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Executive Summary 

Southern Indiana Gas and Electric Company (SIGECO) retained Haley & Aldrich, Inc. (Haley & Aldrich) to 
prepare this Selection of Remedy (SOR) Report for the East Ash Pond (EAP), which is a Coal Combustion 
Residuals (CCR) surface impoundment at the F.B. Culley Generating Station (FBC or Site) in Newburgh, 
Warrick County, Indiana.  
 
The primary purpose of this SOR Report is to select a remedy to address statistically significant levels 
(SSLs) of molybdenum above the Groundwater Protection Standard (GWPS) in groundwater near the 
EAP. The remedy was selected in accordance with evaluation criteria outlined in Code of Federal 
Regulations Title 40 (40 CFR) §257.97(b) and (c) of the CCR Rule based on the results of the Corrective 
Measures Assessment (CMA) Report developed in September 2019 (CMA Report), and with 
consideration of the results from additional monitoring and technical evaluations conducted since 2019. 
 
In addition to the CMA results, this SOR Report considered supplemental information collected since 
2019, which includes additional monitoring data, groundwater investigations, conceptual site model 
development, geochemical evaluations, groundwater flow and transport modeling updates, and 
groundwater risk evaluations. This supplemental information is summarized in this SOR Report, and 
appendix reports are included to further document the CMA alternative assessment analysis updates, 
geochemical evaluations, groundwater flow and transport modeling, and groundwater risk evaluations, 
including the results of those evaluations. 
 
The re-evaluation of the alternative assessment analysis is presented in Appendix A, and it evaluated 
and compared eight corrective measures alternatives, each of which included a source control and 
groundwater treatment component to address molybdenum SSLs in groundwater near the EAP. Those 
alternatives were evaluated in the CMA Report based on factors defined in 40 CFR §257.97(b) and (c) to 
inform the selection of remedy. In addition, SIGECO completed the required public meeting in 
accordance with 40 CFR §257.96(e) in October 2021 and received no verbal comments from the public 
during the public meeting or written comments through its publicly available CCR website related to the 
CMA. As a result of these efforts, SIGECO has selected a remedy for the EAP with the following 
components (identified as CMA Alternative 8 in the CMA Report):  

 Source control: closure by removal (CBR); with  

 Targeted In-situ treatment via redox manipulation (ISRM) to treat areas of persistent 
exceedances of the GWPS. 

CBR source control and ISRM are expected to reduce constituent concentrations in groundwater at and 
downgradient of the EAP over time, as demonstrated by the flow and transport model and geochemical 
evaluation results. CBR of the EAP began in March 2023 and is expected to be completed in 2026. 
Primary closure activities include removing free water from the EAP, performing substantial dewatering 
(gradient control) along the dam to intercept water flowing into the pond from the Ohio River during 
pond closure, and excavating CCR material from the EAP. After EAP closure is complete, molybdenum 
concentrations detected in groundwater above the GWPS will be addressed by altering the subsurface 
geochemical conditions through targeted ISRM, which can reduce concentrations and control 
downgradient migration. 
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In combination with targeted ISRM, monitored natural attenuation (MNA) can effectively manage 
isolated and low-level molybdenum concentrations in groundwater near the EAP and reduce 
concentrations to less than the GWPS. MNA includes routine monitoring and data evaluation to confirm 
that attenuation processes are active and effectively reducing the area of impacted groundwater.  
 
The selected remedy is expected to be effective and protective in both the short and long term with a 
high degree of certainty that the GWPS will be achieved and that potential future releases from the EAP 
will not occur. Although the selected remedy is a technically complex solution, CBR and dewatering are 
already ongoing. CBR entails removal of free water and impounded CCR material from the EAP to 
eliminate future potential releases of CCR-related constituents to the environment. Key aspects of the 
CBR source control closure include: 

 CBR will reduce molybdenum concentrations in groundwater through removal of source 
material and pore volume exchange induced through gradient control that supports the closure 
process. In addition to CBR, targeted ISRM spot treatment of persistently elevated molybdenum 
concentrations in groundwater through the addition of an organic substrate (such as sawdust, 
wood chips, and/or emulsified vegetable oil [EVO]) enhances precipitation and helps to attain 
the GWPS. 

 The CCR material removed from the EAP is sent off Site for disposal at a permitted landfill in 
accordance with applicable regulatory requirements.   

 
Factors supporting the determination that ISRM appropriately and effectively addresses Appendix IV 
SSLs related to the EAP and meets the requirements of 40 CFR §257.97(b)(1) of the CCR Rule include: 

 Groundwater risk evaluation results indicate that the presence of molybdenum SSLs in 
groundwater downgradient of the EAP do not pose unacceptable risks to human health or the 
environment. The selected remedy is protective of human health and the environment and 
further reduces the potential for future exposure to constituents in groundwater. 

 Groundwater flow and transport modeling and geochemical evaluation results indicate that 
implementation of the selected remedy is expected to reduce molybdenum concentrations in 
groundwater during closure to less than the GWPS at and beyond the EAP boundary.   

Based on the evaluations conducted and summarized in the CMA Report and other technical reports 
referenced in this SOR Report, the selected remedy effectively addresses impacts related to the EAP and 
meets the requirements of 40 CFR §257.97(b). The evaluation factors listed in 40 CFR §257.97(c) were 
considered in selecting CBR with targeted ISRM as the appropriate remedy for the EAP. The selected 
remedy will be implemented in a manner consistent with consideration of the factors listed in 40 CFR 
§257.97(d). 
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1. Introduction 

Southern Indiana Gas and Electric Company (SIGECO) retained Haley & Aldrich, Inc. (Haley & Aldrich) to 
prepare this Selection of Remedy (SOR) Report for the East Ash Pond (EAP), which is a Coal Combustion 
Residuals (CCR) surface impoundment at the F.B. Culley Generating Station (FBC or Site) in Newburgh, 
Warrick County, Indiana.  
 
The selection of remedy for the EAP has been completed according to the requirements of the U.S. 
Environmental Protection Agency’s (USEPA’s) rule entitled Hazardous and Solid Waste Management 
System; Disposal of Coal Combustion Residuals from Electric Utilities (CCR Rule).  
 
In accordance with Code of Federal Regulations Title 40 (40 CFR) §257.97(b), a remedy must: 

 Be protective of human health and the environment; 

 Attain the Groundwater Protection Standards (GWPSs); 

 Control the source(s) of releases so as to reduce or eliminate, to the maximum extent feasible, 
further release of Appendix IV constituents;  

 Remove from the environment as much of the contaminated material that was released from 
the CCR unit as feasible; and 

 Manage CCR material in a manner that complies with applicable requirements under the 
Resource Conservation and Recovery Act (RCRA). 

 
In September 2019, SIGECO completed the Corrective Measures Assessment (CMA) Report for the EAP. 
The CMA considered a series of corrective measure alternatives, all of which were demonstrated to 
meet these threshold criteria listed above. The CMA Report also included the results of numerous 
technical evaluations conducted by consultants, which include groundwater modeling, human health 
and ecological risk assessments, and the nature and extent of CCR constituents in groundwater 
assessments. The CMA compared the corrective measure alternatives to one another with respect to 
three of the four balancing criteria identified in the CCR Rule under 40 CFR §257.97(c), including: 1) long‐ 
and short‐term effectiveness; 2) source control; and 3) the ease or difficulty of implementing the 
remedy. 
 
As required by the CCR Rule (40 CFR §257.105 through §257.107), SIGECO published the CMA Report to 
its publicly available CCR website and held a public meeting to discuss the results of the CMA with 
interested and affected parties. No one from the public attended the public meeting that SIGECO held 
on October 18, 2021, and no separate verbal or written comments were received on or following the 
public meeting or through the SIGECO CCR email address. In addition, SIGECO did not receive written 
comments from the Indiana Department of Environmental Management (IDEM) or from USEPA. 
 
This SOR Report incorporates the latest supplemental information collected since 2019 that is sourced 
from additional monitoring data, groundwater intrusive investigations, conceptual site model (CSM) 
development, geochemical and Site-specific investigations, groundwater modeling updates, risk 
evaluations, and potential corrective measures evaluations. The selection of the remedy for the EAP is 
based on the corrective measures alternatives analysis (Haley & Aldrich, 2019) provided in the CMA 
Report, including the in-situ treatment via redox manipulation (ISRM) alternative assessment provided 
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in Appendix A. The updated analysis incorporates the latest supplemental information collected since 
2019 and provides a more detailed examination of Alternative 8 (Closure by removal [CBR] and ISRM). 
 
1.1 SITE DESCRIPTION 

The Site is located on the northern bank of the Ohio River approximately 3 miles east of the town of 
Newburgh. The Site varies in elevation with natural ground surface elevations varying from 430 to 359 
feet above mean sea level (msl). Higher elevations are to the north of the EAP, with surface topography 
sloping to the west and south toward the Ohio River. Surface water runoff occurs via sheet flow into 
low-lying areas toward the Ohio River and Little Pigeon Creek. Figure 1 shows the location of the Site 
and the EAP. 
 
The Site has been in operation since 1953, and CCR material was managed on the Site in the 10-acre EAP 
impoundment, commissioned circa 1971. Plant development involved excavating a portion of the 
hillside to the north and placing the material as fill to the south. Little Pigeon Creek originally flowed 
from east to west across the Site property. To facilitate construction of the generating station, Little 
Pigeon Creek was diverted, joining the Ohio River near the southeastern property boundary. The east 
and southern embankments are earthen dikes constructed during the diversion of Little Pigeon Creek in 
1953. From 1992 to 1993, the EAP was modified by filling an approximate 14,000-square-foot area in the 
southwestern corner to build a pad for new scrubber silos. 
 
The EAP operated as an unlined CCR impoundment. Within the EAP, there were three pools that were 
being utilized for treatment and separation of CCR material. Water discharged from the impoundment 
through a pump station located at the western side of the EAP. The pump discharge connected to a 
manhole that discharged to an underground discharge tunnel, which collects stormwater and other 
process water from throughout the Site, then discharges it to the Ohio River through National Pollutant 
Discharge Elimination System (NPDES)-permitted Outfall 001. 
 
The EAP had previously received bottom ash via sluice water from both of the facility’s generating units. 
In addition, the EAP received outlet water from the flue-gas desulfurization (FGD) wastewater treatment 
system, the oil separation tank, eastern side yard sump, air heater wash, boiler seal-throughs, floor 
drains, greensand water treatment filter regenerant and backwash, softener regenerant streams and 
reverse osmosis (RO) reject water, and rejects from the FGD system. Any present-day CCR material that 
is produced is sent off Site for beneficial use or disposal. Any excess wastewaters are directed to a lined 
pond designed and constructed to receive the wastewaters, with all CCR material captured and 
contained prior to discharging to the pond.  
 
By April 2023, the EAP was no longer accepting CCR materials, and operations to close the EAP 
commenced.1 SIGECO currently owns the land and operates the station for supplying electric power to 
industrial, commercial, and residential customers within its service territory.  
  

 
1 F.B. Culley Generating Station – East Ash Pond: 40 CFR §257.102(g) Notification of Intent to Close, dated May 13, 
2023. 
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2. Assessment Approach and Timeline – CCR Rule 

2.1 REGULATORY FRAMEWORK 

This SOR Report is the culmination of a comprehensive process of conducting groundwater monitoring, 
technical evaluations, and CMAs in accordance with CCR Rule requirements outlined in 40 CFR §257.90 
through §257.97. This process has included: 

 Designing and installing a certified groundwater monitoring system; 

 Conducting baseline and detection monitoring with a primary focus on Appendix III constituents; 

 Determining background concentrations for Appendix III and Appendix IV constituents and 
GWPSs for Appendix IV constituents; 

 Establishing an assessment monitoring program and conducting assessment monitoring with a 
primary focus on Appendix IV constituents; 

 Posting a public notification of Appendix IV statistically significant levels (SSLs) identified during 
assessment monitoring; 

 Performing an Alternative Source Demonstration (ASD) for SSLs of Appendix IV constituents that 
are demonstrated to be caused by a source other than the CCR unit (e.g., naturally occurring 
arsenic);  

 Installing additional monitoring wells and conducting a nature and extent investigation for 
Appendix IV SSLs associated with the CCR unit; 

 Evaluating potential corrective measures as part of a CMA evaluation; 

 Communicating results of the CMA evaluation as part of a public meeting; and 

 Selecting a remedy that appropriately and effectively addresses Appendix IV SSLs related to the 
EAP and requirements of the CCR Rule. 

 
The CCR groundwater monitoring network for the EAP is described in Section 2.3. Results of detection 
and assessment monitoring and the nature and extent investigation are summarized in Section 2.4. 
 
