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STATISTICAL EVALUATION 

An interwell evaluation using the PL method was used to complete the statistical evaluation of the 
referenced dataset. Interwell evaluation compares the most recent values from downgradient 
compliance wells against a background dataset composed of upgradient well data (MW-BAA-6). A PL 
procedure is one in which a concentration limit for each constituent is established from the distribution 
of the background data, with a specified confidence level (e.g., 95 percent). The upper endpoint of a 
concentration limit is called the UPL. Depending on the background data distribution, parametric or 
non-parametric PL procedures are used to evaluate groundwater monitoring data using this method. 
Parametric PLs utilize normally distributed data or normalized data via a transformation of the sample 
background data used to construct the limit. If the data are non-normal and a transformation is not 
indicated, non-parametric procedures (order statistics or bootstrap methods) are used to calculate the 
PL. If all the background data are non-detect, a maximum reporting limit may serve as an appropriate 
UPL.  

The statistical evaluation was conducted using the background dataset for all Appendix III constituents. 
The UPLs were calculated from the background well dataset using Chemstat software after testing for 
outlier sample results that would warrant removal from the dataset based on likely error in sampling or 
measurement. Both visual and statistical outlier tests for the background data were performed using 
Chemstat and U.S. Environmental Protection Agency’s ProUCL 5.1 software, and a visual inspection of 
the data was performed using box plots and distribution plots for the downgradient sample data. No 
sample data were identified as outliers that warranted removal from the dataset.  

BACKGROUND DISTRIBUTIONS 

The groundwater analytical results for each sampling event from the background sample location 
(MW-BAA-6) were combined to calculate the UPL for each Appendix III constituent. The variability and 
distribution of the pooled dataset were evaluated to determine the method for UPL calculation. Per the 
document, Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unified Guidance, 
March 2009, background concentrations were updated based on statistical evaluation of analytical 
results collected through September 2021.   

RESULTS OF APPENDIX III DOWNGRADIENT STATISTICAL COMPARISONS 

The sample concentrations from the downgradient wells for each of the Appendix III constituents from 
the September 2021 semi-annual detection monitoring sampling event were compared to their 
respective background UPLs (Table I). A sample concentration greater than the background UPL is 
considered to represent a SSI. The results of the groundwater detection monitoring statistical evaluation 
are provided in Table I. Based on this statistical evaluation on groundwater sampling data collected in 
September 2021, no SSIs above background PLs occurred at the JEC BASA/BAL.  

Tables: 
Table I – Summary of Semi-Annual Detection Groundwater Monitoring Statistical Evaluation 





TABLE I
SUMMARY OF SEMI‐ANNUAL DETECTION GROUNDWATER MONITORING STATISTICAL EVALUATION
SEPTEMBER 2021 SAMPLING EVENT
JEFFREY ENERGY CENTER BOTTOM ASH SETTLING AREA/BOTTOM ASH LANDFILL
ST. MARYS, KANSAS

Location Id
Percent

Non‐Detects
Range of 
Non‐Detect

Maximum
Detect

Variance
Standard 
Deviation

Coefficient 
of Variance

Outlier 
Presence

Outlier 
Removed

Trend Distribution Well
September 2021 
Concentration 

(mg/L)

Background 
limits1  
(UPL) 
mg/L

SSI

MW‐BAA‐6 (upgradient) 0% ‐ 5.92 1.639 1.28 0.336 No No Stable 3.8 9.08
MW‐BAA‐2 0% ‐ 1.4 0.03727 0.193 0.178 No No Stable Normal 1.4 No
MW‐BAA‐3 0% ‐ 2.5 0.0096 0.09798 0.04297 No No Stable Normal 2.3 No
MW‐BAA‐7 0% ‐ 1.3 0.101 0.3179 0.3422 No No Stable Normal 0.56 No

MW‐BAA‐6 (upgradient) 0% ‐ 557 3441 58.66 0.1169 Yes No Increase 557 557
MW‐BAA‐2 0% ‐ 224 558.7 23.64 0.1327 No No Stable Normal 190 No
MW‐BAA‐3 0% ‐ 559 708.4 26.62 0.05152 No No Stable Normal 542 No
MW‐BAA‐7 0% ‐ 260 308.3 17.56 0.07778 No No Decrease Normal 242 No

MW‐BAA‐6 (upgradient) 0% ‐ 314 1900 43.59 0.1796 No No Stable 310 422
MW‐BAA‐2 0% ‐ 220 1833 42.81 0.3285 No No Stable Normal 162 No
MW‐BAA‐3 0% ‐ 189 129.6 11.38 0.07093 Yes No Increase Normal 189 No
MW‐BAA‐7 0% ‐ 211 649.3 25.48 0.1353 Yes No Increase Non‐parametric 174 No

