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Introduction 
In December 2014, EPA finalized the first-ever national rules to ensure the safe 
disposal and management of coal ash from coal-fired power plants under the nation’s 
primary law for regulating solid waste, the Resource Conservation and Recovery Act 
(RCRA). One of the major elements of this regulation pertains to the monitoring of 
groundwater for potential impacts and statistically determining if those impacts require 
assessment and corrective actions by the regulated facility owner or operator. EPA has 
specified three sequential steps for the groundwater monitoring, assessment and 
corrective actions.  

This paper focuses on the first step of groundwater monitoring – the detection 
monitoring phase - and the use of two of the EPA specified statistical methods for the 
analysis of the resulting data. The detection monitoring phase requires that existing or 
new landfills and impoundments install, sample and analyze for the Appendix III and 
Appendix IV constituents at a minimum one upgradient and three downgradient wells in 
the uppermost aquifer at the facility. The number of samples collected to establish 
groundwater quality from the detection monitoring phase must be consistent with the 
appropriate statistical procedure for data analysis but must be at least eight 
independent samples. Only one of the several statistical methods speficied in the EPA 
regulations is to be used to conduct statistical analysis separately for each hazardous 
constituent that is monitored.  

In this paper we will use boron as the example constituent from Appendix III and 
illustrate the use of the statistical method for analysis of the monitoring data for the 
detection monitoring program. We will use real word data from one coal ash 
impoundment site to show if there is a statistically significant increase in the constituent 
in the downgradient locations compared to the upgradient location in the monitoring 
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network. If statistically significant increase in one or more of the Appendix III 
constituents in any of the downgradient wells compared to the upgradient well is 
determined then the Assessment monitoring phase is triggered.  

Brief review of the CCR regulation on Groundwater Monitoring 

• The Rule general requirements for compliance with groundwater monitoring at all 
CCR landfills, CCR surface impoundments and lateral expansion of CCR units:  

– Installation of groundwater monitoring system as required by 257.91 

Sufficient number of wells 
Installed appropriate locations and depths 
To obtain groundwater samples from the uppermost aquifer 
 

– Development of the groundwater sampling and analysis program to 
include selection of the statistical procedures to be used for evaluating 
groundwater monitoring data as required by 257.93 

– Initiation of the Detection Monitoring Program to include obtaining a 
minimum of eight independent samples each from background and 
downgradient wells as required by 257.94 

– Beginning evaluation of groundwater monitoring data for statistically 
significant increases over background levels for the constituents listed in 
Appendix III as required by 257.94 

• To accurately represent background groundwater quality not affected by the 
leakage of the CCR unit 

• Accurately represent the quality of groundwater passing the waste boundary of 
the CCR unit 

CCR Rule prescribed Statistical methods 

• f(1) : A parametric analysis of variance followed by multiple comparison 
procedures to identify statistically significant evidence of contamination; must 
include estimation and testing each compliance well’s mean to the background 
mean levels for each constituent 

• f(2): An analysis of variance based on ranks followed by multiple comparison 
procedures to identify statistically significant evidence of contamination; must 
include estimation and testing each compliance well’s median to the 
background median levels for each constituent 



• f(3) A tolerance or prediction interval for each constituent is established from 
the distribution of the background data; then the level of each compliance well is 
compared with the upper tolerance or prediction limit 

• f(4) : A control chart approach that gives control limits for each constituent. 

• f(5) Another statistical  method that meets the performance standards 
specified in paragraph (g) and summarized in the next slide. 

The owner or operator of the CCR unit must obtain a certification from a qualified 
professional engineer stating that the selected statistical method is appropriate and 
include a narrative description of the selected statistical method 

Description of the ash pond site 

The site is an ash impoundment and has operated for over ten years under a state 
permit. There is groundwater monitoring requirement under the state permit. The data 
collected were on a semi-annual basis during 2002 through 2004 and on an annual 
basis from 2004 through 2007. We will use the boron concentrations data from one 
upgradient and three downgradient wells collected from 2002 through 2007. The 
following figure 1 shows the ash impoundment and the locations of the four monitoring 
wells including the approximate groundwater flow direction. 



