, MarkKdn, Ar-
gonne National Laboratory, Argonne, IL, Wei-Min Wu, Stanford University, CA, Cradp&;, Stanford
University, CA, Terry Marsh, Michigan State University, East Lansing,Avink Loefler, Georgia Insti-
tute of Technology, Atlanta, GA, Robert Sanford, University of lllinois at Urbana@aign, Urbana,
IL, Carol Giometti, Argonne National Laboratory, Argonne, IL, Michelle Schereivassity of lowa,
lowa City, IA, Ken Kemner, Argonne National Laboratory, Argonne, IL (Program Coood)nat

Extensive knowledge has been obtained in the last decade on the factors controlling spanium
ation in biotic and abiotic systems, mostly from well-mixed reactor studiassfarring this knowledge
to the field is complicated by the interplay among all factors, the unknown effearoldwic flow, and
the difficulty in probing the system as its complexity inreases. We are usargety\of approaches (syn-
chrotron x-ray spectrocopy and microscopy, wet-chemistry techniques, micrabialucdty analysis) to
study the spatial and chemical evolution of uranium in systems of intermedigitegibyn namely static
and flow-through columns filled with material and groundwater from Integrated Redearch sites.

The initial stage of these studies involved observing the evolution of staticreofilied with mate-
rial and groundwater from the Oak Ridge IFRC FW26 well of Area 3. The developmestallyhet-
erogeneous areas in the sample was observed over the 11-month course of the expdiganiemt con-
centration in the top aqueous phase decreased from 10 mM to <0.13 mM after 5 months. Sulfate concen-
tration decreased from 1 mM to 0.005 mM after 7 months. X-ray absorption spectroscopy siitmated i
homogeneous distribution of U(VI) in the sample, followed by reduction to U(IV) in the top 30% of the
solid phase after 3 months, and reduction throughout the entire solid phase after 5 months. Reduction
mained stable and incomplete (about 80%U4) after 11 months. This work also completedrtiteosync
technique development stage of the experiment.

We are continuing this work in natural material columns with elevated suifatetrations (1 mM
and 5 mM), both with and without biostimulation. Within one month, the formation of two well-defined
dark color bands is observed below the aqueous-solid interface. X-ray absorption spegtraicates
reduction of the initial U(VI) to U(IV) in both color bands, but no reduction in the bottom tanrgert. |
estingly, the spatial distribution of U(VI) in the bottom tan part evolves from uniforconcentrated in
regions <200 micron in size, uniformly dispersed, without any visual indication of thisecHarogpn-
trast, the distribution of U(IV) in the color bands is uniform. The system has remaities stable state
for 8 months.

Future work will test the hypothesis that the nature of U(IV) bioreduction products depetias
prevalence of iron- or sulfate-reducing conditions. Initial results in batch exgres indicate that U(IV)
products can be bulk uraninite, nanoparticulate U(IV), or monomeric U(IV), depending on tiosl ot
U(VI) reduction. We speculate that these products will have different mobiliywa intend to test this
hypothesis in suitably designed flow-through columns. This research is part of theSERS® Argonne
National Laboratory.
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Factors Controlling Uranium Immobilization by Magnet ite
Session: Argonne SFA (Laboratory Research Manager: Carol S. Giometti)

Christopher A. Gorski, University of lowa, Drew E. Latta, University of lowaxikd. Boyanov, Ar-
gonne National Laboratory, Edward J. O'Loughlin, Argonne National Laboratory, Kenneth MeKem
Argonne National Laboratory (Program Coordinator, Michelle M. Scherer, Untwefdowa (lead PI)

Magnetite is a common iron oxide in the subsurface environment and is often observediasya pri
product of dissimilatory iron reduction. Thermodynamically, magnetite is capai@ewting and immo-
bilizing U(VI) under environmentally relevant conditions. Reports of U(VI) redodty magnetite, how-
ever, are inconsistent. For example, partial reduction of U(VI) by magnetiteeka observed in some
studies (1,2), whereas negligible reduction has been reported by others (3). We haesl thatthe
Fe(ll) content of magnetite dramatically influences the redox behavior of titagd¢, and we hypothe-
size that the Fe(lIl) content of the magnetite samples used in previously degiadies may explain
some of the discrepancies regarding U(VI) reduction by magnetite.

To test this hypothesis, we exposed magnetite with various Fe(ll):Fe{ib§ (denoted by) to
U(VI) and measured uranium speciation with x-ray absorption spectroscopy. Ots segglest that
uranium reduction is indeed dependent upon the Fe(ll) content of magnetite. Near-stérachioagnet-
ite (x = 0.48) with a high Fe(ll) content reduces a significant amount of aqueous U(VI) to nanpparti
late-UG, whereas less stoichiometric magnetite (kes,0.48) results in markedly less U(VI) reduction
over a similar time period. In light of these results, we propose that the itgamitmagnetite may have
been underestimated in previous reports, since biogenic magnetite is expectechio Failh content
near stoichiometry (5), a result which we are currently pursuing with additpedieents.

This research is part of the ERSP SFA at Argonne National Laboratory.

1. El Aamrani, S.; Gimenez, J.; Rovira, M.; Seco, F.; Grive, M.; Bruno, J.; Duro, L.; de Pablo, J
Applied Surface Scien@907, 253 8794-8797.

2. Scott, T. B.; Allen, G. C.; Heard, P. J.; Randell, MG@&ochimica Et Cosmochimica A@a05,
69, 5639-5646.

3. Duro, L.; El Aamrani, S.; Rovira, M.; de Pablo, J.; Brun&ghlied Geochemistrg008, 23,
1094-1100.

4. Gorski, C. A. and M. M. Scherer (SubmitteBjvironmental Science & Technology

5. Coker, V. S.; Pearce, C. |.; Lang, C.; van der Laan, G.; Pattrick, R. A. D.; Telling, Sciuter,
D.; Arenholz, E.; Lloyd, J. REuropean Journal of Mineralog8007, 19, 707-716.
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Subsurface Immobilization of Metal Contaminants by A mendment-Driven Mineral
Precipitation—Scientific Focus and Overview

Session: Idaho National Laboratory (INL) SFA (Laboratory Research Manager: Mark Ankeny)

George D. Redden, INL (Rlyoshiko Fujita, INL, Hai Huang, INL, Roelof Versteeg, INL, Karen
Wright, INL, Mark Ankeny, INL

The Idaho National Laboratory Scientific Focus Area (SFA), sponsored by DOE®&Emental
Remediation Science Program, is a program of scientific research on amestimelatted mineral pre-
cipitation in porous, fractured, and heterogeneous subsurface environments that caninmesitutim-
mobilization of metal contaminants. Our goal is to advance the scientific kilgaviese related to (1)
strategies for delivering and mixing two or more reactants in subsurfacereneints, (2) predicting the
rates and physical distributions of physical, chemical and biological processadbemineral precipi-
tation, (3) predicting subsequent changes in solute transport and flow, and (4) geophykimds foe
monitoring the progress and spatial distribution of the reactions.

The SFA is organized around experimental research campaigns, each of whidnts@restinct
geometry (or engineering strategy) for mixing two or more soluble reacatapdsaus media systems.
The mixing geometries are dubbed “Pre-mix,” “Parallel-flow,” “Sequentiaichigpn,” “In situ Reactant
Generation,” and “Gas-phase Delivery.” “Pre-mix” involves creating sap@rated conditions for a
mineral phase (calcium carbonate and calcium phosphates have been selected systaouglprior to
injection. “Parallel-flow” involves creating a lateral mixing zone betwavo solutions flowing in paral-
lel, each containing one reactant, where the position of the mixing/reaction zone cqgiduedisy
varying the relative flow rates of the injected solutions. “Sequential iofganhvolves injecting one so-
lution (containing one reactant) followed by the injection of a second solution (witbbrdseactant),
which results in the formation of a mixing/reaction zone perpendicular to flow thedtes and spreads
as a function of flow rate, reaction kinetics and media heterogeneity struttusgu‘Reactant Genera-
tion” involves producing at least one of the reactantstu through the addition of a precursor amend-
ment, which then creates mixing zones at the pore scale. “Gas-phase delivalmg€drilie injection of a
gas-phase reactant into an unsaturated system where the mixing/reactiorgemeeated at the inter-
face between gas and liquid phases.

Successful execution of each experimental research campaign involves the tedidbegration of
four basic Research Elements (REs). The Research Elements are: THarsgpitation Coupling in
Porous Media (RE1), Basic Processes and Parameterization (RE2), Model thpplialidation and
Improvement (RE3), and Geophysical Sensing (RE4).
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Subsurface Immobilization of Metal Contaminants by A mendment-Driven Mineral
Precipitation—Urea Hydrolysis and Calcite Precipitat ion

Session: Idaho National Laboratory (INL) SFA (Laboratory Research Manager: Mark Ankeny)

George D. Redden, INL (PI), Don Fox, INL,Yoshiko Fujita, INL, Luanjing Guo, INL, Hai Huahg IN
Tim Johnson, INL, Roelof Versteeg, INL, Karen Wright, INL, Mikala Beig, Uniwersf Idaho, Robert
W. Smith, University of Idaho, Mark Ankeny, INL

Ureolytically driven calcium carbonate precipitation for the purpose of iminimigiP°Sr is the sub-
ject of a field-scale project at the INL that is supported by ERSP (R.W. Sanitth)s also being used in
other applications such as geotechnical soil stabilization. We have therefaea 8hastu Reactant
Generation” as the first of the five planned SFA research campaigns. In geaehatesearch campaign
involves the coordinated integration of four basic Research Elements (REs)omdstcof multiscale
flow cell experiments for the study of: mixing zones and deposition of mineral pa¢egpithe effect of
physical and chemical heterogeneities on mixing and precipitation, the couplingrpopteeipitation
reactions and fluid and solute transport, and the effect of precipitation reactionsuwbility of a
metal contaminant. Basic governing equations and parameterization for the geatbeimological
processes, such as urea hydrolysis, are the focus of research in RE2. Pre-ekpeaictiee transport
simulations with comprehensive chemistry networks are developed and applied ior RiE3design of
the flow-cell experiments and to generate initial hypotheses regarding tbé@volf chemical and
physical changes in the flow cell experiments. Comparisons between pre-expemnodehpredictions
and data from flow cell experiments are the basis for model development, which cde intégration
of pore-scale and continuum-scale modeling. Geophysical electrical sensinghafattand physical
changes in the flow cell experiments occurs under RE4 with the goal of developing a neaimas-
toring method for application in field-scale remediation projects.

A 1D column experiment design that includes a zone of immobilized urease enzyme (araahiot
log for the enzyme-driven biological process) has been constructed to study pdaydicakmical
changes caused by urea hydrolysis and precipitation of calcium carbonate. Enzagmdyghirolysis of
urea generates ammonium and carbonate ions. These reactants are then involvedbik afredlution
phase, solid-solution (ion exchange), and solid-phase reactions that can induce thatwer®pical-
cium carbonate, depending also on the local calcium ion activity. Pre-experimeningodéelg the
code STOMP [Subsurface Transport Over Multiple Phases, Mark White etciic Rarthwest Na-
tional Laboratory] with solution phase thermodynamic models and kinetic models fdrydiredysis and
calcite precipitation has revealed complex behavior for 1D experiments wtttes the spatial evolu-
tion of changes in solution composition and calcium carbonate precipitation. In additionrig asrthe
basis for subsequent 2D flow cell experiments, the 1D experiments are being usedrimeletbether
electrical methods can be used to track the progress of urea hydrolysis amna caltionate precipita-
tion via correlations between changes in solution phase ion composition and conductivitgsGhang
conductivity are measured using electrodes emplaced along the length of the caheriapEe geo-
chemical and geophysical data will be used in coupled continuum-scale eleesistity and transport
models, with the intention of correlating geophysical informatian gtu geochemical processes.
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LBNL Sustainable Systems SFA
Session: LBNL SFA (Laboratory Research ManageraSttubbard)

Susan S. Hubbard, Lawrence Berkeley National Laborglead PI), The LBNL Sustainable Systems SFArmge
Lawrence Berkeley National Laboratory

The LBNL Sustainable Systems SFA addresses critical knowledge gapm#esswith environ-
mental stewardship of metals and radionuclides in the subsurface. Our researvai® by the rec-
ognition that active remediation and natural attenuation strategies fotqrarsiglionuclides and metals
(a) are governed by complex, scale-dependent, and often coupled hydrological, geocinelhnntedca
biological subsurface processes and (b) must be compatible with hydrobiogeockemid#bns that
prevail in their immediate environment to be sustainable over stewardshifsames. The overarching
premise of our Sustainable Systems SFA is that improvements in the meclamsgctions between
fundamental hydrobiogeochemical processes and their macroscopic manifestatioesdad to guide
sustainable environmental stewardship in the complex subsurface. Our researal peitiermed
within a Systems Framework, where complex subsurface systems hypothdestedrthrough consid-
eration of the nature and interaction of key hydrological, microbiological, and/or geiceheompo-
nents. We have defined the following three Challenges that are allowing us ke teshéfits of the Sys-
tems Framework across multiple scales.

The “Unraveling Biogeochemical Pathways” Challenge is motivated by tbgmiion that sustain-
able bioremediation requires a predictive understanding of the governing complex hevgeat path-
ways. This challenge focuses on characterizing critical and interrelatsabral metabolic and geo-
chemical mechanisms associated with chromiusitu reductive immobilization and reoxidation from
the molecular to the local (push-pull) field scale, as is needed to assessnosggtinability of chro-
mium bioremediation. The three hypotheses associated with this Challenge areabeduout via in-
terrelated tasks using biomolecular, spectroscopic, isotopic, and reactg@oitamodeling approaches
that are being tested at the chromium-contaminated Hanford 100 Site.

The “Evolution of Pore Structures and Flowpaths” Challenge focuses on developmentdittavpre
understanding of how remediation-induced biogeochemical transformations modify thetivayref
the pore structure and how those changes are manifested at the field scaleededisandesign, exe-
cute, and interpret sustainaliesitu treatments. Theéhree hypotheses associated with this Challenge are
being carried out via integrated tasks using synchrotron, isotopic, geophysic&aetiertransport
modeling approaches, which are being tested at the uranium-contaminated Riflej & clivean col-
laboration with the IFRC team.

The “Predicting Contaminant Mobility at the Plume Scale” Challenge is atetivoy the recognition
that predictions of contaminant evolution, migration, and remediation efficacy gitthe scale often
fail because of the great simplifications that are typically made in pnes@ntation of subsurface het-
erogeneity and coupled hydrobiogeochemical processes. This Challenge exploretve fiegaes” con-
cept as an organizing principle to integrate laboratory-obtained information atesuama mechanisms
with field-based hydrogeological characterization, as is needed to mak#a@nd computationally
tractable predictions of plume evolution. The Challenge includes a formal ewaloithe benefit of in-
creasing complexity on successful predictions of contaminant mobility overdswatime frames. Re-
search is carried out through integrated laboratory geochemical experirgaotspgon, isotopic, and
geophysical characterization, and reactive transport modeling. The projeciggedormed in collabo-
ration with EM-supported SRNL scientists, and the insights and tools will be used teseatural at-
tenuation capacity of the acidic, uranium, and strontium plumes at the F-Area of éimm&atRiver Site.

The defined challenges are addressing complex, multi-scale subsurface profdere ailizing
LBNL’s expertise in investigative methods that span the molecular to tHes€iales. The scientifically
rich LBNL Sustainable Systems SFA is expected to facilitate the devatbingystem-behavior in-
sights that are needed to guide sustainable environmental stewardship.
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Quantifying Hydrogeological Controls and Induced Bi ogeophysical Transfor-
mations Associated with  In Situ Bioremediation Using Geophysical Methods

Session: LBNL SFA (Laboratory Research Manager: Susan Hubbard)

Susan S. Hubbard, Lawrence Berkeley National LaborgdLBNL) (lead PI1) Jonathan Ajo-Franklin, LBNL, Jin-
song Chen, LBNL, Andreas Englert, LBNL, Adrian FderOrozco, University of Bonn, Andreas Kemna, Ursitg
of Bonn, Michael Kowalsky, LBNL, Li Li, LBNL, Darlé Newcomer, Pacific Northwest Laboratory, DimitNgar-
lagiannis, Rutgers University, Lee Slater, Rutdéné/ersity, Frank Spane, Pacific Northwest Labongt&enneth
H. Williams, LBNL, Yuxin Wu, LBNL

As part of the LBNL SFA “Evolution of Pore Structure and Flowpath Challenge,” avexgoring
the utility of geophysical methods for quantifying hydrological controls and induced blayainal
transformations associated withsitu bioremediation at the column to local field scales. Our research
will help to address a key Evolution Challenge hypothesis that the cumulativet infipasitu remedia-
tion-induced transformations will be significant enough to impact flowpaths aetties€ale. Our efforts
are focused on the Rifle IFRC site, where bioremediation approaches are beuhgvitksh a shallow,
unconfined aquifer to immobilize uranium in tailings-contaminated groundwater. Owarprygophysi-
cal objectives associated with the Evolution Challenge include: (1) exploringapéeygical signatures
of remediation-induced biogeochemical transformations; (2) developing and festivayvorks that can
integrate time-lapse geophysical and geochemical datasets for thatiestiof remediation end-
products; and (3) quantifying hydrogeological controls and induced biogeochemical treatisfos at
the field scale using our petrophysical insights, estimation frameworks, axthpse Rifle datasets.

For the first objective, we are conducting flow-through laboratory column experiogntssedi-
ments from the Rifle IFRC to explore the impact of remediation-induced traretfons on seismic,
complex resistivity, and radar signatures. Through co-collection of geophysoggpbhemical, and hy-
drological measurements, we consider how the evolution of electrically condigctveFeS) and non-
conductive precipitates (e.g., Cagahd 8), as well as changes in electroactive ion composition (e.g.,
Fe(ll) and bisulfide), impact these signatures. These experiments wi# @fr ability to geophysically
differentiate between the multiple and often competing processes that occur dustirgidation at Ri-
fle.

To meet the second objective, we have developed a state-space Bayesiaodkahsvpermits in-
tegration of time-lapse geophysical, geochemical, and other types of datésgtstiphysical relation-
ships in the estimation of biogeochemical parameters. To demonstrate the usepfdheha we have
applied it to complex resistivity data collected during column experiments dédmpeccipitate FeS
and ZnS during sulfate reduction. As a case study, we used the framework and tintatapets to es-
timate the volume fraction of the dispersed, sulfide-encrusted cells; meas ohdiggregated clusters,
and permeability reduction that occurred over the course of the experiment due to pang tipdige
precipitates. Our results suggest that the developed state-space appnwiétsitipeuse of geophysical
datasets for providing quantitative estimates of the evolution of end-products arehbpiity reduction
associated with biogeochemical transformations at the column scale.

In collaboration with the Rifle IFRC Big Rusty biostimulation experiment and to ssldwe third
objective, we have collected a rich time-lapse field geophysical datadat]ling: surface spectral in-
duced polarization data, tomographic radar and seismic data, and wellbore logs. Tdhase loeing
used together with time-lapse Rifle hydrogeological and geochemical datasstimatén situ baseline
hydrogeological heterogeneity. Preliminary analysis of the spectral indu@izatbn data indicates
sensitivity to spatiotemporal changes in electroactive ion concentratioheaaddumulation of semi-
conductive mineral precipitates. The time-lapse datasets will evgnibgalised with our developed
petrophysical insights and estimation framework to quantify biogeochemiasidranations at the local
field scale. The aquifer-scale, geophysically obtained characterizationcaitbrimg estimates will be
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used to parameterize and validate Rifle-based reactive transport meseéstively.
Use of Biomolecular Signatures To Unravel Biogeoche  mical Reaction Networks
Underlying Chromium Reduction at the Hanford 100H S ite

Session: LBNL SFA (Laboratory Research Manager: Susan Hubbard)

Harry R. Beller, Lawrence Berkeley National Laboratory (lead Pl), Eoin L. Brodie, Lawrence Berkeley Na-
tional Laboratory, Katherine C. Goldfarb, LawreiiRerkeley National Laboratory, Ruyang Han, LawreBeekeley
National Laboratory, Clark A. Santee, Lawrence B&i National Laboratory

We are developing the use of biomolecular signatasepart of the LBNL SFA challenge entitled “Ureting
Biogeochemical Reaction Networks Mediating Susti@romium Reduction” which focuses mnsitu reductive
immobilization of Cr at DOE's Hanford 100H site.€Fl are two primary research components of biomtdesig-
natures in this challenge: (a) biomolecular sigreatiscovery, which involves development and tgstihmeta-
transcriptome-based gene expression microarrayghgrgpiantifying biomolecular signatures, whichahes as-
sessing relationships between microbial metabaliwigy (e.g., nitrate reduction) and specific biolecular signa-
tures (e.g.narG gene or transcript copy number). The biomolecsiigmature work described here is being inte-
grated into an interdisciplinary effort involvingextroscopic, isotopic, and reactive transport riogepproaches.
Among the research hypotheses to be addresseid ichtllenge are the following: (1) Microbial preses mediate
both direct (enzymatic) and indirect Cr(VI) redoctiat Hanford 100H, but indirect pathways domirsistained re-
duction; furthermore, sulfate reduction is the &tat-accepting process ultimately driving sustaiGe(V/1) reduc-
tion at Hanford 100H, and (2) Fermentative/acetageersus respiratory metabolism will promote rétamof or-
ganic carbon in the aquifer.

