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1.2.3 Ease of Implementation 

The ease or difficulty of implementing a given corrective measure was evaluated by considering: 

1. Degree of difficulty associated with constructing the corrective measure. 

2. Expected operational reliability of the corrective measure. 

3. Need to coordinate with and obtain necessary approvals and permits. 

4. Availability of necessary equipment and specialists. 

5. Available capacity and location of needed treatment, storage, and disposal services. 

1.2.4 Potential Impacts of the Remedy 

Potential impacts associated with a given corrective measure included consideration of impacts 
on the distribution and/or transport of contaminants, safety impacts (the short-term risks that 
might be posed to the community or the environment during implementation), cross-media 
impacts (increased traffic, noise, fugitive dust), and control of potential exposure of humans and 
environmental receptors to remaining wastes. 

1.2.5 Time Required to Begin, Implement, and Complete the Remedy 

Evaluating the time required to begin the remedy focused on the site-specific conditions that 
could require additional or extended timeframes to characterize, design, and/or field test a 
corrective measure to verify its applicability and effectiveness. The length of time that would be 
required to begin and implement the remedy was considered to be the total time to: 1) verify 
applicability and effectiveness; and 2) to complete construction of the corrective measure. 

The time required to complete the remedy considered the total time after the corrective measure 
was implemented until GWPS would be achieved in the Uppermost Aquifer at the compliance 
boundaries.  

1.2.6 Institutional, Environmental or Public Health Requirements 

Institutional, environmental, and public health requirements considered state, local, and site-
specific permitting or other requirements that could substantially affect construction or 
implementation of a corrective measure. 
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Hagarstown beds along the sidewalls of the drainage features (see Figures 3-5). The thin, 
discontinuous nature of the Hagarstown beds and the limited opportunity for CCR to be in contact 
with the Hagarstown beds significantly reduces the potential for lateral migration out of AP2, 
which is expressed in the accumulation and mounding of groundwater presently observed within 
AP2. Water from seeps observed along the berms may partially infiltrate through the Upper 
Confining Unit and/or run off with surface water toward the discharge flume or Unnamed Creek. 
The Uppermost Aquifer is confined except where the Hagarstown beds are exposed along the 
eastern-side of the impoundment within the sidewalls of former ravines. In these areas, 
groundwater appears to migrate in the Uppermost Aquifer beneath the constructed berms and 
flows through seeps along the ravine into the Unnamed Creek to the east.  

Based on hydraulic conductivities and vertical gradients (Appendix A), horizontal groundwater 
flow in the overlying clays and underlying tills is negligible. Groundwater flow occurs primarily in 
the more permeable zones within the Hagarstown beds. Appendix B contains groundwater 
contour maps depicting potentiometric surface elevations measured during groundwater sampling 
events from 2015-2020. Groundwater near AP2 flows predominantly to the east and south. There 
is limited groundwater flow from AP2 toward the west due to a thinning or lower hydraulic 
conductivity of the Hagarstown beds and radial flow toward the discharge flume and Unnamed 
Creek. Moderate horizontal groundwater gradients on the order of 0.006 feet per feet (ft/ft) are 
typically observed. Groundwater velocities may vary significantly, depending on the thickness 
and continuity of sand seams within the Hagarstown Beds. However, migration of impacts to the 
east and south is limited by the presence of the Unnamed Creek and a surface water discharge 
flume associated with CPS, both of which are areas of groundwater discharge and act as 
hydraulic barriers and/or groundwater divides. 

Vertical groundwater gradients were measured at two locations between the Hagarstown Beds 
and Vandalia Till. Vertical flow was upward into the more permeable Hagarstown Beds with 
gradients of 0.009 to 0.4 (Appendix A). Vertical groundwater gradients measured in the lower 
confining unit between the Vandalia Till and underlying Smithboro Till indicated steeply downward 
gradients exceeding 1, indicating very low vertical hydraulic conductivity and that groundwater in 
the Vandalia Till is perched. 

A groundwater flow and transport model was developed for the IEPA-approved AP2 Closure Plan 
with the objective of evaluating the effect that a geomembrane cover system will have on 
surrounding groundwater quality. Boron was modeled to simulate migration of CCR leachate 
because it is relatively conservative for simulating transport in the subsurface since it is not as 
subject to processes that retard migration, such as sorption, as other CCR parameters are. The 
conceptual model for transport assumes boron leaching to recharge water during percolation 
through CCR above the water table. The model also includes changes in concentration applied to 
recharge zones where saturated CCR was known or likely to be present. For prediction modeling, 
constant concentration cells were placed into the model in portions of AP2 that contain CCR at or 
below the elevation of the Hagarstown beds to simulate leaching from groundwater flow through 
AP2 CCR where in contact with the Hagarstown beds.  

