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Field Experiments, geophysics, Geochemi“r'y' Ken Williams™
Microbiology:
Proteomics: J."Banfield, Mary Lipton, Bob Hettich, Nathan Verbermbes
In-field microarray: D.P. Chandler
Stable Isotope Probing: Le€¥Kerkhof
» Lipid analysis, gPCR=Aaron Peacock 8.8
Uranium Sorption: Jim Davis % . I
Column Experiments: Peter Jaffe™
Mineralogy: Ravi Kukkadapu -
Natural bioreduction: Aaron Peacock
Modeling: Steve Yabusaki

Gene expression, metagenomes: DilLoviey

Geophysics, RTM, isotopes: S. Hubbard, Carl Steefel, Mark Conrad et al., LBNL SFA
Hydrology: Frank Spane

Sedimentology/geostatistics: Chris Murray

Database: Roelof Versteeg

Field Site Manager: Dick Dayvault DOE Site Representative: Rich Bush




Acetate structure

Metal Reducing Bacteria -
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Lovley et al., 1991,
Suzuki et al., 2002;
Suzuki et al., 2003;
Gu and Chen

Geobacter uraniireducens,
Isolated from the Rifle Site
and a Member of the
Subsurface Clade |

Geobacter 2003: Anderson et
al., 2003; Singer et
al., 2007
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U.S. Department of Energy Office of Science

Environmental Remediation Sciences Program

The Rifle Integrated Field Research Challenge
Site: Goals and Objectives

Overall Goal: develop a mechanistic understanding of

vy

vy

subsurface mobility of uranium at the field scale, with
emphasis on on bioreduction of U(VI)

The ability to manipulate (extend) Fe reduction during in situ
biostimulation

Determine the effect of bioreduction on U(VI) sorption

Understand and enhance post-biostimulation U removal from
groundwater

Estimate rates of unstimulated bioreduction at the Rifle IFRC

Combine desorption and bioreduction to enhance extent of U
remediation and stability of bioreduced products

Reactive transport models that enable prediction for a broad range of

alluvial aquifers ‘*v//

r,/\l-: "
o) gcfifgfc%f Pacifis N‘qirthyvg_us_t

U.S. DEPARTMENT OF ENERGY



Rifle Site History

~1924 Original vanadium mill
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Hydrologic Parameters

.
ar

1’_"’

Well construction .

PVC sched. 40, 2" or 4™ diw—]|

Bentonite chip/

PVC slotted 2" or 4"well

screen, 0.020" slot siz

Silica sand, 20-4

Saturated Thickness | 2.4t0 3.4 m
Hydraulic Conductivity | 5 to 20 m/d
Porosity | 0.15 to 0.35
Pore Velocity | 0.3 to 0.5 m/d
Water Chemistry
Uranium ~0.7-1.5uM
pH ~7.0-7.2
Alkalinity ~7-10 meg/L

1 ORP

-150 to 250 mV

Natural cave-in materia

Dissolved Oxygen

0.1to 0.7 mg/L

Fe(ll)

15 to 50 uM

Nitrate

2to 3 uM

Sulfate

8 to 11 mM

Z-‘Omerlay of U(VI) Concentrations (mgiL.)

Stratigraphy, Well B-02

Compacted fill
> 0.0105.0 ft
£

Alluvium

(cobbly sand)

5010 11.5 ft__| ~ position of
water table

Alluvium

(sand) 11.5t0 125 ft

Alluyium
> (gravelly sand)
125200 fi

Wasatch Formation

Sulfide

0.03to 0.5 uM

Pointer 39°31'45.04" N 107°46'17.41" W elev 5322 ft

igrtaiGlobe
Streaming ||||]]]]]] 100%

20.01021.0 ft (TD 21 f1)
(relatively impermeable)

“Google

7427 ft

Eye alt



300 Area Uranlum December 2005
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2007

2008

2009

2010

2011

Rifle IFRC Field Experiment Schedule (Rev. 06Febo9)

Exp. Plot A

Winchester
(complete)

Exp. Plot B Exp. Plot C

Big Rusty “ﬂ

Proteomics app./
sulfate reduction/
manipulation

v

Little Rusty

(Desorption
tracer test)

Y

Y Y

Buckskin

Post amendment
Monitoring and
Acetate response

River Rouge Super 8

Desorption
Tracer test under development

abiotic reduction

Y

Super 8 (F-8)
Desorption/
Biostimulation

YVY

Biostimulation exp.