Based on monitoring data and results of technical evaluations available at the time, the initial CMA 
Report was prepared in September 2019 and was amended in November 2020. Results from the CMA 
are summarized in Section 7. The CCR Rule requires that semiannual reports be prepared to document 
progress toward remedy selection and design per 40 CFR §257.97(a). Since completion of the initial CMA 
Report in 2019, semiannual reports have been prepared to document progress toward the remedy 
selection and design.  
 
Remedy selection and implementation, including a description of the selected remedy and an 
anticipated schedule for remedy implementation, are described in Sections 8 through 10, with a 
certification by a professional engineer registered in the state of Indiana provided in Section 11. 
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2.2 CCR RULE COMPLIANCE SUMMARY 

A timeline of important EAP CCR Rule implementation milestones is summarized below: 

 October 17, 2017 – certified groundwater monitoring system (40 CFR§257.91(i)) and submitted 
the Groundwater Monitoring Program (Haley & Aldrich, 2017b); 

 November 2017 to January 2018 – performed baseline and detection monitoring; 

 August 2018 – established assessment monitoring program (40 CFR§257.94(e)(3)) and 
conducted an evaluation of possible alternative sources for Appendix III statistically significant 
increases (SSIs) (40 CFR§257.94(e)(2)); 

 January 2019 – performed an initial evaluation to determine Appendix IV SSLs (40 
CFR§257.93(h)); 

 June 2019 – conducted a successful ASD for arsenic SSLs that determined naturally occurring 
arsenic as the source of the SSLs (40 CFR§257.95(g)(3)(ii)); 

 September 2019 – completed the CMA Report (40 CFR §257.96); 

 June 2020 – initiated an assessment monitoring program (40 CFR §257.95); 

 November 2020 – completed a CMA Report addendum (including groundwater flow and 
transport modeling);  

 October 2021 – hosted a public meeting to provide the public with an opportunity to review and 
comment on the CMA (40 CFR §257.96(e)); and 

 October 2021 to Present – continued assessment monitoring and various evaluations, as 
discussed earlier, to support the remedy selection (40 CFR §257.97). 

 
Groundwater monitoring continues, and annual groundwater monitoring and corrective action reports 
(since 2018 under 40 CFR §257.90(e)) and semiannual remedy selection progress reports (since 2020 
under 40 CFR §257.97(a)) are completed as required. Semiannual progress reports will no longer be 
required after a remedy is selected (via the development of this SOR Report, certification of the report 
by a qualified professional engineer, and posting to the facility’s publicly available CCR website). 
 
2.3 CCR MONITORING NETWORK 

The certified groundwater monitoring system at the EAP consists of six downgradient monitoring wells 
(CCR-AP-2, CCR-AP-3, CCR-AP-4, CCR-AP-5, CCR-AP-6, and CCR-AP-8) and three upgradient monitoring 
wells (CCR-AP-1R, CCR-AP-7, and CCR-AP-9). The downgradient monitoring wells were constructed at 
the boundaries of the EAP and are screened in the uppermost aquifer to satisfy the requirements 
described in 40 CFR §257.91(c). Upgradient background monitoring wells (not influenced by the EAP) are 
located to the north of the EAP and are also installed in the uppermost aquifer. The location of these six 
downgradient wells, three upgradient wells, and nature and extent wells are shown on Figure 2. The 
three upgradient wells provide spatial variability in the background groundwater quality and increase 
the statistical power of the data analyses.  
 
Monitoring wells to define the vertical extent of affected groundwater were installed and screened at 
greater depths to assess potential impacts to the intermediate aquifer, where applicable. These wells 
include CCR-AP-5I, CCR-AP-6I, CCR-AP-8I, and CCR-AP-11 (where the “I” designation represents 
“intermediate”).  
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A summary of the established groundwater monitoring network for the EAP, along with well 
construction details, is provided in Table 1. Additional monitoring well data and aquifer characterics 
data are provided in Appendix B.  
 
2.4 MONITORING RESULTS  

2.4.1 Detection Monitoring 

Detection monitoring per 40 CFR §257.94 consisted of nine sampling events completed between June 
2016 and November 2017. Statistical evaluation determined that SSIs of Appendix III constituent 
concentrations had occurred in downgradient monitoring wells. No alternative source was identified for 
the SSI constituents during this period. Accordingly, the groundwater assessment monitoring program 
was initiated. 
 
2.4.2 Assessment Monitoring 

Assessment monitoring events per 40 CFR §257.95 began in June 2018 with a resampling assessment 
monitoring event completed in August 2018. Samples were analyzed for Appendix III and Appendix IV 
constituents as required by 40 CFR §257.95(b) and §257.95(d)(1). Concurrent with the second 
assessment sampling round, and as required by 40 CFR §257.95(h), GWPSs were established for the 
detected Appendix IV constituents. Based on the established GWPSs, it was determined that arsenic and 
molybdenum were present in groundwater at SSLs above their respective GWPSs. An arsenic ASD was 
completed on June 12, 2019 demonstrating that arsenic in groundwater wells downgradient of the EAP 
is naturally occurring. The molybdenum ASD indicated that the naturally occurring coal was a 
contributing source of molybdenum but that the CCR material in the EAP was the primary source. 
Consequently, molybdenum was carried forward into the assessment of corrective measures. 
 
Semiannual reporting that describes the progress in selecting and designing the remedy are completed 
in March and September of each year (since 2020 after completion of the CMA Report) as required by 
the CCR Rule. These reports are posted to SIGECO’s publicly available CCR website.2 Additionally, 
pursuant to 40 CFR §257.93 and §257.95, a memorandum summarizing the statistical evaluation of the 
analytical results has been completed following receipt of the analytical results from the May and 
November semiannual sampling events to determine if Appendix IV constituents had been detected in 
groundwater samples collected in downgradient wells at SSLs greater than the GWPSs.  
 
2.4.3 Nature and Extent Investigation 

SIGECO undertook a comprehensive investigation to assess the presence and extent of molybdenum 
and arsenic at the EAP. Several monitoring wells were installed to better understand the vertical and 
lateral extent of the constituents. This investigation was conducted in compliance with the CCR Rule, 
which requires thorough monitoring and delineation of the contaminants. 
 
SIGECO initiated an investigation in November 2018 to define the horizontal and vertical nature and 
extent of detected Appendix IV SSLs by installing five additional monitoring wells (CCR‐AP‐10, CCR‐AP‐
11, CCR‐AP‐5I, CCR‐AP‐6I, and CCR‐AP‐8I). Monitoring wells CCR‐AP‐10 and CCR‐AP‐11 were installed to 
horizontally delineate molybdenum SSLs detected in groundwater samples collected from CCR AP‐5, 

 
2 CCR Reporting (centerpointenergy.com) 

https://www.centerpointenergy.com/en-us/corporate/about-us/ccr-reporting
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while CCR‐AP‐5I was installed to vertically delineate the extent of molybdenum SSLs near CCR-AP-5. 
Monitoring wells CCR‐AP‐6I and CCR‐AP‐8I were installed to vertically delineate arsenic SSLs detected 
along the southern side of the EAP. As mentioned in Section 2.4.2 above, an arsenic ASD was completed 
on June 12, 2019. 
 
The location of all the monitoring wells is shown on Figure 2, and the extent of the affected 
groundwater is further discussed in Section 3.1.1. The nature and extent of affected groundwater has 
been defined sufficiently to proceed with the selection of remedy. 
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3. Conceptual Site Model 

CSMs are developed to guide identification of exposure pathways, exposure routes, and potential 
receptors for evaluation. The CSM describes the sources and potential pathways through which 
constituents migrate to other environmental media, and in turn, to potential human and ecological 
receptors. Significant subsurface geotechnical and/or hydrogeological investigations have been 
completed at the Site. These studies generated subsurface data characterizing the Site geology and 
hydrogeology which were used to support the development of a hydrogeologic CSM. The Site geology 
and hydrogeology was initially described in the Groundwater Monitoring Plan (GWMP; Haley & Aldrich, 
2017a) and the CMA Report (Haley & Aldrich, 2019).  
 
The CSM has been refined with ongoing CCR groundwater monitoring and supplemental subsurface 
investigation activities. The following sections summarize and update the sources and affected media, 
migration pathways, aquifer conditions, and receptors that are identified for the Site based on the 
information collected from previous and current assessments.  
 
3.1 SOURCES AND AFFECTED MEDIA 

CCR material placed in the EAP has been determined to be a contributing source of molybdenum to 
groundwater, resulting in SSLs greater than the GWPS. Constituents present in the CCR material can be 
dissolved into infiltrating water (either from precipitation or from groundwater intrusion) that flows to 
groundwater, and those constituents may then be present in shallow groundwater.  
 
The EAP contained approximately 400,000 cubic yards of CCR material. Dewatering and excavation is in 
progress to support complete removal of the CCR material. Excavation is currently ongoing and expected 
to be completed during the first quarter of 2026. 
 
3.1.1 Extent of Affected Groundwater 

The spatial distribution of groundwater analytical results was reviewed to evaluate the extent of 
affected groundwater and whether horizontal and vertical delineation is complete. Findings regarding 
the horizontal and vertical extents are discussed below. 
 
3.1.1.1 Horizontal Extent 

Groundwater sampling results from monitoring wells indicate the extent of molybdenum is limited to 
the vicinity of CCR-AP-6I, CCR-AP-8I (along the southern berm of the EAP), and CCR‐AP‐5 (north of the 
EAP). Molybdenum has not been detected in well CCR‐AP‐11 at concentrations above the GWPS. Source 
removal activities are expected to reduce molybdenum concentrations in groundwater, resulting in a 
decrease in the lateral extent of the molybdenum plume. Maps showing concentration distribution for 
molybdenum for the May 2024 sampling event are included as Figures 3A and 3B.  
 
3.1.1.1.1 North 

Based on historical data, the spatial and temporal distribution of the molybdenum plume broadly 
aligned with the EAP, suggesting its origin. Recent groundwater analytical results indicate that 
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monitoring wells CCR-AP-1R, CCR-AP-7, and CCR-AP-9 define the northern and hydraulicly upgradient 
extent of the plume with concentrations less than the GWPS (100 micrograms per liter [µg/L]). 
 
3.1.1.1.2 South 

The southern extent of affected groundwater is bounded to the south by the Ohio River and Little 
Pigeon Creek. Risk evaluations completed to evaluate groundwater discharge to surface water 
downgradient of the EAP found no adverse impacts to the Ohio River or Little Pigeon Creek. 
 
3.1.1.1.3 East 

Results from groundwater samples collected from monitoring wells CCR-AP-2 and CCR-AP-11 indicate 
molybdenum concentrations less than the GWPS. Therefore, to the east, affected groundwater is 
contained within the EAP unit boundary. Molybdenum concentrations greater than the GWPS detected 
at CCR-AP-5 (140 μg/L) have persisted in that localized area (Figure 3A) over time. This may be due to 
the lower-permeability silts and clays observed to be present in the shallow flow system at this 
monitoring location.   
 
3.1.1.1.4 West 

Monitoring well CCR-AP-4R delineates the western extent of the plume. Trace concentrations of 
molybdenum have been detected at CCR-AP-4R since 2016. However, no detected concentrations 
exceeded the GWPS. There are no wells to the southwest of the Site and downgradient of CCR-AP-4R 
due to the Site’s infrastructure.   
 
3.1.1.2 Vertical Extent 

Molybdenum has been detected above the GWPS in the shallow and intermediate zones. In November 
and December 2023, the highest molybdenum concentrations were detected in the intermediate zone 
(CCR-AP-8I and CCR-AP-5I). The extent of affected groundwater is bounded vertically by the underlying 
shale bedrock, which is laterally continuous and competent across the complete Site monitoring well 
network area, as illustrated on cross-section Figures 4A through 4D.  
 
The United States Geological Survey defines a no-flow boundary as one in which groundwater flow does 
not cross the boundary (Heath, 1983). Such boundaries exist where aquifers terminate against less 
permeable materials, such as a sand aquifer adjacent to clay beds or shale bedrock. The same 
publication (Heath, 1983) provides hydraulic conductivity values for these materials that have an 
approximate difference of three orders of magnitude or more. Accordingly, since more than three 
orders of magnitude difference in hydraulic conductivity is observed in the overlying alluvium aquifer 
(intermediate aquifer with an estimated average hydraulic conductivity of 54 feet per day3) compared to 
the expected vertical hydraulic conductivity of bedrock (Shale: 10-4 to 10-8 feet per day [Heath, 1983]), 
the shale bedrock represents a no-flow boundary defining the bottom of the plume. The shale bedrock 
is the confining layer that restricts downward vertical groundwater flow and constituent migration into 
the bedrock formation.  
 

