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LICENSED PROFESSIONAL CERTIFICATIONS 

35 I.A.C. § 845.630 Groundwater Monitoring Systems (PE) 

I, Eric J. Tlachac, a qualified professional engineer in good standing in the State of Illinois, certify 
that the groundwater monitoring system described in this document (Groundwater Monitoring 
Plan Revision 2, Baldwin Power Plant Bottom Ash Pond), meets the intent of 35 I.A.C. § 845.630. 
The monitoring system was developed based on information included in the Hydrogeologic Site 
Characterization Report (Ramboll, 2023; included in the Construction Permit application 
submitted in 2023).  
 
 
 
_____________________________________ 
Eric J. Tlachac 
Qualified Professional Engineer 
062-063091 
Illinois 
Date: September 4, 2025 
 
 
 
35 I.A.C. § 845.630 Groundwater Monitoring Systems (PG) 

I, Brian G. Hennings, a qualified professional geologist in good standing in the State of Illinois, 
certify that the groundwater monitoring system described in this document (Groundwater 
Monitoring Plan Revision 2, Baldwin Power Plant Bottom Ash Pond), meets the intent of 35 I.A.C. 
§ 845.630. The monitoring system was developed based on information included in the 
Hydrogeologic Site Characterization Report (Ramboll, 2023; included in the Construction Permit 
application submitted in 2023).  
 
 
 
_____________________________________ 
Brian G. Hennings 
Professional Geologist 
196.001482 
Illinois 
Date: September 4, 2025 
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DOCUMENT REVISION RECORD 

Issue No. Date Details of Revisions 

Revision 0 October 21, 2021  Original Document 

Revision 1 August 1, 2023 The 40 C.F.R. § 257 groundwater monitoring system has been changed. 
This document has been revised as necessary to reflect these changes. 

Revision 2 September 4, 2025 • Throughout: Updated “monitoring well network” to “monitoring system” 
for consistency with 35 I.A.C. § 845 language; updated relevant 
acronyms and abbreviations.  

• Section 1.3: Removed description of potential exceedances. 

• Section 2.1.2: Updated to represent the current 40 C.F.R. § 257 
monitoring system and remove reference to the Sampling and Analysis 
Plan. 

• Section 2.1.3: Added description and references for MW-306 
abandonment and MW-358 replacement.  

• Section 2.2: Removed MW-306 and replaced MW-358 with MW-358R in 
monitoring system. Clarified intent of PMP monitoring and monitored 
units in Table C. 

• Section 3.2: Clarified that the statistical method chosen for analysis of 
background groundwater quality was the tolerance interval procedure. 
Added detail regarding wells used in background calculation. 

• Section 3.3: Clarified language describing the method of evaluating for 
exceedances. 

• Section 4.1.2: Clarified that the 40 C.F.R. § 257 groundwater 
monitoring system will be updated per any future changes to the 
35 I.A.C. § 845 system. 

• Section 4.1.3: Removed MW-306, replaced MW-358 with MW-358R in 
monitoring system, and removed reference to Table 4-1. 

• Section 4.2: Added clarifying footnote to Table E and updated to reflect 
initiation of sampling for compliance determination in 2023. 

• Sections 4.3 through 4.6; Table 1-1: Added references to up-to-date 
quality control documents and removed redundant information. 

• Section 4.6: Added details regarding replacement well installation and 
agency communication. 

• References: Added references for DMG and IEPA communications. 
Removed references not cited in document. 

• Table 2-1 and Figure 2-1: Updated wells in monitoring system. 

• Table 3-1: Added additional information regarding statistical 
calculations.  

• Tables 4-1 and 4-2: Deleted due to redundancy with quality control 
documents. 

• Added boring log and well construction information as Appendix A. 

• Updated Appendix B to the Multi-Site Statistical Analysis Plan. 

• Included the Multi-Site Sampling and Analysis Plan as Appendix C. 

• Included the Multi-Site Quality Assurance Project Plan as Appendix D. 
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ACRONYMS AND ABBREVIATIONS 

35 I.A.C. Title 35 of the Illinois Administrative Code  
40 C.F.R. Title 40 of the Code of Federal Regulations 
ASD Alternate Source Demonstration 
BAP Bottom Ash Pond 
BPP Baldwin Power Plant  
bgs below ground surface 
CCA Compliance Commitment Agreement 
CCR coal combustion residuals  
cm/s centimeters per second 
Cooling Pond Baldwin Lake 
DMG Dynegy Midwest Generation, LLC 
FAPS Fly Ash Pond System 
GMP Groundwater Monitoring Plan Revision 2 
GWPS groundwater protection standard 
HCR Hydrogeologic Site Characterization Report Revision 1 
ID identification 
IEPA Illinois Environmental Protection Agency 
LCL lower confidence limit 
NID National Inventory of Dams 
No. number 
NPDES National Pollutant Discharge Elimination System 
NRT Natural Resources Technology, Inc. 
PMP potential migration pathway 
QA/QC quality assurance/quality control 
QAPP Multi-Site Quality Assurance Project Plan 
Ramboll Ramboll Americas Engineering Solutions, Inc. 
RL reporting limit 
SAP Multi-Site Sampling and Analysis Plan 
SI surface impoundment 
Site BAP, FAPS, Secondary Pond, and Tertiary Pond 
TDS total dissolved solids 
UA uppermost aquifer 
UGU Upper Groundwater Unit 
UU upper unit 
USEPA United States Environmental Protection Agency 
WLO water level only 
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1. INTRODUCTION 

1.1 Overview 

In accordance with requirements of Title 35 of the Illinois Administrative Code (35 I.A.C.) § 845: 
Standards for the Disposal of Coal Combustion Residuals in Surface Impoundments, Ramboll 
Americas Engineering Solutions, Inc. (Ramboll) has prepared this Groundwater Monitoring Plan 
Revision 2 (GMP) on behalf of Baldwin Power Plant (BPP) (Figure 1-1), operated by Dynegy 
Midwest Generation, LLC (DMG). This report will apply specifically to the coal combustion 
residuals (CCR) Unit referred to as the Bottom Ash Pond (BAP) (CCR unit identification [ID] 
Number [No.] 601, Illinois Environmental Protection Agency [IEPA] ID No. W1578510001-06, and 
National Inventory of Dams (NID) ID No. IL50721). The BAP is a 177-acre unlined CCR surface 
impoundment (SI) used to manage CCR and non-CCR waste streams at the BPP. This GMP 
includes 35 I.A.C. § 845 content requirements specific to 35 I.A.C. § 845.630 (Groundwater 
Monitoring System), 35 I.A.C. § 845.640 (Groundwater Sampling and Analysis), and 35 I.A.C. 
§ 845.650 (Groundwater Monitoring Program) for the BAP at BPP. 

A checklist which identifies the specific requirements of 35 I.A.C. §§ 845.630, 845.640, and 
845.650 is included in Table 1-1. The table provides references to sections, tables, and figures 
included in this document to locate the information that meets specific requirements of 35 I.A.C. 
§§ 845.630, 845.640, and 845.650. 

1.2 Site Location and Background 

The BPP is located in southwest Illinois in Randolph and St. Clair Counties. The Randolph County 
portion of the BPP is located within Sections 2, 3, 4, 9, 10, 11, 14, 15, and 16 of Township 
4 South and Range 7 West. The St. Clair County portion of the property is located within 
Sections 33, 34, and 35 of Township 3 South and Range 7 West. The BAP is approximately 
one-half mile west-northwest of the Village of Baldwin (Figure 1-1).  

The BPP property is bordered to the west by the Kaskaskia River; to the east by Baldwin Road, 
farmland, and strip-mining areas; to the southeast by the village of Baldwin; to the south by the 
Illinois Central Gulf railroad tracks, scattered residences, and State Route 154; and to the north 
by farmland. The St. Clair/Randolph County Line crosses east-west at approximately the midpoint 
of Baldwin Lake (Cooling Pond). Figure 1-1 shows the location of the BPP; Figure 1-2 is a site 
map showing the location of the BAP (a 35 I.A.C. § 845 regulated CCR Unit and the subject of 
this GMP), as well as the Fly Ash Pond System (FAPS; an IEPA closed CCR Unit), Secondary Pond, 
Tertiary Pond, and Cooling Pond. The combined area including the BAP, FAPS, Secondary Pond, 
and Tertiary Pond will hereinafter be referred to as the Site. The BAP is adjacent to the FAPS, 
which was closed on November 17, 2020. 

1.3 Conceptual Model 

Significant site investigation has been completed at the BPP to characterize the geology, 
hydrogeology, and groundwater quality. Based on extensive investigation and monitoring, the 
BAP has been well characterized and detailed in the Hydrogeologic Site Characterization Report 
Revision 1 (HCR [Ramboll, 2023]); included in the Construction Permit submitted to IEPA in 
2023). A site conceptual model has been developed and is discussed below. 

  



Groundwater Monitoring Plan Revision 2 
Baldwin Power Plant Bottom Ash Pond 
 

FINAL_BAL BAP GMP rev 2.docx 7/20 

Three hydrostratigraphic units are present at the Site:  

• CCR: CCR, consisting primarily of fly ash, bottom ash, and boiler slag. Also includes earthen fill 
deposits of predominantly clay and silt materials from on-site excavations that were used to 
construct berms and roads surrounding the various impoundments across the Site. 

• Upper Unit (UU): Predominantly clay with some silt and minor sand, silt layers, and 
occasional sand lenses. Includes the lithologic layers identified as the Cahokia Alluvium, Peoria 
Loess, Equality Formation, and Vandalia Till Member. This unit is composed of unlithified 
natural geologic materials and extends from the upper saturated materials to the bedrock. 
Thin sand seams and the interface (contact) between the UU and bedrock have been identified 
as potential migration pathways (PMPs). No continuous sand seams were observed within or 
immediately adjacent to the BAP; however, the sand seams may act as a PMP due to 
relatively higher hydraulic conductivities. The acronym UU and the materials it contains is 
synonymous with Upper Groundwater Unit (UGU) used in previous documents. 

• Bedrock Unit: This unit is considered the uppermost aquifer (UA). Pennsylvanian and 
Mississippian-aged bedrock is composed of interbedded shale and limestone bedrock, which 
underlies and is continuous across the entire Site.  

Lateral groundwater flow in the shallow unlithified materials and bedrock is generally to the west 
and southwest across the Site toward the Kaskaskia River. Groundwater flow in bedrock is 
toward the northwest in the east and central areas of the BAP, and southwest to northwest on 
the east area of the FAPS until groundwater reaches the bedrock valley feature underlying the 
Secondary and Tertiary Ponds west of the BAP and FAPS, at which point the flow direction veers 
towards this bedrock surface low (Figure 1-3 and Figure 1-4). 

Immediately upgradient and downgradient of the BPP property boundaries, both the shallow 
glacial deposits and the shallow bedrock have served as a source of water supply. The shallow 
unlithified deposits off‐site have yielded water through intermittent, discontinuous sand lenses 
and, in the bedrock, through fractured sandstone and limestone. However, within the area of the 
Site, investigations have indicated only thin and intermittent sand lenses are present within 
predominantly clay deposits; thus, the unlithified materials do not represent a continuous aquifer 
unit. Based on these details, the bedrock unit was designated as the UA in the Supplemental 
Hydrogeologic Site Characterization and Groundwater Monitoring Plan (Natural Resources 
Technology, Inc. [NRT], 2016), consistent with the United States Environmental Protection 
Agency (USEPA) definition in Title 40 of the Code of Federal Regulations (40 C.F.R.) § 257.53.  

The shallow bedrock is the only water-bearing unit that is continuous across the Site. Shallow 
sandstone and creviced limestone may yield small supplies in some areas, but water quality 
becomes poorer (i.e., highly mineralized) with increasing depth. The Pennsylvanian and 
Mississippian rocks generally have low porosities and permeabilities, are not a reliable source of 
groundwater, and the quality varies considerably (Pryor, 1956). Therefore, the lower limit of the 
UA is the depth at which either the groundwater is mineralized to a point that it is no longer a 
useable water source, or the secondary porosities do not yield a sufficient volume of groundwater 
to produce a useable water supply. 

