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ABSTRACT  
 
Utilities managing coal combustion residuals (CCR) that are regulated by the Federal 
CCR Rule face the possibility of a bump in the road ahead:  a statistically significant 
increase (SSI) above background concentrations in groundwater during detection 
monitoring.  An SSI is the first indication of a potential release to groundwater that might 
lead to additional investigations and, more importantly, costly and protracted 
groundwater remediation measures.  However, SSIs may occur even if no release from 
the regulated unit has occurred.  According to some interpretations of the CCR Rule, an 
SSI could occur as early as October 2017. 
 
Key initial considerations and decisions that should be undertaken when an SSI occurs 
are presented along with common misconceptions.  In addition to evaluating the 
possibility of a false positive statistical results, these considerations include potential 
misunderstanding and/or misapplication of statistical methods, an incomplete 
conceptual site model, operator knowledge regarding the likelihood of a release, and 
alternative sources of the SSI constituent(s).  Decisions to pursue these possibilities or 
to proceed with assessment monitoring and corrective measures must be made quickly 
under the CCR Rule schedule constraints.  Therefore, advance planning for the 
possibility of an SSI is critical. 
 
The use and importance of a defensible conceptual site model during these 
considerations is emphasized.  Several approaches to geochemical forensics that are 
useful in identifying alternative sources for the SSI offer the potential to avoid costly and 
unnecessary remedial measures. 
 
INTRODUCTION 
 
Utilities managing coal combustion residuals (CCR) that are regulated by the Federal 
CCR Rule1 face the possibility of a bump in the road ahead:  a statistically significant 
increase (SSI) above background concentrations in groundwater during detection 
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monitoring.  An SSI is the first indication of a potential release to groundwater and might 
lead to additional investigations and, more importantly, costly and protracted 
groundwater remediation measures.  However, SSIs may occur even if no release 
attributable to the regulated unit has occurred.  This paper discusses some of those 
false positive scenarios. 
 
OVERVIEW OF GROUNDWATER DETECTION MONITORING IN THE CCR RULE 
Monitoring system/performance standards 
According to 40 CFR 257.91, the performance standard for the groundwater monitoring 
system is to  
 

“…install a groundwater monitoring system that consists of a sufficient number of 
wells, installed at appropriate locations and depths, to yield groundwater samples 
from the uppermost aquifer that: 
 
(1) Accurately represent the quality of background groundwater that has not been 

affected by leakage from a CCR unit.  A determination of background quality may 
include sampling of wells that are not hydraulically upgradient of the CCR 
management area…and 

(2) Accurately represent the quality of groundwater passing the waste boundary of 
the CCR unit.  The downgradient monitoring system must be installed at the 
waste boundary that ensures detection of groundwater contamination in the 
uppermost aquifer.  All potential contaminant pathways must be monitored.” 

 
Item (1) allows for placement of background wells that are not hydraulically upgradient 
of the subject CCR unit (see Figures 1 and 2).  If there are upgradient CCR units with 
releases to groundwater, the resulting groundwater quality between the two units is not 
considered ‘background’ under the CCR rule and requires installation of background 
wells that are not directly upgradient from the regulated unit.  Note that item (1) above 
states “…leakage from a CCR unit” not “…leakage from the CCR unit” [emphasis 
added].  In that case, background should be established using wells in another location, 
such as side gradient of both units and groundwater quality between the two units is 
addressed as part of an alternative source demonstration as described later in this 
paper. 
 
 

Figure 1: Plan view monitoring system without upgradient CCR unit release  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Item (2) requires that the monitoring system ensures detection of contamination.  This 
is clearly an impossible task, even with closely spaced monitoring wells.  It should be 
noted that this requirement is derived from the RCRA Municipal Solid Waste (MSW) 
regulations (40 CFR Part 258) and therefore it is recommended that monitoring systems 
be designed in accordance with generally accepted local practice in the industry for 
MSW landfills.  This could provide a useful defense in the event of litigation. 
 
Compliance with the above performance standards should be addressed by developing, 
along with other lines of reasoning, a defensible conceptual site model (CSM) during 
monitoring system installation.  More complex hydrogeologic settings will require a more 
robust CSM.   
 