 
3 Site-specific slug test data. 
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3.2 MIGRATION PATHWAYS 

Groundwater generally flows from the upland areas north of the EAP toward the south and Ohio River. 
Groundwater elevations vary seasonally but the direction of groundwater flow patterns remains 
consistent. Therefore, dissolved constituents in groundwater could be introduced to adjacent surface 
water bodies (Ohio River and/or Little Pigeon Creek) through hydraulic downgradient migration. 
 
3.3 AQUIFER CHARACTERISTICS 

In the vicinity of the EAP, the uppermost aquifer occurs within unconsolidated Ohio River alluvial 
deposits consisting of silt and clay with discontinuous interbedded layers of sand. To the north of the 
EAP, the uppermost aquifer occurs in the shale and sandstone bedrock units. Recharge to the surficial 
aquifer occurs through direct surface infiltration. 
 
Piezometric data recorded from the monitoring wells installed on Site shows that the configuration of 
the uppermost aquifer is primarily controlled by surface topography with some influence from the 
underlying weathered bedrock. At the time when the EAP was operational, groundwater in the 
immediate vicinity of the EAP flowed radially (mounding effect). Since operations at the EAP have 
ceased and dewatering and source removal activities are underway, groundwater flow has reverted 
back to a natural state, flowing from the upland areas north of the EAP to the south toward the Ohio 
River and Little Pigeon Creek. The Ohio River (south) and Pigeon Creek (east) both serve as 
hydrogeological divides. Groundwater elevations vary seasonally but the groundwater flow patterns 
remain consistent. 
 
Groundwater flow velocity in the uppermost aquifer beneath the EAP was estimated to vary from 
3.7 feet per day adjacent to the northern boundary of the EAP to 0.16 feet per day in the upland area 
north of the EAP. The estimated hydraulic gradient north of the EAP is 0.06 feet per foot. South of the 
EAP, the hydraulic gradient steepens to 0.1 feet per foot down to the Ohio River. Using the Site‐specific 
hydraulic conductivity and hydraulic gradients, and assuming an effective porosity of 25 percent, the 
groundwater flow north of the EAP is estimated to be 325 feet per year. To the south of the EAP, 
groundwater flow is estimated to be 25 feet per year. 
 
An additional aquifer performance assessment (Haley & Aldrich, 2022) was completed during October 
2022. The test concluded the following:  

 Semi‐confined or leaky confined aquifer conditions were identified for the area south of the 
EAP. Those conditions suggest an interbedded system of permeable and less permeable units 
that form a multilayered flow system. Boring logs from the EAP also support the presence of a 
multilayered flow system, including a laterally extensive clay unit immediately beneath the 
pond. That clay unit likely contributes to the limited connection between the shallow water 
table associated with the EAP and deeper groundwater, as indicated by observed drawdown in 
the observation well network during the pumping test. 

 The shallow groundwater elevation associated with ponded water was not influenced during 
pumping, indicating limited connectivity between groundwater beneath the clay unit at the base 
of the pond and water impounded in the EAP. The observation wells signal a hydraulic 
connection to the Ohio River. 

 Generally, transmissivity, storability, and hydraulic conductivity values were observed to be 
within the range of expected values for the soil types present at the Site. 



 

10 

 
3.4 RECEPTORS 

The Site is surrounded by industrial and greenfield sites. The Site is bounded to the north and west by 
the Alcoa Warrick Power Plant, to the south/southwest by the Ohio River, and to the east by a coal 
transfer station, Little Pigeon Creek, a wetland, and wooded areas. The nearest residents are 
approximately 1 to 1.3 miles to the northeast of the Site. A search of the Indiana Department of Natural 
Resources (IDNR) databases identified a total of 18 wells within a one-half-mile radius of the Site 
(Figure 5). Of the 18 wells identified, two locations were confirmed as potential significant water supply 
wells (IDNR, 2024a; IDNR, 2024b). The two nearest significant water withdrawal wells, “Well 1A” and 
“Well 2,” are approximately 1,000 feet west of the EAP and supply water for an on-Site water storage 
tank used for various Site operations. The two wells are screened at depths less than 70 feet below land 
surface with pump rates between 400 and 700 gallons per minute (gpm) and are alternated 
approximately eight times per day, pumping one at a time to fill the on-Site water storage tank. Based 
on their location and direction(s) of local groundwater flow (from the upland areas north of the EAP to 
the south toward the Ohio River and Little Pigeon Creek), these wells are upgradient/side-gradient of 
the EAP. Based on this setting, the following potential receptors were identified: 

 On-Site workers; 

 Off-Site workers (of the Alcoa Warrick Power Plant) and residents; 

 recreational users of the Ohio River or Little Pigeon Creek; and  

 aquatic ecological receptors in the Ohio River or Little Pigeon Creek. 
 

The groundwater risk evaluation is further discussed in Section 6.  
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4. Flow and Transport Model 

A groundwater flow and solute transport model was initially constructed in 2019 to evaluate and 
compare potential corrective measures to support the EAP CMA in response to a SSL of molybdenum, an 
Appendix IV constituent exceeding the GWPS. The numerical model MODFLOW-2005 (Harbaugh, 2005) 
was selected for the modeling effort and is a three-dimensional, finite difference groundwater flow and 
transport model capable of simulating the groundwater conditions under various scenarios, including 
pumping and changes to infiltration over time. Solute transport modeling was conducted utilizing the 
three-dimensional, numerical model MT3DMS (Version 5 of MT3D; Zheng and Wang, 1999).  
 
The MT3DMS model used the flow regime from the steady-state, calibrated Site groundwater flow and 
transport model to simulate the transport of molybdenum. The steady-state model was transformed 
into a transient model to evaluate the effects of CCR unit closure on concentrations of molybdenum in 
groundwater over time. An updated groundwater flow and transport modeling report has been 
developed and is provided as Appendix C, with a summary of the updates and results provided below. 
 
4.1 MODEL UPDATES 

The updated 2024 groundwater model was used to simulate the effects of the selected closure method 
(CBR with targeted ISRM; Alternative 8 in the CMA Report and the remedy selected in this SOR Report). 
Updated simulations account for gradient control plans that support CCR removal and the resulting 
effect on groundwater quality over time.  
 
Molybdenum is the only Appendix IV constituent with SSLs greater than the GWPS at the EAP.4 
Therefore, molybdenum was used for the solute transport portion of the model. Updates to the flow 
and transport model in support of selection of remedy included: 

 Incorporation of additional pumping test5 to refine model flow calibration in preparation for 
selection of remedy. 

 Incorporation of groundwater elevation data collected in May 2024. 

 Use of starting concentrations for molybdenum based on the May 20246 analytical results 
collected from EAP CCR monitoring network wells. 

 Planned gradient control was implemented to support dewatering of the EAP by using 28 
gradient control wells along the southern portion of the dam, which is between the pond and 
the Ohio River, that are spaced approximately 30 feet apart and have the capacity to pump up 
to 22,000 gpm as shown in the F.B. Culley East Ash Pond Perimeter Deep Well Pilot Test 2.0 
design drawing produced by Keller on December 11, 2023. Pumping began in July 2024, with 
daily pumping rates averaging between 3,000 and 6,000 gpm. 

 
4 An ASD was successfully submitted for arsenic.  
5 Keller Industrial, Inc. (Keller), completed a pumping test at the Site in August of 2023 (Attachment A of Keller, 
2023) to determine the field saturated hydraulic conductivity of the sand aquifer at the Site prior to the CBR 
dewatering program. 
6 Groundwater concentrations recoded during the May 2024 sampling event are similar to and in the same order 
of magnitude as molybdenum concentrations measured in November 2023.  
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 Simulating groundwater flow patterns and molybdenum concentrations through the closure 
process by removal with dewatering (with completion of closure assumed in 2026). 

 Simulating groundwater flow patterns and concentrations for a 20-year period after EAP closure 
(from 2025 to 2045). 

 
Model updates and results are summarized below, and a detailed summary of model construction, 
assumptions, calibration, and results is included in Appendix C. 
 
4.2 MODEL RESULTS 

Model simulated groundwater contours during the closure period are shown on Figure 6A, and model 
results for molybdenum concentration flow and transport are shown on Figure 6B.  
 
During the CBR dewatering/closure period from 2023 to 2026, the model indicates that constituent 
mass that is in contact with the sand unit is predicted to achieve the GWPS for molybdenum within 
approximately one year of dewatering initiation. However, molybdenum concentrations adsorbed to 
lower-hydraulic-conductivity silts and clays will most likely persist above the GWPS beyond the end of 
the closure period.  
 
Model simulations indicate that molybdenum concentrations will be reduced to less than the GWPS in 
CCR monitoring network wells located along the EAP boundary during the closure period and remain 
less than the GWPS after closure. Simulations also indicate isolated concentrations of molybdenum 
greater than the GWPS that remain within the EAP boundary will be reduced to less than the GWPS 
within approximately 20 years after closure. It is within these isolated areas where molybdenum 
concentrations persist that ISRM can be an effective remedial alternative as described in section 5 
(below). 
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5. Geochemical Evaluation 

Site-specific geochemical conditions were evaluated to develop a geochemical CSM to determine if ISRM 
is an appropriate remedial alternative to reduce molybdenum concentrations in groundwater at the 
EAP. The updated geochemical CSM documents Site-specific geochemical conditions influencing the 
flow and transport of CCR-related constituents7 that are above the GWPS. The geochemical evaluation 
for molybdenum and other constituents is attached in Appendix D and includes the assessment and 
modeling of geochemical data presented in the annual groundwater monitoring reports and additional 
microbial and solid-phase analyses described therein. Key findings of the geochemical evaluation related 
to molybdenum are summarized below. 
 
5.1 PLUME STABILITY 

As part of the tiered approach set forth in USEPA, 2015b, a plume stability assessment describing the 
trends and spatial distribution of the molybdenum plume at the EAP was performed. The assessment 
describes:  

 the change in geometry of impacted groundwater over time;  

 the mechanisms and rate of the attenuation; and  

 the capacity of the aquifer to attenuate the constituent mass in groundwater and the stability of 
molybdenum to resist re-mobilization (USEPA, 2015b).  

 
5.1.1 Trend Assessment  

Mann-Kendall statistical analysis was completed for analytical results from the CCR groundwater 
monitoring network to determine statistically significant trends. Table 2 compares the maximum 
historical molybdenum concentrations to recent concentrations. The GWPS for molybdenum at this Site 
represents the maximum value between the background threshold value and the maximum 
contaminant level (MCL)/regional screening level (RSL) as reported in the Statistical Evaluation of the 
November 2023 Semi-annual Groundwater Assessment Monitoring Data Technical Memorandum 
(Haley & Aldrich, 2024d). Mann-Kendall trend analysis was completed at downgradient and background 
wells using both the comprehensive dataset and the 12 most recent data points8 to determine the 
statistical significance of the observed trends (data collected since 2018). 
 
Mann-Kendall trend analysis plots shown in Figure 7 demonstrate that, in general, the recent 
concentrations of molybdenum exhibit either decreasing or stable trends. Recent measured 
molybdenum concentrations were greater than the GWPS in groundwater from wells CCR-AP-5, CCR-AP-
6I, and CCR-AP-8I. Molybdenum data from groundwater show a decreasing trend at CCR-AP-5, stable 
trend at CCR-AP-6I, and no trend at CCR-AP-8I. The more recent November 2023 measured 
molybdenum value at CCR-AP-6I is approximately 1.5 times greater than the previous maximum in 2019 
(0.83 milligrams per liter [mg/L]) and two times greater than the June 2023 value (0.56 mg/L); the more 
recent value is significantly greater than the previous values. No trend was determined at CCR-AP-8I 

 
7 Although the selection of remedy is focused on remediating molybdenum, the geochemical assessment included 
other compounds to evaluate appropriate speciation and chemical activities. 
8 Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unified Guidance, March 2009 (Unified 
Guidance) recommends a minimum of eight data points. 
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using the Mann-Kendall trend analysis, but concentrations have decreased from 0.83 mg/L in 2019 to 
0.34 mg/L in 2023, and further decreased to 0.29 mg/L in 2024. Molybdenum concentrations are 
increasing when compared to historical values at CCR-AP-2 and CCR-AP-4; however, the concentrations 
are well below the GWPS of 0.1 mg/L.  
 
Overall, molybdenum trends in the majority of the wells are stable or decreasing, indicating a stable 
plume. Concentrations of molybdenum are less than the GWPS, with the exception of concentrations 
detected within the region of CCR-AP-6I, CCR-AP-8I, and CCR-AP-5. Significant decreases in molybdenum 
concentrations is expected as a result of source removal and gradient control activities to support EAP 
closure (Section 4). These anticipated decreases would be synonymous with a shrinking area of 
impacted groundwater. 
 