The parameters listed in 35 I.A.C. § 845 have been monitored in the UA monitoring wells as part 
of 40 C.F.R. § 257 from 2015 to present. These data were supplemented with installation and 
sampling of additional locations in both the UA and UU installed in 2022. 
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Evaluation of background groundwater quality has been completed as part of this GMP, and 
compliance with 35 I.A.C. § 845 will be determined following the first round of groundwater 
sampling. The first round of groundwater sampling for compliance was completed in the second 
quarter of 2023 in accordance with the Compliance Commitment Agreement (CCA) entered on 
December 28, 2022, for the BPP.  
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2. GROUNDWATER MONITORING SYSTEMS 

2.1 Existing Monitoring System and Analysis 

This GMP is being provided to propose an updated groundwater monitoring system and 
monitoring program specific to the BAP that will comply with 35 I.A.C. § 845. The remaining 
discussion in this document will include only these monitoring systems and programs that are 
applicable and specific to the BAP, specifically National Pollutant Discharge Elimination System 
(NPDES) monitoring system, the 40 C.F.R. § 257 monitoring system, and the proposed 35 I.A.C. 
§ 845 monitoring system. DMG entered into a CCA with the IEPA on December 28, 2022. 
Groundwater monitoring in accordance with the CCA and the 35 I.A.C. § 845 proposed GMP and 
sampling methodologies provided in the operating permit application for the BAP commenced in 
the second quarter of 2023. After the BAP has been issued an approved operating permit, 
groundwater monitoring shall be conducted in accordance with that operating permit. As specified 
in the CCA, groundwater sampling requirements that apply to the CCR SI under other existing 
state permit programs will become void upon issuance of an approved operating permit pursuant 
to 35 I.A.C § 845.  

2.1.1 NPDES Monitoring Program 

Effective November 1, 2022, Special Condition No. 17 requiring groundwater monitoring and 
reporting was removed from NPDES Permit IL0000043.  

2.1.2 40 C.F.R. § 257 Monitoring Program 

The 40 C.F.R. § 257 monitoring system for the BAP is being revised and expanded concurrent 
with the revisions to the 35 I.A.C. § 845 monitoring system provided in this document. The 
revised monitoring system consists of the same monitoring wells used to monitor and evaluate 
groundwater quality in the 35 I.A.C. § 845 monitoring system described in Section 2.2.  

The boring logs, well construction forms, and other related monitoring well forms are available in 
the Operating Records as required by 40 C.F.R. § 257.91 for each monitored CCR Unit or CCR 
Multi-Unit. 

Assessment monitoring in accordance with 40 C.F.R. § 257.95 was initiated on April 9, 2018. 

Groundwater samples are collected semiannually and analyzed for the following laboratory and 
field parameters from Appendix III and Appendix IV of 40 C.F.R. § 257, summarized in Table A 
on the following page. 
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Table A. 40 C.F.R. § 257 Groundwater Monitoring Program Parameters 

1Dissolved oxygen, temperature, specific conductance, oxidation/reduction potential, and turbidity are recorded during 
sample collection.  

 
Results and analysis of groundwater sampling are reported annually by January 31 the following 
year and made available on the CCR public website as required by 40 C.F.R. § 257. 

2.1.3 35 I.A.C. § 845 Well Installation and Monitoring 

In 2022, nine monitoring wells (MW-158R, MW- 258, MW-358, MW-192, MW-392, MW-193, 
MW-393, MW-194, MW-394) and five additional pore water wells (XPW01, XPW02, XPW04, 
XPW05, and XPW06) were installed at the BAP to assess the vertical and horizontal lithology, 
stratigraphy, chemical properties, and physical properties of geologic layers as specified in 35 
I.A.C. § 845.620(b). 

Prospective 35 I.A.C. § 845 monitoring wells were sampled for eight rounds from October 2022 
through May 2023 and the results were used for selection of the BAP 35 I.A.C. § 845 monitoring 
system. Groundwater samples were collected and analyzed for 35 I.A.C. § 845.600 parameters 
as summarized in Table B on the following page. 

On April 9, 2024, IEPA issued an approval to abandon background well MW-306 due to 
demonstrated influence of grout contamination (Appendix A) and this was completed in early 
May. In 2024, investigations at background well MW-358 identified damage causing water to 
enter the casing from above the well screen. Well MW-358 was abandoned and replaced by 
MW-358R in October 2024. The boring log, well construction log, and well seal forms are included 
in Appendix A.  

Field Parameters1 

Groundwater Elevation pH   

Appendix III Parameters (Total, except total dissolved solids [TDS]) 

Boron Chloride Sulfate 

Calcium Fluoride TDS 

Appendix IV Parameters (Total) 

Antimony Cadmium Lead Selenium 

Arsenic Chromium Lithium Thallium 

Barium Cobalt Mercury Radium 226 and 228 combined 

Beryllium Fluoride Molybdenum  
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Table B. 35 I.A.C. § 845 Groundwater Monitoring Program Parameters 

1 Dissolved oxygen, temperature, specific conductance, and oxidation/reduction potential were recorded during sample 
collection. 

2.2 Proposed 35 I.A.C. § 845 Monitoring System 

The groundwater monitoring system proposed in this GMP will include nine monitoring wells 
(MW-304, MW-356, MW-358R, MW-369, MW-370, MW-382, MW-392, MW-393, and MW-394) 
screened in the bedrock (i.e., UA), six monitoring wells (MW-192, MW-193, OW-256, OW-257, 
PZ-170, and PZ-182) screened in the UU, and four temporary (pending implementation of 
impoundment closure) water level only (WLO) pore water wells (TPZ-164, XPW01, XPW05, and 
XPW06) screened within the CCR unit. The proposed monitoring system is summarized in 
Table C on the following page and displayed on Figure 2-1. Sixteen monitoring wells (two 
background and 13 compliance) will be used to monitor groundwater concentrations within the 
hydrostratigraphic units.  

The groundwater samples collected from the 16 wells will be used to monitor and evaluate 
groundwater quality and demonstrate compliance with the groundwater quality standards listed 
in 35 I.A.C. § 845.600(a). The proposed monitoring wells will yield groundwater samples that 
represent the quality of downgradient groundwater at the CCR boundary including all PMPs (as 
required in 35 I.A.C. § 845.630(a)(2)). 35 I.A.C. § 845.620(b)(11) requires the HCR must 
identify all PMPs, and 35 I.A.C. § 845.630(a)(2) requires that all potential contaminant pathways 
be monitored. Wells monitoring the PMP (as identified in the HCR and summarized in 
Section  1.3) are considered to monitor the potential contaminant pathways. The term ‘PMP’ is 
therefore used in this GMP document for consistency with the HCR. Monitoring well depths and 
construction details are listed in Table 2-1 and summarized in Table C on the following page.  

  

Field Parameters1 

Groundwater Elevation pH Turbidity  

Metals (Total) 

Antimony Boron Cobalt Molybdenum 

Arsenic Cadmium Lead Selenium 

Barium Calcium Lithium Thallium 

Beryllium Chromium Mercury  

Inorganics (Total) 

Fluoride Sulfate Chloride TDS 

Other (Total) 

Radium 226 and 228 combined 
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Table C. Proposed 35 I.A.C. § 845 Monitoring System 

Well ID Monitored Unit 
Well Screen Interval 

(feet bgs) 
Well Type1 

MW-192 PMP 20.0 – 30.0 Compliance 

MW-193 PMP 22.0 – 32.0  Compliance 

MW-304 UA 45.0 – 55.0 Background 

MW-356 UA 56.0 – 66.0 Compliance 

MW-358R UA 80.0 – 90.0 Background 

MW-369 UA 56.0 – 66.0 Compliance 

MW-370 UA 53.0 – 63.0 Compliance 

MW-382 UA 56.0 – 66.0 Compliance 

MW-392 UA 74.0 – 84.0 Compliance 

MW-393 UA 75.0 – 85.0 Compliance 

MW-394 UA 73.0 – 83.0  Compliance 

OW-256 PMP 28.0 – 32.5 Compliance 

OW-257 PMP 34.0 – 38.5 Compliance 

PZ-170 PMP 21.1 – 31.1 Compliance 

PZ-182 PMP 24.0 – 34.0 Compliance 

TPZ-1642 CCR 5.2 – 9.7 WLO 

XPW012 CCR 7.0 – 12.0 WLO 

XPW052 CCR 18.0 – 28.0 WLO 

XPW062 CCR 5.0 – 10.0 WLO 
1 Well type refers to the role of the well in the monitoring system.  
2 Location is temporary pending implementation of impoundment closure per an approved Construction Permit Application. 
bgs = below ground surface 
PMP = potential migration pathway 
UA = uppermost aquifer 
WLO = water level only 
 

2.3 Well Abandonment 

As noted above, MW-306 was abandoned in early May 2024 and MW-358 was abandoned in 
October 2024 (Appendix A). 



Groundwater Monitoring Plan Revision 2 
Baldwin Power Plant Bottom Ash Pond 
 

FINAL_BAL BAP GMP rev 2.docx 13/20 

3. APPLICABLE GROUNDWATER QUALITY STANDARDS 

3.1 Groundwater Classification 

The classification of groundwater at the Site was addressed in the Phase II investigation (NRT, 
2014). Field hydraulic conductivity tests performed on the UU materials (i.e., Cahokia Formation, 
Equality Formation, and Vandalia Till) and Bedrock Unit materials (i.e., Mississippian and 
Pennsylvanian bedrock) as part of the Phase II and 2022 HSI had geometric mean hydraulic 
conductivities of 2.9 x 10-5 centimeters per second (cm/s) and 1.9 x 10-6 cm/s, respectively.  

Geologic material with a hydraulic conductivity of less than 1 x 10-4 cm/s which does not meet 
the provisions of 35 I.A.C. § 620.210 (Class I), 35 I.A.C. § 620.230 (Class III), or 35 I.A.C. 
§  620.240 (Class IV), meets the definition of a Class II – General Resource Groundwater 
(35 I.A.C. § 620.220). Based on the detailed geologic information provided for the unlithified 
materials and bedrock at BPP, along with the hydrogeologic data, the groundwater in both the 
unlithified deposits and underlying bedrock at the Site is classified as Class II - General Resource 
Groundwater.  

3.2 Statistical Evaluation of Background Groundwater Data 

A Multi-Site Statistical Analysis Plan (Appendix B) has been developed to describe procedures 
that will be used to establish background conditions and implement compliance monitoring as 
necessary and required by 35 I.A.C. § 845.640 and 35 I.A.C. § 845.650. The Statistical Analysis 
Plan was prepared in accordance with the requirements of 35 I.A.C. § 845.640(f), with reference 
to the acceptable statistical procedures provided in USEPA’s Statistical Analysis of Groundwater 
Monitoring Data at RCRA Facilities, Unified Guidance (Unified Guidance; USEPA, 2009) and is 
intended to provide a logical process and framework for conducting the statistical analysis of the 
data obtained during groundwater monitoring. 

In accordance with 35 I.A.C. § 845.640(f)(1), the statistical method chosen for analysis of 
background groundwater quality was the tolerance interval procedure for each constituent listed 
in 35 I.A.C. § 845.600(a)(1) at this CCR unit per 35 I.A.C. § 845.640(f)(1)(C). A comparison of 
the statistical background concentrations and groundwater quality standards listed in 35 I.A.C. 
§ 845.600(a)(1) and the resulting groundwater protection standards (GWPSs) are summarized in 
Table 3-1. These background values were recalculated following the abandonment of 
background well MW-306 (due to grout contamination as noted in Section 2.1.3) and included 
data from wells MW-304 and MW-358. Because this evaluation was conducted prior to well 
MW-358 sustaining damage (Section 2.1.3), the calculated background values are appropriate. 
Any future updates to background conducted according to the Multi-Site Statistical Analysis Plan 
(Appendix B) will evaluate the appropriateness of pooling data from MW-358R and MW-358 
prior to damage. 

3.3 Applicable Groundwater Protection Standards 

The applicable GWPSs will be established in accordance with 35 I.A.C. § 845.600(a)(1) (greater 
of the background concentration or numerical limit specified in 35 I.A.C. § 845.600(a)(1)). The 
results of the statistical analysis of background groundwater data (Table 3-1) indicate that most 
background concentrations in the UA are less than the groundwater quality standards listed in 
35 I.A.C. § 845.600(a)(1). Therefore, for these parameters, the groundwater quality standards 
listed in 35 I.A.C. § 845.600(a)(1) will be applied to the results from the proposed groundwater 
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monitoring system. The exceptions are for boron, chloride, lithium, and TDS, where the 
background concentrations or measurements are greater than the 35 I.A.C. § 845.600(a)(1) 
standards. In these instances, the GWPS will be the background concentration or measurement. 