The CCR rule includes additional requirements for the groundwater monitoring system 
and should be consulted for those details.  Among them is the requirement for a 
minimum of one background and three downgradient wells.  Installation and monitoring 
of more than one background well is highly recommended for several reasons.  First, 
more than one well should capture spatial variability in background concentrations that 
might also be present in the downgradient wells.  Second, it allows for potential loss of 
some data while still meeting the minimum requirements for the number of background 
samples.  For example, one background well might unexpectedly go dry during baseline 
monitoring due to drought.  Third, it eliminates the need for extra justification that the 
CCR rule requires if the minimum number of wells is used. 
 

Figure 2: Plan view monitoring system with upgradient CCR unit release  



Existing units regulated by the CCR Rule are required to install groundwater monitoring 
systems and collect at least eight (8) baseline groundwater samples for the analytes 
listed in Appendix III (indicator parameters for detection monitoring) and Appendix IV 
(assessment monitoring parameters) from each background well and each 
downgradient compliance well by October 17, 2017.  It is recommended that the facility 
establish a Sampling and Analysis Plan (SAP) so that, in the event of litigation, a written 
plan can be said to have been followed when generating the baseline data.  It is 
preferable to have a SAP prior to collection of the baseline samples.  Statistical 
methods can be added as an addendum to the SAP after the baseline monitoring and 
initial statistical evaluation are completed. 
 
Analytical parameters 
 
During collection of the eight or more baseline monitoring samples, both Appendix III 
and Appendix IV parameters must be analyzed.  These are given on Tables 1 and 2, 
respectively.  Note that only unfiltered samples are allowed which necessitates thorough 
well development, recovery, and use of low flow purge techniques in nearly all cases.  

some cases at newly installed (or redeveloped) wells if they are anomalous compared 
to subsequent monitoring events (e.g. due to high turbidity, pH extremes, temporary 
redox reactions, etc. that abate over time).  After the baseline monitoring is completed, 
the detection monitoring program only requires Appendix III parameters.  If an SSI is 
confirmed, monitoring for both Appendix III and Appendix IV parameters is required 
under the Assessment Monitoring Program.   Assessment Monitoring and its associated 
statistical methods are not covered in this paper. 
 

 
It should be noted that nothing prohibits an owner/operator of a CCR unit from collecting  

Table 1.  Federal CCR Rule Appendix III Detection Monitoring Indicator Parameters 

Table 2.  Federal CCR Rule Appendix IV Assessment Monitoring Compliance Parameters 



additional analytical parameters that might assist in evaluating whether an SSI is in 
error.  These optional parameters might include: 
 

• Major cations and anions such as alkalinity, magnesium, sodium, and potassium, 
in addition to calcium, sulfate, and chloride that are on the Appendix III list, to 
provide a more complete analysis of all major anions for forensic 
analysis/alternative source demonstration (e.g. Stiff and Piper diagrams for 
evaluation of groundwater provenance, to support geochemical modeling, and to 
evaluate mixing of various waters with different compositions); 

 
• Total suspended solids (TSS) and/or filtered metals to evaluate potential 

contributions from particulates suspended in the unfiltered samples; and 
 

• Indicators of redox conditions including iron, manganese, oxidation-reduction 
potential (ORP), nitrate, ammonia, and dissolved oxygen (during Assessment 
Monitoring) for evaluation of the geochemical environment and its effect on 
constituent mobility in groundwater. 

 
Note that the last item is more applicable to evaluation of Appendix IV analytes during 
the Assessment Monitoring phase because most of the Appendix III parameters are 
less sensitive to redox changes.  
 
Detection Monitoring Statistics 
 
Once the required eight baseline samples are collected, the Appendix III results must be 
interpreted to identify appropriate and defensible statistical methods that will be used to 
calculate background concentration limits and to evaluate whether concentrations in 
downgradient wells are statistically higher than those obtained from designated 
background wells.  The selected statistical methods will likely differ among the various 
analytes and should be documented in an amendment to the SAP.  The statistical 
evaluation must be completed separately for each Appendix III analytical parameter at 
each downgradient well. 
 