5.2 ATTENUATION MECHANISMS 

Groundwater quality at the Site is affected by numerous attenuation processes, including dispersion, 
adsorption, precipitation/dissolution, and microbial activity. The measured effects of these processes 
can help to explain the observed transport behavior of molybdenum in groundwater and may indicate 
the degree of attenuation of CCR constituents.  
 
5.2.1 Dispersion and Dilution 

Dispersion and dilution result from areas of unimpacted groundwater mixing with impacted 
groundwater and influent precipitation. This physical attenuation mechanism applies to constituents 
regardless of geochemical reactivity. Dilution and dispersion reduce concentrations through dispersal of 
contaminant mass rather than destruction or immobilization of contaminant mass and therefore may be 
an appropriate attenuation mechanism for distal portions of a plume when an active remedy is being 
used at a site (USEPA, 2015b).  
 
The flow and transport model can be used to evaluate this attenuation mechanism. Model simulations 
indicate dispersion is likely a significant attenuation mechanism after closure that will continue to 
reduce remaining molybdenum concentrations. Some localized concentrations of molybdenum are 
predicted to persist at localized areas near CCR-AP-05 and CCR-AP-08, constrained to the lower-
hydraulic-conductivity silts and clays.  
 
5.2.2 Adsorption on the Surfaces of Aquifer Solids 

The interaction between dissolved constituents and the surface of certain surface media of the aquifer 
solids may influence constituent concentration and mobility. These interactions control the conditions 
and degrees to which the constituents and their compounds are mobile in the subsurface. This 
adsorption and desorption process is reversible and is considerably affected by the types of 
constituents, composition of aquifer solid surfaces, pH, and Eh (which is the oxidation-reduction 
potential [ORP] based on the standard hydrogen potential) of groundwater. 
 
Sequential extraction is a common analytical method used to identify elements associated with solid 
phases in environmental media based on their reactivity with specific solutions. Sequential extraction 
test results indicate that molybdenum has a moderate to weak association with organic and sulfide 
attenuation outside the pond area and a strong attenuation signature within the pond area, primarily 
controlled by organic material and sulfides present in the aquifer solids. These results also indicate that 
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a majority of the solid-phase molybdenum within the pond area may not be integrated within crystal 
structures and could be remobilized. 
 
Additional laboratory testing (leachate analysis) indicates that the aquifer solids in the downgradient 
area are not expected to provide a long-term source to sustain groundwater impacts. 
 
5.2.3 Molybdenum Precipitation (Chemical Speciation) 

Eh-pH diagram calculations were used to identify chemical speciation of molybdenum. The results show 
that dissolved species are primarily present at the Site. Molybdenum speciation in Site groundwater is 
predicted to currently exist entirely in the dissolved phase, speciating as aqueous calcium molybdate 
(CaMoO4). Solid-phase molybdenum is only favored to form under more reduced conditions (sulfate-
reducing conditions) as molybdenum disulfide (molybdenite). Figure 8 presents the Eh-pH diagrams for 
CCR-related constituents.  
 
5.3 MICROBIAL EVALUATION  

Microbial data collected from wells downgradient of the EAP screened between approximately 59 and 
69 feet below ground surface (bgs; i.e., CCR-AP-6I and CCR-AP-8I) were used to identify and determine 
the abundance of indigenous microorganisms. This data showed a significant fraction of the bacterial 
population found in deeper aquifer zones at the Site were identified as anoxic/anaerobic bacteria. The 
notable presence of sulfate-reducing bacteria and the detection of sulfide suggest that some degree of 
molybdenum attenuation has occurred. This indicates the potential for further promotion of sulfate-
reducing conditions at the Site, which could be beneficial for in-situ metal treatment. 
 
Microcosm results indicate that indigenous sulfate-reducing bacteria could be readily stimulated to 
facilitate the immobilization of molybdenum through the formation of molybdenum disulfide. Aerobic 
desorption (leaching) results indicate that molybdenum will mobilize if reducing conditions are changed. 
However, the extent of mobilization under the current low dissolved oxygen concentrations in areas 
with molybdenum concentrations exceeding the GWPS is likely limited and would not result in a 
rebound concentration higher than the GWPS.   
 
To further investigate the potential for molybdenum precipitation, an additional laboratory microcosm 
study was conducted to assess the feasibility of in-situ molybdenum precipitation through redox 
manipulation. Results show the indigenous microbial community was receptive to amendment with an 
organic substrate resulting in an approximate 92 to 100 percent decrease in measured concentrations of 
molybdenum after a 78-day incubation. Aerobic desorption testing was completed on microcosms after 
treatment to assess the stability of molybdenum. Molybdenum was found to desorb/mobilize in the first 
24-hour elution. These results confirmed that while precipitated molybdenum at the Site will mobilize if 
reducing conditions change to aerobic conditions, and the extent of mobilization depends on the 
oxidation rate of reduced minerals containing molybdenum and may not result in a concentration higher 
than the GWPS of molybdenum (100 µg/L). 
 
5.4 GEOCHEMICAL MODEL RESULTS  

The geochemical model setup and results are discussed in detail in Section 6 of Appendix D.  
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The geochemical equilibrium model was developed using available CCR-AP-6I groundwater data 
collected on June 13, 2023. The result of the geochemical modeling predicts molybdenum treatment 
using redox manipulation is feasible through reductive precipitation of molybdenum disulfide.  
 
5.5 GEOCHEMICAL EVALUATION SUMMARY 

Geochemical evaluations were performed to determine if targeted ISRM will be a viable post-closure 
step to reduce concentrations of molybdenum in groundwater at the EAP to below the GWPS. The 
geochemical framework is summarized as follows: 

 The molybdenum concentration trends are generally stable, indicating minimal expansion of the 
molybdenum plume under current Site geochemical conditions.  

 Sequential extraction results indicate inorganic adsorption of molybdenum onto aquifer solids is 
predominantly controlled by organic matter and sulfide mineralization. Organic matter may 
have a moderate effect on molybdenum mobility, given that moderate to high total organic 
carbon concentrations are present at the Site. 

 A significant fraction of the bacterial population found in deeper aquifer zones of the Site were 
identified as anoxic/anaerobic bacteria. The significant fraction of sulfate-reducing bacteria 
among the indigenous microbial population and the detection of sulfide indicates some degree 
of molybdenum attenuation has occurred and the potential of further promoting sulfate-
reducing conditions at the Site for in-situ metal treatment.  

 Microcosm results indicate that indigenous sulfate-reducing bacteria could be readily stimulated 
to facilitate the immobilization of molybdenum through the formation of molybdenum disulfide. 

 Aerobic desorption (leaching) results indicate that molybdenum can mobilize if reducing 
conditions are changed. However, the extent of mobilization under the current low dissolved 
oxygen concentrations in areas with molybdenum concentrations exceeding the GWPS is likely 
limited and would not result in a rebound concentration higher than the GWPS.   

 
Therefore, laboratory testing suggests that molybdenum treatment through redox manipulation 
including the addition of an organic substrate (such as emulsified vegetable oil [EVO]) is feasible through 
precipitation as stable molybdenum disulfide. Geochemical modeling predicts this treatment can be 
successful because there is enough sulfide available to support molybdenum disulfide precipitation. 
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6. Groundwater Risk Evaluation  

A groundwater risk evaluation report was initially developed in 2019 (and included as an appendix to the 
CMA Report) to evaluate the potential risks to potential receptors related to constituents present in 
groundwater impacted by the EAP and address the evaluation criteria outlined in the CCR Rule. An 
updated groundwater risk evaluation report has been developed and is provided as Appendix E, with a 
summary of the report and evaluation of the results provided below. 
 
6.1 APPROACH 

A brief description of the sources, pathways, and receptors was discussed in Section 3. The groundwater 
risk evaluation was completed by reviewing the CSM to identify the potential for human or ecological 
exposure to constituents that may have been released to the environment. The CSM identifies chemical 
sources, potentially impacted media, migration pathways, exposure routes, and possible exposure 
scenarios (USEPA, 1988). These source-pathway-receptor relationships provide the basis for a 
quantitative exposure assessment.  
 
Using the CSM, the human health risk assessment (HHRA) process was used to estimate the potential 
that contact with constituents in the environment may result in harm to human health. Generally, there 
are four components to the HHRA process (USEPA, 1989): 1) Hazard Identification/Data Evaluation; 
2) Toxicity Assessment; 3) Exposure Assessment; and 4) Risk Characterization. To support this process, 
the USEPA and other regulatory agencies, includijng IDEM, develop “screening levels” of constituent 
concentrations in groundwater (and other media) that are considered protective of specific human 
exposures.  
 
6.2 SITE-SPECIFIC DATA EVALUATION  

Groundwater data collected in accordance with the CCR Rule provide the basis for the risk evaluation 
dataset. Section 2 provides an overview of monitoring well installation and sampling events for the 
different phases of groundwater monitoring at FBC. The data from these groundwater monitoring 
events are provided in annual groundwater monitoring and corrective action reports required by the 
CCR Rule.9  
 
6.3 EXPOSURE ASSESSMENT  

Exposure assessment is the process of describing, measuring, or estimating the intensity, frequency, and 
duration of potential exposure to chemicals of potential concern in environmental media (e.g., 
groundwater, surface water, etc.). An exposure assessment is best conducted within the context of a 
risk-based CSM. A CSM is used to show the relationships between a chemical source, exposure pathway, 
and potential receptor. The CSM identifies chemical sources, potentially impacted media, migration 
pathways, exposure routes, and possible exposure scenarios (USEPA, 1988). These source-pathway-
receptor relationships provide the basis for the quantitative exposure assessment. Only potentially 
complete source-pathway-receptor relationships are included in the risk evaluation. 

 
9 Groundwater analytical results are provided in annual groundwater monitoring and corrective action reports 
required by the CCR Rule, which are posted on the publicly available CCR website for FBC: CCR Reporting 
(centerpointenergy.com). 

https://www.centerpointenergy.com/en-us/corporate/about-us/ccr-reporting
https://www.centerpointenergy.com/en-us/corporate/about-us/ccr-reporting
https://www.centerpointenergy.com/en-us/corporate/about-us/ccr-reporting
https://www.aesindiana.com/eagle-valley-generating-station
https://www.aesindiana.com/eagle-valley-generating-station
https://www.aesindiana.com/eagle-valley-generating-station
https://www.aesindiana.com/eagle-valley-generating-station
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6.3.1 Potentially Complete and Incomplete Exposure Pathways 

Potentially complete exposure pathways through which potential receptors are assumed to be 
potentially exposed to CCR constituents are limited to the following, assuming CCR constituents in 
groundwater could potentially be introduced into the adjacent surface water bodies, the Ohio River and 
Little Pigeon Creek: 

 consumption of Ohio River surface water as drinking water (by off-Site residents); 

 recreational exposure to Ohio River/Little Pigeon Creek surface water (dermal contact and 
incidental ingestion by swimmers or waders and/or dermal contact by boaters); 

 consumption of fish from the Ohio River/Little Pigeon Creek (by recreational fishermen); and 

 aquatic receptor exposure to Ohio River/Little Pigeon Creek surface water. 
 
6.4 RISK SCREENING RESULTS 

The comparison of maximum detected groundwater concentrations against target screening levels 
demonstrates that detected groundwater concentrations (conservatively, maximum concentrations 
from the monitoring period 2016 to 2024 were used) do not pose an adverse impact to the Ohio River or 
Little Pigeon Creek. In fact, there is a wide margin of safety between the screening levels and detected 
concentrations, which is shown in the attached Table 3. To illustrate, concentrations of arsenic and 
molybdenum would need to be more than six and 15 times higher, respectively, than currently 
measured levels before a potential adverse impact to either surface water body might occur. The 
detailed Risk Evaluation Report that describes the rationale, risk screening levels and criteria, and results 
of the groundwater risk evaluation is presented in Appendix E. 
 
6.5 RISK EVALUATION SUMMARY  

The risk evaluation therefore demonstrated that there are no unacceptable adverse impacts to human 
health or the environment from groundwater affected by the EAP.  
 
  



 

19 

7. Corrective Measures Assessment Summary 

The overall goal of the CMA was to identify and evaluate the appropriateness of potential corrective 
measures to: 

 prevent further releases of Appendix IV constituents to groundwater above their GWPS;  

 remediate releases of Appendix IV constituents detected during groundwater monitoring above 
their GWPS that have already occurred; and 

 restore groundwater in the affected area to conditions where Appendix IV constituents are 
present at concentrations below the GWPS.  