The Hagarstown beds were simulated in the model using contoured surfaces generated from soil 
boring observations and maintaining a minimum thickness of 2 feet with a calibrated horizontal 
hydraulic conductivity of 1.6x10-3 cm/sec. The model simulation of the Hagarstown beds as a 
homogenous unit with consistent hydraulic conductivity was done to make the upper aquifer as 
transmissive as possible for the conservative evaluation of boron transport, and likely 
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overestimates the interconnectedness of the Uppermost Aquifer. The simulated maximum extent 
of the boron groundwater plume occurs 1 year after placement of the cap. Although boron 
concentrations above the Class I Standard are present in the upper portion of the Lower 
Confining Unit, these concentrations also recede following cap placement, and they do not exceed 
the maximum footprint of boron concentration exceedances simulated in the Uppermost Aquifer 
(Hagarstown beds). Boron exceedances do not extend into the lower portion of the Lower 
Confining Unit. During the prediction scenario following geomembrane cap placement, 
concentrations of boron within AP2 decline and the footprint of the boron plume retreats toward 
the limits of AP2. 

2.3 Potable Water Well Inventory 

A potable water well inventory was completed in 2013. Public records were searched to identify 
water supply wells located within 2,500 feet of the unlined impoundments at the CPS and the 
results are discussed in the Hydrogeologic Site Characterization Report (NRT, 2017b). All but one 
of the wells identified in the well search were located either east or west of Coffeen Lake, which 
is a hydraulic boundary for potentially impacted groundwater. The one water well located 
between the east and west branches of the lake was reportedly removed during construction of 
the CPS Recycle Pond (NRT, 2017b). Public water supply (PWS) wells within a ten-mile radius of 
the CPS were also identified. Three wells belonging to the Village of Fillmore are located within 
the search radius, the closest one is approximately eight miles northeast of the CPS. 

2.4 Groundwater Quality and Plume Delineation 

Groundwater monitoring per 40 C.F.R. § 257.90 commenced in November 2015. Monitoring wells 
around AP2 were installed beginning in 2010, and additional wells and piezometers were installed 
in 2015 and 2016 to comply with the CCR Rule and define the extent of CCR impacts. Monitoring 
includes groundwater elevation measurements and collection of water quality samples from 
background monitoring wells G270 and G281, and downgradient wells G401, G402, G403, G404, 
and G405 (Figure 2). Detection monitoring per 40 C.F.R. § 257.90 was initiated in October 2017; 
statistically significant increases (SSIs) of Appendix III parameters over background 
concentrations were detected in October 2017. Alternate source evaluations were inconclusive for 
one or more of the SSIs. Therefore, in accordance with 40 C.F.R. § 257.94(e)(2), an Assessment 
Monitoring Program was established for AP2 on April 9, 2018.  

Table 1 provides a summary of the Assessment Monitoring Program at AP2. Statistically 
significant levels (SSLs) of the Appendix IV parameters cobalt and lithium over the GWPS were 
identified in downgradient monitoring wells G401 and G402. In accordance with the Statistical 
Analysis Plan for CPS (NRT, 2017d), SSLs are based on a Lower Confidence Limit (LCL) calculated 
from all observed concentrations for each Appendix IV parameter at each monitoring well (2015 
through the current sampling event) compared to the GWPS. Maximum LCL concentrations 
associated with the cobalt SSLs at G401 and G402 are 0.276 milligrams per liter (mg/L) and 
0.0066 mg/L, respectively (Table 2). The maximum LCL concentration associated with the lithium 
SSL at G401 is 0.050 mg/L. No other SSLs have been identified for AP2. 

Figures 7 and 8 depict the horizontal extent of cobalt and lithium SSLs at AP2, respectively. 
Additional monitoring wells were not previously installed for delineation due to the proximity of 
the SSLs to the CPS discharge flume to the south and wetland restrictions adjacent to the 
Unnamed Creek to the east of AP2. However, a realignment of the Unnamed Creek was 
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of contaminants in soil or groundwater. These in-situ processes include biodegradation; 
dispersion; dilution; sorption; volatilization; radioactive decay; and chemical or biological 
stabilization, transformation, or destruction of contaminants. 

The USEPA has stated that source control is the most effective means of ensuring the timely 
attainment of remediation objectives (USEPA, 1999). Natural attenuation processes may be 
appropriate as a “finishing step” after effective source control implementation, if there are no 
risks to receptors and/or the contaminant plume is not expanding. Thus, MNA would be used in 
conjunction with the recently completed, IEPA-approved CCR dewatering and geomembrane 
cover system described in Section 1.  

The 1999 USEPA MNA document was focused on organic compounds in groundwater. However, in 
a 2015 companion document, the USEPA addressed the use of MNA for inorganic compounds in 
groundwater. The USEPA noted that the use of MNA to address inorganic contaminants: (1) is not 
intended to constitute a treatment process for inorganic contaminants; (2) when appropriately 
implemented, can help to restore an aquifer to beneficial uses by immobilizing contaminants onto 
aquifer solids and providing the primary means for attenuation of contaminants in groundwater; 
and (3) is not intended to be a “do nothing” response (USEPA, 2015). Rather, documenting the 
applicability of MNA for groundwater remediation should be thoroughly and adequately supported 
with site-specific characterization data and analysis in accordance with the USEPA’s tiered 
approach to MNA (USEPA 1999, 2007, and 2015):  

1. Demonstrate that the area of groundwater impacts is not expanding. 

2. Determine the mechanisms and rates of attenuation.  

3. Determine that the capacity of the aquifer is sufficient to attenuate the mass of constituents in 
groundwater and that the immobilized constituents are stable and will not remobilize.  

