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1 INTRODUCTION

In accordance with the United States Environmental Protection Agency (USEPA) Coal Combustion
Residuals (CCR) Rule (40 Code of Federal Regulations [CFR] Part 257 Subpart D) and the Georgia
Environmental Protection Division (GAEPD) Rules of Solid Waste Management 391-3-4-.10, Arcadis U.S.
Inc. (Arcadis) has prepared this assessment of corrective measures (ACM) report for Georgia Power
Company’s (Georgia Power’s) Plant McManus Ash Pond (AP)-1 (the Site). As required by 40 CFR §
257.96 and GAEPD Rule 391-3-4-.10(6)(a), this ACM evaluates potential corrective measures to address
a statistically significant level (SSL) of arsenic in one monitoring well (MCM-06) associated with the
groundwater monitoring network at AP-1. Although an SSL of lithium was also identified as an SSL at the
former CCR Unit, an alternate source demonstration (ASD) was completed for lithium and submitted
under a separate cover (Arcadis, 2020). Therefore, lithium was not considered in this ACM.

The ACM was initiated on July 9, 2020 within 90 days of identifying the SSL on May 8, 2020. A 60-day
extension until December 4, 2020 for completion of the ACM was filed on October 7, 2020. This ACM is
the first step in identifying viable corrective measures to address an SSL in groundwater at the former
CCR Unit. Based on the evaluation in the ACM, further evaluation may be performed, additional studies
may be completed specific to the former CCR Unit, and a remedy will be selected and implemented
pursuant to § 257.97 and § 257.98 and 391-3-4-.10(6). Delineation well, DPZ-02, installed to assess the
extent of arsenic in groundwater at former AP-1, shows that arsenic is vertically delineated at MCM-06.
Due to the presence of a surface water feature downgradient direction of MCM-06, installation of wells to
horizontally characterize this area is infeasible. Georgia Power proactively collected surface water
samples from along four transects in the tidal marsh adjacent to wells MCM-05, MCM-06, MCM-07, and
MCM-14 of former AP-1 in February 2020. The surface water sample results from the transects are well
below the Georgia instream water quality standard chronic standard for dissolved arsenic for marine
estuary environments. Surface water data will be collected semi-annually with routine groundwater
sampling and reported in semi-annual and annual groundwater monitoring reports. Based on arsenic
results for data collected to date, no arsenic impacts to surface water have been detected and horizontal
delineation is complete.

Georgia Power conducted a human health and ecological risk evaluation to evaluate constituents that
exhibit SSLs in groundwater, arsenic and lithium, at former AP-1. The ASD demonstrates that
concentrations of lithium in groundwater are naturally occurring. However, for completeness, lithium was
carried forward into the refined risk evaluation. The risk evaluation used a conservative, health-protective
approach that is consistent with USEPA risk assessment guidance, GAEPD regulations and guidance,
and standard practice for risk assessment in the State of Georgia. As part of the risk evaluation, a well
survey of potential groundwater wells within a three-mile radius of former AP-1 was conducted and
consisted of reviewing federal, state, and county records and online sources, in addition to conducting a
windshield survey of the area. The risk evaluation relied on groundwater data collected by Georgia Power
from 2015 through March 2020 in compliance with the federal and state CCR rules. Based upon this risk
evaluation, which included multiple conservative assumptions, concentrations of arsenic and lithium
detected in groundwater at former AP-1 are not expected to pose a risk to human health or the
environment. The Risk Evaluation Report (Wood, 2020) and associated well survey are provided as
Appendix A.
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1.1 Purpose

The purpose of this ACM for Plant McManus former AP-1 is to begin the process of selecting technically
feasible groundwater corrective measure(s) to address SSLs of arsenic at the site. This process is
typically iterative and may be composed of multiple steps to analyze the effectiveness of corrective
measures to address the potential migration of CCR constituents in groundwater at former AP-1.

Per § 257.96(c), the remedy evaluation in this ACM considers the following criteria:
e Performance
e Reliability
e Ease of implementation
e Potential impacts of the remedy
e Time required to begin and complete the remedy
e Institutional requirements.