Under most circumstances, the GWPS will be compared to the lower confidence limit (LCL) for the 
observed concentrations for each constituent in each compliance well in accordance with the 
statistical analysis plan (Appendix B). Consistent with the Unified Guidance, the same general 
statistical method of confidence interval testing against a fixed GWPS is recommended in 
compliance and corrective action programs. Confidence intervals provide a flexible and 
statistically accurate method to test how a parameter estimated from a single sample compares 
to a fixed numerical limit. Confidence intervals explicitly account for variation and uncertainty in 
the sample data used to construct them. 

Evaluation of the applicable standards will occur in conjunction with the analysis of groundwater 
quality results. Background calculations and the resulting concentrations may be updated as 
appropriate, in accordance with the Multi-Site Statistical Analysis Plan included in Appendix B.  
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4. GROUNDWATER MONITORING PLAN 

The GMP will monitor and evaluate groundwater quality to demonstrate compliance with the 
groundwater quality standards included in 40 C.F.R. § 257.94(e), 40 C.F.R. § 257.95(h), and 
35 I.A.C. § 845.600(a)(1). The groundwater monitoring program will include sampling and 
analysis procedures that are consistent and that provide an accurate representation of 
groundwater quality at the background and downgradient wells as required by 35 I.A.C. 
§ 845.630.  

As discussed in Section 2, two active monitoring systems specific to the BAP exist, the 
40 C.F.R. § 257 monitoring system and the proposed 35 I.A.C. § 845 monitoring system. It is 
expected that upon USEPA approval of 35 I.A.C. § 845, the 40 C.F.R. § 257 monitoring and 
reporting will be eliminated, and the proposed 35 I.A.C. § 845 monitoring and reporting included 
in this GMP will continue until requirements of 35 I.A.C. § 845 have been achieved. As specified 
in the CCA, groundwater sampling requirements that apply to the CCR SI under other existing 
IEPA permit programs will become void upon issuance of an approved operating permit pursuant 
to 35 I.A.C § 845.  

4.1 Monitoring Systems and Parameters 

4.1.1 NPDES Groundwater Monitoring 

As discussed in Section 2.1.1, the NPDES Permit was amended on November 1, 2022, to 
remove groundwater monitoring and reporting specific to the BAP.  

4.1.2 40 C.F.R. § 257 Groundwater Monitoring 

The existing 40 C.F.R. § 257 monitoring program was discussed in detail in Section 2.1.2. Well 
locations and parameters will continue to be monitored and reported as required by 40 C.F.R. 
§ 257 until USEPA approves 35 I.A.C. § 845. Any future changes to the groundwater monitoring 
system as approved by the IEPA under 35 I.A.C. § 845 will also be incorporated into the 
40 C.F.R. § 257 monitoring system for consistency between the two monitoring plans.  

4.1.3 35 I.A.C. § 845 Groundwater Monitoring 

The 35 I.A.C. § 845 monitoring system will consist of two background wells (MW-304 and 
MW-358R), thirteen compliance wells (MW-192, MW-193, MW-356, MW-369, MW-370, MW-382, 
MW-392, MW-393, MW-394, OW-256, OW-257, PZ-170, and PZ-182), and four temporary water 
level only piezometers (TPZ-164, XPW01, XPW05, and XPW06) to monitor potential impacts from 
the BAP (Figure 2-1). The monitoring wells are installed within the UU (OW-256, OW-257, 
PZ-170, and PZ-182), and the UA (MW-304, MW-356, MW-358R, MW-369, MW-370, MW-382, 
MW-392, MW-393, and MW-394) along the perimeter of the BAP.  

Groundwater samples will be collected and analyzed for the laboratory and field parameters in 
Table D on the following page.  
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Table D. 35 I.A.C. § 845 Groundwater Monitoring Program Parameters 

1 Dissolved oxygen, temperature, specific conductance, and oxidation/reduction potential will be recorded during sample 
collection. 

4.2 35 I.A.C. § 845 Sampling Schedule 

Groundwater sampling for the 35 I.A.C. § 845 monitoring system will initially be performed 
quarterly according to the schedule in Table E below. 

Table E. 35 I.A.C. § 845 Sampling Schedule 

Frequency Duration 

Monthly1 
(groundwater 
elevations 
only) 

Began: Second quarter of 2023.  

Ends: Following the 30-year post closure care period and following IEPA approval of 
documentation that groundwater concentrations are below standards in 35 I.A.C. § 
845.600 and concentrations exceeding background are not increasing and meet 
requirements in 35 I.A.C. § 845.780 (c)(2)(B)(i) and (ii). 

Quarterly 
(groundwater 
quality) 

Began: Second quarter of 2023. 

Ends: Following the 30-year post closure care period and following IEPA approval of 
documentation that groundwater concentrations are below standards in 35 I.A.C. § 
845.600 and concentrations exceeding background are not increasing and meet 
requirements in 35 I.A.C. § 845.780 (c)(2)(B)(i) and (ii), or upon IEPA approval of an 
alternate schedule as allowed by 35 I.A.C. § 845.650(b)(4). 

Semiannual 
(groundwater 
quality) 

Begins: Following 5 years of quarterly groundwater monitoring and IEPA approval of a 
demonstration that groundwater concentrations are below standards in 35 I.A.C. § 845.600 
and not exhibiting statistically significant increasing trends, monitoring effectiveness is not 
compromised by a semiannual schedule, and sufficient data has been collected to 
characterize groundwater. 

Ends: Following detection of a statistically-significant increasing trend in groundwater 
concentrations or an exceedance of the standards in 35 I.A.C. § 845.600 (quarterly 
monitoring shall be resumed in these circumstances), or following the 30-year post closure 
care period and following IEPA approval of documentation that groundwater concentrations 
are below standards in 35 I.A.C. § 845.600 and concentrations exceeding background are 
not increasing and meet requirements in 35 I.A.C. § 845.780 (c)(2)(B)(i) and (ii). 

1 Monthly measurement of water elevation within the CCR SI will be achieved in at least one location per Table C; due to 
access issues, monthly measurements from every CCR Monitored Unit location may not be collected. 

Field Parameters1 

Groundwater Elevation pH Turbidity  

Metals (Total) 

Antimony Boron Cobalt Molybdenum 

Arsenic Cadmium Lead Selenium 

Barium Calcium Lithium Thallium 

Beryllium Chromium Mercury  

Inorganics (Total) 

Fluoride Sulfate Chloride TDS 

Other (Total) 

Radium 226 and 228 combined 
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4.3 Groundwater Sample Collection 

Groundwater sampling procedures have been developed in the Multi-Site Sampling and Analysis 
Plan (SAP; Appendix C) and the collection of groundwater samples is being implemented to 
meet the requirements of 35 I.A.C. § 845.640. In addition to groundwater well samples, quality 
assurance samples will be collected as described in the Multi-Site Quality Assurance Project Plan 
(QAPP; Appendix D). 

4.4 Laboratory Analysis 

Laboratory analysis will be performed consistent with the requirements of 35 I.A.C. § 845.640(j) 
by a state-certified laboratory using methods approved by IEPA and USEPA. Laboratory methods 
may be modified based on laboratory equipment availability or procedures, but the Reporting 
Limit (RL) for all parameters analyzed, regardless of method, will be lower than the applicable 
groundwater quality standard as summarized in the QAPP (Appendix D). Concentrations lower 
than the RL will be reported as less than the RL. 

4.5 Quality Assurance Program 

Consistent with the requirements of 35 I.A.C. § 845.640(a)(5), the QAPP (Appendix D) includes 
procedures and techniques for laboratory quality assurance/quality control (QA/QC) and the SAP 
(Appendix C) includes requirements for field data collection QA/QC.  

4.6 Groundwater Monitoring System Maintenance Plan 

Consistent with the requirements of 35 I.A.C. § 845.630(e)(2), the SAP (Appendix C) includes 
procedures for maintenance to be performed as needed to assure that the monitoring wells 
provide representative groundwater samples. 

If wells are damaged or become otherwise inoperable, they will be replaced by wells screened at 
the same elevation and as close to the original well as possible (ideally within 10 feet) and 
notification will be provided to IEPA. If a replacement well cannot be installed within 
approximately 10 feet of the original well location, notification will be sent to IEPA and a 
monitoring well will be installed as close as possible to the original monitoring well and given a 
new well identification number. Any well replacement activities will also be documented in the 
Annual Groundwater Monitoring and Corrective Action Report. 

4.7 Statistical Analysis 

Statistical analysis will be consistent with the procedures listed in 35 I.A.C. § 845.640(f). A 
Multi-Site Statistical Analysis Plan, provided in Appendix B, has been developed to summarize 
the statistical procedures that will be used to evaluate the groundwater results.  

4.8 Data Reporting 

Data reporting for the 40 C.F.R. § 257 monitoring system will be consistent with record keeping, 
notification, and internet posting requirements described in 40 C.F.R. § 257.105 through 
257.107. 

Groundwater monitoring and analysis completed in accordance with the 35 I.A.C. § 845 
monitoring under an approved monitoring program will be reported to IEPA within 60 days after 
completion of sampling and the data placed in the facility’s operating record as required by 
35 I.A.C. § 845.610(b)(3)(D). Within 14 days of posting to the operating record, information will 
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be posted to the publicly accessible internet site “Illinois CCR Rule Compliance Data and 
Information” as required by 35 I.A.C. § 845.810(d). Information will also be submitted to IEPA 
annually by January 31 as required by 35 I.A.C. § 845.550, for data collected the preceding year. 
The report will include the status of the groundwater monitoring and corrective action plan for 
the BAP in addition to other requirements detailed in 35 I.A.C. § 845.610(e). 

4.9 Compliance with Applicable On-site Groundwater Protection Standards 

In accordance with 35 I.A.C. § 845.600(a)(1), the GWPS at the waste boundary will be the 
higher of either the 35 I.A.C. § 845.600 standard or the concentration determined by background 
groundwater monitoring.  

As provided in 35 I.A.C. § 845.780(c)(2), at the end of the 30-year post-closure care period, 
groundwater monitoring will continue to be conducted in post-closure care until the groundwater 
results show the concentrations are: 

• Below the GWPS in 35 I.A.C. § 845.600; and 

• Not increasing for those constituents over background, using the statistical procedures and 
performance standards in 35 I.A.C. §§ 845.640(f) and (g), provided that: 

− Concentrations have been reduced to the maximum extent feasible; and 

− Concentrations are protective of human health and the environment. 

If one or more constituents are detected and confirmed by an immediate resample, to greater 
than the GWPS in any sampling event, an Alternate Source Demonstration (ASD) will be 
evaluated as described in Section 4.10. 

4.10 Alternate Source Demonstrations 

As allowed in 35 I.A.C. § 845.650(e), following detection of an exceedance of the GWPS, an ASD 
will be evaluated and, if completed, submitted to IEPA within 60 days. The ASD will provide lines 
of evidence that a source other than the BAP caused the contamination and the BAP did not 
contribute to the contamination, or that the exceedance of the GWPS resulted from error in 
sampling, analysis, statistical evaluation, natural variation in groundwater quality, or a change in 
the potentiometric surface and groundwater flow direction. 

The ASD will include information and analysis that supports the conclusions and a certification of 
accuracy by a qualified professional engineer. Once the ASD is approved by IEPA, the 35 I.A.C. 
§ 845 groundwater monitoring will continue as defined in Section 4.1.3. 

If an ASD is not completed and submitted, or IEPA does not approve the ASD, a notification of 
the exceedance will be provided to IEPA and placed in the operating record. Additional actions 
will also be completed as required by 35 I.A.C § 845.650(d)(1) through (3), including initiation of 
an assessment of corrective measures under 35 I.A.C § 845.660. As allowed in 35 I.A.C § 
845.650(e)(7) a petition for review of IEPA’s non-concurrence under 35 I.A.C. § 105 may also 
be filed 

4.11 Assessment of Corrective Measures and Corrective Action 

As described in 35 I.A.C. § 845.660, if the ASD summarized in Section 4.10 has not been 
approved by IEPA, an assessment of corrective measures will be initiated within 90 days of the 
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detection of a result exceeding 35 I.A.C. § 845.600 standards (i.e., receipt of laboratory data). The 
assessment of corrective measures will include at least the following (35 I.A.C. § 845.660 (c)): 

• The performance, reliability, ease of implementation, and potential impacts of appropriate 
potential remedies, including safety impacts, cross-media impacts, and control of exposure to 
any residual contamination. 

• The time required to begin and complete the corrective action plan; and 

• The institutional requirements, such as State or local permit requirements or other 
environmental or public health requirements that may substantially affect implementation of 
the corrective action plan. 