4. Design a performance monitoring program based on the mechanisms of attenuation and 
establish contingency remedies (tailored to site-specific conditions) should MNA not perform 
adequately.  

Both physical and chemical attenuation processes can contribute to the reduction in mass, 
toxicity, mobility, volume, or concentration of contaminants in groundwater. Physical attenuation 
processes applicable to CCR include dilution, dispersion and flushing. Chemical attenuation 
processes applicable to CCR include precipitation and coprecipitation (i.e., incorporation into 
sulfide minerals), sorption (i.e., to iron, manganese, aluminum, or other metal oxides or 
oxyhydroxides, or to sulfide minerals or organic matter), and ion exchange.  

All inorganic compounds are subject to physical attenuation processes. Physical mechanisms may 
be the primary natural attenuation processes acting upon CCR constituents, such as boron, 
chloride and lithium, that are relatively mobile (poorly chemically attenuated). The performance 
of MNA as a groundwater corrective measure varies based on site-specific conditions. Additional 
data collection and analysis may be required to support the USEPA’s tiered approach to MNA 
(USEPA, 2015) and obtain regulatory approval. 

3.2.2 Groundwater Extraction 

Groundwater extraction is one of the most widely used groundwater corrective measures and has 
a long history of performance. This corrective measure includes installation of one or more 
groundwater pumping wells or trenches to control and extract impacted groundwater. 
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As groundwater passes through the PRB under natural gradients, dissolved constituents in the 
groundwater react with the media and are transformed or immobilized. A variety of media have 
been used or proposed for use in PRBs. Zero-valent iron has been shown to effectively immobilize 
some CCR constituents, including arsenic, chromium, cobalt, molybdenum, selenium, and sulfate. 
Zero-valent iron has not been proven effective for boron, antimony, or lithium (EPRI, 2006).  

System configurations include continuous PRBs, in which the reactive media extends across the 
entire path of the contaminant plume; and funnel-and-gate systems, where low-permeability 
barriers are installed to control groundwater flow through a permeable gate containing the 
reactive media. Continuous PRBs intersect the entire contaminant plume and do not materially 
impact the groundwater flow system. Design may or may not include keying the PRB into a low-
permeability unit at depth. Funnel-and-gate systems utilize a system of barriers to groundwater 
flow (funnels) to direct the contaminant plume through the reactive gate. The barriers, typically 
some form of cutoff wall, are keyed into a low-permeability unit at depth to prevent short 
circuiting of the plume. Funnel-and-gate design must consider the residence time to allow 
chemical reactions to occur. Directing the contaminant plume through the reactive gate can 
significantly increase the flow velocity, thus reducing residence time. 

3.2.5 In-Situ Chemical Treatment 

In-situ chemical treatment for inorganics are being tested and applied with increasing frequency.  
In-situ chemical treatment includes the targeted injection of reactive media into the subsurface 
to mitigate groundwater impacts. Inorganic contaminants are typically remediated through 
immobilization by reduction or oxidation followed by precipitation or adsorption (EPRI, 2006). 
Chemical reactants that have been applied or are in development for application in treating 
inorganic contaminants include ferrous sulfate, nanoscale zero-valent iron, organo-phosphorus 
nutrient mixture (PrecipiPHOS™) and sodium dithionite (EPRI, 2006). Zero-valent iron has been 
shown to effectively immobilize cobalt and molybdenum. However, lithium has not been proven 
to be amenable to transformation or immobilization using reactive media. 
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The results of an in-progress independent evaluation regarding the potential feasibility of MNA as 
a groundwater remedy are provided as Appendix C. This evaluation considered whether site-
specific conditions appear favorable for implementation of MNA. As part of this evaluation, the 
likely ability of MNA, in combination with source control, to meet the criteria provided in 40 CFR 
257.96(c) was completed; these results are also summarized in Table 3. As discussed in the 
independent evaluation in Appendix C, MNA is likely to achieve the 40 C.F.R. § 257.97 
performance criteria based on the conclusions of the evaluation. Additional efforts will be 
completed to gather information to complete the tiered evaluation in accordance with USEPA 
guidance which will support the selection of MNA, in combination with source control, as a 
groundwater remedy. The MNA evaluation is currently underway at AP2 and will be completed in 
2021.    

4.2.2 Groundwater Extraction 

Groundwater extraction is a widely accepted groundwater corrective measure with a long track 
record of performance and reliability. It is routinely approved by the IEPA. The performance 
and reliability of a groundwater extraction system is dependent on site-specific hydrogeologic 
conditions and would require additional data collection (aquifer testing) and possibly additional 
groundwater fate and transport modeling to support the design and regulatory approval. The 
heterogeneous and discontinuous nature of the Uppermost Aquifer could present limitations in 
system effectiveness. Hydraulic conductivity observations based upon single-well field 
permeability tests varied by two orders of magnitude (3.1 x 10-5 to 1.6 x 10-3 cm/s). For a 
corrective measure using groundwater extraction to effectively control off-site flow or to remove 
potentially contaminated groundwater, horizontal and vertical capture zone(s) must be created 
using pumping wells. Pumping from portions of the Uppermost Aquifer with higher permeability 
would produce the largest capture zones. However, the portions of the Uppermost Aquifer having 
lower permeability would restrict the ability to pump at rates high enough to establish the 
required capture zone(s) in the higher permeability portions or require a high density of wells. 
The proximity of the cobalt and lithium groundwater plumes to the CPS discharge flume may also 
limit capture. Cutoff walls (Section 4.2.3) could also be used in conjunction with a pumping 
system to control groundwater movement. The recently completed CCR dewatering and 
geomembrane cover system will reduce the mass loading to the Uppermost Aquifer, thus 
reducing the total contaminant mass that would need to be captured to attain GWPS. 