Most existing units will need to use inter-well statistical methods that compare 
downgradient concentrations to background well concentrations.  However, use of intra-
well statistical methods might be possible at some existing units if the baseline results 
for downgradient wells are similar to background results.  Intra-well methods are more 
applicable to new units where baseline data are collected prior to placement of initial 
CCR.  Future monitoring results at a given downgradient well are compared to baseline 
results in that same well.  One advantage of this approach, when allowed, is that the 
need to capture spatial variability in background concentrations is eliminated. 
 
The owner/operator of the unit must select one of the statistical analysis methods listed 
in the CCR Rule to evaluate the detection monitoring data.  Different statistical methods 
might be used for various constituents depending upon the how well the population 



distribution of the monitoring data match the model population in the statistical method.  
Among the choices are: 
 

• Parametric analysis of variance (ANOVA) comparing the mean concentration of 
the downgradient wells to the mean of the background wells for data that fit a 
normal distribution or can be transformed into a normal distribution (e.g. log 
transformation); 

 
• Nonparametric ANOVA comparing the median concentration of the downgradient 

wells and background wells if the data do not fit, or cannot be transformed to fit, a 
normal distribution; 

 
• Upper tolerance or upper prediction interval which calculates a statistical upper 

end of the range of background values and compares individual downgradient 
well measurements to that threshold value; 

 
• A control chart that establishes an anticipated range of future downgradient 

concentrations based on the background data; or 
 

• Another statistical method that meets the statistical performance standard of the 
CCR Rule. 

 
Note that most statisticians do not recommend ANOVA methods for groundwater 
monitoring data due to the high rate of false positive SSIs.  A Professional Engineer 
must certify that the selected statistical method(s) meet the statistical performance 
standard in the CCR Rule, which states: 
 

• Parametric procedures must be used if the data for a particular constituent are 
normally-distributed or can be transformed into a normal distribution, and non-
parametric procedures must be used if the data for a particular constituent are 
not normally distributed; 

 
• For ANOVA methods, a Type I (false positive) error rate must be set no less than 

0.01 for each testing period and an experiment-wise error rate no less than 0.05; 
 

• Control charts must be at least as effective as the other statistical methods 
available for use; 

 
• Tolerance interval or prediction interval values must be at least as effective as 

the other statistical methods available for use; 
 

• Methods to account for data below the limit of detection must be at least as 
effective as the other statistical methods available for use; and 

 
• If necessary, the method must control or correct for seasonal and spatial 

variability as well as temporal correlation in the data. 



 
If an SSI is detected for one or more Appendix III constituents at one or more 
downgradient wells, the owner/operator can either establish an Assessment Monitoring 
program within 90 days, or demonstrate that the SSI is due to an error or an alternate 
source (other than the CCR unit) including: 
 

• Sampling error; 
 

• Laboratory analysis error; 
 

• Statistical analysis error; 
 

• Natural variation in groundwater quality. 
 
The list above from the CCR Rule does not explicitly state an upgradient source of 
contamination, but this should generally be evaluated as well.  A successful alternate 
source demonstration must be completed within 90 days of detecting the SSI and must 
be certified by a Professional Engineer.  Therefore, it is recommended that baseline 
monitoring data be evaluated as they are collected so that early warning of a potential 
SSI is recognized well before the October 2017 regulatory deadline, allowing more time 
to evaluate potential errors or to develop response actions. 
 
REGULATORY DEADLINES AND THE NEED FOR ADVANCE PLANNING 
 
Existing Units 
 
According to some interpretations of the CCR Rule, an SSI for an existing unit could 
occur as early as October 17, 2017.  The first annual groundwater monitoring report 
must be posted to the publicly-accessible internet site by January 31, 2018 and every 
year thereafter. 
 
Some facilities began collecting background data earlier than others and therefore have 
a higher probability of detecting seasonal extremes and year-to-year variability in 
background concentrations.  The foresight to spread the eight baseline samples over a 
longer period of time should result in higher calculated background values using the 
available statistical methods and a corresponding lower probability of detecting an SSI.   
 
