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Executive Summary 
Since submittal of the Assessment of Corrective Measures (ACM) in June 2019 (Anchor QEA 2019a), 
extensive investigations have been performed to select effective corrective measures for arsenic, 
cobalt, and lithium (constituents of interest [COIs]) in groundwater at the Greene County ash pond 
(Site). The following corrective measures were selected:  

• Source control to include dewatering, consolidation, capping of the Site, and the installation 
of a subsurface barrier (slurry) wall completely around the consolidated perimeter keyed into 
the relatively impermeable chalk aquitard  

• Geochemical manipulation via injections in areas of relatively high concentrations of COIs to 
remove them from groundwater and immobilize them in situ 

• Monitored natural attenuation (MNA) over the entire Site. 

Closure of the Site—including dewatering, consolidation, capping, and the perimeter barrier wall—
will effectively eliminate source contributions to groundwater. Geochemical manipulation was selected 
because of its effectiveness, ease of implementation, versatility (ability to treat more than one COI with 
the same treatment solution), ability to implement in areas with limited working space, and no 
byproducts that would require further treatment or disposal. MNA was selected because substantial 
evidence indicates that it is currently occurring at the Site.  

Effective injection treatment has been performed for arsenic in groundwater under variable 
geochemical conditions using iron-based treatment solutions (Anchor QEA 2017, 2018, 2019b, 
2019c). In laboratory treatability studies conducted for the Electric Power Research Institute and large 
utility companies, mixed oxides of iron, manganese, and magnesium in solution were proven 
effective for arsenic, cobalt, lithium, and other constituents (EPRI 2021). Site-specific laboratory 
treatability studies using Site aquifer media and impacted groundwater will be performed prior to 
field implementation of injection treatment. These studies will evaluate multiple viable treatment 
solutions and a range of doses. 

After selection of the optimum treatment reagents and doses, areas with the highest concentrations 
of arsenic, lithium, and/or cobalt will be treated with a line of injection points. Existing monitoring 
wells will be used to monitor the effectiveness of the injection treatment, and additional remedial-
effectiveness monitoring wells will be installed at variable distances to demonstrate the benefits of 
injection. Monitoring parameters will include COIs and other indicator parameters based on the 
composition of the treatment solutions. Monitoring frequency will be based on the hydraulics of the 
aquifer in the areas of interest and distance of the monitoring wells from the line of injection. 

Extensive site-specific geochemical studies performed in 2020 and 2021 demonstrate that MNA is a 
viable corrective action for COIs in groundwater at the Site (Anchor QEA 2020a, 2020b, 2021). The 
preponderance of evidence indicates that Site conditions meet the U.S. Environmental Protection 
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Agency’s evaluation criteria for the use of MNA, specifically: area of impacts stable or shrinking, 
identified mechanisms for attenuation, stability of the attenuating mechanisms, sufficient aquifer 
capacity for attenuation, and time to achieve groundwater protection standards (GWPSs) considered 
reasonable when compared to other corrective action alternatives. The ACM identified other 
corrective measures that could be used in conjunction with MNA should MNA not perform as 
expected.  

Investigations performed to support MNA included preparation of concentration versus time and 
concentration versus distance graphs for COIs in groundwater; groundwater, well solids 
(precipitates), and soil sampling; laboratory analysis of solid samples for bulk chemistry (X-ray 
diffraction), mineralogy (X-ray diffraction and scanning electron microscopy), and cation exchange 
capacity; geochemical modeling; selective sequential extraction (SSE) to determine associations of 
COIs with attenuating solids; and column studies to assess aquifer capacity for attenuation. 

Several concentration versus time graphs indicate that arsenic, lithium, and/or cobalt concentrations 
are stable or are decreasing with time in some areas, even without source control. Decreasing trends 
were extrapolated to estimate time to achieve GWPSs. Also, concentration versus distance graphs 
along downgradient transects indicate that arsenic, cobalt, and lithium are decreasing with distance 
from the Site, even without source control. The 2020 and 2021 isoconcentration maps for all three 
COIs are similar, further demonstrating that the area of impacts are not expanding with time. 

Based on the geochemical investigations, multiple lines of evidence support multiple attenuating 
mechanisms, depending upon the COIs. The major attenuating mechanisms include sorption on (or 
coprecipitation with) iron oxides and, possibly, precipitation of barium arsenate for arsenic; cobalt 
attenuation by incorporation into a cobalt-iron oxide; and lithium attenuation by ion exchange on 
oxides and clay minerals. All COIs are subject to physical attenuation mechanisms such as dispersion 
and flushing, which will contribute to decreased concentrations with time and distance from the Site. 

Column studies were performed to assess the ability for the aquifer media (soil) to take up COIs. 
Cobalt and lithium showed limited ability to sorb to the aquifer media based on column studies. 
However, these constituents are still subject to other attenuating mechanisms, such as physical 
attenuation (dispersion and flushing) and coprecipitation as indicated by the concentration versus 
time and distance graphs and geochemical studies.  

Column studies indicate that arsenic is significantly attenuated by aquifer media, as arsenic in column 
effluent remained much less than the influent concentrations. This attenuation capacity was 
extrapolated to the entire mass of the aquifer downgradient of the consolidated Site but within the 
property boundary. The extrapolation showed that the aquifer has an attenuating capacity of many 
more times needed based on the mass of arsenic requiring attenuation. SSE studies indicate that 
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most of the mass of all 3 COIs occurs in the oxidizable and residual fractions, which are very stable 
attenuation phases.  

Source control, geochemical manipulation via injections in areas of relatively high concentrations of 
COIs to remove them from groundwater and immobilize them in situ, and MNA over the entire Site 
are expected to achieve GWPSs within 2 to 40 years post-closure (depending upon area and 
associated wells), which is a reasonable time frame as compared to the other, more aggressive, 
methods investigated as part of the remedy selection process. More aggressive methods are not 
expected to achieve GWPSs sooner than 2 to 40 years. 

Extensive sitewide monitoring will be performed to evaluate the remedial effectiveness of individual 
corrective actions such as injection treatment, as well as the cumulative effects of closure (source 
control), injections, and MNA. Additional monitoring wells will be installed relatively close to injection 
wells and monitored for specific parameters and at a frequency sufficient to determine the benefits 
of injection.  

The certified compliance monitoring network will be supplemented to establish a comprehensive 
groundwater remedy plan meeting the requirements of 40 CFR § 257.98(a) and ADEM Administrative 
Code r. 335-13-15-.06(9)(a). The groundwater remedy monitoring plan will be submitted within 90 
days and include: 1) the certified coal combustion residuals compliance monitoring that meets the 
assessment monitoring requirements of § 257.95 and 335-13-15-.06(6); 2) additional wells that 
document the effectiveness of the remedy; and 3) sample locations and data evaluation that 
demonstrate compliance with the GWPS and protection of potential human and ecological receptors.  

Alabama Power Company will employ an adaptive site management approach to perform ongoing 
remedy system evaluation, consider adjustments to the remedy, and ensure achieving corrective 
action objectives at the Site. Adaptive triggers will be developed, and additional actions (monitoring, 
analysis, and/or supplemental corrective action measures) will be implemented as needed. Details on 
the sitewide remedial-effectiveness monitoring program, including adaptive triggers, will be 
provided in a detailed monitoring plan to be submitted within 90 days of this Groundwater Remedy 
Selection Report. 
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1 Introduction  

1.1 Purpose  
This Groundwater Remedy Selection Report was prepared to meet the requirements of the U.S. 
Environmental Protection Agency’s (USEPA’s) coal combustion residuals (CCR) Rule 40 Code of 
Federal Regulations (CFR) § 257.97, the Alabama Department of Environmental Management’s 
(ADEM’s) Administrative Code (Admin. Code) r. 335-13-15-.06(8), and Part C of Administrative Order 
No. 18-097-GW at Alabama Power Company’s (APC’s) Greene County Electric Generating Plant (Plant 
Greene County) ash pond (Site). Specifically, this report has been prepared to present a groundwater 
corrective action plan to address the occurrence of arsenic, cobalt, and lithium in groundwater at the 
Site. 

Prior to preparing this final Groundwater Remedy Selection Report, semiannual progress reports were 
prepared to describe the progress made in evaluating the selected remedy and alternative remedies 
and designing a remedy plan (Anchor QEA 2019d, 2020a, 2020b, 2021).  