Within one year of completing the assessment of corrective measures, a corrective action plan 
will be developed to identify the selected remedy in accordance with 35 I.A.C. § 845.670. If 
closure of the CCR unit is required, a closure alternatives analysis will be completed as specified 
in 35 I.A.C. § 845.710. The analysis and selected alternative will be submitted to IEPA in a 
Closure Plan as specified by 35 I.A.C. § 845.720. Groundwater monitoring proposed in this GMP 
will continue as specified until the post closure care period has expired and IEPA has approved 
termination of post-closure care. 
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TABLE 1-1. 35 I.A.C. § 845 REQUIREMENTS CHECKLIST
GROUNDWATER MONITORING PLAN REVISION 1
BALDWIN POWER PLANT
BOTTOM ASH POND
BALDWIN, ILLINOIS

Part 845 Reference Part 845 Components Location of Information in GMP
845.630 Groundwater Monitoring Systems

845.630(a)(2) Potential contaminant pathways must be monitored. Sections 2.2 & 4.1.3

845.630(a)
845.630(b)
845.630(c)

At least two upgradient wells and four downgradient wells (min. 
1 and 3, but requires additional documentation)

Sections 2.2 & 4.1.3
Table 2-1
Figure 2-1

845.630(a)
845.630(b)
845.630(c)

Downgradient Well Density Figure 2-1

845.630(a)(2) Downgradient wells at waste boundary Figure 2-1

845.640 Groundwater Sampling and Analysis Requirements

845.640(a) Consistent sampling and analysis procedures
Section 4
Appendix C Multi-Site SAP
Appendix D Multi-Site QAPP

845.640(b) Methods are appropriate
Section 4
Appendix C Multi-Site SAP
Appendix D Multi-Site QAPP

845.640(c) Groundwater elevations must be measured in each well prior to 
purging, each time groundwater is sampled. Section 4.3

845.640 (d)(e)(f)(g)(h) Establishment of background and application of statistical 
methods

Sections 3 & 4.7
Appendix A

845.640(i) Analyze total recoverable metals Section 4.1.3

845.640(j) Analyze groundwater samples using a certified laboratory Section 4.4
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TABLE 1-1. 35 I.A.C. § 845 REQUIREMENTS CHECKLIST
GROUNDWATER MONITORING PLAN REVISION 1
BALDWIN POWER PLANT
BOTTOM ASH POND
BALDWIN, ILLINOIS

Part 845 Reference Part 845 Components Location of Information in GMP
845.650 Groundwater Monitoring Program

845.650(a)
Must include monitoring for all constituents with a groundwater 
protection standard in Section 845.600(a), calcium, and 
turbidity

Section 4.1.3

845.650(b)(c) Groundwater Monitoring Frequency Sections 4.1.3 & 4.2

845.650(d)(e) Exceedances of the groundwater protection standard Sections 4.9, 4.10 & 4.11

845.650(b)(2) and (3) Staff gauge/ piezometer to monitor head in impoundment Sections 2.2 & 4.1.2
Figure 2-1 (TPZ-164)

NA Staff gauge/ piezometer to monitor head of neighboring surface 
water body NA

Notes: [O: CJC 10/11/21; C: LDC 10/13/21; U: AOC 07/22/25; U: BGH 09/02/2025]
GMP = Groundwater Monitoring Plan
NA = Not Applicable
QAPP = Quality Assurance Project Plan

SAP = Sampling and Analysis Plan
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TABLE 2-1. MONITORING WELL LOCATIONS AND CONSTRUCTION DETAILS 
35 I.A.C. § 845 GROUNDWATER MONITORING PLAN, REVISION 1 
BALDWIN POWER PLANT 
BOTTOM ASH POND 
BALDWIN, IL 

Well 

Number Type HSU 

Date 

Constructed 

Top of PVC 

Elevation 

(ft) 

Measuring 

Point 

Elevation 

(ft) 

Measuring 

Point 

Description 

Ground 

Elevation 

(ft) 

Screen 

Top 

Depth 

(ft BGS) 

Screen 

Bottom 

Depth 

(ft BGS) 

Screen Top 

Elevation 

(ft) 

Screen 

Bottom 

Elevation 

(ft) 

Well 

Depth 

(ft 

BGS) 

Bottom of 

Boring 

Elevation 

(ft) 

Screen 

Length 

(ft) 

Screen 

Diameter 

(inches) 

Latitude 

(Decimal 

Degrees) 

Longitude 

(Decimal 

Degrees) 

MW-192 C UU 2022-09-27 436.89 437.06 Top of Casing 434.06 20.00 30.00 414.06 404.06 30.00 400.06 10.0 2 38.19920 -89.86693

MW-193 C UU 2022-10-04 438.01 438.18 Top of Casing 434.61 22.00 32.00 412.61 402.61 32.00 402.61 10.0 2 38.19917 -89.86266

MW-304 B UA 2015-10-20 455.14 455.31 Top of Casing 452.96 45.00 55.00 407.96 397.96 55.00 317.56 10.0 2 38.18833 -89.85344

MW-356 C UA 2015-10-01 427.62 427.79 Top of Casing 425.20 56.00 66.00 369.20 359.20 66.00 290.20 10.0 2 38.19896 -89.86958

MW-358R B UA 2024-10-15 456.12 456.12 Top of Casing 453.45 80.00 90.00 373.45 363.45 90.00 363.45 10.0 2 38.19527 -89.84939

MW-369 C UA 2015-11-19 422.53 422.70 Top of Casing 420.36 56.00 66.00 364.36 354.36 66.00 349.66 10.0 2 38.19699 -89.87026

MW-370 C UA 2015-11-25 420.60 420.77 Top of Casing 418.49 53.00 63.00 365.49 355.49 63.00 352.49 10.0 2 38.19560 -89.86967

MW-382 C UA 2015-11-23 430.94 431.11 Top of Casing 428.55 56.00 66.00 372.55 362.55 66.00 357.95 10.0 2 38.19454 -89.86804

MW-392 C UA 2022-09-26 436.92 437.09 Top of Casing 434.05 74.00 84.00 360.05 350.05 84.00 350.05 10.0 2 38.19920 -89.86693

MW-393 C UA 2022-10-04 437.86 438.03 Top of Casing 434.70 75.00 85.00 359.70 349.70 85.00 349.70 10.0 2 38.19917 -89.86267

MW-394 C UA 2022-10-05 438.23 438.40 Top of Casing 435.53 73.00 83.00 362.53 352.53 83.00 350.53 10.0 2 38.19913 -89.85866

OW-256 C PMP 2013-08-01 427.96 428.13 Top of Casing 425.92 28.00 32.50 397.92 393.42 33.10 389.92 4.5 2 38.19897 -89.86961

OW-257 C PMP 2013-08-01 430.94 431.11 Top of Casing 428.30 34.00 38.50 394.30 389.80 39.10 388.70 4.5 2 38.19387 -89.86746

PZ-170 C PMP 2015-07-29 420.90 421.07 Top of Casing 418.91 21.10 31.10 397.81 387.81 31.10 387.81 10.0 2 38.19559 -89.86964

PZ-182 C PMP 2015-07-30 431.16 431.33 Top of Casing 428.72 24.00 34.00 404.72 394.72 34.00 394.72 10.0 2 38.19452 -89.86802

TPZ-164 WLO CCR 2013-08-01 435.05 435.05 Top of Casing 432.89 5.20 9.70 427.69 423.19 10.30 422.59 4.5 2 38.19559 -89.86280

XPW01 WLO CCR 2022-09-23 437.62 437.79 Top of Casing 435.05 7.00 12.00 428.05 423.05 12.00 421.05 5.0 2 38.19752 -89.86447

XPW05 WLO CCR 2022-09-24 437.33 437.33 Top of Casing 434.13 18.00 28.00 416.13 406.13 28.00 404.13 10.0 2 38.19623 -89.86237

XPW06 WLO CCR 2022-09-22 417.73 417.73 Top of Casing 418.02 5.00 10.00 413.02 408.02 10.00 402.02 5.0 2 38.19697 -89.86895

Notes: 

BGS = below ground surface 

ft = foot or feet 

HSU = hydrostratigraphic unit: 

CCR = Coal Combustion Residuals 

PMP = Potential Migration Pathway 

UA = Uppermost Aquifer 

UU = Upper Unit 

PVC = polyvinyl chloride 

Type = role of the well in the monitoring network: 

B = Background 

C = Compliance 

WLO = Water Level Only 
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TABLE 3-1 

BACKGROUND GROUNDWATER QUALITY AND STANDARDS 
35 I.A.C. § 845 GROUNDWATER MONITORING PLAN, REVISION 1 
BALDWIN POWER PLANT 
BOTTOM ASH POND 
BALDWIN, IL 

Parameter Date Range 

Sample 

Count 

Percent 

Non-

Detects 

Statistical 

Calculation 

Statistical 

Background 

Value 

(LTL/UTL) 

845 

Limit 

Groundwater 

Protection Standard 

Antimony (mg/L) 
10/26/2022 - 

08/07/2023 
18 83 Non-parametric UTL 0.00230 0.006 0.006 

Arsenic (mg/L) 
10/26/2022 - 

08/07/2023 
18 11 Parametric UTL 0.00578 0.010 0.010 

Barium (mg/L) 
10/26/2022 - 

08/07/2023 
18 0 Non-parametric UTL 0.261 2.0 2.0 

Beryllium (mg/L) 
10/26/2022 - 

08/07/2023 
18 100 DQR DQR 0.004 0.004 

Boron (mg/L) 
10/26/2022 - 

08/07/2023 
18 0 Parametric UTL 2.23 2 2.23 

Cadmium (mg/L) 
10/26/2022 - 

08/07/2023 
18 100 DQR DQR 0.005 0.005 

Calcium (mg/L) 
10/26/2022 - 

08/07/2023 
18 0 Parametric UTL 17.9 -- 17.9 

Chloride (mg/L) 
10/26/2022 - 

08/07/2023 
18 0 Non-parametric UTL 1,370 200 1,370 

Chromium (mg/L) 
10/26/2022 - 

08/07/2023 
18 83 Non-parametric UTL 0.0125 0.1 0.1 

Cobalt (mg/L) 
10/26/2022 - 

08/07/2023 
18 89 Non-parametric UTL 0.00220 0.006 0.006 

Fluoride (mg/L) 
10/26/2022 - 

08/07/2023 
18 0 Non-parametric UTL 3.36 4.0 4.0 

Lead (mg/L) 
10/26/2022 - 

08/07/2023 
18 94 Non-parametric UTL 0.00220 0.0075 0.0075 

Lithium (mg/L) 
10/26/2022 - 

08/07/2023 
18 0 Parametric UTL 0.123 0.04 0.123 

Mercury (mg/L) 
10/26/2022 - 

08/07/2023 
18 100 DQR DQR 0.002 0.002 

Molybdenum 

(mg/L) 

10/26/2022 - 

08/07/2023 
18 50 Non-parametric UTL 0.0782 0.1 0.1 

pH (field) (SU) 
10/26/2022 - 

08/07/2023 
19 0 

Parametric LTL/UTL 

(log-transformed) 
7.3/8.4 6.5/9.0 6.5/9.0 

Radium 226 + 

Radium 228 (pCi/L) 

10/26/2022 - 

08/07/2023 
18 0 

Parametric UTL (log-

transformed) 
4.14 5 5 

Selenium (mg/L) 
10/26/2022 - 

08/07/2023 
18 94 Non-parametric UTL 0.00320 0.05 0.05 

Sulfate (mg/L) 
10/26/2022 - 

08/07/2023 
18 22 Non-parametric UTL 228 400 400 

Thallium (mg/L) 
10/26/2022 - 

08/07/2023 
18 100 DQR DQR 0.002 0.002 

Total Dissolved 

Solids (mg/L) 

10/26/2022 - 

08/07/2023 
19 0 Non-parametric UTL 3,260 1,200 3,260 

Notes: 

DQR = double quantification rule 
LTL = lower tolerance limit (applicable for pH only) 

mg/L = milligrams per liter 

SU = standard units 

UTL = upper tolerance limit 

Generated 2025/07/18 16:53 America/New_York by aoconnor 
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APPENDIX A 
MONITORING WELL ABANDONMENT/REPLACEMENT 
NOTIFICATIONS, APPROVALS, SEALING FORMS, AND 
REPLACEMENT WELL BORING LOG AND WELL 
CONSTRUCTION FORMS





 0 - 8' Cleared for utilities by vacuum truck.

 8' - 90' Refer to MW-358 boring log.