For facilities that got a later start on baseline monitoring, samples will need to be 
collected more frequently than semi-annually or even more frequently than quarterly.  
EPA guidance provides some indications regarding how closely spaced in time 
subsequent monitoring events must be separated to still be considered ‘independent’ 
samples.  The timing is dependent upon groundwater flow rates and the well diameter.  
Independence (and randomness) of samples is a major assumption of the statistical 
methods and must be considered.  Facilities that got a later start and collected the eight 
baseline samples within an overall time period of one year or less are likely to have 



lower calculated background values compared to a facility that got an earlier start, thus 
increasing the chances of an SSI. 
 
New Units 
 
Compliance schedules and milestones for baseline monitoring at new CCR units differ 
from those for existing units.  They are not addressed in as much detail here as is given 
for existing units because they are less likely to have an SSI.     
 
PRE-PLANNING AND RESPONSE TO A STATISTICALLY SIGNIFICANT INCREASE 
 
Have a Plan 
 
A facility that has a well-reasoned plan for responding to a potential SSI, that was 
developed in advance of the October 2017 regulatory deadlines for statistical analysis, 
will be in a better position to successfully identify a false positive SSI.  The CCR Rule 
allows only 90 days after completion of the statistical test that leads to an SSI to 
successfully dispute an SSI, document the basis for the finding, and acquire P.E. 
certification.  If the plan includes verification resampling, time is even more critical.  
Questions to be addressed include: 
 

• Does the facility include a verification resampling protocol to evaluate the 
reproducibility of an SSI? 

 
• Are the results consistent with the CSM? 

 
• What measures are time critical and which ones can be accomplished more 

quickly, and at lower cost, compared to others and hence should be undertaken 
first? 

 
Conversely, if the operator already has information that indicates the SSI is likely not a 
false positive, then a decision might be made not to address the issues listed below and 
proceed with Assessment Monitoring and potentially Corrective Measures.  However, in 
the majority of cases it is prudent to perform verification resampling.  If the results are 
inconsistent with the CSM, then this is an indication of a potential data gap that probably 
needs to be addressed.  It is unlikely there will be time to do so after the regulatory 
deadline for statistical analysis, so preliminary statistical analysis in advance of 
regulatory deadlines is central to this question.  If no advance evaluation was 
completed, then the data gaps will likely have to be addressed in parallel with the 
Assessment Monitoring program and possibly in parallel with the Assessment of 
Corrective Measures. 
 
Develop/Peer Review Conceptual Site Model 
 
The importance of the CSM cannot be overstated.  An incomplete or inaccurate CSM 
can lead to erroneous monitoring system design, inaccurate interpretation of 



groundwater flow directions and velocities, overlooking alternative source areas that 
might contribute to a false positive SSI, or failure to recognize indirect release 
mechanisms for redox-sensitive constituents in naturally-occurring aquifer solids 
beneath the unit.  A preliminary CSM can be developed based upon existing information 
prior to design and installation of the monitoring network.  Hydrogeochemical 
information from the monitoring system installation should be reviewed by qualified 
personnel to evaluate whether there are unexpected findings relative to the preliminary 
CSM, and to evaluate whether there are still substantial data gaps.  If so, additional site 
investigations may be warranted to reduce the potential for a false positive SSI in the 
future.  For more complex sites, engagement of a third party to complete a formal peer 
review of the information might be valuable in reducing the chance of overlooking 
significant data gaps or misinterpreting the initial information. 
 
Peer Review Selected Statistical Methods/Findings 
 
Peer review of the selection and application of statistical methods might also be 
appropriate in some circumstances.  Groundwater monitoring statistics are often viewed 
as a commodity service and there is limited budget available for a reasonably thorough 
review of the monitoring data and statistical output.  The potential cost of peer review is 
small compared to the consequences of an SSI that can lead to implementation of an 
Assessment Monitoring program, and potentially the need for costly groundwater 
corrective measures.  For example, pooling of background data from multiple 
background wells is only allowed if there is equality of variance among those wells.  
This is a key consideration that could have a large impact on the results of statistical 
comparisons to downgradient wells. 
 