1.2 Site Location and Description 
Plant Greene County is located in southeastern Greene County, Alabama. The physical address is 
801 Steam Plant Road, Forkland, Alabama 36740. The Greene County plant lies in portions of 
Sections 21 and 28, Township 19 North, Range 3 East (USGS 2018). The Site is located south of the 
main plant along the Black Warrior River to the south and the barge canal to the east. Figure 1 
depicts the location of the Site with respect to the surrounding area. The Site went into service in 
1964 and is approximately 489 acres. 

1.3 Site Closure and Source Control Measures  
The Site is underlain by low-permeability clay soils that separate CCR from groundwater. The 
proposed corrective action strategy incorporates the closure of the Site, which will effectively control 
the source of CCR constituents to groundwater by removing free liquid from the CCR, reducing the 
area of the Site footprint, encircling the Site with a subsurface barrier wall, and capping the CCR in 
place to prevent further infiltration. Specifically, the design for the Site closure calls for dewatering 
and consolidating the CCR material within the northern portion of the existing Site, which will occupy 
approximately 221 acres within a diked area, bounded on the northern end by the northern portion 
of the existing exterior dike, and to the east, west, and south by a new interior dike constructed as 
part of the Site closure. A barrier wall keyed into the existing underlying chalk layer will be 
constructed around the perimeter of the consolidated CCR material, along with a final cover 
consisting of an engineered synthetic turf and geomembrane.  
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Site closure activities began in 2019. As presented in the Amended Closure Plan (APC 2020), closure 
of the Site will be accomplished by the following: 

1.  Dewatering and consolidating the CCR footprint from approximately 489 acres to 
approximately 221 acres 

2. Constructing a vertical barrier wall around the consolidated footprint and extending below the 
uppermost aquifer at the Site 

3. Installing a low-permeability geosynthetic final cover system over the consolidated CCR 

Figure 2 provides an overview of the closure methods described in the following sections. 

1.3.1 Dewatering and Consolidation 
(Consolidation of the horizontal footprint by about 55%, from 489 acres to 221 acres (APC 2020), will 
greatly reduce the CCR surface area potentially exposed to groundwater, thereby reducing the 
leaching potential of constituents of interest (COIs) to groundwater.  

CCR removed from outside of the consolidated footprint will be sufficiently dewatered and 
compacted within the consolidated footprint. The remaining approximately 268 acres will be 
converted to a stormwater runoff pond for the cover system and consolidated footprint. Details 
regarding consolidation are provided in the previously submitted Amended Closure Plan (APC 2020).  

As discussed in Section 2, the CCR deposits at the Site (including the consolidated CCR footprint) are 
separated from the uppermost aquifer and groundwater by a low-permeability clay deposit. This 
serves to isolate the CCR from groundwater at the Site.  

1.3.2 Vertical Barrier Wall 
To isolate groundwater beneath the Site, a vertical subsurface barrier wall is being constructed 
around the consolidated CCR and keyed into the low-permeability chalk deposit. The vertical barrier 
wall will extend from ground surface and penetrate the uppermost aquifer overlying the chalk 
deposit. Coupled with the low-permeability clay and soil underlying the consolidated CCR deposits, 
the barrier wall will further isolate the Site from contact with groundwater outside the barrier wall. 
Figures 3 and 4 depict the conceptual site closure model and show the configuration of the vertical 
barrier wall relative to the consolidated CCR, surrounding geology, and uppermost aquifer.  

Construction of a segment of the barrier wall is complete within a portion of the northern dike where 
CCR material is being consolidated. Figure 2 shows the approximate extent of the portion of the 
barrier wall that has already been constructed. The barrier wall will be constructed using a low-
permeability bentonite slurry designed to achieve a permeability of 10-7 centimeters per second 
(cm/sec) or less. The bentonite slurry will be installed extending from the underlying chalk surface to 
the top of the portion of the containment dike to the cover system (APC 2020). The chalk is thick 
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(estimated 250 feet at the Site), with a reported permeability of 10-7 to 10-8 cm/sec (Sadler et al. 
1992) and is widely recognized as a regional confining layer. As described in Section 2.1, measured 
site-specific permeability values are on the order of 10-8 cm/sec. The barrier wall sides, chalk bottom, 
and cover system will effectively isolate CCR from groundwater (Figure 5), thereby preventing 
additional releases to groundwater.  

1.3.3 Final Cover System (Cap) 
The final cover will be constructed to “control, minimize or eliminate, to the maximum extent 
feasible, post-closure infiltration” of stormwater into the closed CCR unit, which will mitigate 
potential releases of COIs to groundwater. The cover will consist of the following (described from the 
final CCR surface upward): 3 to 6 inches of protective soil, a linear low-density polyethylene 
geomembrane, an engineered synthetic turf product, and sand infill material. The final cover system 
will have a permeability of 10-7 cm/sec or less (APC 2020). 

Infiltration will also be prevented by providing sufficient grades and slopes to: 1) preclude the 
probability of future impoundment of water or sediment on the cover system; 2) ensure slope and 
cover system stability; 3) minimize the need for further maintenance; and 4) be completed in the 
shortest amount of time consistent with recognized and generally accepted good engineering 
practices (APC 2020).  

1.3.4 Closure Schedule 
The current closure plan estimates that dewatering, consolidation, and capping will be completed in 
2026. The current closure timeline is shown in Figure 6. The northernmost section of the barrier wall 
was completed in early 2021. 

1.4 Corrective Action Objectives 
Pursuant to 40 CFR 257.97(b) and ADEM Admin. Code r. 335-13-15-.06(8)(b), groundwater remedies 
must: 

(1) Be protective of human health and the environment. 
(2) Attain applicable groundwater protection standards (GWPSs) as specified in the CCR rule. 
(3) Control the source(s) of the release so as to reduce or eliminate, to the extent feasible, 

further releases of Appendix IV to 40 CFR Part 257 constituents 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 
disturbances of sensitive ecosystems.1 

 
1 40 CFR § 257.97(b)(4) requires a remedy to “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.” 
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(5) Comply with any relevant standards (i.e., all applicable Resource Conservation and 
Recovery Act [RCRA] requirements) for management of wastes generated by the remedial 
actions. 

As presented in this report, the selected remedy plan satisfies the above performance criteria. 

 
The preamble to the CCR rule explains that this requirement is “more directly related to remediation of contamination associated 
with a release, such as from a collapse or structural failure of a CCR unit,” not a release to groundwater (80 Federal Register 21302, 
21407 [April 17, 2015]). The § 257.97(b)(4) remedial objective is not applicable to the groundwater corrective action for the Site, but 
it is included here for completeness when referencing the rule requirements.  
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2 Site Geology and Hydrogeology  

2.1 Geology, Hydrogeology, and Surface Water Hydrology  
At the Site, the geology consists of alluvium deposits overlying a low-permeability chalk formation. 
The major components of the hydrogeological conceptual site model include the components 
described in previous reports (SCS 2018a) and are summarized as follows:  

• Geologic Unit 1: predominantly low-permeability clays with a general thickness between 
5 and 15 feet; vertical hydraulic conductivities ranging from 8.0 × 10-8 to 7.8 × 10-6 cm/sec 
with an average of 1.7 × 10-6 cm/sec; provides upper confining to semi-confining conditions 
between CCR and the uppermost aquifer 

• Geologic Unit 2 (Uppermost Aquifer): fine- to medium-grained sand with clay lenses in upper 
sections and fine gravel toward the base, generally located 5 to 15 feet beneath the top of the 
dike, 10 to 30 feet thick, with horizontal hydraulic conductivities ranging from 1.68 × 10-3 to 
8.29 × 10-2 cm/sec with an average of 1.83 × 10-2 cm/sec 

• Geologic Unit 3: low-permeability chalk and marl with a general thickness of 250 feet; vertical 
hydraulic conductivities ranging from 1.4 × 10-8 to 5.0 × 10-8 cm/sec; provides lower confining 
conditions for the uppermost aquifer 

• Groundwater flow occurs within the sand and gravel deposit (Unit 2) overlying the Unit 3 
chalk. Characteristics of groundwater flow are as follows: 

‒ Vertical groundwater flow in upper strata is impeded by low-permeability clays of 
Unit 1 and beneath Unit 2 by the underlying Unit 3 chalk deposit. 

‒ Sources of recharge are largely from the infiltration of precipitation and estimated to be 
5 to 6 inches per year; infiltration will be eliminated over the consolidated CCR footprint 
after closure. 

‒ Groundwater flow reflects the topography at the Site and flows radially from higher 
elevations toward the Black Warrior River and barge canal. 

‒ Groundwater flow velocity within Unit 2 is generally between 1 and 3 feet per day. 

