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1. Introduction 

1.1 PURPOSE 

This Supplemental Remedy Selection Report (RSR) was prepared by Haley & Aldrich, Inc. on behalf of 
Union Electric Company d/b/a Ameren Missouri (Ameren) for five Coal Combustion Residuals (CCR) 
surface impoundments located at the Meramec Energy Center (MEC, Site) located in St. Louis County, 
Missouri. The five subject CCR surface impoundments – MCPA, MCPB, MCPC, MCPD, and MCPE 
(collectively referred to as the MEC CCR Surface Impoundments) – are subject to requirements of the 
United States Environmental Protection Agency rule entitled Hazardous and Solid Waste Management 
System; Disposal of Coal Combustion Residuals from Electric Utilities (CCR Rule) effective 17 April 2015, 
including subsequent revisions. Under the CCR Rule, a Corrective Measure Assessment (CMA) report for 
MEC was prepared in May 2019 to evaluate four remedial alternatives against threshold criteria and 
balancing criteria outlined in the CCR Rule. An RSR for four of Ameren’s CCR facilities, including MEC, 
was prepared on 30 August 2019 and posted to the MEC publicly available CCR website.1 Ameren 
indicated in the 2019 RSR that it was actively exploring various groundwater treatment methodologies 
based on site-specific data and bench scale testing. Since preparation of the 2019 RSR, such 
technologies (in the form of groundwater extraction, ex-situ treatment, and re-injection systems) have 
been installed and are operational at Ameren’s Rush Island Energy Center (RIEC) and Sioux Energy 
Center (SEC). 
 
The National Pollutant Discharge Elimination System (NPDES) Permit MO-0000361 for MEC (effective 1 
June 2024), issued by the Missouri Department of Natural Resources (MDNR), allows subsurface 
discharges of impacted groundwater to surface waters and indicates that MDNR has chosen monitored 
natural attenuation (MNA) as Best Available Technology for the Site. In the NPDES permit, MDNR also 
established a compliance schedule along with compliance points for various parameters. Ameren is 
evaluating various supplemental corrective measures to comply with both MDNR and federal CCR Rule 
requirements, including groundwater treatment systems such as those employed at the RIEC and SEC 
facilities. 
 
The intent of this Supplemental RSR is to document the corrective measures implemented since 
development of the 2019 RSR, the results of implementing those measures, and any additional 
supplemental measures that may be anticipated in the future.   
 
1.2 FACILITY DESCRIPTION 

The MEC property encompasses approximately 480 acres along the Mississippi River at its confluence 
with the Meramec River in southeastern St. Louis County, Missouri. MEC began coal-fired electric-
generating operations in 1953, and the coal-fired power plant was retired at the end of 2022. CCR 
produced as a byproduct of the coal combustion process was historically managed in a series of nine 
surface impoundments, of which five have been subject to the CCR Rule since its effective date (the MEC 
CCR Surface Impoundments) and four have been historically exempt from the CCR Rule (MOPF, MOPG, 
MOPH, and MOPI). The previously prepared MEC CMA report and 2019 RSR did not include the four 
historically exempt surface impoundments, and those impoundments are not the subject of this 
Supplemental RSR. The five MEC CCR Surface Impoundments (Figure 1) that have been previously 
evaluated are the subject of this report have been closed using a closure in place (CIP) methodology that 

 
1 Documents referenced in this report as posted to the Ameren MEC publicly available CCR website may be 
obtained at the following website address: https://www.ameren.com/company/environment-and-
sustainability/managing-coal-combustion/ccr-compliance-reports/meramec-energy-center  

https://www.ameren.com/company/environment-and-sustainability/managing-coal-combustion/ccr-compliance-reports/meramec-energy-center
https://www.ameren.com/company/environment-and-sustainability/managing-coal-combustion/ccr-compliance-reports/meramec-energy-center
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involved dewatering in support of closure, general stabilization of existing CCR, placement of general fill, 
and the installation of a low-permeability geomembrane final cover system over the CCR to minimize 
erosion and infiltration. A summary of key information regarding the size and closure details for each of 
the five MEC CCR Surface Impoundments is provided in in-text Table 1 below.  
 

Table 1 – Summary of MEC CCR Surface Impoundments 

CCR Unit Approximate 
Acreage* 

Estimated CCR 
Volume (cy)* 

Closure 
Completion Date 

Closure 
Methodology 

MCPA 7 187,000 15 October 2023 CIP with cap 
MCPB 7 59,000 15 October 2023 CIP with cap 
MCPC 10 274,000 15 October 2023 CIP with cap 
MCPD 21 1,017,000 7 October 2021 CIP with cap 
MCPE 25 900,000 11 April 2018 CIP with cap 

Note: The approximate acreage and estimate CCR volume in cubic yards (cy) for each of the MEC CCR Surface Impoundments was 
taken from the respective Closure Plan for each impoundment posted to the MEC publicly available CCR website. 

 
As of October 2023, each of the five MEC CCR Surface Impoundments has been closed. Upon completion 
of closure, each of the surface impoundments transitioned into the post-closure care requirements of 
the CCR Rule outlined in the Code of Federal Regulations Title 40 (40 CFR) §257.104.  
 
1.3 CCR RULE COMPLIANCE SUMMARY 

CCR Rule groundwater monitoring has been performed in accordance with CCR Rule requirements 
outlined in 40 CFR §257.90 through §257.95. The monitoring has been completed through a phased 
approach to allow for a graduated response [i.e., detection monitoring followed by assessment 
monitoring and then nature and extent (N&E) investigation, as applicable]: 

 The CCR groundwater monitoring network includes two background wells and eight 
downgradient monitoring wells located around the perimeter of the Site’s surface 
impoundments (Figure 1) and generally screened in the alluvial aquifer zone. These monitoring 
wells were installed in January 2016 and April 2016. 

 Detection monitoring events occurred in 2017 and 2018, and results indicated concentrations of 
Appendix III constituents above Site-specific background values (i.e., statistically significant 
increases). As a result, an Assessment Monitoring Program was initiated for the MEC CCR 
Surface Impoundments. 

 Assessment monitoring events initially occurred in April 2018 and subsequently in May 2018 and 
November 2018. Those results indicated concentrations of Appendix IV constituents arsenic, 
lithium, and molybdenum above Site-specific Groundwater Protection Standards (GWPSs) (i.e., 
at statistically significant levels [SSLs]). As a result, a notification of the detection of SSLs above 
GWPSs was placed in the operating record and on the publicly available CCR website, and an 
investigation into the N&E of impacts to groundwater was initiated. 

 N&E monitoring events occurred in November 2018 and August 2019. Results from the N&E 
investigation were summarized in the 2019 Annual Groundwater Monitoring and Corrective 
Action Report. Those results formed the basis for the CMA report and original RSR and were 
used to select the Corrective Action Monitoring Well Network. 

 
Two different groundwater monitoring networks are currently used to collect groundwater samples 
near the MEC CCR Surface Impoundments: the Detection and Assessment Monitoring Well Network 
(established under 40 CFR §257.91) and the Corrective Action Monitoring Well Network (established 
under 40 CFR §257.98). Monitoring of the two networks is conducted on a semiannual basis each year, 
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generally simultaneously during the second and fourth quarters. A map displaying the locations of 
groundwater monitoring wells is provided as Figure 1. 
 
Based on monitoring data available at the time, a CMA report for MEC was prepared in May 2019, and a 
public meeting was held on 30 May 2019. A summary of verbal comments received during the public 
meeting and written comments received after the meeting is provided in Appendix A. After completion 
of the CMA report and solicitation of public comment, an RSR that identified the selected remedy for 
the MEC CCR Surface Impoundments (and CCR surface impoundments at three other Ameren facilities) 
was prepared in August 2019. Section 1.4 provides an overview of the 2019 RSR. 
 
1.4 2019 SELECTION OF REMEDY REPORT SUMMARY 

On 30 August 2019, Ameren prepared a report entitled Remedy Selection Report - 40 CFR § 257.97 - 
Rush Island, Labadie, Sioux, and Meramec CCR Basins (2019 RSR) that outlined the remedy selected for 
the MEC CCR Surface Impoundments and CCR surface impoundments at other sites (Appendix B). The 
2019 RSR indicated that numerous technical evaluations informed the final remedy selection, including 
groundwater modeling; human health and ecological risk assessments; groundwater treatment 
assessments; onsite and offsite monitoring data; rail, barge, and truck transportation studies; and a 
deep excavation study report. The remedy selected for the MEC CCR Surface Impoundments was 
outlined in the CMA report as Alternative 1 (CIP with low permeability capping and MNA). The 2019 RSR 
outlined three phases to the selected remedy: 

1. Source control, stabilization, and containment of CCR by installation of a low-permeability 
geomembrane cap (a minimum 1 x 10-7 centimeters per second [cm/sec] versus 1 x 10-5 cm/sec 
required by the CCR Rule). 

2. Implement MNA of groundwater concentrations upon completion of source control to address 
limited and localized CCR-related impacts, including modeling evaluations. 

3. Preparation of Annual Groundwater Monitoring and Corrective Action Reports that address the 
following: 

 Demonstration that the groundwater plume(s) are stable or decreasing and not expanding. 

 An ongoing summary of baseline and periodic geochemical analysis including groundwater 
chemistry, subsurface soils chemical composition, and mineralogy. 

 Determine Site-specific attenuation factors and rate of attenuation process. 

 Design a long-term performance monitoring program based on the specific attenuation 
mechanism to confirm concentration reductions and document trends. 

 
In addition, the 2019 RSR also outlined potential supplemental corrective measures that may be 
considered to supplement groundwater concentration reductions that are expected to result from 
source control (including dewatering in support of closure and installation of a low-permeability cover 
system) and MNA. The 2019 RSR indicated those supplemental corrective measures may include 
groundwater treatment and summarized results from ongoing treatment studies. The 2019 RSR also 
concluded that the laboratory results indicate reduction of arsenic and molybdenum concentrations 
may be supported by pH level adjustment in soils and groundwater, use of chemical reduction (e.g., zero 
valence iron), and/or bioremediation.  
 
No supplemental corrective measures have been implemented at MEC to-date. Implementation of 
supplemental corrective measures at two other Ameren facilities in Missouri (RIEC and SEC) has 
followed an iterative process, ultimately resulting in construction and operation of groundwater 
extraction, ex-situ treatment, and re-injection systems at those facilities. Additional groundwater 
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investigations are planned at MEC, as required by MDNR in the MEC NPDES permit, to evaluate 
concentrations of boron at or near the property boundary. The results from such investigations will be 
used to inform future supplemental corrective measures at the Site.  
 
Since completion of the four-site 2019 RSR, annual groundwater monitoring and corrective action 
reports have continued to document the status of the MEC CCR Surface Impoundments groundwater 
monitoring and corrective action program, in accordance with 40 CFR §257.90(e). Since 2019, 
substantial progress has been made in completing closure for the MEC CCR Surface Impoundments 
(from 2018 through October 2023) and implementing post-closure MNA (starting with the November 
2023 sampling event). Consideration of supplemental corrective measures for the MEC CCR Surface 
Impoundments is ongoing, including consideration of groundwater extraction and treatment 
technologies implemented at other Ameren facilities, as discussed in Section 2.3. Section 2 documents 
remedy implementation progress achieved to-date, including remedy activities completed and the 
results of those completed activities. 
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2. Remedy Implementation Progress 

2.1 SUMMARY OF IMPLEMENTED REMEDIAL ACTIVITIES 

As summarized in Section 1.4, the selected remedy for the MEC CCR surface impoundments included 
source control through dewatering in support of closure and CIP using a low-permeability geomembrane 
final cover system, MNA, preparation of Annual Groundwater Monitoring and Corrective Action Reports, 
and potential supplemental corrective measures. In-text Table 2 below summarizes the timeline of 
remedial activities that have been implemented to-date for the MEC CCR Surface Impoundments. 
 

Table 2 – Timeline of Remedy Implementation 
Date Activity 

April 2018 MCPE closure completed (Appendix C) 

August 2019 2019 RSR completed (Appendix B) 

December 2019 Preliminary treatability study results report developed to document findings from a 
three-phase treatability study for the remediation of arsenic, molybdenum, and 
other metals of concern. The treatability testing focused on refining the ex-situ 
remedial approach in order to finalize the pilot test design. (Appendix D) 

January 2020 2019 Groundwater Monitoring and Corrective Action Report completed1 

October 2020 CCR sluicing to the MCPD ceased 

January 2021 2020 Groundwater Monitoring and Corrective Action Report completed1 

October 2021 MCPD closure completed (Appendix C) 

January 2022 2021 Groundwater Monitoring and Corrective Action Report completed1 

December 2022 Active sluicing to the MCPA, MCPB, and MCPC ceased 

January 2023 2022 Groundwater Monitoring and Corrective Action Report completed1 

October 2023 MCPA, MCPB, and MCPC closure completed (Appendix C) 

November 2023 Post-closure MNA initiated, as documented in 2023 Groundwater Monitoring and 
Corrective Action Report1 

January 2024 2023 Groundwater Monitoring and Corrective Action Report completed1 
1  Annual groundwater monitoring and corrective action reports for the MEC CCR Surface Impoundments can be found on 
the Ameren MEC publicly available CCR website 

 
In addition to development of routine annual reports that summarize groundwater monitoring and 
corrective action progress, the primary remedial activities that have been completed to-date include: 

 MEC CCR Surface Impoundment source control through dewatering and CIP using a low-
permeability geomembrane final cover system 

– Initiated: Prior to 2018 through 2022 
– Completed: From 2018 through 2023 

 Post-closure MNA  
– Initiated: November 2023 
– Ongoing 

An overview of the selected remedy, including locations at the Site where the selected remedy has been 
implemented, is provided in Figure 2.  
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Table 3 below summarizes pertinent details of the remedial activities implemented to-date for the MEC 
CCR Surface Impoundments. 

Table 3 – Summary of Implemented Remedial Activity Details 
Remedial Activity Details 

MEC CCR Surface 
Impoundments Source 
Control 

Ameren began closure of the MCPE surface impoundment and placed a “Notice of 
Intent to Initiate Closure” onto its publicly available CCR website on 9 December 
2015. A “Notification of Intent to Close a CCR Unit and Certification for Final Cover 
Design System” for the MCPD surface impoundment was placed onto its publicly 
available CCR website on 15 January 2021, and similar notifications for the MCPA, 
MCPB, and MCPC surface impoundments [which were previously subject to a CCR 
Part A Final Rule alternative closure demonstration under 40 CFR §257.103(f)(2) that 
was withdrawn in December 2022] were placed onto the website on 25 October 
2022. Source control of the five MEC CCR Surface Impoundments entailed 
dewatering in support of closure, closing the impoundments in-place, and installing 
an engineered low-permeability geomembrane cover system over the 
impoundments to prevent infiltration and promote stormwater drainage.  

Closure was completed for the MCPE in April 2018, for the MCPD in October 2021, 
and for the MCPA, MCPB, and MCPC in October 2023. As certified in the closure 
certifications, closure for each of the five MEC CCR Surface Impoundments was 
completed in general conformance with the plans and specifications issued for 
construction and in accordance with requirements of the CCR Rule.  

Notifications of intent to close, Closure Plans, Post-Closure Plans, and closure 
completion statements for the MEC CCR Surface Impoundments are available on the 
MEC publicly available CCR website and are attached to this report as Appendix C. 

Post-Closure MNA After closure of the MCPA, MCPB, and MCPC surface impoundments was completed 
in October 2023, post-closure MNA began with the November 2023 sampling event 
to address CCR-related impacts. Post-closure MNA includes monitoring of the 
Corrective Action Monitoring Well Network (Figure 1), and monitoring is ongoing 
semi-annually, generally during the second and fourth quarters of each year. 

 
Supplemental corrective measures, including potential groundwater extraction and treatment, are being 
considered for implementation at MEC. As referenced in Appendix D, although treatability studies at 
Ameren CCR facilities were initially conducted under the assumption that results may be incorporated 
into in-situ groundwater treatment design considerations, evaluation of the potential for clogging from 
metals precipitation and considerations for treating boron led to a transition from an in-situ to an ex-situ 
concept for groundwater treatment at Ameren CCR surface impoundments.  
 
Ameren recently announced plans to construct a natural gas-fired power plant at the Site. The 
construction of such a facility will entail an evaluation of stormwater flow and drainage across the Site, 
along with the capping of former CCR management units (MOPF, MOPG, MOPH, and MOPI).  In 
conjunction with those efforts, Ameren will continue its evaluation of hydrogeologic conditions, 
groundwater flow direction, MNA efficacy, and technological and/or engineering measures to accelerate 
compliance with applicable federal and state requirements. 
 
Evaluation of groundwater monitoring results indicate generally positive results, as described in Section 
2.2. 
 
2.2 SUMMARY OF REMEDIAL RESULTS 

Based on available monitoring data, source control completed for the MEC CCR Surface Impoundments 
(including dewatering in support of closure, closure-in-place of CCR, and installation of a low-
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permeability cover system) and ongoing natural attenuation processes appear to be collectively 
contributing to a general reduction in most constituent concentrations in groundwater near the MEC 
CCR Surface Impoundments.  
 
Since the remedy for the MEC CCR Surface Impoundments was selected in 2019, annual groundwater 
monitoring and corrective action reports have documented progress in remedy implementation and 
summarized groundwater monitoring results. As discussed in annual groundwater monitoring and 
corrective measures reports posted to the MEC publicly available CCR website, completed source 
control and ongoing natural attenuation processes are anticipated to positively influence groundwater 
near the MEC CCR Surface Impoundments over time. 
 
Based on statistical evaluations documented in annual CCR groundwater monitoring and corrective 
action reports2, stable or decreasing constituent concentrations have been recorded in groundwater at 
many monitoring wells directly adjacent to the MEC CCR Surface Impoundments since initiation of 
impoundment closure. Site groundwater monitoring data collected since MCPE was closed in April 2018 
indicate general downward trends in average concentrations in groundwater for most key constituents 
at assessment and detection monitoring wells with consistent Appendix IV SSLs (i.e. MW-4, MW-5, MW-
6, MW-7, and MW-8). Calculations and plotting of groundwater monitoring data collected from April 
2018 through October 2023 in MW-4 through MW-8 were performed to further evaluate how 
constituent concentrations have changed over time as the MEC CCR Surface Impoundments have 
progressed through initiation and completion of closure. For purposes of the evaluation, calculations  
and plotting were performed using monitoring data for primary Appendix III (i.e., indicator) constituents 
boron and sulfate as well as Appendix IV constituents with SSLs (arsenic, lithium, and molybdenum)3. 
 
Plots were created illustrating average concentrations from April 2018 through October 2023 for the 
constituents and monitoring wells described above. The plots for Appendix IV constituents arsenic 
(Figure 4A), lithium (Figure 4B), and molybdenum (Figure 4C) include reference to the GWPSs applicable 
to each constituent. Each of the fives plots also includes reference (i.e., vertical lines) to five milestone 
dates: 

 Completion of MCPE closure – April 2018 

 Cessation of sluicing to MCPD – October 2020 

 Completion of MCPD closure – October 2021 

 
2 Individual monitoring well statistical evaluations are conducted for semiannual assessment and corrective action 
monitoring results for Appendix IV constituents. Those statistical analyses are documented in annual groundwater 
monitoring and corrective action reports posted on the publicly available CCR website. 
3 Calculations used comprehensive data provided by Ameren. The following assumptions were made when 
calculating average results for each monitoring event for the five monitoring wells (MW-4 through MW-8): 

– Available data from non-routine monitoring events performed in January 2019, February 2022, January 2023, 
and February 2024 were not considered because only a minor subset of the wells was sampled. 

– Lithium concentrations for MW-7 and MW-8 were recorded as non-detect at an elevated laboratory method 
detection limit (MDL) on 15 November 2021 and subsequently recorded above at more normative MDLs on 16 
November 2021. In those instances, the results from 16 November 2021 were used for purposes of 
calculations and plotting. 