M eta-transcriptome-based gene expression microarrays. We are developing a novel high-throughput ap-
proach that uses the meta-transcriptome (cDNA sgpténg the collective mRNA transcripts from théirenmicro-
bial community) to design high-density oligonucidetmicroarrays, which can be used to identify lyigtxpressed
genes in a specific community under conditionstdriest, without requiring argy priori hypotheses about which
genes the community might be expressing or priquaeerce information from data repositories. Thisrapph repre-
sents an alternative to functional gene arrayschvhntaila priori assumptions about key gene sequences, and has
the potential to reveal novel and important molacsignatures for a specific community based ciewiftial ex-
pression of genes represented in a customized. droagenerate meta-transcriptome samples, we iateibnaero-
bic microcosms with groundwater from the Cr-contzatéd Hanford 100H site and supplemented themladtiate
and electron acceptors present at the site, namigigte, sulfate, and Fe(lll). The microcosms pesged succes-
sively through nitrate-reducing, sulfate-reduciagd Fe(lll)-reducing conditions, and after a secaddition of ni-
trate, nitrate-dependent Fe(ll)-oxidizing condiso&r(VI) was rapidly reduced initially and agajpomn further
Cr(VI) amendments. Community DNA and RNA were hated during each major biogeochemical phase ane wer
subjected to PhyloChip analysis to characterizensonity composition under various electron-acceptiogditions.
Community mRNA was amplified and reverse transcetibsing methods described elsewhere, which inahideo-
bial RNA polyadenylation and linear amplificationitliva T7 RNA polymerase (MessageAmp lI-Bacteriag Kin-
bion). This cDNA preparation method was designegktiuce the amount of cDNAs representing rRNA. Sasp
representing several different biogeochemical regimere submitted for pyrosequencing using theT4taium
technology. Ultimately, arrays derived from the aagtinscriptomic sequence data will be used toriogate 100H
groundwater samples.

Microbial Activity-Signature Relationships: Initially, we are using well-characterized cultsiisolated from
the Hanford 100H site to establish whether quantéaelationships can be determined between ratav@tabolic
activity and (a) gene copy number (QPCR) and @)script copy number (RT-gPCR). If consistent atgtiv
signature relationships can be established, themdd provide quantitative information (i.e., estit@s of keyn situ
metabolic activities) that can be incorporated thi®reactive transport modeling effort at Hanfb@dH. Gene se-
guences have been determined for key functionagémng., chromate reductase geste®Rand cytochrome3, de-
nitrification genesarG andnirS, and sulfate reduction gengsrAandaprB) in two bacterial species isolated from
Hanford 100H groundwater: strain RCH1 (a sulfattumng bacterium similar tBesulfovibrio vulgarisHildenbor-
ough) and strain RCH2 (a denitrifying strain simi@Pseudomonas stutzeriFor Hanford bacterial strain RCH2,
we have investigated some activity-signature retestips and Cr(VI) reduction kinetics in batch egss; this work
is being transitioned to continuous culture.
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Enhanced Immobilization of Metals and Radionuclides in the Vadose Zone
Session: LBNL SFA (Laboratory Research Manager: Susan Hubbard)

Mark E. Conrad, Lawrence Berkeley National LabanafeBNL) (lead PI) Yoshiko Fujita, INL, Cindy H. Wu,
LBNL, Markus Bill, LBNL, Karen E. Wright, Idaho Natnal Laboratory, Samuel D. Chamberlain, LBNL, Bani
Lam, LBNL, Eoin L. Brodie, LBNL, Peter S. Nico, LBN Nicolas Spycher, LBNL, Terry C. Hazen, LBNL

Significant quantities of metals and radionuclides contained in unsaturated rocks at several Dteg is the
western U.S. In many cases, this contaminatiomfigsated to groundwater, sometimes decades afieg bbeleased
into the subsurface. Immobilizing these contamis@mthe vadose zone could greatly reduce thetttiieg pose to
groundwater and decrease the costs of closing #itese This exploratory project is part of the UBNFA and is
focused on stimulation of biologically enhanced gttate mineralization under unsaturated conditiermigh in-
jection of gas-phase organophosphate compoundspRates will incorporate contaminants such as %rdnto
their mineral structure. To induce precipitatiorpbbsphate minerals in unsaturated sediments, eviesting the
use of gas-phase compounds for delivery of thessacg chemicals to the vadose zone. Our initigistuare fo-
cused on tri-ethyl phosphate (TEP), which has aeratd vapor pressure (~385 ppmv at 20°C), is mes@iith wa-
ter, and has low toxicity. To accelerate releasghofsphate from TEP, we are testing methods oftditing micro-
bial degradation of TEP.

Our research is focused on determining the cherai@lbiological properties of TEP and phosphateateri-
als from Hanford and the INL. To determine the @nications of phosphate in solution necessarydode precipi-
tation of phosphate minerals, inorganic phospha® added to simulated INL groundwater. Despitecdipted
solubility of 5x10° mM for hydroxyapatite, mineral precipitation wast mbserved until aqueous concentrations of
~2 mM phosphate were reached. When these expeemené repeated with live bacterial cells, the de@f over-
saturation required to induce precipitation of git@te minerals decreased, possibly due to utiimaif the phos-
phate by the microorganisms or to adsorption oSphate onto the cell walls. Experiments to deteerttie degree
of adsorption of phosphate onto sediments frontHeford site were also conducted. Within 10 da@s; 9% of
inorganic phosphate added to a sediment/de-ionizéer mix was adsorbed onto the sediment (0.116 0ol
PO, per gram of sediment). TEP addition did not hagegaificant affect on adsorption of phosphate, didtlead to
increased desorption of nitrate from the sediments.

Two sets of long-term biodegradation experimenth WEP have been performed. Significant biodegiadat
of TEP was observed during experiments with INLuiated groundwater amended with 5 mM TEP and aiclenr
ment culture derived from INL vadose zone sedimeifter 9 months, despite no significant increaseéll counts,
phosphate concentrations in live cultures has syeiadreased to >0.2 mM (versus no detectable phate genera-
tion in killed cultures). This indicates signifiddniodegradation of TEP is occurring, however thasesphate con-
centrations are still much lower than the levela/faich the onset of precipitation was observedrdyudur abiotic
experiments. The second set of biodegradation arpats was conducted with slurries of Hanford seditrton-
taining 5 mM aqueous TEP. No significant accumatatif phosphate has been observed during thesemepts
(not unexpected given the results of the adsormigreriments), but there have been measurableatssin TEP
concentrations in the slurries. Although the tatll concentrations in the slurries have decrea&etirobacter sp.
have become the dominant cultivable microorganisrasent. A culture-independent method using a Higfsity
microarray (Phylochip) will be used to charactettze microbial communities in both the groundwated slurry
experiments.

The results of these experiments indicate that @&Pbe biodegraded by microorganisms found in uretsd
environments, but the rates may be very slow aadidgree of over-saturation of phosphate necefsapyecipita-
tion of phosphate minerals is large. However, gitrenslow rates of contaminant migration within #aglose zone,
this may still represent a viable mechanismifiositu immobilization of contaminants. Future research mtlude
investigation of approaches to accelerate TEP degjan, for example by the provision of supplementarients.
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Field-Scale Investigations of Cryptic Growth and Me  mory Response Hypotheses
at the Chromium Contaminated Hanford 100-H Site

Session: LBNL SFA (Laboratory Research Manager: Susan Hubbard)

Terry Hazen, LBNL, Boris Faybishenko, LBNL, Harry Beller, LBNL, Eoin BrodieNLB Susan
Hubbard, LBNL (lead PJ)John Peterson, LBNL, Eric Sonnenthal, LBNL, Carl Steefel, LBNL, Li
Yang, LBNL, Joern Larsen, LBNL, Mark Conrad, LBNL, John Christensen, LBNL, Shaun
Brown, LBNL, Dominique Joyner, LBNL, Sharon Borglin, LBNL, Jil Geller, LBNL, Romy
Chakraborty, LBNL, Peter Nico, LBNL, Tetsu Tokunaga, LBNL, Jiamin Wan, LBNL, Mary
Firestone, LBNL, Phil Long, PNNL, Darrell Newcomer, PNNL, Lucie N'GuessahLPN

This presentation relates to the SFA Challenge “Unraveling Biogeochdpaittakays Mediating
Sustained Chromium Reduction.”

The 2004-2008 field experiment at the Hanford 100-H Site showed that a single injectionysf the h
drogen release compound (HRC)—a slow release glycerol polylactate into gréemegt@mulated an
increase in biomass and a depletion of terminal electron acceptors, resultingnifiGast decrease in
soluble Cr(VI1). The Cr(VI) concentration has remained below the background corioertrahe down-
gradient pumping/monitoring well, and below the detection limit in the injection welnbre than 3
years after the HRC injection. Based on the results of this experiment, we hygothasione of the
main mechanisms contributing to the sustainability of Cr(VI) bioremediatioroimdwater is the pres-
ence of a resilient biomass that optimally recycles cells as they diateggtreferred to as cryptic
growth. We also hypothesize the presence of the bacterial memory effect, wduppaosed to accelerate
the biomass production after the next HRC injection. However, these mechanisms tmanngrified
at the field scale. The overall objective of current field-scale irgegstns is to characterize critical and
interrelated microbial metabolic and geochemical mechanisms associt@a situ chromium reduc-
tive immobilization and reoxidation, from the molecular to the local field scale.dvarber 13, 2008,
LBNL and PNNL researchers injected a small amount (10 Ibs) of HRC into theanjell at the Han-
ford 100-H site to revive the microbial community activity. To assess thedubgmical processes af-
fecting the pre- and post-HRC injection biomass generation, we have implemeategratensive plan
of groundwater sampling for 11 types of different microbial and geochemical analygsdirectly assess
the microbial generation, specially designed biomass traps were placed ionit@rimgy wells (the work
is conducted jointly with the Center for Biofilm Engineering, Montana State WityerThe post-HRC
injection monitoring and analytical analyses to study the mechanisms of the alionebiory effect will
be conducted until March—April 2009. Then, we plan to perform a push-pull test usingAr§&idon
into the Hanford aquifer.

This project is conducted in collaboration with Genomics: GTL.
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Dynamic Synchrotron Imaging of Pore-Structure Evolu tion
Session: LBNL SFA (Laboratory Research Manager: Susan Hubbard)

Peter S. Nico, Lawrence Berkeley National Laboratory (leadlBiiathan B. Ajo-Franklin,
Lawrence Berkeley National Laboratory

As part of theEvolution of Pore Structures and Flowpatttgllenge area within tHeEBNL Sustain-
able Systems SFive are developing the capabilities necessary to image alterations inrpoterstre-
sulting from subsurface manipulatioms.situ remediation strategies are frequently considered for
cleanup of DOE sites. However, the impact of feedbacks between multiscabgbeesty and induced
biogeochemical transformations on remediation efficacy is not well understobdald@a the design,
execution, and interpretation iof situ remediation approaches is an understanding of how reaction proc-
esses modify the properties of the porous medium, orEheltition of Pore Structure to Flowpaths.

The Evolution of Pore Structures and Flowpatisallenge is driven by four specific hypotheses:

1. Remediation treatments can induce significant enough biogeochenricabpéons to alter pore

structures.

2. The cumulative impact of remediation-induced biogeochemical tranatmms will be signifi-

cant enough to impact flowpaths at the field scale.

3. The dynamic nature of field-scale flowpaths will impact tHeafy and sustainability of reme-

diation treatments.

4. Geophysical and isotopic methods can be used to track biogeochemical changesldtsiteddie

The Dynamic Synchrotron Imaging of Pore Structure Evolutask is designed to address the first
of these four hypotheses and has two important subtasks: time-lapse imagingetthienagplution of
pore structures in response to external perturbations, and chemically resolkgetbmizgraphy to help
identify the minerals whose precipitation or dissolution are causing the changes strpoture.

This year's progress towards accomplishing these two goals includes: time dessggruction, and
testing of a time-lapse imaging micro-column reactor; calibration erpats determining optimal
achievable spatial and density resolution; improvements in image registratessary to conduct dif-
ference tomography, an essential task for both time lapse and chemical imagdingmographic images
of sediments from the DOE Rifle Colorado Site taken before and after trestikamts for the upcoming
year will also be presented and includerasitu column study using Rifle sediments and the new micro-
column reactor, further refinement of data processing and registration approadhegyansion of the
chemical imaging capabilities.
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Predicting Plume-Scale U and  *°Sr Mobility at the Savannah River Site
Session: LBNL SFA (Laboratory Research Manager: Susan Hubbard)

Nicolas Spycher, Lawrence Berkeley National Laboratory (legd&in N. Christensen, Lawrence

Berkeley National Laboratory, Sudipta Rakshit, Lawrence Berkeley Natiabaratory, Jiamin Wan,
Lawrence Berkeley National Laboratory, Susan S. Hubbard, Lawrence Berlaiegall Laboratory,

Arthur Wiedmer, U.C. Berkeley, Miles Denham, Savannah River National Labgprator

Low-level radioactive, acid waste solutions were disposed into seepage bases-Area of the
Savannah River Site from 1955 to 1989. As a result, an acidic plume has developed in grouedwater b
neath the basins. The plume contains many contaminants, including various U isotopes138-90¢4-
99, tritium, and nitrate, with pH values as low as 3.2. After a decade of active adorediatural at-
tenuation is now being considered as a long-term remediation alternative @éthis s

The objective here is to develop efficient predictive capabilities tosassasaminant behavior at the
plume scale, and in particular to evaluate natural attenuation over stewamishifathes. Uranium and
%Sr are given priority over other contaminants, because these radionuclides beongig associated
with sediments upon pH rise to background values and are long-term risk driverseAihing ap-
proach is taken, which includes (1) investigating the hierarchy of mechanisndloantratural attenua-
tion of U and®™Sr at the F-Area, (2) using this information to parameterize mechanistitvesansport
models, and (3) through these models, assessing the level of complexity thatisrdw#ffid necessary
for successful long-term prediction of contaminant fate and mobility, including hatterauation.

Our approach is to identify specific “reactive facies,” representing unigeéve transport proper-
ties (e.g., sorption, surface area, permeability, mineralogy) for speqés tf subsurface geologic ma-
terials. The identification of these “reactive facies” is currently onggauising a variety of laboratory and
field-scale geochemical, geophysical, and isotopic approaches. Sedimentaorasw boreholes
drilled in both contaminated and uncontaminated regions of the F Area are being analyaedudsr
constituents. Analyses of pore waters extracted from the core materialse@gveonducted to determine
site-specific U and’Sr sorption characteristics and U isotopic composition. Sorption studies are being
conducted on clean sediments as a function of pH and facies to develop site-speade: surf
complexation models. In parallel with the core characterization effort, U is@nplgses of a series of
groundwater samples have been conducted to assess variability and dynamicsiatdlsegle and dis-
cern contaminant sources and transport pathways. Iterative co-analysis affomogeophysical field
data, wellbore hydrological data, and laboratory analysis results is under waabtsksf a linkage be-
tween physical and geochemical properties exists at the site, as needed, tohexpaittive facies con-
cept. Geochemical and reactive transport analyses are being applied tteabh@aeidic (advanced ar-
gillic) alteration of subsurface sediments and the role of elevated dissalvexehangeable Al concen-
trations in buffering pH to low values in the main part of the plume. The historicahdoata inventory
and mass balance in the F Area are also being assessed using existing anccodleetely data.

These efforts will be used to parameterize reactive transport models éthevarious scales and
with various levels of complexity. This will ultimately include a plume-scabdel specifically intended
to assess the natural attenuation capacity of the F Area.
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Reactive Transport Modeling of Microbially-Mediated Processes at the Old Rifle
and Hanford 100H Sites

Session: LBNL SFA (Laboratory Research Manager: Susan Hubbard)

Carl | Steefel, Lawrence Berkeley National Laboratory (LBNL) (lead PI), Eric Sonnenthal, LBNL, Li Li,
LBNL, Sumit Mukhopadhyay, LBNL, Michael Kowalsky BNL

Evolution Hypothesis (Old Rifle Sité)/e have focused on the development of thermodigikimetic models
for U(VI), V(V), and Fe(lll) bioreduction, with apigation to a set of column experiments using reltsediments
from the uranium bioremediation site at Old RifBmlorado. In the experiments, uranium-contamingtedindwater
from the site is amended with variable concentratiof acetate to investigate explicitly the theryrmaimic controls
on the bioreduction of U, V, and Fe, along with sideration of sulfate reduction that with time cen@ dominate
the reaction network. At 3 mM acetate, U and Vragarly completely removed from solution. Howevelfate re-
duction begins well before the breakthrough ofidalfrom the column, and based on an analysiseoélbctron bal-
ance, most of the acetate (>90%) is used in suléatection. This implies that the sulfide produoaast be con-
sumed through abiotic reduction of iron hydroxidehe column, rather than through direct reactidh we(ll) from
bioreduction of Fe(lll) phases. Breakthrough ofidel occurs when the “bioavailable” Fe(lll), asidefl by a 0.5 N
hydroxylamine extraction, is exhausted. In confridstiecreases only about 40% when 0.5 mM acetatgersted,
with Fe reduction initially dominating the reactinatwork without completely suppressing sulfateuctidn.

A second effort involves assessing the role of gaysnd chemical heterogeneities and pore cloggmthe ef-
ficacy of uranium bioreduction. We examined theet of physical and geochemical heterogeneitieh@spatial
distributions of mineral precipitates (principatigicite, FeS, and siderite) and biomass accumuthigdg a ura-
nium bioremediation experiment near Rifle, CO. drighta were used to infer heterogeneous distribsitdd perme-
ability and Fe(lll) content through inverse trangpoodeling. After validating with field aqueousaghemical data,
we used reactive transport modeling to estimatepiagial distribution of precipitates and bioma&ssults show that
the maximum mineral precipitation and biomass aadation occurs at the vicinity of the injection ¥geand is
dominated by sulfate-reducing reaction productsluegon of as much as 5.4% of the pore space dhiqieal to
have occurred locally. Biomass accumulation neauirifection wells is not affected by heterogenditgwever, ac-
cumulation in the downgradient regions is obseraad, is dominated by the iron-reducing reactiordpots, with
spatial distributions strongly controlled by bottypical and geochemical heterogeneities.