Geologic cross sections with constituents of interest (COIs) isoconcentration lines are included in 
Appendix B. 

Historical potentiometric data from the Site indicate that groundwater flow directions have been 
consistent at the Site during the monitoring period. Groundwater flow at the Site reflects the natural 
topography, where gravity is the dominant force driving flow. Groundwater flows from higher 
topographic elevations near the northernmost edge of the Site toward the north, east, and south-
southeast. However, the construction of the northern section of the barrier wall has apparently 
caused groundwater to flow to the north on the northern side of the barrier wall and to the south on 
the southern side of the barrier wall (Appendix C). The installation of the barrier wall has created a 
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physical groundwater divide impeding groundwater flow toward the surface water body (river) to the 
north. Groundwater elevations measured on either side of the barrier wall indicate that groundwater 
flow within the Site footprint is now toward the south and southeast. This change in direction will be 
confirmed in subsequent monitoring events. A topographic high southwest of the pond provides a 
localized mound where groundwater elevations are higher than those of neighboring monitoring 
wells.  

Groundwater elevations fluctuate in response to rainfall. Seasonal variations of 1.7 to 10 feet are 
typical at the Site. These fluctuations are consistent in response in monitoring wells across the Site 
but vary in magnitude. Groundwater flow direction is consistent despite seasonal fluctuations. 
Groundwater elevation data indicate that water levels tend to be higher in the spring and early 
summer and lower during the fall and winter. A typical potentiometric surface map before barrier 
wall construction and the most recent potentiometric surface map are presented in Appendix C. 

2.2 Nature and Extent of Groundwater Exceedances 
Based on groundwater monitoring performed pursuant to the federal CCR rule and ADEM’s rules, the 
following constituents have been identified in Site groundwater at concentrations exceeding the 
GWPS: 

• Arsenic 
• Cobalt 
• Lithium 

Several phases of investigation have been completed at the Site to delineate the extent of 
Appendix IV constituents exceeding GWPSs (SCS 2019, 2020, 2021). 

Background groundwater sampling at the Site occurred between February 2016 and June 2017. 
Compliance detection sampling began in August 2017. Statistically significant increases (SSI) of 
Appendix III to 40 CFR Part 257 constituents were noted during the September 2017 compliance 
detection sampling event as described in the 2017 Annual Groundwater Monitoring and Corrective 
Action Report (SCS 2018a). The Appendix III SSIs triggered assessment sampling for Appendix IV 
constituents, with the first assessment sampling event occurring in January 2018.  

A Facility Plan for Groundwater Investigation (Facility Plan; SCS 2018b) at the Site was completed to 
meet the requirements of Order No. 18-097-GW issued to APC by ADEM on August 15, 2018. Part B 
of the order required completion of a Facility Plan by November 13, 2018. The Facility Plan included 
the following elements: 

• Installing additional wells as necessary to define the extent of groundwater impacts, defined 
as Appendix IV constituents that statistically exceed GWPSs 

• Collecting data on the nature and estimated quantity of material released 
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• Installing at least one additional well at the facility boundary 
• Establishing an Assessment Monitoring Program 
• If necessary, scheduling the notification of persons who own or reside on land that overlies 

areas where Appendix IV constituents statistically exceed GWPSs. 

The Facility Plan summarized the proposed approach for completing the tasks necessary to satisfy 
Part B of the order.  

Horizontal delineation of arsenic, cobalt, and lithium GWPS exceedances utilized a stepping-out 
approach based on groundwater flow direction relative to monitoring wells exhibiting exceedances. 
Vertical delineation wells were not required at the Site, as the uppermost aquifer is relatively thin and 
is confined at its base by an estimated 250-foot-thick low-permeability chalk (10-8 cm/sec) that 
defines the base of the uppermost aquifer.  

Three phases of delineation field activities, beginning in December 2018, were performed at the Site. 
Compliance (assessment) monitoring and delineation sampling events have shown exceedances of 
arsenic, cobalt, and lithium in the alluvial and low terrace deposits in which groundwater occurs in 
the coarser sand and gravel intervals of Unit 2. 

Details on groundwater data evaluation and monitoring well abandonments and installations 
(including wells installed for delineation) are provided in annual groundwater monitoring and 
corrective action reports (SCS 2018a, 2019, 2020, 2021). During the most recent reporting period, the 
Appendix IV constituents arsenic, lithium, and cobalt were noted at statistically significant levels 
(SSLs) above the GWPS as follows: 

• Arsenic at monitoring wells GC-AP-MW-1, GC-AP-MW-5, GC-AP-MW-10, GC-AP-MW-14, 
GC-AP-MW-16, GC-AP-MW-17, and GC-AP-MW-18 

• Cobalt at monitoring wells GC-AP-MW-1 and GC-AP-MW-11 
• Lithium at monitoring wells GC-AP-MW-5, GC-AP-MW-10, GC-AP-MW-11, GC-AP-MW-12, 

GC-AP-MW-13, GC-AP-MW-14, GC-AP-MW-15, GC-AP-MW-16, GC-AP-MW-17, 
GC-AP-MW-18, and GC-AP-MW-21 

Figure 2 depicts the extent of arsenic, cobalt, and lithium GWPS exceedances based on recent 
delineation data. 

Delineation field activities included the installation and sampling of 11 wells located on 3 off-site 
properties adjacent to the Site. Assessment monitoring and delineation sampling events have shown 
exceedances of cobalt in 1 off-site delineation well and lithium in 4 off-site delineation wells.  
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(4) Comply with any relevant standards (i.e., all applicable RCRA requirements) for 
management of wastes generated by the remedial actions. 

In selecting a remedy plan to meet the above performance criteria, consideration factors are set forth 
in 40 CFR § 257.97(c) and ADEM Admin. Code r. 335-13-15-.06(8)(c) to weigh which option(s) are 
most appropriate based on site-specific conditions. These factors include the following: 

(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 redisposal 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, redisposal, or containment 

(vii) Long-term reliability of the engineering and institutional controls 
(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 
(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 
(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) 
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None of the factors identified in 40 CFR § 257.97(c) and 335-13-15-.06(8)(c) are given greater weight 
over others. After balancing the various factors, the rules provide facilities with discretion in selecting 
the final remedy plan, so long as it will achieve the remedial objectives in § 257.97(b) and 335-13-15-
.06(8)(b). Therefore, faster and/or more aggressive technologies may not always make up the most 
suitable option for a Site. 

The CCR rules do not establish a set time frame for a facility to evaluate potential remedies and 
develop a final remedy plan. 40 CFR § 257.97(a) and 335-13-15-.06(a) require an owner or operator 
to select a remedy “as soon as feasible,” and 80 Federal Register 21407 explains USEPA declined to 
set a specific time frame for selecting a remedy. As described previously, the Site has had to secure 
off-site property access to complete delineation, performed multiple phases of investigation, and 
completed sampling and analysis to complete remedy evaluation. 

3.3 Remedy Evaluation 
As part of the ACM, some potential remedies were eliminated from consideration because they were 
technically infeasible. The ACM identified the following potentially feasible remedies for groundwater 
corrective measures for the Site: 

• Geochemical manipulation via injection of treatment solutions 
• MNA 
• Hydraulic containment (pump-and-treat) 
• PRB walls 
• Vertical barrier walls 

Since submittal of the ACM, desktop studies, field work, and laboratory studies have been performed 
to evaluate potential corrective measures for the Site. Results of these studies are summarized in the 
semiannual remedy selection progress reports (Anchor QEA 2019d, 2020a, 2020b, 2021).  

The following provides details regarding the evaluation of each remedy relative to the considerations 
listed in 40 CFR § 257.97(c) and 335-13-15-.06(c).  

3.3.1 Geochemical Manipulation via Injection of Treatment Solutions 
Geochemical manipulation is retained as part of the planned remedy for the following reasons: 

• Proven effectiveness for arsenic in field applications and effective for cobalt and lithium in 
laboratory treatability studies on CCR-impacted groundwater 

• Suitable for spot (isolated area) treatment or creation of a linear treatment zone 
perpendicular to groundwater flow 

• Compatible with and can enhance natural attenuation processes 
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Typical steps in a geochemical manipulation treatment include the following: 

• Laboratory treatability studies to determine the optimum reagents, concentration, and dose 
• Design, including spacing and depth of injection points, injection rates, travel time, and radius 

of influence, considerations of which are largely based on site hydrogeological characteristics 
and injection logistics 

• Additional fine-scale delineation of the impacted area in the field 
• Implementation of a field pilot test and remedial-effectiveness monitoring 

Arsenic has been successfully treated in field applications under a broad range of site geochemical 
conditions, including adsorption to iron oxyhydroxides under oxidizing conditions (with and without 
pH adjustment) and sequestration in and on iron sulfide minerals created by injection. Both 
technologies are ferrous-sulfate-based, though sequestration in sulfide minerals includes the 
addition of a carbon source (e.g., molasses) as the sulfide process is mediated by naturally occurring 
iron-reducing bacteria. Mixed metal oxides containing iron, manganese, and magnesium have been 
successful for arsenic, lithium, and cobalt treatment in laboratory studies. 