Implementation of a groundwater extraction system presents design challenges due to the 
heterogeneous and discontinuous nature of the Uppermost Aquifer. Design and implementation 
would benefit from additional characterization activities to increase the density and resolution of 
data. Specialized contractors may be necessary depending upon the construction/implementation 
method (e.g., horizontal extraction well). Extracted groundwater would need to be managed, 
which may include modification to the existing NPDES permit and treatment prior to discharge, if 
necessary. Treatment may also require specialized equipment and/or installation contractors. 

There could be some impacts associated with constructing and operating a groundwater 
extraction system, including alteration of groundwater flow patterns in the Uppermost Aquifer 
and some limited exposure to extracted groundwater. Additional data collection and analyses 
would be required to design an extraction system. Construction could be completed within 1 
year. Time of implementation is approximately 3 to 4 years, including characterization, design, 
permitting and construction. Timeframes to achieve GWPS are dependent on site-specific 
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conditions, which require detailed technical analysis. IEPA approval is anticipated to be required 
for discharge of extracted groundwater.  

4.2.3 Groundwater Cutoff Wall 

Groundwater cutoff walls are a widely accepted groundwater corrective measure used to control 
and/or isolate impacted groundwater and are routinely approved by the IEPA. Cutoff walls are 
designed to act as hydraulic barriers, as a result, inherently alter the existing groundwater flow 
system. Changes to the existing groundwater flow system may need to be controlled to maximize 
the performance of the remedy, for example, a cutoff wall may need to be combined with 
another groundwater corrective measure, such as groundwater extraction or a permeable 
reactive barrier, to control build-up of hydraulic head upgradient and around the cutoff wall. 

Cutoff walls have a long history of reliable performance as hydraulic barriers provided they are 
properly designed and constructed. As mentioned above, a cutoff wall may need to be combined 
with another groundwater corrective measures, such as groundwater extraction or a permeable 
reactive barrier, to ultimately achieve and maintain GWPS. 

Additional subsurface data collection and analyses would be required to provide the density of 
data required for design and implementation of a cutoff wall. The proximity of the cobalt and 
lithium groundwater plumes to the CPS discharge flume and Unnamed Tributary may limit space 
available for cutoff wall implementation, and complicate construction activities by requiring 
staging away from the construction area and transport of materials between the staging and 
construction areas. Specialized contractors may be necessary depending upon the 
construction/implementation method. 

There could be some impacts associated with constructing and operating a groundwater cutoff 
wall, including changes to the groundwater flow system that have to be considered for effective 
groundwater corrective action. Construction could be completed within 1 to 2 years depending 
upon the size of the cutoff wall and construction/implementation method. Time of 
implementation is approximately 4 to 5 years, including characterization, design, permitting 
and construction. To attain GWPS, cutoff walls require combination with other groundwater 
corrective measure(s) to operate in concert with the hydraulic barriers. Cutoff walls are 
commonly coupled with MNA, groundwater extraction, and permeable reactive barriers as 
groundwater corrective measures. The time to attain GWPS is dependent on the selected 
groundwater corrective measure or measures that are coupled with the cutoff walls. Cutoff walls 
require approval by the IEPA to be implemented. 

4.2.4 Permeable Reactive Barrier 

Cobalt is amendable to remediation using permeable reactive barriers (PRBs) with appropriate 
selection of reactive media (EPRI, 2006). However, PRB application as a groundwater corrective 
measure for lithium is not well established and more research is needed, therefore, 
performance and reliability for lithium are unknown.  

PRB treatment of cobalt is expected to have variable reliability based on site-specific 
hydrogeologic and geochemical conditions and the nature of the reactive media. The capacity of 
the reactive media may be exceeded and require replacement or rejuvenation. Conservative 
estimates indicate iron-based reactive media are expected to require maintenance every 10 
years (ITRC, 2005). Implementation of PRBs may have design challenges associated with both 
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groundwater hydraulics and plume configuration that are similar to those associated with 
groundwater extraction and cutoff walls, specifically, the heterogeneous and discontinuous nature 
of the Uppermost Aquifer.  

Funnel-and-gate PRBs inherently alter the existing groundwater flow system. These groundwater 
flow system changes may need to be controlled to reduce potential impacts of the remedy. 
Construction of PRBs could be completed within 1 to 2 years. Time of implementation is 
approximately 5 to 7 years, including characterization, design, permitting and construction. 
Timeframes to achieve GWPS are dependent on site-specific conditions, including reactivity 
and maintenance (replacement or rejuvenation requirements) which require detailed technical 
analysis. PRBs and potentially associated groundwater cutoff walls (funnel-and-gate system) 
require approval by the IEPA to be implemented. 