Unraveling Hypothesis (Hanford 100H sité)reaction-transport model was developed to ingasti the lac-
tate- and acetate-induced bioreduction of Cr(ViEha groundwater of the Hanford 100H aquifer. Bituretion of
Cr(VI1) with these electron donors is captured usingixed thermodynamic-kinetic approach, with thadified
Gibbs free energies of the reactions based inguakiu et al. (2002). These calculations also abersother organic
acid metal aqueous complexes affecting the thermentic driving force. The principal kinetic reactsimclude
HRC dissociation to lactate, direct reductive goiation of Cr(OH3}, bioreduction of goethite to produce Fe(ll)
leading to abiotic reduction of Cr(VI); calcite gidution in the acidic plume and precipitation wisere, with ac-
counting for the influence of bicarbonate conceidres on the extent of Cr(VI) reduction. A 3D raanttransport
model of the 100H site was developed includingréiszed wells, a heterogeneous permeability fieldditioned on
geophysical data, and hydrological parameters lamdvfelocities tuned on multiple Br tracer testswvas found that
the time-dependent drop in total Cr concentratmrserved in pumping wells could be captured qudsety, as-
suming that the viscous HRC plume was relativelmohile with its distribution indicated by geophyaiimaging.
The model was further extended to include the &ffetCr isotopic ¥Cr/Cr) fractionation by reduction, which has
been shown in laboratory experiments to resultshiti in *Cr of ~3.5%o (Ellis et al. 2002), compared to Cr(VI)
sorption showing a small fractionation of ~0.04%..débng results for 100H showed Cr fractionation-@8f3%o
(heavier) in fluids during Cr reduction, consisteiith measured data and providing an independetitodefor de-
termining reaction pathways and their individuaésa
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Uranium Immobilization in Oxidizing Environments:
Potassium Uranyl Vanadate Precipitation

Session: LBNL SFA (Laboratory Research Manager: Susan Hubbard)

Tetsu K. Tokunaga, Lawrence Berkeley National Laboratory (leadf &hgman Kim, Lawrence Berke-
ley National Laboratory, Jiamin Wan, Lawrence Berkeley National Laboratory

We propose that a primary criterion for any sustainable approach for remediatingwgaters con-
taminated with radionuclides and metals is that it maintain contaminant cotioastizelow regulatory
levels without requiring long-term intervention, even after regional grounda@elitions return. Using
this criterion, bioreduction-based methods for remediation of U-contaminated stdand groundwa-
ters are unsustainable because oxidizing conditions that remobilize U return sotreadteoply of elec-
tron donor is discontinued. Therefore, it is becoming apparent that remediation metho@sledetme
immobilize U in oxidizing environment# situ remediation approaches based on precipitation of uranyl
phosphate minerals (autunites) are in this category and may moderate U canosntiatvever, our
calculations indicated that autunite-based remediation will also be unsustaeaialese U concentra-
tions will exceed the Maximum Contaminant Level (MCL = 0.13 puM for U) unless phosphasnt@anc
tions are maintained at much higher levels than are typically found in groundwatissodution rates
are low enough to maintain strong disequilibrium. The objective of this project is toyideny effec-
tive and sustainable methods for immobilizing uranium (U) such that its concamdregimain below
regulatory levels in oxidizing environments. Our thermodynamic calculationsptiedi carnotite,
K»(UO,)2V,0s, and tyuyamunite, Ca(Uf2V,0g , can keep U(VI) concentrations below regulatory lev-
els in oxidizing, slightly-acidic-to-neutral solutions under environmentalgonable conditions. Batch
experiments were conducted to test the thermodynamic predictions and determinetibe & the pre-
cipitation reactions. These experiments on U removal from oxidizing solutions edlabitelex de-
pendence on vanadate (V(V)) and ¢oncentrations. Nevertheless, conditions were identified where U
concentrations dropped below its MCL within 1 to 5 days of contact with oxidizing solutionsnixgtai
K" and V(V). These calculations and experiments on U removal from aqueous solutions ihditpte-
cipitation of a carnotite-like phase is a potentially viable strategydatihg some U-contaminated
groundwaters. This method can also be employed to economically extract (mine) U andgrdund-
waters where both elements occur at elevated concentrations. Uranium-cotedus@tiiments are being
tested in batch and column experiments in our next stages of exploring the potential fotevhaseld
in situ U remediation.
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ORNL SFA: Biogeochemical and Molecular Mechanisms C  ontrolling Mercury
Transformation at a Contaminated Site in Oak Ridge, Tennessee, USA

Session: ORNL SFA (Laboratory Research Manager: Liyuan Liang)

Liyuan Liang, Oak Ridge National Laboratory (lead, Bott C. Brooks, Oak Ridge National Labora-
tory, Anthony V. Palumbo, Oak Ridge National Laboratory, Baohua Gu, Oak Ridge Nationatoapor
Jeremy C. Smith, UT/ORNL Center for Molecular Biophys@RNL participantsLiyuan Liang, Craig
Brandt, Scott Brooks, Steve Brown, Wenming Dong, Baohua Gu, Hao-Bo Guo, Alexander Johs, Carri
Miller, Anthony Palumbo, Jerry Parks, Mircea Podar, Jeremy Smith, George Sauthld@mmas Thun-
datCurrent CollaboratorsC. Gilmour (Smithsonian Institute), H. Guo (Univ. Tenn., Knoxville), S.
Miller (Univ. Calif., San Francisco): L. Shi (Pacific Northwest Natl. LaB.)Summers (Univ. Georgia),

J. Wall (Univ. Missouri, Columbia), H. Zhang (Tennessee Tech. University).

Biogeochemical factors controlling mercury transformation and methylnyepcoduction present a
serious knowledge gap at the U.S. Department of Energy Oak Ridge Reservaticangrativar con-
taminated sites globally. ORR field data show that reduction in waterborne e¢lg des not necessar-
ily lead to a decrease of methylmercury in water or in fish. This observatioestsigigat at high Hg lev-
els (often present at highly contaminated source areas), either methyinpeomuction is inhibited or
demethylation significantly exceeds methylation. This presentation willgg@n overview of the Sci-
ence Focus Area (SFA) program at the Oak Ridge National Laboratory (OR&Icombines molecular
to field-scale chemical and microbiological studies, to understand various Hegaoal factors that
control the net production of methylmercury. The main objectives are to elutidatges, mechanisms,
and controls of abiotic and microbial processes affecting Hg speciation and tratsfor to resolve the
critical Hg precursors that are produced and subsequently methylated, and to devebiatedsub-
cellular models to understand the biochemical and biophysical mechanisms of tratiefolratween
Hg species and methylmercury.

Historical data for Upper East Fork Poplar Creek at the Oak Ridge Reésemdl be presented, and
new data and geochemical modeling results from laboratory to field investigatill be summarized.
This is the first year of a multidisciplinary research program in which ledogrand microcosm experi-
ments will focus on the fundamental processes that control Hg speciation ityeaotvmethylation us-
ing chemical, biomolecular, spectroscopic and stable isotope techniques. Prgloataairom field and
laboratory studies will be presented, which examine microbial processes and geakbentrols such
as dissolved organic matter, ionic species and photochemical reactions on Hg resfoxnition,
mechanisms, speciation, and bioavailability for Hg methylation.

Future effort will continue to employ functional genomics to determine key mitigroiaps that in-
fluence methylmercury production under varying geochemical conditions. Investigastructure and
dynamics at the molecular level will reveal mechanisms of regulation andl¢hef interactions be-
tween subcellular components. Molecular simulation will be applied to known demiethyeicesses
to provide an atomic level detailed understanding of key reaction pathways, andexilébded to elu-
cidate microbial methylation mechanisms identified by advanced genomic techrityese studies will
form the basis of understanding of the oxidation-reduction and methylation-demethgiatisforma-
tions that determine the fate of Hg in sediment-water environments.
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Comparison of Two Mercury-Contaminated Surface Wate  r Bodies
Session: ORNL SFA (Laboratory Research Manager: Liyuan Liang)

Scott C. Brooks, Oak Ridge National Laboratory (lead ®roge R. Southworth, Oak Ridge National
Laboratory, Ralph R. Turner, RT Geosciences, Inc., Richard Jensen, Unique Environmeitas Se

As part of the Science Focus Area (SFA) project at ORNL, Task 1 will use coergkey field ob-
servations and laboratory microcosm experiments to delineate key biogeodiparaozeters influenc-
ing chemical and microbiological mercury (Hg) transformations in UpperfeaktPoplar Creek
(UEFPC), Tennessee. During the initial seven months of the SFA project, tagleadiave focused on
characterization of mercury (Hg) sources to the creek and general figdtirgato gather chemical,
physical, and microbial (in collaboration with Task 3 led by Palumbo) data. Additionallgsiablished
a collaborative relationship with members of the South River Science Tearh,wdsdormed to de-
velop a better understanding of Hg behavior in the South River, VA. This poster compdngsr tiyeo-
chemical characteristics of two industrially contaminated water bodiesoDbe methyl mercury
(MeHg) burden in fish tissues, the Virginia Department of Health and the Tenegsaement of En-
vironment and Conservation have posted fish advisories for South River, Virginiaastrigiok Poplar
Creek, Tennessee (EFPC), respectively. Both streams share broadt&mitaterms of their general
chemistry and underlying geology. Nevertheless, patterns of waterborne Hg anthmtiyyanethyl
mercury concentration are different. For example, in the South River, both Hg and Melegtcations
increase with increasing distance downstream from the industrial site @irgnerigin, whereas in
EFPC, Hg decreases while MeHg increases with increasing distance @ammdburing the first five
years of monitoring EFPC (1985-1989), Hg in fish tissue decreased with distance damwiis&e with
dilution of the headwater inputs), suggesting that Hg bioaccumulation would decresseoimse to
headwater source reduction and removal. A number of actions decreased Hg contriblimsaekt
headwaters. Nevertheless, the subsequent fifteen years witnessed tlfemneenef@ flat profile of Hg in
fish with distance downstream, resulting from a drop in Hg in fish at upstreanofscand an increase
in Hg in fish at downstream locations. Comparison to similar data from the SouthsRigssts that the
situation in EFPC represents a return to a typical condition rather than a deviaSpiteBheir similari-
ties, the relationship between MeHg and Hg in these two systems is dragndtféaient. Although both
sites are the focus of concerted research efforts to identify effeatnesligion, the underlying mecha-
nisms that drive the patterns within each system, and therefore account fofettendés between them,
are poorly understood. We intend for this presentation to provide a context within which atteadee
frame their discussion of the challenges inherent to studying the biogeochemlicgl of Hg in general
and at contaminated sites in particular where effective remedies canile.elus

This task will continue field sampling and characterization efforts to unddrk&y parameters gov-
erning net MeHg production (methylation versus demethylation) in UEFPC, and expl&@énase-
ters via controlled laboratory experimentation. Close integration with the btleer$FA tasks is critical
to achieving the program goals.
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Understanding Mercury Speciation, Reactivity and Bi nding Mechanisms with
Dissolved Organic Matter

Session: ORNL SFA (Laboratory Research Manager: Liyuan Liang)

Baohua Gu, Oak Ridge National Laboratory, Carrie Miller, Oak Ridge Natiobak&gory, Wenming
Dong, Oak Ridge National Laboratory, Yongrong Bian, Oak Ridge National Laboragwyg&sSouth-
worth, Oak Ridge National Laboratory, Liyuan Liang, Oak Ridge National Labgrééad Pl)

This research is part of the ORNL Science Focus Area aimed at fundamentaiauntiegsof the
mechanisms and geochemical controls on the speciation and transformation of nkégrantiie Upper
East Fork Poplar Creek (UEFPC) contamination site in Oak Ridge, Tenneas@dati@l focus is on the
effect of dissolved organic matter (DOM), which has been shown to play a dominantth@ecom-
plexation, reactivity, and transformation of mercury in aquatic systems. Towateséctive DOM com-
ponents (hydrophobic and hydrophilic fractions) have been isolated from UEFPC strearansattud-
ied for their complexation with Hg(ll), using a modified ion exchange technique. Thef fatenation of
Hg-DOM complexes was examined using stannous chloride reactive Hg meassrante@ solid
phase extractions. Results indicate that ionic Hg(ll) forms strong completkehiol functional groups
in DOM. The Hg(Il)-DOM complexes were predicted to be the dominant aqueous speciESRC U
which agrees with most freshwater environments where equilibrium conditioastabéished. However,
further studies indicate that equilibrium conditions at UEFPC cannot be assumec lié@aenstant
input of inorganic Hyg(ll) to the creek. The formation of H-DOM complexes appear iodieally lim-
ited, with a pseudo first-order rate constant in the range of 0.11-0-2¢hbn DOM isolates were al-
lowed to react with mercury in UEFPC water. The formation rate of Hg-DOM ex@phlvas even
slower (k = 0.03 ht) when the UEFPC headwater (from Outfall 200) was mixed with the creek water.
These results suggest the UEFPC headwater contains other reactive argamiganic ligands, which
are retarding the formation of the Hg-DOM complex. The slow formation kinetite dig-DOM com-
plex likely results in a persistent presence of reactive mercury in the @agbes of UEFPC that cannot
be described satisfactorily using equilibrium models. These reactive speei@ to be considered when
investigating the production of methylmercury and the particle reactivity@f)Hh this system. Con-
tinuing research is being conducted to understand the binding mechanism of Hg(ll) WitraB&®how
the interactions of mercury and DOM influence the reduction of inorganic Hg(ll) armdbithic de-
methylation of methylmercury.
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Mercury Methylation: Genes and Communities (Hg SFA at ORNL, Task 3)
Session: ORNL SFA (Laboratory Research Manager: Liyuan Liang)

Anthony V. Palumbo, Oak Ridge National Laboratory (leagdRjiana A. Vishnivetskaya, Oak Ridge
National Laboratory, Tingfen Yan, Oak Ridge National Laboratory, Craig C. BraaktR@ge National
Laboratory, Mircea Podar, Oak Ridge National Laboratory, Meghan M. Drake, Qg& Rational
Laboratory, Liyuan Liang, Oak Ridge National Laboratory, Scott C. Brooks, Oak Ratgmal Labora-
tory, Steven D. Brown, Oak Ridge National Laboratory, Cynthia Gilmour, Smithsoniam&mental
Research Center, Amy A. Kucken, University of Missouri-Columbia, Dwayne &s Hlniversity of
Missouri-Columbia, Judy D. Wall, University of Missouri-Columbia, Zamin K. Yand Ridge Na-
tional Laboratory

As part of the mercury SFA at ORNL (Task 3), we have been examining the geslesdria mer-
cury methylation and the microbial communities that may be involved in mercunylat&in in streams
contaminated with mercury as the result of past operations in Oak Ridge. We édvaecasnparative
genomics approach and a comparative gene expression methodology to identify candalatemas
thylation genes ibesulfovibrio We have identified a number of candidate genes using the comparative
genomics approach, and several of these have been tested to see if they confgmmeénglation abili-
ties inDesulfovibriounable to methylate mercury. To date, none has proved to have this ability. The
comparative gene expressions methods have indicated that the genes involvéglatioreaire likely
constitutive, as the addition of mercury at levels even beyond what would be expecteshwirtmrement
does not induce notable changes in gene expression in either the methylators or nonnsatstedor
under sulfate-respiring conditions. We are currently testing this response undgrotte conditions.
Using both a functional (FGA) and phylogenetic (454 sequencing of 16s genes) approach, wedexamine
the community characteristics of streambed microbial communities acrasgeaof mercury contamina-
tion. We hypothesized that there is a greater diversity of genes related tamgslattthe contaminated
sites, but a lower phylogenetic diversity. We also hypothesized that the numbeapfadetibacteria
(the group involved in methylation) would be positively correlated with methydumgconcentrations.

In a preliminary analysis of the data, we found pronounced phylogenetic and functionahdé$etteat
appear to be related to seasonal trends. Also, we have found that representdiesdsltdfroteobacte-
ria are present at all sites, though at relatively low levels. The predorgnoaips found in these aerobic
surface sediments wecganobacteriabetaproteobacterandverrucomicrobia More detailed analysis of
the data will be done to test our specific hypotheses. Future research will focus orativemganomics
and transposon mutagenesis approaches for identifying the genes involved in metioyatiorein
DesulfovibrioandGeobacterand in quantifying the presence of those genes in the environment.
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Biomolecular Aspects of Mercury Transformations

Session: ORNL SFA (Laboratory Research Manager: Liyuan Liang)

Jeremy C. Smith, University of Tennessee (UT)/Oak Ridge National Labp(@RNL) (lead Pl)Li-

yuan Liang, Oak Ridge National Laboratory, Alexander Johs, ORNL, Hao-Bo Guo, UT/QRiy M.
Parks, UT/ORNL, Hong GUd, UT/ORNL, Liang Shi, PNNL, Susan M. Miller, UC San Francisco, Anne
O. Summers, University of Georgia, Liyuan Liat@RNL.

Bacteria participate significantly in mercury transformation in naamelcontaminated industrial
environments. Bacterial mercury resistance is mediated byeheperon, typically located on trans-
posons or plasmids. It encodes specific genes that facilitate uptake of memstieg scleavage of or-
ganomercurials (MerB), and reduction of Hg(ll) to Hg(0). Bacterial reductiorg@f)itan also occur at
concentrations too low to induoger operon function by a dissimilatory metal-reduction mechanism.

Expression ofnergenes is mediated by MerR, a metal-responsive transcriptional reglratidro
studies have shown that MerR forms a nontranscribing pre-initiation complex wittpBjMA&erase and
the promoter DNA. Binding of Hg(ll) induces conformational changes in MerR and other cortgpohe
the complex, resulting in the transcriptionneéroperon genes. We have used small-angle scattering
techniques to study the regulatory mechanism of MerR in the presence and absentie Qiudgésults
show that in the presence of Hg(ll) the MerR dimer undergoes a significaentaton from a compact
state to a conformation revealing two distinct domains. Molecular dynamicsaonslon MerR ho-
mology models can be combined with molecular envelope shapes obtained from smaaikatigling
experiments to yield detailed structural information. Molecular mechanicsn(@i2®) force-field pa-
rameters have been developed for simulating the trigonal planar Hg(ll) cdimndigeometry observed
in Hg(I)-bound MerR.

The bacterial organomercurial lyase, MerB, catalyzes the demethylatonidé range of organo-
mercurials via Hg-C protonolysis. We have investigated the two major propestidmenechanisms of
MerB using quantum chemical density functional theory calculations. A model oftie site was con-
structed from an x-ray crystal structure of the Hg(ll)-bound MerB complex. Thalat@ons support a
mechanism in which Cys159 forms an initial covalent adduct with MeHg. Cys96 donatesratprot
Asp99 and coordinates with Hg(ll). Asp99 then protonates the organic leaving group taluebigeC
bond and release the hydrocarbon reaction product. Two other substrates, vinylmercisj2-and
butenyl-2-mercury, were also tested, and the computed activation barriers foetherganomercurial
substrates reproduces the trend in experimentally determined reaction rates.

Dissimilatory metal-reducing bacteria, suclSi®wanellaandGeobacterare able to reduce Hg(ll)
in the presence of mineral oxides. This process has been linked to the activity -ohe@uterane multi-
heme cytochromes. We have isolated and purified the decaheme outer-membranemgt@rhcA
from Shewanella oneidensidR-1 and characterized its envelope shape in solution by small-angle X-ray
scattering (SAXS). Low-resolution structural features were identifiedradicate an elongated shape. X-
ray crystallography trials are currently under way in an effort to identigmpial molecular interaction
sites for Hg(ll) reduction.

This Science Focus Area (SFA) Task at ORNL will continue to strive for arfetal understand-
ing of subcellular processes that profoundly influence mercury speciation and toimet@enhanisms
at atomic detail concerning mercury transformation, using structural biology gingdriformance com-
puter simulation.
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ERSP SFA for Pacific Northwest National Laboratory: Role of Microenvironments and
Transition Zones In Subsurface Reactive Contaminant Transport

Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

J. Zachara, PNNL (lead RL). Fredrickson, PNNL, H. Bolton Jr, PNNL, D. Bair, PNNL, A. Beliaev,
PNNL, A. Felmy, PNNL, A. Konopka, PNNL, C. Liu, PNNL, K. Rosso, PNNL, T. Scheibe, PNNL, L.
Shi, PNNL, A. Ward, PNNL, S. Conradson, LANL, J. Davis, USGS, S. Fendorf, Stanford U, P. Jardine,
ORNL, K. Kemner, ANL, R. Knight, U Colorado, F. Loeffler, Georgia Tech, D. Richardson, U E. An-
glia, E. Roden, U Wisconsin-Madison, D. Saffarini, U Wisconsin-Milwaukee, Ri&&gsINL, B.

Wood, Oregon State U

The PNNL Scientific Focus Area (SFA) is resolving critical Hanford antt Isaksurface science is-
sues through integrated, multidisciplinary, science-theme focused researchiaa tfenicroenviron-
ments and transition zones in the reactive transport of technetium (Tc), uranjuandlutonium (Pu).
Microenvironments are small domains within larger ones that exert a disprop@riiihzgence on sub-
surface contaminant migration. Transition zones are field-scale feathiees chemical, physical, or mi-
crobiologic properties change dramatically over meter-scale distavilsenvironments and transition
zones can dominate subsurface contaminant reactivity, with strong effedtimgefsom the coupling of
chemical reaction, physical transport, and microbiologic processes. PaBt &M INABIR research has
documented the importance of these zones at the Hanford site.

The overall goals of the SFA are to develop: (1) an integrated conceptual modelrtdiahiecol-
ogy in the Hanford subsurface and its influence on contaminant migration; (2) a fundamdetatand-
ing of chemical reaction, biotransformation, and physical transport processesaarmimnments and
transition zones; and (3) quantitative biogeochemical reactive transport fawdbets U, and Pu that in-
tegrate multiprocess coupling at different spatial scales for fielé-spplication. Targeted contaminant
chemical reaction and biotransformation processes include heterogeneous/bletiga ¢ransfer, pre-
cipitation and dissolution, and surface complexation. The SFA includes lab- and fiettdrbasarch,
coupled computation and experimentation using relevant physical/biologic models, arehsedina
microbial isolates from various Hanford settings to explore molecular, migras@nd macroscopic
processes underlying field-scale contaminant migration. It is alsongf@ophysical techniques and
modeling approaches to define, characterize, and map spatial structures awvel treasiport properties
of microenvironments and transition zones in the field. The SFA is closely coordintdtedesHanford
300A Integrated Field Research Challenge (IFRC) where relevant samgptastained, and well access
exists to subsurface vadose and groundwater zones where microenvironments aiuoh tiegisites ex-
ist and are important. The SFA utilizes numerous capabilities within PNNLisdamvental Molecular
Sciences Laboratory (EMSL) for materials characterization and enalwdtimportant mechanisms at
different scales.

The projects fall in the following science categories: (1) microbial egp{@y molecular-scale
mechanisms,(3) pore-scale coupled processes,(4) reactive transport s6)amcétjgcale reactive trans-
port models, and (Gh situstructures and reactive transport properties. Cohesiveness and integration wil
be achieved by focus on SFA hypotheses formulated to enhance information upscalingymesfoluti
broader science issues, and Hanford impact.
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Impact of the Local Environment and Electron-Transf er Initiated
Transformations of the Structure and Chemical Prope rties
of Mineral and Contaminant Microparticulates

Session: PNNL SFA (Laboratory Research Manakarvey Bolton

Donald R. Baer, Pacific Northwest National Laboratory (leagkihneth Krupka, Pacific Northwest
National Laboratory, R. Lee Penn, University of Minnesota

The obijective of this project is to obtain fundamental information about reactivitgtigal, chemi-
cal, and compositional transformations of sediment- and biogenic-derived metal axiolgamicles in-
duced by electron-transfer reactions and other interactions with their loc@renent. The initial phase
of this activity is focusing on the isolation, identification, and charactesizafi Fe(ll), Fe(ll/111),

Mn(llI/1V) and Ti containing microparticulates in Hanford sediments of diffeegjes and facies types.
This is essentially a census of the relevant materials and includesrags&gging information about
these phases and isolating materials for detailed studies. The second phiaselwélicomparison of the
reactivity, the isolated particles, and the performance of mechanistiivitgastudies on isolated mi-
croparticles, using probe molecules (such as carbon tetrachloride and TcOMldbe electron-transfer
reactions and particle transformations. Impacts of surface precipitation &acksueissivation on parti-
cle reactivity and the time dependence of reactivity will be examined. The mditilve reactive surfaces,
the accessibility of reactive sites, and the structures of the surface enfigcimtayers (or whole parti-
cles) differ for different particles and can change significantly ascpegtiespond to and react with their
local environment (e.g., surface structure alterations, phase changes, andiggssfeemation).