Especially for spot treatment, the area of impacts is typically better defined (delineated) prior to 
injection. The delineation may include collection of numerous groundwater samples through direct-
push technology on a grid. Groundwater samples are screened with field test kits, with a subset of 
samples sent to an analytical laboratory for confirmation analyses. 

3.3.2 Monitored Natural Attenuation 
Extensive geochemical and related studies demonstrate that MNA is a viable corrective action for 
groundwater impacts associated with the Site. The preponderance of evidence indicates that Site 
conditions meet USEPA’s requirements for MNA, specifically: area of impacts stable or shrinking, 
identified mechanisms for attenuation, stability of the attenuating mechanisms, sufficient aquifer 
capacity for attenuation, and time to achieve GWPSs reasonable as compared to other corrective 
action alternatives. The ACM identified alternative corrective measures, which is the last requirement 
should MNA not perform as expected. Injection treatments will be performed in areas with higher 
concentrations of COIs in groundwater; therefore, MNA is one component of corrective action, rather 
than a standalone remedy. The Monitored Natural Attenuation Demonstration report is included as 
Appendix D. 

3.3.3 Hydraulic Containment (Pump-and-Treat) 
Hydraulic containment is not recommended for the following reasons: 

• Inefficiency due to groundwater not requiring treatment being drawn to the pumping wells 
• High operation and maintenance requirements 
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• Long time required to achieve GWPS, likely beyond the post-closure period of 30 years (based 
on pore volume calculations) 

• Low sustainability (excessive use of resources) 

The Site has surface water bodies on three sides: the Black Warrior River to the north and south, and 
the barge canal connecting to the Black Warrior River to the east. An effective hydraulic containment 
(pump-and-treat) system would likely pull water from the surface water bodies into pumping wells 
and, ultimately, into the water treatment system. Treating large volumes of unimpacted groundwater 
would be inefficient and time-consuming. 

Many pumping wells, extensive piping, and a water treatment system would be required to 
implement pump-and-treat at the Site. Pump-and-treat systems typically have high operation and 
maintenance requirements (USEPA 2002). These include keeping the wells, pumps, piping, and water 
treatment system in working order and replacing components as needed. Fouling of well screens and 
piping is not uncommon in Southeastern Coastal Plain settings such as the Site location. The Site 
often requires well cleaning and rehabilitation, and, under the most adverse conditions, replacement 
of the wells. Pumps and components of the water treatment system will need to be replaced 
periodically. In addition, water treatment for the three COIs at the Site will require an ongoing supply 
of water treatment chemicals such as ferric chloride and sodium hydroxide (for pH adjustment) and 
will produce a sludge that will need to be dewatered and disposed of properly. Water treatment 
systems usually require a full- or part-time operator.  

Hydraulic containment (pump-and-treat) will likely not offer any time advantage to achieving GWPSs 
over geochemical manipulation and MNA due to the slow release of COIs from the aquifer solids. To 
be effective, many pore volumes of water would need to be passed over the aquifer solids to release 
the COIs. As part of feasibility studies for pump-and-treat for the Site, estimates of numbers of pore 
volumes to be pumped and treated range from 20 to 522, depending upon the COI. Natural 
attenuation is occurring at the Site, and pump-and-treat would operate against (essentially try to 
reverse) the natural processes already occurring. Pump-and-treat systems for inorganic constituents 
such as the COIs at the Site typically operate for decades. 

Pump-and-treat is also one of the least sustainable groundwater corrective actions, as it requires 
extensive resources to implement and operate. These resources are expended for decades and 
include raw materials for the infrastructure, ongoing electricity use, water treatment chemicals, water 
treatment system operation, pump replacement, well redevelopment and maintenance, equipment 
maintenance, and laborers for monitoring and maintenance. Geochemical manipulation and MNA, 
however, are among the most sustainable groundwater corrective actions due to minimal 
infrastructure and relatively low operation and maintenance requirements. 
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3.3.4 PRB Walls 
A PRB wall is a feasible corrective action for the site. However, it is not recommended for the 
following reasons: 

• It is redundant with the vertical barrier (slurry) wall installed around the consolidated footprint 
of the CCR for source control. 

• It would delay implementation of the groundwater remedy until groundwater flow directions 
are reestablished after closure activities. 

• It does not address the impacted groundwater that has previously moved beyond the 
consolidated footprint of the CCR. 

• It is more difficult to implement and has greater maintenance requirements than the selected 
remedies (geochemical manipulation via injections and MNA). 

• Would require extensive and time-consuming replacement/reinstallation as treatment media 
were expended. 

‒ This would potentially create geochemical disruption or disequilibrium that could 
mobilize COIs and set back remedy progress. 

As discussed in the ACM, a PRB wall treats groundwater as it flows through permeable reactive 
material in the wall or a portion of the wall (reactive gate). A vertical barrier wall is being installed at 
the Site around the consolidated CCR perimeter to impede further migration of impacted 
groundwater away from the source. Therefore, a PRB wall is not needed to prevent migration of COIs 
from the source. 

A PRB wall relies on groundwater flow through the wall for treatment. Site closure activities, 
particularly construction of the vertical barrier wall and runoff pond, will alter groundwater flow 
magnitude and direction. Therefore, the optimum location and configuration of the PRB wall will not 
be known until groundwater flow direction stabilizes after construction is complete in 2026. Design 
and implementation of a PRB wall, therefore, would be delayed until at least 2026 (and probably 
longer). The selected remedies, geochemical manipulation and MNA, could be implemented prior to 
2026. 

Over the 57-year history of the Site, groundwater impacted with one particular COI (lithium) has 
migrated appreciable distances beyond the boundary of the consolidated footprint of the CCR. 
Though a PRB wall could prevent impacted groundwater from migrating off site, it would not treat 
existing impacted areas as effectively as the selected remedies, geochemical manipulation and MNA.  

A PRB wall is more difficult to implement than the selected remedies and would require periodic 
maintenance. PRB walls typically require trenching and emplacement of reactive media in the trench 
through a slurry of some sort. At the Site, trenching would be required to depths up to 70 feet 
(possibly more), with the wall keyed into the chalk.  
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The reactive media in the PRB wall would be complex due to the different chemical properties of the 
three COIs. Laboratory treatability studies would need to be performed to determine the optimum 
media composition and life of the media. The media loses effectiveness with time (sorption 
properties diminish as COIs are captured) and would likely become fouled and less permeable, even 
before its reactivity was diminished. Therefore, reactive media must be replaced periodically based 
on laboratory studies and groundwater monitoring near the PRB wall.  

3.3.5 Vertical Barrier Walls 
As discussed in Section 1.3.2, the Site closure plan already incorporates a vertical barrier wall, and 
that will further source control objectives; therefore, developing a wall as part of a remedy plan was 
not necessary, although the presence and function of the wall are included in the overall remedy 
strategy.  
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4 Selected Groundwater Remedy  
Since submittal of the ACM in June 2019 (Anchor QEA 2019a), extensive investigations have been 
performed to select effective corrective measures for COIs in groundwater at the Site. Semiannual 
status reports regarding investigation and evaluation have been submitted to ADEM and posted to 
the Site’s CCR compliance webpage. Based on investigation and evaluation, the following 
combination of corrective measures are proposed to address GWPS exceedances at the site:  

• Source control 
‒ Dewatering and consolidating the Site footprint by approximately 55% 
‒ Installing a low-permeability geosynthetic cover system over the consolidated footprint 
‒ Constructing a vertical subsurface cement-bentonite barrier wall around the 

consolidated Site footprint and extending it through the uppermost aquifer (Unit 2) and 
keying into the relatively impermeable chalk aquitard 

• Geochemical manipulation 
‒ Injecting treatment solutions into areas exhibiting highest concentrations of arsenic, 

lithium, and cobalt to remove them from groundwater and immobilize them in situ 
‒ Monitoring treatment performance 

• MNA 
‒ Establish no-exceedance boundary monitoring 
‒ Monitor concentration reduction and natural attenuation mechanisms 

• Adaptive site management (ASM) 
‒ Routinely evaluate remedy system performance 
‒ Measure performance against interim performance standards (adaptive triggers) 
‒ Systematically reevaluate remedy system performance against adaptive triggers 

As explained in the following subsections, the selected remedy plan meets the four performance 
standards of 40 CFR § 257.97(b) and ADEM Admin. Code r. 335-13-15-.06(8)(b) and will achieve the 
following: 

• Be protective of human health and the environment. 
• Attain the GWPS specified in the rules. 
• Control the source of release to reduce or eliminate, to the extent feasible, further releases to 

the environment. 
• Comply with any relevant standards (i.e., all applicable RCRA requirements) for management 

of wastes generated by the remedial actions. 