Unanticipated Changes in Aquifer Conditions 
 
The field sampling records and laboratory reports should be reviewed to identify 
potential concerns that might contribute to an SSI before running statistical analyses.  
These reviews would identify things such as increased turbidity or significant pH, redox, 
or dissolved oxygen changes compared to previous monitoring events, changes in the 
depth to water, changes in the amount of water purged from the well and/or whether the 
well went dry, changes in sampling method (e.g. low flow purge vs. three volume 
purge), and changes in field sampling personnel or equipment. 
 
False Positive or Anomalous Laboratory Results 
 
The laboratory report should also be reviewed to identify potential concerns that might 
contribute to an SSI before running statistical analyses.  This should include review of 
the case narrative, if provided by the laboratory, that summarizes quality control 
concerns with the analyses.  Prior to statistical evaluation, all data should undergo a 
general data quality assessment for items such as adherence to holding times, proper 
preservation, sample containers, and maintenance of chain of custody.  Information on 
the reproducibility of replicate samples (field duplicates, lab duplicates) should be 
developed as well as evaluation of potential matrix interference by way of matrix spike 



samples.  If an SSI is detected, a more thorough audit of the laboratory records should 
be considered.  It is useful to request a full data deliverable from the laboratory up front 
in case a full validation is needed because the extra cost of the full report is small but 
only if the need for the full report is identified in advance.  Check that the proper 
analytical methods were used and that the method detection limit (MDL) and reporting 
limits (RL) did not change compared to prior monitoring events or compared to 
background wells.  If analytical laboratories were changed, this needs to be investigated 
as a possible cause due to differing equipment, analysts, and reporting protocol. 
 
False Positive Statistical Analysis Results 
 
Upon detection of an SSI, it is advisable to have the data and statistical methods peer 
reviewed in an expedited manner.  It is possible that the data population has changed 
from normal to non-normal distribution, or vice versa, which can lead to an SSI. 
 
If a constituent is not detected in any of the background samples, the double 
quantification rule is used.  Under that rule, if there are two consecutive detections at a 
downgradient well for that parameter, it is an SSI.  In such as case, the data need to be 
reviewed to evaluate whether the downgradient detection arose solely due to a lower 
detection limit compared to the background samples. 
 
It might also prove useful to check the input file to the statistical analysis software 
compared to the laboratory report to identify possible transcription errors.  These can 
often be identified during review of time series plots of the data. 
 
Misunderstanding or Misapplication of Statistical Methods 
 
It is possible that the statistician has misunderstood some of the data, violated some of 
the assumptions required by the statistical method, or simply made a mistake.  This can 
be addressed as part of the peer review described previously. 
 
Incomplete or Inaccurate Conceptual Site Model 
 
An SSI might be an indication that the CSM is incomplete or is based on flawed 
assumptions.  It may be appropriate to audit the CSM at the same time that the 
statistics are being peer reviewed.  The monitoring data should also be examined to 
evaluate if there are seasonal or long-term trends in the concentrations.  These must be 
corrected in the statistical tests and the resulting residuals used for statistical testing.  It 
is also important to check that the background statistics were recalculated recently 
because if there are subtle long-term trends in the data, but the background statistics 
have not been updated recently, this too might lead to a false positive SSI. 
 
Operator Knowledge/ Alternative Source Demonstrations 
 
The operator often has knowledge of conditions that might contribute to a false positive 
SSI.  For example, some facilities use aluminum sulfate to promote flocculation of clays 



in sedimentation basins.  If some of this sulfate finds its way into groundwater, it may be 
possible to use operator knowledge to explain a sulfate SSI.  Forensics methods could 
provide additional lines of evidence to support such an interpretation (e.g. increased 
concentration of sulfate but not boron; decrease in barium due to precipitation of 
BaSO4; analysis of sulfur isotopes).  An SSI might result from a monitoring system 
layout where background wells are not upgradient of the regulated unit because there 
are other CCR units located upgradient that have a release to groundwater.  It is also 
possible that there is an off-site release on a neighboring upgradient property.  In these 
cases, monitoring results for wells installed between the two units could be used to 
calculate upgradient concentrations using appropriate statistical methods.  Then the 
detection monitoring statistics would be rerun using the upgradient statistics in place of 
the background statistics.  If no SSI compared to upgradient concentrations is detected, 
then an alternative source has been shown to exist, whether or not the exact source of 
the upgradient concentrations is known. 
 