Current work is focusing on three activities. First, existing information abomitieralogy, compo-
sition, and distribution of Fe, Mn, and Ti particulates in sediment samples from thardHSitE is being
collected and analyzed. Second, work is under way to determine and apply appropriate roetepds f
rating and isolating the microparticulates of interest from Hanford sediméhtsut altering their reac-
tive properties. Initial separation studies conducted at the USGS with Dr. Andosw, @sing size frac-
tionation, density and magnetic separation techniques, demonstrate that a wiglef/arieeral particle
types, surface coatings, and mineral aggregation is present in test sedmaessrom the Hanford 200
and 300 Areas. To quickly assess significant differences in chemical itgaetirapid screening process
is being developed.

Studies in this project directly tie to other PNNL ERSP SFdjguts on electron transfer (Rosso),
microscopic mass transfer (Liu) and reactive transport (Zagiséudies and link to a BES Geosciences
Project, "Reaction Specificity of Nanopatrticles in Solution," whiebks a fundamental understanding of
the mechanism(s) that control overall reactivity and fate of Fe-based naclepart

This research is part of the ERSP SFA at Pacific Northwest Nationaldtabor
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An Integrated Approach to Quantifying the Coupled B iotic and Abiotic Mechanism,
Rates, and Long-Term Performance of Phosphate Barri  ers for In Situ U Immobilization

Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Jeremy Fein, University of Notre Dame, Dawn WellpRacific Northwest National Laboratory (lead,A)L.
Miracle, PNNL, E.M. Pierce, PNNL, D.H. Bacon, PNNL

The chemical stability of phosphate minerals (egtunite) is a seminal issue governing the sucoiegkos-
phate-based remediation forsituimmobilization of uranium. There is limited undenrsding about the thermody-
namic stabilities and durabilities of phosphatearits, and about the effect of microorganisms erptiecipitation
reactions. We hypothesize that bacteria can ex&rbag influence on both the precipitation andalistion proc-
esses of these minerals, thereby affecting theehdhgof phosphate remediation technologyifositu remediation
of uranium. The objectives of this investigatioe &r: (1) determine the effect of dominant micrbhiatabolites on
the long-term durability of autunite, (2) measune @ompare the thermodynamic stabilities of thetrikasly uranyl
phosphate phases to form in phosphate-amendeddyvater systems, (3) determine the effects of bacter the
extent, mineralogy, and morphology of precipitatocdruranyl phosphate minerals, and (4) incorposateetic rate
equation into current reactive transport codestmant for the biotic contribution to autunite weeting.

Effect of Hanford Micro-organisms on the Dissoluti€inetics of Autunite and Apatifeseries of single-pass
flow through tests were conducted utilizing a natunicrobial extract from the Hanford site in thegence of cal-
cium meta-autunite, GRUO,)(PQ,)], x 3H,0 to quantify the effect of microbial metabolitesthe dissolution ki-
netics of apatite and autunite, under the pH raridgeto 10 and temperature range of 5 td0 hese results are be-
ing combined with solubility results to expand Kieetic rate equation and account for the biotiotdbution to au-
tunite and apatite weathering in current reactigasport codes, enabling more accurate predictibtie long-term
fate of phosphate amendments for itheituimmobilization of uranium.

Abiotic and Biotic Solubility of Autunite and AgatiA series of solubility experiments are being coriddan
the presence of the bacterial consortia, culturech 300 Area aquifer sediment samples. The inoogsolubilities
of phosphate minerals serve as baselines agaii wie can compare the effects of microorganisms.uded
solubility measurements to determine thermodynaroperties of the uranyl phosphate phases autumaeyl hy-
drogen phosphate, and uranyl orthophosphate. Ctindube solubility measurements from both supersatd and
undersaturated conditions and under different phtlitmns rigorously demonstrates attainment of idgpiiim and
yields well-constrained solubility product valu®¥¥e used the solubility data, in conjunction wittocenetry data,
to calculate standard-state Gibbs free energiéswfation and standard-state enthalpies of formdtio these
uranyl phosphate phases. Combining these resldtgsalis also to calculate the standard-state epwbformation
for each mineral phase. These results are partofrioined effort to develop reliable and internalysistent ther-
modynamic data for environmentally relevant uraniierals. Such data are required in order to optrand quan-
titatively assess the effect of phosphate amendmeemtdiation technologies for uranium contaminatesiems.

Effect of Bacteria on the Precipitation of Uranyhésphate MineralsThe effects of microorganisms on extent
of precipitation and the precipitation mechanismsranyl phosphates are unknown, and these eféactsontrol
the ultimate mobility and fate of U in the subsugaWe conducted bacteria-bearing precipitatioregrpents and
abiotic controls under identical chemical conditam 0.1 M NaClQ at pH 4.5, with the extent of supersaturation
controlled by varying both dissolved U and P comiedions. The biotic systems contained nonmetaingjiBacillus
subtiliscells, a gram-positive aerobic soil bacterial sg®cThe samples were allowed to react for 2 haurd,then
were centrifuged to separate the solid and aqueloases. The extent of precipitation was determinyeanalyzing
the supernatant for remaining aqueous U and P sl phases were characterized by TEM, XANES, BXAFS.
The results indicate that bacteria can exert &laffgct on the extent, mineralogy, and morpholofgthe precipi-
tates. The abiotic systems precipitated two distimcron-scale uranyl phosphate phases with siroitgstal sizes
under all conditions studied. Conversely, the bististems exhibited less U removal than the aboatitrols, and
precipitated only one dominant uranyl phosphatespheinder low P concentrations, there was no eg&leha di-
rect impact of cell walls with precipitation. Howery with increasing P concentration, precipitati@eame located
within the cell wall, andhanocrystals of the uranyl phosphate were formbid.study offers the first evidence
of a direct influence of the cell wall on nonmethdprecipitation, a mechanism that likely resditsm interaction
between aqueous uranyl cations and cell-wall phatspsites. The formation of nanoparticulate uramgdsphates
could greatly affect the mobility and fate of Udantaminated systems subject to polyphosphate riatiad
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Biomolecular Studies of Microbiological Processes C ontrolling Contaminant Fate
and Transport from Hanford 300 Area Sediments

Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Alexander Beliaev, Pacific Northwest National Laboratory (lead\Pdfthew Marshall, Pacific North-
west National Laboratory

This project focuses on genetic and physiological characterization of Hanferelsitant subsur-
face microbial isolates and consortia. Emphasis is placed on single-orgavestigations to understand
the molecular mechanisms involved in metal and radionuclide biotransformation.t@unsih the
overall scope of the project, initial studies to isolate relevant subsurfexsbral isolates are currently
in progress using materials derived from the Microbial Ecology project. Sedsaeples from three
depths of the “deep characterization borehole”, Well 399-2-25 (C6209), were obtained and added to a s
ries of enrichment tubes to isolate relevant microorganisms that are addteite iFe(lll)- and Mn(IV)-
oxides either directly or indirectly. The enrichments were transferred intinedleninimal media con-
taining synthetic groundwater based on the composition of Hanford IFRC 300 Area grounddater a
amended with either synthetic ferrihydrite (FH) or Mr&@3 the sole electron acceptor. At each sediment
depth, enrichment tubes were provided with one of fourteen different electron donor souticadadtes
growth and activity of subsurface organisms capable of dissimilatory redtadtion. After multiple
(1%) transfers, we have determined that at least eight of the electron doecisdsate capable of serv-
ing as electron donor sources for the reduction of FH. Several tubes reveal thefbrotitien of FH to
a mineral phase with ferrimagnetic properties, suggestive of biomaghétile some electron donors
appear to rapidly stimulate FH reduction (<5 days), others require signifitamgigr (~60 days) to ob-
serve biotransformation of the FH. Currently, we are analyzing the consortzhiofahe positive en-
richments to isolate pure organisms. As isolates are obtained, emphasistbk fplaced on character-
izing the relative rates of biotransformation for both metal and radionuclide®dtidos studies will be
designed to identify genes, pathways, and subsystems involved in those key reabtangiwilti-
mately result in developing a comprehensive cross-species model of biologatemsms involved in
contaminant biogeochemical transformations with site-relevant organisms.
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Plutonium Contamination Issues in Hanford Soils and Sediments
Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Andrew R. Felmy, Pacific Northwest National Laboratory, EMSL (lead38&ven Conradson, Los
Alamos National Laboratory

This project focuses on the identification of the extent, chemical nature, and depboftitistrof
plutonium (Pu) contamination at the Hanford site. The overall objective is to providelabaf
knowledge on Pu contamination issues that can form the basis for future detailechreees into
possible mechanisms of subsurface migration. Specific activities inclijdecomprehensive and ongo-
ing literature review of Pu contamination in both soils and groundwaters acrossithsigntas well as
the chemical nature of discharged Pu-containing wastes; (2) obtaining andnarshiviples from previ-
ous field studies of Pu contamination at Hanford; and (3) wherever possible, scraaiegjte deter-
mine the possible form of Pu in the archived materials. In FYQ9, the project inihatedrmprehensive
literature review, obtained key field samples from the surface and deejpeisrbgneath the Hanford Z-
cribs, and performed initial characterization studies of these mateh&<-tribs received effluent gen-
erated from plutonium production activities at the Z-plant (i.e., Plutonium Finishamg) PDuring that
time, it is estimated that the Z cribs received more than 4.5 billion literguad kvaste containing more
than 168 kg of plutonium. Such discharges to the Z-cribs represent one of the largest knosgnasourc
plutonium contamination in the country. A complete summary of the subsurface Pu contamintie
Z-9 and Z-12 cribs will be presented, along with our initial XAS analysis of the subsuniterials
(performed by SD Conradson).
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Biogeochemical Redox Transformations in Hanford 300 Area Subsurface Sediments
Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

James K. Fredrickson, Pacific Northwest National Laboratory (leadifMpon Lee, Pacific Northwest
National Laboratory, David W. Kennedy, Pacific Northwest National Laboratorgretv E. Plymale,
Pacific Northwest National Laboratory, Allan E. Konopka, Pacific Northwesbh Laboratory, John
M. Zachara, Pacific Northwest National Laboratory

As part of PNNL's Scientific Focus Area “Role of Microenvironments and TiiansZones in Reac-
tive Contaminant Transport,” this project is characterizing biogeochemaa#gmes in Hanford 300
Area subsurface sediments with an emphasis on defining redox reactions at thelp@®gcded to in-
fluence the subsurface fate and transport of U and Tc. In coordination with the Hanforatduotégeld
Research Challenge (IFRC), a series of subsurface core samples vestedaluring July 2008 from
the 300A IFRC site as part of site characterization efforts and installatiba ekperimental well field.
Sediments were collected from the saturated zone within the Hanford formatiet as from a fine-
grained unit in the upper Ringold that forms a confining layer at the base of the Hanfieatidor(~56
ft). Within the upper Ringold, there is a sharp redox boundary at a depth of approximately 60t, as ev
denced by a distinct color change from light tan (oxidized) to greenish blue (reduded)omitcomitant
increase in weak HCl-extractable (0.5 N, 24 h) Fe(ll) from 15 to 136 pmol/g, regheciio investigate
potential biogeochemical redox processes, sediment microcosrhedispace) were amended with a
mix of organic electron donors (acetate, lactate, and glucose) in a synthetic gatarr{¢lrat included
0.6 mM sulfate) to which nitrate (2 mM), ferrihydrite (2 mM), or no exogenous donor were added. Ni
trate was reduced over an ~10-day period in the Hanford and Ringold oxidized sediment, but more
slowly (>20d) in the Ringold reduced sediment. The concentration of 0.5 N HCl-extracélenRhe
Hanford sediment was 1.9 mM in the live sediment compared to 0.4 mM in the sterile cottnwlng
a 32-day incubation period. There was little evidence for microbial Fe reductidhen thie Ringold
oxidized or reduced sediments over the same time period. Interestingly, the aimreat HCI-
extractable Fe(ll) was the same in the Hanford sediment regardless of mthetimécrocosms were
amended with ferrihydrite, suggesting that either native Fe(lll) was beduged or that microbial activ-
ity was modifying Fe(ll)-bearing mineral phases (i.e., phyllosilicatasjeasing the extractability of
Fe(ll) by weak HCI. In addition, upon extended (45 day) incubation in microcosms with no exogenous
electron acceptor (other than sulfate associated with the synthetic groundsettenents turned dark,
suggesting further reduction, and aqueous sulfide was detected at low concentratddhs I(bgpite of
groundwater from the Hanford formation sampled from the IFRC well field being-e&im@/L Q), the
biogeochemical potential exists for anaerobic processes using nitrates, antapotentially Fe(lll) as
terminal electron acceptors. We hypothesize that anaerobic biogeochemicasesae spatially and/or
temporally heterogeneous, occurring in microenvironments and transition zones lv@thguifer where
advective transport of oxygenated groundwater is limited. Current and neanvestigation will focus
on further characterizing the redox reactions and reaction products in laboratorynexpeand investi-
gating redox biotransformations viasitu experiments at the Hanford 300A IFRC site.

This research is part of the ERSP SFA at Pacific Northwest National tatyora
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Microbial Ecology in Subsurface Sediments from Hanf ord 300A Area
Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Allan Konopka, Pacific Northwest National Laboratory (lead Rieju Lin, Pacific Northwest National
Laboratory, David Kennedy, Pacific Northwest National Laboratory, Jim Fketn¢ Pacific Northwest
National Laboratory, Rob Knight, University of Coloradidary Lipton, PNNL

One goal of the PNNL Scientific Focus Area is to develop a conceptual model fobmi@cology
in Hanford’s unconfined aquifer with specific emphasis on implications for long-@ntarinant fate
and transport. The first essential element is a characterization of midrioionass, phylogenetic diver-
sity, and biogeochemically-relevant activities. In coordination with the Hahf&C, core samples were
collected during drilling of the 52 m “deep characterization borehole” (Well C6209)yir2008. De-
tailed analyses were made on 17 strata traversing multiple geologicatifuren The samples included
coarse-grained sediments from the oxic-saturated zone of the Hanford forméitibmjpthe interface
(18 m) between the Hanford and the fine-grained upper Ringold Formation, and the transitioriédrom
to reduced sediments within the Ringold formation. Microbial cell counts ranged f6nx 1.0 per g,
with highest counts found in the highly transmissive Hanford sediments. In samplés-ft6rm depth,
8-30% of the cells were metabolically responsive (in a 3 h incubation), with the highsstion pre-
sent within 2 m of the Hanford-Ringold interface. From 30-52 m, reactive cellaetktti less than 3%.
Archaea comprised 0-8% of 16S rRNA gene copy numbers detected in samples. Sevietagjdlays
groups were quantified via real time PCR. The nosZ gene, associated witHidatmani, was quite
prevalent, with an abundance of 5-17% relative to total 16S gene copy number below 18.3 m and <5% in
samples above 18.1 m. Sulfate-reducing bacteria (dsrA gene) ranged from beldwrdeiet of total
16S rRNA genes in Ringold sediments, and were near the detection limit in HanfordrgsdDetec-
tion of metal-reducingseobacteracegénaeromyxobactesr Shewanellavas sporadic, and their abun-
dance was relatively low. The analyses suggest that the highly trainenissiford formation and the
Ringold Formation near its interface with the Hanford are regions of substaistiebial abundance and
potentially high metabolic activity. Archaeal and Bacterial 16S rRNAgeage been amplified from
environmental DNA. Clone libraries have been constructed and are in the process séfegmred at
the Joint Genome Institute. In addition, >90 samples of environmental DNA have beedifolat 27
of 34 wells (spaced 10 m apart) in the IFRC well array. These samples will peeahlay pyrosequenc-
ing of 16S rRNA gene amplicons, to interrogate lateral changes in microbiaityivaerd relative abun-
dance. A significant challenge in applying proteomics to microbial communitysiatheir removal
from sediment particles. Physical-chemical properties of the proteinb@sddiment particles, as well
as the physiological state of the microbes, all impact the effective réonfquateins. Individual amino
acids have been tested to passivate nonspecific protein binding sites; tleeysamalt to interfere with
mass spectrometric analysis. Positively charged amino acids wertveffa enhancing protein recov-
ery. In the future, tests will be conducted with salts, chelating agents, sot$aetad chaotropic agents.

This research is part of the ERSP SFA at Pacific Northwest National tatyor@nd has been done
in collaboration with the Hanford IFRC project.
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Grain-Scale Mass Transfer of U(VI) in Contaminated  Sediments
Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Chongxuan Liu, Pacific Northwest National Laboratory (lead Zignqing Shi, Pacific Northwest Na-
tional Laboratory, Sebastien N. Kerisit, Pacific Northwest National Latmy,aXiaohong S. Li, Pacific
Northwest National Laboratory, John M. Zachara, Pacific Northwest Natiobal&imry

Uranium in subsurface sediments can concentrate in microenvironments whefkixezssre
dominated by diffusive mass transfer. The objectives of this research dreitwegtigate grain-scale
mass transfer in controlling U(VI) desorption, (2) evaluate a multirate ceuctamplexation model
(SCM) for its applicability in describing the mass-transfer rates undiabl@geochemical conditions
that affect U(VI) aqueous and surface complexation reactions, and (3) providecomiccand molecu-
lar insights for the observed phenomena.

A flow-cell reactor was used to investigate the grain-scale masddraduring U(VI) desorption
from a contaminated sediment collected from Hanford 300A. Three influent solutionsablevaH, Ca,
and carbonate concentrations that affected U(VI) aqueous and surface specietionsresre used un-
der dynamic flow conditions to evaluate the effect of geochemical conditions onglué t4iVI) de-
sorption. The measured rate of U(VI) desorption varied with solution chemical coimposhich
evolved as a result of thermodynamic and kinetic interactions between the istligigns and sedi-
ment. The solution composition that led to a lower equilibrium U(VI) sorption to the solid yikéed
a faster desorption rate. Experimental results were used to evaluate aten8IiM model to describe
U(VI) desorption kinetics from the sediment containing complex, sorbed U(VI) spgaamass transfer
limited domains. The model was modified by including a multirate, ion exchange modetribelsslu-
tion-sediment interactions. With the same set of model parameters, the chouifiel described the
evolution of major ions and the rates of U(VI) desorption under variable geochemicaicctnaia-
sonably well, implying that the multirate SCM is an effective approach toibded4fV1) desorption ki-
netics in subsurface sediments. The rate constants in the multirate modeldalé»genormal distribu-
tion, ranging from 18to 10" h, reflecting a heterogeneous nature of the mass transfer properties for the
U(VI) surface complexation.

Pore-size distribution and connectivity in the sediment were measured to proigtésifs the
multirate behavior of U(VI) adsorption/desorption. Pore-size distribution in thmeet was determined
using BET-N sorption isotherms. The derived pore size in the sediment followed a log-normblistri
tion, consistent with the distribution of the multirate constants for U(VI) adsonp¢isovption. Pore
connectivity in the sediment was derived by analyzing BEFd¥ption/desorption hysteresis data using
the percolation theory. The results revealed a complex pore network in controllinffubizelimass
transfer in the sediment.

Molecular dynamics (MD) simulations have been performed to calculate ioni@aifftsefficients of
U(VI) species to provide insights into diffusive mass transfer in porous mediaiffuston coefficients
of UG,”, CaUQ(CO3)s", CalU0,(CO3)s(aq), UQCOs(ag), UQ(COs),", UO,(COy)s", and
MgUO,(COs)s” have been calculated. The value of the calculated diffusion coefficientyinearl
creases with increasing molecular size, while the effect of speciegeshar individual diffusion coeffi-
cient is negligible. Research is ongoing to link molecular diffusion coeffgipote size, and pore net-
work to provide insights into the multirate behavior of U(VI) adsorption/desorptioffertesiit scales.

This research is part of the ERSP SFA at Pacific Northwest National tatyora

158 Abstracts



Molecular Scale Mechanisms of Biogeochemical Electr ~ on Transfer Underlying U/Tc
Valence Transformation and Stability at Hanford

Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Kevin M. Rosso, Pacific Northwest National LaborgtPNNL) (PI), Odeta Qafoku, PNNL, Juan Liu, PNNL,
Nicholas S. Wigginton, Ecole Polytechnique Fededalé.ausanne, Sebastien Kerisit, PNNL, Liang SNiNE,
Zheming Wang, PNNL, Timothy Droubay, PNNL, Michdalney, Stanford Synchrotron Radiation Laboratory,
Tanya Peretyazhko, PNNL, Jim K. Fredrickson, PNB&hn M. Zachara, PNNL

The disposition of contaminant U and Tc at the Idedh&ite is dependent on local redox conditionstzindeo-
chemical processes that establish or modify redadignts in subsurface microenvironments. For exaniptra-
grain fractures and microporosity in lithic fragntem Hanford formation sediments are thought t@be important
reducing microenvironment, due to the presencee@i)bearing mineral phases that can consume oxgge/or
reduce contaminants. The premise is that the paeaizegtion of needed pore-scale and coupled massfar bio-
geochemical models describing fluxes of ions aratgd equivalents through such microenvironmentsregjuire
that reaction rates have been determined and tbettanisms are well understood. This project hashfective to
supply such an understanding for key abiotic anctahial electron-transfer reactions that transféinic, and
relevant forms of iron in Hanford-specific microemmnments. Reactions selected for detailed studycaordinated
with pore-scale biogeochemistry, diffusive masagfar, and microbiological projects within the SEAPNNL. Our
initial focus is on determining mechanisms and &asefor heterogeneous reduction by Tc by Fe(lg+breg mineral
phases in Hanford sediments, and for microbial cedn of mineral forms of Fe(lll).