As required by 40 CFR § 257.97(a) and ADEM Admin. Code r. 335-13-15-.06(8)(a), the following 
subsections describe the selected remedy.  
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4.1 Source Control 
As discussed previously, a key component of the groundwater remedy plan for the Site is source 
control to prevent future releases to groundwater from the disposal unit. Figure 5 provides a 
generalized overview of the closure and source control measures. Closure/source control measures 
began in 2019 and are anticipated to continue through 2026. Figure 6 presents a general timeline 
depicting the closure schedule relative to implementation of the groundwater remedy. Source 
control will be accomplished by: 

1. Dewatering and consolidating the CCR material to the northern portion of the existing Site and 
reducing the footprint from approximately 489 acres to approximately 221 acres and contained 
within dikes. Slopes will be graded to provide stability, promote drainage, and prevent ponding 
in the disposal area. As shown in Figure 6, dewatering and consolidation are anticipated to 
proceed into 2025. 

2. Installing a low-permeability cement-bentonite vertical barrier wall extending through the 
uppermost aquifer and keyed into the existing underlying chalk layer. The vertical barrier wall 
will prevent the horizontal migration of impacted water from the Site area and virtually eliminate 
future releases to groundwater outside the barrier wall. Construction of the northern portion of 
the barrier wall was completed in 2021. The remainder of the barrier wall is scheduled for 
completion in 2026. 

3. Placing final cover, consisting of an engineered synthetic turf and geomembrane, over the 
disposal area. The low-permeability cover system will promote and control runoff from the 
disposal area and prevent infiltration. Eliminating infiltration will prevent the mobilization of 
constituents within the disposal unit and further reduce the potential for future releases from 
the Site. The final cover will be installed after consolidation is complete and the slurry wall is 
installed. The planned installation of the final cover system is scheduled for 2026. 

As shown in Figure 6, closure/source control measures will proceed for several years following 
implementation of the groundwater remedy at the Site. Closure activities are, in themselves, 
anticipated to change and improve groundwater quality by isolating the source area, preventing 
further releases, and changing groundwater flow conditions. These changes may result in short-term 
variability in groundwater quality as construction proceeds. These anticipated changes will be 
accommodated by the groundwater remedy strategy. 

The closure and source control measures meet the requirements of 40 CFR § 257.97(b)(3) and 
335-13-15-.06(8)(b)3 and will control the source of release to reduce or eliminate, to the extent 
feasible, further releases to the environment. 
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4.2 Geochemical Manipulation via Injections 
Geochemical manipulation via subsurface injections is an in situ remediation technology for 
inorganic constituents in groundwater. In this technology, treatment solutions are injected to create 
solid precipitates, which remove COIs from groundwater during their formation and continue to sorb 
COIs on their surfaces over time. Geochemical manipulation for arsenic is well established and, due 
to geochemical similarities, should also be effective for cobalt. Geochemical manipulation is an 
emerging technology for lithium and has had significant technological development over the last 
2 years (EPRI 2021).  

Geochemical manipulation will be implemented at the Site in two phases as follows: 

• Phase 1 (Pilot) 
‒ Identify four areas for treatment. 
‒ Complete bench-scale studies and identify optimum treatment solutions and doses. 
‒ Plan and install the injection and monitoring points. 
‒ Perform injections and monitor performance. 
‒ Evaluate injection results. 
‒ Adjust injectate, injection frequency, or locations as necessary. 
‒ Expand and adjust the system to meet objectives based on monitoring results. 

• Phase 2 
‒ Identify additional areas for treatment (if needed). 
‒ Plan and install the injection and monitoring points based on Phase 1 (Pilot) results. 
‒ Perform injections and monitor performance. 
‒ Evaluate injection results. 
‒ Adjust injectate, injection frequency, or locations as necessary. 
‒ Expand and adjust the system to meet objectives based on monitoring results. 

4.2.1 Injection Treatment Overview 
Geochemical manipulation was selected because of its effectiveness, ease of implementation 
versatility (ability to treat more than one COI with the same treatment solution), ability to implement 
in areas with limited working space, and lack of byproducts that would require further treatment or 
disposal.  

Effective injection treatment has been performed for arsenic in groundwater under variable 
geochemical conditions using iron-based treatment solutions (Anchor QEA 2017, 2018, 2019c, 
2019e). In laboratory treatability studies conducted for the Electric Power Research Institute (EPRI) 
and large utility companies, mixed oxides of iron, manganese, and magnesium in solution were 
proven effective for arsenic, cobalt, lithium, and other constituents (EPRI 2021). Site-specific 
laboratory treatability studies using Site aquifer media and impacted groundwater will be performed 
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prior to field implementation of injection treatment. These studies will evaluate multiple viable 
treatment solutions and a range of doses. 

After selection of the optimum treatment reagents and doses, injections will be performed in two 
phases: a field pilot phase and follow-up treatments as needed based on the results of the pilot 
injections and ongoing groundwater monitoring data. Areas with the highest concentrations of 
arsenic, lithium, and/or cobalt will be selected for field pilot studies (Figure 7). A requisite monitoring 
period (anticipated to be approximately 1 year) will follow the field pilot injections. This approach to 
injection treatment is consistent with ASM for corrective action.  

As described in Section 1.3, site closure (source control) measures are expected to reduce 
concentrations of COIs in groundwater. Other areas with SSLs will be treated as needed in a second 
phase of injection based on groundwater monitoring data from the field pilots and ongoing sitewide 
monitoring. Depending upon the effectiveness of treatment, injections may need to be repeated 
periodically, though required time between injection treatments is expected to be years (based on 
other injection treatment precedents).  

4.2.2 Site-Specific Injection Treatment Plan 
Phase 1 (Pilot) injections will be performed through permanent injection wells. Phase 2 injections will 
be performed through permanent injection wells and/or direct-push technology, depending upon 
the results of the pilot program. 

Existing monitoring wells will be used to monitor the effectiveness of the injection treatment. In 
addition, based on the hydraulics of the aquifer in the injection area, additional remedial-
effectiveness monitoring wells will be installed at variable distances to demonstrate injection 
effectiveness. Monitoring parameters will include COIs and other indicator parameters based on the 
composition of the treatment solutions. Monitoring frequency will be based on the hydraulics of the 
aquifer in the areas of interest, distance of the monitoring wells from the line of injection, and 
associated travel time from the points of injection to monitoring wells. 

A two-phase injection program will be implemented at the Site targeting areas with the greatest 
observed arsenic, cobalt, and lithium concentrations: 

• Phase 1 (Pilot) will serve as the pilot testing to determine the optimum spacing for injection 
locations and evaluate the field performance of the treatment solutions. Based on observed 
results, adaptations will be made to injection location spacing and treatment solutions (if 
necessary) to optimize performance and attain desired reduction in constituent 
concentrations. 

• Phase 2 will follow Phase 1 (Pilot) as needed and incorporate site-specific information as 
determined during Phase 1 (Pilot). 
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For Phase 1 (Pilot), four areas exhibiting the greatest concentrations of arsenic, cobalt, and lithium 
are targeted to evaluate the effectiveness of in situ injection treatment. Figure 7 identifies the four 
general areas at the Site where Phase 1 (Pilot) injections will be performed. Tentative anticipated 
Phase 2 injection areas are identified based on current site conditions and may be adjusted based on 
changes in groundwater chemistry that may occur because of closure activities, natural attenuation, 
and Phase 1 (Pilot) injection effectiveness.  

Figures 8 through 15 provide details regarding the planned injection program in each Phase 1 (Pilot) 
area. The first figure for each injection area provides a plan view of the area identifying the existing 
monitoring well exhibiting elevated concentrations, locations of planned injection wells spaced 
approximately 15 feet apart and parallel to groundwater flow direction, and performance monitoring 
points installed approximately 10 feet downgradient of each injection point. The second figure for 
each injection area provides a cross-sectional depiction of the area and shows well configuration 
relative to location-specific geology. 