ENVIRONMENTAL FORENSICS 
 
An environmental forensics approach may be used to support an alternative source 
demonstration.  For example, over the course of collecting eight baseline groundwater 
samples, situations may arise in which additional information is needed to demonstrate 
unexpected results.  One example is if there are SSIs when there is overwhelming 
evidence, or at least a strong belief, that the CCR unit is not leaking.  In such cases a 
planned investigation is recommended to demonstrate that the unexpected results is an 
exception to the statistical rules and to support changes to the existing CSM.  
Furthermore, it may be appropriate to develop a rationale for implementing alternative 
statistical approaches which are in accord with the CCR Rule.  In such cases the 
operator (or consultant) should investigate possible causes that may not be resolvable 
using only the required Appendix III and IV parameters.  These situations may invoke 
an environmental forensics investigation involving collection of geochemical and site 
historical information and geochemical modeling.  
 
Geochemical principles form the basis for understanding how natural and external 
environmental influences affect groundwater composition.  Therefore, knowledge about 
groundwater geochemistry within the monitoring well network is important for 
developing plausible arguments for selecting or rejecting outcomes based on the 
statistical treatment of groundwater chemistry.  Given that there are uncertainties in the 
future outcome of groundwater sampling, it would be prudent to maintain as much 
flexibility as possible in the selection of the data gathering and statistical methods so 
that adjustments can be made as the investigation progresses.  
 
SUMMARY 
 
Utilities managing CCR units that are regulated by the Federal CCR Rule face the 
possibility of a bump in the road ahead:  an SSI above background concentrations in 
groundwater during detection monitoring.  An SSI is the first indication of a potential 
release to groundwater and might lead to additional investigations and, more 



importantly, costly and protracted groundwater remediation measures.  However, SSIs 
may occur even if no release from the regulated unit has occurred.  According to some 
interpretations of the CCR Rule, an SSI could occur as early as October 2017. 
 
The CCR Rule includes performance standards for the monitoring system and the 
associated statistical testing methods that depend heavily upon a defensible and 
complete CSM.  It is recommended that several additional water quality parameters be 
analyzed along with those required by the rule so that geochemical forensics can be 
completed to support an alternative source demonstration in the event of an SSI. 
 
A facility that has a well-reasoned plan for responding to a potential SSI, that was 
developed in advance of the October 2017 regulatory deadlines for statistical analysis, 
will be in a better position to successfully identify a false positive SSI.  The CCR Rule 
allows only 90 days after completion of the statistical test that leads to an SSI to 
successfully dispute an SSI, document the basis for the finding, and acquire P.E. 
certification.  Key initial considerations and decisions that should be undertaken when 
an SSI occurs include, but are not limited to: 
 

• Is there operator knowledge that indicates to a high degree of confidence that the 
SSI is not a false positive? 

 
• Does the facility include a verification resampling protocol to evaluate the 

reproducibility of an SSI? 
 

• Are the results consistent with the CSM? 
 

• What measures are time critical and which ones can be accomplished more 
quickly, and at lower cost, compared to others and hence should be undertaken 
first? 

 
Peer review of the CSM, the statistical methods selected, and their application to the 
baseline data are recommended in the event of an SSI.  Some items that should be 
considered during such peer review include: 
 

• Incomplete conceptual site model;  
 

• Potential misunderstanding and/or misapplication of statistical methods; 
 

• Alternative sources of the SSI constituent(s); and 
 

• Operator knowledge regarding the likelihood of a release.   
 
Decisions to pursue these possibilities or to proceed with assessment monitoring and 
corrective measures must be made quickly under the CCR Rule schedule constraints.  
Therefore, advance planning for the possibility of an SSI is critical.  Several approaches 



to geochemical forensics that are useful in identifying alternative sources for the SSI 
offer the potential to avoid costly and unnecessary remedial measures. 
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