4.2.5 In-Situ Chemical Treatment 

In-situ chemical treatment of cobalt and lithium is not well established and more research is 
needed (EPRI, 2006); therefore, performance and reliability are unknown.  

Implementation of in-situ chemical treatment may have chemical delivery challenges 
associated with groundwater hydraulics.  

Injections of treatment media could be completed within 1 to 2 years. Time of implementation 
is approximately 5 to 7 years, including characterization, design, permitting and injections. 
Chemical treatment alters groundwater geochemical conditions, which may result in potential 
impacts associated with implementation of the remedy. Timeframes to achieve GWPS are 
dependent on site-specific conditions, including reactivity and maintenance (replacement or 
rejuvenation requirements) which require detailed technical analysis. Since in-situ chemical 
treatment alters groundwater geochemistry implementation of the remedy may require 
Underground Injection Control (UIC) approval.  

In-situ chemical treatment is not retained as a viable corrective measure to address SSLs of 
cobalt and lithium in the Uppermost Aquifer since its performance and reliability are unknown. 
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to mitigate the release, a corrective action plan will be proposed as a modification to the Post-
Closure Care Plan. The corrective action plan may incorporate one or more of the corrective 
measures identified in this CMA to address impacts from CCR constituents in the Uppermost 
Aquifer. 

5.2 Future Actions 

Source control was completed on November 17, 2020. MNA will be implemented as part of the 
approved Closure Plan, including monitoring of the Uppermost Aquifer. Additional investigation 
will be completed to support analysis of the attenuation mechanism, rate, and aquifer capacity to 
complete the tiered MNA evaluation recommended by USEPA guidance. Additional Uppermost 
Aquifer data needed for design of groundwater extraction, cutoff wall, and/or PRB will also be 
collected during the MNA investigation to the extent allowed by the scope of the MNA 
investigation. 

Semiannual reports per § 257.97 will continue to be prepared to describe the progress in 
selecting and designing the remedy that addresses SSLs for cobalt and lithium in the Uppermost 
Aquifer. A final report describing the selected remedy and how it meets the standards listed 
above will also be prepared, per § 257.97. 
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TABLE 1. ASSESSMENT MONITORING PROGRAM SUMMARY
CORRECTIVE MEASURES ASSESSMENT, REVISION 1
COFFEEN ASH POND NO. 2
COFEEN POWER STATION
COFFEEN, ILLINOIS

Sampling Dates
Analytical Data 
Receipt Date Parameters Collected SSL(s) Appendix IV

SSL(s) 
Determination Date ASD Completion Date CMA Completion / Status

Appendix III -- -- -- --

Appendix IV Detected1 Cobalt (G401) January 7, 2019 NA July 8, 2019 (completed CMA)

Appendix III -- -- -- --

Appendix IV Cobalt (G401, G402) July 15, 2019 NA ongoing

Appendix III -- -- -- --

Cobalt (G401, G402)

Lithium (G401)

Appendix III -- -- -- --

Cobalt (G401)

Lithium (G401)

Appendix III -- -- -- --

Appendix IV Detected1 TBD TBD TBD TBD
[O:KLT 11/23/20, C: RAB 11/24/2020]

Notes:
-- = SSL evaluation does not apply to Appendix III parameters
ASD = Alternate Source Demonstration
CMA = Corrective Measures Assessment
NA = Not Applicable
SSL = Statistically Significant Level
TBD = To Be Determined
1. Groundwater sample analysis was limited to Appendix IV parameters detected in previous events in accordance with 40 C.F.R. Part 257.95(d)(1).

August 12, 2020 October 15, 2020

January 21 - 25, 2019 April 15, 2019

July 14, 2020Appendix IV

August 3 - 4, 2018 October 8, 2018

August 13 - 20, 2019 October 15, 2019

January 22 - 24, 2020 April 15, 2020 January 8, 2020 (Semiannual remedy 
selection progress report)

Appendix IV Detected1 January 13, 2020 NA
Feasibility study phase of CMA; Public 
meeting held October 7, 2019

NA

Tables Rev 1_Coffeen AP2.xlsx 1 of 1







TABLE 3. CORRECTIVE MEASURES ASSESSMENT MATRIX

CORRECTIVE MEASURES ASSESSMENT, REVISION 1

COFFEEN ASH POND NO. 2

COFEEN POWER STATION (CPS)

COFFEEN, ILLINOIS

Evaluation Factors Performance Reliability Ease of Implementation

Potential Impacts of Remedy 
(safety impacts, cross-media impacts, 

control of exposure to any residual 
contamination)

Time Required to Begin and 

Implement Remedy 1
Time to Attain Groundwater Protection 

Standards

Institutional Requirements
(state/local permit requirements, 

environmental/public health 
requirements that affect 

implementation of remedy)

MNA

Performs best paired with source control 
completed at the site in 2020. Performance 

appears likely to be good given existing 
information including declining trends of 

the constituents of concern and other site 
conditions

Planned additional testing will evaluate if 
the attenuation mechanism has low 

reversability, the aquifer has sufficient 
capacity, and the hydrogeology is 

favorable for lithium dilution/dispersion

Easy - completion of tiered evaluation and 
long-term monitoring required, neither of 

which require extensive specialized 
equipment or contractors

None identified. 1 year.
Dependent on site-specific condtions. 