Prior to installing Phase 1 (Pilot) injection wells, treatability studies and supplemental data collection 
must be performed to complete the formulation of the injection media. Supplementary data 
collection and evaluation activities planned to be completed as part of Phase 1 (Pilot) include the 
following: 

• Collection of Site soils for batch and column studies from proposed Phase 1 (Pilot) injection 
areas 

• Performance of laboratory treatability studies (batch and/or column tests) for geochemical 
manipulation 

• Higher-resolution delineation of COIs in Phase 1 (Pilot) injection areas. 

Laboratory treatability studies will be performed to formulate the treatment solution composition, 
dose, and sequencing (if sequencing is needed). Specifically, the following tasks are anticipated as 
part of Phase 1 (Pilot): 

• Batch tests for reagent selection and sequencing  
‒ Combinations of iron, manganese, and/or magnesium salts at different concentrations 

mixed with impacted groundwater from the Site 
• Formulations are based on previous successful treatability studies. 
• Multiple formulations have been proven successful for arsenic in field 

applications and for lithium and cobalt in laboratory treatability studies. 
‒ Expected to take approximately 4 to 6 weeks, including post-batch data analysis 

• Column tests 
‒ Apply treatment solution to Site soils based on batch tests. 
‒ Simulate injection and subsequent precipitation of reactive solids on the sand aquifer. 
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‒ Pump impacted groundwater through columns and measure arsenic, lithium, and 
cobalt in the effluent. 

‒ After column tests, perform SSE on soil to determine the treated form of constituents 
and stability of treatment. 

‒ Pump ambient groundwater through treated soils in columns to test for stability 
(remobilization). 

‒ Column tests are expected to take approximately 12 weeks, including post-column data 
analysis. 

Prior to implementing geochemical manipulation, the COIs in the injection areas will be further 
delineated with greater resolution and may include the following procedures: 

• Collect groundwater samples through direct-push technology. 
‒ Sampling grid from impacted wells; holes on 10-foot spacings 
‒ Two or three depths within the Unit 2 aquifer, based on thickness 

• Field filter as needed, based on visual observation.  
• Screen samples with field test kits for arsenic, lithium, and cobalt; adjust sampling locations as 

needed. 
• Geophysical techniques such as electrical resistivity may be performed over the anticipated 

treatment area. The geophysical survey would be performed again shortly after treatment. 
Due to the anticipated conductivity contrast between the treatment solution (higher 
conductivity) and ambient groundwater, geophysics may be useful in mapping the travel 
distance of the treatment solution and areal extent of the treatment zone (Halihan et al. 2009). 

• Once delineation is refined, and wells are installed in each injection area, injections will be 
performed.  

The monitoring program for each injection area is expected to include the following components: 

• Pre-injection sampling from injection and monitoring wells to establish background 
• Post-injection monitoring in select wells at intervals to determine treatment solution behavior, 

such as 2 days, 1 week, 1 month, 6 months, and annually thereafter (Frequency may be 
adjusted as needed based on data generated.) 

• Sampling for the following constituents during each monitoring event: 
‒ Field parameters (temperature, pH, oxidation-reduction potential, and specific 

conductance) 
‒ Appendix IV constituents and treatment solution indicators such as iron, magnesium, 

and manganese (Combined radium-226 and -228 will be excluded from monitoring 
because it is not observed at elevated concentrations at the Site; thus, the burden of 
additional sample volume, specialized analysis, and additional analysis turnaround time 
is not warranted.)  
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Data loggers may be installed in select monitoring wells prior to injection to observe changes in 
groundwater chemistry for indicator parameters (e.g., pH, oxidation-reduction potential, and specific 
conductance) before, during, and after treatment. Due to the expected conductivity contrast between 
the treatment solution and groundwater, geophysical methods such as electrical resistivity imaging 
will be investigated to map the extent of the treatment zone. 

4.3 Monitored Natural Attenuation 
MNA has been a component of corrective action at RCRA and Comprehensive Environmental 
Response, Compensation, and Liability Act (Superfund) sites since the 1990s. MNA describes a range 
of physical, chemical, and biological processes in the environment that reduce the concentration, 
toxicity, or mobility of constituents in groundwater. For inorganic constituents, the mechanisms of 
natural attenuation include sorption, dispersion, precipitation, and ion exchange (USEPA 1999, 2007a, 
2007b). MNA as a remedial alternative is dependent on a good understanding of localized 
hydrogeologic and geochemical conditions and may require considerable information and 
monitoring over an extended period of time.  

4.3.1 MNA Overview 
USEPA defines MNA as the “reliance on natural attenuation processes (within the context of a 
carefully controlled and monitored site cleanup approach) to achieve site-specific remediation 
objectives within a time frame that is reasonable compared to that offered by other more active 
methods” (USEPA 1999, 2015). An MNA evaluation consists of the following steps or tiers 
(USEPA 2015): 

1. Demonstrate that the area of impacts (plume) is stable or shrinking. 
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 as 
expected. 

Where site conditions are conducive to MNA, it has the potential to provide a more sustainable, 
lower-cost alternative to aggressive remediation technologies such as pump-and-treat. EPRI has 
prepared a document describing implementation of MNA for 24 inorganic constituents, which 
include most Appendix III and IV constituents (EPRI 2015). 

Attenuation mechanisms can be placed in two broad categories, physical and chemical. Physical 
mechanisms include dilution, dispersion, flushing, and related processes. All constituents are subject 
to physical attenuation mechanisms, so physical processes should be considered in MNA evaluations.  
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When properly implemented, MNA removes constituents from groundwater and immobilizes them 
onto aquifer solids. Decisions to utilize MNA as a remedy or remedy component should be 
thoroughly supported by site-specific data and analysis (USEPA 1999, 2015). In addition, though not 
an MNA tier per se, source control is presumed to precede MNA implementation. Extensive MNA 
investigations were performed for the Site in 2020 and 2021 and are documented in the MNA 
demonstration report provided in Appendix D.  

Site closure (dewatering, consolidation, and capping) and the associated barrier (slurry) wall will meet 
the MNA criteria for source control. As described in Section 1.3, the Site will be closed by 
consolidating the Site footprint from approximately 489 acres to approximately 221 acres. CCR 
removed from outside the consolidated footprint will be dewatered, excavated, and compacted 
within the consolidated footprint. All visible CCR and a portion of the subgrade soils will be 
excavated outside the consolidated footprint. A barrier wall will be constructed completely around 
the footprint of the consolidated CCR and tied into the relatively impermeable underlying chalk such 
that CCR will be encapsulated and isolated from contact with groundwater outside the barrier wall 
(Figures 2 and 3). The final cover of the consolidated footprint will have a permeability of 10-7 cm/sec 
or less and will be constructed to control and minimize or eliminate (to the extent possible) post-
closure infiltration of precipitation into the waste and potential releases of CCR from the unit. Site 
closure and the associated barrier wall will effectively eliminate any future discharges to 
groundwater.  

4.3.2 Site-Specific MNA Evaluation Summary 
As described in greater detail in Appendix D, the trends observed in concentration versus time and 
concentration versus distance graphs provide evidence that natural attenuation is occurring at the 
Site. Several concentration versus time graphs indicate that arsenic, lithium, and/or cobalt 
concentrations are stable or are decreasing with time in some areas, even without source control. 
Also, concentration versus distance graphs along downgradient transects indicate these COIs are 
decreasing with distance from the Site. Isoconcentration maps for COIs from 2020 and 2021 were 
compared and show plume stability. 

Based on the geochemical investigations, several lines of evidence support multiple attenuating 
mechanisms, depending upon the COIs. The major attenuating mechanisms include:  

• Arsenic attenuation by sorption on and coprecipitation with iron oxides and, possibly, 
precipitation of barium arsenate 

• Cobalt attenuation by incorporation into a cobalt-iron oxide 
• Lithium attenuation by ion exchange on oxides and clay minerals 

Rates of attenuation were determined by results of reactive transport modeling and by extrapolating 
decreasing trends on the concentration versus time graphs to the GWPS for areas where decreasing 
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trends were observed. Depending on the COIs and well/location, the estimated time to achieve 
natural attenuation ranges from 2 to 40 years, which is reasonable compared to durations of other 
corrective action technologies. Based on MNA case histories for inorganic constituents, MNA time 
frames typically range from a few years to decades (EPRI 2015). Because pond closure activities 
(consolidation and capping) at the Site are projected to take approximately 5 additional years, the 
time frame for MNA is compatible with the closure period. 