 
Eight corrective measures alternatives were evaluated that included various source control methods 
(closure in place with in-situ solidification [ISS] and CBR) and groundwater remedies (hydraulic 
containment using pumping with or without treatment, in-situ treatment, and monitored natural 
attenuation [MNA]). Those eight alternatives were determined to meet the threshold criteria provided 
in the CCR Rule in 40 CFR §257.97(b). Corrective measures alternatives were then compared based on 
evaluation of the following balancing criteria, provided in the CCR Rule in 40 CFR §257.97(c): 

 long‐ and short‐term effectiveness and protectiveness of the potential remedy(s), along with the 
degree of certainty that the remedy will prove successful; 

 effectiveness of the remedy in controlling the source to reduce further releases; 

 ease or difficulty of implementing a potential remedy; and 

 degree to which community concerns are addressed by a potential remedy (public 
participation/comment). 

No community concerns were provided during or after the October 2021 public meeting (Section 7.3). 
 
7.1 POTENTIAL APPLICABLE TECHNOLOGIES 

Four corrective measures alternatives evaluated in the CMA included CBR as the primary means of 
source control (Alternatives 5 through 8). SIGECO has selected CBR with disposal at an off-Site permitted 
facility as the primary means of source control. Groundwater remedies evaluated to supplement CBR 
included: 

 MNA; 

 hydraulic containment without groundwater treatment; 

 hydraulic containment with groundwater treatment; and 

 in-situ groundwater treatment. 
 
7.2 COMPARISON OF ALTERNATIVES 

Based on the supplementary information collected since 2019, the alternatives assessment was re-
evaluated and provided in Appendix A and a summary of findings is provided in Table 4. That summary 
provides a relative comparison of the corrective measure alternatives with respect to balancing criteria 
to support the selection of a remedy that is technologically feasible, relevant, and readily 
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implementable, provides adequate protection to human health and the environment and minimizes 
impacts to the community.  
 
7.3 PUBLIC ENGAGEMENT  

SIGECO submitted a CMA Report for public review in September 2019 and an addendum (including flow 
and transport modeling) in November 2020. In October 2021, a public meeting was conducted to discuss 
findings of the CMA (40 CFR §257.96(e)). No public comments pertaining to the CMA were received. 
Therefore, based on the results of the CMA and multiple additional technical analysis (i.e., evaluation of 
analytical data trends, aquifer material analysis and evaluation, bench-scale testing, flow and transport, 
and geochemical analysis), selection and implementation of a remedy can proceed.  
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8. Remedy Selection Summary 

Pursuant of § 257.97 Selection of Remedy 
“(a) Based on the results of the corrective measures assessment conducted under § 257.96, the owner or 
operator must, as soon as feasible, select a remedy that, at a minimum, meets the standards listed in 
paragraph (b) of this section. This requirement applies in addition to, not in place of, any applicable 
standards under the Occupational Safety and Health Act. The owner or operator must prepare a 
semiannual report describing the progress in selecting and designing the remedy. Upon selection of a 
remedy, the owner or operator must prepare a final report describing the selected remedy and how it 
meets the standards specified in paragraph (b) of this section. The owner or operator must obtain a 
certification from a qualified professional engineer or approval from the Participating State Director or 
approval from EPA where EPA is the permitting authority that the remedy selected meets the 
requirements of this section. The report has been completed when it is placed in the operating record as 
required by § 257.105(h)(12).” 
 
SIGECO submitted a CMA for public review in 2019. In October 2021, a public meeting was conducted to 
discuss the findings of the CMA (40 CFR §257.96(e)). No comments were received regarding the 
selection of remedy. Therefore, based on the results of the CMA, multiple additional technical analyses, 
and in conformance with 40 CFR §257.97(a), SIGECO has selected the following corrective action for the 
EAP: CBR with targeted in-situ treatment (CMA Alternative 8). 
 
8.1 CLOSURE BY REMOVAL WITH IN-SITU TREATMENT  

The selected remedy consists of the removal of CCR material from the EAP, followed by in-situ 
treatment using targeted ISRM to treat molybdenum concentrations greater than the GWPS.10 Source 
control through CBR effectively mitigates groundwater impacts, as it removes the source of 
contamination and reduces or eliminates, to the maximum extent feasible, future releases of 
constituents into the environment. Because the volume of impounded CCR material in the EAP is 
relatively small (less than 400,000 cubic yards), excavation is expected to take less than two years to 
complete. Additionally, gradient control activities at the EAP to support the closure remove substantial 
constituent mass supporting naturally occurring attenuation processes during the closure process, such 
as precipitation, dilution, and dispersion to achieve the GWPS.  
 
Upon completion of the removal activities, targeted treatment of localized persistent molybdenum 
concentrations in groundwater can commence using ISRM. Manipulating subsurface conditions through 
ISRM by adding organic substrates, such as EVO, can create favorable conditions for natural chemical 
and biological processes that result in constituent attenuation onto aquifer solids. This approach can 
reduce contaminant concentrations below the GWPS (Sections 4 and 5). 
 
Due to the relatively small size of the EAP, potential community impacts, safety concerns, and 
construction challenges associated with CBR (CMA Alternatives 5 through 8) are not anticipated to be 
significantly different than those posed by the alternative closure in place options identified within the 
CMA Report that included closure in place with ISS (CMA Alternatives 1 through 4).  

 
10 MNA will be used as a post-closure step as defined in USEPA, 2015b.  



 

22 

8.1.1 Monitored Natural Attenuation 

MNA may be considered after closure and completion of ISRM treatment at the EAP for distal portions 
of the molybdenum plume. The USEPA’s longstanding policy (2015) is that “MNA is generally not an 
appropriate response action if a receptor is currently being exposed to a contaminant or the contaminant 
plume is expanding. In addition, MNA, whether selected as the sole remedial action or as a finishing step, 
may be appropriate when it can achieve a site’s remedial action objectives in a reasonable timeframe; 
thus, MNA remedies should not extend over very long timeframes, and the anticipated timeframes 
should be reasonable compared with other potential alternatives being considered.”  
 
8.2 REMEDY REQUIREMENTS 

As described in Section 7, the September 2019 CMA Report (and the alternative assessment evaluation 
presented in Appendix A) for the EAP evaluated eight corrective measures alternatives against CCR Rule 
selection of remedy threshold criteria (40 CFR §257.97(b)) and balancing criteria (40 CFR §257.97(c)). 
The following sections outline those criteria, which are satisfied for the selected remedy (CMA 
Alternative 8: CBR with targeted in-situ treatment).  
 
8.2.1 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 September 2019, SIGECO completed the CMA Report for the EAP and posted the report to its publicly 
available CCR website. Results of technical evaluations indicated each of the eight corrective measures 
alternatives considered satisfied the threshold criteria requirements under 40 CFR §257.97(b) that are 
listed above. Evaluation of the selected remedy using updated analytical results confirms that in-situ 
remediation using targeted ISRM in areas of persistently elevated molybdenum concentrations above 
the GWPS is appropriate and effectively addresses the requirements of 40 CFR §257.97(b): 

 Groundwater risk evaluation results indicate that molybdenum concentrations in groundwater 
near the EAP do not pose unacceptable risks to human health or the environment. The selected 
remedy is protective of human health and the environment by reducing molybdenum 
concentrations in groundwater. 

 Groundwater flow and transport modeling and geochemical evaluation results indicate that 
implementation of the selected remedy can reduce molybdenum concentrations in 
groundwater to less than the GWPS at and beyond the EAP boundary during closure.  
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 CBR entails complete removal of free water and CCR material from the EAP to eliminate future 
potential releases of CCR-related constituents to the environment.   

 CBR supports reducing molybdenum concentrations in groundwater through removal of source 
material and pore volume exchange induced through gradient control that supports the closure 
process. In addition to CBR, targeted ISRM spot treatment of persistently elevated molybdenum 
concentrations above the GWPS in groundwater through the addition of an organic substrate 
(such as wood chips and/or EVO) enhances precipitation and helps to attain the GWPS. 

 The majority of the CCR material removed from the EAP is sent off Site for disposal at a 
permitted facility in accordance with applicable regulatory requirements.  

 
Based on the CMA evaluation11 and consideration of results from additional assessment monitoring, 
updated flow and transport modeling (Section 4), geochemical evaluation (Section 5), and updated 
groundwater risk evaluation (Section 6), the remedy selected for the EAP meets the requirements of the 
40 CFR §257.97(b) threshold criteria. CBR source control and targeted ISRM in areas of persistently 
elevated molybdenum concentrations above the GWPS are expected to sufficiently reduce constituent 
concentrations in groundwater downgradient of the EAP to below the GWPS. 
 
8.2.2 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 

 
11 Including the updated alternative assessment presented in Appendix A. 
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(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 and the alternative assessment evaluation presented in Appendix A compared the 
eight corrective measures alternatives relative to one another with respect to three of the four primary 
balancing criteria identified in the CCR Rule: 1) long-term and short-term effectiveness; 2) source 
control; and 3) feasibility of implementation. The fourth balancing criterion, community concerns, was 
considered after the public meeting was held in October 2021 and the period of public comment was 
completed.  
 
The analysis provided in Appendix A ranks Alternative 8 as “favorable” or “less favorable” relative to 
other remedial alternatives for each of the balancing criteria. Based on these favorability ratings, the 
selected remedy of CBR with targeted in-situ treatment is considered relatively highly favorable, with 
the highest overall rating of the eight evaluated alternatives (Table 4). 
 
Based on the prior CMA evaluation and consideration of results from additional assessment monitoring, 
updated flow and transport modeling (Section 4), geochemical evaluation (Section 5), and updated 
groundwater risk evaluation (Section 6), the remedy selected for the EAP effectively addresses the 40 
CFR §257.97(c) balancing criteria. CBR source control (including removal of free water and CCR material) 
and in-situ treatment using targeted ISRM are expected to reduce constituent concentrations in 
groundwater downgradient of the EAP over time. 
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9. Remedy Selection and Implementation 

9.1 REMEDY DESCRIPTION 

The selected remedy consists of a combination of source control (CBR) and groundwater treatment 
(targeted in-situ treatment using ISRM) components to mitigate groundwater impacts at the EAP.  
 
9.1.1 Source Control – CBR 

Closure of the EAP was initiated in March 2023 and is scheduled to be completed in early 2026. Based 
on the September 10, 2021 Closure Plan prepared for the EAP (posted to the publicly available CCR 
website), and subsequent conversations with and submittals to IDEM, CBR at the EAP consists of five 
main elements: 

1. Dewatering the impoundment;  

2. Excavation and removal of CCR materials;  

3. Placement of cover soil; 

4. Dike breach and outfall construction; and  

5. Seeding and final vegetative stabilization.  

Gradient control dewatering to facilitate CCR excavation via operation of a line of pumping wells 
between the EAP and the Ohio River lowers the groundwater elevation within the EAP. The entire 
footprint of the EAP is excavated to remove CCR material to historical/pre-development grades. 
Excavated CCR materials are being disposed of at a permitted third-party disposal site. Once 
historical/pre-developed grades are achieved, a visual inspection will be conducted to identify any 
remnants of CCR materials. If any remnants are identified, the material will be removed by additional 
excavations. This process may be supplemented by analytical testing or other Site activities to satisfy any 
state-specific regulatory protocols.  

Upon completion of CCR removal, the existing southern embankment will be breached to allow 
collected stormwater to flow to the Ohio River via a NPDES-permitted outfall.12 Once the dike breach 
construction is completed, the entire disturbed area will be seeded and mulched to allow for final Site 
vegetation and soil stabilization.  
 
9.1.2 Groundwater Treatment – ISRM 

Molybdenum concentrations detected in groundwater at concentrations above the GWPS can be 
reduced by altering the subsurface geochemical conditions through targeted ISRM.  
 
  

 
12 NPDES Permit No. IN0002259 (May 3, 2024) – The discharge is limited to condenser cooling unit wastewater, 
contact stormwater pond discharge (internal Outfall 101 – low volume wastewater, coal pile runoff, treated metal 
cleaning wastewater from internal Outfall 401, bottom ash transport water filtrate, EAP water [filtrate], and 
stormwater), and EAP perimeter gradient control wells (internal Outfall 201). 
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Geochemical manipulation of subsurface conditions for remediating inorganic constituents in 
groundwater has been proven to be an effective remedial technology for localized treatment under 
certain site conditions. This technique can be applied in three main ways: 

 Redox manipulation: Altering the oxidation-reduction conditions to transform contaminants into 
less harmful forms. 

 Adsorption to metal oxyhydroxides: Using iron or other metal oxyhydroxides to adsorb 
contaminants under oxidizing conditions. 