Fe(Il)-bearing mineral phases prospectively capabteducing Tc(VII) in intragrain regions of batskthic
fragments include magnetite @) and titanomagnetite (JHe;,O,) of varying Ti content (0 x> 1). Natural
specimens from the Hanford site will be collected ased in conjunction with model mineral materfatsTc(VII)
reduction experiments. A complete solid solutioisesxbetween magnetite € 0) and ulvdspinelx= 1) at crystalli-
zation conditions in basalt. Ti(IV) substitutes fe(lll) in the octahedral sublattice yielding conttant increases
in lattice Fe(Il) concentration. Therefore, in miple, reducing equivalents available for Tc(Vigduction in intra-
grain locations are dependent on the Ti-conteng. dfsnodel mineral materials possessing well-uridedsstruc-
ture, composition, and morphologic characterigtics/ides unique access to molecular-scale mechanisfa have
synthesized titantomagnetite in two complementasypinologic forms, epitaxial thin films and nanopaes. Films
will enable detailed insight into surface structanel compositional changes, whereas nanopartidlesnable batch
measurements of Tc(VIl) concentration change intgi. Morphologically regular and relatively mornspkrse
nanoparticles in the 10-20 nm size range, of coitipas = 0, 0.25, 0.50, and 0.75, were successfully ggitied
by an aqueous solution protocol. For the first time epitaxial thin film of composition= 1.0 was also successfully
grown, using pulsed laser deposition in the Envitental Molecular Sciences Laboratory at PNNL. Wi present
on the approach, characteristics of these mateaatsplans for their use in Tc(VII) reduction espents.

For the purpose of understanding rates of Fe(ppkuby microbial Fe(lll)-oxide reduction, we haakso performed
measurements and developed molecular models df@tettansfer kinetics between model cytochromebsatid
surfaces, including surfaces of a,;Bghematite. We will report findings from a multi-rhetd approach, including
use of protein film voltammetry, scanning tunnelinigroscopy, and synchrotron-based x-ray refletstivd under-
stand the structure and electron-transfer propedi¢he periplasmic small tetraheme cytochromealemily linked
to Au electrode surfaces. We will contrast thestiairmeasurements with analogous ones under wiag as epi-
taxial hematite thin film as the electrode. Thalfitgs show that molecular orientation, distanceegfaration, and
structural properties of the solid surface arénaflortant factors governing the electron-transéte r Rates of Fe(lll)
reduction by this mechanism are sufficiently slovhypothesize that supply of reactive Fe(ll) frdns tiogeo-
chemical pathway is limited by electron transfethat microbe-mineral interface. This research i$ pithe ERSP
SFA at Pacific Northwest National Laboratory.
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Multiscale Reactive Transport Modeling for the PNNL ERSP Science Focus Area
Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Tim Scheibe, Pacific Northwest National Laboratory (leadMérshall Richmond, Pacific Northwest
National Laboratory, Mark Rockhold, Pacific Northwest National LaboratorgnBANood, Oregon State
University

Reactive transport simulation models (RTMs) serve as a criticalatitegy element among the vari-
ous experimental elements of the SFA, in particular integrating informatiorfiiramental process
scales (molecular, subpore, and pore) to phenomenological prediction scales (coldmR s pro-
vide support for experimental design, are being updated based on new experimental meswilissap-
port postexperimental analysis and interpretation. Our work is focused on the HanférddFRhich
we are developing a field-scale model (in cooperation with IFRC resegrtregra/ill systematically in-
corporate information from SFA experiments at smaller scales. Currémg, remains a gap between
scientific understanding at fundamental scales and simulation at field $elésads to an unsatisfac-
tory degree of model and parameter empiricism in many field-scale sonslaQuantitatively linking
across this wide range of physical scales with minimal empirical ciatibria an ambitious goal, one that
is being enabled by strong coordination of SFA research and ongoing computational advarices. Wor
ported in this poster is focused on three aspects of pore-scale simulation: (1) inmordneactive
transport processes relevant to uranium transport at the IFRC into our 3D smootleéslpaitodynam-
ics (SPH) code; (2) incorporation of numerical volume averaging solution methods i3 oamputa-
tional fluid dynamics (CFD) code; and (3) testing and cross-validation of the SPH-&8ndoGes. At the
field scale, we are solidifying our conceptual model of uranium transport at thealfidR@=veloping a
preliminary 3D transport model. We will develop a field-scale model of the natdrspatial heteroge-
neity of categorical sediment types (“hydrofacies”) in conjunction with IFé&@archers and supported
by geophysical characterization data. For each hydrofacies, we will defirzetenetic particle- and
pore-size distribution functions, pore-scale geometry and mineralogy by direcvatien (e.g., EMSL
and synchrotron facilities), and simulation of synthetic pore geometries. Rdeessaulations based on
these defined pore geometries will be rigorously upscaled to define porous-nadimsdels and pa-
rameters for each hydrofacies. The upscaled models will be validated aghinst-scale reactive
transport experimental data, and will be applied to simulate field-scatesesmansport at the Hanford
IFRC. Model uncertainties associated with sparse characterization tdia ewaluated using stochastic
simulation methods, and field-scale predictions will be compared to IFRC exptirabservations
(without empirical parameter fitting) to test the models’ predictive po@er modeling activities will
initially focus on physical and chemical mass-transfer processes invalveanium transport, and will
subsequently be expanded to include other target contaminants and biological masshxaoso(in-
cluding metabolic functions of, and mass transfer limitations within, microbiahconties) as SFA
characterization of Hanford-specific conditions proceeds.
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Functional Characterization of Shewanella Proteins Important for
Extracellular Electron Transfer

Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Liang Shi, Pacific Northwest National Laboratorggtl PI) David J. Richardson, University of East Anglia,offas
A. Clarke, University of East Anglia, Zheming WamRgcific Northwest National Laboratory, Mattheviviarshall,
Pacific Northwest National Laboratory, John M. Zaich Pacific Northwest National Laboratory, James K
Fredrickson, Pacific Northwest Naitonal Laboratory

The overall objective of this research projecbisihderstand the molecular mechanisms by whichafiat
macromolecules (e.g., redox proteins) engage awt véth uranium (U) and technetium (Tc) contamisand with
redox-active metals (e.g., Fe, Mn) with which ti@gract. The research has initially focused onpitedeins used by
the dissimilatory metal-reducing bacterighewanellaneidensisMR-1 for extracellular reduction of U(VI),
Tc(VIl), and Fe(lll) oxides. In the future, the fo of this project will be shifted to characteriaatof the bio-
molecules identified from Hanford-relevant microangsms (Konopka & Beliaev projects). The charaztgion re-
sults will be used in the development and evalnatiomolecular model of electron transfer (ET) deped by the
Rosso project. In turn, the predictions of the niedk help generate new hypotheses and designeiesxacteriza-
tion experiments.

The proteins directly involved i8.oneidensisviR-1-mediated extracellular reduction of U(VI), V() and
Fe(ll) oxides include (i) the inner membrane th&aec-type cytochromedtCyt) CymaA, (ii) the periplasmic deca-
hemec-Cyt MtrA, (iii) the outer membrane (OM) protein i\t and (iv) the OM decahenteCyts (OMCs) MtrC
and OmcA. To understand how electrons are tran&ldacross the OM, we characterized a trans-OMaibesne
complex, MtrCAB. The results showed that a stabteA subcomplex could assemble in the absence o€ Miut
that an MtrBC subcomplex was not assembled inltiserzce of MtrA. Protein film voltammetric analysesealed
the functional capacity of MtrCAB. We propose a mboir the modular organization of the MtrCAB complin
which (i) MtrC is an extracellular element that riaeds ET to extracellular substrates, and (i) MgB trans-OM
spanning-barrel protein that serves as a sheath to emleellittA subunit in the membrane, where it formsaage
membrane electron delivery module that service<CMto the best of our knowledge, this is the finslecular
model of electron translocation across bacterial. ®Ms basic model could also apply more widelyhi® mecha-
nism for electron exchange of a number of bactegealera with extracellular electron sources ankssiwWe also
crystallized MtrA and MtrF (an MtrC homolog) ancetbfforts for determining their molecular strucsiege under
way. At present we have full datasets at 3A anddsblution for MtrA and MtrF, respectively, and aesolving the
location of the heme groups in the protein strieguA number of new crystal forms that may diffriachigher reso-
lution are currently being sought. Completing tleéedmination of these structures will lay the foatioh for eluci-
dating the ET mechanisms used by these proteirextoacellular reduction U(VI),Tc(VIl) and Fe(llbxides.

We have initiated the characterizations of¢ieyts from 7Shewanellastrains isolated from the Hanford Reach
of the Columbia River (HRCR). PCR and sequencisglte showed that all 7 tested strains possansetilike
genes, while 3 strains hathcAlike genes and the remaining 4 strains contaimetfYundAZlike genes, which is
consistent with previous findings that MtrC genesmaore conserved than OmcA genes. We have seqldreen-
tire coding region of anndAundAZlike gene from HRCR isolate 6 (HRCR-6). The resshowed that thisCyt
(i) contained 843 amino acid residues, (ii) hagifative heme-binding sites, and (iii) was 73% 88&b identical
to the UndA1l ofS. putrefacien€N-32 and the UndA d8. balticaOS223, respectively. Based on these results, we
named this protein as UndA-HRCR-6. UndA-HRCR-6 ddug heterologously expressed as a heme-contgining
tein inS.oneidensisvIR-1 cells. We purified UndA-HRCR-6 from the merabe fraction of5.oneidensisviR-1
cells after its overexpression, indicating that BA4RCR-6 is most likely an OMC. We plan to determfi) the
ability of UndA-HRCR-6 to complement MtrC/OmcA feeducing U(VI) and Fe(lll) oxidem vivo, and (ii) ET re-
activity of UndA-HRCR-Gin vitro.

We have determined the ET rates from STE&CGyt whose structure is known, to the surface gbla electrode
and will measure its ET rates to a hematite@jeclectrode. The results will be used to evaluageET model de-
veloped by the Rosso project. In collaboration lith Rosso team, we also plan to use an approathdhples ex-
periments and theoretical computation to understa@chanistically the reduction kinetics of electahittles, such
as FMN and AQDS, by MtrC and OmcA. This researgbeit of the ERSP SFA at Pacific Northwest National
Laboratory.
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Facies-Based Characterization of Hydrogeologic Struc tures and
Reactive Transport Properties

Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Andy Ward, Pacific Northwest National Laboratory (lead Ehristopher Murray, Pacific Northwest
National Laboratory, Alexandre Tartakovsky, Pacific Northwest Nationadtzdory, Roelof Versteeg,
Idaho National Laboratory, Steve Yabusaki, Pacific Northwest National Lalpprat

Heterogeneity in flow and reactive transport properties is largely cadroyl the distribution of fa-
cies and can vary over a wide range of spatial scales. The overall objethigegroject is to develop a
robust framework for integrating physical, hydrologic, and geophysical data, anslition probability
geostatistics to generate quantitative 3D facies models that redlgability in depositional environ-
ment. There are four research lines: (1) establish a basis for using K-40, U-238,28®11é¢s to quan-
tify grain-size distributions and variations; (2) develop property-tramséglels to predict hydraulic
properties from grain-size statistics; (3) develop a robust method fomgédiye-scale and large-scale
heterogeneous structures; and (4) characterize factors controlling/ityséstd induced polarization re-
sponse in unconsolidated sediments. Laboratory gamma-energy analysis of diiR€hseshow a
strong relation between natural isotope abundance and grain-size statistexd flem sieving and laser
diffraction, suggesting a potential for use of gamma logs as a particle ®@ge Particle-size distribu-
tion data from IFRC samples, and information on particle shape, allow generatiohstitrpacks of
unconsolidated sediments for use as input in a pore-scale model for predicting flowciive teansport
properties and processes. Output from these simulations was used as input to agoreestalf fre-
guency-dependent electrical properties. Simulations reveal the importanceadé ghape, grain surface
roughness, inter-granular porosity, and clay coatings on the complex resistivity anisotropy. This
research is part of the ERSP SFA at the Pacific Northwest National Laiyorat
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Understanding the Fate of Uranium at the Hanford Si  te: The Role of Uranium
Mineral Dissolution Kinetics

Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)
Dawn Wellman, PNNL (lead RIEric Pierce, PNNL, Diana Bacon, PNNL

Physical, hydrodynamic, microbial, and geochemical variations in the Hanford sabsemtaron-
ment, as well as compositional differences in disposed contaminate wastestraae resulted in sig-
nificant variability in the processes that affect uranium migration. Pastevdisposal practices within
the Hanford 300 Area have resulted in significant subsurface uranium contaminatigecdiaéan of
which varies as a function of depth. In the deeper vadose zone sediments, uranium is found predomi
nantly sorbed to phyllosilicates, chlorite, and smectite and as the discreternnaergdl uranophane,
Ca(UQ),[SiOz(OH)]. * xHO. At shallower depths, EXAFS analyses suggest the major uranium-
controlling phase is meta-torbernite, Cu@@4PO,), * xH,O. The rate and extent of uranium release has
typically been investigated in laboratory column investigations using veauntneral fragments and size
fraction isolates. These investigations have observed kinetically dedtrelease of uranium from con-
taminated sediments and provide critical information on the release and trangpartiofm. The ob-
served kinetic behavior has been attributed to multiscale diffusion, masettyamnsf kinetic processes,
including uranium mineral dissolution. However, the complex kinetic processes couttiedtrgigrain
diffusion and solubility behavior, as the uranium concentration fluctuates in thesemmconments,
confounds the ability to isolate the rates attributed to individual processes. Thexdamptic relation-
ship that results from the coupling of diffusion and dissolution under dynamic conditions raugres
pendent quantification of the respective rate parameters. The objectivein¥ésisgation is to develop
parametric rates laws to define the dissolution kinetics of uranophane and retaiterunder envi-
ronmental conditions relevant to the Hanford 300 Area. A series of single-passrfbmgtt tests were
conducted utilizing natural meta-torbernite and synthetic uranophane, redpetdigeiantify the effect
of pH, temperature, flow rate, and solution saturation state, under the pH range of 7 to 10 arad tempe
ture range of 5° to 90°C. Results of this investigation provide the necessary furalatatnto refine
bulk kinetic parameters, currently being used to predict the fate of uranium, withivkefzalues de-
scribing the effect of changing environmental conditions on key uranium mineral phiasss results
allow for pore-scale dissolution processes to be incorporated into reactive ttaosies; in order to ac-
curately predict multiscale, mass-transfer processes on the releasegtetin fate of uranium in the
subsurface environment.
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Radionuclide Sensors for Subsurface Water Monitorin g
Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

Jay W. Grate, Pacific Northwest National Laboratory (leagNPdfthew J. O'Hara, Pacific Northwest
National Laboratory, Timothy A. DeVol, Clemson University

Radionuclides in the subsurface are a persistent and vexing problem for DOE. Therditats
required are extremely challenging, and the detection of alpha and beta emitbeideinsed media is
difficult due to their short penetration ranges. Our objectives are to develop eds@msor concepts,
materials, and analytical approaches to enable monitoring alpha- and betagemadibnuclides in wa-
ter, so that new analytical methods are available to support DOE missions ininantdate and trans-
port, and in environmental monitoring. Our fluidic sensor designs use sorbent matesegarate ra-
dionuclides of interest from radiological and matrix interferences, simolighepreconcentrating and
localizing analytes for radiometric detection. These designs can be incedioitat monitoring systems
that determine contaminants at much more frequent intervals than is feasiele gmpling and labo-
ratory analysis. We have developed preconcentrating minicolumn sensors for Tefthatacan detect
to levels that are ten times lower than drinking water standards of 33 Bg/L&qmasalent concentra-
tion 0.05 ppb). Recently, we have investigated potential interferences that nay eatsiral waters or
as co-contaminants in plumes and have determined their effect on Tc-99 quantiifid&tihave devel-
oped an automated standard addition method for accurate monitoring, and new functionaliled scint
tors by a atom transfer radical polymerization process to overcome thetarémiess. We have also de-
veloped a monitoring approach for Sr-90 in an automated fluidic system. The systeéas iSol@0 from
water to create a pure, Y-90 free source on a separation column. After an ingrowth perigedhe
from Sr-90 decay is transferred to a flow cell for detection of Cherenkovicadiedm the high-energy
beta particles from Y-90 decay. This system can analyze for Sr-90 to lev®stheldrinking water
standard of 0.30 Bg/L (mass equivalent concentration 5.8"%gin). We have developed a monitoring
approach for tritium utilizing a proton exchange membrane (PEM) electrolysianehé gas-flow pro-
portional counter. The electrolyzer uses a Nafion membrane as the electriog/testiltant tritiated hy-
drogen gas is combined with a small amount of propane (6%) put into the gas-flow propodioret
for detection of the tritium. The detection efficiency is 49%, and the minimum datectancentration
is 740 Bg/L (the drinking water standard) for a 4-hour count time. We are invesgigai application of
time-interval analysis of the radiation signals to increase the sigmmalise for the detection system. Pre-
liminary results indicate that the application of the sequential probabilitytest (SPRT) to the time-
interval data significantly reduces the number of false positives mekatithe fixed time-interval analysis
of the data. Under the OBER STTR program, we are working with Burge Environnzedé&lelop and
deploy automated monitors for Sr-90, Tc-99, and uranium on the Hanford site. Recently etmefaiyst
Sr-90 was installed in the field.

Selected Recent Publications:

(1) Grate, J.W.; Egorov, O.; O'Hara, M.J.; DeVol, T.A., “Radionuclide Sensors for EngnvainMoni-
toring: from Flow Injection Solid Phase Absorptiometry to Equilibration-basembRecentrating Mini-
column Sensors with Radiometric Detection,” Chem. Rev., 108, 543-563 (2008).

(2) O'Hara, M.J.; Burge, S.R.; Grate, J.W., “Automated Radioanalytical Syste¢hefDetermination of
Sr in Environmental Water Samples By Cherenkov Radiation Counting,” Anal. Chem., 81, 1228—
1237 (2009).

(3) O'Hara, M.J.; Burge, S.R.; Grate, J.W., “Quantification of Tc-99 in Complex Groundvatiexes
Using a Radiometric Preconcentrating Minicolumn Sensor,” Anal. Chem., 81, 1068-1078 (2009).
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Reactive Transport of U and Tc in Subsurface Sedime  nt Systems

Session: PNNL SFA (Laboratory Research Manager: Harvey Bolton)

John Zachara, PNNL (lead PI), Jim Davis, USGS, Jim McKinley, PNNL, Stealel Hergonne National
Lab., Mart Oostrom, PNNL, Tanya Peretyazhko, PNNL, Phil Jardine, ORNL

As part of the PNNL SFA, this project is investigating biogeochemicalioggatocesses of U(VI)
and Tc(VIl) in different subsurface sediments from the Hanford site that pogtant to contaminant
migration. A primary project emphasis is to understand how microscopic reactiommspubit processes
influence the advective transport velocities of these two solutes, throughsieiamients with natural
structure and heterogeneities at the macroscopic to mesoscopic scale. Aipyégnadive approach us-
ing refined characterization, experiment, and modeling is being taken to develagl@ésant reactive
transport models involving fundamental descriptions of coupled processes.

Research in FY09-FY10 is focused on two primary campaigns. The first addressetatdecm-
plexation behavior (desorption and adsorption) of contaminant U(VI) in coarse, field teséaiienents
from the Hanford IFRC site that host complex intragrain domains. Uranium adsorption argtides
exhibits kinetic behavior in these materials. Experimentation begins with caiaenn experiments of
contaminated sediments to investigate U desorption/adsorption rate and extent, aactizeriracer
behavior under advective conditions representative of the field. The columns ardrdetehafter x-
ray imaging, cobble mapping, and measurement of hydrologic properties—and a rigoeus [suysi-
cal and mineralogic characterizations, and geochemical reaction meestgérperformed on the <2
mm fraction. Various modeling approaches—advection, diffusion, thermodynamic, and fefeion-
ships—are then evaluated for their ability to upscale reaction parametdeséoiption of the intact sys-
tem.

The second campaign addresses the reduction and oxidation behavior of Tc in a unique séries of su
surface sediments collected through and below a redox transition zone in Hanford’s uncapfifeed a
These sediments contain Fe(ll) in complex mineral forms, including dioctahedwetitesiand discrete
ferrous precipitates that vary in their heterogeneous kinetic redox rgadixperiments use flow-
through reactors to study kinetic processes. Transmission Mossbauer spectrdsbp¥ENS, and x-ray
absorption spectroscopy are being used to characterize the identity of theereadovms and deter-
mine the molecular nature of resulting Tc(IV) redox products. Collaborations are umdeiittv other
SFA investigators investigating microbe-facilitated reactions afifigs@hn regulated processes. A poster
will be delivered at the ERSD annual meeting that displays research progrieese campaigns.

