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Geosyntec Consultants, Inc. (Geosyntec) has prepared this document for the Lot 15 Landfill Site 
in Baltimore, Maryland (the Site) to amend the statistical methods that have been established for 
evaluating groundwater quality data collected at the Site in accordance with the Federal Coal 
Combustion Residuals (CCR) Rule prescribed in 40 Code of Federal Regulations (CFR) Part 
257.93.  The statistical methods detailed in this document are intended to be used in conjunction 
with the statistical methods detailed in the Detection Monitoring Statistical Methods 
Certification Report1 (DMSMCR).  As required by 40 CFR 257.93(f)(6), certification from a 
qualified Professional Engineer (P.E.) is provided in Attachment 1 indicating that the statistical 
methods presented herein are appropriate for evaluating groundwater monitoring data collected 
from the Site.  

BACKGROUND 

As detailed in the DMSMCR, interwell prediction intervals were initially selected as the 
statistical method to evaluate Appendix III groundwater monitoring results at the Site.  The 
interwell prediction intervals were calculated for each Appendix III constituent from baseline 
data collected at upgradient monitoring wells MW-6 and MW-8 between December 2015 and 
September 2017.  Appendix III data collected from downgradient compliance monitoring wells 
during subsequent semiannual monitoring events have been compared to the interwell prediction 
intervals to identify statistically significant increases (SSI), if any.  Those comparisons have 

                                                 

1 Geosyntec Consultants, 2018. Detection Monitoring Statistical Methods Certification Report, Federal CCR Rule, 
Lot 15 Landfill, Baltimore, Maryland, 17 October 2017. 
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identified ongoing interwell SSIs at MW-13 for pH and calcium and at MW-11 for calcium.  It 
has been concluded that the ongoing SSIs are not related to a potential release from the CCR 
unit, but rather natural variation and/or an alternate source2.  An amendment is needed to the 
statistical analysis procedures presented in the DMSMCR so that the ongoing interwell SSIs do 
not continue to automatically trigger the need for alternate source demonstrations. 

AMENDED STATISTICAL ANALYSIS 

The statistical analysis detailed in the DMSMCR will be amended by adding a second phase of 
analysis.  The first phase of statistical analysis will continue to be consistent with the interwell 
prediction interval methodology detailed in the DMSMCR.  In the event an interwell SSI is 
identified, a second phase of statistical analysis using intrawell statistical procedures will be 
performed to evaluate if the interwell SSI is statistically significantly above concentrations of 
that constituent previously detected at that downgradient compliance monitoring well.  Intrawell 
analysis involve a comparison of only data collected at a specific monitoring well, thus 
eliminating differences due to natural spatial variability or other background-to-downgradient 
differences not attributable to the CCR unit.   

The specific procedures that will be used for the second phase intrawell analysis are summarized 
in the sections below.  The procedures were developed in accordance with the methods detailed 
in Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities – Unified Guidance3 
[Unified Guidance].  ChemStat©, Version 6.3, developed by Starpoint Software, Inc. of 
Cincinnati, Ohio, will be used to perform the statistical analysis.  ChemStat© contains statistical 
and graphical capabilities that were developed specifically for evaluation of groundwater quality 
data. 

Intrawell Prediction Limits 

Background Dataset 

Baseline Appendix III data collected between December 2015 and September 2017 are available 
at each downgradient compliance monitoring well.  When an interwell SSI is detected at a 
compliance monitoring well, the baseline data for that Appendix III constituent and monitoring 
well will be used to establish an intrawell background groundwater prediction limit value for that 
monitoring well and Appendix III constituent pair.  