Column studies were performed to assess the ability for the aquifer (soil) to chemically attenuate 
COIs and to help determine the stability of the attenuated COIs. Cobalt and lithium showed limited 
ability to sorb to the aquifer media based on column studies. However, these constituents are still 
subject to other attenuating mechanisms, such as physical attenuation (dispersion and flushing) and 
coprecipitation, as indicated by the concentration versus time graphs, concentration versus distance 
graphs, and geochemical studies.  

Column studies indicate that arsenic is significantly attenuated by aquifer media, as arsenic in column 
effluent remained less than 13% of the influent concentrations. Arsenic attenuation capacity was 
extrapolated to the entire mass of the aquifer downgradient of the consolidated Site but within the 
property boundary. The extrapolation showed that the aquifer has an attenuating capacity of many 
more times the mass of arsenic requiring attenuation. SSE studies indicate that most of the mass of 
all three COIs occurs in the oxidizable and residual fractions, which are very stable attenuation 
phases.  

Corrective action performance monitoring consists of two major components: 1) monitoring for 
sitewide corrective action, which would include MNA and the positive benefits of source control and 
geochemical manipulation (injections) at the Site scale; and 2) remedial-effectiveness monitoring for 
geochemical manipulation in the areas of injections. Sitewide monitoring applies to MNA because 
MNA will be implemented over the entire Site. Sitewide monitoring is described in Section 4.3.1. 

4.3.3 Site-Specific MNA Plan  
Implementation of MNA at the Site will be relatively easy. Most of the wells for MNA are already in 
place, though some additional wells will need to be installed to monitor progress in critical areas. The 
site-specific MNA plan will be composed of the following: 

• A network of sentinel or clean-line monitoring points beyond the extent of GWPS 
exceedances. The clean-line network will consist of monitoring wells and surface water 
sampling locations and will be monitored to verify that GWPS exceedances do not occur at or 
beyond the locations. 

• Monitoring wells located within the areas exhibiting GWPS exceedances. These wells will be 
monitored to verify attenuation mechanisms, document decreasing concentrations, calculate 
plume mass or mass flux, and provide monitoring data to demonstrate MNA effectiveness. 
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• A comprehensive data analysis and reporting plan identifying specific wells, performance 
standards and reporting procedures. 

• Components of an ASM plan. 

A key component of MNA is a detailed monitoring and reporting plan. Pursuant to 
40 CFR § 257.98(a) and ADEM Admin. Code r. 335-13-15-.06(9)(a), a remedy and monitoring program 
must be implemented within 90 days of selecting a remedy. As documented in Appendix D, natural 
attenuation is already occurring at the Site. A comprehensive and specific MNA monitoring plan 
document will be developed within 90 days of this report. A conceptual summary of the anticipated 
MNA monitoring network is included in Figure 16.  

MNA monitoring will primarily be accomplished by sampling MNA monitoring wells for the following 
list of constituents on a semiannual basis: 

• Appendix IV constituents 
• General parameters that influence geochemistry such as pH, temperature, oxidation-reduction 

potential, dissolved oxygen, and specific conductivity 
• Natural attenuation indicator parameters specific to the identified attenuation mechanisms 

such as ferrous and ferric iron  

Because MNA does not require design and construction of infrastructure other than new monitoring 
wells, the monitoring can be initiated within 6 months to a year. At least 1 year of groundwater 
monitoring data are recommended to establish baseline conditions and trends. The following 
provides a summary of the MNA implementation plan: 

• Install additional monitoring wells 
• Begin MNA-specific sampling and analysis 
• Provide first MNA evaluation monitoring report describing initial conditions 

4.4 Adaptive Site Management Plan 
Changes in Site conditions are inevitable with the long-term performance of groundwater remedies. 
40 CFR § 257.98(b) and ADEM Admin. Code r. 335-13-15-.06(9)(b) require an owner or operator to 
implement other methods or techniques if it is determined that compliance is not being achieved by 
the existing remedy. Remedy system performance will be proactively and systematically monitored 
against interim performance standards in accordance with the ASM plan to ensure compliance with 
40 CFR § 257.98(b) and ADEM Admin. Code r. 335-13-15-.06(9)(b) requirements and provide a 
process for proactively responding to changing conditions. Details regarding implementation of the 
ASM will be included in the comprehensive Corrective Action Groundwater Monitoring Plan. 
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The ASM for the Site will include the following items:  

• Implementing interim/short-term goals to measure system performance and progress toward 
long-term goals 

• Evaluating remedy system performance against interim goals (adaptive triggers) 
• Adapting when performance metrics are satisfied or interim goals are not met  
• Updating Site conceptual model as new data become available  
• Reevaluating and updating interim goals (adaptive triggers) 
• Adapting the corrective action system, if necessary 

The performance of the groundwater corrective action system at the Site will be subject to routine 
evaluation and, if necessary, adjustment as part of the ASM. Figure 17 presents the process that will 
be used to evaluate monitoring data, determine if performance objectives are met, and determine if 
adaptation of the corrective action system (CAS) is needed. Performance monitoring is an integral 
component of the ASM. Details regarding the performance monitoring systems, performance criteria, 
adaptive triggers, and evaluation criteria will be provided in the comprehensive Corrective Action 
Groundwater Monitoring Plan developed for the Site within 90 days pursuant to 40 CFR § 257.98(a) 
and ADEM Admin. Code r. 335-13-15-.06(9)(a). 

The purpose of the ASM plan is to identify objective data targets that may be used to evaluate the 
effectiveness of the CAS. The ASM process is applicable at all stages of corrective action as follows 
(Figure 17): 

• The CAS described herein will be implemented to address current conditions. 
• Monitoring will occur and system performance will be evaluated with respect to interim and 

long-term performance standards (adaptive triggers) that signal a reevaluation of 
performance standards or adjustment to the CAS may be warranted. 

• If monitoring indicates interim standards (adaptive triggers) have not been met, those 
performance standards will be reevaluated and a determination made regarding their 
continued suitability, if they need to be adjusted, or if the CAS needs to be adapted. 

• Adjustments will be made to the adaptive triggers or CAS, as needed, to ensure that long-
term (final) performance criteria and remedial goals are met.  

• The conceptual site model will be updated as additional data are obtained. 
• Implementation of the CAS, monitoring, and ASM plan will continue until the final long-term 

objectives are met. 

4.4.1 Interim Performance Standards and Monitoring 
The long-term performance standards for the CAS are defined in 40 CFR § 257.98(c) and ADEM 
Admin. Code r. 335-13-15-.06(9)(c): demonstrate compliance with the GWPS at all points that lie 
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beyond the groundwater monitoring system established under § 257.91 and 335-13-15-.06(2) for 
three consecutive years based on semiannual monitoring.  

Interim performance standards and adaptive triggers are developed to evaluate the effectiveness of 
the CAS in furtherance to meeting the long-term performance standards. As described in Section 4, 
in addition to closure and source control, the CAS is composed of injection treatment and MNA. 
Monitoring frequency of CAS components will vary as described in the Corrective Action 
Groundwater Monitoring Plan. Performance monitoring reporting will occur at least semiannually.  

Sections 4.4.1.1 and 4.4.1.2 provide details regarding interim and long-term performance standards 
incorporated into the performance monitoring plan. 

4.4.1.1 Injection Treatment 
Injection treatment is designed to remove constituents from groundwater by precipitation or 
sorption via a treatment solution injected into the area of impact.  

The interim performance goal of the injection treatment system is to document a reduction in 
constituent concentrations in groundwater and distribution of the treatment solution within the Unit 
2 aquifer. The long-term performance objective is to demonstrate sustained constituent 
concentration reductions after injection of treatment solution has ceased. As will be described in the 
Corrective Action Groundwater Monitoring Plan, a series of monitoring wells will be installed within 
the injection zones and will be monitored to demonstrate the performance of the injection system. 
The performance monitoring system will account for potential variability created during ongoing 
closure activities such as excavation and slurry wall construction. 