 Adsorption to or coprecipitation with metal sulfides: Under reducing conditions, contaminants 
can be adsorbed to or coprecipitated with iron or other metal sulfides, effectively sequestering 
them. 

 
Due to the geochemical conditions at the Site, targeted ISRM treatment of molybdenum is considered 
feasible by means of catalyzing reductive precipitation of molybdenum disulfide onto aquifer solids, 
thereby reducing molybdenum concentrations in groundwater (as described in Section 5). Several 
technical evaluations (provided in Appendices A through E) provide sufficient lines of evidence that 
demonstrate targeted ISRM is a viable remedial measure to address molybdenum SSLs near the EAP. 
 
9.1.3 ISRM Implementation  

Redox manipulation would occur in-situ. Reagent (organic substrate such as wood chips and/or EVO) 
would most likely be introduced into the subsurface using injection wells, trenches, and/or the use of 
direct-push injections into the aquifer for targeted ISRM treatment. Additionally, ISRM can be 
completed by the application of amendments to an open, exposed targeted area prior to backfilling. 
Because the technology has limited proven demonstration across large, wide areas, its optimum 
application is likely treatment of isolated areas (e.g., in the vicinity of a few targeted impacted wells) and 
would be completed to inform the full-scale design and construction. Operations and maintenance 
requirements are dependent on the substrate delivery system. No secondary waste is anticipated to 
result from the targeted ISRM treatment process.  
 
The estimated timeline to begin pilot testing of the ISRM treatment is approximately one year, including 
engineering design, construction procurement, permitting, procuring in-situ treatment components, and 
construction. In the areas where targeted ISRM treatment is implemented, ISRM would be the primary 
means of active groundwater remediation.  
 
If additional reduction of molybdenum concentrations in groundwater is necessary beyond reductions 
resulting from targeted ISRM treatment, MNA may be used to manage remaining concentrations until 
the GWPS is achieved. After EAP closure and ISRM construction, SIGECO would implement post-closure 
care activities, including operations and maintenance of the ISRM system and corrective action 
groundwater monitoring consistent with 40 CFR §257.98.  
 
In accordance with 40 CFR §257.98(a), within 90 days of selecting a remedy, SIGECO will: 

 Establish and implement a corrective action groundwater monitoring program; 

 Implement the corrective action remedy selected; and 

 Take any necessary interim measures. 
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Based on available data and technical evaluations performed to date, the selected remedy is deemed 
sufficient to meet the objectives of the CCR Rule for addressing molybdenum SSLs in groundwater near 
the EAP. Because remedial actions are iterative and adaptive in nature, SIGECO will continue to evaluate 
updated groundwater monitoring data and conditions (as part of the long‐term performance monitoring 
program) to determine whether supplemental corrective measures are warranted to achieve effective 
remediation of molybdenum SSLs in groundwater near the EAP. 
 
9.2 PLAN AND ACTION STEPS FOR THE IMPLEMENTATION OF THE SELECTED REMEDY 

SIGECO plans to take the following steps to implement the selected remedy: 

 Cease operation of EAP and commence closure of the EAP. (completed) 

 Perform CBR of CCR material within the impoundment to control the source of CCR-related 
constituents in the unit and to support the groundwater remedy. (ongoing) 

 Establish and implement a corrective action groundwater monitoring program (within 90 days of 
selecting the remedy outlined in this SOR Report) that, in accordance with 40 CFR §257.98(a)(1): 

– Meets the requirements of an assessment monitoring program under 40 CFR §257.95; 

– Documents the effectiveness of the corrective action remedy; and 

– Demonstrates compliance with the GWPS. 

 Implement targeted ISRM to treat localized areas of elevated molybdenum concentrations that 
persist above the GWPS. Results from corrective action groundwater monitoring and periodic 
modeling evaluations will be used to document the change in concentrations of CCR 
constituents in groundwater allowing for adaptive management of the selected remedy. 
(anticipated to begin in 2026) 

 Post-ISRM, if necessary, consider MNA to evaluate the effectiveness of natural attenuation 
processes to address remnant concentrations of persistent molybdenum in groundwater near 
the EAP. (anticipated to begin in 2026) 

 Incorporate results from the corrective action groundwater monitoring program into Annual 
Groundwater Monitoring and Corrective Action Reports to document the effectiveness of the 
selected CBR with in-situ treatment remedy. (anticipated to begin in 2026) 

 
9.3 IMPLEMENTATION OF REMEDY 

SIGECO is currently implementing closure of the EAP by complete excavation of the CCR materials. 
Receipt of CCR materials into the EAP was ceased and CCR excavation commenced in 2023. Excavation is 
estimated to be completed in 2026. The majority of the material removed from the EAP is sent for off-
Site disposal at a permitted landfill in accordance with applicable regulatory requirements.  
 
Technical and logistical challenges of implementing a large-scale CCR removal project have already been 
addressed by SIGECO through the planning and development phase. Removal activities require 
dewatering and temporary staging/stockpiling of material for drying prior to transportation, which may 
affect productivity and extend the time frame to complete the removal.  
 
During periods of rain and inclement weather, the removal schedule will be potentially impacted. 
Excavation and construction safety during the removal activities is another scheduling factor due to 
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heavy equipment (e.g., bulldozers, excavators, front-end loaders, and off-road trucks) and dump truck 
operation within the active Site. 
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10. Schedule 

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 time frame 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; 
(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.” 
 
The anticipated schedule for implementation of the selected remedy is as follows: 
 

Table 10-1: Estimated Remedy Implementation Schedule 
Activity Estimated Completion Time Frame 
EAP closure began March 2023 (completed) 
EAP SOR completed September 2025 (completed) 
Establish/implement corrective action groundwater 
monitoring program  December 2025 (within 90 days of SOR)  

Complete EAP closure Q1 2026 
Implement ISRM 2026 to 2027 

Initiate post-closure MNA 2026 (anticipated based on assumption of EAP closure in 
2026)  

Achievement of molybdenum GWPS TBD (anticipated based on success of ISRM and updated 
groundwater flow and transport modeling) 

Remedy considered complete TBD (anticipated based on assumption of three 
consecutive years of no Appendix IV SSLs) 

Complete post-closure care period TBD (anticipated based on assumption the EAP will not 
be operating under assessment monitoring) 

*Dates are estimated. Closure will be achieved once all CCR material has been removed from the EAP, and post-closure MNA will 
be initiated upon the completion of closure. In accordance with 40 CFR §257.98(c), the remedy will be considered complete when 
monitoring of EAP groundwater demonstrates compliance with GWPSs in groundwater monitoring system wells and that 
concentrations of Appendix IV constituents have not exceeded GWPSs for a period of three consecutive years. Once these terms 
have been satisfied, a notification stating that the remedy has been completed will be prepared.  
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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-simulated durations for achievement of the GWPSs. 
Supplemental or alternative corrective measures may be considered if results or modeling indicate 
constituent concentration reductions are not sufficient to achieve GWPSs within a reasonable time 
frame. In such a case, 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 
and in Appendix A. 
 
Based on the information presented in this SOR Report and other related documents, the selected 
remedy is being 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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11. Selection of Remedy Report Certification Statement 

I, Steven F. Putrich, am a professional engineer and licensed in the state of Indiana. I have reviewed this 
Selection of Remedy (SOR) Report for the East Ash Pond (EAP) coal combustion residuals surface 
impoundment at the Southern Indiana Gas and Electric Company (SIGECO) F.B. Culley Generating 
Station located in Warrick County, Indiana. I hereby certify that this report has been prepared in general 
conformance with and meets the requirements of Title 40 Code of Federal Regulations (40 CFR) §257.97 
of the U. S. Environmental Protection Agency’s Rule entitled “Hazardous and Solid Waste Management 
System; Disposal of Coal Combustion Residuals from Electric Utilities.” 80 Fed. Reg. 21302 (April 17, 
2015) (promulgating 40 CFR §257.61); 83 Fed. Reg. 36435 (July 30, 2018; amending 40 CFR §257.61) (the 
CCR Rule). 
 
 
  
 
Signed: _________________________________ 
 Certifying Engineer 
 
 Print Name: Steven F. Putrich, P.E.    
 Indiana License No.: PE11200566     
 Title: Project Principal    
 Company: Haley & Aldrich, Inc.    
 
Professional Engineer’s Seal: 
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APPENDIX A 
ISRM Alternative Assessment 
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APPENDIX B 
Aquifer Characteristics Data Analysis Outputs 
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Loosely stiff brownish-black coal ASH, no structure, no odor, moist

Loosely brownish-black coal ASH, no structure, no odor, wet

-

of Casing
Bottom

Open Hole

Time

Water Level Data

Note:   Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Sample ID

Boring No.

30

1 3/8

-

Elapsed Riser Pipe

Start

Bit Type:
S H&A Rep.

Plasticity:   N - Nonplastic   L - Low   M - Medium   H - High
Dry Strength:  N - None   L - Low   M - Medium   H - High   V - Very High

129420-034

See Plan

Summary

Field Tests:

3

Drill Mud:
Hammer Weight  (lb) -140-

Date Bottom
Filter Sand

Dilatancy:  R - Rapid   S - Slow   N - None
Toughness:  L - Low   M - Medium   H - High

Cuttings

None

CCR-OW-5I

Samples -

Rig Make & Model:

Grout

Screen

Well Diagram

Sheet No.

July 6, 2022

of Hole

-

File No.

63.0

Location

CCR-OW-5I

Time (hr.)

Inside Diameter  (in.) None

Boring No.

Driller

Datum

Type

Barrel

Water

Concrete

Hammer Fall  (in.)

Bentonite Seal

Finish

Elevation

J. HackneyDrilling Equipment and Procedures

July 6, 2022
1

K. Henning

Casing

Casing:

PID Make & Model:
Hoist/Hammer:

4

Depth  (ft) to:

Sampler

Overburden  (ft)

Rock Cored  (ft)

of

-
Hollow Stem Auger

O - Open End Rod

T - Thin Wall Tube

U - Undisturbed Sample

S - Split Spoon Sample

-

-

Direct Rotary

†Note:  Maximum particle size is determined by direct observation within the limitations of sampler size.

397.0  (est.)

Client
Contractor

Project F.B. Culley, Indiana
SIGECO
National Water Services, LLC
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(Density/consistency, color, GROUP NAME, max. particle size†,
structure, odor, moisture, optional descriptions
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ASH

ASH

ASH

ASH

CL

CL

30

20

20

20

20

20

10

10

50

60

60

90

90

Loose brown-black coal ASH, no structure, no odor, wet

Very loose black-brown coal ASH, increasingly wet

Very loose black-brown coal ASH, very wet

Same as above

Dark brown lean CLAY with silt (CL)

Brown lean CLAY (CL), very wet

358.0
39.0
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NOTE:  Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.
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Boring No. CCR-OW-5I
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CL

SW-
SC

10

10

30

50
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40

40

Thin 1/2 in. layer clayey SAND

Well-graded SAND with clay (SW-SC), fines upwards, inclusions of
rounded pebbles

-TOP OF BEDROCK AT 63.0 FT-

BOTTOM OF EXPLORATION 63.0 FT

338.0
59.0

334.0
63.0
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NOTE:  Soil identification based on visual-manual methods of the USCS as practiced by Haley & Aldrich, Inc.

Boring No.

File No.

Boring No. CCR-OW-5I
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Gravel Sand Field Test
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(Density/consistency, color, GROUP NAME, max. particle size†,
structure, odor, moisture, optional descriptions

GEOLOGIC INTERPRETATION)
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1.5

4.4

36.0

46.0
46.3
48.0

FILL

393.5

390.6

359.0

349.0
348.7
347.0

0.0

Inside diameter of riser pipe

Depth of bottom of riser pipe

Type of riser pipe Schedule 40 PVC

Length

Type of Backfill around Screen Filter Pack Sand

48.0

Type of screen Machine slotted Sch 40 PVC

Type of protective casing

Type of protective cover
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K. Henning

0.0 ft

36.0 ft

46.4 ft

Cuttings
Grout

File No.

D
E

P
T

H
(f

t.
)

Ground El.

Project

Client

Depth to bottom of well screen

Contractor

Driller

Location

Filter Sand

Initial Water Level (depth bgs)

WELL CONSTRUCTION DETAILS

SOIL/ROCK

Diameter of screen

Bottom of silt trap

Screen gauge or size of openings

Indiana

SIGECO

Inside diameter

Location

D
E

P
T

H
(f

t.
)

395.0

395.0  (est.)

0.0 ft

 ft

2.0 in.

8.0 in.

36.0 ft

2.0 in.