– Occasionally, non-detect values were recorded, often in cases where the laboratory method detection limit 
was greater than historically recorded concentrations for the constituent. In other rare instances, an individual 
well may not have been sampled during a sampling event. In such instances, the average of the concentrations 
from the immediately preceding sampling event and the immediately following sampling event was used. In 
cases where a result from the most recent (October 2023) sampling event was not available for a specific well-
constituent pair, the result from the next most recent sampling event was used for purposes of calculations 
and plotting. 
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 Cessation of sluicing to MCPA, MCPB, and MCPC – December 2022 

 Completion of MCPA, MCPB, and MCPC closure – October 2023 

Boron and Sulfate (Appendix III Constituents) 

Based on evaluation of data from monitoring wells MW-4 through MW-8 from April 2018 to October 
2023, average concentrations of key Appendix III constituents boron and sulfate have decreased. The 
average concentration reductions from April 2018 results compared to October 2023 results are as 
follows:  

 boron – decreased by approximately 23 percent 

 sulfate – decreased by approximately 32 percent 

As shown in Figure 3A for boron and Figure 3B for sulfate, average concentrations in groundwater at 
MW-4 through MW-8 have fluctuated over time but appear to be trending downward based on the last 
two and a half years of data collected (since April 2021). This timing generally corresponds with the 
completion of substantial dewatering and closure of MCPD and, more recently, the cessation of sluicing 
to MCPA, MCPB, and MCPC. These downward trends in concentrations of two key indicator constituents 
(boron and sulfate) may provide an early indication of the decreasing trends of constituent trends that 
are ultimately anticipated to occur in the long-term as a result of source control and ongoing natural 
attenuation. Data are not currently available for sampling completed since October 2023 to evaluate 
how concentrations may be changing since completion of MCPA, MCPB, and MCPC closure.   
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Figure 3A – Average Boron Concentrations 
in MW-4 through MW-8  

 
 
 

Figure 3B – Average Sulfate Concentrations 
in MW-4 through MW-8 
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Lithium 

As shown in Figure 4B for lithium, average concentrations in groundwater at MW-4 through MW-8 
decreased from a historical maximum in April 2018 and have otherwise fluctuated over time, with 
averages typically between 41 µg/L to 52 µg/L and greater than the 40 µg/L lithium GWPS. Of the five 
wells evaluated, lithium concentrations are consistently greater than the GWPS in MW-6 and typically 
greater than the GWPS in MW-7 (Appendix E), with concentrations relatively higher in MW-6. Lithium 
concentrations in MW-6 have fluctuated without a clear trend and a potential seasonal relationship of 
relatively lower concentrations often recorded in the fall (generally drier) months and relatively higher 
concentrations often recorded in the spring (generally wetter) months. Lithium concentrations in MW-7 
also fluctuate but have generally decreased from a concentration of 55.1 µg/L in May 2020 to a most 
recent result of 40.9 µg/L (an approximate 26 percent decrease over that period). Lithium is typically a 
more mobile and less geochemically reactive constituent compared to arsenic, meaning changes in 
lithium concentrations often occur relatively more quickly over time compared to arsenic. 
 

Figure 4B – Average Lithium Concentrations 
in MW-4 through MW-8  

 
 
 
Molybdenum 
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November 2020 and April 2021.  
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Of the five wells evaluated, molybdenum concentrations are consistently greater than the GWPS in  
MW-6, MW-7, and MW-8 (Appendix E), with concentrations highest in MW-7. At MW-7, molybdenum 
concentrations reached a maximum concentration of 697 µg/L in April 2021 and have since generally 
decreased, with the three most recent results being three of the four lowest historically recorded 
concentrations in the well. The most recent result of 313 µg/L represents an approximate 55 percent 
decrease in concentration since the maximum recorded concentration in April 2021. At MW-6, 
molybdenum concentrations reached a maximum concentration of 164 µg/L in November 2020 and 
have since generally decreased, with the two most recent results being the two lowest historically 
recorded concentrations in the well. The most recent result of 117 µg/L represents an approximate 29 
percent decrease in concentration since the maximum recorded concentration in April 2021. The timing 
of molybdenum concentration decreases in MW-7 and MW-6 generally correspond with the completion 
of substantial dewatering and closure of MCPD and, more recently, the cessation of sluicing to MCPA, 
MCPB, and MCPC. At MW-8, molybdenum concentrations have not exhibited a clear trend over time, 
although the most recent result was the highest recorded concentration recorded for the well. Like 
lithium, molybdenum is typically a more mobile and less geochemically reactive constituent compared 
to arsenic, meaning changes in molybdenum concentrations often occur relatively more quickly over 
time compared to arsenic. 
 

Figure 4C – Average Molybdenum Concentrations 
in MW-4 through MW-8  
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Surface Impoundments, consideration of concentration changes over time for individual downgradient 
well-constituent pairs provides additional insight into changing conditions over time. Appendix E 
contains time-series plots using data for individual well-constituent pairs downgradient of the MEC CCR 
Surface Impoundments. Plots were produced for boron, sulfate, arsenic, lithium, and molybdenum for 
each of the following downgradient monitoring wells: 

 Assessment/detection monitoring wells: MW-4, MW-5, MW-6, MW-7, and MW-8 

 Corrective action monitoring wells: MW-9, MW-10, MW-11S, MW-11D, TP-1, and TP-2 

The monitoring wells listed above were selected for inclusion in Appendix E because they are monitoring 
wells with consistent or frequent Appendix IV SSLs or are co-located with a monitoring well with 
consistent SSLs (e.g., MW-11S, co-located with MW-11D). Key evaluation conclusions related to SSLs and 
constituent trends for the five assessment and detection monitoring wells were provided earlier in this 
section. Key additional observations resulting from the evaluation of SSLs and constituent trends for the 
six corrective action monitoring wells are as follows (Appendix E): 

 Boron concentrations appear to be generally increasing in MW-11S and MW-11D and 
decreasing in TP-1; the highest boron concentrations are recorded in MW-11D (approximately 
8,000 µg/L to 12,000 µg/L) and MW-9 (approximately 2,500 µg/L to 10,000 µg/L). Sulfate 
concentrations appear to be generally increasing in MW-9 and MW-11S, although 
concentrations in MW-11S remain less than 100 mg/L; the highest sulfate concentrations are 
typically recorded in MW-11D (approximately 500 mg/L to 600 mg/L) and TP-2 (approximately 
400 mg/L to 600 mg/L). 

 Arsenic concentrations have remained relatively stable during the last three years; the highest 
arsenic concentrations are typically recorded in MW-9 and TP-1 (approximately 20 µg/L for 
recent results in both wells). 

 Lithium concentrations have remained relatively stable over time; the highest lithium 
concentrations are typically recorded in MW-11D and TP-2 (approximately 40 µg/L to 50 µg/L 
for recent results in both wells). 

 Molybdenum concentrations are consistently greater than the GWPS in one well: MW-11D; 
those concentrations appear to have generally increased slightly over time, with recent 
concentrations typically near 300 µg/L. 

Furthermore, groundwater modeling for the Site (produced in May 2019 by Burns & McDonnell 
Engineering Company, Inc.) indicates constituent concentrations will decrease in magnitude 
downgradient of the MEC CCR Surface Impoundments in the long-term. The 2019 modeling assumed CIP 
for the MEC CCR Surface Impoundments (which has been completed) and did not incorporate potential 
supplemental corrective measures. The 2019 modeling report included model-predicted arsenic, 
lithium, and molybdenum future concentration trend plots for current CCR monitoring well locations as 
well as plan-view isoconcentration maps for GWPSs at 0, 5, 10, 20, and 30 years post-closure.   
 
Results from the 2019 modeling indicate concentrations of arsenic, lithium, and molybdenum are 
anticipated to decrease to less than GWPSs in groundwater at current CCR monitoring well locations 
within 30 years post-closure. The modeling results also indicate persistence of arsenic, lithium, and 
molybdenum concentrations above applicable GWPSs beyond the 30-year post-closure modeled 
timeframe in areas of groundwater along and downgradient of the western boundary of the MCPE 
surface impoundment, indicating that supplemental corrective measures likely will be necessary. 
Monitoring data from MW-11D (a corrective action monitoring well installed after modeling was last 
updated in 2019) indicate concentrations of arsenic, lithium, and molybdenum are greater than GWPSs 
south of the MCPE surface impoundment, with arsenic and lithium concentrations only slightly above 
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GWPSs and molybdenum concentrations typically about three times greater than the GWPS. Based on 
concentrations in MW-11D and the model-predicted persistence of molybdenum west of the MCPE 
surface impoundment, it is also likely that modeling using currently available data would predict 
persistence of molybdenum concentrations above the GWPS south of the MCPE surface impoundment. 
 
2.3 SUMMARY OF ANTICIPATED SUPPLEMENTAL CORRECTIVE MEASURES 

Post-closure MNA is ongoing at MEC, and closure of the MEC CCR Surface Impoundments was 
completed from 2018 through 2023. Ameren is evaluating various supplemental corrective measures to 
comply with both MDNR and federal CCR Rule requirements, including groundwater treatment systems 
such as those employed at the RIEC and SEC facilities. In addition, Ameren is evaluating potential 
locations to install additional groundwater monitoring wells to supplement the existing Detection and 
Assessment Monitoring Well Network and Corrective Action Monitoring Well Network. 
 
2.4 DEMONSTRATION OF 40 CFR §257.97(B) REQUIREMENTS 

In accordance with 40 CFR §257.97(b), a remedy must meet the following requirements (i.e., “threshold 
criteria”): 

(1) Be protective of human health and the environment; 

(2) Achieve the groundwater protection standard pursuant to 40 CFR §257.95(h); 

(3) Control the source(s) of releases so as to reduce or eliminate, to the maximum extent 
feasible, further releases of constituents in Appendix IV [of the CCR Rule] into the environment;  

(4) Remove from the environment as much of the contaminated material that was released from 
the CCR unit as is feasible, taking into account factors such as avoiding inappropriate 
disturbance of sensitive ecosystems; and 

(5) Comply with certain standards for management of wastes as specified in [40 CFR] §257.98(d). 
 
In May 2019, Ameren completed the CMA Report for the five MEC CCR Surface Impoundments and 
posted the report to its publicly available CCR website. The CMA Report considered four corrective 
measures alternatives, all of which were demonstrated to meet the threshold criteria listed above. The 
CMA Report also included the summary results of the assessment of numerous technical evaluations 
conducted, which include groundwater and geochemical modeling, human health and ecological risk 
assessments, and N&E of CCR constituents in groundwater assessments. Results of these technical 
evaluations indicated each of the four corrective measures alternatives effectively satisfied the 
requirements under 40 CFR §257.97(b), listed above. 
 
In its 2019 RSR, Ameren selected CMA Alternative 1 (CIP with capping and MNA), noting that 
supplemental corrective measures were being evaluated and may be implemented as part of an 
iterative remedial strategy. Since completion of the CMA Report and 2019 RSR, Ameren has completed 
closure of the five MEC CCR Surface Impoundments and initiated post-closure MNA in November 2023. 
The remedy implemented to-date for each of the MEC CCR Surface Impoundments aligns with the CMA 
Report’s Alternative 1, which was considered to effectively satisfy the requirements under 40 CFR 
§257.97(b) in the CMA Report.  
 
Based on the prior CMA evaluation, the remedy implemented for the MEC CCR Surface Impoundments 
meets the requirements of the 40 CFR §257.97(b) threshold criteria.  
 
Supplemental corrective measures in the form of groundwater extraction, ex-situ treatment, and re-
injection systems have been constructed and are operating at Ameren’s RIEC and SEC. Ameren is in the 
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process of evaluating future supplemental corrective measures at MEC to comply with both MDNR and 
federal CCR Rule requirements. Supplemental corrective measures would serve to supplement, or 
enhance, constituent concentration reductions already promoted by completed closure of the MEC CCR 
Surface Impoundments and ongoing natural attenuation processes. Assuming supplemental corrective 
measures are implemented in the future, the implemented remedy (like Alternative 1 and Alternative 3 
in the CMA Report) would be expected to effectively satisfy the requirements under 40 CFR §257.97(b). 
 
2.5 DEMONSTRATION OF 40 CFR §257.97(C) CONSIDERATIONS 

In accordance with 40 CFR §257.97(c), the owner of a CCR unit must consider the following evaluation 
factors (i.e., “balancing criteria”) when selecting a remedy that satisfies the threshold criteria under 
40 CFR §257.97(b): 

(1) The long- and short-term effectiveness and protectiveness of the potential remedy(s), along 
with the degree of certainty that the remedy will prove successful based on consideration of the 
following: 

(i) Magnitude of reduction of existing risks; 
(ii) Magnitude of residual risks in terms of likelihood of further releases due to CCR remaining 
following implementation of a remedy; 
(iii) The type and degree of long-term management required, including monitoring, 
operation, and maintenance; 
(iv) Short-term risks that might be posed to the community or the environment during 
implementation of such a remedy, including potential threats to human health and the 
environment associated with excavation, transportation, and re-disposal of contaminant; 
(v) Time until full protection is achieved; 
(vi) Potential for exposure of humans and environmental receptors to remaining wastes, 
considering the potential threat to human health and the environment associated with 
excavation, transportation, re-disposal, or containment; 
(vii) Long-term reliability of the engineering and institutional controls; and 
(viii) Potential need for replacement of the remedy. 

(2) The effectiveness of the remedy in controlling the source to reduce further releases based on 
consideration of the following factors: 

(i) The extent to which containment practices will reduce further releases; and 
(ii) The extent to which treatment technologies may be used. 

(3) The ease or difficulty of implementing a potential remedy(s) based on consideration of the 
following types of factors: 

(i) Degree of difficulty associated with constructing the technology; 
(ii) Expected operational reliability of the technologies; 
(iii) Need to coordinate with and obtain necessary approvals and permits from other 
agencies; 
(iv) Availability of necessary equipment and specialists; and 
(v) Available capacity and location of needed treatment, storage, and disposal services. 

(4) The degree to which community concerns are addressed by a potential remedy(s).  
 
The CMA Report compared the four corrective measures alternatives relative to one another with 
respect to the first three primary balancing criteria identified in the CCR Rule: long-term and short-term 
effectiveness, source control, and implementability. The fourth balancing criterion, community 
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concerns, was considered after the public meeting was held on 30 May 2019 and the period of public 
comment was completed.  
 
Similar to consideration of the threshold criteria under 40 CFR §257.97(b) discussed in Section 2.4, 
appropriate consideration of the balancing criteria under 40 CFR §257.97(c) for the remedy 
implemented for the MEC CCR Surface Impoundments should consider how the CMA Report evaluated 
Alternative 1. In the CMA Report, Alternative 1 received a “favorable” or “less favorable” rating for each 
of the balancing criteria, and the alternative received no “unfavorable” ratings under any of the 
balancing criteria. Based on the CMA favorability ratings for Alternative 1, the implemented remedy is 
considered relatively highly favorable. 
 
Table 4 provides an evaluation of the implemented remedy against each of the balancing criteria 
outlined under 40 CFR §257.97(c). Based on the prior CMA evaluation and consideration of the 
corrective measures implemented to-date, the remedy implemented for the MEC CCR Surface 
Impoundments effectively addresses the 40 CFR §257.97(c) balancing criteria, as documented in Table 4.  
 
Assuming supplemental corrective measures are implemented in the future, the implemented remedy 
(like Alternative 1 and Alternative 3 in the CMA Report) would be expected to be relatively highly 
favorable based on evaluation against the balancing criteria outlined in 40 CFR §257.97(c). Ameren plans 
to perform additional groundwater investigations and potentially install additional groundwater 
monitoring wells to supplement the existing Detection and Assessment Monitoring Well Network and 
Corrective Action Monitoring Well Network. An MNA evaluation report summarizing MNA efficacy, 
including pertinent conclusions from the additional groundwater investigations, is anticipated to be 
developed in 2025. Ameren will also periodically consider the potential need for performing future 
modeling updates to predict the timeframe for attaining the constituent GWPSs based on the 
implemented remedy. 
 
2.6 SCHEDULE FOR IMPLEMENTING AND COMPLETING REMEDIAL ACTIVITIES 

Section 2.1 summarizes remedial activities that have been implemented for MEC. Closure of the MEC 
CCR Surface Impoundments was completed from 2018 through 2023. Evaluation of monitoring results 
and documentation of remedy implementation progress have been included in annual groundwater 
monitoring and corrective action reports. Preparation of annual reports will continue. 
 
In accordance with 40 CFR §257.97(d), the owner of a CCR unit must specify schedule(s) for 
implementing and completing remedial activities, requiring completion of remedial activities within a 
reasonable timeframe that considers the following factors: 

(1) Extent and nature of contamination, as determined by the characterization required under 
§257.95(g); 

(2) Reasonable probabilities of remedial technologies in achieving compliance with the 
groundwater protection standards established under §257.95(h) and other objectives of the 
Remedy; 

(3) Availability of treatment or disposal capacity for CCR managed during implementation of the 
remedy; 

(4) Potential risks to human health and the environment from exposure to contamination prior to 
completion of the remedy;  

(5) Resource value of the aquifer including: 

(i) Current and future uses; 
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(ii) Proximity and withdrawal rate of users; 
(iii) Groundwater quantity and quality; 
(iv) The potential damage to wildlife, crops, vegetation, and physical structures caused by 
exposure to CCR constituents; 
(v) The hydrogeologic characteristic of the facility and surrounding land; and 

(6) Other relevant factors. 
 
Implementation of CCR surface impoundment closure has been performed in an expeditious fashion, as 
summarized in Section 2.1. As of the date of the 2019 CMA report, the MCPA, MCPB, MCPC, and MCPD 
still actively received sluiced CCR inflows. Closure of MCPD was completed in approximately 12 months 
after final receipt of CCR into the impoundment. Closure of the MCPA, MCPB, and MCPC was completed 
in approximately 10 months after final receipt of CCR into the impoundments. Closure of the MEC CCR 
Surface Impoundments by CIP allowed source control to be completed much sooner (approximately 20 
or more years sooner, based on the CMA Report) than would have been possible with an alternative 
closure by removal method, especially given the technical and logistical challenges with excavating near 
the Mississippi and Meramec Rivers. 
 
The risk assessment report developed for the Site in 2018 concluded no unacceptable risk to human 
health or the environment associated with groundwater at the MEC CCR Surface Impoundments 
(Appendix F). Since completion of the risk assessment report, closure of the MEC CCR Surface 
Impoundments is complete, constituent concentration reductions have been observed, and 
supplemental corrective measures are being evaluated. The potential for exposure of humans and the 
environment to CCR material that existed prior to closure of MEC CCR Surface Impoundments has been 
mitigated by completion of closure and installation of an engineered final cover system. The final cover 
system was constructed quickly and allowed CCR material to remain onsite, thereby limiting the 
duration of potential exposure of humans or the environment to the CCR. Based on improved Site 
conditions since completion of the 2018 risk assessment report, conclusions from that risk assessment 
are validated. 
 
The 2018 risk assessment report also noted that eight private and three public water supply wells 
located within a one-mile radius of the Site. The private and public water supply wells are upgradient of 
the Site or located on the opposite side of the Meramec River and are, therefore, beyond the extent of 
CCR constituent migration from the MEC CCR Surface Impoundments. 
 
Groundwater modeling performed to-date has evaluated post-closure conditions and predicted arsenic, 
lithium, and molybdenum concentration decreases over time under an MNA scenario. Results from the 
2019 modeling indicate concentrations of arsenic, lithium, and molybdenum are anticipated to decrease 
to less than GWPSs in groundwater at current CCR monitoring well locations within 30 years post-
closure. The modeling results also indicate persistence of arsenic, lithium, and molybdenum 
concentrations above applicable GWPSs beyond the 30-year post-closure modeled timeframe in areas of 
groundwater along and downgradient of the western boundary of the MCPE surface impoundment. 
Based on currently modeled persistence of constituent concentrations above GWPSs beyond the waste 
boundary, Ameren plans to perform additional groundwater investigations, potentially install additional 
groundwater monitoring wells, develop an MNA evaluation report, and evaluate supplemental 
corrective measures. Ameren will also periodically consider the potential need for performing modeling 
updates. 
 
Anticipated future remedy-related activities and approximate timeframes include: 

 Semiannual corrective action monitoring (ongoing). 
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 Evaluation of corrective action effectiveness on CCR constituent concentrations in groundwater 
(ongoing). 

 Annual groundwater monitoring and corrective action report development (ongoing). 

 Evaluation of supplemental corrective measures (ongoing). 

 Additional groundwater investigations and monitoring well installations (late 2024/early 2025). 

 Development of an MNA evaluation report (in 2025). 
 
Annual groundwater monitoring and corrective action reports will continue to document groundwater 
analytical results and constituent concentration trends over time. Updated Site data and available 
modeling results will be used to confirm model-predicted durations for achievement of GWPSs. 
Supplemental or alternative corrective measures may continue to be considered if results or modeling 
indicate constituent concentration reductions are not occurring sufficient to achieve GWPSs within a 
reasonable timeframe. In such a case, the array of potential supplemental or alternative corrective 
measures that may be considered would likely be similar to the measures and alternatives developed 
and evaluated in the CMA report. 
 
