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INTRODUCTION 
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UNRAVELING BIOGEOCHEMICAL PATHWAYS 
CHALLENGE 

FY12 PUBLICATIONS 

PREDICTING CONTAMINANT MOBILITY AT 
THE PLUME SCALE CHALLENGE 

Susan Hubbard (LRM; sshubbard@lbl.gov), Harry Beller, Jim Davis, Carl Steefel,  Ken Williams  
Jonathan Ajo-Franklin, Eoin Brodie, Romy Chakraborty, Jinsong Chen, John Christensen, Mark Conrad, Miles Denham 

(SRNL), Wenming Dong, Don DePaolo, Boris Faybishenko, Yoshiko Fujita (INL), Jim Hunt (UCB), Michael Kowalsky, Li Li 
(Penn State), Peter Nico, Dimitris Silin,  Eric Sonnenthal, Nic Spycher, Tetsu Tokunaga, Jiamin Wan,Li Yang, Yuxin Wu 

 (all LBNL except where noted) 

The SFA is composted of three 
key challenges, targeted to 
address current obstacles for 

developing a predictive 
understanding of subsurface 

flow and transport. 
 

Together, the three SFA 
Challenges explore linkages 

between fundamental 
processes and overall system 
responses from the molecular 

to the field-scales.  

The overarching mission of 
the Sustainable Systems 

SFA is to improve the 
predictive understanding of 

subsurface flow and 
transport relevant to metal 

and radionuclide 
remediation and long-term 
environmental stewardship. 

 
 
 

 

• Focuses on quantification of 
critical and interrelated microbial 
metabolic and geochemical 
mechanisms associated with 
chromium in situ reductive 
immobilization and reoxidation 
• Also developing tools and 
approaches that can be used to 
"unravel" complex 
biogeochemical reaction 
networks and help bridge 
molecular to continuum scales 
• Tested at the Cr(VI)-
contaminated Hanford 100H Site 

EVOLUTION OF PORE STRUCTURES AND 
FLOWPATHS CHALLENGE 

Armstrong and Ajo-
Franklin, 2011

Boutchko et al., 
2011 

Commer et al., 
2010

PORE                                                          FIELD

Investigating the integrated impact of coupled 
physiochemical heterogeneity on long 

term plume behavior 
•  Quantifying controls on contaminant behavior at 

the laboratory scale 
•  Developing and implementing a “reactive 

facies” concept to enable reliable predictive 
models of the fate and transport of 
contaminants at the plume scale and over site 
stewardship time frames. 

•  Exploring the necessary level of detail that is 
required for accurate simulations of long-term 
plume mobility. 

•  Conducted at the U-contaminated Savannah F-
Area in close collaboration with Miles Denham 
the EM-sponsored AFRI and ASCEM projects. 

Feedbacks between biogeochemical 
transformations and flow 

•  Quantification of reaction-induced 
dynamic porosity-permeability 
relationships in the subsurface,  

•  Assessment of their impact on elemental 
fluxes and contaminant mobility, and 

•  Identification of key variables and proxy 
signatures that are diagnostic of 
systems-level transitions and feedbacks. 

 

LOOKING FORWARD: 
Sustainable Systems SFA Retreat, January 2011 

Identifying Biogeochemical Grand Challenges relevant to a variety of DOE Mission Drivers  

PLEASE VISIT POSTERS: 
• Competing evidence for enzymatic vs. abiotic reduction of Cr(VI) in Hanford 100H flow-through columns 
(Varadharajan, Nico et al.) 
• Use of metagenomic and meta-transcriptomic analysis to interpret biogeochemical processes mediated by 
Hanford 100H bacteria (Beller et al.) 
• Reactive transport modeling of Hanford 100H  lab- and field-scale experiments (Sonnenthal et al.) 

PLEASE VISIT POSTERS: 
• Pore scale modeling of permeability evolution (Molins Raffa et al.) 
• Isotopic signature of calcium and sulfur partitioning during biostimulation: experiments &simulations (Druhan et al) 
• Highly depleted gypsum veins at the Rifle Site attributed to multiple episodes of redox cycling (Conrad et al) 
• Field-scale estimation and simulation of biogeochemical heterogeneity (Chen et al.) 

PLEASE VISIT POSTERS: 
• U(VI) mobility in acidic waste plumes: Laboratory analysis and surface complexation modeling (Wan et all) 
• Reactive Facies: An approach for parameterizing plume-scale reactive transport models using multi-type, multi-
scale datasets (Wainwright et al.) 
• Determining the plume source discharge, trailing edge, and natural attenuation timeframe: the F-area Savannah 
River Site (Tokunaga et al.( 
• Integrating geochemical, reactive transport, and facies-based modeling approaches to assess U(VI) 
contamination at the Savannah F-Area (Bea et all) 
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With goethite and kaolinite as the 
major sorbent phases and taking a 
“component additivity” approach, 
surface complexation models were 
developed to  describe U(VI) 
adsorption onto F-Area 
background and plume sediments, 
respectively 

Reactive transport simulations 
through F-Area field domain 
parameterized by reactive facies 
(coupled physiochemical), as well 
as by physical (‘flowhet’) and 
geochemical (‘chemnet’) 
heterogeneity only. 

Reactive-facies based hydrological 
and geochemical heterogeneity 
estimated using geophysical data 
along the F-Area plume centerline. 

The Evolution Challenge  
is conducted in close 

collaboration with Phil 
Long and the Rifle IFRC 

team   
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Experiments to 
quantify role of grain 
coatings on 
contaminant sorption 

Simulated d13C in bicarbonate (after 1 week) 
generated by lactate biodegradation during the 
March 2010 100H experiment 

From: Differential isotopic fractionation during Cr(VI) 
reduction under aerobic versus denitrifying conditions by 
an aquifer-derived bacterium (Han et al., 2012) 

Unique imaging of 
remediation-
induced 
biogeochemical 
and hydrological 
alterations, 
including joint use 
of clinical nuclear 
emission 
tomography 
systems and 
computational 
fluid dynamics 

Isotopic studies across the Rifle 
floodplain to understand system 

controls and dynamics 

Use of time-lapse complex resistivity 
and stochastic methods to estimate 

spatiotemporal variability of aqueous 
geochemistry during biostimulation 

experiments at Rifle 

Including SFA-led papers (in bold) and SFA-collaborative efforts 

Comparison between spatiotemporal profiles 
of predicted effective ionic strength from 
modeling (first row) and measured electrical 
conductivity from field geophysics 	
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