This research is part of the ERSP SFA at Pacific Northwest National tatyora
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SLAC SFA: SSRL Environmental Remediation Sciences P rogram
Session: SLAC SFA (Laboratory Research Manager: J.R. Bargar)

J.R. Bargar, SLAC National Accelerator Laboratory (leagRIBernier-Latmani, Ecole Polytechnique
Federale de Lausanne, H. Boukhalfa, Los Alamos National Laboratory, G.E. Brown, JordStam#
versity, K.M. Campbell, U.S. Geological Survey, S.E. Fendorf, Stanford University FQller, U.S.
Geological Survey, D.E. Giammar, Washington University St. Louis, E.S. lltorfi™dorthwest Na-
tional Laboratory, A. Mehta, SLAC National Accelerator Laboratory, P. W. ReinugssAlamos Na-
tional Laboratory, D.M. Wellman, Pacific Northwest National Laboratory

The success oh situ subsurface contaminant immobilization is governed by contaminant stability
relationships, interfacial reactions, and the interplay of rates and hydrolfzgitads. The mission of the
SLAC SFA program is to elucidate the fundamental molecular-scale biogecahenocesses that con-
trol stability and rates, with the goal of improving subsurface remediatategis. A key focus of this
effort is stimulated uranium reduction. We are using innovative approaches, ingégisated collabora-
tions, and advanced analytical techniques to couple laboratory and field studies, andfiastsoedsr
issues, of the DOE subsurface uranium problem. Key questions include:

How do reducing conditions immobilize uranium in the subsurface? Uraninite is the mtldes
product of stimulated uranium reduction, because it is orders-of-magnitude less sudmbinost other
U species. Little is known about the behavior of biogenic uraninite in the subsurface andtithmaental
factors that control its stability. Recent studies suggest that bioredud€dnily also occur as noncrys-
talline products. The SLAC SFA will elucidate and quantify the biogeochemicabtotitat govern the
stability and rates of corrosion of biogenic uraninite in the subsurface. We wilhaisstigate the nature
of noncrystalline reaction products and the factors that impede formation of the sicabldauraninite
products.

How does Fe redox cycling enhance or hinder stimulated uranium reduction? Reduction of abundant
but poorly crystalline ferrinydrite grain coatings and colloids, strong sorberit§Vd), produces more
stable phases such as magnetitg@feand goethiteo-FeOOH). Recent studies have shown that sur-
face-bound uranium can become immobilized as an impurity cation within Fe oxide productdeturing
rihydrite reduction, providing a potentially important route to highly stable segeéstsanium and en-
hancing stimulated remediation. Numerous key questions remained unanswered abqubtesses.
The SLAC SFA program will probe and quantify the fundamental biogeochemical coneolthesta-
bility and rates of ferrihydrite transformations and uranium sequestrateageein the subsurface.

Collaborative site-specific contaminant characterization and ren@difttie SLAC SFA team is col-
laborating on research at the Hanford site, the Old Rifle site, the Fry Canyandithe Yucca Moun-
tain potential repository site to help bring synchrotron capabilities to bear ossdedlel contaminant mi-
gration and remediation problems.

Research conducted by the SLAC SFA program will illuminate our understandmgitfuranium
immobilization, improve remediation strategies for accelerated cleanuniainginated sites, and help
gain public and regulatory acceptance for pathways to closure.
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SLAC SFA: Uranium Remediation Research at the Old R ifle, Hanford, and
Fry Canyon Sites

Session: SLAC SFA (Laboratory Research Manager: J.R. Bargar)

J.R. Bargar, SLAC National Accelerator Laboratory (leadRIBernier-Latmani, Ecole Polytechnique
Federale de Lausanne, K.M. Campbell, U.S. Geological Survey, C.C. Fuller, U.S. Gd@ogiey,
D.E. Giammar, Washington University St. Louis, P.E. Long, Pacific Northwesirddiiaboratory, J.O.
Sharp, Ecole Polytechnique Federale de Lausanne, K.-U. Ulrich, Washington UyiSerkiuis, H.
Veeramani, Ecole Polytechnique Federale de Lausanne, S.M. Webb, SLAC Nationatgkocéabora-
tory, and D.M. Wellman, Pacific Northwest National Laboratory

An important goal of the SLAC SFA is to leverage core expertise in synchrotronrenental sci-
ences through site-specific remediation and performance assessmeghrigstta DOE legacy complex
and at other sites contaminated from nuclear materials production. In the pasL}€a6FA team
members have participated in research related to the Old Rifle site, therdHsité, and the Fry Canyon
site. This work is advancing the scientific basis for remediation technokgietheir optimization.

In collaboration with the Rifle IFRC team, we initiated a new research ptojebaracterize the cor-
rosion of bacteriogenic uraninite in groundwater at the Old Rifle, Colorado, site. ®j@stwill focus
on the molecular mechanisms of corrosion, the rates of uranium release in the seapandan the
chemical properties of the corroded products. This project will definitively asltiresuitability of bio-
genic uraninite as a long-term sink phase for uranium.

Phosphate-based remediation strategies may provide a means for remdukdtinget and tenacious
vadose-zone subsurface uranium contamination problem at the Hanford 300 area. Wetayatinges
the mechanisms of uranyl-phosphate formation/ transformations, the roles of geatnaioro-
environments, and the roles of wet-dry cycling on the formation, identity, and stabulitgnium-
phosphate phases from laboratory- and field-phosphate-amended sediments. Resthesgestyear
indicate that polyphosphate treatment of U-bearing solids results in the formati@ngf phosphate
minerals. This work is advancing validation and development of this nascent reomei@iehnology.

The collaborative project at the Fry Canyon Site focuses on identifying biogecahenocesses
occurring in permeable reactive barriers (PRBs) that govern uranium satjoesind PRB performance
at the Fry Canyon, Utah, permeable reactive barrier (PRB) field demamsipatject. Questions of cen-
tral importance are: (1) What reactions result in U sequestration in igle8RB deployments? (2)
What is the long-term stability of the sequestered U with respect to reratibitiz and (3) How do bio-
geochemical processes occurring within the PRB affect U removal and PRBymer€e? Initial results
indicate that U is sequestered dominantly as U(IV) by the zero valent ironRR®&)and that secondary
Fe(ll) minerals have filled ZVI grain pores and cemented grains, which redwrstp@nd reactivity to
U, limiting PRB longevity and performance. Intriguingly, U removal by the boneagaiite PRB has
occurred largely by bioreduction of U(VI) to U(IV) with no evidence of uranyl phosphatgjtation.
Bioreduction has enhanced U sequestration by up to 20 times greater than expected &briosehi)
surface complexation. This research is providing the scientific basis to tevahdithe long-term behav-
ior of sequestered uranium and to optimize barrier design and operation.
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SLAC-SFA: Fundamental Biogeochemical Factors Govern  ing the Subsurface
Stability of Bioreduced Uranium and Plutonium

Session: SLAC SFA (Laboratory Research Manager: J.R. Bargar)

D.E. Giammar, Washington University St. Louis, K. Uwe-Ulrich, Washington Urtyess Louis, R.
Bernier-Latmani, Ecole Polytechnique Federale de Lausanne, J. O. Sharp, EcelehRajye Federale
de Lausanne, H. Veeramani, Ecole Polytechnique Federale de Lausanne, E.S. llteni\Bwdbifiest
National Laboratory, H. Boukhalfa, Los Alamos National Laboratory, E.J. SchofieldZ $lational
Accelerator Laboratory, A. Mehta, SLAC National Accelerator LaboratdRy,Bargar, SLAC National
Accelerator Laboratory (lead PI)

The production of biogenic uraninite from the microbially mediated reduction of U(Vihkgso-
tential to immobilize subsurface uranium contaminatisitu. The success of such a bioremediation
strategy will depend on the long-term stability of the biogenic uraninite, whidvesed by particle
size, molecular-scale structure, and the composition of both the solid phase andngpgtaandwater.
Similar factors can affect the structure and stability of biogenic Ro@ the reduction of more soluble
Pu(V) and Pu(VI) species. We are elucidating and quantifying these structyseAtbom/reactivity re-
lationships as part of the SLAC SFA focus on molecular-scale processes-ofdésimportance to the
DOE subsurface- contaminant remediation.

The molecular-scale and nanoscale structure of biogenic uraninite produced by redud({Mi by
Shewanella oneidensisdDesulfovibrio vulgarisvas characterized using EXAFS, synchrotron-based
powder diffraction, and TEM. Its lattice parameter is consistent with bullk &ldl there is no evidence
for compression of the particle interior, which suggests that the thermodynamidipsopecoarser-
grained abiotically synthesized Y@hay be appropriate for modeling the properties of biogenic uraninite
nanoparticles. When biogenic uraninite was produced in the presence of the common grouatomter c
Mn?*, the latter was found to become structurally incorporated in the solid phase, résugtirajler par-
ticle sizes and loss of structural order.

Equilibrium solubility and dissolution rates of biogenic uraninite with and without incatgmMri*
were measured as a function of pH, dissolved oxygen, and dissolved inorganic carbon. Curitbistent
their structural similarities, synthetic J@nd biogenic uraninite had similar equilibrium solubility and
surface area-normalized dissolution rates at most conditions. Carbonate promuatatewdissolution
not only under moderately oxidizing, but also under reducing conditions. As expected, dissolugion rate
increased with increasing dissolved oxygen. XPS was used to identify oxidized urarboth & (V1)
and U(V) on the uraninite surface, even at anoxic conditions, and the fraction of sufjaner@ased
with increasing oxygen concentration. Whsubstituted biogenic uraninite was substantially less soluble
and less susceptible to oxidative dissolution than pure biogenic uraninite.

Uraninite is the most desirable, most common, and until recently, the only known product af biolog
cal U(VI) reduction. However, the Gram positive sulfate-reducing bactérsulfotomaculum re-
ducenswas found to form a U(IV) product that lacked the EXAFS U-U shell charaatesfatiraninite.

The product was concluded to be an uncharacterized molecular complex of U(IV). A U(IV)tsioaiuc
larly lacking in uranium near-neighbors was formed in flow-through systems togsisRifle sedi-
ments exposed to an electron donor and U(VI) for three months. This product was re-oxiddted rapi
upon exposure to oxygen.

Freshly precipitated biogenic plutonium oxides produced by the enzymatic reduction of &hd VI
Pu(V) are structurally similar to biogenic uraninite. Based on TEM imagiddXAFS analysis of bio-
genic Pu oxides produced Byoneidensisthe Pu precipitates have a crystalline structure and particle
size distribution similar to that of uranium precipitates. These result$isagly advance our ability to
model the subsurface behavior of bioreduced uranium and plutonium.
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Los Alamos National Laboratory ERSP Progress Report . |. Biogeochemical Proc-
esses Governing the Subsurface Speciation of Pluton ium

Session: LANL ERSP Research (Laboratory Research Manager: David Hobart)

Hakim Boukhalfa, Los Alamos National Laboratory, Los Alamos, NM (lead¥i) Reed, Los Alamos
National Laboratory, Los Alamos, NM, Steve Conradson, Los Alamos National Labotaierlamos,
NM, Gary A. Icopini, Montana Bureau of Mines and Geology, Butte, Montana, Alison Costello, Los
Alamos National Laboratory, Los Alamos, NM, Eleanor Schofield, SLAC Stanford SytnmhiRadia-
tion Laboratory, Menlo Park, CA, John Barger, SLAC Stanford Synchrotron Radiation tappra
Menlo Park, CA, Bruce Rittman, Arizona State University, Tempe, AZ, Alice Dkbwve, Pacific
Northwest National Laboratory, Richland, WA, Mary P. Neu, Los Alamos National Lialpraos
Alamos, NM, David E. Hobart, Los Alamos National Laboratory, Los Alamos, NM

Plutonium released to the environment continues to be a major concern at number of the U.S. De-
partment of Energy (DOE) facilities. The fate and transport of Pu in the sutssigfstrongly influenced
by coupled physical and biogeochemical processes present, and many knowledge gapPRligniai
nium, as a subsurface contaminant, exists mostly as a,ap@cies with organic complexing agents
also present as co-contaminants. The effects of abiotic and microbiologicaga®oa plutonium
speciation are a key focus of the Los Alamaos SFA, which exarhie&ste and Transport of Plutonium
in Subsurface Environments.

The initial emphasis of our plutonium biogeochemistry studies has been on the bioreduction of
higher-valent plutonium by facultative metal-reducing bact&ieewanella oneidensidR1, Shewanella
alga BrY, andGeobacter metallireducerstrain GS-15. These microorganisms are important in defining
plutonium speciation in the subsurface. We examined the direct and indirect reductioeralf gleito-
nium species, and found that the reduction of oxidized Pu(V) and Pu(VI) species proceedssaniiair
to that observed for U(VI) reduction under the same reducing conditions. However, theorepiuaxt-
ucts are highly affected by the presence and concentration of organic and inorgatarshelthe ab-
sence of chelating agents, our examinations by TEM imaging and EXAFS spectrostogteithat the
reduction of Pu(V) and Pu(IV) produce crystalline Pu(IV) phases, which are stiycterg similar to
biogenic uraninite. In the presence of carbonate, the reduction of plutonium is much slowdm@nd al
dations states Pu(VI), Pu(V), Pu(lV) and Pu(lV) are simultaneously observediiosoHowever,
strong chelators like EDTA and NTA favor the reduction of plutonium to Pu(lll). We &laseexamined
the direct enzymatic reduction of Np(V), a stable surrogate for Pu(\§, bgeidensi®iR1 and charac-
terized the structure of the reduced NpBase by x-ray absorption spectroscopy.

We also investigated the bioreduction of aged synthetic plutonium oxides and fresidigiest
amorphous Pu oxides Pu(Qfgm), with varying synthetic and natural ligands present, such as carbon-
ate, soil humates, and ethylenediaminetetraacetic acid (EDTA) . Our iadidtge that aged plutonium
oxides are more resistant to biological reduction under most conditions examined. piresipiyated
Pu(OH)(am) are readily reduced and solubilized to form Pu(lll)-organic speciestadualEh-pH titra-
tions of amorphous Pu(Ok{am), performed in the presence and absence of EDTA, suggest that EDTA
might enhance Pu(IV) oxides reduction by making them chemically easier to reduce.

An important part of this research is the development of a biogeochemical submogbéito the
observed biogeochemical effects on plutonium speciation. Modeling activitieesetered on upgrad-
ing the CCBATCH biogeochemical model to include Pu speciation data—mainly Ra@IRu(IV) spe-
cies. CCBATCH also was applied to the modeling of coupled abiotic and biotic Pu(V)ioadugct
metal-reducing bacteria to establish the relative contribution of each process
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Los Alamos National Laboratory ERSP Progress Report  : Il. Plutonium Transport
by Calcite Colloids

Session: LANL ERSP Research (Laboratory Research Manager: David Hobart)

Amr Abdel-Fattah, (lead RIsowmitri Tarimala, LANL, Los Alamos, NM, Elmer Garcia, LANL, Bennie
Martinez, LANL, Los Alamos, NM, Doug Ware, LANL, Los Alamos, NM, Peter Lichtnéi\L, Los
Alamos, NM, Paul Reimus, LANL, Los Alamos, NM, Robert Roback, LANL, Los Alamos, NM

The legacy of six decades of nuclear materials production in the United Statesuti@slrin signifi-
cant releases of plutonium (Pu) to the environment at many U.S. DOE sites. Plutoniamicaton is
of significant concern because of its extreme toxicity, radioactivity, publgitsety, and national secu-
rity aspects. Thus, it is imperative that DOE can demonstrate a defensibistandi@g of the processes
that control Pu contaminant migration. This work is part of Los Alamos National LtabosaSFAActi-
nides in the Subsurface Environme®pecifically, we present results of laboratory batch and column ex-
periments conducted to evaluate the transport of Pu(VI) by natural calcite ctillmdgh saturated al-
luvial material collected from the central part of the Idaho National LabgraZotumn experiments in-
vestigate the effect of flow transients on the colloid generation processyiygvene flow rate from O to
24 mL/hr over a period of over 240 days. Effluent natural calcite colloids were edlfeemn the col-
umns and were subsequently used in Pu sorption and transport experiments. Sorption experienents we
conducted by adding Pu(VI) to both unfiltered and ultrafiltered colloid suspensionslyidiid M Pu
and pH 7.7). Baseline colloid transport experiments were conducted in the columns usingeac®ls-f
loid suspension and a conservative tracer. Additional transport experimentonaueted by reinject-
ing the concentrated colloid-Pu solution from the sorption experiments into the columnayigoag
conservative tracer, to assess the transport of the dissolved and colloidal Pu.

Analyses of the effluent samples collected during flushing of the columns indibatedlcite col-
loids were continuously generated, with colloid concentrations ranging from 10 to 250 gjmexsthan
the average influent concentration. Colloid concentrations remained 20 timesubatisfincentration
after more than 240 days of flushing. The experiments revealed that colloid gensrationgly influ-
enced by flow transients. During the first ~60 days of flushing, the flow rate wassect by a factor of
12 (2 to 24 mL/hr) and the generation rate increased by a factor of ~6. Increasing tlaelowa factor
of 3 (2 to 6 mL/hr) caused the generation rate to increase by a factor of ~2. Colloid @diacenin the
effluent before and after stopping the flow for 4 and 12 hours were almost unchanged. Tsssuges
gest that colloid generation under fixed geochemical conditions is controlled maifdyinate and
may be governed by the thickness of the hydrodynamic boundary layer, which is nonlineartiedépe
on flow rate. Interestingly, after the flow rate was decreased and mainta&dwal/hr (starting at ~60
days), the colloid generation rate initially decreased in accordance with égatéished prior to this
time. However, after a few hundred hours, the generation rate gradually increastdtioy of ~8 and
remained at that rate for over 1000 hours, before eventually dropping back down to ratesroatee
with the early time period. This delayed increase in colloid generation isehtattributed to slow
dissolution of bonding agents between the colloids and the alluvium grains. The eveneadalecr
generation is attributed to dissipation of the supply of colloids bound to surfaces by thanisec

The batch sorption experiments indicated that Pu(VI) sorption onto the calcite callsidsng and
almost instantaneous. These results suggest a significant potential fai-taitibiated transport of Pu
under the hydrogeochemical conditions investigated so far. Experiments examirtiagisipert of the
Pu and colloids through the saturated alluvium columns are in progress. Results and empdetant
tions will be presented.
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Los Alamos National Laboratory ERSP Progress Report  : lll. Plutonium(VI) Ad-
sorption onto Goethite and Manganese Oxide

Session: LANL ERSP Research (Laboratory Research Manager: David Hobart)

Hakim Boukhalfa, Los Alamos National Laboratory, Los Alamos, NM (lead3yven A. Stoyt_os
Alamos National Laboratory, Los Alamos, NM, Sean D. Reilly, Los Alamos Nati@aizdratory, Los
Alamos, NM, John Barger, SLAC Stanford Synchrotron Radiation Laboratory, Menlo ParRe@k C.
Lichtner, Los Alamos National Laboratory, Los Alamos, NM, Mary P. Neu, Los Alamatisil Labo-
ratory, Los Alamos, NM, Steve Conradson, Los Alamos National Laboratory, Los Alaios, N

Plutonium released to the environment continues to be a major concern at a number of thé&eU.S. DO
facilities. The fate and transport of plutonium in the subsurface is stronglyrnioéiddy coupled physi-
cal and biogeochemical processes present at the contaminated site. Numeroudglengaye exist in
our understanding of these processes at the fundamental level and their couplingeditoh ©gresented
here is part of the ongoing LANL-SFA, which focuses on improving our understanding of important
abiotic processes that affect the fate and transport of plutonium in subsurfacemewits.

Under common groundwater conditions, Pu(lV) and Pu(V) are the most stable oxidatigmstiates
the Pu(V) fraction generally remaining in solution and Pu(lV) primarily praeght solid phase as
sparingly soluble intrinsic oxyhydroxides and surface-sorbed species. The oxidizediPs, $het/)
and Pu(VI), are present at low concentrations under oxic environmental conditions, buicentyf
soluble to play an important role in the overall transport behavior of plutonium. A number etdtade
examined the aqueous speciation of Pu(V) and Pu(VI) under environmental conditions antetiaei i
tions with mineral surfaces, but our knowledge of the aqueous speciation of plutonium angttheestr
of the species formed on mineral surfaces still needs significant advantesiu?h is particularly diffi-
cult to study because of its rich chemistry, radiotoxicity and redox reactivithak&eexamined the hy-
drolysis of Pu(VI) under conditions that insure that the species formed are monone:ie have
characterized the complexes formed using classical UV-VIS-NIR spegpypand x-ray absorption
spectroscopy. We have also examined the formation of ternary complexes XGBg)@OH), 2™
(where M = C4& and Md") and characterized the complexes formed using UV-Vis-NIR, and x-ray ab-
sorption fine structure (XAFS).