Boring Drilled By:  Name of crew chief (first, last) and Firm

MW-358R

Template: RAMBOLL_IL_BORING LOG - Project: BALNANDE.GPJ
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10/12/2024

Facility ID

Surface Elevation
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SOIL BORING LOG INFORMATION
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Local Grid Location
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Date Drilling Started
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W

FirmSignature
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Local Grid Origin

IL

N, R

Final Static Water Level

License/Permit/Monitoring Number
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" ° '° ' "

0.0

ft. MSL or

ft. MSL or

ft. MSL or

ft. MSL or

ft. MSL or

ft. MSL or

ft. MSL or

Signature

Cap and lock?
Protective cover pipe:

in.

5.

c.

a.

ft.

0 4

d. Additional protection? Yes

Lat.

E. Bentonite seal, top

F. Fine sand, top

G. Filter pack, top

H. Screen joint, top

I. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter

M. O.D. well casing

N. I.D. well casing

u
d

ft.

ft.

ft.

ft.

ft.

ft.

ft.

4.

Air 0 1

Hollow Stem Auger 4 1

1/4 of Sec.

Local Grid Origin

No

No

Yes

Flush threaded PVC schedule 40
Flush threaded PVC schedule 80

SC

9.

3.

Well casing:

None
Other

Facility License, Permit or Monitoring No.

Annular space seal:

Section Location

ft. MSL

ft. MSL

ft. MSL

8.

ft.

None 9 9

16. Drilling additives used? No

0 3

MH

ft. E.

GM GC GW SW SP
SM

Bentonite chips

11.

If yes, describe:

Yes

in.

in.

in.

ft. MSL or

Other
7.

Other

Upgradient
Downgradient

Sidegradient
Not Known

s
n

Tel:  4148373607
Fax:  4148373608

3 0
0 1

Bentonite
Concrete

Other

Firm

A. Protective pipe, top elevation

B. Well casing, top elevation

C. Land surface elevation

D. Surface seal, bottom

GP
CL

Ft3 volume added for any of the above

d. Slotted length:

Bentonite
Other

Surface seal:
ML

17. Source of water (attach analysis, if required):

a.  Granular/Chipped Bentonite
Bentonite-sand slurry

Bentonite slurry
Bentonite-cement grout

Long.

Lbs/gal mud weight . . .

Lbs/gal mud weight . . .

% Bentonite . . .

Tremie
Tremie pumped

Gravity

3/8 in. 1/2 in.

Water

b. 1/4 in.

Other

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Facility ID Date Well Installed

b.
c.
d.
e.
f.

Yes

b. Volume added ft3

ft3

)   or   Well Location

How installed:

ft.

10.

Distance from Waste/
Source

, T.

(estimated: Unique Well No.

15. Drilling fluid used:

Facility/Project Name

or

Factory cut
Continuous slot

Other

a.

c. Slot size:

St. Plane ft. N,

Local Grid Location of Well

ft.
Well Number

No

CH

14. Drilling method used: Material between well casing and protective pipe:
3 0

3 3
3 5
3 1
5 0

0 1
0 2
0 8

6.

Bedrock

13. Sieve analysis attached?

R.

Bentonite seal: a. Bentonite granules

MONITORING WELL CONSTRUCTION

b. Manufacturer

Backfill material (below filter pack):

Drilling Mud

1 4

a. Screen Type:

1.

Type of Well

Describe

Well Name

2.

12. USCS classification of soil near screen:

0 2

ft.

b. Volume added

3 3
3 2

234 W. Florida Street Fifth Floor, Milwaukee, WI 53204

Screen material:

Rotary 5 0

Location of Well Relative to Waste/Source

Steel
Other

2 3
2 4

a. Inside diameter:
b. Length:
c. Material:

Well Installed By:  (Person's Name and Firm)

Fine sand material:  Manufacturer, product name & mesh size

Filter pack material:  Manufacturer, product name & mesh size

Gov. Lot Number

N.
S.

E.
W.

1 1
0 1

in.
ft.

1/4 of

Vistra - Baldwin Nature and Extent MW-358R

556727.07 2387763.29
10/12/2024

Monitoring Well Jeremy Triepke

Cascade Drilling LP
■

456.293

0.0

■

■

Sonic X

■

■

On-site potable

75.0

76.0

78.0

80.0

90.0

90.0

90.0

6.0

2.38

2.07

4.0
453.562 5.0

■
Steel bollards

■

■

■

■

■

■

Bentonite-cement grout

1.88

Red Flint #20
0.13

Red Flint #40
2.0

■

■

Schedule 40 PVC

Johnson
0.010
10.0
■

Ramboll Americas Engineering Solutions



 WATER WELL SEALING FORM

 RETURN ALL COPIES TO IDPH OR 
 LOCAL HEALTH DEPARTMENTPDF FILLABLE/SAVABLE

1. Ownership (Name of  Controlling Party) Dynegy Midwest Generation, LLC

Well Site Address 10901 Baldwin Rd City Baldwin

Lot #

Section 11

2. Well Location:

This form shall be submitted to this Department or the local health department not more than 30 days after a water well, boring or  
monitoring well is sealed.  Such wells are to be sealed not more than 30 days after they are abandoned in accordance with the sealing 
requirements in the Illinois Water Well Construction Code.  THE LOCAL HEALTH DEPARTMENT OR REGIONAL PUBLIC HEALTH  
DEPARTMENT MUST BE NOTIFIED AT LEAST 48 HOURS PRIOR TO SEALING.

5. Type of Well Monitoring 6. Total Depth (ft.) 90 Diameter (in.) 2.3

7. Formation clear of obstruction Yes

8. Detains of Plugging (bentonite, neat cement or other materials)

 Filled with Bentonite Cement Grout From (ft.) 0 to (ft.) 90

 Kind of plug From (ft.) to (ft.)

From (ft.)

 Filled with From (ft.) to (ft.)

 Kind of plug to (ft.)

From (ft.)

 Filled with From (ft.) to (ft.)

 Kind of plug to (ft.)

9. CASING RECORD  Upper 2 feet of casing removed Yes 10. Date well was sealed 10/12/2024

11. Licensed water well driller or other person approved by the Department performing well sealing

This state agency is requesting discolsure of information that is necessary to accomplish the statutory purpose as outlined under Public Act-0863. 
Disclosure of this information is mandatory.  This form has been approved by the Forms Management Center.                                     IL 482-0631 

Questions regarding the completion of this form should be directed to the local health department or the Illinois Department of Public Health 
217-782-5830, TTY (for hearing impaired only) 800-547-0466.

GPS:
38 Minutes 11 Seconds 42.9882 Minutes 50-89 Seconds 57.900

 Report decimal minutes to minutes and seconds by multiplying the decimal part of the minutes by 60, e.g. latitude 38 degrees 46.07 minutes N 
 would be latitude 38 degrees 46 minutes 4.2 seconds (0.07 x 60 = 4.1) N.  Report GPS coordinates to the nearest 0.1 second.      

Zip

Range

3. Year Drilled 4. Drilling Permit Number (and date, if known

Complete License Number

Land I.D.#

North 
Degrees

West 
Degrees

Quarter of the Quarter of the Quarter 

MW-358 525 W. JEFFERSON ST.  
SPRINGFIELD, IL 62761

ILLINOIS DEPARTMENT OF PUBLIC HEALTH



ILLINOIS DEPARTMENT OF PUBLIC HEALTH

 WATER WELL SEALING FORM

 RETURN ALL COPIES TO IDPH OR 
 LOCAL HEALTH DEPARTMENTPDF FILLABLE/SAVABLE

1. Ownership (Name of  Controlling Party) Dynegy Midwest Generation, LLC

Well Site Address 10901 Baldwin Road City Baldwin

Lot #

Section

2. Well Location:

This form shall be submitted to this Department or the local health department not more than 30 days after a water well, boring or  
monitoring well is sealed.  Such wells are to be sealed not more than 30 days after they are abandoned in accordance with the sealing 
requirements in the Illinois Water Well Construction Code.  THE LOCAL HEALTH DEPARTMENT OR REGIONAL PUBLIC HEALTH  
DEPARTMENT MUST BE NOTIFIED AT LEAST 48 HOURS PRIOR TO SEALING.

5. Type of Well Monitoring 6. Total Depth (ft.) 87.7 Diameter (in.) 2

7. Formation clear of obstruction Yes

8. Detains of Plugging (bentonite, neat cement or other materials)

 Filled with Aquaguard bentonite slurry From (ft.) 1 to (ft.) 87.7

 Kind of plug From (ft.) to (ft.)

From (ft.)

 Filled with Bentonite Chips From (ft.) 0 to (ft.) 1

 Kind of plug to (ft.)

From (ft.)

 Filled with From (ft.) to (ft.)

 Kind of plug to (ft.)

9. CASING RECORD  Upper 2 feet of casing removed Yes 10. Date well was sealed 4/30/2024

11. Licensed water well driller or other person approved by the Department performing well sealing

This state agency is requesting discolsure of information that is necessary to accomplish the statutory purpose as outlined under Public Act-0863. 
Disclosure of this information is mandatory.  This form has been approved by the Forms Management Center.              IL 482-0631- Revised 5/09 

Questions regarding the completion of this form should be directed to the local health department or the Illinois Department of Public Health 
217-782-5830, TTY (for hearing impaired only) 800-547-0466.

GPS:
38 Minutes 12 Seconds 4.1 Minutes 50-89 Seconds 48.32

 Report decimal minutes to minutes and seconds by multiplying the decimal part of the minutes by 60, e.g. latitude 38 degrees 46.07 minutes N 
 would be latitude 38 degrees 46 minutes 4.2 seconds (0.07 x 60 = 4.2) N.  Report GPS coordinates to the nearest 0.1 second.      

Zip

Range

3. Year Drilled 4. Drilling Permit Number (and date, if known

Complete License Number

Land I.D.#

North 
Degrees

West 
Degrees

MW-306 525 W. JEFFERSON ST.  
SPRINGFIELD, IL 62761
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LICENSED PROFESSIONAL CERTIFICATIONS 

This certification is based on the description of the statistical methods selected to evaluate 
groundwater as presented in the following 35 I.A.C. § 845 Multi-Site Statistical Analysis Plan. The 
procedures described in the plan will be used to establish background conditions and implement 
compliance and corrective action monitoring as necessary and required by 35 I.A.C. § 845.640, § 
845.650, and § 845.680. The 35 I.A.C. § 845 Multi-Site Statistical Analysis Plan was prepared in 
accordance with the requirements of 35 I.A.C. § 845.640(f), with reference to the acceptable 
statistical procedures provided in the United States Environmental Protection Agency (USEPA)’s 
Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unified Guidance (Unified 
Guidance, USEPA 2009), and is intended to provide a logical process and framework for conducting 
the statistical analysis of the data obtained during groundwater monitoring. In accordance with 
35 I.A.C. § 845.640(f)(1), the statistical method chosen for analysis of background groundwater 
quality is the tolerance interval procedure for each constituent listed in 35 I.A.C. § 845.600(a)(1) at 
this CCR unit per 35 I.A.C. § 845.640(f)(1)(C). Groundwater Protection Standards (GWPS) will be 
established in accordance with 35 I.A.C. § 845.600(a) (greater of the background concentration or 
numerical limit specified in 35 I.A.C. § 845.600(a)(1)). The GWPS will be compared to the appropriate 
confidence interval for the observed concentrations for each constituent in each compliance well. 
Consistent with the Unified Guidance, the same general statistical method of confidence interval 
testing against a fixed GWPS is recommended in compliance and corrective action programs. 
Confidence intervals provide a flexible and statistically accurate method to test how a parameter 
estimated from a single sample compares to a fixed numerical limit. Confidence intervals explicitly 
account for variation and uncertainty in the sample data used to construct them. 

Description of the statistical methods chosen for analysis of groundwater monitoring data and 
application of these methods for determining exceedances of the GWPS identified in 35 I.A.C. 
§ 845.600(a) is provided in this 35 I.A.C. § 845 Multi-Site Statistical Analysis Plan.

35 I.A.C. § 845.640 Statistical Analysis (PE) 

I, Eric J. Tlachac, a qualified professional engineer in good standing in the State of Illinois, certify that 
the statistical methods summarized above and described in this document (35 I.A.C. § 845 Multi-Site 
Statistical Analysis Plan) are appropriate for evaluating the groundwater monitoring data collected as 
described in the attached document and are in substantial compliance with 35 I.A.C. § 845.640. 