Based on the information outlined above, the remedy has been implemented and is anticipated to be 
completed in a manner consistent with consideration of the factors listed in 40 CFR §257.97(d). 
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1.0 INTRODUCTION

Ameren Missouri (Ameren) is subject to the CCR Rule and is required to develop a Closure Plan for CCR 

surface impoundments per 40 Code of Federal Regulations (CFR) §257.102. This document serves as

Ameren’s Closure Plan for the CCR Surface Impoundment MCPE (Pond 489) at the Meramec Energy 

Center (Meramec), which was affected by the August 5, 2016 CCR Rule revisions.

The Closure Plan is required to contain the following, as required in §257.102(b)(1):

A description of the final cover system, methods for installing final cover system, and a

discussion on how the final cover system is achieving compliance with the standards outlined in 

§257.102(d).

An estimate of the maximum inventory of CCR material ever stored in the CCR Unit over its 

active life.

An estimate of the largest area requiring a final cover as required by §257.102(d) at any time 

during the active life of the CCR Unit.

A schedule for completing CCR Unit closure activities, including the anticipated year of closure

and major milestones for permitting and construction activities.
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2.0 CLOSURE PLAN

2.1 Facility and Surface Impoundment Description
Meramec is located in southeastern St. Louis County, Missouri and consists of four generating units (a 

site aerial figure is included as Appendix A). Units 1 and 2 are fired on natural gas (fuel switching from 

coal to natural gas was completed in April 2016), and Units 3 and 4 are fired on coal. CCR generated at 

the facility includes fly ash and bottom ash. 

Surface Impoundment MCPE (Pond 489), referred to herein as MCPE, is located on the southwest side of 

the Meramec facility. MCPE contains an existing high density polyethylene (HDPE) geomembrane liner

with a nominal 60-mil thickness; however, the liner system is not in compliance with the CCR Rule as it 

does not contain a compacted soil liner, or approved equivalent base liner below the geomembrane.  

MCPE has been classified as an unlined CCR surface impoundment.

2.1.1 CCR Inventory and Extent
MCPE has an approximate surface area of 25 acres, as measured within the perimeter dikes, which 

represents the largest area that would require a final cover. The estimated maximum inventory of CCR in

MCPE is approximately 900,000 cubic yards (CY) of CCR material.

2.2 Closure Method
The CCR Rule allows for CCR Units to be closed by leaving CCR material in-place. MCPE is planned to

be closed with CCR material in-place, and accordingly, will follow the closure performance standards

referenced in 40 CFR §257.102(d). If the design or use changes in the future, this Closure Plan will be 

updated accordingly (see Section 3.0).

2.2.1 Drainage / Stabilization of CCR Material
Prior to installing the final cover system, Ameren will perform the following activities outlined in 

§257.102(d) of the CCR Rule:

Eliminate free liquids by removing liquid wastes or solidifying the remaining wastes and waste

residues.

Stabilize remaining wastes sufficiently in order to support the final cover system.

Free liquids will be removed using constructed drainage channels and a pumping system, with excess 

water discharged under the current NPDES Permit. Free liquid removal will be performed throughout 

construction, as necessary, to manage surface water and storm water runoff. Prior to installing the final 
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cover system, CCR materials will be graded to promote drainage and compacted in a controlled manner to 

stabilize CCR to sufficiently support the final cover system.

2.2.2 Final Cover System
The final cover system will be designed and constructed to meet the following criteria pursuant to 

§257.102(d)(3)(i):

Have a permeability less than or equal to the permeability of any bottom liner system or natural 

subsoils present, or a permeability no greater than 1x10-5 centimeters per second (cm/sec),

whichever is less.

The infiltration of liquids through the closed CCR Unit must be minimized by the use of an 

infiltration layer that contains a minimum of 18 inches of earthen material.

The erosion of the final cover system must be minimized by the use of an erosion layer that 

contains a minimum of six inches of earthen material that is capable of sustaining native plant 

growth.

The disruption of the integrity of the final cover system must be minimized through a design that 

accommodates settling and subsidence.

The owner or operator may select an alternative final cover system design, provided the 

alternative final cover system meets the above requirements.

MCPE will be capped and closed in-place as described herein, and in accordance with the requirements of 

the CCR Rule. MCPE will be closed using an alternative cover system, which will consist of (from 

bottom to top): a 60-mil high density polyethylene (HDPE) flexible geomembrane material, a

geocomposite drainage layer, a nominally compacted 18-inch infiltration soil layer, and 6-inch erosion 

layer that is capable of sustaining native plant growth. A typical cross section of this alternative cover 

system is shown in Figure 2-1.

Figure 2-1: Final Cover System
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A construction quality assurance (CQA) plan has been prepared, and the CQA program will be 

implemented during construction of the cover system.

2.2.2.1 Permeability and Infiltration
The federal minimum standard requires MCPE’s cover system permeability to be less than or equal to that 

of the bottom liner, natural underlying subsoils, or 1x10-5 cm/sec, whichever is less.

The final cover system has an equivalent permeability to the existing liner system, and conforms to the 

closure requirements of the CCR Rule.

2.2.2.2 Geometry and Stormwater Management
The geometry and stormwater management controls of MCPE, following closure, will allow the CCR 

Unit to meet the following requirements as outlined in §257.102(d) of the CCR Rule:

Control, minimize, or eliminate, to the maximum extent feasible, post-closure infiltration of 

liquids into the waste and releases of CCR, leachate, or contaminated run-off to the ground or 

surface waters or to the atmosphere.

Prevent future impoundment of water.

Provide for slope stability to protect against sloughing or movement of the final cover system.

The closure system will be designed to provide adequate drainage during storm events. Intermediate 

swales will be utilized to limit the maximum overland flow distance, thereby minimizing ponded water, 

and limiting the infiltration of run-off.

2.2.2.3 Integrity of the Final Cover
Materials will be placed and compacted in a controlled manner to minimize post-fill installation 

settlement.  Settlement would potentially be caused by consolidation of the CCR material, general fill 

material, or underlying natural subsoils due to the dynamic loads typically resulting from construction 

activities; consequently, this settlement is expected to be minimal following final cover installation 

activities. Maintenance will be conducted as necessary to maintain the integrity of the final cover, as 

outlined in the Post-Closure Plan for MCPE (separate document).

2.2.3 Final Cover Schedule
Closure activities commenced in 2017 as per the December 9, 2015 Notification of Intent to Close 

MCPE.  The notification has been placed in the facility’s CCR Operating Record, and is posted on

Ameren’s CCR public website. 
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2.2.3.1 Closure Completion
Closure for MCPE shall be completed within five years of commencing closure activities per the CCR 

Rule. The timeframe for completing closure of the CCR Unit may be extended if Ameren demonstrates

that it is not feasible to complete closure of the CCR Unit within the required timeframe due to factors 

beyond the facility’s control. A demonstration for an extension of the closure timeframe can be 

completed pursuant to §257.102(f)(2). 

For the purpose of this Closure Plan, closure of MCPE is considered complete when the final cover 

system is installed. Per the closure schedule provided in Appendix B, the closure of MCPE was

completed in less than five years.

Within 30 days of completion of closure of MCPE, Ameren will prepare a notification of closure and post 

it on the facility’s CCR Operating Record and on Ameren’s CCR public website. This notification shall 

include certification by a qualified professional engineer, registered in the State of Missouri, verifying 

that closure has been completed in accordance with this Closure Plan and the requirements of §257.102.

Following closure, Ameren will record a notation on the deed of the Meramec property, and within 30 

days of the deed notation, Ameren will prepare a notification stating that the notation has been recorded 

per §257.102(i) and placed within the CCR Unit’s Operating Record.

In accordance with §257.102(i), Ameren will record a notation on the deed to the property, following 

completion of closure. This notation is inform any potential future owner of the property of the previous 

use of the land, and that the land is restricted by post-closure care requirements. 
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3.0 REVISIONS AND AMENDMENTS

This initial MCPE Closure Plan shall be placed in the CCR Operating Record by April 17, 2018. The 

MCPE Closure Plan will be amended whenever there is a change in operation of the CCR unit that affects 

the current or planned closure operations. The Closure Plan will be amended 60 days prior to a planned 

change in operation, or within 60 days following an unplanned change in operation. If a written Closure 

Plan is revised after closure activities have commenced, the written Closure Plan will be amended no later 

than 30 days following the triggering event. The initial Closure Plan and any amendment will be certified 

by a qualified professional engineer in the State of Missouri for meeting the requirements of §257.102 of 

the CCR Rule. All amendments and revisions will be posted on the CCR public website within 30 days

following placement in the facility’s CCR Operating Record. A record of revisions made to this 

document is included in Section 4.0 of this document.
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4.0 RECORD OF REVISIONS AND UPDATES

Revision 
Number Date Revisions Made By Whom

0 4/27/17 Initial Closure Plan Burns & McDonnell

1 4/11/18 Updated the closure schedule and associated 
narrative in Sections 2.2.3 and 2.2.3.1

Burns & McDonnell
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1.0 INTRODUCTION

Ameren Missouri (Ameren) is subject to the CCR Rule and is required to develop a Post-Closure Plan for 

existing CCR surface impoundments per 40 Code of Federal Regulations (CFR) §257.104.  This 

document serves as Ameren’s Post-Closure Care Plan for the CCR Surface Impoundment MCPE (Pond 

489) at the Meramec Energy Center (Meramec), which was affected by the August 5, 2016 CCR Rule 

revisions. The Post-Closure Plan is required to contain the following per §257.104(d)(1):

A description of post-closure care maintenance activities (and frequency of these activities)

including the following:

o Maintaining the integrity and effectiveness of the final cover system (if capped in place),

including making repairs to the final cover as necessary to correct the effects of settlement, 

subsidence, erosion, or other events, and preventing run-on and run-off from eroding or 

otherwise damaging the final cover.

o Maintaining the groundwater monitoring system and monitoring the groundwater in 

accordance with the requirements of §257.90 through §257.98.

The name, address, telephone number, and email address of the person or office to contact about 

the facility during the post-closure care period.

A description of the planned uses of the property during the post-closure period. 

o Post-closure use of the property shall not disturb the integrity of the final cover, liner(s), or 

any other component of the containment system, or the function of the monitoring system 

unless necessary to comply with §257.104, or if the owner or operator of the CCR unit 

demonstrates that the disturbance (including any removal of CCR) will not increase the 

potential threat to human health or the environment.
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2.0 DETAILS OF POST-CLOSURE

Meramec is located in southeast St. Louis County, Missouri and consists of four generating units (a site

aerial figure is included as Appendix A). Units 1 and 2 are fired on natural gas (fuel switching from coal 

to natural gas was completed in April 2016), and Units 3 and 4 are fired on coal. CCR generated at the 

facility includes fly ash and bottom ash. 

Surface Impoundment MCPE (Pond 489) is located on the southwest side of the Meramec facility.  

MCPE has an existing high density polyethylene (HDPE) geomembrane liner with a nominal 60-mil 

thickness; however, the liner system is not in compliance with the CCR Rule as it does not contain a 

compacted soil liner, or approved equivalent base liner below the geomembrane.  MCPE has been 

classified as an unlined CCR surface impoundment. A Closure Plan was prepared by Burns & 

McDonnell per section §257.102(b)(1) of the Federal CCR Rule. MCPE will be closed and capped in 

place as described in the Closure Plan, which will be available on Ameren’s CCR website.

2.1 Post-Closure Compliance
Post-closure maintenance shall be as described in §257.104(b) of the CCR Rule. The requirements 

consist of the following:

Maintaining the integrity and effectiveness of the final cover system, including making repairs to the 

final cover as necessary to correct the effects of settlement, subsidence, erosion, or other events, and 

preventing run-on and run-off from eroding or otherwise damaging the final cover.

Maintaining the groundwater monitoring system. 

Ameren will achieve compliance with the above requirements through final cover inspection and 

maintenance of MCPE, which will be conducted for a period of 30 years after the completion of closure 

activities. Inspection and maintenance activities will be monitored during annual inspections that will 

occur throughout the post-closure care period. Inspection activities are discussed further in Section 2.1.2.

2.1.1 Groundwater Monitoring
Ameren will conduct sampling, analysis and reporting of the MCPE groundwater monitoring network per 

§257.90 through §257.98, for the entire 30 years of post-closure care. Per §257.104(c)(2), should any of 

the groundwater monitoring results cause MCPE to enter or remain in an Assessment Monitoring 

Program (§257.95) at the end of the 30-year post-closure care period, Ameren will continue monitoring 

the groundwater until MCPE is able to return to the Detection Monitoring Program (§257.94). 
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2.1.2 Site Inspections
Site inspections will be performed annually (at minimum) during the post-closure care period to confirm 

that the integrity and effectiveness of the final cover system is maintained per Section §257.104(b)(1). 

Maintenance of the final cover will include making repairs, as necessary, to correct the effects of 

settlement, subsidence, erosion, or other events, and to prevent run-on and run-off from eroding or 

otherwise damaging the final cover. During the site inspections, Ameren will also inspect groundwater 

monitoring wells to confirm that they are structurally intact and appear to be in good working condition.  

2.2 Post-Closure Contact
Ameren will designate and list a contact person during the post-closure care period per §257.104 (d)(ii).

The following individual will be Ameren’s designated contact person for post-closure care of MCPE:

2.3 Property Use During Post-Closure Care Period
MCPE is located within a secured power plant facility, and access and use will be limited to inspection 

and groundwater monitoring activities. Future additional uses of the area can be evaluated for purposes 

that maintain the final cover and do not increase the potential threat to human health or the environment.

2.4 Completion of Post-Closure Care
No later than 60 days following the completion of the post-closure care period, Ameren shall prepare a 

notification verifying that post-closure care has been completed and place the notification in the facility’s 

CCR Operating Record. The notification shall include the certification by a qualified professional 

engineer in the State of Missouri, that post-closure care has been completed in accordance with the 

written Post-Closure Plan in effect and the requirements of §257.104. 

Contact Ameren Missouri

Address
1901 Chouteau Avenue

St. Louis, MO 63103

Phone No. (800) 552-7583

Email CCR@ameren.com
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3.0 REVISIONS AND AMENDMENTS

This initial MCPE Post-Closure Plan shall be placed in the CCR Operating Record by April 17, 2018. The

plan is required to be amended whenever there is a change in the operation of the CCR Unit that affects 

the current or planned post-closure activities.

The Post-Closure Plan shall be amended 60 days prior to a planned change in operation, or within 60 days 

following an unplanned change in operation. If a written Post-Closure Plan is revised after post-closure 

activities have commenced, it shall be amended no later than 30 days following the triggering event. The 

Post-Closure Plan and any amendments shall be certified by a qualified professional engineer in the State 

of Missouri for meeting the requirements of §257.104 of the CCR Rule. All amendments and revisions 

must be posted on the CCR public website within a reasonable amount of time following placement in the 

facility’s CCR Operating Record. A record of revisions made to this document is included in Section 4.0 

of this document. A record of revisions made to this document is included in Section 4.0.
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4.0 RECORD OF REVISIONS AND UPDATES

Revision 
Number Date Revisions Made By Whom

0 4/27/17 Initial Post-Closure Plan Burns & McDonnell
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9400 Ward Parkway \ Kansas City, MO 64114 

O 816-333-9400 \ F 816-333-3690 \ burnsmcd.com 

I hereby certify, as a Professional Engineer in the State of Missouri, that the closure of Surface 
Impoundment MCPE (Pond 489) at Ameren Missouri’s Meramec Energy Center was completed 
on April 6, 2018 in accordance with the closure plan specified in 40 CFR §257.102(b) and the 
requirements of 40 CFR §257.102.

Scott A. Martin, P.E.
License Number 2010019572
License renewal date: December 31, 2018.
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XDD ENVIRONMENTAL, LLC   •   22 MARIN WAY   •   STRATHAM, NH 03885   •   WWW.XDD‐LLC.COM 

OFFICE   (800) 486‐3575   •   FAX  (603) 778‐2121 

 

 

December 31, 2019  Via e‐Mail (bmiller2@ameren.com) 

 

Ameren Services 
1901 Chouteau Avenue 
PO Box 66149, MC 6 
St. Louis, MO  63166‐6149 
 

RE:  Ashpond Metals Treatability Study Results 

  XDD Project No. 19005.00, 19005.01, 19010.00, and 19011.0 

XDD  ENVIRONMENTAL,  LLC  (XDD)  appreciates  the  opportunity  to  provide  Ameren  Services 
(Ameren) with the results of the data evaluation, bench‐scale treatability testing, and remedial 
technology evaluation to address elevated levels of arsenic (As), molybdenum (Mo), lithium (Li), 
boron (B), and other site metals in ashponds leachate / groundwater from the Rush Island Energy 
Center (RIEC), the Meramec Energy Center (MEC), the Labadie Energy Center (LEC), and the Sioux 
Energy Center (SEC).   The bench‐scale testing was performed in accordance with the scope of 
work described in XDD’s Proposal for Metals Treatability Study dated February 12, 2019, Proposal 
for Metals Treatability at the Labadie Energy Center dated April 23, 2019, and Proposal for Metals 

Treatability at the Sioux Energy Center dated April 23, 2019, with modifications as noted in this 
report. The report herein includes preliminary results of the treatability testing for all sites with 
a final pilot study design approach for RIEC. 

If  you  have  any  questions  regarding  the  information  presented  in  this  report,  please  do  not 
hesitate to call me at 314.609.3065.  

Sincerely, 

 

DEREK INGRAM 

XDD Environmental 

cc: 

Michael Marley   
Laurel Crawford 
Bridget Cavanagh 
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EXECUTIVE SUMMARY 

XDD  Environmental  (XDD)  was  retained  by  Ameren  Services  (Ameren)  to  perform  metals 
treatability studies for the remediation of arsenic, molybdenum, lithium, boron, and other metals 
of  concern  (MOC)  from  ashpond  leachate  /  groundwater.  Phase  1  of  the  three  phases  of 
treatability  studies  included a  review of  geological  conditions and existing metals  in  leachate 
from four sites [Rush Island Energy Center (RIEC), Meramec Energy Center (MEC), Labadie Energy 
Center (LEC), and Sioux Energy Center (SEC)].  In addition, the Phase 1 involved literature research 
on possible treatment trains and chemical conditions favorable for the MOC remediation. The 
results  from  the  Phase  1  study  identified  several  possible  in  situ  treatment  technologies  for 
further evaluation, including: pH adjustment, iron precipitation / coprecipitation, zero valent iron 
(ZVI), metals reducing geochemical conditions, and biological stimulation as possible approaches 
to be tested in the Phase 2 studies.  

The Phase 2  studies evaluated  the Phase 1  identified  treatment approaches effectiveness  for 
MOC remediation using site groundwaters and soils, mimicking an in situ treatment application. 
The primary objective of the Phase 2 testing was to determine which treatment approaches / 
changes to geochemical conditions would promote adsorption, precipitation, or coprecipitation 
of  the  MOC,  without  adversely  affecting  the  dissolved  and  total  MOC  concentrations  in 
groundwater or other metals present at the site. The tests were carried out for periods of one to 
eight weeks (depending on the technology under evaluation). Of the remedial approaches tested 
in Phase 2, microscale ZVI and pH reduction (to pH 6) were the only methods that treated arsenic 
and molybdenum (the two metals of greatest regulatory concern at RIEC) to the required criteria. 
The other remedial approaches tested had limited to no impact on the MOC in groundwater.  

The results from the Phase 2 testing were to be used to refine Phase 3 testing and to develop the 
pilot test design for the RIEC site. However, prior to the Phase 3 testing, boron was changed from 
a secondary to a primary MOC. Microscale ZVI was the only technology that had been shown to 
remove boron from groundwater in the Phase 2 testing; additional research identified an ion‐
specific  resin  (resin)  that  could  treat boron  to  the  required  criteria using  an ex  situ  remedial 
approach. The addition of boron as a primary MOC, along with concerns with clogging of  the 
aquifer  from  precipitation  of  site metals,  and  the  complexity  of  in  situ  treatment  of  boron, 
resulted  in  a  transition  from an  in  situ  to  an  ex  situ  treatment  system  conceptual  treatment 
approach for all sites MOC. The primary concern /difference in the transition from in situ to ex 
situ treatment is the decreased treatment time; the available in situ treatment time based on 
site hydraulics is weeks to a month or more; ex situ treatment requires a few minutes to hours 
of reaction time to permit a practical and cost‐effective remedial approach.  

Accordingly,  for  the  Phase  3  treatability  studies,  pH  adjustment,  microscale  ZVI,  and  ferric 
chloride addition (added due to additional literature research on the decreased available reaction 
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timeframes for ex situ treatment) were tested for the treatment of arsenic and molybdenum in 
the RIEC groundwater, with polishing of the treated groundwater using resin for boron removal. 
The results of the Phase 3 testing identified pH adjustment, ferric chloride aided precipitation, 
sand filtration, and resin polishing as the most effective and reliable ex situ treatment option for 
RIEC groundwater. 