Planned additional testing will evaluate 
attenuation rate and capacity

No institutional requirements are 
anticipated.

Groundwater 
Extraction

Widely accepted, routinely approved; 
variable performance anticipated in 

heterogeneous, discontinuous nature of 
Uppermost Aquifer and possibly due to 

proximity of CPS discharge flume.

Reliable if properly designed, constructed 
and maintained. Heterogeneous, 

discontinuous nature of Uppermost Aquifer 
would present challenges.

Design challenges due to heterogeeous, 
discontinuous nature of Uppermost 

Aquifer. Specialized contractors may be 
necessary depending upon implementation 
method (e.g., horizontal wells). Extracted 
groundwater would require management, 
possibly including treatment, which may 

also require specialized 
equipment/contractors.

Alters groundwater flow system. Potential 
for some limited exposure to extracted 

groundwater.
3 to 4 years.

Dependent on site-specific conditions not 
yet fully characterized.

IEPA approval is anticipated to be required 
for discharge of extracted groundwater.

Groundwater Cutoff 
Wall

Widely accepted, routinely approved, good 
performance if properly designed  and 
constructed. May need to be combined 

with another groundwater corrective 
measure, such as groundwater extraction 

or a permeable reactive barrier, to achieve 
GWPS.

Reliable if properly designed and 
constructed. May need to be combined 

with another groundwater corrective 
measure, such as groundwater extraction 

or a permeable reactive barrier, to achieve 
and maintain GWPS.

Widely used, established technology. 
Proximity of the CPS discharge flume and 

Unnamed Tributary may limit available 
space for and complicate implementation. 
Specialized contractors may be necessary 

depending upon the 
construction/implementation method.

Alters groundwater flow system. 4 to 5 years.

Needs to be combined with other 
groundwater corrective measure(s). Time 

required to attain GWPS dependent on 
combined measures.

Requires IEPA approval.

 Permeable Reactive 
Barrier

Permeable Reactive Barrier treatment not 
well established for lithium, therefore 

performance is unknown.

Variable reliability for cobalt based on site-
specific groundwater hydraulics and 
geochemical conditions. Unknown 

reliability for lithium.

Design challenges due to heterogeeous, 
discontinuous nature of Uppermost 

Aquifer.
Alters groundwater flow system. 5 to 7 years.

Dependent on conditions specific to the 
reactive media used and the site.

Requires IEPA approval.

In-Situ Chemical 
Treatment

In-Situ treatment not well established for 
cobalt or lithium, therefore performance is 

unknown. 

In-Situ treatment not well established for 
cobalt or lithium, therefore reliability is 

unknown. 

Design challenges due to heterogeeous, 
discontinuous nature of Uppermost 

Aquifer.
Alters groundwater geochemistry. 5 to 7 years. Dependent on site-specific conditions.

May require Underground Injection Control 
approval.

Notes:
1Time required to begin and implement remedy includes design, permitting and construction.

Table 3 - Matrix.xlsx Page 1 of 1
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APPENDIX A 
HYDRAULIC CONDUCTIVITY DATA 



TABLE A1. SUMMARY OF LABORATORY HYDRAULIC CONDUCTIVITY IN CONFINING UNITS

CORRECTIVE MEASURES ASSESSMENT, REVISION 1

COFFEEN ASH POND NO. 2

COFEEN POWER STATION

COFFEEN, ILLINOIS

Well/ Soil 
Boring ID

Approx ima t e 
Sample 

Elevation (ft)

Hy d rau li c 
Conductivity 

(cm/sec) Interpreted Unit

COF-B001 613.0 1.3E-08

COF-B003 606.5 2.2E-07

COF-B004 610.5 5.0E-07

COF-B007 615.0 7.0E-08

1.0E-07

G46D 599.2 4.5E-06

T408 597.6 1.5E-07

SB-12 577.7-572.7 6.8E-09

SB-13 598-593 7.0E-09

SB-18 603.5-603 8.8E-09

4.9E-08

SB-09 598.5-598 1.9E-06

SB-16 589-588.5 1.6E-06

1.7E-06

G45D 586.4 1.0E-07

G46D 578.9 2.1E-08

SB-07 572-571.5 1.1E-09

1.3E-08

SB-19 569-564 3.4E-09

SB-16 548-547.5 1.3E-08

6.6E-09

Mulberry Grove Silt

Laboratory Tests

Loess - Upper Confining Unit

Geometric Mean

Vandalia Till

Geometric Mean

Geometric Mean

Smithboro Till

Geometric Mean

Deep Confining Unit

Geometric Mean

Table A1 Laboratory Hydraulic Conductivity Tests.xlsx Page 1 of 1



TABLE A2. SUMMARY OF FIELD HYDRAULIC CONDUCTIVITY TESTS

CORRECTIVE MEASURES ASSESSMENT, REVISION 1

COFFEEN ASH POND NO. 2

COFEEN POWER STATION

COFFEEN, ILLINOIS

Well ID Unit
Method 

(fh)
Method 

(rh)
K (fh) K (rh)