_____________________________________ 
Eric J. Tlachac 
Qualified Professional Engineer 
062-063091
Illinois
Date: April 1, 2025
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35 I.A.C. § 845.640 Statistical Analysis (PG) 

I, Brian G. Hennings, a qualified professional geologist in good standing in the State of Illinois, certify 
that the statistical methods described in this document (35 I.A.C. § 845 Multi-Site Statistical Analysis 
Plan) are appropriate for evaluating the groundwater monitoring data collected as described in the 
attached document and are in substantial compliance with 35 I.A.C. § 845.640. 

_____________________________________ 
Brian G. Hennings 
Professional Geologist 
196.001482 
Illinois 
Date: April 1, 2025 

35 I.A.C. § 845.640 Statistical Analysis 

I, Rachel A. Banoff, a qualified professional, certify that the statistical methods described in this 
document (35 I.A.C. § 845 Multi-Site Statistical Analysis Plan), are appropriate for evaluating the 
groundwater monitoring data collected as described in the attached document and are in substantial 
compliance with 35 I.A.C. § 845.640. 

_____________________________________ 
Rachel A. Banoff, EIT 
Project Statistician 
Date: April 1, 2025 
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DOCUMENT APPLICABILITY BY FACILITY OWNER 

Table A. Document Applicability by Facility Owner 

Facility & Owner Unit ID Unit Name 

Baldwin Power Plant 
Dynegy Midwest Generation, 

LLC 

601 Bottom Ash Pond 

605 Fly Ash Pond System 

Coffeen Power Plant 
Illinois Power Generating 

Company 

101 Ash Pond No. 1 
102 Ash Pond No. 2 
103 GMF Gypsum Stack Pond 
104 GMF Recycle Pond 

Duck Creek Power Plant 
Illinois Power Resources 

Generating, LLC 

201/202 Ash Pond No. 1 
Ash Pond No. 2 

203 GMF Pond 
205 Bottom Ash Basin 

Edwards Power Plant 
Illinois Power Resources 

Generating, LLC 
301 Ash Pond 

Hennepin Power Plant 
Dynegy Midwest Generation, 

LLC 

802 Ash Pond No. 2 
803 East Ash Pond 
804 Old West Ash Pond 

802/805 Ash Pond No. 2 
Ash Pond No. 4 

Joppa Power Plant 
Electric Energy, Inc. 

401 East Ash Pond 
403 West Ash Pond 

Kincaid Power Plant 
Kincaid Generation, LLC 141 Ash Pond 

Newton Power Plant 
Illinois Power Generating 

Company 
501 Primary Ash Pond 

Vermilion Power Plant 
Dynegy Midwest Generation, 

LLC 

910 North Ash Pond 

911/912 Old East Ash Pond 
New East Ash Pond 
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ACRONYMS AND ABBREVIATIONS 

% percent 
35 I.A.C. Title 35 of the Illinois Administrative Code 
CCR coal combustion residuals 
CI confidence interval 
DQR Double Quantification Rule 
GMP Groundwater Monitoring Plan 
GWPS groundwater protection standard 
IEPA Illinois Environmental Protection Agency 
LCL lower confidence limit 
LTL lower tolerance limit 
MDL method detection limit 
PQL practical quantitation limit 
QAPP Quality Assurance Project Plan 
RCRA Resource Conservation and Recovery Act 
RL reporting limit 
SAP Sampling and Analysis Plan 
SI surface impoundment 
UCL upper confidence limit 
Unified Guidance Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities: Unified 

Guidance (USEPA, 2009) 
USEPA United States Environmental Protection Agency 
UTL upper tolerance limit 
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1. INTRODUCTION

In April 2021, the Illinois Environmental Protection Agency (IEPA) issued a final rule for the
regulation and management of coal combustion residuals (CCR) in surface impoundments (SIs)
under the Standards for the Disposal of CCR in Surface Impoundments: Title 35 of the Illinois
Administrative Code (35 I.A.C.) § 845. Facilities regulated under 35 I.A.C. § 845 are required to
develop and sample a groundwater monitoring well system to evaluate whether impounded CCR
materials are impacting groundwater quality. The groundwater quality evaluation must include
certification from a qualified professional engineer that the selected statistical method is
appropriate for evaluating groundwater monitoring data for the CCR surface impoundment. The
procedures described in the evaluation will be used to establish background conditions and
implement Compliance and Corrective Action Monitoring as necessary and required by 35 I.A.C. §
845.640, § 845.650, § 845.680, and § 845.780. This Statistical Analysis Plan was prepared in
accordance with the requirements of 35 I.A.C. § 845.640(f), with reference to the acceptable
statistical procedures provided in United States Environmental Protection Agency’s (USEPA’s)
Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unified Guidance (Unified
Guidance) (USEPA, 2009).1

1.1 Statistical Analysis Objectives

This Multi-Site Statistical Analysis Plan provides a framework for conducting the statistical
analyses of groundwater data collected during operation, post-closure care, and corrective action
monitoring (if required). This Multi-Site Statistical Analysis Plan does not include procedures for
groundwater sample collection and analysis conducted in accordance with the Multi-Site Sampling
and Analysis Plan (SAP; Ramboll, 2022) or data quality evaluation conducted in accordance with
the Multi-Site Quality Assurance Project Plan (QAPP; Ramboll, 2022).2

1.2 Statistical Analysis Plan Approach

The analyses described in this document are intended to support monitoring programs described
in detail in the CCR unit-specific Operating Permit Groundwater Monitoring Plans (GMPs), Closure
Construction Permit GMPs, and Corrective Action GMPs. When necessary and contingent upon
equivalent statistical power, an alternative test consistent with the performance standards in 35
I.A.C. § 845.640(g), not included in this Statistical Analysis Plan, may be chosen due to site-
specific data requirements.

35 I.A.C. § 845 outlines three phases of groundwater monitoring: 

• Baseline Monitoring in accordance with 35 I.A.C. § 845.650(b)(1)

• Compliance Monitoring in accordance with 35 I.A.C. § 845.650 and 35 I.A.C. § 845.780(b)

• Corrective Action Monitoring in accordance with 35 I.A.C. § 845.680(a)

Each phase of the groundwater monitoring program requires specific statistical procedures to 
accomplish the intended purpose. During the first phase, background groundwater quality will be 
established, utilizing upgradient and background wells. Compliance Monitoring, which 

1 Despite being currently archived on USEPA’s website, the Unified Guidance remains a valid reference for developing a statistical analysis plan 
(personal communication with Alison O’Connor, February 11, 2025). 

2 The Multi-Site Sampling and Analysis Plan and Multi-Site Quality Assurance Project plan are living documents which are subject to routine 
evaluation and updates in accordance with USEPA recommended best practices (USEPA 2020; USEPA 2023). 
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encompasses data collection and statistical evaluation conducted during unit operation and the 
post-closure care period, will then evaluate whether exceedances occur for 20 required 
constituents (per 35 I.A.C. § 845.600(a)(1)) relative to the groundwater protection standard 
(GWPS) established by 35 I.A.C. § 845.600. Corrective Action Monitoring evaluates remedy 
progress and completion and will be initiated upon implementation of the Corrective Action GMP. 
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2. GROUNDWATER DATA EVALUATION AND STATISTICAL
ASSUMPTIONS

The following subsections outline the statistical tests and procedures utilized to evaluate data
collected for consistency with statistical assumptions and evaluate data distribution. These
methods may be used in any phase of groundwater monitoring.

2.1 Sample Independence

Independence of sample results is a major assumption for most statistical analyses. To ensure
physical independence of groundwater sampling results, the minimum time between sampling
events must be longer than the time required for groundwater to move through the monitoring
well. Therefore, the minimum time interval between sampling events is a function of the
groundwater velocity and well bore volume (diameter of the well and surrounding filter pack).
The sampling schedules for Baseline Monitoring, Compliance Monitoring, and Corrective Action
Monitoring are specified in 35 I.A.C. § 845 and may conflict with the statistical assumption of
independence of sample results.

2.2 Non-Detect Data Processing

Groundwater sample analysis results below the reporting limit (RL), also referred to as the
practical quantitation limit (PQL), will not be used in statistical calculations due to the inherent
uncertainty in results that are estimated between the method detection limit (MDL) and RL/PQL,
and error assumptions inherent to the statistical calculations. Results below the RL/PQL will be
considered non-detect data. For statistical characterization evaluations (e.g., distribution testing,
and trend analysis), non-detects were replaced with the half of the RL for the analysis. For
statistical test procedures that involve the calculation of a mean and standard deviation (as
described in Section 3):

• If the frequency of non-detect data are less than or equal to 15 percent (%), half of the RL
will be substituted for these data.

• If the non-detect frequency is greater than 15% and less than or equal to 50% and the data
are normally or log-normally distributed (Section 2.3), the Kaplan-Meier method will be used
to estimate the mean and standard deviation adjusted for the presence of left-censored
values.

• If the non-detect frequency is greater than 50% or data are not normally or log-normally
distributed (Section 2.3), a non-parametric test or calculation will be used.

2.3 Testing for Normality 

In accordance with 35 I.A.C. § 845.640(g)(1), “the statistical method used to evaluate 
groundwater monitoring data must be appropriate for the distribution of constituents”. The 
Unified Guidance document recommends the Shapiro-Wilk normality test for sample sizes of 50 
or less, and the Shapiro-Francia normality test for sample sizes greater than 50. Log-
transformation of datasets to achieve normal distributions is preferred to using non-parametric 
methods. However, if data normality cannot be achieved through log transformation, a non-
parametric method is used. 
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2.4 Outlier Evaluation and Management 

Groundwater analytical data may be screened for the existence of outliers using methods 
described by the Unified Guidance. Outliers are extreme data points that may represent an 
anomaly or erroneous data point. To test for outliers, one or more of the following outlier tests 
will be utilized: 

• Dixon’s test, for well-constituent pairs with less than 25 samples, assumes normally
distributed data.

• Rosner’s test, for well-constituent pairs with more than 20 samples, assumes normally
distributed data.

• Grubb’s test for well-constituent pairs with seven or more samples, assumes normally
distributed data.

In addition, time series, box-whisker plots, and probability plots will be used to provide visual 
tools to identify potential outliers, and evaluation of seasonal, spatial, or temporal variability for 
both normally and non-normally distributed data.  

When necessary, a confirmatory sample will be collected to allow the facility to distinguish 
between an outlier and a true release from the facility (35 I.A.C. § 845.650(d)). If re-sampling is 
necessary, this sample will be collected within 60 days following outlier identification. Rigorous 
data validation and review is preferred to formal outlier testing and exclusion to ensure that all 
data used in statistical evaluations is representative of field conditions. Quality control/quality 
assurance data are collected and data verification is completed in accordance with the QAPP. 
Project staff familiar with the site and historical data will review the data generated each quarter 
and facilitate additional validation as needed. Data quality control, groundwater geochemistry, 
and sampling procedures will be evaluated as potential sources of error leading to an outlier 
result. Exclusion of potential outliers without an identified source of error may be considered only 
for data that could cause extremely elevated background concentrations. 

2.5 Trend Analysis 

Statistical analyses confirming the lack of trend are a fundamental step to confirm the 
assumption that groundwater quality values (i.e., constituent means) are stationary or constant 
over time. These analyses allow for evaluation of variation in the background and compliance 
data for each constituent over time. A statistically significant increasing trend in the background 
data could indicate an existing release from the CCR unit or alternative source, requiring further 
investigation. In addition, statistically significant trending background data can result in 
increased standard deviation and, therefore, greater prediction or tolerance limits. Consequently, 
the increased prediction or tolerance limit will have less statistical power or ability to identify a 
release from a CCR unit.  

A linear regression, coupled with a t-test for slope significance at a 95% confidence level (or 0.05 
significance level), may be used on datasets for each constituent with few non-detects and a 
normally distributed variance of the mean to evaluate time trends. The Theil-Sen trend line, 
coupled with the Mann-Kendall test for slope significance at a 95% confidence level (or 0.05 
significance level), may be used for datasets with frequent non-detects or non-normal variance. 
Similarly, trend analyses could also be used on compliance data to evaluate a possible release 
from the CCR unit.  
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2.6 Spatial Variation 

Spatial trends and/or variation between background wells could indicate an existing release from 
a CCR unit. If the spatial variability is not due to an existing release, intrawell comparisons in 
compliance wells may be used to account for spatial variability and monitor for a future release. 
However, the CCR units being monitored have been placed into service prior to the start of 
groundwater monitoring and it is unknown whether a previous release has occurred. Accordingly, 
intrawell comparisons in compliance wells cannot be used to determine the occurrence of a future 
release, and interwell comparisons between compliance wells and background wells will be used. 

