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Two Paths to MNA

MNA as a Remedy

Clean it ALL up. 

MNA as Risk 
Management

Keep it on your side of 
the fence
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MNA for Risk Management

Identify a point-of-compliance down gradient of the 
plume and locate sentry wells. 

Construct a model to describe the plume.  

Use the model to forecast the future extent of 
contaminants downgradient of the source area.     

If forecasted concentrations at the point-of-
compliance are acceptable, implement MNA as risk 
management. 

Monitor contaminants in the monitoring wells as 
long as contamination is present in the plume. 



M. D. Einarson and 
D. Mackay.

Predicting Impacts of 
Ground Water 

Contamination. 

Environmental Science & 
Technology, Vol. 35, No. 3, 

pages 66A – 73A, 2001.

Plume 
Capture in a 

Pumped Well 
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The Challenge to Recognize When it is Acceptable to Stop 
Pumping an Extraction Well

The capture zone of an extraction well is usually larger than the 
contaminated flow path in the aquifer. 

The contaminated groundwater is blended with clean 
groundwater in the extraction well. 
 
The groundwater produced by the extraction well may meet 
standards, but that does not mean all the groundwater in the 
capture zone meets standards.   
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The Answer?

Don’t use data from the extraction well to 
evaluate whether there has been sufficient 
treatment.

Use data from the monitoring wells in the 
capture zone of the extraction well.
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The Approach

Analyze data from the site before pumping and extract a rate constant for 
natural attenuation in concentrations with distance along the flow path.

Use 
(1) the concentration of contaminant in the monitoring well, 

(2) the distance from the monitoring well to the point of 
compliance, 

   (3) the rate constant for natural attenuation

 to determine if the concentration of contaminants in groundwater in the 
monitoring wells will exceed standards when it reaches the point of 
compliance. 
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Case Study at Site A of the Former Twin Cities Army Ammunition Plant, 
near St Paul, MN 
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Distribution of 
contamination in all 

monitoring wells 
along flow path 
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Flow in 4  Years

Source Well 
01U108
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Distance from 
Source

Date 
Sampled PCE TCE

cDCE + 
tDCE

1,1-DCE VC

feet µg/L µg/L µg/L µg/L µg/L

0 4/11/1988 900 550 800 <1 <1.9
16 9/13/1988 620 380 540 <1 <1.9

323 8/3/1994 0.59 3.8 110 <1 <1.9
380 8/3/1994 <1 7.9 190 <1 <1.9
592 6/9/1994 <1 1.5 220 <1 <1.9
715 6/9/1994 <1 2.4 290 <1 <1.9
833 9/7/1993 <1 0.58 110 <1 <1.9

Cleanup Goal 7 30 70 6 2

Distribution of contaminants in centerline 
wells before active remedy 
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Comparison of 
distribution of 

contamination in 
centerline monitoring 
wells to cleanup goal 
for cDCE at receptor 

wells

The rate constant is 
0.0021 per foot

14



Table 3.4 in He et al. (2009) lists a rate constant for removal of cDCE in 
sediment from Site A at TCAAP of 0.73 per year.  Correcting for 
removal of 0.21 per year in the container control, this corresponds to 
a rate constant for degradation of 0.52 per year.   

The seepage velocity at Site A is 210 feet per year.  This corresponds 
to a rate constant of 0.0025 per foot of travel along the flow path. 

The rate constant for abiotic degradation can explain the field scale 
rate of natural attenuation of 0.0021 per foot. 

He et al. 2009. Identification and Characterization Methods for Reactive Minerals 
Responsible for Natural Attenuation of Chlorinated Organic Compounds in 
Groundwater. EPA/ 600/R-09/113.   

15



16



Olivia Dunn in David Freedman’s lab at Clemson did a 14C assay 
to extract a rate constant for abiotic degradation of cDCE. 

In one treatment of her microcosm system under anoxic conditions, the 
rate constant for degradation of cDCE is 0.054 ± 0.014 per year at 95% 
confidence.  Her microcosm system has 0.9 mL of water per 1.0 gm of 
sediment.  Natural aquifer material is near 0.13 mL/gm.  Correcting to a 
natural water content, the expected rate constant in the aquifer is 0.39 
±0.10 per year at 95% confidence.    She included a control without 
sediment to account for production of degradation products from 
radiolysis of the cDCE.  The rate constant in the control was 0.0055 ± 
0.0024 per year.  Correcting for radiolysis, the rate constant for 
degradation of cDCE under anaerobic conditions was 0.38 per year.  This 
is in reasonable agreement with the rate constant from the conventional 
microcosm (0.52 per year).
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Period of operation 
of extraction wells
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01U139 was the most contaminated well of the wells sampled in June 
2015 at time the site was proposed for transition to MNA

01U139
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Concentrations in well 01U139 in 2015, when proposed to 
transition site to MNA.
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01U904

01U356

01U139

Wells 01U356 and 01U904 were directly 
down gradient of well 01U139



01U139

Risk to receptors in June 2015 at 
time of transition of site to MNA

01U356

01U904

OK, but just 
barely.  
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01U139

Risk to receptors in June 2015 at 
time of transition of site to MNA

01U356

01U904

No evidence that plume is 
migrating down gradient. 
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Concentrations in well 01U139 at latest available sample date (2021)
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Risk to receptors in June 2021 at time 
of latest available sampling date

Not OK.  

01U904



26

Risk to receptors in June 2021 at time 
of latest available sampling date

No evidence that 
plume is migrating 

down gradient. 

01U904



Risk to receptors in June 2021 at time 
of latest available sampling date

Plenty of time 
for plume 
migration. 
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Since the conventional microcosm studies were done, the groundwater at 
the site has transitioned from anoxic to aerobic. 

In the Clemson studies in another treatment under aerobic conditions, the 
rate constant for degradation of cDCE is 0.73 ± 0.14 per year at 95% 
confidence.  Correcting to a natural water content, the expected rate 
constant in the sediment is 5.1 ± 1.0 per year at 95% confidence.    She 
included a control without sediment to account for radiolysis of the cDCE.  
The rate constant in the control was 0.0077 ± 0.0031 per year.  Correcting for 
radiolysis, the rate constant for degradation of cDCE under aerobic 
conditions was 5 per year, which would be equivalent to a rate constant with 
distance of 0.023 per foot of travel. 
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Risk to receptors in June 2021 at time 
of latest available sampling date

14C assay 
explains no 
migration
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The approach provided a simple comparison to 
evaluate whether concentrations of contaminants in 
monitoring wells at the time of transition to MNA 
would be acceptable or not acceptable when the 
groundwater in the monitoring well reached the 
point of compliance. 

The attenuation with distance along the flow path in 
the aquifer could be plausibly explained by rates of 
abiotic degradation extracted from conventional 
microcosm studies and 14C degradation assays.  
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