


Evaluation of Trichloroethylene 
Attenuation Rates and Mechanisms 
in Support of MNA as a Alternative 
Remedial Approach

Jaana Pietari, Ph.D., P.E. 
Peter Mesard, P.E., P.G. 
Todd Muelhoefer

DRAFT Work-in-Progress

May 25, 2017

2



Outline

• Introduction

– Site Background

– Selected Remedy

• Objective

• Key Questions

• Approach

• Evaluation 

• Findings

DRAFT Work-in-Progress

3



Introduction:
Site Background

• Approximately 4,000 acres of urban 
industrial, commercial, recreational, 
residential, and agricultural property

• Principal contaminants of interest are 
TCE and locally petroleum 
hydrocarbons

• Many source areas and potentially 
responsible parties

• Two groundwater zones

– Shallow (depth < 21 ft bgs)

– Deep (depth > 25 ft bgs)
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TCE, trichloroethylene

bgs, below ground surface



Introduction:
Selected Remedy 

• Corrective Action Decision 
in 2012 for the large, 
commingled “off-site” plumes

• Source abatement and 
groundwater extraction and 
treatment alternative selected 
by the oversight agency for G-2

• Costs approx. $27M for G-2

• Remediation of source areas  
addressed by individual parties
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MNA, monitored natural attenuation
http://bioprocess.pnnl.gov/publictn/PNNL-24696__Performance_Assessment_for_P&T.pdf



Introduction:  
Alternative to Selected 
Remedy

• MNA screenings during 
RI/FS indicated that 
conditions for reductive 
dechlorination suitable in 
limited locations 

• Recent data collected from 
G-2 and other units, 
indicated decrease in TCE 
concentrations
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RI/FS, remedial investigation/feasibility study



Objective

• Perform technical evaluation of TCE attenuation in groundwater 
that would support a decision that MNA should be adopted as a 
superior remedial alternative to groundwater extraction and 
treatment in G-2
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Key Questions

• What potential natural 
attenuation mechanisms may be 
occurring?

• Anaerobic reductive 
dechlorination

• Aerobic co-metabolism and/or 
aerobic oxidation

• Biogeochemical reduction

• Other mechanisms
– Dispersion
– Volatilization
– Sorption
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Key Questions

• Is MNA an alternative treatment to 
groundwater pump and treat in G-
2?

• If so, what are the MNA 
mechanisms?

• What are the approximate 
attenuation rates for TCE?

• What is the approximate duration 
to achieve the TCE Alternate 
Treatment Goal (ATG) of 21 µg/L?
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Approach

• Compile and review of all available 
HVOC data for G-2

– Approx. 1984 through 2014

– Limited wells sampled in 2015

• Construct “cross sections” along 
the axes of the TCE plumes

• Evaluate well-specific trends for 
chlorinated ethenes (total and 
individual compounds) from wells 
sampled in 2014 

– Estimate well-specific TCE 
attenuation rates
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HVOC, halogenated volatile organic compound



2014 G-2 Groundwater Data Indicates TCE 
Concentrations are Currently Below the ATG for 
Most Shallow Wells

• Observation supported the hypothesis that MNA may be occurring

DRAFT Work-in-Progress

11

Groundwater Zone

Number of 

Geoprobes and 

Wells 

TCE Range 

(µg/L)

Wells Above TCE 

ATG of 21 µg/L a

Shallow zone (< 21 ft bgs) 46 ND–52.4 6

Deep zone (> 25 ft bgs) 42 0.5–76.7 16



Comparison of 2014 and 2007 G-2 TCE Data 
Indicates TCE Levels Decreased Overall
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Zone

TCE Concentrations (µg/L)

2007 2014

Range

Wells with TCE 

above ATG/

Total Wells

Range

Wells with TCE 

above ATG/

Total Wells

Shallow ND–131 8 / 21 ND–52.4 2 / 21

Deep ND–202 15 / 18 0.56–76.7 7 / 18

Total ND–202 23 / 39 ND–76.7 9 / 39
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Estimated half-life 5 years;

TCE alternative treatment goal 

estimated to be reached in 2015
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Estimated half-life 6 years;

TCE alternative treatment goal 

estimated to be reached in 2021
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a First data point omitted because substantial increase in TCE observed during 

subsequent sampling. If included, TCE alternative treatment goal estimated to be 

met in 2065.

b Original and a replacement well
TCE alternative treatment goal anticipated 

to be met in 2020

TCE half-life 5 yearsa, b



Average TCE Half-Lives 4 and 5 Years for Shallow 
and Deep Zones, Respectively
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TCE Goal in All Wells Predicted to Be Met by 2022
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MNA Assessment for G-2

• Evidence of reductive dechlorination observed locally 

– cDCE and VC detected in most wells, at least historically

– Historically significant levels of cDCE detected in some wells

– TCE and cDCE attenuates without accumulation of VC

• Observed TCE attenuation rates indicate TCE removal

– TCE ATG goal predicted to be met around 2022 
(based on available site data)

• Multiple mechanisms contribute to the observed attenuation

– Using the available data, unable to tell which attenuation mechanisms 
are operable 

DRAFT Work-in-Progress

22



Summary of Evaluation

• TCE concentrations in G-2 
attenuated significantly 
between 2007 and 2014

• Number of wells above TCE 
goal reduced from 23 in 2007 
to 9 in 2014

• Attenuation of total chlorinated 
ethenes (TCE, cDCE, tDCE, 
VC) observed in all wells

• Average TCE half-lives are 4 
and 5 years for shallow and 
deep zones, respectively

• Regardless of the attenuation 
mechanism, and their relative 
contributions, natural 
attenuation is demonstrably 
occurring in G-2

• Trends predict that TCE ATG 
will be met by 2022 in G-2
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Findings

• MNA is likely to be more 
readily and efficiently 
implemented, on a shorter 
schedule, at a significantly 
lower cost than groundwater 
extraction and treatment to 
meet TCE cleanup goals for 
G-2

• As compared to pump and 
treat, MNA has smaller carbon 
footprint, does not consume 
power, require treatment, nor 
produce effluent
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Thank You!
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