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Monitoring And Remediation 
Optimization Software

• Conceptual Model
– Site Characterization and Remedial Decision 

complete
– Distinct Source and Tail
– 2-Dimensional
– Groundwater flow in one direction
– >4-6 Sample events
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MAROS
• General Objectives

– Determine overall plume stability
– Evaluate concentration trends
– Remove redundant wells without information 

loss 
– Add new wells where uncertainty is high
– Sampling frequency recommendations
– Compare with current monitoring status
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Case Studies

• Tinker AFB
– No Definite Source
– Radial Groundwater flow
– Multiple units
– Short monitoring history
– Model shows more ‘characterization’ needed

?
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Approach

• Tinker AFB
– Analyze USZ and LSZ separately
– Assume highest [C] is source
– Assume characterization is done
– Take weight of evidence
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Results

• Upper Saturated Zone
– Wells with sufficient data mostly Stable to 

Decreasing concentration trends
– First Moment Stable
– Spread Stable/No Trend
– Two piezometers redundant
– No additional wells
– Annual sampling
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Results

• Lower Saturated Zone
– Wells mostly Decreasing except one 

downgradient well
– First Moment No Trend (two centers)
– Spread No Trend
– All wells retained
– New downgradient well
– Annual sampling
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Case Studies

• Wurtsmith AFB
– Landfill source (many sources)
– Short plume discharging to a lake
– YMCA campground
– Many new wells
– Aesthetic issues
– Stakeholder issues
– Extensive Remediation
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Approach

• Wurtsmith AFB
– Rank COCs

• Benzene for toxicity and prevalence
• VC for mobility, TCE just because

– Source is a line
– Evaluate geochemically similar compounds
– 65 ft Saturated thickness treated as one unit
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Wurtsmith LF30/31
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Benzene Trend Analysis
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Benzene First Moments
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Limited history, no TCE detections, 
benzene and vinyl chloride below 
MCLsAnnualAnnual*SemiAnnualAnnualH77S

Limited history, no TCE detections, 
benzene and vinyl chloride below 
MCLsAnnualAnnual*SemiAnnualAnnualH77D

Recommended for removal, kept as 
compliance point with reduce 
frequencyAnnualAnnual*SemiAnnual*Annual*H76S

Recommended for removal, kept as 
compliance point with reduce 
frequencyAnnualAnnual*SemiAnnual*AnnualH76D

AnnualSemiAnnualAnnualAnnualH75S

Decreasing trend for vinyl chlorideAnnualAnnualQuarterlyAnnualH35S

Monitoring for vinyl chlorideAnnualBiennialAnnualBiennialH33S

Eliminate***H132S

Eliminate***H131S

Eliminate**H131D

AnnualBiennial*AnnualAnnualH130S

BiennialBiennialAnnualBiennialH130D

AnnualBiennialAnnualAnnualH129S

BiennialBiennialAnnualBiennialH129D

BiennialBiennialAnnualBiennialH128S

BiennialBiennialAnnualBiennialH128D

TCE source areaAnnualAnnualAnnual*AnnualH127S

TCE source areaAnnualAnnualAnnual*Annual*H127D

Comment

Final 
Interpreted 

Result

TCE 
Recommended 

Frequency 
Result(3)

Vinyl Chloride 
Recommended 

Frequency 
Result(3)

Benzene 
Recommended 

Frequency 
Result(3)Well Name
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no need for new  
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indicated by triangle
w ith a high SF leve

Estimated SF Level:
  S - Small
  M - Moderate
  L - Large
 E - Extremely large
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Results

• Wurtsmith AFB
– 3 distinct COC plumes
– Trends mainly Stable to Decreasing
– First Moments Increasing before remediation, 

Stable to Decreasing after
– Increasing Second Moments (wider more 

dilute)
– Remove 8 wells from the program
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Results

• Wurtsmith AFB
– Average of 41 samples annually

• 7 Semi-annual
• 24 Annual
• 6 Biennial

– Original recommendation 94 sample annually
– Savings of $53,000/yr
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Summary

• The perfect site does not exist
• Weight of evidence approach

– Concentration trends
– Moment analysis
– Mesh evaluation
– Frequency evaluation
– Statistical Power Analysis

• Balance temporal and spatial sampling