0.0

1.5

1.5

Well No.
GROUNDWATER OBSERVATION WELL

INSTALLATION REPORT

WELL

DETAILS

COMMENTS:

CONDITIONS

G
R

A
P

H
IC

Screen

Depth to top of well screen

Well Diagram

Concrete

E
LE

V
A

T
IO

N
(f

t.
)

Bolted - 9/16" hex.

H&A Rep.

Datum

Riser Pipe

Bentonite Seal

Date Installed

Diameter of borehole

129420-034

See Plan

0.010 in.

Depth of bottom of well

Concrete

Bentonite

Sand 34.0

 -

2.9

 -

21 Jun 2022

14.0

CCR-OW-1

Depth of bottom of

Depth of  below ground surface

Depth of top of riser below ground surface

J. Hackney

F.B. Culley

NWS

48.0 ft

Depth of bottom of borehole 48.0 ft

 ft

46.0 ft

Type of Seals    Top of Seal (ft)    Thickness (ft)
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1.5

56.5

60.0

70.0

FILL

395.5

340.5

337.0

327.0

0.0

Inside diameter of riser pipe

Depth of bottom of riser pipe

Type of riser pipe Schedule 40 PVC

Length

Type of Backfill around Screen Filter Pack Sand

70.4

Type of screen Machine slotted Sch 40 PVC

Type of protective casing

Type of protective cover
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K. Henning

0.0 ft

60.0 ft

70.3 ft

Cuttings
Grout

File No.

D
E

P
T

H
(f

t.
)

Ground El.

Project

Client

Depth to bottom of well screen

Contractor

Driller

Location

Filter Sand

Initial Water Level (depth bgs)

WELL CONSTRUCTION DETAILS

SOIL/ROCK

Diameter of screen

Bottom of silt trap

Screen gauge or size of openings

Indiana

SIGECO

Inside diameter

Location

D
E

P
T

H
(f

t.
)

397.0

397.0  (est.)

0.5 ft

 ft

2.0 in.

8.0 in.

60.0 ft

2.0 in.

0.0

1.5

1.5

Well No.
GROUNDWATER OBSERVATION WELL

INSTALLATION REPORT

WELL

DETAILS

COMMENTS:

CONDITIONS

G
R

A
P

H
IC

Screen

Depth to top of well screen

Well Diagram

Concrete

E
LE

V
A

T
IO

N
(f

t.
)

Bolted - 9/16" hex.

H&A Rep.

Datum

Riser Pipe

Bentonite Seal

Date Installed

Diameter of borehole

129420-034

See Plan

0.010 in.

Depth of bottom of well

Concrete

Bentonite

 -

 -

56.5

 -

20 Jun 2022

 -

CCR-OW-1I

Depth of bottom of

Depth of  below ground surface

 Height of top of riser above ground surface

J. Hackney

F.B. Culley

NWS

70.4 ft

Depth of bottom of borehole 70.4 ft

 ft

70.0 ft

Type of Seals    Top of Seal (ft)    Thickness (ft)
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1.5

33.0
34.0

44.0

45.7

FILL

395.5

364.0
363.0

353.0

351.3

0.0

Inside diameter of riser pipe

Depth of bottom of riser pipe

Type of riser pipe Schedule 40 PVC

Length

Type of Backfill around Screen Filter Pack

46.0

Type of screen Machine slotted Sch 40 PVC

Type of protective casing

Type of protective cover
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K. Henning

0.0 ft

34.0 ft

45.7 ft

Cuttings
Grout

File No.

D
E
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H
(f

t.
)

Ground El.

Project

Client

Depth to bottom of well screen

Contractor

Driller

Location

Filter Sand

Initial Water Level (depth bgs)

WELL CONSTRUCTION DETAILS

SOIL/ROCK

Diameter of screen

Bottom of silt trap

Screen gauge or size of openings

Indiana

SIGECO

Inside diameter

Location

D
E

P
T

H
(f

t.
)

397.0

397.0  (est.)

0.0 ft

 ft

2.0 in.

8.0 in.

34.0 ft

2.0 in.

0.0

1.5

1.5

Well No.
GROUNDWATER OBSERVATION WELL

INSTALLATION REPORT

WELL

DETAILS

COMMENTS:

CONDITIONS

G
R

A
P

H
IC

Screen

Depth to top of well screen

Well Diagram

Concrete

E
LE

V
A

T
IO

N
(f

t.
)

Bolted - 9/16" hex.

H&A Rep.

Datum

Riser Pipe

Bentonite Seal

Date Installed

Diameter of borehole

129420-034

See Plan

0.010 in.

Depth of bottom of well

Concrete

Bentonite

Sand 33.0

 -

31.5

 -

30 Jun 2022

13.0

CCR-OW-2

Depth of bottom of

Depth of  below ground surface

Depth of top of riser below ground surface

J. Hackney

F.B. Culley

NWS

46.0 ft

Depth of bottom of borehole 46.0 ft

 ft

44.0 ft

Type of Seals    Top of Seal (ft)    Thickness (ft)
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1.5

46.0

54.0

56.0

66.0

68.0

FILL

395.5

351.0

343.0

341.0

331.0

329.0

0.0

Inside diameter of riser pipe

Depth of bottom of riser pipe

Type of riser pipe Schedule 40 PVC

Length

Type of Backfill around Screen Filter Pakc

68.0

Type of screen Machine slotted Sch 40 PVC

Type of protective casing

Type of protective cover
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K. Henning

0.0 ft

56.0 ft

0.0 ft

Cuttings
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File No.

D
E
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H
(f

t.
)

Ground El.

Project

Client

Depth to bottom of well screen

Contractor

Driller

Location

Filter Sand

Initial Water Level (depth bgs)

WELL CONSTRUCTION DETAILS

SOIL/ROCK

Diameter of screen

Bottom of silt trap

Screen gauge or size of openings

Indiana

SIGECO

Inside diameter

Location

D
E

P
T

H
(f

t.
)

397.0

397.0  (est.)

0.0 ft

 ft

2.0 in.

8.0 in.

56.0 ft

2.0 in.

0.0

1.5

1.5

Well No.
GROUNDWATER OBSERVATION WELL

INSTALLATION REPORT

WELL

DETAILS

COMMENTS:

CONDITIONS

G
R

A
P

H
IC

Screen

Depth to top of well screen

Well Diagram

Concrete

E
LE

V
A

T
IO

N
(f

t.
)

Bolted - 9/16" hex.

H&A Rep.

Datum

Riser Pipe

Bentonite Seal

Date Installed

Diameter of borehole

129420-034

See Plan

0.010 in.

Depth of bottom of well

Concrete

Bentonite

Sand 54.0

 -

52.5

 -

5 Jul 2022

14.0

CCR-OW-2I

Depth of bottom of

Depth of  below ground surface

Depth of top of riser below ground surface

J. Hackney

F.B. Culley

NWS

68.0 ft

Depth of bottom of borehole 68.0 ft

 ft

66.0 ft

Type of Seals    Top of Seal (ft)    Thickness (ft)
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1.5
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35.0

45.0

46.7

FILL

395.5

363.0
362.0

352.0

350.3

0.0

Inside diameter of riser pipe

Depth of bottom of riser pipe

Type of riser pipe Schedule 40 PVC

Length

Type of Backfill around Screen Filter Pack Sand

47.0

Type of screen Machine slotted Sch 40 PVC

Type of protective casing

Type of protective cover
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0.0 ft

35.0 ft

46.6 ft

Cuttings
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File No.
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Ground El.

Project

Client

Depth to bottom of well screen

Contractor

Driller

Location

Filter Sand

Initial Water Level (depth bgs)

WELL CONSTRUCTION DETAILS

SOIL/ROCK

Diameter of screen

Bottom of silt trap

Screen gauge or size of openings

Indiana

SIGECO

Inside diameter

Location

D
E

P
T

H
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t.
)

397.0

397.0  (est.)

0.0 ft

 ft

2.0 in.

8.0 in.

35.0 ft

2.0 in.

0.0

1.5

1.5

Well No.
GROUNDWATER OBSERVATION WELL

INSTALLATION REPORT

WELL

DETAILS

COMMENTS:

CONDITIONS

G
R

A
P

H
IC

Screen

Depth to top of well screen

Well Diagram

Concrete

E
LE

V
A

T
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N
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t.
)

Bolted - 9/16" hex.

H&A Rep.

Datum

Riser Pipe

Bentonite Seal

Date Installed

Diameter of borehole

129420-034

See Plan

0.010 in.

Depth of bottom of well

Concrete

Bentonite

Sand 34.0

 -

32.5

 -

28 Jun 2022

13.0

CCR-OW-3

Depth of bottom of

Depth of  below ground surface

Depth of top of riser below ground surface

J. Hackney

F.B. Culley

NWS

47.0 ft

Depth of bottom of borehole 47.0 ft

 ft

45.0 ft

Type of Seals    Top of Seal (ft)    Thickness (ft)
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1.5

57.0
58.0

68.0
69.3

395.5

340.0
339.0

329.0
327.7

0.0

Inside diameter of riser pipe

Depth of bottom of riser pipe

Type of riser pipe Schedule 40 PVC

Length

Type of Backfill around Screen Filter Pack Sand

70.0

Type of screen Machine slotted Sch 40 PVC

Type of protective casing

Type of protective cover

0
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65

K. Henning

0.0 ft

68.0 ft

69.3 ft

Cuttings
Grout

File No.

D
E

P
T

H
(f

t.
)

Ground El.

Project

Client

Depth to bottom of well screen

Contractor

Driller

Location

Filter Sand

Initial Water Level (depth bgs)

WELL CONSTRUCTION DETAILS

SOIL/ROCK

Diameter of screen

Bottom of silt trap

Screen gauge or size of openings

Indiana

SIGECO

Inside diameter

Location

D
E

P
T

H
(f

t.
)

397.0

397.0  (est.)

0.0 ft

 ft

2.0 in.

8.0 in.

68.0 ft

2.0 in.

0.0

1.5

1.5

Well No.
GROUNDWATER OBSERVATION WELL

INSTALLATION REPORT

WELL

DETAILS

COMMENTS:

CONDITIONS

G
R

A
P

H
IC

Screen

Depth to top of well screen

Well Diagram

Concrete

E
LE

V
A

T
IO

N
(f

t.
)

Bolted - 9/16" hex.

H&A Rep.

Datum

Riser Pipe

Bentonite Seal

Date Installed

Diameter of borehole

129420-034

See Plan

0.010 in.

Depth of bottom of well

Concrete

Bentonite

Sand 57.0

 -

55.5

 -

20 Jun 2022

13.0

CCR-OW-3I

Depth of bottom of

Depth of  below ground surface

Depth of top of riser below ground surface

J. Hackney

F.B. Culley

NWS

70.0 ft

Depth of bottom of borehole 70.0 ft

 ft

68.0 ft

Type of Seals    Top of Seal (ft)    Thickness (ft)
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1.5

34.0

36.0

46.0
46.3

FILL

395.5

363.0

361.0

351.0
350.7

0.0

Inside diameter of riser pipe

Depth of bottom of riser pipe

Type of riser pipe Schedule 40 PVC

Length

Type of Backfill around Screen Filter Pack Sand

47.0

Type of screen Machine slotted Sch 40 PVC

Type of protective casing

Type of protective cover

0
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45

K. Henning

0.0 ft

36.0 ft

46.3 ft

Cuttings
Grout

File No.

D
E

P
T

H
(f

t.
)

Ground El.

Project

Client

Depth to bottom of well screen

Contractor

Driller

Location

Filter Sand

Initial Water Level (depth bgs)

WELL CONSTRUCTION DETAILS

SOIL/ROCK

Diameter of screen

Bottom of silt trap

Screen gauge or size of openings

Indiana

SIGECO

Inside diameter

Location

D
E

P
T

H
(f

t.
)

397.0

397.0  (est.)

0.0 ft

 ft

2.0 in.

8.0 in.

36.0 ft

2.0 in.

0.0

1.5

1.5

Well No.
GROUNDWATER OBSERVATION WELL

INSTALLATION REPORT

WELL

DETAILS

COMMENTS:

CONDITIONS

G
R

A
P

H
IC

Screen

Depth to top of well screen

Well Diagram

Concrete

E
LE

V
A

T
IO

N
(f

t.
)

Bolted - 9/16" hex.

H&A Rep.

Datum

Riser Pipe

Bentonite Seal

Date Installed

Diameter of borehole

129420-034

See Plan

0.010 in.