Based on the outcome of the ACM, further evaluations may be performed, site-specific studies
completed, and progress documented in semi-annual remedy selection reports. The results of the ACM
will be presented in a public meeting at least 30 days prior to the selection of a final remedy.

1.2 Site Location and Description

Plant McManus is an electrical power generation plant located on Crispen Island in Glynn County, near
Brunswick, Georgia (Figure 1). The physical address of the plant is 1 Crispen Island Drive, Brunswick,
GA 31523. Crispen Island originally consisted of several smaller islands that were joined to construct
Plant McManus. It was separated from the mainland to the northeast by tidal marsh and bound to the
west and southwest by the Turtle River.

The plant was originally constructed in 1952 and consisted of two boilers and nine diesel-fired combustion
turbines. Use of coal for production ceased in 1972, and Georgia Power retired all coal power generating
assets at Plant McManus prior to April 16, 2015. During operation of the coal-fired units from 1959 until
1972, CCR was disposed in an approximately 80-acre surface impoundment (AP-1) on the Plant
McManus Site northeast of the plant.

AP-1 was formed by the construction of a dike from the northeast corner of Crispen Island to the
mainland. This dike formed the northwest side of AP-1, while Crispen Island, the mainland, and a
southern roadway and dike (Crispen Boulevard) formed the other sides of AP-1.

1.3 Pond Closure

Georgia Power completed closure of AP-1 between 2016 and 2019 by dewatering and removing the CCR
material. A notification of intent to close the former CCR Unit was placed in the operating record on
December 7, 2015 and posted to the Plant McManus CCR Rule Compliance website within 30 days. The
initial Closure Plan was submitted to GAEPD on April 17, 2018 as part of the permit application package
describing the closure activities and requirements in accordance with 40 CFR § 257.102. The Closure
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Plan and notification of closure completion are posted on the Plant McManus CCR Rule Compliance
website, available to the public.

CCR material removal was conducted within the Plant McManus Surface Impoundment in accordance
with 40 CFR 8 257.100(b)(5) and GAEPD Rule 391-3-4-.10(9)(c)6. All visible CCR within the surface
impoundment, as well as an additional six inches of native soil below the limits of ash, was removed,
stockpiled, and loaded into trucks for transportation and disposal at an approved solid waste
management facility.

The closure of the former AP-1 as described above provides a long-term source control measure by
eliminating the source CCR material.

2 CONCEPTUAL SITE MODEL

The following section summarizes the geologic and hydrogeologic conditions at Plant McManus as
described in the June 2020 Hydrogeologic Assessment Report submitted to GAEPD (Resolute 2020b).
The Site plan is provided on Figure 2A. The monitoring well network and piezometers are shown on this
figure, as well as the locations of the dewatering wells used to dewater AP-1 during its excavation. Cross-
section alignments are shown on Figures 2B, 2C, and 2D and are based on boring logs compiled in the
September 2020 Well Installation Addendum (Resolute 2020c).

2.1 Geology

Plant McManus is located within the Coastal Plain Province of Georgia. This area is underlain by three
regional aquifer systems which extend to depths exceeding 1,100 feet. The uppermost regional aquifer is
the surficial aquifer, which in this area extends to approximately 185 feet bgs (Resolute 2020b). The
surficial aquifer is made up of three formations: the Satilla Formation, the Cypresshead Formation, and
the Ebenezer Formation (Resolute 2020b).

The soils underlying the Site are comprised of fine sands containing varying amounts of silt and clay
interspersed with discontinuous clay/silty clay layers down to between 33 and 43 feet bgs (Resolute
2020a). This unit is interpreted to be the Upper Satilla Formation (ATC Associates, Inc. 1997) and is
where most of the onsite monitoring wells, dewatering wells, and piezometers are screened. It is also the
portion of the surficial aquifer that is depicted on cross-section Figures 2B, 2C, and 2D. In the aquifer
under the northern dike, the monitoring wells are screened predominantly in sands with a relatively lower
percentage of fines with lower permeability layers interspersed, as shown on cross-section AA’

(Figure 2B). Additional deposits of finer grained materials are found in the groundwater underlying the
island, cross-section BB’ (Figure 2C), and mainland, cross-section CC’ (Figure 2D).

