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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 1, Hennepin Power Plant East Ash Pond), has been designed and constructed to 
meet the requirements of 35 I.A.C. § 845.630. The monitoring system was developed based on 
information included in the Hydrogeologic Site Characterization Report (Ramboll 2021; included 
in the Operating Permit submitted to IEPA in 2021).  
 
 
 
_____________________________________ 
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 1, Hennepin Power Plant East Ash Pond), has been designed and 
constructed to meet the requirements of 35 I.A.C. § 845.630. The monitoring system was 
developed based on information included in the Hydrogeologic Site Characterization Report 
(Ramboll 2021; included in the Operating Permit submitted to IEPA in 2021).  
 
 
 
_____________________________________ 
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 20, 2021  Original Document 

Revision 1 September 4, 2025 • Throughout: Updated language referring to 35 I.A.C. § 845; 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 and updated 
to reflect initiation of sampling for compliance determination in 2023. 

• Section 2.1.1: Updated to represent the current 40 C.F.R. § 257 
monitoring system and remove reference to the Sampling and Analysis 
Plan. 

• Section 2.2: Removed wells 16 and 17 from the proposed monitoring 
system. These were erroneously included in the text of the original GMP 
but were not used in the determination of background. Clarified 
monitored units. 

• Section 3.2: Clarified that the statistical method chosen for analysis of 
background groundwater quality was the tolerance interval procedure. 

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

• Section 4.1.1: 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 4.1.1: Updated to represent the current 40 C.F.R. § 257 
monitoring system. 

• Section 4.1.2: Removed wells 16 and 17 from the proposed monitoring 
system.  

• Section 4.2 Updated language to refer to Table E and updated Table E 
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.  

• Table 2-1: Removed wells 16 and 17 from the proposed 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. 

• Figure 2-1: Removed wells 16 and 17 from the proposed monitoring 
system.  

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

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

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

§ Section 
35 I.A.C. Title 35 of the Illinois Administrative Code  
40 C.F.R. Title 40 of the Code of Federal Regulations 
AP2 Ash Pond No. 2 
AP4 Ash Pond No. 4 
ASD Alternate Source Demonstration 
bgs below ground surface 
CCA Compliance Commitment Agreement  
CCR coal combustion residuals  
CCWL Coal Combustion Waste Landfill 
cm/s centimeters per second 
CSM conceptual site model 
DMG Dynegy Midwest Generation, LLC 
EAP East Ash Pond 
EAPS East Ash Pond System, includes CCWL, EAP, AP2, and AP4 
GMP Groundwater Monitoring Plan Revision 1 
GWPS groundwater protection standard 
HCR Hydrogeologic Site Characterization Report 
HPP Hennepin Power Plant 
ID identification 
IEPA Illinois Environmental Protection Agency 
IFR Initial Facility Report 
LCL lower confidence limit 
MW megawatts 
NAVD88 North American Vertical Datum of 1988 
NID National Inventory of Dams 
No. number 
PMP potential migration pathway 
QAPP Multi-Site Quality Assurance Project Plan 
QA/QC quality assurance/quality control 
Ramboll Ramboll Americas Engineering Solutions, Inc. 
RL reporting limit 
SAP Multi-Site Sampling and Analysis Plan 
SI surface impoundment 
Site Hennepin EAP 
STMI Science & Technology Management, Inc. 
TDS total dissolved solids 
USEPA United States Environmental Protection Agency 
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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 1 (GMP) on behalf of Hennepin Power Plant (HPP) (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 East Ash Pond (EAP) (CCR Unit identification [ID] Number 
[No.] 803, Illinois Environmental Protection Agency (IEPA) ID No. W1550100002‐05, and 
National Inventory of Dams [NID] No. IL50363). The EAP is a lined 21-acre CCR surface 
impoundment (SI) used to manage CCR and non-CCR waste streams at the HPP. This GMP 
includes 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 EAP at HPP. 

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 EAP is located in northcentral Illinois in Putnam County, approximately four miles northeast 
of the Village of Hennepin, located within the northeast quarter of Section 26, Township 33 
North, Range 2 West (Figure 1-1). The HPP is an approximately 504-acre property consisting of 
19 parcels, including a retired coal-fired power plant, CCR landfill and SIs, and farmland. The HPP 
ceased operations in 2019 when the power plant was retired.  