Depth of bottom of well

Concrete

Bentonite

Sand 34.0

 -

32.5

 -

27 Jun 2022

13.0

CCR-OW-4

Depth of bottom of

Depth of  below ground surface

Depth of top of riser below ground surface

J. Hackney

F.B. Culley

NWS

47.0 ft

Depth of bottom of borehole 47.0 ft

 ft

46.0 ft

Type of Seals    Top of Seal (ft)    Thickness (ft)

P
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G
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1.5

55.0

58.0

68.0

FILL

395.5

342.0

339.0

329.0

0.0

Inside diameter of riser pipe

Depth of bottom of riser pipe

Type of riser pipe Schedule 40 PVC

Length

Type of Backfill around Screen Filter Pack Sand

69.0

Type of screen Machine slotted Sch 40 PVC

Type of protective casing

Type of protective cover

0
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65

K. Henning

0.0 ft

58.0 ft

0.0 ft

Cuttings
Grout

File No.

D
E

P
T

H
(f

t.
)

Ground El.

Project

Client

Depth to bottom of well screen

Contractor

Driller

Location

Filter Sand

Initial Water Level (depth bgs)

WELL CONSTRUCTION DETAILS

SOIL/ROCK

Diameter of screen

Bottom of silt trap

Screen gauge or size of openings

Indiana

SIGECO

Inside diameter

Location

D
E

P
T

H
(f

t.
)

397.0

397.0  (est.)

0.0 ft

 ft

2.0 in.

8.0 in.

58.0 ft

2.0 in.

0.0

1.5

1.5

Well No.
GROUNDWATER OBSERVATION WELL

INSTALLATION REPORT

WELL

DETAILS

COMMENTS:

CONDITIONS

G
R

A
P

H
IC

Screen

Depth to top of well screen

Well Diagram

Concrete

E
LE

V
A

T
IO

N
(f

t.
)

Bolted - 9/16" hex.

H&A Rep.

Datum

Riser Pipe

Bentonite Seal

Date Installed

Diameter of borehole

129420-034

See Plan

0.010 in.

Depth of bottom of well

Concrete

Bentonite

Sand 55.0

 -

53.5

 -

27 Jun 2022

14.0

CCR-OW-4I

Depth of bottom of

Depth of  below ground surface

Depth of top of riser below ground surface

J. Hackney

F.B. Culley

NWS

69.0 ft

Depth of bottom of borehole 69.0 ft

 ft

68.0 ft

Type of Seals    Top of Seal (ft)    Thickness (ft)

P
LO

G
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A
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1.5

51.0

58.0

63.0

395.5

346.0

339.0

334.0

0.0

Inside diameter of riser pipe

Depth of bottom of riser pipe

Type of riser pipe Schedule 40 PVC

Length

Type of Backfill around Screen Filter Pack Sand

63.0

Type of screen Machine slotted Sch 40 PVC

Type of protective casing

Type of protective cover
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55

60

K. Henning

0.0 ft

58.0 ft

0.0 ft

Cuttings
Grout

File No.

D
E

P
T

H
(f

t.
)

Ground El.

Project

Client

Depth to bottom of well screen

Contractor

Driller

Location

Filter Sand

Initial Water Level (depth bgs)

WELL CONSTRUCTION DETAILS

SOIL/ROCK

Diameter of screen

Bottom of silt trap

Screen gauge or size of openings

Indiana

SIGECO

Inside diameter

Location

D
E

P
T

H
(f

t.
)

397.0

397.0  (est.)

0.4 ft

 ft

2.0 in.

8.0 in.

58.0 ft

2.0 in.

0.0

1.5

1.5

Well No.
GROUNDWATER OBSERVATION WELL

INSTALLATION REPORT

WELL

DETAILS

COMMENTS:

CONDITIONS

G
R

A
P

H
IC

Screen

Depth to top of well screen

Well Diagram

Concrete

E
LE

V
A

T
IO

N
(f

t.
)

Bolted - 9/16" hex.

H&A Rep.

Datum

Riser Pipe

Bentonite Seal

Date Installed

Diameter of borehole

129420-034

See Plan

0.010 in.

Depth of bottom of well

Concrete

Bentonite

Sand 51.0

 -

51.0

 -

6 Jul 2022

12.0

CCR-OW-5I

Depth of bottom of

Depth of  below ground surface

 Height of top of riser above ground surface

J. Hackney

F.B. Culley

NWS

63.0 ft

Depth of bottom of borehole 63.0 ft

 ft

63.0 ft

Type of Seals    Top of Seal (ft)    Thickness (ft)

P
LO

G
-H

A
-L
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09
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APPENDIX B 
AQTESOLV Outputs 

 



1. 10. 100. 1000. 1.0E+4
0.001

0.01

0.1

1.

10.

Time (min)

D
is

pl
ac

e
m
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t (

ft
)

WELL TEST ANALYSIS

Data Set:  C:\...\CCR-AP-8I.aqt
Date:  11/29/22 Time:  15:14:39

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  Vectren
Project:  0129420-034
Location:  F.B.Culley East Ash Pond
Test Well:  CCR-PW-1
Test Date:  10-19-2022

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
CCR-PW-1 0 0

Observation Wells
Well Name X (ft) Y (ft)

CCR-AP-8I 56.09 0.27

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 3.889 cm2/sec S  = 0.001679
r/B  = 0.4898 Kz/Kr = 1.
b  = 12. ft

SIGECO



1. 10. 100. 1000. 1.0E+4
1.0E-4

0.001

0.01

0.1

1.

Time (min)

D
is

pl
ac

e
m

en
t (

ft
)

WELL TEST ANALYSIS

Data Set:  C:\...\CCR-OW-1I.aqt
Date:  11/29/22 Time:  14:42:39

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  Vectren
Project:  0129420-034
Location:  F.B.Culley East Ash Pond
Test Well:  CCR-PW-1
Test Date:  10-19-2022

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
CCR-PW-1 0 0

Observation Wells
Well Name X (ft) Y (ft)

CCR-OW-1I -93.19 -19.38

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 21.87 cm2/sec S  = 0.002291
r/B  = 0.1738 Kz/Kr = 1.
b  = 15. ft

SIGECO



1. 10. 100. 1000. 1.0E+4
1.0E-4

0.001

0.01

0.1

1.

10.

Time (min)

D
is

pl
ac

e
m

en
t (

ft
)

WELL TEST ANALYSIS

Data Set:  C:\...\CCR-OW-2I.aqt
Date:  11/29/22 Time:  14:49:55

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  Vectren
Project:  0129420-034
Location:  F.B.Culley East Ash Pond
Test Well:  CCR-PW-1
Test Date:  10-19-2022

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
CCR-PW-1 0 0

Observation Wells
Well Name X (ft) Y (ft)

CCR-OW-2I -19.81 -3.97

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 3.63 cm2/sec S  = 0.006185
r/B  = 0.3236 Kz/Kr = 1.
b  = 10. ft

SIGECO



1. 10. 100. 1000. 1.0E+4
0.001

0.01

0.1

1.

10.

Time (min)

D
is
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ac

e
m

en
t (

ft
)

WELL TEST ANALYSIS

Data Set:  C:\...\CCR-OW-3I.aqt
Date:  11/29/22 Time:  14:53:33

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  Vectren
Project:  0129420-034
Location:  F.B.Culley East Ash Pond
Test Well:  CCR-PW-1
Test Date:  10-19-2022

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
CCR-PW-1 0 0

Observation Wells
Well Name X (ft) Y (ft)

CCR-OW-3I 14.45 2.2

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 3.466 cm2/sec S  = 0.01334
r/B  = 0.3715 Kz/Kr = 1.
b  = 10. ft

SIGECO



1. 10. 100. 1000. 1.0E+4
1.0E-4

0.001

0.01
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ft
)

WELL TEST ANALYSIS

Data Set:  C:\...\CCR-OW-4I.aqt
Date:  11/29/22 Time:  14:55:27

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  Vectren
Project:  0129420-034
Location:  F.B.Culley East Ash Pond
Test Well:  CCR-PW-1
Test Date:  10-19-2022

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
CCR-PW-1 0 0

Observation Wells
Well Name X (ft) Y (ft)

CCR-OW-4I 78.91 13.12

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 4.364 cm2/sec S  = 0.0008128
r/B  = 0.3981 Kz/Kr = 1.
b  = 10. ft

SIGECO



1. 10. 100. 1000. 1.0E+4
1.0E-4

0.001

0.01

0.1
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Time (min)

D
is
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e
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ft
)

WELL TEST ANALYSIS

Data Set:  C:\...\CCR-OW-5I.aqt
Date:  11/29/22 Time:  14:56:06

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  Vectren
Project:  0129420-034
Location:  F.B.Culley East Ash Pond
Test Well:  CCR-PW-1
Test Date:  10-19-2022

WELL DATA

Pumping Wells
Well Name X (ft) Y (ft)
CCR-PW-1 0 0

Observation Wells
Well Name X (ft) Y (ft)

CCR-OW-5I 2.48 64.25

SOLUTION

Aquifer Model:  Leaky Solution Method:  Hantush-Jacob

T  = 2.753 cm2/sec S  = 0.0009016
r/B  = 0.5248 Kz/Kr = 1.
b  = 5. ft

SIGECO



0. 60. 120. 180. 240. 300.
0.01

0.1

1.

Time (sec)

D
is
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ac
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m
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t (

ft
)

WELL TEST ANALYSIS

Data Set:  \...\CCR-AP-1R_F1.aqt
Date:  06/15/23 Time:  20:50:28

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  Vectren
Project:  0129420-034
Location:  FB Culley EAP
Test Well:  CCR-AP-1R
Test Date:  5/24/23

AQUIFER DATA

Saturated Thickness:  8.39 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (CCR-AP-1R)

Initial Displacement:  1.378 ft Static Water Column Height:  12.93 ft
Total Well Penetration Depth:  10. ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.005044 cm/sec y0 = 0.1647 ft



0. 40. 80. 120. 160. 200.
0.001

0.01

0.1
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Time (sec)
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m
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t (
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)

WELL TEST ANALYSIS

Data Set:  \...\CCR-AP-1R_R1.aqt
Date:  06/15/23 Time:  20:51:03

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  Vectren
Project:  0129420-034
Location:  FB Culley EAP
Test Well:  CCR-AP-1R
Test Date:  5/23/23

AQUIFER DATA

Saturated Thickness:  8.39 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (CCR-AP-1R)

Initial Displacement:  0.768 ft Static Water Column Height:  12.93 ft
Total Well Penetration Depth:  10. ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.005099 cm/sec y0 = 0.8152 ft



0. 60. 120. 180. 240. 300.
0.001
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WELL TEST ANALYSIS

Data Set:  \...\CCR-AP-1R_R2.aqt
Date:  06/15/23 Time:  20:51:39

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  Vectren
Project:  0129420-034
Location:  FB Culley EAP
Test Well:  CCR-AP-1R
Test Date:  5/24/23

AQUIFER DATA

Saturated Thickness:  8.39 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (CCR-AP-1R)

Initial Displacement:  0.669 ft Static Water Column Height:  12.93 ft
Total Well Penetration Depth:  10. ft Screen Length:  10. ft
Casing Radius:  0.0833 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.003977 cm/sec y0 = 0.7034 ft
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0.001
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WELL TEST ANALYSIS

Data Set:  \...\CCR-AP-5_R1.aqt
Date:  06/15/23 Time:  20:51:54

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  AES
Project:  0129420-034
Location:  FB Culley EAP
Test Well:  CCR-AP-5
Test Date:  5/23/23

AQUIFER DATA

Saturated Thickness:  18. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (CCR-AP-5)

Initial Displacement:  5.236 ft Static Water Column Height:  30.98 ft
Total Well Penetration Depth:  18.5 ft Screen Length:  11. ft
Casing Radius:  0.0833 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.0006551 cm/sec y0 = 4.948 ft
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WELL TEST ANALYSIS

Data Set:  \...\CCR-AP-5_R2.aqt
Date:  06/15/23 Time:  20:52:05

PROJECT INFORMATION

Company:  Haley & Aldrich
Client:  AES
Project:  0129420-034
Location:  FB Culley EAP
Test Well:  CCR-AP-5
Test Date:  5/23/23

AQUIFER DATA

Saturated Thickness:  18. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (CCR-AP-5)

Initial Displacement:  5.629 ft Static Water Column Height:  30.98 ft
Total Well Penetration Depth:  18.5 ft Screen Length:  11. ft
Casing Radius:  0.0833 ft Well Radius:  0.25 ft

SOLUTION

Aquifer Model:  Confined Solution Method:  Bouwer-Rice

K  = 0.0006711 cm/sec y0 = 5.157 ft















































 

 

APPENDIX C 
Groundwater Flow and Transport Modeling Report 



























































































 

 

APPENDIX D 
Groundwater Geochemical Site Model Evaluation 
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