The migration of soluble oxidized Pu species is strongly influenced by their imaracth mineral
surfaces, which provide sorption and redox-active sites. Plutonium interactiorawgbs/mineral sur-
faces has been examined in the past; however, there is a lack of a thorough understamdéauog afosn-
plex speciation and redox distribution of Pu on the surface of reactive minerals surhaaslimanga-
nese oxides. Most mineral sorption studies, primarily focused on iron oxyhydroxides, sili@dyiiai-
nosilicates, show that surface-adsorbed or precipitated Pu(IV) forms independhenindtial oxidation
state. In contrast, recent studies indicate that some redox-active mineed,@wech as birnessite, a high
surface area manganese oxide commonly found as a component of soils and sediments, hanéiahe pot
to oxidize and preferentially adsorb Pu(V/VI). Pu(VI) surface speciation on maggaxieles surfaces at
pH 3.5-8.0 under atmospheric €®as investigated using batch sorption experiments, XAS spectros-
copy, and numerical modeling. Samples with estimated overall soption capacity of 40 tavéfDpbe-
pared by varying the pH between pH 3.5 and 8.0. XAS examination were performed on freshly sorbed
Pu(VI) and also after the mineral phases were aged for 9 months. The data suggksbtham re-
mains oxidized and is present on the mineral phases as a sorbed species and not esRudierse
precipitated on the mineral surface. The structure of the complexes formed at§Bl i3.6urrently be-
ing analyzed.
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Los Alamos National Laboratory ERSP Progress Report  : IV. Characterization
of Transuranic Oxides Formed by Biotic and Abiotic Processes Using X-ray
Absorption Fine Structure (XAFS) Spectroscopy

Session: LANL ERSP Research (Laboratory Research Manager: David Hobart)

Steve Conradson, Los Alamos National Laboratory (LANL), Los Alamos, NMHKRRKim Boukhalfa,
LANL, Los Alamos, NM, Marianne Wilkerson, LANL, Los Alamos, NM, John Barger, SLA&hfrd
Synchrotron Radiation Laboratory, Menlo Park, CA, Lav Tandon, LANL, Los Alamos, NM, DoRnic
terson, LANL, Los Alamos, NM, Jeremy Mitchell, LANL, Los Alamos, NM, Robert RobBA&RIL, Los
Alamos, NM, David L. Clark, LANL, Los Alamos, NM, David E. Hobart, LANL, Los Alamihi$/

The environmental chemistry—the combination of physical, chemical, and biologcalspes that
determine the fate of hazardous elements released into the environment—oétiasssrof great con-
cern to the Department of Energy, because of the number of its (primarily) wegapdostion and R&D
sites that have been contaminated with plutonium and other transuranics. Transulsal®s ke a pri-
mary concern at repositories that will contain waste from reactors or fwelgsing. Plutonium (Pu) is
arguably the most fraught of the transuranics, not only because of its extremsg smdaiadioactivity,
but especially because of its public perception and its national security asggttsiidin contamina-
tion is also of significant concern because its longer half life renders itghlat@y driver beyond
100,000 years, when it is assumed that the repository will have broken down and projectedajeologi
processes will control its transport. Los Alamos National Laboratory, under fhieesusf its SFAActi-
nides in the Subsurface Environmemds been performing research aimed at understanding the subsur-
face migration of transuranics. A recent extension of this project has been the usg &bsorption
Fine Structure (XAFS) spectroscopy to determine the chemical speciatioraatidtyeof Pu and Np,
specifically the corrosion chemistry of Pu alloys that are the most likalgs terms for contamination
in many instances and the biogenic chemistry of Pu and Np. For metal corrosion, the dogrea ties be
Pu in a metallic state on contact withGHliquid or vapor completely degrades to the thermodynamically
favored Pu@,, within a matter of weeks to months. This issue is vital in predicting the behaWar of
because all of the models predicting the behavior of the light actinides in the erentassume that,
regardless of the actual source term, the sole important species areatlaeetoxides (U(VI) is an ex-
ception) and their variants. In these experiments, 1.6 atom % Ga Pu/Ga alloy couponscofmgpose
mixture of delta and alpha Pu after uniaxial polishing were corroded by moist air ahatebiperature,
for periods ranging from three days to two months, and the chemical speciation of the Pulatet-Ga
mined separately by XAFS measurements at 80 K. In contrast to the dogma thatlPuxidizées rap-
idly and completely to Pug,, we found that a substantial fraction of the Pu remained metallic, because
the local environment around the Ga atoms was unchanged over the duration of the expdrar@at. T
apparently prevents the Pu atoms in proximity from reacting wih kh addition, the Pu-O and Pu-Pu
distances in the oxidized Pu that was observed significantly differed from bujkfwén as their dis-
tribution changed with reaction time. It would therefore be expected that the tramgpothear proper-
ties of metallic Pu in the environment may not only differ from those o RbOt also from each other,
depending upon their original composition and their handling. It could also be expected tiyatetbis
nanoscale phase separation of metallic and oxidized Pu resulting from the locaboxiaatld promote
the formation of colloids from the metal via a mechanism that would not occur forahttat begins in
pure oxide form. In addition, we have found via XAFS measurements that, unlikeéhd@peciation of
Pu and Np resulting from transformation by specific microbes does not produce orderedeetox-
ide. While biogenic Pu appears to be a highly transformed variant gf,fhidgenic Np is actually
more similar to a hydroxy-carbonate or other molecular complex. The environment#@tchefthese
elements is therefore potentially much more complex than has been assumed.
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Los Alamos National Laboratory ERSP Project Summary  : Actinides in the Subsur-
face Environment

Session: LANL ERSP Research (Laboratory Research Manager: David Hobart)

David E. Hobart, Los Alamos National Laboratory, Los Alamos, NM (leadHaBim Boukhalfa, Los
Alamos National Laboratory, Los Alamos, NM, Don Reed, Los Alamos National Labgratsnala-
mos, NM, Amr Abdel-Fattah, Los Alamos National Laboratory, Los Alamos, NM, PamiuRelLos
Alamos National Laboratory, Los Alamos, NM, Robert Roback, Los Alamos Natiobatatary, Los
Alamos, NM, Peter Lichtner, Los Alamos National Laboratory, Los Alamos, NMeSIenradson, Los
Alamos National Laboratory, Los Alamos, NM

Plutonium (Pu) environmental contamination poses serious health risks and is ¢hastprificant
public concern. Although Pu is very insoluble, highly sorptive, and generally immobiile subsurface
environment, there are a few examples where small amounts of Pu have been tchagpufitant dis-
tances in relatively short times. In most of these cases, the nature of themadsl&action and the
mechanisms responsible for transport are poorly understood. This SFA is an integrgrzich pihat
combines field, laboratory, and modeling studies to address important knowledge gegsthatour
understanding of the processes controlling the environmental behavior of actinideis|lgdpe. This
SFA has focused on four research topics: (I) biotic processes that affect Rtiepegl) colloid-
facilitated transport processes and their scaling; (1) abiotic proeasaffect Pu speciation and sorp-
tion behavior; and (V) potential controls of Pu source material on transport behavionnasy of ac-
tivities and some important conclusions from each of these areas is provided below:

I The structure of biogenic Py@nd NpQ species was examined using x-ray absorption spectros-
copy and compared to structures of biogenic uraninite. We also examined the behavior of Pu ox-
ides, including aged Py@nder reducing conditions. Modeling activities focused on upgrading the
CCBATCH biogeochemical model to include Pu speciation data and applying this mode! to co
pled abiotic and biotic Pu(V) reduction by metal-reducing bacteria.

II.  Laboratory batch and column experiments were conducted to evaluate the tranBpgtpby
calcite colloids through saturated alluvial material collected from thigadgart of the Idaho Na-
tional Laboratory. Results showed that high concentrations of colloids were continuenesly g
ated from the alluvial material and that the colloid generation process islgirdhgnced by
flow transients. Batch sorption experiments indicated that Pu(VI) sorption onte caltoids was
strong and almost instantaneous.

lll.  We examined the formation of ternary complexe$'Bg®*-PuQ,(COs)(OH),@™"¥; and charac-
terized the complexes using UV-VIS-NIR and x-ray absorption spectroscopy. t\exalsined
the structure of aged Pu(VI) complexes formed on the surface of manganese oxidesaseilg X
sorption fine structure (XAFS). In the presence of manganese oxides and from pH 3.5-8.0 under
atmospheric Cg Pu(VI) plutonium remains oxidized, and is present on the mineral phases as
sorbed species and not as a discrete Pu phase precipitated on the mineral surface.

IV. Pu/Ga alloy coupons composed of a mixture of delta and alpha phase Pu were corroded by moist
air at ambient temperature for periods ranging from 3 d to 2 months, and the chemiealospeti
Pu and Ga were determined by XAFS. We found that a substantial fraction of the Pudaneine
tallic, because the local environment around the Ga atoms was unchanged over theeigasim
ration. In addition, the Pu-O and Pu-Pu distances in the oxidized Pu differed sigryificamt|
bulk PuQ..x), even as their distribution changed with reaction time. Thus, transport and other prop-
erties of metallic Pu in the environment may depend strongly on their original ctiomposi
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Los Alamos National Laboratory Science Focus Area P roposal: Fate and
Transport of Plutonium in Subsurface Environments

Session: LANL ERSP Research (Laboratory Research Manager: David Hobart)

LANL ERSP Research—Hobart: SFA Proposal

David E. Hobart, Los Alamos National Laboratory, Los Alamos, NM (leadHaBim Boukhalfa, Los
Alamos National Laboratory (LANL), Los Alamos, NM, Paul Reimus, LANL, Los AdaNM, Peter
Lichtner, LANL, Los Alamos, NM, Steve Conradson, LANL, Los Alamos, NM, Robert RobadWdLL A
Los Alamos, NM, Don Reed, LANL, Los Alamos, NM, Amr Abdel-Fattah, LANL, Los Alamdd, N
Lee Riciputi, LANL, Los Alamos, NM

The legacy of six decades of nuclear materials production in the United Statesuti@slrin signifi-
cant releases of plutonium to the environment at many U.S. DOE sites. Plutoniumicatitanis of
significant concern because of its extreme toxicity, radioactivity, pubigitaty, and national security
aspects. Thus, it is imperative that DOE can demonstrate a defensible undegstatite processes that
control plutonium contaminant migration. Due to the complex behavior of plutonium in naturakenvi
ments and the fact that its environmental behavior has been inadequately studied, sucts@mdinde
does not exist. This Science Focus Area (SFA) combines field, laboratory, and maddelieg) t® ad-
dress important knowledge gaps that exist in our fundamental understanding of the coupted giysi
biogeochemical processes controlling plutonium migration in the subsurface.

Plutonium environmental behavior is extremely complex. At near neutral pH, plutoniumcafiPei-
ist in solution in four oxidation states simultaneously. In most environmental seRun@g) is the most
stable oxidation state. Pu(lV) can hydrolyze to form polymeric colloids, which mayth&ansported
primarily according to their physical, rather than chemical, propertieboddgh Pu(1V) is quite insolu-
ble, recent work has shown that Pu(IV) oxides are actually inhomogeneous and nonstoichianaetr
can be described as Puy@H,0O, with some Pu(V) typically present under oxic conditions. This property
enhances the availability of other plutonium valence states which, in the preseateralff organic and
inorganic chelators, may greatly enhance the solubility of plutonium. These oluserVaad to the key
hypotheses that will guide this SFA:

1. Plutonium is capable of being transported over significant distances in the subsisrtaloidal

species or as strongly complexed species; and,

2. Natural instabilities of Pug nH,O, coupled with biogeochemically induced redox cycling, will
alter the speciation, nature of the surface-adsorbed species, absolute amountsgilutobil
nium, and relative proportions of forms of mobile plutonium.

This SFA will integrate extensive characterization of plutonium-contaedrfégld samples, labora-
tory experiments in systems of varying complexity, and biogeochemical ee&reinsport modeling. The
field samples will help elucidate the natural biogeochemical processeff¢lsapautonium speciation
and mobility, and the laboratory experiments in simple model systems will aid imaetg mechanis-
tic processes. Dynamic transport experiments will utilize site-speundterials and will mimic more
complex natural systems. Field samples will be collected in conjunction with orgmialgorations at
LANL and at the Nevada Test Site. These locales have plutonium contaminatioxidtsainea variety
of environmental settings, and thus our results will be widely applicable to manyp@kesites.
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Mixing-Induced Precipitation Phenomena: Range of Ap plicability
of Macroscopic Equations

Session: Student Abstract

llenia Battiato, University of California, San Diego, Alexandre M. TartakgvBacific Northwest Na-
tiona Laboratory, Daniel M. Tartakovsky, University of California, San Diggmthy D. Scheibe, Pa-
cific Northwest Nationa Laboratory (lead PI)

Reactive transport in porous media is a complex nonlinear phenomenon that involves both homoge-
neous (bio-)chemical reactions between species dissolved in a fluid and heteusgenetions that oc-
cur on liquid-solid interfaces. It is commonly studied by means of continuum-scaleaguabtained
from pore-scale models through upscaling techniques. The use of macroscopic modeiostehe
practical impossibility of solving reaction-diffusion equations for poreeseatiables in the whole com-
putational domain, owing to both the computational burden and unknown pore-geometry structure. How-
ever, several studies have pointed out the serious shortcomings of macroscopogqudgscribing
nonlinear and strongly coupled physical phenomena.

In the present study, we establish conditions under which macroscopic reactiomuliéigsations
(RDEs) provide an adequate averaged description of pore-scale processesoiitiésasare repre-
sented by a phase diagram in a two-dimensional space, spanned by Damkohler numbeiend a sca
separation parameter. This phase diagram shows that highly localized phenomena impdraus-
cluding precipitation on (and/or dissolution of) a porous matrix, do not lend themselves tocogicros
(upscaled) descriptions. To compute the predictive errors resulting from the usero$copic RDES to
describe such phenomena, we upscaled the pore-scale RDEs to the continuum (macroalsopra) s
used pore-scale numerical simulations to verify various upscaling assumptions.

Our results suggest that the localized nature of reaction fronts calls fad bihtilations, which re-
solve a pore-scale model in a small reactive region and its continuum countetpantest of a compu-
tational domain.
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Can Microbially Generated Hydrogen Sulfide Account for the Rates of U(VI)
Reduction by a Sulfate-Reducing Bacteria?

Session: Student Abstract

Benjaporn Boonchayaanant, Stanford University, Baohua Gu, Environmental SciencsD&ak
Ridge National Laboratory, Monica E. Ortiz, Stanford University, Craig $id&; Stanford University
(lead PI)

At the Oak Ridge FRGn situ remediation of uranium contaminated soil and groundwater is brought
about by a diverse range of microbial and abiotic processes. Often these praedasiesca Sulfate-
reducing bacteria (SRB), for example, enzymatically reduce U(VI) to UbM)they also produce hy-
drogen sulfide that can itself reduce U(VI). In batch microcosms, | evaluategldtieerimportance of
these processes fDesulfovibrioaerotoleransa SRB isolated from a U(VI)-contaminated site using
carbonate levels similar to those of the site. The observed rate of SRBedddi{sd) reduction was ex-
plained by the abiotic reaction of U(VI) with the microbially generated H2SeTherous iron increased
rates of hydrogen sulfide-mediated U(VI) reduction at 5 mM bicarbonate, but had ndfeletaaitel5
mM. During the hydrogen sulfide-mediated reduction of U(VI), a floc formed containinguoraphos-
phorus, and sulfur. U(VI) sequestered in the floc was not available for further ceducti
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Isotopic Signatures for Key Mineralogical Reactions Accompanying Biostimu-
lated Uranium Reduction

Session: Student Abstract

Jennifer Druhan, University of California, Berkeley, Mark Conrad, Lawremckebey National Labora-
tory, Kenneth H. Williams, Lawrence Berkeley National Laboratory, Eric Sohakhiawrence Berke-
ley National Laboratory, Donald DePaolo, University of California, Berkdlawrence Berkeley Na-
tional Laboratory (lead PI)

Stable isotopes provide a valuable means of distinguishing between microbidityedeand abiotic
processes during subsurface bioremediation through characteristic fractisna@tie isotopic signature
associated with a fractionating reaction is preserved in both the residuahteand products, providing
a means of detecting principal contaminant sequestration processes as walitasng the long-term
stability of precipitates. This project focuses on identification of isotoiesys useful in studying
stimulated subsurface bioremediation processes, and incorporation of these isctopegiive trans-
port modeling. A reactive transport model that treats isotopes as individuasspadiincludes frac-
tionations associated with microbial reactions will provide valuable irssigtd the formation and sta-
bility of key mineralogical reactions contributing to permeability and flotvgablution over the course
of anin situamendment. This research is part of the LBNL SFA challenge addressing theoewaflut
hydrologic flow patterns at the Rifle IFRC site. Previous analysis of saroplected during an acetate
amended bioremediation experiment at the Rifle site have shown sulfur isotopes tghig semisitive
indicator of the onset of sulfate reduction and the transition to and from sulfatediootditions.

These data show enrichment of up to 7%°1$ of sulfate and a corresponding sulfédé of -20%. in
downgradient monitoring wells, followed by a transition to smaller fractionatorias sulfate be-

came less available. Preservation of&H8 of sulfide signature within iron sulfide precipitates further
suggested a means of monitoring iron sulfide reoxidation through the isotopic compositidatef sul
extensive dataset 6fS of sulfate and sulfide, as well &80 of sulfate using samples from the 2008 Ri-
fle amendment, is currently being developed. Preliminary data indicateséatiorr between decreasing
sulfate concentrations and increasiitp values similar to previous results, despite a more complex
electron donor injection scheme. T30 of sulfate in the same samples averages roughly 2%. and cor-
relates with botl*’S and sulfate concentrations, though the magnitude of variation is less pronounced.
Preliminarys*'Ca data analysis shows no variation due to ion exchange, while column samples obtained
during high rates of calcite precipitation are expected to show detectable\&hifédions in previously
obtained sulfur isotope data from the Rifle site are not adequately describegleyrasss-balance cal-
culations, suggesting these data incorporate information about the reactigertranscesses of the sys-
tem. Using the TOUGHREACT framework, isotopes will be modeled in this systenodifying the
thermodynamic parameters for each specific reaction pathway, including bothabib@biotic proc-

esses. For each of these reactions, the isotopes will be treated individuallYipthung associated frac-
tionation factors for each process to be incorporated into the model. This approatibwvilisato test

the influence of individual processes on the overall isotopic composition, and trapktifovolution
through the isotopic signatures of precipitate species.
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Application of Culturing and Molecular Techniques t o Elucidate the Influence
of Cellulosic Waste on Microbial Community Structur e atan
INL Simulated Waste Site

Session: Student Abstract

Erin K. Field, Montana State University, Bozeman, MT, Seth D'Imperio, Montate (Gtaversity,
Bozeman, MT, Mike VanEngelen, Montana State University, Bozeman, MT, Brent kbnP&ontana
State University, Bozeman, MT, Robin Gerlach, Montana State University, Boz&T, Brady D. Lee,
Idaho Natl. Lab., Idaho Falls, ID, Amber Miller, Idaho Natl. Lab., Idaho Falls, ID, \Wilka Apel,
Idaho Natl. Lab., Idaho Falls, ID (lead PI)

Radioactive waste sites, like those found at various DOE sites, frequentynomeltulosic waste in
the form of paper towels, cardboard boxes, or wood contaminated with heavy metals and red®nucli
such as chromium and uranium. To date, the interaction of cellulose-utilizing bagterieeavy metals
and radionuclides has received little attention, but may hold important informhbah@ntaminant
fate and transport at DOE sites. To understand how the soil microbial community respitvedsres-
ence of cellulosic waste products, we obtained multiple soil samples from a medelofiradioactive)
test pit near a low-level radioactive waste (LLW) site and analyzed csltuging and culture-
independent techniques. Soil samples were obtained at four depths within the pit: e thid Eill-
Waste interface (FW), the Wood Waste (WW), and Waste-Clay interfacg (Mifdlicate clone libraries
and duplicate PhyloChips, 16S rDNA microarrays, were run for soil samples abbdaach depth. Soil
samples were also used to inoculate aerobic and anaerobic enrichments conthemimgetityl cellu-
lose, a soluble cellulose source, or filter paper, a nonsoluble source, as the sole carbon sourc

Both the clone libraries and PhyloChip results revealed changes in microbial caynstnuaiture
with depth at the simulated LLW site. The clone libraries showed that the @&detes and Actinobacte-
ria phyla made up approximately 61% of the total microbial community in the FW laydreaRty-
loChip also detected their large prevalence at this depth. Overall, the Phylo@tigdesignificantly
more unique OTUs, and therefore more relative diversity, than the clone libnasiésamples. Shannon
and Simpson'’s diversity indices calculated for clone library and PhyloChip resglisst that diversity
is greater in the WW and WC layers and lower in the F and FW layers. Principahedem@hnalysis us-
ing Unifrac was performed on the clone library and PhyloChip datasets. Results shewanhé trend
in which samples from the same layer clustered most closely together. AdbititreWw and WC
layers clustered closely together, while the F and FW clustered by themseiggesting a stratification
with depth at the site. Lineage specific analysis of the clone library datessedghanges in tiBacter-
oidetesandActinobacteriaphyla account for many of the differences observed between the layers. Re-
sults indicated an increased abundance of reportedly noncellulose dedvetiodpacteriafamilies in
the F layer, but an increase of previously reported cellulose-degrading $amilfee FW layer. Closer
examination of th&acteroidetephyla with depth showed a significant decrease in the number of fami-
lies present in the FW layer and those present contained known cellulose degrastait.tBase results
suggest that the presence of the cellulosic material influences the mlicaybraunity structure, espe-
cially at the FW interface, which may represent an enrichment environmeetébiacellulose degrad-
ing microorganisms. Current and future studies include characterizing cet@lgssdation and metal-
reduction capabilities of the seven bacterial isolates obtained from thesarspies and conducting
flow-through column studies to assess the influence of metal mobility on the microtmadunity, as
metal-contaminated cellulosic waste is broken down through the use of PhyloChip andp3adGinc-
tional gene microarray) analyses.
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Profiling of Microbial Community Structure with Dep th and across Physico-
chemical Gradients in the Uranium-Contaminated Subs urface