The HPP construction history includes construction of Unit 1 in 1953 and Unit 2 in 1959 with 
capacities of 70 megawatts (MW) and 210 MW, respectively. The plant initially burned high-sulfur 
Illinois coal and switched to sub-bituminous Powder River Basin coal in 1999 (Science and 
Technology Management, Inc. [STMI], 1996). 

The three CCR Units located adjacent to, or in the vicinity of, each other in the eastern portion of 
the HPP are referred to as the East Ash Pond System (EAPS). The CCR Units associated with the 
EAPS are situated south and adjacent to the Illinois River. The area is also bounded to the east 
and south by industrial properties owned by Tri-Con Materials and Washington Mills, respectively 
(Figure 1-2). The HPP provides the western boundary for the CCR Units with agricultural land to 
the southwest. Additionally, a 9-acre parcel between the HPP property and Washington Mills 
(south of the CCR Units) was previously occupied by American Asphalt but operations are no 
longer active, and the property contains several abandoned buildings. The current owner of this 
parcel is listed as Tri-Con Materials. 

Figure 1-2 depicts the location of the CCR Units and non-CCR Units within the EAPS. The four 
Hennepin EAPS CCR units consist of the following: one existing landfill (Coal Combustion Waste 
Landfill [CCWL; CCR Unit ID No. 801]), one existing SI (EAP), and two IEPA-approved, closed SIs 
(Ash Pond No. 2 [AP2; CCR Unit ID No. 802, IEPA ID No. W1550100002-04, and NID No. 
IL50663] and Ash Pond No. 4 [AP4; CCR Unit ID No. 805 and IEPA ID No. W1550100002‐07]). 
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Information regarding the CCWL, AP2, and AP4 CCR Units is solely for background information, 
as this report applies specifically to the EAP CCR Unit, which will hereinafter be referred to as the 
Site.  

1.3 Conceptual Model  

Significant site investigation has been completed at the HPP to characterize the geology, 
hydrogeology, and groundwater quality. Based on extensive investigation and monitoring, the 
EAP has been well characterized and detailed in the Hydrogeologic Site Characterization Report 
(HCR; included in the Operating Permit submitted to IEPA in 2021). A conceptual site model 
(CSM) has been developed and is discussed below. 

The Site is characterized by two hydrostratigraphic units:  

• Uppermost Aquifer: Includes the unlithified natural geologic materials of the Cahokia 
Alluvium and Henry Formation extending from the upper saturated zone to the bedrock. This 
unit was encountered in all borings advanced at the EAP in 2021 and is identified as the 
uppermost aquifer and only migration pathway at the EAP. 

• Bedrock Confining Unit: Comprised of shales with thin limestone, sandstone, and coal beds. 
This bedrock confining unit is encountered at the EAP at elevations ranging from 399.2 to 
410.2 feet North American Vertical Datum of 1988 (NAVD88). 

In the vicinity of the EAP groundwater generally flows from the south beneath the EAP toward the 
Illinois River (Figure 1-3) through the uppermost aquifer which is the primary pathway for 
contaminant migration. Periodic and temporary flow reversals are possible during periods of high 
river elevations or flooding (Figure 1-4). Vertical migration is limited by the underlying 
Pennsylvanian-age shale bedrock unit which acts as a confining layer. No PMPs have been 
identified outside of the uppermost aquifer. 

35 I.A.C. § 845parameters were monitored in the uppermost aquifer monitoring wells at the EAP 
as part of the Title 40 of the Code of Federal Regulations (40 C.F.R.) § 257 monitoring program 
beginning in 2015. These data were supplemented with sampling of additional locations in 2021. 
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 HPP. 
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2. GROUNDWATER MONITORING SYSTEMS 

2.1 Existing Monitoring System and Analysis 

Several monitoring programs are being conducted as required by the IEPA and the United States 
Environmental Protection Agency (USEPA) to evaluate the CCR Units associated with the HPP 
EAPS and the CCWL. The programs have changed over time and many of the wells and 
parameters overlap as a result of previously approved GMPs and permits which were developed 
to focus on specific (and separate) units at the EAPS. The monitoring programs for each of the 
CCR and non-CCR Units at the EAPS include: 

• CCWL 

− Initial Facility Report (IFR) (Section 28) 