                                                 

2 Geosyntec Consultants, 2019.  Alternate Source Demonstration Report, Federal CCR Rule, Lot 15 Landfill, 
Baltimore, Maryland, 26 September 2019. 
3 U.S Environmental Protection Agency (EPA), 2009.  Statistical Analysis of Groundwater Monitoring Data at 
RCRA Facilities – Unified Guidance, March 2009 
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As additional samples are collected in the future, the prediction limit for the intrawell 
background dataset will be periodically updated.  As recommended in the Unified Guidance, 
background prediction limits may potentially be updated every four (4) to eight (8) 
measurements (i.e., every two (2) to four (4) years if samples are collected semi-annually).  
Before accepting new data into the intrawell background dataset, a statistical test such as a 
Student’s t-test or Mann-Whitney test will be performed to compare new data to existing data.  If 
the comparison test does not indicate a statistical difference in the means of each dataset, the new 
data can be pooled with existing intrawell background data to calculate updated prediction limits.  
If a statistically significant difference between the means of the datasets is detected, the data 
should be reviewed to evaluate the cause of the difference, particularly as it relates to a release, 
and identify which dataset is more representative of intrawell background conditions.  The data 
set that is determined to be more representative of intrawell background conditions should be 
used to calculate updated prediction limits.  

Data Preparation and Review 

Several data preparation and review steps are needed before using intrawell background data to 
calculate a prediction limit.  The procedures listed below, which are detailed in the DMSMCR, 
will be used to prepare the intrawell background dataset for calculation of an intrawell prediction 
limit. 

 Replacement of non-detect results with the laboratory reporting limit; 

 Trend and seasonality evaluation; 

 Outlier identification and removal; and 

 Population distribution testing. 

Calculating Prediction Limits 

If the population distribution testing indicates the intrawell background data are normally or 
lognormally distributed, a 95% Upper Prediction Limit (UPL) will be calculated using a one-
sided parametric prediction limit function.  For pH only, a two-sided prediction limit function 
will be used to establish both a UPL and Lower Prediction Limit (LPL).  For parametric 
prediction limit calculations, four (4) future observations, representing two (2) years of semi-
annual detection monitoring events, will be used. 

When non-normally distributed, a non-parametric prediction limit will be calculated.  Per the 
Unified Guidance, the non-parametric UPL will be the maximum concentration detected in the 
intrawell background dataset.  For pH only, the non-parametric Lower Prediction Limit (LPL) 
will be the minimum value detected in the intrawell background dataset.  
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Identifying Statistically Significant Intrawell Increases 

To identify an intrawell SSI, each individual Appendix III result generated during the monitoring 
event will be compared to the intrawell prediction limit.  If the constituent concentration is 
detected above the UPL, that concentration will be considered a potential SSI above intrawell 
background.  For pH, compliance well measurements will also be compared to the LPL.  If 
below the LPL, the measurement will be considered a potential statistically significant decrease 
below intrawell background.   

To confirm an intrawell SSI or decrease (for pH), resampling of the compliance monitoring well 
for the constituent with the occurrence will be conducted if the concentration measured during 
the previous monitoring event was not above the intrawell UPL or was not below the intrawell 
LPL (pH).  If the initial result and subsequent resample are above the intrawell UPL or below the 
intra LPL, then an intrawell SSI or decrease will be respectively concluded.  An intrawell SSI 
will be concluded without resampling if the concentration during the previous monitoring event 
was above the intrawell UPL or below the intrawell LPL. 

CLOSING 

As detailed herein, intrawell statistical analysis will be completed when an interwell SSI is 
detected for an Appendix III constituent at a downgradient compliance monitoring well.  
Intrawell statistical analysis will include establishing an intrawell prediction limit for the 
Appendix III constituent with the interwell SSI.  The intrawell prediction limit will be calculated 
from data previously collected at the downgradient monitoring well where the SSI occurred.  The 
constituent concentration detected during the monitoring event will then be compared to the 
intrawell prediction limit to identify an intrawell SSI.  To conclude that a SSI has occurred at the 
Site pursuant to 40 CFR 257.93(h), both interwell and intrawell SSIs need to be identified. 

The intrawell prediction limit methods presented herein were developed in accordance with the 
Unified Guidance and meet the CCR Rule statistical analysis performance standards.  The P.E. 
certification required by 40 CFR 257.93(f)(6) is provided as Attachment 1.  This document 
should be placed in the facility operating record as required in 40 CFR 257.105(h)(4).  The P.E. 
certification with this narrative description of the statistical method should be posted to the 
publicly accessible intranet Site as required by 40 CFR 257.105(h)(3). 

***** 

Attachment: P.E. Certification 

 