Well        
Geometric  

Mean

Approximate 
Screened 

Elevation ( ft )
Interpreted Unit

R104 KGS B-R 7.0E-05 2.8E-04 1.4E-04 614.4-609.7

G105 KGS KGS 1.5E-04 5.7E-05 9.2E-05 613.2-608.4

G106 B-R B-R 4.0E-05 7.4E-04 1.7E-04 614.0-609.4

G107 KGS KGS 6.3E-05 8.9E-05 7.5E-05 613.9-609.3

G110 KGS KGS 4.7E-05 2.0E-05 3.1E-05 612.0-607.4

G119 KGS KGS 8.6E-05 8.2E-05 8.4E-05 611.6-607

G120 low water elevation; no test conducted 614.2-609.7

G125 KGS KGS 4.8E-05 4.1E-05 4.4E-05 613.7-609.1

T127 KGS KGS 1.2E-03 1.7E-05 1.4E-04 610.5-606

8.5E-05

T202 KGS KGS 4.5E-04 5.5E-04 5.0E-04 614.0-609.6

G206 B-R KGS 3.0E-04 1.6E-04 2.2E-04 613.0-608.6

G208 KGS KGS 6.0E-05 2.1E-05 3.5E-05 613.0-608.5

G209 KGS KGS 2.0E-04 1.6E-04 1.8E-04 612.8-608.3

G210 KGS KGS 5.0E-04 4.8E-04 4.9E-04 611.1-606.6

G212 KGS KGS 1.3E-04 1.8E-04 1.5E-04 613.9-609.3

G215 KGS KGS 5.0E-04 3.5E-04 4.2E-04 611.1-606.7

G218 KGS KGS 4.1E-04 4.1E-04 4.1E-04 610.3-605.9

2.3E-04

G270 KGS KGS 5.5E-04 4.8E-04 5.1E-04 609.8-605.0

G271 KGS KGS 1.6E-04 1.1E-03 4.2E-04 612.9-608.6

G273 KGS KGS 1.0E-03 8.3E-04 9.1E-04 611.1-605.6

G276 low water 606.7-601.9 Hagarstown Beds, v. thin

G279 KGS KGS 1.7E-03 1.5E-03 1.6E-03 606.8-602.4

G280 KGS KGS 1.3E-03 1.3E-03 1.3E-03 610.2-605.3

G281 KGS KGS 2.1E-03 8.9E-04 1.4E-03 608.3-603.7

9.0E-04

G301 KGS KGS 2.7E-04 5.0E-04 3.7E-04 609-604.3

G302 KGS KGS 4.9E-04 6.3E-04 5.6E-04 604.7-600.1

G303 KGS KGS 5.6E-05 3.1E-05 4.2E-05 609.1-599.1 Hagarstown/Vandalia Till Contact

G304 KGS KGS 8.9E-04 1.0E-03 9.4E-04 613.5-603.5 Hagarstown Beds

3.0E-04

G401 B-R B-R 1.8E-04 2.8E-04 2.2E-04 608.7-603.7 Hagarstown Beds

G402 KGS KGS 4.5E-04 1.9E-04 2.9E-04 600.6-590.6 Upper Vandalia Till 

G403 KGS KGS 4.3E-05 7.2E-05 5.6E-05 610.7-606.0 Hagarstown Beds, v. thin

G404 KGS KGS 4.2E-04 3.8E-04 4.0E-04 606.7-601.9

G405 KGS KGS 9.8E-04 9.7E-04 9.7E-04 611.9-607.1

2.7E-04

G153 SW Pond KGS KGS 2.5E-04 5.4E-04 3.7E-04 607.5-603.0 Hagarstown Beds

3.7E-04

MW03S B-R B-R 6.0E-04 1.1E-03 8.1E-04 613.7-608.6

MW04S B-R B-R 1.3E-03 8.0E-04 1.0E-03 612.6-607.6

MW10S B-R B-R 8.0E-04 8.0E-04 8.0E-04 610.9-604.9

MW13S B-R B-R 1.0E-03 2.0E-04 4.5E-04 611.3-606.1

MW14S B-R B-R 1.0E-03 5.0E-04 7.1E-04 612.4-607.2

MW15S B-R B-R 1.5E-04 8.1E-05 1.1E-04 609.3-604.2

MW16S B-R B-R 6.0E-04 4.5E-04 5.2E-04 611.5-606.3

MW17S B-R B-R 5.8E-04 5.5E-04 5.6E-04 613.1-603

5.4E-04Unit Geometric Mean

A
sh

 P
on

d 
1

Upper Vandalia Till 

Unit Geometric Mean

A
sh

 P
on

d 
2

Hagarstown Beds

Unit Geometric Mean

Unit Geometric Mean

20
09

 H
yd

ro
ge

o.
 In

ve
s

Hagarstown Beds

Unit Geometric Mean

Uppermost Aquifer

La
nd

fil
l

Hagarstown Beds

Unit Geometric Mean

G
yp

su
m

 P
on

d

Hagarstown Beds

Unit Geometric Mean

R
ec

yc
le

 P
on

d

Hagarstown Beds

Hagarstown Beds

Table A2 Field Hydraulic Conductivity Tests.xlsx  Page 1 of 2



T408 KGS KGS 2.15E-06 7.50E-08 9.02E-07 600.4-595.2 Vandalia Till

T409 KGS KGS 3.6E-05 3.20E-05 3.41E-05 600.1-594.9 Vandalia Till (sand seam)