− 40 C.F.R. § 257  

• AP2 and AP4 

− 40 C.F.R. § 257 for AP2 (AP4 was classified as capped or otherwise maintained and not 
subject to 40 C.F.R. § 257)  

− IEPA Closure Plan (2019 GMP included in Closure and Post-Closure Care Plan for the 
Hennepin AP2) and proposed monitoring system for 35 I.A.C. § 845 

• EAPS (also includes Leachate Pond and Polishing Pond)  

− IEPA Water Pollution Control Permit 2019-EO-64097 – Special Condition No. 4  

• EAP (subject of this GMP) 

− 40 C.F.R. § 257  

− Proposed monitoring system for 35 I.A.C. § 845 

This GMP is being provided to propose a groundwater monitoring system and monitoring program 
specific to the EAP that will comply with 35 I.A.C. § 845. Monitoring systems and programs that 
apply to other units are not discussed in this GMP. Those programs will continue to be performed 
as specified in IEPA approvals. Upon approval of the Operating Permit applications (and by 
extension the GMPs) for AP2 and AP4 and the EAP, the IEPA Water Pollution Control Permit 
2019-EO-64097 Special Condition No. 4 will be discontinued following approval of a future permit 
modification submittal and will be replaced by the proposed 35 I.A.C. § 845 monitoring program. 
The remaining discussion in this document will include only the monitoring systems and 
programs that are applicable and specific to the EAP, specifically the 40 C.F.R. § 257 system and 
the proposed 35 I.A.C. § 845 monitoring system. 

2.1.1 40 C.F.R. § 257 Monitoring Program 

The 40 C.F.R. § 257 monitoring system for the EAP consists of seven monitoring wells installed 
nearby or adjacent to the EAP within the uppermost aquifer and is aligned with the 35 I.A.C. 
§ 845 monitoring system referenced in this GMP. The EAP 40 C.F.R. § 257 monitoring system 
consists of three background monitoring wells (07, 08, and 08D) and six compliance monitoring 
wells (12, 13, 46, 47, 52, and 54). 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 
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for each monitored CCR Unit or CCR Multi-Unit, and are included in Appendix A of the HCR 
(included in the Operating Permit submitted to IEPA in 2021). 

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 
below. 

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 of the 
following year and made available on the CCR public website as required by 40 C.F.R. § 257. 

2.1.2 35 I.A.C. § 845 Well Installation and Monitoring 

In 2021, four monitoring wells (52, 53, 54, and 55) were installed along the perimeter of the EAP 
to assess the vertical and horizontal lithology, stratigraphy, chemical properties, and physical 
properties of geologic layers to a minimum of 100 feet below ground surface (bgs) as specified in 
35 I.A.C. § 845.620(b). Additionally, three leachate monitoring wells (XPW01, XPW02, and 
XPW03) were installed within the EAP to characterize the CCR materials.  

Prospective 35 I.A.C. § 845 monitoring wells were sampled for eight rounds from February to 
August 2021 and the results were assessed for selection of the EAP 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 below.  

  

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. 

 
Data and results from the 35 I.A.C. § 845 background monitoring were included in the water 
quality discussion included in the HCR (included in the Operating Permit submitted to IEPA in 
2021). The data collected from background locations during the 35 I.A.C. § 845monitoring were 
used to evaluate and calculate background concentrations for the EAP. The evaluation and 
discussion are included in Section 3.2 of this report. 

Data collected from the 40 C.F.R. § 257 monitoring system from 2015 to 2021, and from the 
35 I.A.C. § 845 background monitoring were used for selection of the 35 I.A.C. § 845 monitoring 
system proposed in Section 2.2. 

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

The groundwater monitoring system proposed in this plan will include nine monitoring wells 
screened in the uppermost aquifer (07, 08, 08D, 12, 13, 46, 47, 52, and 54) and two temporary 
water level only surface water staff gages (XSG01 and SG02). The proposed monitoring system 
is summarized in Table C below and displayed on Figure 2-1. Nine wells (three background and 
six compliance) will be used to monitor groundwater concentrations within the uppermost 
aquifer. 

The groundwater samples collected from the nine 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 (as required in 35 I.A.C. 
§ 845.630(a)(2)). Because the only migration pathway identified at the EAP is the uppermost 
aquifer (details included in the HCR [included in the Operating Permit submitted to IEPA in 
2021]), no additional potential migration pathways are monitored. Monitoring well depths and 
construction details are listed in Table 2-1 and summarized in Table C below.  