Session: Student Abstract

Puja Jasrotia, Oceanography Department, Florida State University, St€iseed, Oceanography De-
partment, Florida State University, Denise M. Akob, Oceanography Departn@rdaFbtate Univer-
sity, Woo Jun Sul, Center for Microbial Ecology, Michigan State University Tieaje, Center for Mi-
crobial Ecology, Michigan State University, Phil Jardine, Oak Ridge NatiaiglOak Ridge, TN,
David Watson, Oak Ridge National Lab, Oak Ridge, TN, Joel E. Kostka, Oceanogremnyrient,
Florida State University (lead PI)

The subsurface at the Oak Ridge Integrated Field Research Center (ORG&RRIidge, Tennes-
see) is contaminated with a mixture of organic and inorganic materials &g tégold war era ura-
nium enrichment. The contaminants of greatest concentration and mobility, and thevatmre, are
uranium and nitrate. Tracking and modeling the distribution and fate of contaminantsubgbdace
has been impeded by the highly complex subsurface hydrogeology, geochemistry and migrdbaolog
better understand the relationship between subsurface geochemistry and micrpbielagglyzed mul-
tiple depth intervals in OR-IFRC sediment cores from the most highly contachinate (Area 3) and
from a downgradient and less contaminated location (Area 2). In Area 2, the sedimaevasoodiected
from the saturated zone at 5.5-6.5 m below the surface and subsectioned into 6 depths. In Aigex 3, a la
depth range was analyzed—from depths of 1-15 m (at 1-1.5 meter intervals) cormgpondughly 9 m
of fill (shale/saprolite or gravel/saprolite) and fractured saprolitevhebix to eight subsections of each
core were analyzed by geochemical methods for pH, sulfate, nitrate, Fe(ll),alrfeetanhd by molecular
analyses of the microbial community. The bacterial community composition veasssisyed by termi-
nal restriction fragment length polymorphism (TRFLP). Less variation inhgeaical parameters and a
higher pH of 5-6 was observed in the Area 2 subsurface sediments sampled fartllee ftontaminant
source zone. Approximately 38,000 short sequences (205 bp) were recovered from six depthusterval
ing a deep sequencing approach. Analysis of these data revealed the dominant presetesedfdra
the phylumAcidobacteria while ProteobacteriaVerrucomicrobia Firmicutes Chloroflexi andActino-
bacteriawere also common. Distinct geochemical and contaminant gradients were obs#@naspih
close to the contaminant source zone in the Area 3 borehole sequence that paralleleshgés o mi-
crobial community structure. Nitrate and uranium concentrations increasedidadignatith depth,
while the pH was highly acidic (<4.0) at all depths except for the top and lowermost déqileslili®ar-
ies of bacterial 16S rRNA genes were generated for 7 depth intervals frar3 Acges, and diversity
and phylogenetic analyses revealed a strong effect of pH on microbial commuwatyrst Acidic sam-
ples contained a less diverse microbial community dominated larg&diganobacteor Bradyrhizo-
biumspp. The limited bacterial diversity in the deeper subsurface of Area 3 dedfratest exclusively
for key taxa, resulting in limited overlap in microbial community structure éetwArea 2 and Area 3
sediments. The abundant presence of these unique sequences suggests adaptatioal idpatitions
to pH and contaminant (nitrate and uranium) conditions. Conversely, pyrosequencing of édeacht
reveals a highly diverse microbial community with roughly 8,000 putative spegesafional taxo-
nomic units, OTU) detected in 1 m of sediment.
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Bayesian Geostatistical Approach for Integration of Scale-Dependent Hydro-
geological Data Under the Integrated Field Research Challenge Project at the
Hanford 300 Area
Session: Student Abstract

Haruko Murakami, Department of Nuclear Engineering, University of CaldpBerkeley, Yoram
Rubin, Department of Civil and Environmental Engineering, University of CaldpBerkeley (lead PI)

The Integrated Field Research Challenge (IFRC) Project at the Hanford @&MaAludes many dif-
ferent types of field measurements and experiments, which are based upon differdyingrateysics,
assumptions, scale and reliability, such as nuclear geophysical logs, corésaekdggomagnetic bore-
hole flowmeters (EBF), constant-injection tests (CIT), and tracer tests.

It is critical for the project to extract as much information as possible and toremdifierent type of
datasets in a manner consistent with the numerical flow and transport models, wlildodrased on
various assumptions and depend on scale issues such as domain and grid sizes. Thecgeosidas
being developed by the UC-Berkeley team, lies in between the flow and transporamibtiet field
data, emphasizing on characterizing spatially variable parameters duatraslic conductivity and po-
rosity.

In this poster, we focus on the issue of the scale in hydrological experiments (EBA andi€k
great challenge to characterize heterogeneity of the field from thosetdatasce the zone-of-influence
expands very rapidly due to the highly permeable Hanford formation. To solve this problaayede-
veloped a geostatistical model to combine the datasets in a different sopatbdrsmall-scale core
analysis and the EBF to the large-scale CIT, using the geostatistiagiamve

We implement the model and data in our newly developed Markov-chain Monte-Carlo bésed, me
in which the method of anchor distribution is used for the inversion. It is a Bayesian apgroagjh t
which we can obtain posterior probability density functions of the model parameéattydrom the
data. The advantage of this method is that it can provide us multiple sets of theriekstied parameters
that represent parameter uncertainty and become inputs in the Monte-Carltiensdita predicting the
plume migration.

Our approach intends to maximize utilization of the field data in a consistent mannderitoor
characterize the heterogeneous hydraulic conductivity field, including the parameertainty.

This research is part of the ERSP Hanford IFRC at Pacific Northwest Natadaatory.
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A Geophysical Characterization & Monitoring Strategy for Determining Hydrologic
Processes in the Hyporheic Corridor at the Hanford 300-Area

Session: Student Abstract

Kisa Mwakanyamale, Rutgers-Newark, Lee Slater, Rutgers-Neilesdtt PI) Dimitrios Ntarlagiannis,
Rutgers-Newark, Andy Ward, Pacific Northwest National Laboratory, FredBays, U.S. Geological
Survey, WRD/Office of Ground Water, Branch of Geophysics, Carole Johnson, U.S. Gé@agiey,
WRD/Office of Ground Water,Branch of Geophysics, Christopher Strickland, ®@&adfthwest Na-
tional Laboratory, John Lane, U.S. Geological Survey, WRD/Office of Ground Watec|Boh Geo-
physics, Roelof Versteeg, Idaho National Laboratory

My doctoral thesis work is based on building a hydrological framework to understand gréeemdwa
surface water interaction and mixing of U (VI) contaminated groundwater with G@lRiver surface
water in the hyporheic corridor of the Hanford 300 area. To facilitate a better amdiémgtof the aqui-
fer framework, geophysical measurements including resistivity (Rel)ced polarization (IP) and
ground penetrating radar (GPR) were carried out. These measurements wevechaeatterize the hy-
drological framework of the hyporheic corridor and map lithologic variability infetal 300 area. The
geophysics included both land-based and waterborne (continuous) surveys, the lattegifesdP
and GPR. Land-based surveys included Res/IP and GPR, which were done close to the $hadgiwhi
tional land-based Res/IP and GPR were run adjacent to the river. The watertsitRelRi=@ were col-
lected using a 10-channel time-domain Res/IP instrument. A team from the U.8giGadburvey col-
lected waterborne GPR data using 100-MHz Mala shielded antenna, while the ledd>P4s data were
collected using a Mala unshielded system with antenna frequencies of 25, 50,100, and 200 MHe. A sing|
channel instrument from MPT technologies was used for Res/IP measuremante thesshore.

Commercially available software (Res2dInv, Reflex 2D) was used for datesgnog and visualiza-
tion. | used Arcmap to integrate the data for comparison and visual observation of iielstabution
of the acquired geophysical data. | performed an ordinary kriging on the point rgssstilP data to
generate a 3D dataset across a surveyed area for resistivity and ity geddsurface distribution. The
spatial visualization was conducted on a satellite image of the 300 area; A 28lsa0BGPR data was
conducted to further understand the shallow subsurface.

Waterborne Res/IP proved to be very successful in mapping the contact betweenrtfzentforma-
tions on the site, the more permeable Hanford formation (high hydraulic conductivity@samelme-
able Ringold formation (low hydraulic conductivity). | was also able to extrachtbemation about bed
material (fine-grained Ringold versus coarse-grained Hanford formatmn)vinterborne GPR. Little
information was obtained from the GPR survey conducted onshore, due to signal penetratiim-being
ited by ground conditions. The GPR survey parallel to the river bank was able to mapctesyspleo-
channel on the northern side of the profile. This structure is very similar to othectedspaleochannel
features mapped by previous workers in 1993, west of the 300 area. The identified palecsisagnel i
nificant because it is in direct contact with the river, making it a candioleaéidn for promoting en-
hanced groundwater-surface water interaction. The Hanford-Ringold contaatdhtdtt) and other re-
flectors associated with lithological differences are also evident iptbie.

Future work will concentrate on further mapping paleochannels across the $iteirthiér work on
the resistivity method being performed to generate elevation of the HanfaydlRcontact across the
hyporheic corridor.
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Mechanisms for Sequestration and Release of Stronti  um and Cesium in Caus-
tic Waste-Reacted Sediments and Precipitated Phases , and Implications for Long-
Term Contaminant Retention

Session: Student Abstract
Nelson Rivera (UC Merced), and Jon Chorover, University of Arizona (lead PI)

Flow-through column experiments were conducted with Hanford sediment and alumiresilicat
phases precipitated homogeneously to ascertain mechanisms that control the fiadditity of con-
taminant Sr and Cs in the subsurface at Hanford. Sediment was reacted with a higfinangtt, caustic
synthetic tank waste leachate (STWL) solution containingm®r and Cs. Reactant STWL was flushed
through the column until breakthrough, and then flow was stopped, allowing the solution to react for 1
day to 3 months. After reaction, columns were flushed with a simulated background peré3RaV)
solution (pH = 7), and effluent Sr, Cs, and dissolved elements were measured for up to 500 p@® volum

Previous studies showed that reaction of STWL with reference clays and Harwfiondrgs pro-
duced neoformed feldspathoid and zeolite phases that sequester Sr and Cs. To determieeutlae m
mechanism of sequestration and rates of dissolution in BPW in a model system, homogeneta:s|
ated samples were aged for 1 month and 1.5 years, and triplicate column dissolution axpenaree
run on the resultant precipitates. Three sets of precipitates were produced@siSsionly, and Cs
only at 10° m concentration of each contaminant. The precipitates were then separated, washed, and
mixed with quartz to conduct a complementary set of flow-through experiments as above.

In the sediment system, strontium exhibits greater retention over Cs during icamtamptake, with
Cs showing breakthrough two times faster than Sr. During flush-out with BPVd| (Dgtirelease is rapid
and reaches a steady state after ~5 pore volumes. Depending on stopped-flow neecteh5% of to-
tal sorbed Cs is eluted after 500 pore volumes. Strontium desorption is retarded until ~28ymoes
for all reaction times. However, Sr exhibits more rapid desorption than Cs afieitiieetardation,
and up to 55% total Sr (sorbed and native in sediment minerals) is eluted from the codburb@Cafiore
volumes.

Analysis by synchrotron XRD indicates zeolite-X (faujasite-type zewiite ideal formula
(Nap,Ca,Mg) Al ;Si;;04] -32(H,0)) as the major phase produced after a one-month reaction time, with
minor phases including sodalite/cancrinite §NaSisO.,OH,) and strontianite (SrC{¥)). After aging
for 1.5 years, precipitated phases are dominated by sodalite/cancrinite that toerexpense of Si-rich
zeolite phases. Analyses of residual solutions after solid precipitation shovénmmaetitioning to solid
phases than Cs. In dissolution experiments, effluent data from flow-through columns dai®@msini-
tial release of both Sr and Cs, and steady-state release after ~200 pore vohiyne% &f the total
Sr/Cs was released by the end of the experiment (~500 pv). This indicates Sr antbBgstifeseques-
tered and cannot be easily removed from host aluminosilicate phases.

Sediment column experiments exhibit greater contaminant release than the homdggnecps
tated analogs. This behavior can be attributed to Sr and Cs release controlled byhatommifi sorp-
tion/desorption, cation exchange, and dissolution/precipitation processes operdififgegeatt rates, with
different reactivities for each contaminant during both uptake and releaseuimmgutral groundwa-
ters, dissolution of neoformed aluminosilicate phases releases Sr and Cs & aaglothan ion ex-
change or desorption, and will control the long-term release rate.
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Uranium(VI1)-Phosphate Interactions in the Presence of Goethite

Session: Student Abstract

Abhas Singh, Department of Energy, Environmental and Chemical Engineering, Washing/ersity

in St. Louis, Daniel Giammar, Department of Energy, Environmental and ChemmpakEring, Wash-
ington University in St. Louis (lead RlJeff Catalano, Department of Energy, Environmental and Chemi-
cal Engineering, Washington University in St. Louis, Kai-Uwe Ulrich, DepartmieEnergy, Environ-
mental and Chemical Engineering, Washington University in St. Louis

Phosphate addition to uranium-contaminated soil and groundwater can potentially providernong-
in situ U(VI) immobilization by precipitation of low solubility U(VI)-phosphates. Phosphadg en-
hance or inhibit U(VI) adsorption to iron(lll) (oxy)hydroxides. Such surfaces may aiditete the het-
erogeneous nucleation of U(VI)-phosphate precipitates. The interactions among phdg@hat and
goethite (-FeOOH) were investigated in a year-long batch experimental study. @iddd(vI) and
phosphate concentrations were interpreted within a reaction-based modelingdriiiat included
dissolution-precipitation reactions and a surface complexation model to accounoiptiads XAFS
and XRD characterization were performed on solids obtained from batch experimdetsifg domi-
nant mechanisms for uranium immobilization at the goethite-water inteifagelate these results to the
macroscopic transport of U(VI), a complementary set of column experiments willitgg@®ated sand
was performed. Batch study results indicate that a U(VI)-phosphate phase, elpstiécnikovite
(UOHPO,-4H,O), formed rapidly by homogeneous nucleation for initially supersaturated suspensions
both with and without goethite. The U(VI)-phosphate solids persisted over long tires andlappear to
transform from chernikovite to another unidentified phase, depending on the TOTU:@tliA the
system. At high phosphate concentrations that are favorable for U(VI) phosphapéqireni the goe-
thite surface acts as a sink for dissolved phosphate and consequently increasssltresidi(VI) pre-
sent at equilibrium. Even though the effect of phosphate on dissolved U(VI) may not bafasisigas
desired, it may still benefit situremediation strategies by alleviating the potential problems of de-
creased hydraulic conductivity from precipitation of phosphate minerals contathieigcations present
in the soil or sediment. Results from molecular- and column-scale investigatill also be presented.
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Using lon Exchange Resins to Measure Uranium Ground  water Flux

Session: Student Abstract

Valerie Stucker, Department of Chemistry and Geochemistry, Colorado Schooied,Mames Ran-
ville, Department of Chemistry and Geochemistry, Colorado School of Mines, Sibaai€s, Depart-
ment of Chemistry and Chemical Biology, University of New Mexico, Kirk igltf Department of Civil
and Coastal Engineering, University of Florida (lead R#ron Peacock, Microbial Insights Inc.

lon-exchange resins were evaluated for use in passive flux meters (PFMFENIBevi#l be installed
in uranium-contaminated aquifers to measure groundwater flow by the use of a digpleeeds well
as the uranium flux through the meter. Resins were tested in the laboratory for madsarption of
uranium in various solution compositions, and also in contaminated Rifle, Colorado, groundesater. R
covery of uranium from the resins by acid desorption was also investigated. Adsaudies gwvolved
addition of a fixed amount of resin to solutions of variable uranium concentrationsa/enour
equilibration time, the solution and resins were separated. Percent sorption wagdetby difference
following analysis of the original solution and the solution exposed to the resin. To exaroverye
which is essential in determining uranium flux, resins were extracted with li%6auid solutions. Ura-
nium analyses were performed by inductively coupled plasma-mass spectrant:hy inductively
coupled plasma- atomic emission spectroscopy for other solution constituents. At a pHhalyntBetic
waters, Dowex 21K, Lewatit S6328 A, and Purolite A500 anion exchange resins adsorbed over 99%,
95%, and 94% of the uranium, respectively. These resins performed equally at 99% in raaéusalbi-
fect of pH on the aqueous uranium speciation has some influence on the adsorption of uranium, but these
effects are complicated by the presence of nitrate in the system. A soludidieédy hydrochloric acid
showed little to no sorption by anion exchange, which is expected due to the dominangg' at the
pH examined (3.8). However, pH adjustment with nitric acid showed a similar or reducendtarn
sorption when compared to pH 7.3, at similar acidic pH. A 1% acid treatment showed 100%yretover
the adsorbed uranium from both resins. Tracer capacity (used to determine groufiowakeough the
PFM) and cost analysis showed the Lewatit resin to be the best choice for tRENirgtstallation. Ini-
tial results from this installation and removal revealed consistent uramnoentrations removed with
the current extraction method. Larger samples of resin had higher uranium renabhergecond extrac-
tion, which is possibly due to preferential uranium adsorption to the resin and a shortagengexc
anions in the first extraction. These passive flux meters will be a useful tooermdenhg the effective-
ness of the bioreduction of uranium remediation strategies employed at contamteated s
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Resource Induced Shifts in Bacterial Populations fr om Uranium Contaminated
Sediment at Oak Ridge FRC Site

Session: Student Abstract

Fan Yang, Michigan State University, Joy D. Van Nostrand, University of Oklghtanges Tiedje,
Michigan State University (lead Rljizhong Zhou, University of Oklahoma, Terence L. Marsh,
Michigan State University

The microbial reduction of heavy metalssituis a cost-effective bioremediation strategy. However,
the optimal phylogenetic structure of an actively metal-reducing communigime poorly described.
To assess the subsurface community structure and its function in a uranium (Vl)icatgdranviron-
ment, we have investigated sediment samples from Area 3, a site with rdaasumiem reduction at the
Field Research Center at Oak Ridge National Laboratories. Soil sampéesha&ined from wells
FW102 (two depths), FW102-3 and FB107. Each sediment sample was used as an inoculum in anaerobic
batch microcosms incubated at 15°C that were sequentially transferred (x3 @iBtdays) in mini-
mal media. Six enrichment conditions were established that varied electron detate(dactate, and
ethanol) and acceptor (ferric citrate and uranyl acetate). Reduction of edlbbserved in 9 to 13
days, and the gross appearance of iron precipitates varied with electron donor. Altiarobglam
growth was observed in U(VI) enrichments, the reduction of uranium was substashtiady. A 10%
depletion of U(VI) was detected in the enrichment system after seven monthslftion. Pyrose-
guencing of amplified 16S rRNA genes was performed to identify the phylogenetic cthampokthe
original sediment samples (FW102-2, FW102-3 and FB107) and the third lactate-htfethneent
communities (FW102-2_3rdULac and FB107_3rdULac). Preliminary data revealeldeltantmunity
profile of FW102-2 and FW102-3 were similar and distinct from FB107. In addition the bhctari-
munities in FW102-2 and FW102-3 were more even and diverse than FB107ABidglbacteria, Acti-
nobacteria, ChloroflexandProteobacteriadominated the original FW102-2 and FW102-3 soil samples.
The bacterial community in FB107 was notably less even witRtbeobacterigoredominating (ap-
proximately 92.8%). A substantial amount of unclassified bacteria, as determihatiev@lassifier fea-
ture of the Ribosomal Database Project, was detected in all three sedimgletss&lowever, after serial
enrichment, the communities had considerably fewer unclassifiable rRNA segju@hgkaFirmicutes
andProteobacteriawere consistently detected as the dominant groups in the enriched communities. The
abundance of detectalfi@micutesincreased from approximately 2% to 24% and 93.9% in FW102-
2 3rdULac and FB107_3rdULac microcosms, respectively. Surprisingly, high abundance (75.7%) of
Proteobacteriavas detected in enriched FW102-2_3rdULac while the bacterial community in
FB107_3rdULac shifted to one dominatedHismicutes(~4.7% ofProteobacteriavas detected). Genus
level classification revealed that in FW102-2_3rdULac, approximately 98%otéobacteriavereGeo-
bacterand 84% ofirmicuteswereSporomusaand neither genus was detected in enriched
FB107_3rdULac. Th&irmicutesin the enriched FB107_3rdULac community appeared to be mostly
composed oRAnaerosinug23.2%) and unclassifiederrucomicrobialeg72.5%). The transcriptome of
these reducing communities are currently being investigated along with additianacterization of the
community structure and isolation of abundant populations. In addition, studies using GeoChip, a func-
tional gene array with probes for thousands of genes involved in the geochemicaj of/€l N, S, and
P, metal resistance and reduction, and organic contaminant degradation, are undetetexynine the
functional diversity of the communities and how the communities change under thentdiglectron ac-
ceptors and donors.
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