4.4.1.2 Monitored Natural Attenuation 
The long-term goal of MNA is to document that, in conjunction with source control and injection 
treatment, natural attenuation of the constituents is occurring. The MNA performance monitoring 
network and adaptive triggers will be described in detail within the Corrective Action Groundwater 
Monitoring Plan. As described by USEPA (2015), the four tiers of MNA can be summarized as: 

• Tier 1: plume size/stability 
• Tier 2: attenuation mechanisms and rates 
• Tier 3: attenuation mechanism capacity and reversibility 
• Tier 4: performance monitoring plan 

The suitability of MNA has been demonstrated as described in Section 4.3.2 and Appendix D. The 
performance of the MNA (Tiers 1 through 3) will be monitored by evaluating the following: 

• Source control mechanisms 
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‒ Section 1.3 describes how source control at the Site will be complete by way of 
consolidating the former Site footprint, installing a vertical barrier wall, and constructing 
the final cover system.  

• Plume size and stability 
‒ The size and stability will be monitored by a network of groundwater monitoring wells 

within and around the perimeter of the area of groundwater exceedances (i.e., the 
plume). From a practical implementation standpoint, plume stability refers to an area of 
groundwater impacts that is not substantially expanding or adversely changing (by 
exhibiting new constituents or increasing mass). The interim performance standard for 
plume stability may be monitoring wells installed around the areas of groundwater 
impacts to exhibit trends that are statistically steady or decreasing and for no new SSLs 
to occur within the plume area. The long-term performance objective is for statistically 
decreasing trends, continual reduction in the number or SSLs in the MNA performance 
monitoring network, a reduction in size of the plume, and/or a reduction in magnitude 
of COIs within the plume. 

• Plume mass and mass reduction 
‒ MNA performance relative to Tier 2 criteria for attenuation mechanisms and rates and 

Tier 3 criteria for attenuation capacity and reversibility may be demonstrated by 
monitoring the mass of each COI within the plume area and documenting changes in 
mass over time. Steady or decreasing mass indicates that attenuation mechanisms 
continue to be effective, attenuation capacity remains, and attenuation mechanisms 
have not reversed. The interim performance standard for mass reduction is for 
monitoring wells installed in and around the areas of groundwater impacts, in 
aggregate, to exhibit statistically steady or decreasing mass. Per USEPA guidance, mass 
flux across transects (cross sections) located in meaningful areas will also be calculated. 
The long-term performance objective is to demonstrate COI concentration decline to 
below GWPS and reduce COI mass. 

Adjustments to the MNA performance monitoring network will be made as MNA proceeds. 

4.4.2 Adaptive Triggers 
Detailed performance monitoring requirements for each component of the CAS will be included in 
the Corrective Action Groundwater Monitoring Plan. Included in the performance monitoring plan will 
be the objective performance standards that serve as adaptive triggers. Should the performance 
standard not be met, the adaptive trigger will signify that reevaluation of the performance standards 
and CAS are warranted.  











 

Groundwater Remedy Selection Report 32 September 2021 

6 Corrective Action Groundwater Monitoring Program 
As required by 40 CFR § 257.98(a) and ADEM Admin. Code r. 335-13-15-.06(9)(a), the owner/operator 
must implement the groundwater remedy within 90 days of selecting a remedy, including 
establishing a corrective action groundwater monitoring program that 1) meets the assessment 
monitoring requirements of § 257.95 and 335-13-15-.06(6); 2) documents the effectiveness of the 
remedy; and 3) demonstrates compliance with the GWPS. A conceptual groundwater monitoring 
network is shown in Figure 16.  

Assessment monitoring of the certified groundwater monitoring network must continue pursuant to 
40 CFR § 257.96(b) and ADEM Admin. Code r. 335-13-15-.06(7)(b). The corrective action groundwater 
monitoring program will include groundwater monitoring requirements for: 

• Assessment monitoring of the certified CCR compliance groundwater monitoring network 
• An injection treatment system 

‒ Injection performance 
‒ ASM 

• MNA 
‒ Attenuation mechanisms, plume reduction, and mass/concentration reduction 
‒ ASM 
‒ Sentinel/clean-line boundary monitoring 

Within 90 days of selecting a remedy, a corrective action groundwater monitoring program will be 
developed that describes the following in detail: 

• Sample locations 
• Monitoring schedule 
• Monitoring parameters 
• Data analysis methods 
• Interim adaptive standards (for ASM) 
• Reporting and notification requirements 

Following implementation of the ACM, several wells were installed to complete delineation and have 
been monitored semiannually pursuant to 40 CFR § 257.95(g)(1) and ADEM Admin. Code 
r. 335-13-15-.06(6)(g)(2). Ongoing monitoring of certain delineation monitoring wells may be 
discontinued when the final corrective action groundwater monitoring program is developed.  

Sentinel/clean-line boundary monitoring points will be located between known GWPS exceedances 
and the property boundary or potential receptors. These wells will be sampled at the same frequency 
as the CCR compliance monitoring wells. Conceptual sentinel/clean-line monitoring points are shown 
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in Figure 18. Adaptive triggers could include statistically increasing trends for multiple events and 
verified GWPS exceedances at clean-line boundary monitoring points.  

Remedy performance monitoring wells will be used to evaluate the combined effects of source 
control (Site closure), injection treatment, and MNA. Conceptual remedy performance monitoring 
wells are shown in Figure 19. Adaptive triggers could include statistically increasing trends above the 
GWPS for multiple events after barrier wall construction is complete. 

APC will take an ASM approach to MNA and other corrective action at the Site. Adaptive triggers will 
be developed, and additional actions (monitoring, analysis, and/or corrective action) will be 
implemented as needed. These details will be provided in the Site Corrective Action Groundwater 
Monitoring Plan to be submitted 90 days after submission of this Groundwater Remedy Selection 
Report.  

During closure and dewatering, the pond-groundwater system will be in a state of geochemical 
disequilibrium, leading to potential temporary increases in COI concentrations at some locations. 
Additionally, temporary increases could occur as the subsurface is disturbed by barrier wall 
construction, injections, and possible localized changes in groundwater flow direction. 
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7 Schedule  
The following factors were considered when determining the schedule for remedial activities as 
required by 40 CFR § 257.97(d)(1 through 5) and ADEM Admin. Code r. 335-13-15-
.06(8)(d)(1 through 5): 

• Extent and nature of exceedances 
• Reasonable probabilities of remedial technologies in achieving compliance with CCR rule 

GWPSs and other objectives of the remedy 
• Availability of treatment or disposal capacity for CCR managed during implementation of the 

remedy (not applicate for the Site) 
• Potential risks to human health and the environment from exposure to contamination prior to 

completion of the remedy 
• Resource value of the aquifer 

In accordance with 40 CFR § 257.97(d) and ADEM Admin. Code r. 335-13-15-.06(8)(d), the following 
schedules are provided for implementing and completing remedial activities at the Site. 

7.1 Site Closure and Source Control 
Site closure and source control activities are currently being implemented and are expected to be 
completed as shown in the timeline in Figure 6. Anticipated project milestones are as follows: 

• May 2025: CCR consolidation complete 
• February 2026: barrier wall installation complete 
• April 2026: final cover installation complete 
• November 2026: Site closure certification complete  

7.2 Injection Treatment 
The anticipated injection treatment implementation schedule is included below and summarized in 
Figure 20.  

For treatability studies and the Underground Injection Control (UIC) permit, the following schedule is 
anticipated:  

• Collect soil and groundwater samples for treatability studies: 2 months  
• Conduct batch studies for reagents and doses: 4 to 6 weeks 
• Conduct column studies for effectiveness: 3 months 
• Prepare Class V UIC permit: 3 months 

After securing the proper ADEM UIC permit, the following schedule is anticipated: 

• Design field implementation of injection treatment: 3 months 
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• Refine delineation in the field: 1 month 
• Phase 1 (Pilot): field implementation (well installation and injections): 4 months  
• Phase 1 (Pilot): collect and analyze remedial-effectiveness monitoring data: 15 months 
• Phase 2 injections: field implementation: 4 months  
• Phase 2 injections: collect and analyze remedial-effectiveness monitoring data: 15 months 

7.3 Monitored Natural Attenuation 
Strictly speaking, the MNA process is currently being implemented at the site, although a formalized 
process to evaluate and document the process has not been established. MNA will be implemented 
by establishing the detailed MNA sampling, analysis, and evaluation plan in 90 days as part of the 
groundwater remedy monitoring plan. Implementation of the MNA program is anticipated to include 
the following: 

• Install additional no-exceedance and remedial-effectiveness monitoring wells (at an estimated 
17 locations, to take 3 to 4 weeks) 

• Coordinate MNA sampling with the first semiannual compliance sampling event after new 
well installation 

• Collect and analyze baseline data: 1 year 
• Remedy complete: depending on area, 2 to 40 years after Site closure is complete 
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