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 

07 UA 67.5 – 77.5 Background 

08 UA 51.5 – 61.5 Background 

08D UA 83.0 – 88.0 Background 

12 UA 49.5 – 59.5 Compliance 

13 UA 67.0 – 69.0 Compliance 

46 UA 50.0 – 60.0 Compliance 

47 UA 50.0 – 60.0  Compliance 

52 UA 51.0 – 61.0   Compliance 

54 UA 65.0 – 75.0 Compliance 

XSG012,3 IMP NA WLO 

SG022,3 Surface Water NA WLO 
1 Well type refers to the role of the well in the monitoring system.  
2 Surface water level measuring points 
3 Location is temporary pending implementation of impoundment closure per an approved Construction Permit Application. 
IMP = Impoundment 
NA = not applicable  
UA = uppermost aquifer 
WLO = water level only 
 

2.3 Well Abandonment 

No wells are currently proposed for abandonment. 
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3. APPLICABLE GROUNDWATER QUALITY STANDARDS 

3.1 Groundwater Classification 

Groundwater at the EAP meets the definition of Class I – Potable Resource Groundwater 
(35 I.A.C. § 620.210), based on the following criteria: 

• Groundwater in the uppermost aquifer extends ten feet or more below the land surface; and 

• Field hydraulic conductivity tests from wells screened within the uppermost aquifer resulted in 
an overall (geometric mean) horizontal hydraulic conductivity of 8.4 x 10-2 centimeters per 
second (cm/s), which exceeds the 1 x 10-4 cm/s criterion. 

3.2 Statistical Evaluation of Background Groundwater Data 

A Multi-Site Statistical Analysis Plan (Appendix A) 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 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. 

3.3 Applicable Groundwater Protection Standards 

The applicable GWPSs 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 
results of the statistical analysis of background groundwater data (Table 3-1) indicate that most 
background concentrations in the uppermost aquifer 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 monitoring system. The exceptions include chloride, cobalt, and TDS, 
where the background concentration is greater than the 35 I.A.C. § 845.600(a)(1) standard. In 
these instances, the GWPS will be the background concentration. 

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 A). 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. 
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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 A. 
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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). 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 monitoring programs specific to the EAP exist, the 40 C.F.R. § 257 
monitoring program and the proposed 35 I.A.C. § 845monitoring program. It is expected that 
upon USEPA approval of 35 I.A.C. § 845, the 40 C.F.R. § 257 monitoring program and reporting 
will be eliminated, and the proposed 35 I.A.C. § 845 monitoring and reporting included in this 
Plan will continue until requirements of 35 I.A.C. § 845 have been achieved. Upon approval of the 
Operating Permit applications (and by extension the GMPs) for AP2 and AP4 and the EAP, the 
IEPA Water Pollution Control Permit 2019-EO-64097 Special Condition No. 4 will be discontinued 
following approval of a future permit modification submittal and will be replaced by the proposed 
35 I.A.C. § 845 monitoring program. 

4.1 Monitoring Networks and Parameters  

4.1.1 40 C.F.R. § 257 Groundwater Monitoring  

The existing 40 C.F.R. § 257 monitoring program was discussed in detail in Section 2.1.1. 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. 

4.1.2 35 I.A.C. § 845 Groundwater Monitoring 

The proposed 35 I.A.C. § 845 monitoring system will consist of three background monitoring 
wells (07, 08, 08D), six compliance monitoring wells (12, 13, 46, 47, 52, and 54), and two 
temporary water level only staff gages (XSG01 and SG02) to monitor potential impacts from the 
EAP (Figure 2-1). These monitoring wells are screened within the uppermost aquifer along the 
perimeter of the EAP. Groundwater samples will be collected and analyzed for the following 
laboratory and field parameters in Table D below. 
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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. 

 
All parameters listed above were sampled a minimum of eight times by October 18, 2021 to 
establish background groundwater quality in accordance with 35 I.A.C. § 845.650 (b)(1)(A). 
Discussion of background groundwater quality is included in Section 3.2. 

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

Frequency Duration 

Monthly 
(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). 

Semi-annual 
(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 semi-annual 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). 