Going forward, the results of the Phase 3 treatability testing for the RIEC groundwater will be 
used  to guide  the  finalization of  the  treatability  testing of  the other  sites ashpond  leachate  / 
groundwaters.  Each  of  the  individual  sites  unique  water  geochemical  conditions,  MOC,  and 
hydraulics will require evaluation to ensure a reliable treatment approach design for each site.  
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 INTRODUCTION 

XDD  Environmental  (XDD)  was  retained  by  Ameren  Services  (Ameren)  to  perform  metals 
treatability studies on ashpond leachate / groundwater from four sites: Rush Island Energy Center 
(RIEC), Meramec Energy Center  (MEC), Labadie Energy Center  (LEC), and Sioux Energy Center 
(SEC).  The primary objective of the studies was to evaluate potential remedial technologies for 
metals of concern (MOC) identified as part of the requirements of United States Environmental 
Protection Agency (USEPA) 40 CFR Part 257 “Hazardous and Solid Waste Management System; 
Disposal of Coal Combustion Residuals From Electric Utilities; Final Rule” (the CCR Rule). The CCR 
Rule  requires  owners  or  operators  of  existing  CCR  units  to  produce  an  Annual  Groundwater 
Monitoring and Corrective Action Report  (Annual Report) each year  (§§ 257.90(e)).   XDD was 
provided, through a third party, data from the annual reports, samples from compliance wells 
with previously identified elevated MOC concentrations, and applicable statistically determined 
action levels (target goals for MOC treatment) for each site.  

The treatability studies were developed and completed using a conservative approach of testing 
groundwaters  from  the  areas  of  highest  MOC  concentrations,  with  the  understanding  that 
proposed  engineered  caps  for  each  site  should  result  in  reduced  MOC  groundwater 
concentrations over time.  Though the MOC and regulatory concerns are similar at each site, site‐
specific groundwater geochemistry’s and varying MOC concentrations required XDD to approach 
treatment  for  each  site  separately.  This  approach  ensures  certainty  in  the  MOC  treatment 
effectiveness based on the differing site conditions and MOC concentrations for each site.  It also 
provides for information needed in developing a treatment train specific to each site to address 
the differing geochemical conditions.  

Initially,  the  primary  MOC  at  the  sites  (though  not  all  present  at  all  sites)  were  arsenic, 
molybdenum, and lithium. Other potential MOC carried through the studies for each site (though 
again not all present at all sites) included boron, lead, cobalt, and selenium. A key component of 
the study was to determine if a potential MOC treatment approach would affect other metals in 
site  groundwater  and  soil  in  either  a  positive  (reduced  concentration)  or  negative  (increased 
concentration) manner. Baseline MOC / metals concentrations for all four sites (five locations; 
two sample sets being studied at MEC due to the presence of localized lithium) are presented in 
Table  1.  The  initial  conceptual  remedial  approach  was  to  treat  the  metals  in  situ,  taking 
advantage of the slow moving groundwaters at the sites (allowing weeks of treatment time for 
MOC removal to occur), and for the potential for the most cost‐effective treatment. 

Around June 2019, during the performance of the treatability studies, per direction from Ameren, 
boron was transitioned from a potential MOC to a primary MOC, to account for an anticipated 
revision in the CCR Rule compliance. With this transition, any remedial option would be required 
to include boron treatment to below the applicable action. The complexity of in situ treatment 
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of boron and its limited treatability options became a primary driver to change the conceptual 
treatment approach to ex situ treatment for the sites groundwaters.  

This  report  focuses on  the  initial  literature  research conducted  for all  sites,  initial  treatability  
testing of the leachate / groundwater for all sites (for in situ treatment), then a refocus of the 
studies to consider ex situ treatment of the MOC (with boron added as a MOC), and finally the 
refinement of the treatment effectiveness and development of a MOC remedial approach for 
pilot testing at RIEC. The results from the additional treatability studies performed for RIEC will 
be used to guide refinement of the treatability studies and pilot test design for the other three 
sites (MEC, LEC, and SEC).  

The three primary approaches for metals removal from groundwater are: 

 Precipitation:  Transformation of a dissolved species to a solid form, which can then settle 
out of suspension. 

 Coprecipitation with other minerals:   Transformation of a dissolved species  to a solid 
form that combines with another material (such as iron), which can then then settle out 
of suspension.   

 Adsorption:    Introduction or production of  a  solid  that will  absorb  the MOC  from  the 
groundwater. 

The treatability studies for each site consisted of two phases; with a final / third phase conducted 
on RIEC only, at this time, each of the three phases of testing are described below:  

 Phase 1 – Site Review and Data Evaluation for Preparation of the Treatability Study 
Design (Appendix A) 

o Compare  site‐specific  data  to  each  site’s  MOC  target  goals  and  develop  a 
conceptual  MOC  remedial  approach  based  on  a  summary  of  the  site‐specific 
geochemical and hydrological conditions.   

o Evaluate existing literature to identify potential remedial options for the MOC to 
be tested for each site.  

 Phase 2 – Bench‐Scale Treatability Study for In Situ Remediation of MOCs 

o Based on the  literature review results from Phase 1, bench‐scale reactors were 
developed,  using  site  soil  and  groundwater,  to  evaluate  promising  in  situ 
treatment technologies or treatment trains. Treatment options identified in the 
Phase 1 review included (Table 2): 

 pH adjustment  
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 Addition of calcium polysulfide (CaSx) 

 Addition of dissolved iron 

 Addition of microscale zero valent iron (ZVI) 

 Addition of particle size ZVI 

 Biodegradation / biostimulation in conjunction with ZVI.  

o The focus of Phase 2 testing was to identify specific MOC removal methods from 
site groundwater over the course of a one month treatment period without 
adversely affecting other MOCs in the groundwater (e.g., mobilizing MOCs 
present on site soils). The one month treatment period was selected based on 
the groundwater flow rates from the proposed in situ treatment application area 
to the regulatory point of compliance; actual site‐specific treatment periods will 
have some variance greater than this selected period. 

 Phase 3 –Treatment Train Development for Ex Situ Remediation of the MOCs at RIEC 

o Per  above,  boron  was  added  as  a  primary  MOC  during  the  Phase  2  testing 
timeframe. The limitation to the availability and the complexity of in situ remedial 
options for boron removal, along with concern for long‐term aquifer clogging from 
MOC precipitation / coprecipitation, caused a change in the conceptual remedial 
approach for the sites from an in situ to an ex situ treatment train process.  The 
primary consequence of the change was the available time for treatment of metals 
in an above‐surface treatment train. For in situ remediation, a one month MOC 
treatment period was readily available  for  the sites; however,  for practical and 
cost‐effective ex situ MOC remediation, the treatment period would need to be 
reduced to minutes to a few hours, dependent upon groundwater extraction rates 
and storage limitations of the ex situ treatment processes.  

o Additional  literature  research  suggested  that  the  most  reliable  approach  for 
removal  of  boron  from  groundwater  was  boron  selective  ion‐exchange  resins 
(resin)  

o Based on the RIEC Phase 2 treatability study results, ZVI and pH adjustment were 
identified as potential effective  in  situ  remedial options  for  the  initial MOCs at 
RIEC.  One of the ZVI products tested in Phase 2 was effective on boron, though 
pH  adjustment  had  no  effect.  Accordingly,  the  following  column  tests  were 
conducted in the Phase 3 testing: 

 Initial  groundwater  pH  adjustment,  followed  by  passing  groundwater 
through a column filled with a ZVI/sand mixture for treatment of arsenic 
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and molybdenum, with evaluation of the treatment effectiveness of that 
system for boron 

 pH adjustment of groundwater to approximately pH 6, followed by passing 
the  groundwater  through  a  sand  column  for  treatment  of  arsenic  and 
molybdenum only 

 Addition of a column filled with resin after the ZVI/sand column and the 
pH followed by sand column tests, for additional treatment of boron 

o Based on the change to an ex situ remedial approach, requiring  fast  treatment 
periods  (faster  reaction  kinetics),  additional  literature  research  identified  the 
addition of ferric chloride to the groundwater as a potential approach for rapid 
arsenic removal through coagulation / flocculation / precipitation.  The following 
additional tests were conducted to further evaluate ex situ treatment of arsenic 
and molybdenum: 

 Initial  groundwater  pH  adjustment,  followed  by  the  addition  of  ferric 
chloride, followed by settling of the developed precipitants and filtration 
to remove the suspended precipitants from the groundwater 

 A resin filled column after the above filtration step for treatment of boron  

Details on each of these three phases of treatment are provided in the following sections of this 
report. 

 

 PHASE 1 LITERATURE REVIEW 

An extensive literature review was conducted for in situ treatment and general chemical behavior 
of the MOC prior to the selection of remedial options for consideration for the sites. The results 
of the literature review are presented in Appendix A. The literature review was necessary since 
the MOC precipitate, co‐precipitate, or adsorb under varying geochemical conditions; however, 
these preferred MOC treatment geochemical conditions may result in increased mobility of other 
metals / MOC at the sites. The literature review identified the geochemical conditions that were 
either favorable for the MOC to be removed from the groundwater or would not negatively affect 
other  MOC  present.  From  this  research,  potential  treatment  trains  were  identified  for 
remediating site MOC and for Phase 2 treatability testing.   
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 PHASE 2 – TREATABILITY TESTING 

3.1 Phase 2 Experimental Procedures 

Based on  the  initial  literature  review,  five mechanisms were  identified  as possible  treatment 
approaches  for  the  in  situ  removal  of  arsenic,  molybdenum,  and  lithium  from  the  sites 
groundwaters.  The  selection of  arsenic, molybdenum, and  lithium as  the MOC was based on 
detections above the provided statistically‐derived action levels for at least one of the four sites 
evaluated  (Table 1).  Boron was  initially  not on  the  list  of  primary MOC but  as  a metal  being 
analyzed for since it does not have a current regulatory required action level. Boron was added 
as a primary MOC in the Phase 3 testing, per the request of Ameren and as a statistically‐derived 
action level for each site was provided.  

Below is a summary of each of the Phase 2 potential in situ approaches tested.  A breakdown of 
the experimental setup for the approaches tested are presented in Table 2. 

1. pH adjustment (7‐day test) 

o For  the  pH  adjustment,  a  range  of  pH  of  6  to  10  was  evaluated  for  RIEC  to 
determine how the MOC concentrations would change as the pH decreased (at 
RIEC the initial pH in groundwater from monitoring well MW‐2 was 11).  Reduction 
and maintaining a pH of 6 resulted in arsenic and molybdenum removal after a 
week of treatment, without adversely affecting the concentrations of the other 
MOC present;  therefore,  this approach was maintained for testing of the other 
sites groundwaters. 

2. Addition of calcium polysulfide (CaSx) (7‐day test) 

o CaSx has been proven to reduce certain dissolved metal concentrations through 
forcing  of  reduced  groundwater  chemistry  and  subsequent  metal  sulfide 
formation. The dosage of CaSx used  in  these  tests was based on a 1:2 mass of 
metals to mass of CaSx, with a 100 percent (%) safety factor (Table 2). 

3. Addition of ferrous iron (4‐week test) 

o The RIEC  site  groundwater  samples  have  low  concentrations  of  dissolved  iron; 
dissolved iron is beneficial for the coprecipitation of certain MOC and as a sorbent 
for  MOC.    Dissolved  iron  (ferrous  sulfate  at  50  mg/L)  was  added  to  the  site 
groundwater and soil. The test was conducted under both aerobic and anaerobic 
groundwater chemistries to determine if coprecipitation or sorption of the MOC 
can be induced.   
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4. Addition of ZVI (4‐week test) 

o ZVI  can  also  introduce  dissolved  iron,  under  anaerobic  conditions,  into 
groundwater for coprecipitation and possible adsorption of the MOC. 

o Two ZVI products were evaluated as potential remedial options: a microscale (7 
micron) product, which is typically injected into the subsurface, and granular ZVI, 
which  is  commonly  used  in  permeable  reactive  barriers  (PRBs)  (SR.25  particle 
size).   Given  the MOC concentrations present  in site groundwater, ZVI dosages 
were  established  for  the  RIEC  and  MEC  (MW‐5  and  MW‐6)  sites,  based  on 
manufacturer  recommendations. While  preliminary  results  from  this  approach 
suggested ZVI as a promising method for MOC removal, the required ZVI dosage 
was determined to be impractical for full‐scale implementation. The ZVI dosage 
for the LEC and SEC site treatability tests were reduced to more practical dosage 
levels (see Table 2). 

5. Biostimulation with ZVI addition (8‐week test) 

o Test conditions, described in Test 4 above, were duplicated with the addition of 
food and nutrients, which are typically  lacking  in site groundwater and soils, to 
promote biotransformation of metals from a soluble to an insoluble form.  Since 
biological processes are often slower than chemical processes, the biostimulated 
reactors were maintained  for  twice as  long a  treatment period as  the ZVI only 
reactors (8 weeks vs. 4 weeks). 

 

3.2 Phase 2 – Treatability Testing ‐ Results 

The results of the metals in groundwater analyses for the Phase 2 testing are presented in Table 
3 (RIEC), Table 4 (MEC, MW‐5), Table 5 (MEC, MW‐6), Table 6 (LEC), and Table 7 (SEC) for the in 
situ treatment approaches tested. The Phase 2 testing results suggest: 

 A pH adjustment to 6 resulted in the reduction of arsenic and molybdenum to near action 
levels at all sites (Test 1). 

 There was some benefit to using the granular size ZVI and a pH adjustment (reduction to 
6)  for  the  removal  of  arsenic  and molybdenum  (Test  4). Granular  ZVI  achieved action 
levels for arsenic and molybdenum for all sites, with the exception of molybdenum at SEC.  

 There was minimal reduction in total metals concentrations for the tests conducted at a 
pH greater than 8 (Test 1). 
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 There  was  minimal  reduction  in  MOCs  as  a  result  of  treatment  with  CaSx,  dissolved 
ferrous iron, or biostimulation (Tests 2, 3, and 5, respectively).  

 Microscale ZVI was the only product  tested that reduced boron to action  levels  for all 
sites, except for SEC.  

Upon  completion  of  the  Phase  2  testing,  per  the  request  of  Ameren,  boron was  added  as  a 
primary MOC with an action level of 4 mg/L. Of the approaches tested, microscale ZVI was the 
only approach that had a positive impact in reducing boron levels in groundwater. The literature 
research, supported by the phase 2 test results, suggests boron is most efficiently and reliably 
treated  via  ex  situ  filtration  through  a  ion‐selective  resin.    Given  the  addition  of  boron  as  a 
primary  MOC  and  with  concerns  of  long‐term  clogging  of  the  site  aquifers  from  metals 
precipitation, it was collectively decided to change the conceptual remedial approaches from an 
in  situ  to an ex  situ  treatment process. At  this point  in  the  testing  (entering Phase 3),  it was 
suggested by XDD and presented to Ameren, to focus on developing an ex situ remedial approach 
for  RIEC  to  expedite  the  design  and  testing  of  a  pilot  scale  system.  The  proposed  Phase  3 
treatability work and developed pilot test approach for RIEC would then be used to guide future 
Phase  3  testing  and  pilot  test  designs  for  the  other  sites  (MEC,  LEC,  and  SEC).  An  additional 
advantage of an ex situ remedial approach is the flexibility and ease of adjustment of an ex situ 
treatment system, given the variability in the groundwater geochemistry’s and hydraulics across 
the four sites under evaluation. In addition, changes in site groundwater conditions are expected 
over time as both the consequences of the engineered cap placement and the potential ex situ 
treatment implementations stabilize, with respect to groundwater MOC concentrations. 

 

4.0 PHASE 3 – TREATABILITY TESTING ‐ RIEC 

4.1 Phase 3 Experimental Procedures 

The Phase 3 treatability testing focused on refining the ex situ remedial approach for RIEC and to 
finalize  the  RIEC  pilot  test  design.  The  initial  results  from  the  Phase  2  testing  for  the  in  situ 
treatment  of  the MOC  at  RIEC,  conducted  in  batch  reactors with  site  groundwater  and  soil, 
supported that pH adjustment and the addition of ZVI were the most promising remedial options 
for treatment of arsenic and molybdenum (the primary MOC at RIEC) to action levels.  The phase 
3 testing consisted of a treatment train that was scaled, for the bench testing, using an ex situ 
conceptual pilot test design sized to fit within single or double Conex box (portable storage unit) 
treatment units, that could be positioned above ground at any of the sites.  

The major design issue, refined in the Phase 3 testing, was the transition from the Phase 2 test 
results developed for an in situ treatment approach, to a reliable ex situ treatment train.  For ex 
situ  treatment  to  be  practical  and  cost‐effective  the  time  of  reaction  (kinetics)  to  create 
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precipitants needs to be on the order of minutes to a few hours. For the in situ approaches tested 
in  Phase  2,  a month‐long  contact  time was  available  between  amendments  addition  and  for 
precipitation of metals to occur (based on the site groundwater velocity and distance from the 
remedial  implementation area  to  the compliance sampling  locations). For  the  in  situ  reaction 
timeframe, batch reactors were ideal. The required reaction timeframes for the Phase 3 testing 
made  it  necessary  to  use  columns  in  the  test  procedures  and  to  scale  the  reactor  sizes  and 
groundwater  flow rates  to match the conceptual  field pilot and  full‐scale Conex box remedial 
systems sizing. 

The Phase 3 treatability tests were also scaled for site hydraulics, assuming a 200‐ft long cross‐
sectional  treatment  length,  perpendicular  to  impacted  groundwater  flow,  at  the  RIEC.  Site‐
specific groundwater modeling was performed to determine the full‐scale groundwater capture 
/ flow rates required to permit an approximate 6 to 12‐month pilot test duration to demonstrate 
the effectiveness of the treatment train. The pilot test treatment results need to be reflected 
both  within  the  ex  situ  treatment  process  sampling  points  but  also  in  existing  compliance 
monitoring wells  located within and downgradient of the treatment system hydraulic capture 
zone. For the RIEC site, the projected pilot test groundwater flow rate was estimated at 8 gallons 
per minute  (gpm)  (2 gpm per well) which  is approximately  four  times the projected  full‐scale 
required groundwater flow rate.  

It was also initially estimated that the ex situ treatment vessels (either filters or settling tanks) 
within the proposed Conex box system would have to be on the order of 750 to 1,000 gallons 
maximum capacity to fit in the unit, and that the Phase 3 testing would need to have reaction 
timeframes  (kinetics)  that  would  match  the  available  vessel  sizing.  To  scale  the  pilot  test 
treatment train conceptual design to the Phase 3 treatability study design, the treatability study 
columns were made 3‐inch (in) long and 1.5‐in in diameter, with a groundwater flow rate of 0.7 
milliliters per minute (mL/min).  

Based on the results of the literature research and the Phase 2 testing, the initial Phase 3 tests 
were  conducted  with  pH  adjustment  to  pH  6  for  the  RIEC  groundwater.  The  pH  adjusted 
groundwater was then passed through a sand filter  (with a residence time of 40 minutes)  for 
arsenic  and molybdenum  removal.  The  pH  adjusted  groundwater was  also  tested  by  adding 
dissolved iron either via a ZVI/sand filter or by the addition of ferric chloride. Ferric chloride was 
incorporated into the Phase 3 testing due to the potential faster reactions times to create metal 
precipitates, per the discussion in Section 1 of this report. The ferric chloride was added to the 
groundwater to a concentration of 40 mg/L, the ferric chloride treated groundwater was passed 
into a settling vessel with a residence time of 1.25 hours, the metals were allowed to precipitate 
and settle, and the treated groundwater was passed through either a bag or a sand filter.  
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Since pH adjustment and iron addition had proved ineffective at boron removal in the Phase 2 
testing, a  resin  filter was added to the effluent of  the pH and  iron addition ex situ treatment 
processes  tested  to  evaluate  the  resins  effectiveness  for  boron  removal  given  the  RIEC 
groundwater geochemistry. The resin was added post pH and ferric chloride addition as the resin 
is relatively expensive and focusing its use on the boron only is considered an overall more cost‐
effective approach for the groundwater treatment.  

 

4.2 Phase 3 – Treatability Testing – RIEC – Results 

Ferric Chloride (FeCl3) Addition 
The ex situ treatment method that proved most successful and reliable in the Phase 3 testing for 
pilot and full‐scale implementation at the RIEC site is the pH adjusted, FeCl3 aided flocculation / 
removal  of  arsenic  and  molybdenum.    Preliminary  testing  with  the  ZVI  and  pH  adjustment, 
discussed below, helped guide the design of the FeCl3 treatment train. Understanding that the 
resin can be successful at removing boron at the concentrations present at the RIEC, Phase 3 
testing focused on arsenic and molybdenum removal and developing a removal approach that 
worked effectively in the available ex situ treatment timeframes.  