2.7 Temporal Variation 

Time series plots can be used to identify temporal dependence. Potentially significant temporal 
components of variability can be identified by graphing single constituent data from multiple 
wells together on a time series plot. With temporal dependence, the time series plot has a 
pattern of parallel traces, in which the individual wells will tend to rise and fall together across 
the sequence of sampling dates. Time series plots can be helpful by plotting multiple constituents 
over time for the same well, or averaging values for each constituent across wells on each 
sampling event and then plotting the averages over time. In either case, the plots can signify 
whether the general concentration pattern over time is simultaneously observed for different 
constituents. If so, it may indicate that a group of constituents is highly correlated in 
groundwater or that the same artifacts of sampling and/or lab analysis impacted the results of 
several monitoring parameters. 

2.8 Updating Background 

Updating the background dataset periodically by adding recent results to an existing background 
dataset can improve the statistical power and accuracy of the statistical analysis, especially for 
non-parametric prediction intervals. The Unified Guidance recommends updating statistical limits 
(background) when at least four to eight new measurements (every 2 to 4 years under a 
semiannual monitoring program or 1 to 2 years under a quarterly monitoring program) are 
available for comparison to historical data. Methods discussed in Section 2.4 and professional 
judgement will be used to evaluate whether any individual data points appear to drive an 
anomalously high background level. A t-test for equal means (if normal data distribution) or a 
Mann-Whitney or Wilcoxon test for equal medians (if non-normal data distribution) will be 
conducted to verify that the two groups of background sample populations are statistically 
different prior to updating any background datasets. A 0.05 significance level will be utilized 
when evaluating the two populations, with the null hypothesis that the two populations have 
equal means or medians. In addition, time series graphs or other trend evaluation statistics (such 
as a Mann-Kendall test) will be conducted on the new background dataset to verify the absence 
of a release or changing groundwater quality. If the tests indicate that there are no statistical 
differences between the two background populations, the new data will be combined with the 
existing dataset. If the two populations are found to be different, the data will be reviewed to 
evaluate the cause of the difference. If the differences appear to be caused by a release (i.e., if 
the new data are significantly higher, or lower for pH), then the previous background dataset 
may continue to be used. Furthermore, verified outliers will not be added to an existing 
background dataset. Spatial variability among background wells will also be assessed when 
background datasets are updated to determine whether pooling data is appropriate.  
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3. COMPLIANCE MONITORING PROGRAM

Compliance Monitoring encompasses data collection and statistical evaluation conducted during
unit operation (35 I.A.C. § 845.640 and 845.650) and the post-closure care period (35 I.A.C. §
845.780). Compliance Monitoring is designed to evaluate whether concentrations of constituents
listed in 35 I.A.C. § 845.600(a)(1) in compliance wells exceed GWPS or background in a
statistically significant manner.

3.1 Monitoring Program Outline

3.1.1 Establish Background and GWPS

A site-specific GWPS will be established for constituents listed in 35 I.A.C. § 845.600(a)(1) for
each CCR unit. The GWPS will be the concentration specified in 35 I.A.C. § 845.600(a)(1), unless
the background concentration is greater. For this exception, background concentrations will be
used to define the GWPS. Background concentrations will be calculated using a parametric or
non-parametric upper tolerance limit (UTL), depending on the data distribution, consistent with
35 I.A.C. § 845.640(f)(1)(C). The procedure for calculating a UTL is outlined in Figure 1 and
described in Section 3.2. If only one background result is detected, that value will be used as
the UTL.

3.1.2 Evaluate Background and GWPS Exceedances

Per 35 I.A.C. § 845.610(b)(3), groundwater monitoring data from compliance monitoring wells
will be evaluated for statistically significant exceedances over background and the site-specific
GWPS. In accordance with recommendation in the Unified Guidance for compliance monitoring,
exceedances are evaluated by comparing a confidence interval (CI) to a fixed standard. The null
hypothesis of this comparison is that compliance well groundwater concentrations do not exceed
the standard unless the statistical test indicates otherwise.

GWPS exceedances will be determined by comparing the lower confidence limit (LCL) of the
compliance well concentrations to the GWPS, except for pH where the LCL will be compared to
the upper end of the GWPS range, and the upper confidence limit (UCL) compared to the low end
of the GWPS range. A GWPS exceedance is determined if the LCL is greater than the GWPS, and,
for pH, either the LCL is greater than the upper end of the GWPS range or the UCL is less than
the low end of the GWPS range. The method of calculating the CI (outlined in Figure 2 and
described in Section 3.3) will be determined by sample size, trends in the data, and data
normality. The significance level (alpha) for this calculation will be fixed at 0.01 (99% confidence)
as recommended by Unified Guidance. If there are too few data points to calculate an LCL (a
minimum of four data points is typically required), the most recent data point will be compared to
the GWPS.

In the event that statistical analyses identify an exceedance of the GWPS for one or more
parameters, the exceedance parameters and wells of concern may be immediately re-sampled.
Compliance Monitoring statistics will be updated using the verification resample. If the
Compliance Monitoring statistics using the compliance verification resample data result in an
exceedance of the GWPS, the exceedance is confirmed.

Comparison of groundwater monitoring data to background is required by 35 I.A.C. §
845.610(3)(B), but these background “exceedances” do not carry any compliance implications.
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Background exceedances will be determined by comparing the LCL of the compliance well 
concentrations to the background UTL, with the exception of pH where the UCL of the compliance 
well concentrations will also be compared to the background lower tolerance limit (LTL). A 
background exceedance is determined if the LCL is greater than the background UTL, or, for pH, 
either the LCL is greater than the UTL or the UCL is less than the LTL. If there are too few data 
points to calculate an LCL (a minimum of four data points is required), the most recent data point 
will be compared to the background UTL (and LTL for pH).  

Additionally, an exceedance of either background or GWPS will be identified if the constituent 
monitored was not detected in all previous samples at a compliance well and the two most recent 
samples have both detections and exceed the GPWS (or are less than the low end of the GWPS 
range for pH) or background UTL (or are less than the LTL for pH). 

3.2 Upper Tolerance Limit 

The method for calculating a UTL depends primarily on the proportion of non-detects and the 
data distribution (Figure 1). A parametric UTL will be used to calculate the GWPS when the 
background data are normally distributed and have a non-detect frequency of 50% or less. The 
Unified Guidance recommends 95% confidence level and 95% coverage (95/95 tolerance 
interval). When the non-detect frequency is 15% or less, half the RL will be substituted for non-
detects (simple substitution), and the normal mean and standard deviation will be calculated. The 
Kaplan-Meier method will be used when the detection frequency is between 15% and 50%. The 
Kaplan-Meier method assesses the linearity of a censored probability plot to determine whether 
the background sample can be approximately normalized. If so, then the Kaplan-Meier method 
will be used to compute estimates of the mean and standard deviation adjusted for the presence 
of left-censored values. The Kaplan-Meier estimate of the mean and standard deviation will be 
substituted for the sample mean and standard deviation.  

Figure 1. Flow chart illustrating the statistical methods used for calculating background under 
Compliance Monitoring. 
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The parametric UTL on a future mean will be calculated from the background dataset as follows: 

𝑈𝑈𝑈𝑈𝑈𝑈 =  𝑥𝑥 +  𝜅𝜅 (𝑛𝑛, 𝛾𝛾,𝛼𝛼 − 1) ⋅ 𝑠𝑠 

𝑥𝑥 = background sample mean  

s = background sample standard deviation 

𝜅𝜅 (𝑛𝑛, 𝛾𝛾,𝛼𝛼 − 1) = one-sided normal tolerance factor based on the chosen coverage 
(γ) and confidence level (α -1) and the size of the background dataset (n). Values 
may be calculated per Millard (2013) or looked up in Table 17-3 in Appendix D of 
the Unified Guidance.  

If the UTL is constructed on the logarithms of original observations to achieve normality, where 𝑦𝑦 
and 𝑠𝑠𝑦𝑦 are the log-mean and log-standard deviation, the limit will be exponentiated for back-
transformation to the concentration scale as follows: 

𝑇𝑇𝑇𝑇 = exp �𝑦𝑦 +  𝜅𝜅 (𝑛𝑛, 𝛾𝛾,𝛼𝛼 − 1) ⋅ 𝑠𝑠𝑦𝑦� 

𝑦𝑦 = background sample log-mean 

𝑠𝑠𝑦𝑦 = background sample log-standard deviation 

If the background data set is non-parametric or has a non-detect frequency greater than 50%, a 
non-parametric UTL is used. The maximum concentration is used as the non-parametric UTL for 
sample sizes less than 60 and the second largest concentration is used as the non-parametric 
UTL for sample sizes greater than or equal to 60. As described in the Unified Guidance, the 
advantages include the resulting UTL reflecting actual concentration magnitudes, and the UTL 
more likely representing a detected concentration (unless all the data were non-detect).  
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3.3 Confidence Intervals 

The method for calculating a CI depends on whether or not there is a trend in the data, the 
proportion of non-detects, and the data distribution (Figure 2). The following sections describe 
the procedure for calculating the CI in each case. 

Figure 2. Flow chart illustrating the statistical methods used for calculating confidence intervals in 
Compliance Monitoring. 

3.3.1 Confidence Intervals Around Trending Data 

If compliance data exhibit a statistically significant trend based on results from a Mann-Kendall 
trend test and consists of a sufficient sample size (see below), CIs accounting for trends will be 
constructed to account for the trend-induced variation. If this is not accounted for, a wider CI will 
inevitably be calculated for a given confidence level and sample size (n). A wider CI will result in 
less statistical power, or ability to demonstrate an exceedance or return to compliance. When a 
linear trend line has been estimated, a series of CIs is estimated at each point along the trend. 
This creates a simultaneous confidence band that follows the trend line. As the underlying 
population mean increases or decreases, the confidence band also increases to reflect this 
change at that point in time. 
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Linear regression will be used when the compliance data set consists of at least eight samples, 
the frequency of non-detects is below 50%, and residuals around the trend line are normally 
distributed. The linear regression of concentration against sampling date (time) will be computed 
as follows: 

𝑏𝑏� =  �(𝑡𝑡𝑖𝑖 − 𝑡𝑡)
𝑛𝑛

𝑖𝑖=1

⋅ 𝑥𝑥𝑖𝑖/(𝑛𝑛 − 1) ⋅ 𝑠𝑠𝑡𝑡2 

xi = ith concentration value and 

ti = ith sampling date 

𝑡𝑡 = sampling mean date 

𝑠𝑠𝑡𝑡2 = variance of the sampling dates 

This estimate leads to the following regression equation: 

𝑥𝑥� =  𝑥𝑥 + 𝑏𝑏� ⋅ (t − 𝑡𝑡) 

𝑥𝑥 = mean concentration level 

𝑥𝑥� = estimated mean concentration at time t 

The regression residuals will also be computed at each sampling event to ensure uniformity and 
lack of significant skewness. Regression residuals will be computed at each sampling event as 
follows: 

𝑟𝑟𝑖𝑖 =  𝑥𝑥𝑖𝑖 − 𝑥𝑥�𝑖𝑖 

The estimated variance around the regression line, or mean squared error, will be computed as 
follows: 

𝑠𝑠𝑒𝑒2 =  
1

𝑛𝑛 − 2�𝑟𝑟𝑖𝑖2
𝑛𝑛

𝑖𝑖=1

 

The CI around a linear regression trend line given confidence level (1-α) and a point in time (t0), 
will be computed as follows: 

𝐿𝐿𝐿𝐿𝐿𝐿1−𝛼𝛼 =  𝑥𝑥�0 − �2𝑠𝑠𝑒𝑒2 ⋅ 𝐹𝐹1−2α,2,n−1 ⋅ �
1
𝑛𝑛 +

�𝑡𝑡0 − 𝑡𝑡�2

(𝑛𝑛 − 1) ⋅ 𝑠𝑠𝑡𝑡2
� 

𝑈𝑈𝑈𝑈𝑈𝑈1−𝛼𝛼 =  𝑥𝑥�0 − �2𝑠𝑠𝑒𝑒2 ⋅ 𝐹𝐹1−2α,2,n−2 ⋅ �
1
𝑛𝑛 +

�𝑡𝑡0 − 𝑡𝑡�2

(𝑛𝑛 − 1) ⋅ 𝑠𝑠𝑡𝑡2
�

𝑥𝑥�0 = estimated mean concentration from the regression equation at time t0

𝐹𝐹1−2α,2,n−2 = upper (1-2α)th percentage point from an F-distribution with 2 and (n-
2) degrees of freedom