Fe reduction

Y

Best Western
(F-9)
Desorp/bio
Sulfate reduct.

Desorption exp.

Exp. Plot D Exp. Plot E

Note: The La Quinta experiment
runs in parallel with with active
biostimulation experiments to
assess natural rates U(VI)
bioreduction, focusing on
naturally bioreduced zones in the
subsurface at the site.

Combined exp.



Winchester/Big Rusty: Experimental Plot A
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GEOCHEMICAL RESULTS: Big Rusty-Winchester
U(VI) comparison

Uranium (uM)
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Sediment colors pre- and post-biostimulation

Pre-biostimulation

Post-biostimulation
(Sulfate reduction)

Pacific Northwest
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GEOCHEMICAL RESULTS: Big Rusty-Winchester
U(VI) comparison

Uranium (pM)
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3:30 PM Overview of Results from the Integrated Field-
Scale Subsurface Research Challenge Site (I1FRC) at Rifle,
Colorado. Phil Long

3:45 PM Assessing the Prospects for Metals Remediation
During Prolonged Acetate Amendment: Results from the
"Big Rusty" Field Experiment. Ken Williams

4:10 PM Ewvolving Geochemical Conditions Drive Changes in
Geobacter Physiology During Stimulated Early-Stage
Uranium Bioremediation. Jill Banfield

4:-30 PM Uranium Release from Contaminated Sediments at
the IFRC Site in Rifle, CO. Jim Davis

4:55 PM Estimating the in situ Rates of Natural
Bioreduction of U(VI1) at the Rifle IFRC Site. Aaron Peacock

5:15 PM Reactive Transport Modeling: Closing the
Knowledge Gaps for Uranium in Biostimulated and Naturally
Bioreduced Alluvial Aquifers. Steve Yabusaki
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The Integrated Field-Scale Subsurface Research Challenge Site
(IFRC) at Rifle, Colorado: Overview of biostimulation and desorption
tracer experiments conducted in 2008. Philip E. Long, et al.

Microbial growth, activity, and succession in response to electron
donor amendment at the Rifle IFRC: I. Results from field
experiments. Lucie N'Guessan, et al.

Microbial growth, activity, and succession in response to electron
donor amendment at the Rifle IFRC: 11. Results from column, and
batch experiments. Peter Jaffe, et al.

Proteomic assessment of Geobacter phP/sioIogy during field-scale
uranium bioreduction. Kim Handley, et al.

Geophysical approaches for monitoring in situ bioreduction of U(VI)
\c/lvulll'_ing Fe—relducing and sulfate reducing conditions. Kenneth H.
illiams, et al.

Estimating the in situ rates of natural bioreduction of U(VI1) at the
Rifle Integrated Field-Scale Subsurface Research Challenge (IFRC)
Site. Aaron Peacock, et al.

Uranium desorption from contaminated sediments at the I1FRC site
Rifle, CO: from batch to field. Patricia Fox, et al.

Sedimentology, mineralogy and geochemistry of the Rifle IFRC
alluvial sediments: implications for in situ bioremedition and long-
term behavior of U(VI) in groundwater, Ravi Kukkadapu et al.

Reactive Transport Modeling of In situ biostimulation experiments
at the Rifle IFRC: lorogress to date and remaining knowledge gaps-
—__Steve Yabusaki et al. .
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Lovley Posters: Tues. Miletto et al. (Gene expression), #36; Wed.
Fang et al. (In silico modeling #28)

LBNL SFA Posters: Wed. Hubbard Overview #5; Steefel #8

SLAC SFA Poster: (Wed. Barg/lar #10A), Biogenic Uraninite stability
presentation Thursday 9:00 A

Steefel: Modeling presentation (Thursday 10:30 AM)
Hatfield: U flux presentation (Tuesday); Poster Wed #23
Student poster Jenny Druhan et al. Sulfur isotopes, Wed #27

gtggent poster Valerie Stucker et al U flux measurement resins, Wed

Rob Sanford et al. Poster: Tues: Uranium isotopic shifts with
bioreduction during 2007 Winchester

Brad Tebo et al. Poster (Tues: Mn oxidation of U(IV)-- used Rifle
sediments for batch and column experiments.
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Additional Information

» Rifle IFRC Website: http://ifcrifle.pnl.qov/

» Long-term monitoring data:

http://gems.Im.doe.gov/imf/imf.|sp?
site=rifleoldprocessing&title=Rifle+0Old,+CO,+Processing

+Site

» Annual report copies available at poster session
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