At greater depths, the Upper Satilla Formation fines downward to a silty fine sand. These siltier sands
were interpreted to be Lower Satilla (ATC Associates, Inc. 1997) but may also correspond to be the
Cypresshead Formation (Huddleston 1988). The underlying Ebenezer Formation begins at approximately
50 feet bgs and is comprised of a confining zone approximately 25 feet thick, then a water-bearing zone
about 35 feet thick, which is followed by another pair of confining and water-bearing zones down to
approximately 185 feet bgs (Weems and Edwards 2001).
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Gamma log data and vertical permeability tests performed from Shelby tubes in onsite borings indicate a
lower permeability layer starting generally between 35 and 50 feet bgs (Resolute 2020a, 2020b).
Representative samples were collected from deeper intervals of the surficial aquifer (Lower Satilla,
Cypresshead, or potentially the Ebenezer Formation) and identified a potential aquitard.

The surface of the tidal marsh is covered by silt and vegetation, except where scoured by tidal creeks
with fine sands in their channels. The surficial aquifer formed in a similar depositional environment, with
paleo tidal channels likely present throughout, and discontinuous layers/channels of fine sand or clay.
The surficial aquifer is generally unconfined, but there may be localized layers of lower permeability soils,
resulting in a semi-confined condition at some locations.

2.2 Hydrology and Groundwater Flow

A groundwater monitoring network has been established within the uppermost aquifer around former
AP-1 pursuant to § 257.91 (Tables 1A and 1B; Figure 1). This monitoring well network includes
upgradient and downgradient monitoring points and serves to monitor groundwater passing the boundary
of the former AP-1 within the Upper Satilla section of the surficial aquifer. Potentiometric surface maps
that were developed from data collected at low and high tide in March 2020 and at high tide in October
2020 are provided in Appendix B.

The potentiometric surface maps in Appendix B show that there are two components of groundwater
flow at the Site, within the Upper Satilla Formation. The first is toward former AP-1 from the mainland (on
the northeast side), and from Crispen Island (on the southwest side). The groundwater elevations in the
monitoring wells and piezometer on both the mainland (MCM-01, -02, -15, and -16) and Crispen Island
(MCM-08 and -11) are consistently higher than the surface water elevation in AP-1 and the monitoring
wells along both dikes at both high and low tide. This indicates that groundwater flows consistently toward
AP-1 from Crispen Island and the mainland.

The second component of groundwater flow is between AP-1 and the tidal marsh, to the northwest and
southeast. Under the present conditions, the gradient changes direction with the tides. Based on the
March 2020 high and low tide potentiometric surface maps presented in Appendix B, at low tide the
gradient is toward the marsh, and at high tide the gradient is inward toward former AP-1.

According to the Hydrogeologic Assessment Report (Resolute 2020b), the tides have a six-hour cycle,
and the amount of time available for groundwater movement at each tide is approximately three hours.
During the remainder of time in each cycle, there is minimal hydraulic gradient (and correspondingly
minimal flow) as the flow directions reverse, likely resulting in minimal net groundwater flow toward the
marsh (Resolute 2020b).

Slug tests have also been conducted at wells and piezometers screened in the Upper Satilla Formation,
around the former AP-1. Results from these tests identified a range of average hydraulic conductivity
values from 8.67 x 105 centimeters per second (cm/s) to 2.90 x 10-3 cm/s, with a geometric mean of

7.39 x 10 cm/s and an overall average hydraulic conductivity for the Site of 1.18 x 10-3cm/s (Table 3;
Resolute 2020b). The range of hydraulic conductivity is consistent with sand to silty-sand aquifer
materials. The magnitude of the range observed is consistent with the variable nature of the interspersed
sands, silty sands, and clays underlying the Site. The highest hydraulic conductivities were observed in
monitoring wells along the dike and mainland. The lowest hydraulic conductivities were observed in wells
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located on the island. The higher hydraulic conductivity in wells along the northern dike correspond to
relatively lower levels of fines in the “MCM” monitoring wells along the dike and mainland, as shown on
cross-sections AA’ and CC’ (Figure 2B and 2D), in comparison to the greater amount of fines in the
island wells, shown on cross-section BB’ (Figure 2C), which correspond to relatively lower hydraulic
conductivities.