 

4.3 Groundwater Sample Collection 

Groundwater sampling procedures have been developed in the Multi-Site Sampling and Analysis 
Plan (SAP; Appendix B) 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 C). 

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 C). 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 C) includes 
procedures and techniques for laboratory quality assurance/quality control (QA/QC) and the SAP 
(Appendix B) includes requirements for field data collection QA/QC. 
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4.6 Groundwater Monitoring System Maintenance Plan 

Consistent with the requirements of 35 I.A.C. § 845.630(e)(2), the SAP (Appendix B) 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 procedures listed in 35 I.A.C. § 845.640(f). A Multi-Site 
Statistical Analysis Plan, provided in Appendix A, 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 recordkeeping, 
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. § 
845monitoring 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 
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 any required corrective 
action plan for the EAP 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 groundwater protection standard 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. 
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If one or more constituents are detected and confirmed by an immediate resample, to be 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 EAP caused the contamination and the EAP 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 4.1.2. 

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 
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 
Addendum 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
HENNEPIN POWER PLANT
EAST ASH POND
HENNEPIN, 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 1.3, 2.2, 3.1, & 4.1.2

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 & 4.1.1
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 B Multi-Site SAP
Appendix C Multi-Site QAPP

845.640(b) Methods are appropriate
Section 4
Appendix B Multi-Site SAP
Appendix C 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) Establishement of background and application of statistical 
methods

Sections 3 & 4.7
Appendix A

845.640(i) Analyze total recoverable metals Section 4.1.2  & 4.4

845.640(j) Analyze groundwater samples using a certified laboratory Section 4.4

1 of 2



TABLE 1-1. 35 I.A.C. § 845 REQUIREMENTS CHECKLIST
GROUNDWATER MONITORING PLAN, REVISION 1
HENNEPIN POWER PLANT
EAST ASH POND
HENNEPIN, 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 4.1.2

845.650(b)(c) Groundwater Monitoring Frequency Sections 4.1.2 & 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 (XPW01A, XPW02, & XPW03)

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

Sections 2.2 & 4.1.12                                                 
Figure 2-1 (SG-01)

Notes: [O: CJC 08/10/21; C: LDC 10/05/21; U: AOC 07/16/2025; U: BGH 09/02/2025]
GMP = Groundwater Monitoring Plan

NA = Not Applicable

QAPP = Quality Assurance Project Plan

SAP = Sampling and Analysis Plan

2 of 2
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TABLE 2-1. MONITORING WELL LOCATIONS AND CONSTRUCTION DETAILS 
35 I.A.C. § 845 GROUNDWATER MONITORING PLAN, REVISION 1 
HENNEPIN POWER PLANT 
EAST ASH POND 
HENNEPIN, 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) 

07 B UA 1984-11-15 518.62 518.79 Top of Casing 515.91 67.50 77.50 448.41 438.41 78.00 437.91 10.0 2.0 41.297951 -89.305763

08 B UA 1984-11-17 501.34 501.51 Top of Casing 499.13 51.50 61.50 447.63 437.63 62.00 437.13 10.0 2.0 41.300661 -89.304492

08D B UA 2009-04-17 501.60 501.77 Top of Casing 499.57 83.00 88.00 416.57 411.57 90.00 379.57 5.0 2.0 41.300816 -89.304531

12 C UA 1995-03-28 498.77 498.94 Top of Casing 495.75 49.45 59.50 446.30 436.25 60.00 435.75 10.0 2.0 41.303669 -89.304311

13 C UA 1995-03-01 498.77 498.94 Top of Casing 495.71 67.00 69.00 428.71 426.71 75.00 420.71 2.0 2.0 41.303665 -89.304322

46 C UA 2015-08-11 499.02 499.19 Top of Casing 496.90 50.00 60.00 446.90 436.90 60.00 436.90 10.0 2.0 41.303961 -89.303477

47 C UA 2015-08-11 503.20 503.37 Top of Casing 499.96 50.00 60.00 449.96 439.96 60.00 439.96 10.0 2.0 41.303301 -89.306001

52 C UA 2021-02-11 501.33 501.50 Top of Casing 498.48 51.00 61.00 447.48 437.48 60.90 437.48 10.0 2.0 41.302466 -89.306375

54 C UA 2021-02-09 500.61 500.78 Top of Casing 497.74 65.00 75.00 432.74 422.74 74.06 422.74 10.0 2.0 41.303439 -89.305226