 

Figure 1 An Ash pond with one upgradient and three downgradient monitoring wells 

The upgradient well is located about 100 feet upgradient of the pond and screened in 
the sand uppermost aquifer. The downgradient monitoring wells are located some 150 
to 250 feet downgradient from the edge of the ash pond berm. The downgradient wells 
are also screened in the sand uppermost aquifer at the site. The monitoring network set 
up meets the minimum requirement specified in the CCR regulations.  

Detection Monitoring Results for Boron 

Table 1 show the boron concentrations (mg/L) data for each of the eight sampling 
events for the four monitoring wells at the ash impoundment site. 

 



Sampling date  Upgradient  Downgradient 1  Downgradient 2  Downgradient 3 

4/22/2002 0.22 0.45 2.15 1.69 
10/8/2002 0 0.55 1.32 0.994 
4/15/2003 0.00 0.70 2.1 0.715 
10/1/2003 0.00 0.92 1.5 1.3 
10/5/2004 0.00 0.61 1.31 0.626 
10/5/2005 0.00 0.57 0.672 0.939 

10/19/2006 0.00 0.70 1.73 0.606 
10/4/2007 0.00 0.99 2.98 1.92 

Note: Boron concentrations are measured in mg/L 

For conducting the statistical analysis of the detection monitoring data for Boron which 
is one of the Appendix III parameter we first used simple time series plotting as Figure 2 
to visually determine the distribution of the data for each of the four wells. There is a 
scatter and variability in the data values during the eight rounds of sampling and 
analysis as seen in the scatter plot.  
 

 
Figure 2 showing the scatter of the eight detection monitoring data for boron 
concentrations 
 
Statistical Analyses Performed 
 
For illustration on the use of the statistical methods we have used both a parametric 
one-way analysis of variance and the non-parametric (Kruskal-Wallis) one way analysis 
of variance and determine if there is a statistically significant increase in boron 
concentrations in the downgradient wells compared to the upgradient wells. The 
parametric analysis of variance compares the mean differences in the eight data values 
whereas the non-parametric method evaluates the ranked values of the boron 
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concentrations data.  Summaries of the statistical analyses performed using the 
parametric analysis of variance is given in Tables 2 and 3. 
 
Table 2 showing the results of the Parametric One-Way Analysis of Variance 
Source  DF       SS       MS         F            P 

wells  3  12.145  4.04834  21.03  0 

Error  28  5.3897  0.19249 

Total  31  17.5347 

Table 3 showing the statistical summaries for the four wells based on the parametric 
one way analysis of variance 
wells    Mean 

Upgradient  0.0275 

Downgradient 1  0.6862 

Downgradient 2  1.7203 

Downgradient 3  1.0987 

Observations per Mean  8 
Standard Error of a 
Mean  0.1551 
Std Error (Diff of 2 
Means)  0.2194 

 
Similarly we performed the non-parametric one-way analysis of variance using Kruskal-
Wallis test. The boron concentrations data are ranked in this analysis and then the 
analysis of variance is performed on the ranks. Tables 4 and 5 show the results of the 
non-parametric analysis of variance performed on the boron concentrations data. 
 
Table 4 showing the results of the Non-Parametric One-Way Analysis of Variance 
Source          DF       SS       MS      F       P 

Between  3  2100.25  700.083 32.71 0

Within  28  599.25  21.402

Total  31  2699.5 

 
Table 5 showing the statistical summaries for the four wells based on the parametric 
one way analysis of variance 

       Mean 
   
Sample 

                           wells  Rank    Size 

                   Upgradient  4.5 8

Downgradient 1  14.5 8

Downgradient 2  26.4 8

Downgradient 3  20.6 8

Total  16.5 32
Kruskal‐Wallis Statistic, corrected for 
ties  24.37



P‐Value, Using Beta Approximation  0
P‐Value, Using Chi‐Squared 
Approximation  0

 
 
Both the parametric and non-parametric analysis of variance methods of statistical 
evaluations of the detection monitoring data for the eight boron concentrations conclude 
that each of the three downgradient wells show statistically significant increase in boron 
concentrations compared to the upgradient monitoring location. There are also 
differences in mean concentrations of boron between the three downgradient monitoring 
wells. 
 
Conclusion 
Based on the data collected and statistically analyzed this ash pond will trigger 
assessment monitoring for the Appendix IV constituents. 
 
 