A  preliminary  Phase  3  test  was  performed  to  evaluate  varying  dosages  of  FeCl3  and  pH 
adjustment specific to the treatment of the arsenic in the RIEC groundwater. A kinetics / rate of 
treatment / reaction test was conducted where FeCl3 was added to the groundwater and allowed 
to react, flocculate / precipitate and settle out of the groundwater for periods of 1 hour, 3 hours, 
and  6  hours,  prior  to  flowing  the  groundwater  through  a  sand  filter  column  (Table  8).  Since 
arsenic(V) is the form of arsenic that coprecipitates more readily with iron, hydrogen peroxide 
was tested as an oxidizer to transform any arsenic(III) in the groundwater to arsenic(V), prior to 
removal with the FeCl3 addition. The results from the preliminary FeCl3 tests suggested that:  

 Both arsenic and molybdenum can be reduced to concentrations at or below action 
levels, using FeCl3 addition. 

 An initial pH of 6 (prior to the addition of FeCl3) caused faster settling of the precipitants 
than an initial pH of 4 (also, pH 6 was determined to be a more favorable pH for RIEC 
groundwater treatment, based on the Phase 2 test results).     

 Higher FeCl3 dosage (40 mg/L vs. 20 mg/L) provided greater removal of arsenic and 
molybdenum.  Though the difference in FeCl3 dosage performance for the RIEC 
groundwater was not significant, based on the concentrations detected in the 
groundwater and the applicable action levels for the MOC at the RIEC site.  The dosage 
evaluation results were however considered beneficial for refinement of Phase 3 testing 
for the other sites.   
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 The additional of hydrogen peroxide did not improve the arsenic removal efficiency. 
However, a check on the arsenic form in groundwater at RIEC showed the arsenic to be 
predominantly arsenic(V), so the pre‐oxidation step was not needed for RIEC.  

The  reaction  time  determined  for  the  FeCl3  coagulation  and  flocculation  /  precipitation  and 
associated removal of arsenic and molybdenum from groundwater in the preliminary testing was 
adequate for the conceptual ex situ treatment approach.   

Following the preliminary testing it was considered beneficial to run further testing to confirm 
the preliminary test results, and to optimize the pilot test design. Based on additional literature 
research, aeration of the groundwater prior to FeCl3 addition was added as a treatment step. 
Additional  treatability  tests were conducted using pH adjustment of  the RIEC groundwater to 
approximately 6, followed by addition of 40 mg/L of FeCl3, followed by settling and filtration of 
precipitants using either sand or bag filters. The treated groundwater was then passed through 
the resin filter for boron removal.  Results of these additional tests are presented in Table 9.  Key 
observations and conclusions from the additional FeCl3 testing are: 

 Aeration of the groundwater prior to the addition of FeCl3 accelerates the formation of 
precipitants. 

 Influent pH should be close to pH of 6 at RIEC for optimal precipitant settling times. 

 Higher FeCl3 concentrations added to the groundwater appear to provide larger 
precipitant particles that settle faster.  However, the higher dosage of FeCl3 will also 
increase the sludge volume that will require additional disposal and may increase 
maintenance needs. 

 100‐micron bag filters are insufficient to remove the arsenic particles in the 
groundwater (and reduce total arsenic concentrations to below action levels). Though 
10‐micron filters work effectively to meet action levels, the 10‐micron filter is likely to 
cause operational issues in a pilot and full‐scale system and is therefore not a preferred 
treatment option. Also, bag filters are unlikely to remove iron in the treated 
groundwater to below 2 mg/L, which may negatively impact the resin filter longevity. 

 The sand filter was effective as a polishing step to reduce total arsenic and molybdenum 
concentrations to below action levels, while also decreasing total iron concentrations to 
approximately 0.3 mg/L. Sand filtration is therefore recommended for the pilot scale 
system. 

 The resin filter is needed to remove boron from the groundwater to action levels. The 
resin operates optimally between a pH of 4 and 10. The FeCl3 addition reduces the 
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groundwater pH to approximately 4 so pH adjustment back to pH 6 is recommended 
prior to resin treatment.  

 Though total lead is reported in groundwater at RIEC below action levels, the FeCl3 
addition reduced the total lead concentration from 0.0057 mg/L to 0.0026 mg/L or 
lower, suggesting that FeCl3 is a potential option at other sites for treatment of total 
lead levels which exceed action levels.  

 

pH Adjustment followed by Resin Column Treatment 

The Phase 2 pH adjustment only bench testing had proven effective for arsenic and molybdenum 
removal (though not boron) over a week‐long treatment period in the presence of site soils. The 
Phase 3 tests included an evaluation of pH adjustment followed by the resin as an alternative 
RIEC treatment train.   Since the resin is specially designed for boron removal, the manufacturer 
could  not  provide  insight  into  its  effectiveness,  performance  or  sustainability  for  arsenic  or 
molybdenum  treatment,  so  it  was  assumed  that  pre‐treatment  to  remove  arsenic  and 
molybdenum was still needed.  

The columns tests were conducted by decreasing the pH of the RIEC groundwater to pH 5 then 
passing the pH adjusted groundwater through a sand filter sized to provide a hydraulic residence 
time  of  40  minutes.  The  filtered  groundwater  was  then  passed  through  a  resin  column. 
Groundwater exiting the resin column were collected for analysis of MOC (Table 10). The analysis 
results  showed that MOC action  levels were achieved after Days 1 and 3 of  treatment  for all 
MOCs; however, breakthrough of arsenic occurred by Day 7.   

Groundwater samples collected between the sand filter and the resin columns showed that the 
pH adjustment by itself did not effectively treat the arsenic or molybdenum in the groundwater, 
over the short treatment period available in the scaled ex situ treatment train.  Consequently, it 
was determined that  the resin was  responsible  for  the removal of arsenic, molybdenum, and 
boron in the RIEC groundwater. A further review of the data and the procedures used in this test 
suggests that for pH adjustment to be successful for removing arsenic and molybdenum from the 
RIEC groundwater, the groundwater needs to be maintained at a reduced pH for longer than 40 
minutes (the residence time in the tested columns). Hence, pH adjustment alone would not be a 
viable ex situ treatment approach as an ex situ treatment system design.  

Further,  while  the  resin  was  successful  at  temporarily  removing  arsenic,  molybdenum,  and 
boron,  it  was  not  designed  for  arsenic  and  molybdenum  treatment,  and  the  arsenic 
concentration reduction could not be sustained below REIC action levels for up to a week.  This 
indicates that a large resin vessel and / or frequent regeneration of the resin would be needed 
for resin to be considered as a stand‐alone treatment approach. Also, since the resin was not 
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designed to remove arsenic and molybdenum, it is unknown if the metals will desorb during the 
resin  regeneration,  in  which  case,  the  resin  could  be  ineffective  for  further  arsenic  and 
molybdenum removal. The adsorption capacity of the resin for arsenic and molybdenum should 
only be considered as a safety factor in the final pilot test design, if the pretreatment for arsenic 
and molybdenum failed, but not as a stand‐alone remedial option.  

 

ZVI Column Testing 

Since the microscale ZVI was identified in the Phase 2 tests as a possible approach for removing 
boron, arsenic, and molybdenum from the RIEC site groundwater, test columns were constructed 
using a mixture of the microscale ZVI and commercial sand (to allow the required flow through 
the column / ZVI, without clogging due to the ZVI microscale particle size).  The columns were 
prepared using a 5:1 ratio of sand to microscale ZVI, and a 2:1 ratio of sand to microscale ZVI.  
The columns were operated for 7 days, with treated groundwater samples collected from the 
column effluent after 1, 3, and 7 days of treatment time (simulating groundwater treatment over 
a one week period through a pilot or full‐scale 1,000‐gallon capacity column / filter).  

Table 11 presents the results of the ZVI column testing. The results show partial treatment of 
arsenic and molybdenum, though not to action levels. Both the 5:1 and 2:1 sand to ZVI dosed 
columns showed some treatment occurred the first day, but treatment effectiveness decreased 
by Days 3 and 7.  Results for both the columns showed that concentrations did not decrease to  
action  levels  for  arsenic,  and  results  for  only  one  column  sample  showed  that molybdenum 
concentrations decreased to action levels (Day 1 of the 5:1 dose column). Boron concentrations 
did not change passing through the ZVI columns.   

From the Phase 3 test  results,  it was determined that the ZVI treatment effectiveness  (at the 
design sand to ZVI dosages) and the associated treatment longevity was questionable, and likely 
not reliable as a sustainable remedial option. To ensure the ZVI was being adequately evaluated, 
XDD had additional discussions with the ZVI vendor on the system design and effectiveness. It 
was determined that the recommendations by the vendor on how to use ZVI in an ex situ process 
was impractical for the site given the conceptual pilot test design constraints (action levels, MOC, 
flow rates, vessel sizing, etc.).  

 

5.0 CONCLUSIONS AND RECOMMENDATIONS FROM TREATABILITY TESTING 

Several potential treatment technologies were evaluated for the MOC at the sites. While ZVI and 
pH adjustment were the most promising remedial approaches from the Phase 2 testing for in situ 
treatment of the initially identified primary MOC, the subsequent addition of boron as a primary 
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MOC resulted in the requirement to transition to an ex situ remedial approach. Added benefits 
of the transition to an ex situ remedial approach are concerns with potential aquifer clogging 
from  in  situ MOC precipitation  and  the benefits  of  the  flexibility  in ex  situ  system design  for 
varying  site  groundwater  geochemistry’s.  The  difference  in  available  and  practical  treatment 
times (reaction kinetics) for in situ treatment versus ex situ treatment systems resulted in the 
elimination of the ZVI and pH adjustment alone technologies as viable ex situ remedial options 
and the evaluation of additional technologies for the MOC treatment.  

Based on the results of the Phase 1 through Phase 3 treatability testing, the proposed treatment 
train  identified  for  the  RIEC  pilot  test  is  presented  below  in  Figure  1.  Modifications  and 
optimizations to the treatment train will be evaluated during the pilot scale startup. The Phase 3 
remedial  approach  refinement  testing  demonstrated  that  pH  adjustment,  followed  by  FeCl3 
aided coagulation/flocculation for arsenic and molybdenum treatment of the RIEC groundwater 
was effective and reliable. Boron removal requires the addition of an ion‐specific resin following 
the  FeCl3  treatment.  To  expedite  the  arsenic  and  molybdenum  removal,  aeration  of  the 
groundwater prior to pH adjustment and the addition of 40 mg/L of FeCl3 is required.  The FeCl3 
reduces the groundwater pH to approximately 4 so pH adjustment back to pH 6 is recommended 
prior to resin treatment for boron removal.  

 

Figure 1: Conceptual Treatment Train for Pilot Scale System at RIEC 

 

  

Going forward, MEC, LEC, and SEC have similar MOC to RIEC (primarily molybdenum and boron) 
but  with  a  few  distinct  deviations  from  the  RIEC  groundwater  quality.  The  main  points  of 
difference that need to be considered in subsequent Phase 3 testing for the individual sites are: 

 At MEC (monitoring well MW‐6), lithium has been detected above action levels.  The 
literature review performed during Phase 1 (Appendix A) suggests ZVI is a viable 
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remediation approach for lithium; it is suspected that FeCl3 may also be effective at 
lithium removal.  

 The boron concentration at SEC is above the manufacturer’s maximum concentration 
recommendation for the resin (10 mg/L maximum vs. 22 to 25 mg/L measured at SEC). A 
recirculation method or resin vessels in series may be needed to reduce the boron 
concentration in SEC groundwater to meet action levels in the resin treated 
groundwater. 

 SEC also has significantly higher molybdenum concentrations (3.05 mg/L) than RIEC 
(0.16 mg/L) so testing is needed to ensure FeCl3 can be effective at removing 
molybdenum to action levels at these higher groundwater concentrations. 

 Higher remediation system flow rates are likely to be encountered at some of the sites 
(in particular LEC) so refinement of the system hydraulics and available treatment 
timeframes need to be evaluated.  

 The high pH at RIEC resulted in the need for an initial pH adjustment.  This may not be 
necessary at the other locations, but confirmation tests should be performed. 

 FeCl3 flocculation / precipitation is facilitated with increased groundwater alkalinity. 
Additional alkalinity may be needed to be added to the treatment systems at the other 
sites to increase the rates of formation and settling of the precipitants.  

 General groundwater geochemistry’s are also likely to have subtle differences for the 
other sites. Testing is needed to provide confidence in the effectiveness of the 
treatment train at the other sites / locations. 

The information gathered in the Phase 3 RIEC treatability testing will be used to guide the design 
of treatability testing and remedial approaches for the other three sites. 
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Primary Metals of Concern 

Arsenic 

 Detected at 0.22 milligrams per liter (mg/L) (RIEC) and 0.02 mg/L (MEC, monitoring well 
MW‐5).  Arsenic was not detected at LEC, SEC, or at monitoring well MW‐6 at MEC. 

 Action levels are 0.030 mg/L (RIEC), 0.01 mg/L (MEC and SEC), and 0.0426 mg/L (LEC). 
 Potential  treatment  methods  include  precipitation/coprecipitation,  pH  adjustment, 

adsorption, and ZVI/ZVI with carbon: 
o Speciation  –  trivalent  arsenite  [As  (III)]  is  more  soluble  and  mobile  than 

pentavalent arsenate [As(V)].  
o Redox – arsenic is more readily mobilized under reducing conditions. 
o pH – mobility  is  lowest at pH 3 to 7,  increases under very acidic or alkaline pH 

conditions. 
o Competing ions – phosphate and sulfate can limit arsenic adsorption and increase 

mobility. 
o Adsorption – iron oxides sorb arsenic and can greatly limit arsenic mobility. 
o Precipitation – formation of insoluble calcium arsenates can reduce leaching and 

mobility. 
 Application  of  ferrous  sulfate  to  soils  has  shown  promise  in  reducing  arsenic 

concentrations in groundwater at utility substation sites (EPRI, 2010). 
o Data  review  has  shown  that  both  RIEC  and MEC  lack  iron  –  this  indicates  ZVI 

treatment may be promising. 
 pH adjustment  in  trench application case  study:    The pH was  raised  from 1.93  to 7.9, 

leading to a reduction  in groundwater arsenic concentrations from 35,000 micrograms 
per liter (µg/L) to <4 µg/L (EPRI, 2006). 

 Summary of favorable conditions for arsenic removal: 
o pH range of 3 to 7, oxidizing conditions 
o Addition of Iron and calcium complexes 
o Low phosphate and sulfate concentrations 

Molybdenum 

 Detected at 0.16 mg/L (RIEC), 0.11 mg/L (MEC, monitoring well MW‐5), 0.15 mg/L (MEC, 
monitoring well MW‐6), 0.155 mg/L (LEC), and 3.05 mg/L (SEC). 

 Action Level is 0.1 mg/L for all sites. 
 Potential  treatment  methods  include  precipitation/coprecipitation,  pH  adjustment, 

adsorption, and ZVI/ZVI with carbon 
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 Molybdenum  adsorption  is  highly  pH‐dependent.    Peak  adsorption  for most  sorbents 
(except maghemite nanoparticles) occurs at pH < 5 and limited adsorption occurs at pH > 
8.    In  alkaline  conditions,  molybdenum  behaves  conservatively,  and  its  dissolved 
concentration is controlled by precipitation, not adsorption, reactions (EPRI, 2011). 

 Permeable  Reactive  Barrier  (PRB)/ZVI/pH  adjustment  case  study:    Molybdenum  was 
sequestered  under  reducing/oxidizing  conditions  with  pH  7.3  to  10;  effective  for  15 
months (reducing conditions sustained for 5 to 9 months) (Bellantoni, 2014). 

 Summary of potential treatment options for molybdenum removal: 
o Maintaining a neutral or slightly alkaline pH with ZVI addition. 

Lithium  

 Detected at 0.12 mg/L  (MEC, monitoring well MW‐6), and either non‐detect or below 
action levels at the other sites. 

 Action Levels are 0.0647 mg/L (RIEC), 0.04 mg/L (MEC and SEC), and 0.055 mg/L (LEC). 
 Potential treatment is limited to precipitation using ZVI PRBs. 

 “Additional  research  is needed  to evaluate, and possibly develop,  in  situ groundwater 
treatment technologies for lithium, specifically reagents for in situ injection or media for 
a permeable reactive barrier.  Zeolites such as clinoptilolite and clays such as bentonite 
and kaolinite have been shown to exhibit lithium‐sorbing characteristics in a laboratory 
setting, making these candidates for future in situ injection and PRB application studies” 
(EPRI, 2018).  

 Summary of potential treatment options for lithium removal: 
o ZVI 

Boron 

 Detected at 3.85 mg/L (RIEC), 5.2 mg/L (MEC, monitoring well MW‐5), 7.9 mg/L (MEC, 
monitoring well MW‐6), 7.9 mg/L (LEC), 23.5 mg/L (SEC). 

 Action Level is 4 mg/L for all sites.  
 “Additional  research  is  needed  on  the  mechanisms  of  boron  attenuation,  both 

precipitation  and  adsorption,  for  a  wider  range  of  soil  and  mineral  types,  and  in 
hydrogeologic  environments  typical  of  CCP  management  sites.  While  the  literature 
suggests nonlinear sorption and some dependence on general  soil  type and pH,  these 
relationships are not well understood. The same is true for competing ion effects, such as 
sulfate  and  fluoride.  In  addition,  there  are  few  field  studies  documenting  boron 
attenuation at utility sites” (EPRI, 2005). 
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 “There is a need to measure boron sorption in the alkaline pH range associated with ash 
leachate, and to make these measurements with a wider range of soil and mineral types. 
Moreover, there are relatively few field‐scale studies available on the fate and transport 
of boron derived from coal ash in groundwater. Studies based on site‐specific sorption, 
hydrogeologic,  and  leaching  data  may  yield  a  better  understanding  of  the  long‐term 
impacts of boron from coal‐combustion residues (EPRI, 2005).” 

 Case  study:    pH  adjustment  to  >  9.1  and  the  addition  of  proprietary  ionizing  agents 
resulted in 99% removal (sorption of boron complexes) (Kreinberg, 2017). 

 Summary of potential treatment options for boron removal: 
o ZVI or boron specific ion‐exchange resin (ex situ) 

 

Metals of Concern Potentially Released as a Result of Treatment: 

Cobalt 

 Not detected in baseline samples collected at any of the sites. 
 Action Level is 0.006 mg/L for all sites.  
 Potential treatment methods include ZVI PRB and carbon substrate injections 

o Ontario ZVI case study:  sulfate‐reducing conditions (anaerobic, ORP <‐250 mV), 
cobalt remediation achieved (reduction of ~260 parts per billion [ppb] to 40 ppb) 
(Pare, 2014, RPIC). 

Lead 

 Either reported below action levels or not detected in baseline samples collected at all 
sites. 

 Action Level is 0.015 mg/L for all sites.  
 Potential treatment methods include metal cation precipitation as sulfides, adsorption to 

iron corrosion products, pH adjustment using Acid‐B Extra™ reagent (10%) (EPRI, 2006). 
o Success Mine PRB case study: Lead was reduced from 0.658 mg/L upgradient of 

the PRB to <0.002 mg/L downgradient of the PRB.  The pH was buffered from 4.9 
to 6.9 throughout the thickness of the barrier wall.  PRB is anaerobic and creates 
conditions optimal for sulfate‐reducing bacteria.  Expected to provide treatment 
for 30 years (EPRI, 2006). 

o Case  study  at  Gilt  Edge  Mine,  SD:    leachate  pH  was  raised  from  1.93  to  7.9, 
resulting in the following reductions in metals concentrations: arsenic from 35,000 
µg/L to <4 µg/L, antimony from 500 µg/L to 10 µg/L, and lead from 390 µg/L to 
<10 µg/L (EPRI, 2006). 
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Selenium 

 Not detected in baseline samples from any of the sites. 
 Action Level is 0.05 mg/L for all sites.  
 Potential treatment methods include reductive precipitation with oxidized iron minerals, 

adsorption to iron oxides, ZVI, and ZVI/carbon – many positive case studies (EPRI, 2006) 
 Oxyanions  (e.g.,  arsenic,  chromium,  selenium,  molybdenum,  vanadium,  and  sulfate) 

adsorb most strongly at low pH levels and cations (e.g., lead, cadmium, and nickel) adsorb 
most strongly at high pH levels. 