G405D KGS KGS 4.90E-07 589.1-579

G406D KGS KGS 4.00E-08 580.3-570.3

5.55E-06

Notes:

fh = Falling head test

rh = Rising head test

Hydraulic Conductivit y tests anal yzed usin g Aqtesolv ®  Pro version 4.50 (HydroSOLVE, Inc. )

Test Methods

B-R 

KGS

[O:RJH 9/2016, C: KLT 12/2016)

Lower Confining Unit (Vandalia and Smithboro Till)

A
sh

 P
on

d 
2

Smithboro Till

Unit Geometric Mean

Bouwer and Rice, 1976. "A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifer with Completely or Partially 
Penetrating Wells", Water Resources Research v.12, no. 3. American Geophysical Union, Washington, DC. pp. 423-428. 

Hyder, Z., J.J. Butler, C.D. McElwee, and W. Liu, 1974. "Slug tests in partially penetrating wells", Water Resources Research, v. 30, 
no. 11.  American Geophysical Union, Washington, DC. pp. 2945-2957.

Table A2 Field Hydraulic Conductivity Tests.xlsx  Page 2 of 2



TABLE A3. HORIZONTAL GRADIENTS AND GROUNDWATER FLOW VELOCITIES - MAY AND NOVEMBER 2016

CORRECTIVE MEASURES ASSESSMENT, REVISION 1

COFFEEN ASH POND NO. 2

COFEEN POWER STATION

COFFEEN, ILLINOIS

Average Hydraulic 
Conductivity (cm/s)

Horizontal Hydraulic 
Gradient Effective Porosity Velocity (ft/day)

Well G403 to Well G402 2E-04 0.0060 0.20 0.02

Well G405 to Well G404 7E-04 0.0060 0.20 0.06

Average Hydraulic 
Conductivity (cm/s)

Horizontal Hydraulic 
Gradient Effective Porosity Velocity (ft/day)

Well G403 to Well G402 2E-04 0.0064 0.20 0.02

Well G405 to Well G404 7E-04 0.0063 0.20 0.06

Note:

1) cm/sec x 2,835 = feet/day

2) Source of hydraulic conductivity values was the Hydrogeologic Characterization Report for the Ash Pond 2 Closure Plan

(NRT, 2017)

May 2016

November 2016

Table 3 Horizontal Gradients and GW Velocity.xlsx 1 of 1



TABLE A4. SUMMARY OF VERTICAL HYDRAULIC GRADIENTS
CORRECTIVE MEASURES ASSESSMENT, REVISION 1
COFFEEN ASH POND NO. 2
COFEEN POWER STATION
COFFEEN, ILLINOIS

Screen
Well ID Date Elev. (f t ) 1

G405 11/12/2016 609.515 Ha garstown Beds 618.48
T408 11/12/2016 598.015 Vandalia Till 618.58
T408 11/12/2016 598.015 Vandalia Till 618.58
G45D 11/12/2016 584.24 Smithboro Till 584.91

G406 11/12/2016 605.895 Ha garstown Beds 612.51
T409 11/12/2016 597.66 Vandalia Till 615.98
T409 11/12/2016 597.66 Vandalia Till 615.98
G46D 11/12/2016 575.475 Smithboro Till 583.59

Notes:
1. Center of screen
2. Based on dates when both wells were sam pled, ne g ative  values indicate u pward
gradients while p ositive indicate downward gradients

      [O:NRK, 12/2016, C:JJW 12/2016]

1.46

Groundwater 
Elevation (ft MSL)Formation

Vertical 

Gradient 2

-0.009

2.44

-0.42

Table A4 Vertical Hydraulic Gradients.xlsx Page 1 of 1



APPENDIX B 
GROUNDWATER ELEVATION CONTOUR MAPS FOR 
SAMPLING EVENTS 2015-2020 



OPERATING RECORD 
REVISION 1 

TITLE 40 CFR PART 257 SECTION 257.91 

GROUNDWATER ELEVATION CONTOUR MAPS  
MONITORING PERIOD 2015 - QUARTER 1, 2020 

LOCATION:  COFFEEN POWER STATION  
LEGAL ENTITY:  ILLINOIS POWER GENERATING COMPANY 
UNIT IDENTIFICATION NUMBER:  102 
UNIT NAME:  COFFEEN ASH POND NO. 2  
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APPENDIX C 
TECHNICAL MEMORANDUM – COFFEEN ASH POND NO. 2 
MONITORED NATURAL ATTENUATION (MNA) EVALUATION 
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