
Coal Combustion Residual (CCR) Groundwater 
Data Evaluation: From Monitoring to the Right 

Remediation Path 
 
Bryon Dahlgren1 and Douglas R. Gray2 
 
1 AECOM, DCS Americas – Southeast Environment CCR Remediation Technical 
Practice Group Co-Lead, 1360 Peachtree Street, Atlanta, GA  30309   
 

2AECOM, DCS Americas –Midwest Environment CCR Remediation Technical Practice 
Group Co-Lead, 1300 E. 9th Street, Suite 500, Cleveland, OH 44114; 
 
KEYWORDS: groundwater, data evaluation, statistics, visualization 
 
PLANNING FOR CORRECTIVE ACTION ASSESSMENT 
 
The transition from groundwater monitoring to assessment of corrective measures will 
be an active period in the life cycle of CCR units.  Using established methodologies to 
understand the data gathered up through October 2017 will be an important element of 
developing timely, efficient, and cost-effective assessments and remedies which target 
the areas where the best value is added.  Elements of data management that need to 
be considered sooner rather than later include the required statistical analysis and the 
choices of how to visualize data once it is in hand. 
 
The statistical effort can appear more daunting and difficult than it will be.  But first 
understanding what the data says about the nature of the site is a key to providing the 
appropriate values into the statistical method.  Avoiding “garbage in” will then lead to a 
simple and reliable process, resulting in unambiguous conclusions. 
 
If the output of statistics does result in the need for assessment of corrective 
alternatives, then the scope of work could be substantial in terms of both physical scale 
and financial demand.  Planning ahead will be crucial for optimizing the design, 
effectiveness, and scale of remedial alternatives.  Subsurface visualization is a powerful 
tool for defining key locations for remediation which will result in defensible and effective 
solutions without “over engineering” or wasting effort in the wrong places. 
 
STATISTICS 
 
The CCR Rule requires statistical analysis of groundwater data, but provides little 
guidance on this topic.  Statistics using environmental data can present particular 
challenges because of limitations in the quantity and repeatability of sampling, as well 
as frequent presence of censored or qualified data values.  When appropriate data is 
established, the standard Wilcoxon Rank-Sum Test is an established methodology 
accepted for environmental systems.  An overview of the Wilcoxon Rank Sum Test will 
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demonstrate that it is easy to implement and further that the results of this test quickly 
provide defensible conclusions which are consistent with simple “eyeball” evaluations of 
data. 
 
But establishing the “appropriate” data must be considered carefully before using any 
statistical method.  Key challenges to avoid are use of comparison to heterogeneous 
upgradient data and bad results due to the presence of outliers. 
 
The Wilcoxon test will easily show if two data pools are different.  But it assumes that 
the two pools are each meaningful and self-consistent.  Data from each background 
well should be viewed independently and in contrast to each other.  If variations are 
discovered, it may be that the site is heterogeneous without any regard to impact from 
the CCR unit.  If this is the case, establishing the range of potential true background 
zones is appropriate.  Blending all zones into one “background” could produce results 
lower than appropriate and thus indicate that some naturally higher zones are falsely 
elevated.  Discovery of discrete zones may require further wells to demonstrate the full 
character of background.  But the cost of this effort can be minimal compared to 
possible alternatives. 
 
A large volume of data will be generated during the monitoring process.  There are 
many causes for false positive outliers and it is not a question of “if” they happen, but 
rather “when” and “how often”.  Review of each well’s individual data set should be 
carefully considered.  Outliers, if present, will be readily apparent.  A quick, easy 
evaluation can determine the sensitivity of the outlier.  If exclusion of the outlier changes 
the result, then further assessment of the data in question, and possible gathering of 
additional data, should be undertaken.  Appropriate exclusion of false positives is 
important to finalizing data prior to statistics. 
 
 

 
 



Once data is entered into the Wilcoxon test, the results are simple.  The test will, in the 
great majority of cases, provide independent confirmation of the result that your eyes 
can readily determine.  The simple fictional example provides a demonstration. 
 
The “obvious” conclusion that higher concentration data in a downgradient well is 
statistically “higher” than consistent lower concentrations noted in background wells 
becomes mathematically confirmed.  In some cases there will be more overlap and less 
certainty.  But rarely will a statistically significant difference be established in a data set 
without a strong indication by “eyeball evaluation”.  If the evaluation avoids “garbage in” 
then it will avoid “garbage out” and the results will be similar for any established 
methodology.  The final effort is less ambiguous or daunting than the rule may imply. 
 
VISUALIZATION 
 
For the cases in which corrective action may be necessary, relatively small investment 
can produce high quality visualizations of the subsurface and contaminant distribution 
and migration.  This knowledge can pay for itself many times over through focusing the 
corrective actions into the right locations and enhancing the design details. 

 
 



As the above example shows, the right amount of information, a thorough model can be 
presented for minimal cost.  Development of the simple model generally costs less than 
a few thousand dollars.  A qualified engineer or geologist can then use this model to 
improve remedial design.  The model and presentation can also be enhanced to support 
description of a site and remedial approach to layperson audiences as needed.  
 

 
Models or simple representations can identify key flow paths, areas of elevated 
concentrations, or other targets for high yield remediation efforts.  The cost of 
remediation per yard, linear foot, or gallon will easily be significant.  Targeting 
remediation to an area of 50% or 10% of the total site will recover the cost of 
visualization by orders of magnitude. 
 
More complex animations and images can be developed for slightly higher costs and 
these alternatives may be appropriate on a case by case basis. 
 
CONCLUSION 
 
The entire CCR Rule process for groundwater will be demanding.  And the cost for 
compliance is likely to be significant in many cases.  However, there are ways to plan 
ahead, keep it simple, keep it cost effective, defensible, and smart. 