 Like  arsenic,  selenium  is  generally  present  in  predominantly  two  oxyanion  forms  in 
natural waters: Se (IV) as selenite ion SeO3‐2, and Se (VI) as selenate ion SeO4‐2.  Selenite 
tends  to  dominate  in  impoundment  settings when  the  source  coal  is  bituminous or  a 
mixture of bituminous and subbituminous, while selenate tends to predominate in landfill 
settings  and when  the  source  coal  is  subbituminous/lignite  (EPRI,  2006).    Selenate  is 
generally soluble and mobile and is readily taken up by organisms and plants. Selenite is 
less soluble and mobile than selenate; therefore, reductive precipitation/coprecipitation 
of selenium could serve as a viable remediation approach.   However,  re‐oxidation  is a 
potential problem.  Phytoremediation has also been reported and adsorption has been 
used. 
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Table 1

Baseline Metal Concentrations and Action Levels

Ameren Services, Missouri

Action 

Levels

Action 

Levels

Action 

Levels

Arsenic 0.03 0.22 0.22 0.01 0.020 0.020 0.01 0.005 U 0.005 U

Molybdenum 0.1 0.16 0.16 0.1 0.11 0.11 0.1 0.15 0.15

Boron 4 4.0 3.7 4 5.2 5.2 4 7.8 8.0

Lead 0.015 0.007 0.007 0.015 0.005 U 0.005 U 0.015 0.005 U 0.005 U

Cobalt 0.006 0.01 U 0.01 U 0.006 0.01 U 0.01 U 0.006 0.01 U 0.01 U

Selenium 0.05 0.01 U 0.01 U 0.05 0.01 U 0.01 U 0.05 0.01 U 0.01 U

Lithium 0.0647 0.06 U 0.06 U 0.04 0.06 U 0.06 U 0.04 0.12 0.12

Action 

Levels

Action 

Levels

Arsenic 0.0426 0.025 U 0.025 U 0.01 0.025 U 0.025 U

Molybdenum 0.1 0.15 J 0.16 J 0.1 3.20 J 2.90 J

Boron 4 7.7 8.1 4 25.0 22.0

Lead 0.015 0.025 U 0.025 U 0.015 0.025 U 0.025 U

Cobalt 0.006 0.05 U 0.05 U 0.006 0.05 U 0.05 U

Selenium 0.05 0.05 U 0.05 U 0.05 0.05 U 0.05 U

Lithium 0.055 0.019 J 0.016 J 0.04 0.029 J 0.020 J

Notes:

mg/L =  milligrams per liter

U = not detected above the indicated reporting limit concentration

J = estimated value

Concentrations are at or below action level

Concentrations are between action level and reporting limit

Total Metals (mg/L)

Total Metals (mg/L)

Baseline/Baseline Dup

SiouxLabadie

Meramec MW-6Meramec MW-5

Baseline/Baseline Dup

Rush Island

Baseline/Baseline Dup Baseline/Baseline Dup

Baseline/Baseline Dup
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Table 2

Summary of In Situ Test Conditions for Metal Treatability Study

Ameren Services, Missouri

Test condition Soil (g) Addition 

Duration 

(week) Amount pH

Aerobic or 

Anaerobic Amount pH

Aerobic or 

Anaerobic Amount pH

Aerobic or 

Anaerobic

pH adjusted 48 HCl 36% 1 Varied 10, 9, 8, 7, 6 Aerobic Varied 10, 8, 6 Aerobic Varied 10, 8, 6 Aerobic

CaSx- No pH change 48 CaSx 1 2.1 mg Aerobic 3.1 mg Aerobic 5.5 mg Aerobic

CaSx- pH adjusted 48 CaSx 1 2.1 mg 8 Aerobic

Fe- anaerobic 48 Fe(II) sulfate 4 12 mg Anaerobic 12 mg Anaerobic 12 mg Anaerobic

Fe -anaerobic- pH adjusted 48 Fe(II) sulfate 4 12 mg 8 Anaerobic

Fe - aerobic 48 Fe(II) sulfate 4 12 mg Aerobic 12 mg Aerobic 12 mg Aerobic

Fe - aerobic- pH adjusted 48 Fe(II) sulfate 4 12 mg 8 Aerobic

ZVI (SR.2S) 48 SR.2S 4 96 mg Anaerobic 96 mg Anaerobic 96 mg Anaerobic

ZVI (SR.2S)- pH adjusted 48 SR.2S + HCl 4 96 mg 8 Anaerobic

ZVI (SR.2S)-Food 48 SR.2S + Food 8 96 mg Anaerobic 96 mg Anaerobic 96 mg Anaerobic

ZVI (SR.2S)-Food- pH adjusted 48 SR.2S + Food + HCl 8 96 mg 8 Anaerobic

ZVI (7 micron) 48 7 micron 4 96 mg Anaerobic 96 mg Anaerobic 96 mg Anaerobic

ZVI (7 micron)- pH adjusted 48 7 micron + HCl 4 96 mg 8 Anaerobic

ZVI (7 micron)- Food 48 7 micron + Food 8 96 mg Anaerobic 96 mg Anaerobic 96 mg Anaerobic

ZVI (7 micron)- Food- pH adjusted 48 7 micron + Food + HCl 8 96 mg 8 Anaerobic

Test condition Soil (g) Addition 

Duration 

(week) Amount pH

Aerobic or 

Anaerobic Amount pH

Aerobic or 

Anaerobic

pH adjusted 48 HCl 36% 1 Varied 6 Aerobic Varied 6 Aerobic

CaSx- No pH change 48 CaSx 1 0.09 mg Aerobic 0.09 mg Aerobic

CaSx- pH adjusted 48 CaSx 1 0.09 mg 7 Aerobic

Fe- anaerobic 48 Fe(II) sulfate 4 13.8 mg Anaerobic 13.8 mg Anaerobic

Fe -anaerobic- pH adjusted 48 Fe(II) sulfate 4 13.8 mg 7 Anaerobic

Fe - aerobic 48 Fe(II) sulfate 4 13.8 mg Aerobic 13.8 mg Aerobic

Fe - aerobic- pH adjusted 48 Fe(II) sulfate 4 13.8 mg 7 Aerobic

ZVI (SR.2S) 48 SR.2S 4 11 mg Anaerobic 11mg Anaerobic

ZVI (SR.2S)- pH adjusted 48 SR.2S + HCl 4 11 mg 7 Anaerobic

ZVI (SR.2S)-Food 48 SR.2S + Food 8 11 mg Anaerobic 11mg Anaerobic

ZVI (SR.2S)-Food- pH adjusted 48 SR.2S + Food + HCl 8 11 mg 7 Anaerobic

ZVI (7 micron) 48 7 micron 4 11 mg Anaerobic 11mg Anaerobic

ZVI (7 micron)- pH adjusted 48 7 micron + HCl 4 11 mg 7 Anaerobic

ZVI (7 micron)- Food 48 7 micron + Food 8 11 mg Anaerobic 11mg Anaerobic

ZVI (7 micron)- Food- pH adjusted 48 7 micron + Food + HCl 8 11 mg 7 Anaerobic

Notes:

SR.2S = particle size ZVI HCl = hydrochloric acid

ZVI = zero valent iron CaSx = calcium polysulfide

7 micron = microscale ZVI Fe = iron (dissolved)

Food = lactate, EOL, cornsweet, and nutrients

NA = test condition not run

Meramec MW-5Rush Island

Labadie Sioux

Test Conditions

Test Conditions

NA

NA

NA

NA

NA

NA

NA

Meramec MW-6

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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Table 3

Summary of Rush Island In Situ Total Metals Removal Performance

Rush Island Energy Center, Missouri

Action Levels

Average of All Controls
1

0.12 3.10 0.13 0.03 J* 0.03 J* 0.13

pH 10 0.17 0.12 3.05 0.08 0.02 0.02 0.07

pH 9 0.12 0.12 2.80 0.08 0.02 0.02 0.09

pH 8 0.10 0.13 3.15 0.05 0.01 J* 0.01 J* 0.06

pH 7 0.07 0.11 3.05 0.06 0.02 0.01 0.08

pH 6 0.02 J* 0.08 3.80 0.03 U 0.06 U 0.06 U 0.06 U

CaSx 0.23 0.12 3.60 0.08 0.07 U 0.07 U 0.07

CaSx pH7 0.05 0.14 3.75 0.03 U 0.06 U 0.06 U 0.04 J*

Dissolved Iron (Anaerobic) 0.20 0.13 3.20 0.11 0.05 U 0.05 U 0.11

Dissolved Iron pH 8 (Anaerobic) 0.11 0.14 3.20 0.08 0.05 U 0.05 U 0.06

Dissolved Iron (Aerobic) 0.19 0.13 3.05 0.13 0.05 U 0.05 U 0.10

Dissolved Iron pH 8 (Aerobic) 0.06 0.14 3.45 0.04 J* 0.05 U 0.05 U 0.13

ZVI Injectable 0.03 U 0.05 U 0.30 0.03 U 0.05 U 0.05 U 0.08 U

ZVI Injectable pH 8 0.03 U 0.05 U 0.13 J* 0.03 U 0.05 U 0.05 U 0.09 U

ZVI PRB 0.02 J* 0.39 3.60 0.03 U 0.05 U 0.05 U 0.04 U

ZVI PRB pH 8 0.03 U 0.04 J* 2.55 0.03 U 0.05 U 0.05 U 0.02 J

ZVI Injectable + Bio 0.025 U 0.05 U 0.32 J 0.025 U 0.05 U 0.05 U 0.06 U

ZVI Injectable pH 8 + Bio 0.025 U 0.05 U 0.07 J 0.025 U 0.05 U 0.05 U NS

ZVI PRB + Bio 0.03 U 0.32 J 4.45 J 0.03 U 0.05 U 0.05 U 0.02 J

ZVI PRB pH 8 + Bio 0.03 U 0.05 U 2.20 J 0.03 U 0.05 U 0.05 U 0.04 J

Notes:

U = not detected above the indicated concentration At or below action level

PRB = permeable reactive barrier Approaching action level

Injectable = iron particles at micro-scale; potentially applied through injection Above action level and increase relative to control

Dissolved iron = 50 mg/L Iron(II) sulfate Non-detect but detection limit greater than action level

NS = not sampled NA = no action level

CaSx = calcium polysulfide mg/L = milligrams per liter

J* = half the detection limit was used for non-detect when duplicates had a detection and a non-detect.

pH adjustment testing was conducted over a 7-day test period.  The native pH in monitoring well MW-2 was pH 11.

1) Average of All Controls = average of all controls used in the Phase 2 testing for Rush Island Energy Center

BoronMolybdenumArsenic

mg/L

0.1

0.18

0.03

LithiumSeleniumCobaltLead

0.0650.050.0060.0154
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Table 4

Summary of Meramec MW-5 In Situ Total Metals Removal Performance

Meramec Energy Center, Missouri

Action Levels

Average of All Controls
1

0.034 J* 0.174 5.5 0.028 J* 0.062 U 0.062 U 0.028 J

pH 10 0.031 0.18 5.55 0.013 0.01 U 0.01 U 0.0285 J

pH 8 0.03 0.16 5.30 0.02 0.01 U 0.01 U 0.04 J

pH 6 0.029 0.11 5.6 0.027 0.01 0.01 U 0.049 J

CaSx 0.05 U 0.17 5.3 0.05 U 0.1 U 0.1 U 0.026 J

Dissolved Iron (Anaerobic) 0.039 0.18 J 4.8 0.035 0.05 U 0.05 U 0.029 J

Dissolved Iron (Aerobic) 0.031 0.17 J 4.6 0.03 0.05 U 0.05 U 0.03

ZVI Injectable 0.025 U 0.05 U 0.33 0.025 U 0.05 U 0.05 U 0.06 U

ZVI PRB 0.025 U 0.08 3.7 0.025 U 0.05 U 0.05 U 0.035 J

ZVI Injectable + Bio 0.05 U 0.1 U 0.31 0.05 U 0.1 U 0.1 U NS

ZVI PRB + Bio 0.05 U 0.1 U 4.8 J 0.05 U 0.1 U 0.1 U 0.032 J

Notes:

U = not detected above the indicated concentration At or below action level

PRB = permeable reactive barrier Approaching action level

Injectable = iron particles at micro-scale; potentially applied through injection Above action level and increase relative to control

Dissolved iron = 50 mg/L Iron(II) sulfate Non-detect but detection limit greater than action level

NS = not sampled NA = no action level

CaSx = calcium polysulfide mg/L = milligrams per liter

J* = half the detection limit was used for non-detect when duplicates had a detection and a non-detect.

pH adjustment testing was conducted over a 7-day test period.  The native pH in monitoring well MW-6 was approximately pH 7.5.

1) Average of All Controls = average of all controls used in the Phase 2 testing for Merimec Energy Center MW-5 

BoronMolybdenumArsenic

mg/L

0.10.01

LithiumSeleniumCobaltLead

0.0400.050.0060.0154
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Table 5

Summary of Meramec MW-6 In Situ Total Metals Removal Performance

Meramec Energy Center, Missouri

Action Levels

Average of All Controls
1

0.0259 J* 0.22 J 10.24 J 0.027 J* 0.062 U 0.062 U 0.128

pH 10 0.0285 0.215 10.5 0.0135 0.01 U 0.01 U 0.12

pH 8 0.013 0.18 11 0.016 0.01 U 0.01 U 0.15

pH 6 0.03 0.14 10 0.027 0.01 0.01 U 0.16

CaSx 0.05 U 0.19 10 0.05 U 0.1 U 0.1 U 0.12

Dissolved Iron (Anaerobic) 0.032 0.26 J 8.5 0.041 0.05 U 0.05 U 0.13

Dissolved Iron (Aerobic) 0.027 0.22 J 8.6 0.033 0.05 U 0.05 U 0.13

ZVI Injectable 0.025 U 0.05 U 0.69 0.025 U 0.05 U 0.05 U 0.5 U

ZVI PRB 0.025 U 0.05 6.5 0.025 U 0.05 U 0.05 U 0.11

ZVI Injectable + Bio 0.05 U 0.1 U 0.72 0.05 U 0.1 U 0.1 U NS

ZVI PRB + Bio 0.05 U 0.1 U 8.5 J 0.05 U 0.1 U 0.1 U 0.1

Notes:

U = not detected above the indicated concentration At or below action level

PRB = permeable reactive barrier Approaching action level

Injectable = iron particles at micro-scale; potentially applied through injection Above action level and increase relative to control

Dissolved iron = 50 mg/L Iron(II) sulfate Non-detect but detection limit greater than action level

CaSx = calcium polysulfide NA = no action level

mg/L = milligrams per liter

half the detection limit was used for non-detect when duplicates had a detection and a non-detect.

pH adjustment testing was conducted over a 7-day test period.  The native pH in monitoring well MW-6 was approximately pH 7.6.

1) Average of All Controls = average of all controls used in the Phase 2 testing for Merimec Energy Center MW-6

0.10.01

LithiumSeleniumCobaltLead

0.0400.050.0060.0154

BoronMolybdenumArsenic

mg/L
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Table 6

Summary of Labadie In Situ Total Metals Removal Performance

Labadie Energy Center, Missouri

Action Levels

Average of All Controls
1

0.042 U 0.162 J 9.133 J 0.042 U 0.083 U 0.083 U 0.022 J*

pH 6 0.025 U 0.13 J 7.6 0.025 U 0.05 U 0.05 U 0.018 J

CaSx 0.025 U 0.16 J 7.5 0.025 U 0.05 U 0.05 U 0.016 J

CaSx pH7 0.025 U 0.13 J 7.6 0.025 U 0.05 U 0.05 U 0.017 J

Dissolved Iron (Anaerobic) 0.05 U 0.17 9.5 0.05 U 0.1 U 0.1 U 0.06 U

Dissolved Iron (Aerobic) 0.05 U 0.17 9.6 0.05 U 0.1 U 0.1 U 0.023 J

Dissolved Iron pH 7 (Anaerobic) 0.05 U 0.15 9.5 0.05 U 0.1 U 0.1 U 0.06 U

Dissolved Iron pH 7 (Aerobic) 0.05 U 0.16 9.7 0.05 U 0.1 U 0.1 U 0.06 U

ZVI Injectable 0.05 U 0.1 U 6.5 0.05 U 0.1 U 0.1 U 0.06 U

ZVI Injectable pH 7 0.05 U 0.1 U 6.3 0.05 U 0.1 U 0.1 U 0.06 U

ZVI PRB 0.05 U 0.1 9.3 0.05 U 0.1 U 0.1 U 0.06 U

ZVI PRB pH 7 0.05 U 0.1 U 8.9 0.05 U 0.1 U 0.1 U 0.022 J

ZVI Injectable + Bio 0.05 U 0.1 U 10 J 0.05 U 0.1 U 0.1 U 0.016 J

ZVI Injectable pH 7 + Bio 0.05 U 0.1 U 8.9 J 0.05 U 0.1 U 0.1 U 0.019 J

ZVI PRB + Bio 0.05 U 0.1 U 9.9 J 0.05 U 0.1 U 0.1 U 0.063 J

ZVI PRB pH 7 + Bio 0.05 U 0.1 U 9.2 J 0.05 U 0.1 U 0.1 U 0.038 U

Notes:

U = not detected above the indicated concentration At or below action level

PRB = permeable reactive barrier Approaching action level

Injectable = iron particles at micro-scale; potentially applied through injection Above action level and increase relative to control

Dissolved iron = 50 mg/L Iron(II) sulfate Non-detect but detection limit greater than action level

CaSx = calcium polysulfide NA = no action level

mg/L = milligrams per liter

J* = half the detection limit was used for non-detect when duplicates had a detection and a non-detect.

pH adjustment testing was conducted over a 7-day test period.  The native pH at Labadie was approximately pH 8.3.

1) Average of All Controls = average of all controls used in the Phase 2 testing for Labadie Energy Center

0.10.0426

LithiumSeleniumCobaltLead

0.0550.050.0060.0154

BoronMolybdenumArsenic

mg/L
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Table 7

Summary of Sioux In Situ Total Metals Removal Performance

Sioux Energy Center, Missouri

Action Levels

Average of All Controls
1

0.033 J* 2.867 J 26.7 J 0.065 J* 0.052 J* 0.083 U 0.049

pH 6 0.025 U 1.7 J 23 0.025 U 0.05 U 0.05 U 0.028 J

CaSx 0.025 U 2.7 J 21 0.025 U 0.05 U 0.05 U 0.025 J

Dissolved Iron (Anaerobic) 0.05 U 2.7 28 0.05 U 0.1 U 0.1 U 0.028 J

Dissolved Iron (Aerobic) 0.05 U 2.6 27 0.069 0.1 U 0.1 U 0.085

ZVI Injectable 0.05 U 0.1 U 23 0.05 U 0.1 U 0.1 U 0.06 U

ZVI PRB 0.05 U 0.81 26 0.05 U 0.1 U 0.1 U 0.024 J

ZVI Injectable + Bio 0.05 U 0.5 J 19 J 0.05 U 0.1 U 0.1 U 0.029 J

ZVI PRB + Bio 0.05 U 0.1 U 27 J 0.05 U 0.1 U 0.1 U 0.021 J

Notes:

U = not detected above the indicated concentration At or below action level

PRB = permeable reactive barrier Approaching action level

Injectable = iron particles at micro-scale; potentially applied through injection Above action level and increase relative to control

Dissolved iron = 50 mg/L Iron(II) sulfate Non-detect but detection limit greater than action level

CaSx = calcium polysulfide NA = no action level

mg/L = milligrams per liter

J* = half the detection limit was used for non-detect when duplicates had a detection and a non-detect.

pH adjustment testing was conducted over a 7-day test period.  The native pH at Sioux was approximately pH 7.8.

1) Average of All Controls = average of all controls used in the Phase 2 testing for Sioux Energy Center

0.10.01

LithiumSeleniumCobaltLead

0.0400.050.0060.0154

BoronMolybdenumArsenic

mg/L
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Table 8

Summary of Preliminary Ferric Chloride Treatability Testing - Rush Island

Rush Island Energy Center, Missouri

Action Level

Baseline

20 mg/L FeCl3, pH 6
4

0.0072 0.0109 0.0126 0.0205 0.0241 0.0283

40 mg/L FeCl3, pH 6
4

0.0049 0.0059 0.0062 0.01 U 0.01 U 0.01 U

40 mg/L FeCl3, pH 4
5

0.0056 0.0085 0.0105 0.01 U 0.01 U 0.01 U

40 mg/L FeCl3, 3% H2O2, pH 6
4,6

0.0269 0.188

Notes:

U = not detected above the indicated concentration At or below action level

mg/L = milligrams per liter Approaching action level

NM = not measured Above action level and increase relative to baseline

FeCl3 = ferric chloride Non-detect but detection limit greater than action level

1) 1 hour sample started collecting 1.5 hours after FeCl3 added (flow through column started 0.5 hours after FeCl3). Ended collection 3 hours after FeCl3 added.