MW‐BAA‐6 (upgradient) 12% 0.2‐0.2 0.88 0.04293 0.2072 0.3798 No No Stable 0.71 1.398
MW‐BAA‐2 0% ‐ 0.63 0.003123 0.05588 0.1071 No No Stable Normal 0.47 No
MW‐BAA‐3 6% 0.2‐0.2 1 0.04177 0.2044 0.2446 Yes No Stable Normal 0.99 No
MW‐BAA‐7 0% ‐ 0.9 0.00675 0.08216 0.1098 No No Stable Normal 0.61 No

MW‐BAA‐6 (upgradient) 0% ‐ 7.3 0.02262 0.1504 0.02132 No No Stable 7.3 7.71
MW‐BAA‐2 0% ‐ 8.5 0.09329 0.3054 0.04103 Yes No Stable Non‐parametric 7.3 No
MW‐BAA‐3 0% ‐ 7.6 0.03533 0.188 0.02638 Yes No Stable Normal 7.1 No
MW‐BAA‐7 0% ‐ 7.5 0.018 0.1342 0.01832 Yes No Stable Normal 7.2 No

MW‐BAA‐6 (upgradient) 0% ‐ 2190 99790 315.9 0.1735 Yes No Stable 1870 2190
MW‐BAA‐2 0% ‐ 983 34010 184.4 0.2843 No No Stable Normal 654 No
MW‐BAA‐3 0% ‐ 2290 13080 114.4 0.05662 No No Stable Normal 1850 No
MW‐BAA‐7 0% ‐ 958 2698 51.94 0.05774 Yes No Stable Normal 756 No

MW‐BAA‐6 (upgradient) 0% ‐ 3670 152600 390.6 0.1213 Yes No Stable 3060 3670
MW‐BAA‐2 0% ‐ 1790 49760 223.1 0.1745 No No Stable Normal 1410 No
MW‐BAA‐3 0% ‐ 3780 54500 233.5 0.07046 No No Stable Normal 3330 No
MW‐BAA‐7 0% ‐ 1990 7476 86.47 0.04812 Yes No Stable Normal 1670 No

Notes and Abbreviations:
1  Based on background data collected from 08/25/2016 through 09/14/2021.
CCR = coal combustion residual
mg/L = milligrams per liter
SSI = statistically significant increase
SU = standard unit
UPL =  upper prediction limit
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TECHNICAL MEMORANDUM 
 
 
January 13, 2023 
File No. 129778-050 
 
 
TO:  Evergy Kansas Central, Inc.  
  Jared Morrison – Director, Water and Waste Programs 
 
FROM:  Haley & Aldrich, Inc. 
  Steven F. Putrich, P.E., Principal Consultant – Engineering Principal 
  Mark Nicholls, P.G., Senior Associate – Senior Hydrogeologist 
 
SUBJECT: March 2022 Semi-Annual Groundwater Detection Monitoring Data  
  Statistical Evaluation 
  Completed July 18, 2022 
  Jeffrey Energy Center 
  Bottom Ash Settling Area/Bottom Ash Landfill 
 
 
Pursuant to Code of Federal Regulations Title 40 (40 CFR) §§ 257.93 and 257.94 (Rule), this 
memorandum summarizes the statistical evaluation of the analytical results for the March 2022 
semi-annual detection monitoring groundwater sampling event for the Jeffrey Energy Center (JEC) 
Bottom Ash Settling Area/Bottom Ash Landfill (BASA/BAL). This semi-annual detection monitoring 
groundwater sampling event was completed on March 9, 2022, with laboratory results received and 
validated on May 9, 2022.  
 
The statistical evaluation discussed in this memorandum was conducted to determine if Appendix III 
groundwater monitoring constituents have been detected in downgradient wells at concentrations that 
represent a statistically significant increase (SSI) above background or upgradient wells consistent with 
the requirements in 40 CFR § 257.94.  
 
Statistical Evaluation of Appendix III Constituents 

The Rule provides four specific options for statistical evaluation of groundwater quality data collected at 
a coal combustion residual (CCR) unit (40 CFR § 257.93(f)(1-4)). The two statistical methods used for 
these evaluations, prediction limits (PL) and Parametric Analysis of Variance, were certified by Haley & 
Aldrich, Inc. on April 17, 2019. The PL method, as determined applicable for this sampling event, was 
used to evaluate potential SSIs above background. Background levels for each constituent listed in 
Appendix III (boron, calcium, chloride, fluoride, pH, sulfate, and total dissolved solids) were computed as 
upper prediction limits (UPL), considering one future observation, and a minimum 95 percent 
confidence coefficient. The most recent groundwater sampling event from each compliance well was 
compared to the corresponding background PL to determine if an SSI existed. 

