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Presentation Overview 

• Background 

• Potential degradation mechanisms 

• Strategies for technology integration 



BACKGROUND 



Test Area North 

• 1.5-mi TCE plume 

• 200 ft to water 

• 200-ft 
contaminated 
thickness 

• Sludge injection 
well at source 

• 1995 ROD 
– Pump and treat 

– 100-year cleanup 

 



Fringe and Core Hypothesis (Cherry, 1996) 

• Generic chlorinated solvent plume conceptual model 

CORE FRINGE 

• 102 m, 
• 103 µg/L 

• 103  m, • 102 µg/L 

Mass 
Flux 



POTENTIAL DEGRADATION MECHANISMS 



Anaerobic Reductive Dechlorination 
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Anaerobic Reductive Dechlorination 

 

TCE DCE + VC VC + Ethene 



Anaerobic Reductive Dechlorination 

 



Anaerobic Reductive Dechlorination 

 DCE Stall Not Always Bad
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Aerobic 
Cometabolism 

• Axial 
concentration 
ratios 



Aerobic Cometabolism 

• Aerobic TCE degradation half-life:  12-15 years (3H) 

• Aerobic DCE degradation half-life: 8-9 years (3H) 

Sorenson et al., 2000; Wymore et al., 2007; Lee et al., 2008 
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Aerobic Degradation 

• 9 plumes evaluated at 4 DOE sites 
– Brookhaven National Laboratory 

– Paducah Gaseous Diffusion Plant 

– Savannah River Site 

– Rocky Flats 

• Aerobic TCE degradation rates evident at 8 out of 9 

• Degradation half-life range: 0.85 – 12 years 

Koelsch et al., 2005 



Biogeochemical Reduction by Iron Minerals 

• Twin Cities Army Ammunition Plant 

• TCE & DCE half-lives < 2.5 years 

Ferrey et al., 2004 
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Live Microcosms 
Autoclaved Controls 
Container Controls 



Biogeochemical Reduction by Iron Minerals 

• Resources 

EPA, 2009; ESTCP, 2008 



STRATEGIES FOR TECHNOLOGY 
INTEGRATION 

 



Prerequisites 

• Identification of intrinsic degradation mechanism 

• Estimate of intrinsic degradation rate (separate from dispersion) 

• Reasonable assurance of longevity of mechanism 

Sorenson et al., 2000 
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Fringe Types 

• Active Treatment Fringe (ATF)  
– Fringe Concentration > MNA capacity 

• Bountiful 

• Intrinsic Treatment Fringe (ITF) 
– Fringe Concentration ≤ MNA capacity 

• TAN 

• Well 12A 

 



Active Treatment Fringe 

• Source removed/contained 

• Active treatment required in fringe to meet cleanup goals 

Mass 
Flux 



Bountiful/Woods Cross Superfund Site 
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Bountiful (cont.) 

• Source treatment (anaerobic reductive dechlorination) started 2008 



Bountiful (cont.) 

• Source flux stopped, downgradient biobarriers installed 



Intrinsic Treatment Fringe 

• Source removed/contained 

• Intrinsic degradation in fringe sufficient to meet cleanup 
goals 

Mass 
Flux 



Test Area North, 
OU 1-07B 

Bioremediation 

Pump & Treat 

MNA 
• 1997 TCE 

Distribution 



Test Area North,  
OU 1-07B 

• 2009 TCE 
Distribution 

DOE, 2012 



Test Area North, 
OU 1-07B 

DOE, 2012 

• 2011 TCE 
Distribution 



Test Area North, 
OU 1-07B 

DOE, 2012 

• MNA performance 
monitoring 



Test Area North, 
OU 1-07B 

DOE, 2012 

• Zone 1 



Test Area North, 
OU 1-07B 

DOE, 2012 

• Zone 2 



Test Area North, 
OU 1-07B 

DOE, 2012 

• Zone 3 
– Up to 30% 

temporary plume 
expansion allowed 

– Actual expansion 
8.5% to 15% 

– Performance 
appears right on 
track! 



Well 12A Superfund Site 

• Tacoma water supply 

• Significant residual 
source material 

• Large, dilute plume 

• Estimated intrinsic 
degradation limit: 
300 µg/L 

Core 

Fringe 



Well 12A Superfund Site 

• RAOs: 
– 90% mass discharge 

reduction from core 

– ARARs at 
designated points 
of compliance  

– Determine if MNA 
can meet ARARs in 
fringe 

Core 

Fringe 



Well 12A Superfund Site 

• Detailed 3D source 
characterization for 
remedy design to 
stop mass discharge 



Well 12A Superfund Site 

• Performance monitoring 
transects established for 
source treatment 

• MNA evaluation and 
performance monitoring 
underway 
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