2) 3 hour sample started collecting 3.5 hours after FeCl3 added. Ended collection 5 hours after FeCl3 added.

3) 6 hour sample started collecting 5.5 hours after FeCl3 added. Ended collection 7 hours after FeCl3 added.

4) pH of 6 was the goal but after adding the FeCl3, the 20 mg/L test was a pH of 4.65 and the 40 mg/L was a pH of 3.66. Did not measure the final pH of the H2O2 test. 

5) pH of 4 was the goal but after adding the FeCl3, the 0 mg/L test was a pH of 3.45.

6) this was the only sample that had a brownish tent to it in the effluent. The flocks had formed faster and seemed to settle out better than those without the H2O2. Bubbles noted in 

effluent of column. 

0.224 0.146

0.10.03

NMNM NM NM

Total Metals 

1 hour 
1

3 hour 
2

6 hour
 3

mg/L

MolybdenumArsenic

1 hour 
1

3 hour 
2

6 hour
 3
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Table 9

Summary of Ferric Chloride Continuous Flow Test - Rush Island 

Rush Island Energy Center, Missouri

Arsenic 0.03 0.212 NM NM 0.0288 0.0013 0.001 0.001 U 0.0107

Molybdenum 0.1 0.156 NM NM 0.0267 0.01 U 0.01 U 0.01 U 0.0151

Lead 0.015 0.0057 NM NM 0.0016 0.0026 0.0023 0.001 U 0.001 U

Lithium 0.0647 0.005 U NM NM NM 0.005 U 0.005 U 0.005 U NM

Iron NA 0.0769 NM NM 1.15 NM NM NM 0.299

Boron 4 4** NM NM NM NM NM NM NM

Arsenic 0.03 0.198 0.0019 0.0032 0.0219 0.001 U 0.001 U 0.001 U 0.0094

Molybdenum 0.1 0.144 0.01 U 0.01 U 0.0224 0.01 U 0.01 U 0.01 U 0.0136

Lead 0.015 0.0052 0.0022 0.0035 0.0014 0.0029 0.0027 0.001 U 0.001 U

Lithium 0.0647 0.005 U 0.005 U 0.005 U NM 0.005 U 0.005 U 0.005 U NM

Iron NA 0.0552 NM NM 0.831 NM NM NM 0.204

Boron 4 NM NM NM NM NM NM NM NM

Arsenic 0.03 0.212 0.0363 0.0023 NM 0.0016

Molybdenum 0.1 0.156 0.0257 0.01 U NM 0.01 U

Lead 0.015 0.0057 NM NM NM NM

Lithium 0.0647 0.005 U NM NM NM NM

Iron NA 0.0769 4.41 2.69 NA 5.11

Boron 4 4** NM 4** NA 0.02 U

Arsenic 0.03 0.198 0.0032 0.0016 0.001 U 0.0012

Molybdenum 0.1 0.144 0.01 U 0.01 U 0.01 U 0.01 U

Lead 0.015 0.0052 NM NM NM NM

Lithium 0.0647 0.005 U NM NM NM NM

Iron NA 0.0552 1.92 2.33 0.951 0.503

Boron 4 NM NM NM NM 0.02 U

Notes:

U = not detected above the indicated concentration At or below action level

mg/L = milligrams per liter Approaching action level

FeCl3 = ferric chloride at 40 mg/L Above action level and increase relative to baseline

NM = not measured Non-detect but detection limit greater than action level

NA = not applicable. Not a metal of concern

hr = hour

Ave = average of the flow collected in the first 19 hours

Intermediate = collected after FeCl3 has been added and mixed, and the flocculants are being settled

Rush Island water was adjusted to a pH of 5.8-6.0 prior to adding the FeCl 3 and had a final pH of 4.0-4.3.

Effluent water was adjusted to a pH of 6-8 prior to passing through the resin.

* = the total intermediate sample was passed through a 5 micron filter to simulate a bag filter. 

** = results are internal XDD measurements using colorimetric Hach testing

Action 

Level Influent 

Effluent Sand Filter

Total mg/L

19 hr 2 day 8 day* Ave first 19 hr 19 hr

Filters - Mimic Resin Filtration Followed By Resin

Dissolved mg/L

Total mg/L

Intermediate

Sand Filter

Action 

Level Influent 

Effluent 100 

micron filter - 

3 Days

Effluent 10 

micron filter - 

3 Days

10 micron 

filter pH to 7.5 

adjusted - 3 

Days Post Resin

Dissolved mg/L

2 day 7 day
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Table 10

Summary of pH Adjustment and Resin Column Testing - Rush Island 

Rush Island Energy Center, Missouri

Action Level 0.03 4 0.1

Baseline 0.224 3.72 0.146

Day 1 0.0261 0.02 U 0.01 U

Day 3 0.0042 0.02 U 0.01 U

Day 7 - pH only 0.198 3.64 0.153

Day 7 0.0568 0.02 U 0.01 U

Baseline 0.211 3.39 0.14

Day 1 0.0242 0.02 U 0.01 U

Day 3 0.0032 0.02 U 0.01 U

Day 7 - pH only 0.189 3.27 0.142

Day 7 0.0525 0.02 U 0.01 U

Notes:

U = not detected above the indicated concentration

mg/L = milligrams per liter

pH was adjusted to 5

At or below action level

Approaching action level

Above action level and increase relative to baseline

Non-detect but detection limit greater than action level

pH only = sample collected after pH adjustment and flowing through sand, but before the 

ion-specific resin

Dissolved Metals 

Arsenic Boron Molybdenum

mg/L

Total Metals 
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Table 11

Summary of Zero Valent Iron Column Metals Removal - Rush Island 

Rush Island Energy Center, Missouri

Action Level 0.03 4 -- 0.1 0.03 4 -- 0.1

Baseline 0.195 3.84 0.0721 0.143 0.211 3.51 0.0817 0.148

Day 1 0.034 3.48 0.357 0.0954 0.0419 3.47 0.503 0.145

Day 3 0.114 3.86 0.0959 0.15 0.082 3.4 0.166 0.134

Day 7 0.113 3.9 0.15 0.151 0.089 3.51 0.11 0.143

Baseline 0.18 3.71 0.0614 0.139 0.212 3.47 0.0489 0.143

Day 1 0.025 U 3.117 0.047 0.0792 0.0439 3.42 0.04 U 0.143

Day 3 0.104 3.59 0.0569 0.134 0.0836 3.36 0.0702 0.133

Day 7 0.101 3.61 0.114 0.135 0.0898 3.34 0.0805 0.138

Notes:

U = not detected above the indicated concentration At or below action level

ZVI = zero valent iron - micro-scale size Approaching action level

mg/L = milligrams per liter Above action level and increase relative to baseline

Non-detect but detection limit greater than action level

Dissolved Metals 

Arsenic Boron Iron Molybdenum

mg/L

Column Construction: 2 Parts Sand per 1 Part ZVIColumn Construction: 5 Parts Sand per 1 Part ZVI

Arsenic Boron Iron Molybdenum

Total Metals 
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APPENDIX E 
Time-Series Plots for Key Downgradient Well-Constituent 

Pairs 



Legend:
Concentration for monitoring event
Non-detect result - value averaged from proximate event(s)
GWPS for Appendix IV constituent

Arsenic Time-Series Plots for Key Downgradient Well Constituent Pairs

Detection and Assessment Monitoring Wells Corrective Action Monitoring Wells 
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Legend:
Concentration for monitoring event
Non-detect result - value averaged from proximate event(s)

Sulfate Time-Series Plots for Key Downgradient Well Constituent Pairs

Detection and Assessment Monitoring Wells Corrective Action Monitoring Wells 
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APPENDIX F 
2018 Risk Assessment Report 

 





https://www.ameren.com/Environment/ccr-rule-compliance


http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/index.htm










https://www.ameren.com/Environment/managing-ccrs/ash-pond-closure
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NPDES Discharge
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Surface Water 
Mississippi River

Surface Water
Creek/Drainage

Fish Tissue
Mississippi River

Groundwater

Migration to 
Surface Water

Incidental 
Ingestion

Incidental 
Ingestion

Dermal Contact

Ingestion

Drinking Water 
Use

Potential 
Exposure Route

Current/Future 
Off‐Site Resident

Adult/Child

Current/Future 
Off‐Site 

Recreational 
Swimmer

Current/Future 
Off‐Site 

Recreational 
Wader

Current/Future 
Off‐Site 

Recreational 
Boater

Current/Future 
Off‐Site 

Recreational 
Fisher

 (a)        

     

 (e)        

       

Primary Sources Primary Release 
Mechanisms

Secondary 
Sources

Secondary 
Release 

Mechanisms

Potential 
Exposure Media

Potential Human Health Receptors





(b)

Pathway potentially complete

Pathway potentially complete, but insignificant.

The Meramec River is not used as a source of drinking water.  The Meramec River flows into the Mississippi River.

Infiltration/
Leaching

Runoff/Flooding

Dermal Contact      

 

   

 

 

 

(c) Creek/Drainage is not used as a source of drinking water.

(d) The size of Creek/Drainage precludes swimming, fishing and boating activities.

FIGURE 3
CONCEPTUAL SITE MODEL

MERAMEC ENERGY CENTER, ST. LOUIS COUNTY, MO
AMEREN MISSOURI

(e) The shallow alluvial aquifer in the vicinity of the coal ash management area is not used for drinking water purposes.

 

 

 

 

 (d)

 

 (d)

 

 (d)

Drinking Water 
UseCoal Ash Basin

Drinking Water 
Use  (c)      

  Pathway evaluated and found incomplete.

NA

NA

NA

NA

NA

NA

NA

NA

Notes:

NA – Not Applicable.

Surface Water 
Meramec River

Incidental 
Ingestion
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     

Dermal Contact      

 

   

 

Drinking Water 
Use NA

NA

NA

(a) The Mississippi River is used as a source of drinking water; the nearest downstream drinking water intake is 51.2 miles 
downstream at Chester Intake in Illinois.  All detected constituent concentrations are below drinking water screening levels.

Fish Tissue
Meramec River

Ingestion          NA

Potential 
Ecological 
Receptors

NPDES ‐ National Pollutant Discharge Elimination System.

(f) Ecological Receptors are not exposed to groundwater.
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Aquatic Exposure NA NA NA NANA  
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Attachment A

Constituents Present in Coal Ash and in Our Natural Environment

It is important to understand what constituents are present in coal ash, which can be released to the

environment, and to understand the natural occurrence of these constituents in our environment.

Coal is a type of sedimentary rock that is a natural component of the earth’s crust and the inorganic

minerals and elements it contains are also naturally occurring.  It is the organic component of coal

that burns and produces energy, and it is the inorganic minerals and elements that remain after

combustion the make up the coal ash, or coal combustion products (CCPs).

A.1 Major, Minor and Trace Constituents in Coal Ash
All of the inorganic minerals and elements that are present in coal ash are also present in our natural

environment.  This is one fact that that the public seems either not to understand or will not

acknowledge. Figure A-1 shows the major and minor components of fly ash, bottom ash, volcanic

ash, and shale.  It is important to understand that the constituents that are the focus of many of the

concerns expressed by the public about the toxicity of coal ash (e.g., lead, arsenic, mercury,

cadmium, selenium, etc.) are trace elements, so called because they are present in such low

concentrations (in the mg/kg or part per million (ppm) range).  Together, the trace elements generally

make up less than 1 percent of the total mass of these materials.  To put these concentrations into

context, a mg/kg or ppm is equivalent to:

• 1 penny in a large container holding $10,000 worth of pennies, or

• 1 second in 11.5 days, or

• 1 inch in 15.8 miles

These trace elements have been referred to by the public and even in the popular press as “toxic”—

without any context provided for what this means.  Moreover, claims have been made that there is no

safe level of exposure to any of these elements.

This is simply not true, and there are two important facts that must be understood to put this in

context.  The first relates to background levels of constituents in our environment and the second

relates to toxicity.

A.2 Background Levels in Soils
The first fact that must be understood is that all of the constituents present in coal ash occur naturally

in our environment.  U.S. Geological Survey (USGS) data demonstrate the presence of these

constituents in the soils across the U.S.  Prime examples include arsenic, lead, mercury and

selenium.  With respect to arsenic, Figure A-2 shows the range of background levels of arsenic in

soils across the U.S., as published by the USGS.  The USGS is conducting a “national geochemical

survey” to identify background levels of elements in soils in the U.S. (USGS, 2013). Figures A-3 –
A-6 provide maps prepared by the USGS demonstrating the naturally-occurring presence of other

trace elements in soils in the U.S., including aluminum and copper (Figure A-3), iron and lead

(Figure A-4), manganese and mercury (Figure A-5), and selenium and zinc (Figure A-6).

These soils are found in our backyards, schools, parks, etc., and because of their presence in soil,

these constituents are also present in the foods we eat.  Some of these constituents are present in
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our vitamins, such as manganese and selenium.  Thus, we are exposed to these trace elements in

our natural environment every day, and in many ways.

A.3 Toxicity and Risk
The second fact is that all constituents and materials that we encounter in our natural environment

can be toxic, but what determines whether a toxic effect actually occurs is how one is exposed to the

constituent, the amount of material to which one may be exposed, and the timing and duration of that

exposure.  Without sufficient exposure the science tells us that there are no toxic effects.  Put another

way, when a toxic effect is demonstrated by a particular constituent, it is generally caused by high

levels of exposure over a long-term duration.  The fundamental principles here are:

• All constituents can exert toxic effects (from aspirin
1
 to table salt to water to minerals).

• For such toxic effects to occur, exposure must occur at a sufficiently high level for a

sufficiently long period of time.

• If there is no exposure, there is no risk.

A.4 Risk-Based Screening Levels
The U.S. Environmental Protection Agency (USEPA) uses information on the potential toxicity of

constituents to identify concentrations of trace elements in soil in a residential setting that are

considered by USEPA to be protective for humans (including sensitive groups) over a lifetime

(USEPA, 2014c).  Specifically, residential soil screening levels are levels that are protective of a child

and adult’s daily exposure to constituents present in soil or a solid matrix over a residential lifetime.

In the context of regulatory decision making, at sites where constituent concentrations fall below

these screening levels, no further action or study is warranted under the federal Superfund program.

Missouri Department of Natural Resources also applies this concept to the development of screening

levels in its Risk-Based Corrective Action program (MDNR, 2006).

Figure A-7 shows USEPA’s residential soil screening levels for a variety of trace elements that are

present in coal ash.  USEPA considers it to be safe for children to be exposed to these

concentrations of each of these trace elements in soils on a daily basis, throughout their lifetime.

What this tells us is that by developing these residential soil screening levels, USEPA considers the

presence of these levels of these constituents in soils to be safe for humans, even for exposure on a

daily basis.  It is, therefore, simply not true that there are no safe levels of exposure to these

constituents.

A.5 Comparison of Coal Ash Constituent Concentrations to Risk-Based
Screening Levels and Background

A comparison of constituent concentrations in coal ash, as reported by the USGS (USGS, 2011a) to

USEPA’s risk-based screening levels for residential soil indicates that with only a few exceptions,

constituent concentrations in coal ash are below screening levels developed by the USEPA for

residential soils, and are similar in concentration to background U.S. soils.  Details of this evaluation

are provided in the report titled “Coal Ash Material Safety:  A Health Risk-Based Evaluation of USGS

1
 For example, if one takes two aspirin every four hours as directed, aspirin is not toxic.  If one takes the entire

bottle at once, the aspirin is very toxic.
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Coal Ash Data from Five US Power Plants” (AECOM, 2012).  The study is available at:

http://www.acaa-usa.org/associations/8003/files/ACAA_CoalAshMaterialSafety_June2012.pdf.

Figure A-8 is an updated chart from this study comparing ranges of trace element concentrations in

fly ash produced from coal from the Powder River Basin in Wyoming (the same type of coal used at

Rush Island Energy Center) to USEPA screening levels, and to background levels in soils in the U.S.

The USEPA screening levels for residential soils (USEPA, 2014c) are shown as the green vertical

bars, the ranges for the Wyoming coal fly ash are shown in purple on top of the green vertical bars,

and the ranges of background levels in U.S. soils are shown in the grey bars.  What this figure shows

is that all but one of the constituents are present in the Wyoming fly ash at concentrations that are

below the USEPA residential soil screening levels; and for cobalt, the concentration range is only

marginally above the screening level.  As noted in detail in the report itself, the toxicity value upon

which the USEPA soil screening level for cobalt is based is two levels of magnitude lower than what

has been derived by other regulatory agencies; thus a much higher health protective soil screening

level for cobalt exists.  What the data also show is that constituent concentrations in coal ash are not

that different from concentrations in soils in the U.S.

The results are similar for all of the coal ashes evaluated in the report (AECOM, 2012).  The

evaluation in the report included not only the simple comparison of constituent concentrations in coal

ash to USEPA screening levels, but also provided a detailed cumulative risk screen for each coal ash

data set to account for potential additive effects of combined exposures to the trace elements in coal

ash.  The results confirm the simple screening results, which indicate that no significant risk would be

posed by direct exposure to coal ash in a residential setting.

Thus, by considering the levels of trace elements in coal ash in comparison to the background levels

in soils in the U.S., and in comparison to the USEPA screening levels for these constituents in

residential soil, screening levels that are protective of daily exposure to soils by children and adults,

including sensitive subgroups, it is concluded that even daily direct contact to trace elements in coal

ash would not pose a significant risk to human health.

A.6 Background Levels in Groundwater
Because these constituents are naturally present in soils and rocks, they are also naturally present in

our groundwaters and surface waters.  The USGS has published a report titled “Trace Elements and

Radon in Groundwater Across the United States” (USGS, 2011b).  Just as for soil, it is important to

understand that there are background levels of constituents in groundwater.  Constituent

concentrations in groundwater that is upgradient of a source represent background conditions.  To

demonstrate a release to groundwater by a source, concentrations downgradient of the source must

be greater than the background/upgradient concentrations at a statistically significant level for a

consistent period of time.

The same concept applies to surface water.  These same constituents are naturally present in

surface water due to discharge of groundwater to surface water and the effect of erosion of soil into

our surface waters.  To demonstrate an effect of a source on surface water, the concentrations

downgradient/downstream of the source must be greater than the background/upstream

concentrations at a statistically significant level for a consistent period of time.

Constituents in groundwater and surface water can be in a dissolved form, or they can be adhered to

or part of a soil or sediment particle.  Movement of these particles in groundwater is generally more

difficult because of the presence of the soil and rock that the groundwater must move through.

Surface water is constantly impacted by erosion of soils, thus in surface water, it is much more

http://www.acaa-usa.org/associations/8003/files/ACAA_CoalAshMaterialSafety_June2012.pdf
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common for constituents to be bound to particles rather than dissolved in the water.  For this reason,

it is important to evaluate both total concentrations of constituents in water (which represents

constituents dissolved in the water and as part of a soil or sediment particle) and the dissolved

component (by filtering out the soil/sediment particles).

A.7 Toxicity Evaluation for Cobalt and Chromium
A.7.1 Cobalt

Cobalt is the only constituent in the Powder River Basin coal ash (the coal that is used at the Rush

Island Energy Center) with concentrations above the USEPA screening level for residential soils.

There is much uncertainty associated with the USEPA dose-response value for cobalt, and with the

resulting screening level for residential soil.  The World Health Organization (WHO) indicates that

“there are no suitable data with which to derive a tolerable intake for chronic ingestion of cobalt”

(WHO, 2006).  Agency for Toxic Substances and Disease Registry (ATSDR, 2004) states that

“adequate chronic studies of the oral toxicity of cobalt or cobalt compounds in humans and animals

are not presently available.”  However, using a short-term study in six human volunteers, ATSDR

(2004) derived an intermediate-term (15–364 days) minimal risk level (MRL) of 0.05 mg/kg-day.  The

“adverse” effect was identified as increased red blood cell count, although it is also noted that cobalt

is used as a treatment for anemia (low red blood cell count).  ATSDR also notes that “Since cobalt is

naturally found in the environment, people cannot avoid being exposed to it.  However, the relatively

low concentrations present do not warrant any immediate steps to reduce exposure.”  WHO notes

that the largest source of exposure to cobalt for the general population is the food supply; the

estimated intake from food is 5–40 ug/day, most of which is inorganic cobalt (WHO, 2006).

Expressed on a mg/kg-day basis, this is 0.00007–0.0005 mg/kg-day from the diet.