If the compliance data set consists of at least seven samples but has a non-detect frequency 
greater than 50% or the residuals are not normally distributed, the Thiel-Sen trend line will be 
used as a non-parametric alternative to linear regression for calculation of the CI. The Thiel-Sen 
trend line estimates the median concentration over time by combining the median pairwise slope 
with the median concentration value and the median sample date. To compute the Thiel-Sen line, 
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the data will first be ordered by sampling event x1, x2, xn. All possible distinct pairs of 
measurements (xi, xj) for j > i will be considered and the simple pairwise slope estimate will be 
computed for each pair as follows: 

𝑚𝑚𝑖𝑖𝑖𝑖 = (𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖)/(𝑗𝑗 − 𝑖𝑖) 

With a sample size of n, there will be a total of N = n(n-1)/2 pairwise estimates mij. If a given 
observation is a non-detect, half the RL will be substituted. The N pairwise slope estimates (mij) 
will be ordered from least to greatest (renamed m(1), m(2),..m(N)). The Thiel-Sen estimate of slope 
(Q) will be calculated as the median value of the list depending on whether N is even or odd as
follows:

𝑄𝑄 =  �
𝑚𝑚([𝑁𝑁+1]/2) 𝑖𝑖𝑖𝑖 𝑁𝑁 𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜𝑜𝑜

(𝑚𝑚(𝑁𝑁/2) + 𝑚𝑚([𝑁𝑁+2]/2))/2 𝑖𝑖𝑖𝑖 𝑁𝑁 𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 

The sample concentration magnitude will be ordered from least to greatest, x(1), x(2), to x(n) and 
the median concentration will be calculated as follows: 

𝑥𝑥� =  �
𝑥𝑥([𝑛𝑛+1]/2) 𝑖𝑖𝑖𝑖 𝑛𝑛 𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜𝑜𝑜

(𝑥𝑥(𝑛𝑛/2) + 𝑥𝑥([𝑛𝑛+2]/2))/2 𝑖𝑖𝑖𝑖 𝑛𝑛 𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 

The median sampling date (𝑡̃𝑡) with ordered times (t(1), t(2), to t(n)) will also be determined in this 
way. The Thiel-Sen trend line will then be computed for an estimate at any time (t) of the 
expected median concentration (x) as follows: 

𝑥𝑥 =  𝑥𝑥� + 𝑄𝑄 ⋅ (t − 𝑡̃𝑡) = (𝑥𝑥� − 𝑄𝑄 ⋅ 𝑡̃𝑡) + 𝑄𝑄 ⋅ t 

To construct a confidence band around the Thiel-Sen line, sample pairs (ti, xi) will be formed with 
a sample date (ti) and the concentration measurement from that date (xi). Bootstrap samples (B) 
will be formed by repeatedly sampling n pairs at random with replacement from the original 
sample pairs. This will be repeated 500 times. For each bootstrap sample, a Thiel-Sen trend line 
will be constructed using the equation above. A series of equally spaced tj values will be identified 
along the range of sampling dates represented in the original sample, j=1 to m. The Thiel-Sen 
trend line associated with each bootstrap replicate will be used to compute an estimated 
concentration (𝑥𝑥�𝑗𝑗𝐵𝐵). A CI will be constructed for the lower αth percentile 𝑥𝑥�𝑗𝑗

[α]from the distribution of
estimated concentrations at each time point (tj). For a UCL, compute the upper (1-α)th percentile, 
𝑥𝑥�𝑗𝑗

[1−α] at each tj; for an LCL, compute the lower αth percentile, 𝑥𝑥�𝑗𝑗
[α] at each tj.

3.3.2 Parametric Confidence Intervals around a Mean 

If compliance data do not show a trend and are normal or log-normal, one-sided parametric CIs 
around a sample mean will be constructed for each constituent and well pair. The LCL will be 
calculated as: 

𝐿𝐿𝐿𝐿𝐿𝐿1−α =  𝑥𝑥 − 𝑡𝑡1−𝛼𝛼,𝑛𝑛−1 ⋅
𝑠𝑠
√𝑛𝑛

The UCL will be calculated as: 

𝑈𝑈𝑈𝑈𝑈𝑈1−α =  𝑥𝑥 + 𝑡𝑡1−𝛼𝛼,𝑛𝑛−1 ⋅
𝑠𝑠
√𝑛𝑛

𝑥𝑥 = compliance sample mean 

s = compliance sample standard deviation 
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n = compliance sample size 

𝑡𝑡1−𝛼𝛼,𝑛𝑛−1 = obtained from a Student’s t-table with (n–1) degrees of freedom at the 
chosen alpha level (0.01) (Table 16-1 in Appendix D of the Unified Guidance) 

If compliance data are distributed lognormally, the LCL will be computed around the lognormal 
geometric mean as: 

𝐿𝐿𝐿𝐿𝐿𝐿1−𝛼𝛼 =  exp �𝑦𝑦 − 𝑡𝑡1−𝛼𝛼,𝑛𝑛−1 ⋅
𝑠𝑠𝑦𝑦
√𝑛𝑛

� 

The UCL will be computed around the lognormal geometric mean as: 

𝑈𝑈𝑈𝑈𝑈𝑈1−α =  exp �𝑦𝑦 + 𝑡𝑡1−𝛼𝛼,𝑛𝑛−1 ⋅
𝑠𝑠𝑦𝑦
√𝑛𝑛

�

𝑦𝑦 = compliance sample log-mean 

sy = compliance sample log-standard deviation 

3.3.3 Non-Parametric Confidence Intervals around a Median 

Non-parametric confidence intervals around the median will be computed if the compliance data 
do not show a trend and contain greater than 50% non-detects or are non-normally distributed. 
The mathematical algorithm used to construct non-parametric CIs is based on the probability p 
that any randomly-selected measurement in a sample of n concentration measurements will be 
less than an unknown p x 100th percentile of interest (where P is between 0 and 1). Then the 
probability that the measurement will exceed the p x 100th percentile is (1–p). The number of 
sample values falling below the p x 100th percentile out of a set of n should follow a binomial 
distribution with parameters n and success probability p, where ‘success’ is defined as the event 
that a sample measurement is below the p x 100th percentile. The probability that the interval 
formed by a given pair of order statistics will contain the percentile of interest will then be 
determined by a cumulative binomial distribution Bin(x;n,p), representing the probability of x or 
fewer successes occurring in n trials with success probability p. P will be set to 0.50 for an 
interval around the median. In accordance with the Unified Guidance, a confidence interval 
around the median will only be calculated if at least seven data points are available. 

The sample size n will be ordered from least to greatest. Given p = 0.50, candidate interval 
endpoints will be chosen by ordered data values with ranks rounded upward to the next higher 
integers. The ranks of the endpoint will be denoted L* and U* and are calculated using the 
following equations (Conover, 1999, p. 144):  

𝐿𝐿∗ = 𝑛𝑛𝑛𝑛 −  𝑍𝑍1−𝛼𝛼�𝑛𝑛𝑛𝑛(1 − 𝑝𝑝)  

𝑈𝑈∗ = 𝑛𝑛𝑛𝑛 + 𝑍𝑍1−𝛼𝛼�𝑛𝑛𝑛𝑛(1 − 𝑝𝑝) 
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4. CORRECTIVE ACTION MONITORING PROGRAM

Corrective Action Monitoring is performed after a corrective action remedy has been selected and
implemented. 35 I.A.C. § 845.680(a)(1) specifies that the corrective action groundwater
monitoring program must meet the requirements listed in 35 I.A.C. § 845.650 (i.e., Compliance
Monitoring), document the effectiveness of the selected remedy, and demonstrate compliance
with the GWPS. Post-Closure Care monitoring as described in Section 3 will operate concurrently
with Corrective Action Monitoring, fulfilling the requirements of 35 I.A.C. § 845.650. This
document describes the statistical methods used to document the progress of the selected
remedy and demonstrate compliance with the GWPS.

Evaluation of corrective action remedy effectiveness will occur in three phases: remedy progress
evaluation, stability evaluation, and attainment evaluation (USEPA, 1992).

1. Remedy progress evaluation occurs after implementation of corrective actions to assess if
the remedy is functioning as anticipated.

2. The stability evaluation, which occurs after treatment has been concluded and a re-
equilibration period has elapsed, assesses if a new post-treatment steady state in the
groundwater has been reached.

3. Attainment evaluation occurs after a new steady state has been achieved and assesses if
COC concentrations are below the GWPS.

In accordance with the Unified Guidance, these evaluations only apply to constituents which have 
previous exceedances of the GWPS. Constituents without previous GWPS exceedances continue 
to be evaluated according to Compliance Monitoring (per Section 3). The Corrective Action GMP 
for each unit describes the detailed approach to remedy effectiveness evaluation and reporting. 
Statistical evaluations used in each of these three phases are described below. 

4.1 Remedy Progress Evaluation 

The goal of remedy progress evaluation is to determine if a groundwater remedy is on track to 
achieve cleanup standards within the proposed time frame and to inform adaptive management 
decisions if performance metrics are not achieved. Evaluations of remedy effectiveness include: 

• Comparison of the central tendency (i.e., mean or median) of data from corrective action
monitoring wells to the GWPS

• Trend analysis of average concentrations in individual wells and in a plume

Unlike Compliance Monitoring, remedy progress evaluation does not result in the determination 
of exceedances. Instead, the results from these analyses are used to evaluate performance 
metrics described in the site-specific Corrective Action GMP. 

4.1.1 Central Tendency 

The two most common central tendency measures of a data set are the sample mean and sample 
median. The sample mean best represents the central tendency of normally-distributed data; 
therefore, the mean will be used to represent the tendency if the data are approximately 
normally distributed and the frequency of non-detects is below 50%. The sample mean is given 
by the arithmetic average of each value in the sample: 
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𝑥̅𝑥 =  
1
𝑛𝑛�𝑥𝑥𝑖𝑖

𝑛𝑛

𝑖𝑖=1

 

x̄ = sample mean 

n = sample count 

xi = ith observation of x 

The sample median is the 50th percentile of values in a sample and represents the midpoint of 
the ordered list of values. Because it is based on rank-order, the sample median is insensitive to 
data distribution; therefore, the median will be used if the data are not normally distributed or 
the frequency of non-detects is 50% or greater. The sample median is determined by arranging 
all values in order and selecting the middle value (or, if an even number of values exists, the 
mean of the two middle values). 

4.1.2 Trend of Average Concentration in Individual Wells and in a Plume 

Insight into remedy progress can be gained by evaluating changes in concentration at both the 
individual well and plume levels. 

Trends at the individual well level are evaluated according to Section 2.5. To evaluate trends at 
the plume level, the trend on quarterly average concentrations is evaluated (per Section 4.1.1). 
Quarterly average concentrations in the plume are generated by calculating the mean or median 
as appropriate based on distribution (Section 4.1.1) of concentrations collected during a single 
sample event. Trend is then evaluated as described in Section 2.5. The magnitude of the trend 
(i.e., slope) may be evaluated according to methods in Section 3.3.1. 

4.2 Stability Evaluation 

In order to evaluate ultimate effectiveness of the remedy, it is critical to evaluate if a new stable 
equilibrium has been reached after the implementation of corrective action (e.g., completion of 
source control or conclusion of groundwater extraction). Stability evaluation will be completed 
using trend analysis as described in Section 2.5.  

4.3 Attainment Evaluation 

Per 35 I.A.C. § 845.680(c), corrective action is considered complete when compliance with the 
GWPS has been demonstrated “at all points within the plume of contamination that lies beyond 
the waste boundary […] for a period of three consecutive years”. Accordingly, attainment of the 
GWPS will be evaluated for well-constituent pairs previously determined to exceed the GWPS. 
This evaluation will include data collected after groundwater conditions have stabilized (Section 
4.2). 

The Unified Guidance recommends comparing a CI to the fixed GWPS to evaluate attainment of 
corrective action. The null hypothesis of this test is the reverse of that in Compliance Monitoring: 
corrective action well groundwater concentrations are assumed to exceed the GWPS unless the 
statistical test indicates otherwise. The CI will be calculated according to methods presented in 
Section 3.3. For pH, the only parameter with an upper and lower background and GWPS, the 
GWPS will be attained (i.e., the null hypothesis rejected) when the CI falls within the range of the 
GWPS (i.e., if the LCL of the CI is above the lower limit and the UCL is below the upper limit). For 
all other parameters, the GWPS will be attained when the UCL is below the GWPS. Once this 
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statistical evaluation indicates that GWPS has been met for three years (i.e., that the null 
hypothesis is rejected), corrective action will be concluded. 
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