XSG01 WLO IMP — 497.64 497.64 Top of Casing — — — — — — — — — 41.302592 -89.302254

SG02 WLO SW — — — Staff gauge — — — — — — — — — 41.303678 -89.315310

Notes: 

— = Not available 

BGS = below ground surface 

ft = foot or feet 
HSU = hydrostratigraphic unit: 

IMP = Impoundment 

SW = Surface Water 

UA = Uppermost Aquifer 

PVC = polyvinyl chloride 

Type = role of the well in the monitoring network: 

B = Background 

C = Compliance 

WLO = Water Level Only 

Generated 2025/08/15 10:41 America/New_York by aoconnor 
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TABLE 3-1 

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

Parameter Date Range 

Sample 

Count 

Percent 

Non-

Detects 

Statistical 

Calculation 

Statistical 

Background 

Value 

(LTL/UTL) 

845 

Limit 

Groundwater 

Protection Standard 

Antimony (mg/L) 
12/08/2015 - 

06/09/2017 
24 100 DQR DQR 0.006 0.006 

Arsenic (mg/L) 
12/08/2015 - 

06/09/2017 
24 100 DQR DQR 0.010 0.010 

Barium (mg/L) 
12/08/2015 - 

06/09/2017 
24 0 Parametric UTL 0.212 2.0 2.0 

Beryllium (mg/L) 
12/08/2015 - 

06/09/2017 
24 100 DQR DQR 0.004 0.004 

Boron (mg/L) 
12/08/2015 - 

06/09/2017 
24 0 Parametric UTL 0.163 2 2 

Cadmium (mg/L) 
12/08/2015 - 

06/09/2017 
24 88 Non-parametric UTL 0.00230 0.005 0.005 

Chloride (mg/L) 
12/08/2015 - 

06/09/2017 
24 0 Parametric UTL 435 200 435 

Chromium (mg/L) 
12/08/2015 - 

06/09/2017 
24 96 Non-parametric UTL 0.00100 0.1 0.1 

Cobalt (mg/L) 
12/08/2015 - 

06/09/2017 
24 33 Non-parametric UTL 0.0380 0.006 0.0380 

Fluoride (mg/L) 
12/08/2015 - 

06/09/2017 
24 58 Non-parametric UTL 0.120 4.0 4.0 

Lead (mg/L) 
12/08/2015 - 

06/09/2017 
24 96 Non-parametric UTL 0.00150 0.0075 0.0075 

Lithium (mg/L) 
12/08/2015 - 

06/09/2017 
24 0 

Parametric UTL 

(log-transformed) 
0.0190 0.04 0.04 

Mercury (mg/L) 
12/08/2015 - 

06/09/2017 
24 100 DQR DQR 0.002 0.002 

Molybdenum (mg/L) 
12/08/2015 - 

06/09/2017 
24 29 Non-parametric UTL 0.00170 0.1 0.1 

pH (field) (SU) 
12/08/2015 - 

06/09/2017 
24 0 

Non-parametric 

LTL/UTL 
6.6/7.5 6.5/9.0 6.5/9.0 

Radium 226 + 

Radium 228 (pCi/L) 

12/08/2015 - 

06/09/2017 
24 0 Parametric UTL 2.00 5 5 

Selenium (mg/L) 
12/08/2015 - 

06/09/2017 
24 79 Non-parametric UTL 0.00140 0.05 0.05 

Sulfate (mg/L) 
12/08/2015 - 

06/09/2017 
24 0 Parametric UTL    215 400 400 

Thallium (mg/L) 
12/08/2015 - 

06/09/2017 
24 100 DQR DQR 0.002 0.002 

Total Dissolved 

Solids (mg/L) 

12/08/2015 - 

06/09/2017 
24 0 Parametric UTL 1,620 1,200 1,620 

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 16:52 America/New_York by aoconnor 
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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).  



35 I.A.C § 845 Multi-Site Statistical Analysis Plan 
 

FINAL_35 IAC 845 Multi-Site Statistical Analysis Plan.Docx 15/22 

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 



35 I.A.C § 845 Multi-Site Statistical Analysis Plan 
 

FINAL_35 IAC 845 Multi-Site Statistical Analysis Plan.Docx 21/22 

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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