USEPA however has derived a Provisional Peer-Reviewed Toxicity Value (PPRTV) for cobalt of

0.0003 mg/kg-day, this is two orders of magnitude lower than the ATSDR intermediate term MRL,

and is higher that most dietary intake estimates.  Thus the RSL for cobalt for residential soil is much

lower than values derived by other regulatory bodies.

A.7.2 Hexavalent Chromium

The data provided by USGS (2011a) for chromium is for total chromium in the samples; the Ameren

data for groundwater and surface water are also based on analysis of total chromium.  Many metals

can exist in different oxidation states; for some metals, the oxidation state can have different

toxicities.  This is the case for chromium.  Chromium exists in two common oxidation states:  trivalent

chromium (chromium-3, Cr(III) or Cr+3), and hexavalent chromium (chromium-6, Cr(VI) or Cr+6).

Trivalent chromium is essentially nontoxic, as evidenced by its RSL of 120,000 mg/kg.  It can be

bought over-the-counter as a supplement, and is included in most vitamins.  Hexavalent chromium

has been concluded to be a human carcinogen by the inhalation route of exposure (USEPA, 2014a).

Currently on USEPA’s toxicity database, the Integrated Risk Information System (IRIS) (USEPA,

2014a), the primary source of dose-response information for risk assessment and for the RSL tables,

an oral reference dose is available for trivalent chromium, and IRIS provides an inhalation IUR for

potential inhalation carcinogenic effects and an oral reference dose and inhalation reference

concentration for hexavalent chromium.  The oral noncancer dose-response value for hexavalent

chromium is based on a study where no adverse effects were reported; thus the target endpoint is

identified as “none reported.”
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Recent studies by the National Toxicology Program (NTP) have shown that when present in high

concentrations in drinking water, hexavalent chromium can cause gastrointestinal tract tumors in

mice (NTP, 2008).  IRIS does not present an oral CSF for hexavalent chromium; a value developed

by the New Jersey Department of Environmental Protection (NJDEP, 2009) was used in the

development of the RSLs.  USEPA developed a draft oral cancer dose-response value for

hexavalent chromium, based on the same study and was the same as the NJDEP value.  However, it

should be noted that USEPA’s Science Advisory Board (SAB) provided comments in July 2011 on

the draft USEPA derivation of the oral CSF for hexavalent chromium and indicated many

reservations with the assumptions of mode of action, and in the derivation itself.  The SAB review can

be accessed at http://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=221433.  Thus, the value

used to develop the RSLs for hexavalent chromium has been called into question by USEPA’s peer

review panel.  Currently there is much scientific debate about whether the mode of action of

hexavalent chromium in very high concentrations in drinking water is relevant to the low

concentrations most likely to be encountered in environmental situations (Proctor, et al., 2012).

Therefore, for this evaluation of chromium in the Powder River Basin coal ash, total chromium is

evaluated assuming the total concentration is hexavalent chromium and using RSLs calculated using

USEPA’s on-line RSL calculator (USEPA, 2014b), based on the primary dose-response values

provided in the IRIS database (USEPA, 2014a) for both potential carcinogenic and noncarcinogenic

endpoints.

The assumption that all chromium in CCPs is in the hexavalent form is very conservative, and in fact

unrealistic.  Data for the Alaska Power Plant indicate that hexavalent chromium comprises 0.25% of

the total chromium concentration in the combined fly ash/bottom ash material from that facility.

Literature data for analyses of CCPs from US coals (total CCPs) indicate that hexavalent chromium

can comprise up to 5% of the total chromium (Huggins, et al., 1999); thus over 95% of the total

chromium is present in the nontoxic trivalent form.  This is consistent with data from USEPA, though

there are some single higher results (USEPA, 2009).

A.8 Summary
Constituents present in coal ash are also present in our natural environment, and we are exposed to

them every day, in the soils that we contact and the food that we eat.  All of these constituents have

USEPA-derived risk-based screening levels for residential soils.  The constituent concentrations in

coal ash from the Powder River Basin, the source of the coal used at the Rush Island Energy Center,

are below risk-based screening levels for residential soils (with one exception) and the

concentrations are similar to background levels in U.S. soils.
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Figure A-1

Composition of Coal Ash and Other Natural Materials

.

Source:  EPRI. 2010. Comparison of Coal Combustion Products to Other Common Materials – Chemical Characteristics. 
Report No. 1020556. Available for download at www.epri.com.



Figure A-2
Arsenic is Present in our Natural Environment –
Background Levels in Soils in the U.S.  

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

The USEPA regional screening level for arsenic in residential soil at a one in one million risk level is 0.67 mg/kg. USEPA.  2014c. 
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/index.htm
Thus the arsenic concentration in the majority of the soils in the U.S. are above the one in one million risk level.  

*

*



Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Aluminum is Present in our Natural Environment –
Background Levels in Soils in the U.S.  

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Copper is Present in our Natural Environment –
Background Levels in Soils in the U.S.  

Figure A-3



Iron is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Lead is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Figure A-4



Manganese is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Mercury is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Figure A-5



Selenium is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Zinc is present in our natural environment –
Background levels in soils in the U.S. 

Source: USGS. 2013.  National Geochemical Survey. http://mrdata.usgs.gov/geochem/doc/averages/countydata.htm

Figure A-6
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USEPA Regional Screening Levels for Residential Soils - Coal Ash Constituents

Top of bar corresponds to the USEPA
Regional Screening Level (RSL) - Residential
Soil (May 2014)

Notes: 
(1) Arsenic RSLs for target risk level of 10-4 (top of green bar), 10-5 (middle white bar), 10-6 (lower white bar.
(2) The screening level shown for chromium is the value calculated using toxicity information for hexavalent 
chromium currently available on USEPA’s IRIS database [http://www.epa.gov/iris/subst/0144.htm]. The screening 
level for trivalent chromium is 120,000 mg/kg.
(3) The RSL for thallium is identified by USEPA as a "provisional value" of "limited usefulness" that was developed 
for information purposes although USEPA states "it is inappropriate to derive a provisional subchronic or chronic 
[toxicity value] for thallium" [http://hhpprtv.ornl.gov/issue_papers/ThalliumandCompounds.pdf]  
(4) The RSL for cobalt is based on a provisional dose-response value that is two orders of magnitude lower than 
values from other regulatory sources, and higher than most dietary intake estimates. Thus, a more realistic RSL 
could be more than an order of magnitude higher than the value shown here.

http://www.epa.gov/region9/superfund//prg/index.html

(2)   (4)    (3)       (1)
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Notes: 
(1) Arsenic RSLs for target risk level of 10-4 (top of green bar), 10-5 (middle white bar), 10-6 (lower 
white bar).
(2) The screening level shown for chromium is the value calculated using toxicity information for 
hexavalent chromium currently available on USEPA’s IRIS database 
[http://www.epa.gov/iris/subst/0144.htm]. The screening level for trivalent chromium is 120,000 mg/kg.
(3) The RSL for thallium is identified by USEPA as a "provisional value" of "limited usefulness" that 
was developed for information purposes although USEPA states "it is inappropriate to derive a 
provisional subchronic or chronic [toxicity value] for thallium" 
[http://hhpprtv.ornl.gov/issue_papers/ThalliumandCompounds.pdf] 
(4) The RSL for cobalt is based on a provisional dose-response value that is two orders of magnitude 
lower than values from other regulatory sources, and higher than most dietary intake estimates. Thus, 
a more realistic RSL could be more than an order of magnitude higher than the value shown here.

http://www.epa.gov/region9/superfund//prg/index.html

(2) (4)                       (3)        (1)
Soil - EPRI, 2010. Report No.1020556. Available 
for download at www.epri.com.
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Date:  February 8, 2018 Made by:

Project No.: 130-1560 Checked by:

Subject: Meramec Energy Center Dilution Factor Calculations - Mississippi River Reviewed by:

Notes:

1) ft - feet

Notes

1.0 Introduction

The Mississippi River is a large, flowing water body and daily flow at the Meramec Energy Center (MEC) is 

estimated to range between 36 and 538 billion gallons per day, depending upon the river stage. In contrast, 

during low river flow conditions, average daily groundwater flow into the river is a fraction (estimated to be 

131.000 gallons or 0.0004%) of the receiving water body.  This ratio of flow is referred to as a "dilution factor" 

and is useful when assessing the relationship between smaller and larger water bodies.  Set forth below is a 

calculation of a dilution factor based on specific criteria and assumptions delineated in Section 1.6.

3) Information and Data for the St. Louis gauge available at https://waterdata.usgs.gov/usa/nwis/uv?07010000.

4) Information and Data for the Chester gauge available at https://waterdata.usgs.gov/nwis/uv?site_no=07020500.

1) Estimated Mississippi River Elevation at the MEC calculated by subtracting the gradient of the Mississippi 

River multiplied distance from the St. Louis gauge (in river feet) from the St. Louis gauge.

M.Haddock

E. Kidner

J. Ingram

1.1 Low River Conditions

2) ft MSL - feet above mean sea level

CALCULATIONS

Date

St. Louis Gauge 

Height  

St. Louis Gauge 

Elevation

Mississippi 

River Elevation 

at St. Louis 

Gauge

Chester Gauge 

Height  

Chester Gauge 

Elevation

Mississippi 

River Elevation 

at Chester 

Gauge

Units ft above gauge ft MSL ft MSL ft above gauge ft MSL ft MSL

1/1/2013 12:00 -4.55 379.58 375.03 -1.12 341.05 339.93

1/2/2013 19:00 -4.35 379.58 375.23 -1.28 341.05 339.77

Mississippi 

River Elevation 

at St. Louis 

Gauge

Mississippi 

River Elevation 

at Chester 

Gauge

Distance 

Between St. 

Louis and 

Chester Gauges

Calculated 

Mississippi 

River Gradient

Distance from 

St. Louis Gauge 

to MEC

Estimated 

Mississippi 

River Elevation 

at MEC

ft MSL ft MSL River Miles foot/foot River Miles ft MSL

375.03 339.93 70.1 0.00009 18.5 366

1

_________________________________________________________________________________________________



Date:  February 8, 2018 Made by:

Project No.: 130-1560 Checked by:

Subject: Meramec Energy Center Dilution Factor Calculations - Mississippi River Reviewed by: M.Haddock

E. Kidner

J. Ingram

CALCULATIONS

Value

4,400

Symbol Value

I 0.0023

n 35

V 0.2

Symbol

V

Estimated Discharge zone area A

n

Description

Estimated total GW Discharge (Q=V*A*n)

Average linear groundwater velocity

Description

Estimated length of discharge zone

Estimated top of discharge zone (1Q10 

river level) 

Estimated bottom of discharge zone 

(Bedrock)

Estimated thickness of discharge zone 

(Top - Bottom)

Description

seconds/day

Value

Units

Q

Seconds per Day

Average linear groundwater velocity (V=KI/n)

1.5 Mississippi River Flow

Average Groundwater Gradient (from GMP) feet/feet

Effective Porosity (from GMP) %

feet

1.2 Aquifer Discharge Length and Area

feet
2

366 feet above mean sea level

Estimated low Flow Daily Discharge 

(Average Discharge * seconds per day) feet
3
/day4,872,960,000

feet/day

246,400

35 %

feet
2

17,568 feet
3
/day

K

Units

feet/day

1.3 Groundwater Properties

86,400

Estimated low Mississippi River 

Conditions (1/1/2013) 366

Corresponding STL Discharge (1/1/2013)

56,400

1.4 Groundwater Discharge

Value

feet MSL

Estimated area of discharge zone (length 

x thickness)

Average Hydraulic Conductivity (includes MW-6, MW-7, 

MW-8
31 feet/day

Description

56 feet

246,400

Effective Porosity (from GMP)

310 feet above mean sea level

feet
3
/sec

Units

Units

0.2

2

_________________________________________________________________________________________________



Date:  February 8, 2018 Made by:

Project No.: 130-1560 Checked by:

Subject: Meramec Energy Center Dilution Factor Calculations - Mississippi River Reviewed by: M.Haddock

E. Kidner

J. Ingram

CALCULATIONS

1.5 Dilution Factor

1.6 List of Conservative Assumptions Used

1)  Calculations are based on estimated flow rates under low flow river conditions. As an example, low flow values 

used for Meramec are from January 1, 2013 which is the lowest value since 1989 and the 9th lowest in recorded 

history at the St. Louis Mississippi River gauge. Using river flow averages would greatly increase the dilution by an 

order of magnitude. Mississippi River data is available at 

http://water.weather.gov/ahps2/hydrograph.php?wfo=lsx&gage=EADM7.

2) To simplify the calculations, the alluvial aquifer was assumed to consist of higher permeability sands, resulting in 

conservative (higher) estimates of groundwater discharge. 

3) The calculations do not take into account any dilution from the alluvial aquifer itself. The river locally recharges the 

aquifer at varying rates depending on river stage.  In addition, on a near continuous basis, groundwater flows from the 

bedrock aquifer into the shallow alluvial aquifer.  All of these sources increase dilution within the alluvial aquifer.  

Although these calculations use conservative assumptions which would serve to increase the dilution factor 

ratio, the calculated value for the dilution factor has been rounded down. This dilution factor ratio represents a 

worst case scenario and actual dilution factors are likely greater.

Estimated Daily Groundwater Discharge 131,420 gallons/day

Estimated Daily Groundwater Discharge

Description

Estimated Daily River Flow

Estimated Dilution Factor (River / GW)

Estimated Daily River Flow

Units

feet
3
/day

Unitless

feet
3
/day

36,452,274,739 gallons/day

Values

17,568

4,872,960,000

277,372 or >100,000

3

_________________________________________________________________________________________________



Date: February 8, 2018 Made by:

Project No.: 130-1560 Checked by:

Subject: Meramec Energy Center Dilution Factor Calculations - Meramec River Reviewed by:

Notes:

1) ft - feet

Notes

M. Haddock

CALCULATIONS

J. Ingram

E. Kidner

1.0 Introduction

The Meramec River is a large, flowing water body and daily flow at the Meramec Energy Center (MEC) is 

estimated to range between 171 million and 103 billion gallons per day, depending upon the river stage. In 

contrast, during low river flow conditions, average daily groundwater flow into the river is a fraction (estimated 

to be 231,000 gallons or 0.13%) of the receiving water body.  This ratio of flow is referred to as a "dilution 

factor" and is useful when assessing the relationship between smaller and larger water bodies.  Set forth below 

is a calculation of a dilution factor based on specific criteria and assumptions delineated in Section 1.6.

1.1 Low River Conditions

2) ft MSL - feet above mean sea level

3) Information and Data for the Arnold gauge available at https://waterdata.usgs.gov/nwis/uv?site_no=07019300, 

4) Information and Data for the Valley Park gauge available at https://waterdata.usgs.gov/nwis/uv?site_no=07019130, 

1) Estimated Meramec River Elevation at the MEC calculated by subtracting the gradient of the Meramec 

River multiplied distance from the Arnold gauge (in river feet) from the Arnold gauge.

Date

Arnold Gauge 

Height  

Arnold Gauge 

Elevation

Meramec River 

Elevation at 

Arnold Gauge

Valley Park 

Gauge Height

Valley Park 

Gauge Elevation

Meramec River 

Elevation at 

Valley Park 

Gauge

Units ft above gauge ft MSL ft MSL ft above gauge ft MSL ft MSL

7/28/2012 21:00 5.47 373.21 378.68 -3.88 391.22 387.34

Meramec River 

Elevation at 

Arnold Gauge

Meramec River 

Elevation at 

Valley Park 

Gauge

Distance 

Between Arnold 

and Valley Park 

Gauges

Calculated 

Meramec River 

Gradient

Distance from 

Arnold Gauge to 

MEC

Estimated 

Meramec River 

Elevation at 

MEC

ft MSL ft MSL River Miles foot/foot River Miles ft MSL

378.68 387.34 15.5 0.00011 5.6 376

1
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Value

6,200

376

310

66

409,200

139,128

270,072

1.3 Groundwater Properties
Symbol Value Units

I 0.0023 feet/feet

n 35 %

V 0.6 feet/day

I 0.0023 feet/feet

n 35 %
V 0.002 feet/day

1.4 Groundwater Discharge
Symbol Units

V feet/day

Estimated Discharge zone area A feet
2

n %

Q feet
3
/day

V feet/day

Estimated Discharge zone area A feet
2

n %

Q feet
3
/day

Hydraulic Conductivity for floodplain deposits based on data for inorganic silts, silty or clayey fine 

sands, with slight plasticity available at http://www.geotechdata.info/parameter/permeability.html.

Average linear groundwater velocity 0.002

270,072

Effective Porosity (from GMP) 35

Estimated total GW Discharge (Q=V*A*n) 176

35

Estimated total GW Discharge (Q=V*A*n) 30,719

Description Value

Average linear groundwater velocity 0.6

Average Groundwater Gradient (from GMP)

Estimated floodplain deposits discharge area

Description

Effective Porosity (from GMP)

Average Hydraulic Conductivity (includes MW-3, MW-4, 

and MW-5)
K 96

Average Groundwater Gradient (from GMP)

Channel Deposits (Sand, Silty Sand, Gravel)

feet/day

Floodplain Deposits (Silt, Clay, Sitly Clay)

Estimated Average Hydraulic Conductivity (inorganic silts, 

Geotechdata.info (see below))
K 0.284 feet/day

feet
2

Effective Porosity (from GMP)

Average linear groundwater velocity (V=KI/n)

UnitsDescription

feet

feet above mean sea level

1.2 Alluvial Aquifer Geological Properties

Estimated top of discharge zone (low river level) 

Estimated length of discharge zone

feet above mean sea level

feet

Estimated channel deposits discharge area

Estimated percentage of discharge area that consists of 

floodplain deposits (mostly Silty Clay, Silt or Clay)

Estimated percentage of discharge area that consists of 

channel deposits (mostly sands and gravels)

Estimated area of discharge zone (length x thickness)

Estimated thickness of discharge zone (Top - Bottom)

Estimated bottom of discharge zone (Bedrock)

feet
2

34 %

66 %

Channel Deposits (Sand, Silty Sand, Gravel)

Floodplain Deposits (Silt, Clay, Sitly Clay)

139,128

Effective Porosity (from GMP)

Average linear groundwater velocity (V=KI/n)

feet
2

2
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1.4 Meramec River Flow

1.5 Dilution Factor

Nearest upstream gauge with discharge data is the Eureka gauge. No discharge data is available 

for the Arnold, Fenton, or Valley Park gauges.  Information and data for the Eureka gauge is 

available at https://waterdata.usgs.gov/nwis/uv?site_no=07019000.

Estimated Daily Floodplain Deposit 

Groundwater Discharge feet
3
/day

Estimated Daily Groundwater Discharge feet
3
/day

Value Units

Estimated low Meramec River Conditions 

(7/28/2012)

Estimated Dilution Factor (River / GW) Unitless

Description Units

Estimated Daily Channel Deposit 

Groundwater Discharge feet
3
/day

Estimated Daily River Flow feet
3
/day

Values

30,719

176

22,896,000

30,896

741 or >700

Estimated Daily Groundwater Discharge 231,117 gallons/day

Estimated Daily River Flow 171,273,986 gallons/day

376 feet MSL

Description

86,400 seconds/day

Estimated low Flow Daily Discharge 

(Average Discharge * seconds per day)
22,896,000 feet

3
/day

Corresponding Discharge for Eureka 

Gauge (7/28/2012) 265 feet
3
/sec

Seconds per Day

1.6 List of Conservative Assumptions Used

1)  Calculations are based on estimated flow rates under low flow river conditions. As an example, low flow values 

used for Meramec are from July 28, 2012 which is the lowest value since 2001 at the Meramec Arnold Gauge. Using 

river flow averages would greatly increase the dilution by an order of magnitude. Meramec River data is available at 

http://water.weather.gov/ahps2/hydrograph.php?gage=arnm7&wfo=lsx.

2) The calculations do not take into account any dilution from the alluvial aquifer itself. The river locally recharges the 

aquifer at varying rates depending on river stage.  In addition, on a near continuous basis, groundwater flows from the 

bedrock aquifer into the shallow alluvial aquifer.  All of these sources increase dilution within the alluvial aquifer.  

Although these calculations use conservative assumptions which would serve to increase the dilution factor 

ratio, the calculated value for the dilution factor has been rounded down. This dilution factor ratio represents a 

worst case scenario and actual dilution factors are likely greater.

3)  The nearest Meramec River gauge with discharge values for July 28, 2012 is the Eureka gauge, which is located 

approximately 34 river miles upstream.  The discharge as the river flows downstream is greater as it approaches the 

Mississippi River.  Additionally, under low Meramec conditions, the Mississippi River can also flow upstream, causing 

additional dilution of the area near the MEC, which was not accounted for in the calculation.
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