HALEY & ALDRICH, INC. 
6500 Rockside Road 
Suite 200 
Cleveland, OH 44131 
216.739.0555 







TABLE I
SUMMARY OF SEMI‐ANNUAL DETECTION GROUNDWATER MONITORING STATISTICAL EVALUATION
MARCH 2022 SAMPLING EVENT
JEFFREY ENERGY CENTER BOTTOM ASH SETTLING AREA/BOTTOM ASH LANDFILL
ST. MARYS, KANSAS

Location Id
Percent

Non‐Detects
Range of Non‐

Detect
Maximum
Detect

Variance
Standard 
Deviation

Coefficient of 
Variance

Outlier 
Presence

Outlier 
Removed

Trend Distribution Well
March 2022 
Concentration 

(mg/L)

Background 
Limits1 

(UPL) 
mg/L

SSI

MW‐BAA‐6 (upgradient) 0% ‐ 5.92 1.634 1.278 0.3289 No No Stable 5.1 9.08

MW‐BAA‐2 0% ‐ 1.4 0.03495 0.187 0.1723 No No Stable Normal 1.1 No

MW‐BAA‐3 0% ‐ 2.5 0.009024 0.09499 0.04164 Yes No Stable Non‐parametric 2.3 No

MW‐BAA‐7 0% ‐ 1.3 0.0993 0.3151 0.3453 No No Decreasing Non‐parametric 0.65 No

MW‐BAA‐6 (upgradient) 0% ‐ 557 3260 57.1 0.1135 Yes No Increase 526 557

MW‐BAA‐2 0% ‐ 224 523.8 22.89 0.1285 No No Stable Normal 178 No

MW‐BAA‐3 0% ‐ 559 699.6 26.45 0.05106 No No Stable Normal 541 No

MW‐BAA‐7 0% ‐ 267 389.2 19.73 0.08646 No No Decrease Normal 267 No

MW‐BAA‐6 (upgradient) 0% ‐ 314 1819 42.65 0.1747 No No Stable 268 422

MW‐BAA‐2 0% ‐ 220 1718 41.45 0.3183 No No Stable Normal 129 No

MW‐BAA‐3 0% ‐ 189 132.2 11.5 0.072 No No Increase Normal 147 No

MW‐BAA‐7 0% ‐ 211 714.2 26.72 0.1438 Yes No Stable Non‐parametric 146 No

MW‐BAA‐6 (upgradient) 12% 0.2‐0.2 0.88 0.0457 0.2138 0.3793 No No Stable 0.85 1.398

MW‐BAA‐2 0% ‐ 0.63 0.003801 0.06166 0.1198 No No Stable Normal 0.40 No

MW‐BAA‐3 6% 0.2‐0.2 1 0.04703 0.2169 0.2664 Yes No Stable Non‐parametric 0.47 No

MW‐BAA‐7 0% ‐ 0.9 0.009663 0.0983 0.1339 No No Decrease Normal 0.51 No

MW‐BAA‐6 (upgradient) 0% ‐ 7.3 0.0214 0.1463 0.02074 No No Stable 7.0 7.71

MW‐BAA‐2 0% ‐ 8.5 0.08757 0.2959 0.03977 Yes No Stable Non‐parametric 7.4 No

MW‐BAA‐3 0% ‐ 7.6 0.03404 0.1845 0.02592 Yes No Decrease Normal 7.0 No

MW‐BAA‐7 0% ‐ 7.6 0.02132 0.146 0.01989 No No Stable Normal 7.6 No

MW‐BAA‐6 (upgradient) 0% ‐ 2190 121600 348.7 0.1959 Yes No Stable 1130 2190

MW‐BAA‐2 0% ‐ 983 32040 179 0.2772 No No Stable Normal 598 No

MW‐BAA‐3 0% ‐ 2290 12260 110.7 0.05482 No No Stable Normal 2020 No

MW‐BAA‐7 0% ‐ 958 2532 50.32 0.05591 No No Stable Non‐parametric 906 No

MW‐BAA‐6 (upgradient) 0% ‐ 3670 143100 378.3 0.1174 Yes No Stable 3250 3670

MW‐BAA‐2 0% ‐ 1790 46650 216 0.1689 No No Stable Normal 1280 No

MW‐BAA‐3 0% ‐ 3780 58020 240.9 0.07315 No No Stable Normal 2970 No

MW‐BAA‐7 0% ‐ 1990 7026 83.82 0.04667 Yes No Stable Normal 1780 No

Notes and Abbreviations:
1  Based on background data collected from 08/25/2016 through 09/14/2021.
CCR = coal combustion residual
mg/L = milligrams per liter
SSI = statistically significant increase
SU = standard unit
UPL =  upper prediction limit
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