Gamma log data and Shelby tube samples were collected at six stratigraphic borings drilled through the
Satilla, Cypresshead, and Ebenezer Formations in March 2020 (Appendix C). Vertical hydraulic
conductivity of the Upper Satilla and Lower Satilla/Cypresshead Formations was determined by hydraulic
conductivity testing of Shelby tube samples collected while the borings were being drilled. The average
vertical hydraulic conductivity measured in the interval screened in the compliance well network (1.18 x
103 cm/s) is two orders of magnitude greater than the average vertical hydraulic conductivity measured in
the Lower Satilla Formation (3.25 x 10-° cm/s), indicating that the formation limits downward vertical flow
at the Site (Resolute 2020a). Note that the gamma log data and vertical hydraulic conductivity
measurements extended past the depth of the logged borings shown on the cross-sections.

3 NATURE AND EXTENT OF APPENDIX IV
CONSTITUENTS

Monitoring-related field assessment activities performed in support of delineating the nature and extent of
the SSL in groundwater and evaluating potential corrective measures are described below.

3.1 Groundwater Monitoring & Constituents of Concern

3.1.1 Groundwater Monitoring Program

A groundwater monitoring network has been established for the Site in accordance with 40 CFR § 257.91
and certified by a Professional Engineer on April 17, 2019. The certified compliance monitoring well
network for AP-1 consists of a total of 15 monitoring wells: eight upgradient wells and seven
downgradient wells. As part of the assessment program, piezometer DPZ-02 was converted to a vertical
delineation well to vertically delineate the groundwater quality at MCM-06. The locations of the
compliance monitoring wells are shown on Figure 1; well construction details are listed in Tables 1A and
1B. Additionally, there are 20 non-network wells and/or piezometers, five deep piezometers, and 10
former dewatering wells used for the assessment of groundwater conditions at the Site (Figure 3). A
summary of analytical data since the initiation of assessment monitoring is presented in Appendix D.

3.1.2 Appendix IV Constituent SSL

Groundwater monitoring data collected from August 2019 through August 2020 are provided in
Appendix D. A statistical evaluation was completed on data collected through the March 2020 sampling
event in accordance with the Professional Engineer-certified statistical method (Resolute 2020b). Results
from these monitoring events were compared to the Groundwater Protection Standards (GWPSs) for
each parameter established under § 257.95(h) and GAEPD Rule 391-3-4-.10(6)(a) (Table 2). Based on
this evaluation, the following SSLs were identified at AP-1:
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e Lithium at monitoring well MCM-06.
e Arsenic at monitoring well MCM-06.

An ASD indicated that lithium observed at AP-1 is attributable to a natural source (i.e., influx of brackish
surface water) and not the CCR unit. The ASD was submitted to the GAEPD on November 17, 2020.

An isoconcentration map for arsenic from the most recent assessment monitoring event (March 2020) is
presented on Figure 4.

3.2 Field Investigation Activities

Following the identification of the arsenic SSL, additional field investigation activities were completed to
delineate the vertical and lateral extent of arsenic concentrations above the GWPS and characterize
geochemical conditions at the Site.

Six deep piezometers (DPZ-01 through DPZ-06) were installed in March 2020 (Figure 3) to provide
vertical characterization of groundwater conditions. Supplemental sampling of these piezometers was
performed after installation in March 2020. Arsenic was not detected in the samples collected from deep
piezometer DPZ-02, screened between 28.84 and 33.84 feet of elevation and located adjacent to MCM-
06. This indicates that that the elevated arsenic concentrations present in groundwater at MCM-06 do not
extend to the deeper portion of the aquifer and that DPZ-02 provides vertical delineation of arsenic at
MCM-06. DPZ-02 is now incorporated into the monitoring well network and will be sampled in the future to
monitor deeper arsenic concentrations. Analytical data from DPZ-02 is provided in Appendix E.

Due to space limitations on the dikes, additional monitoring wells could not be installed between the
existing detection monitoring network wells (MCM-04, MCM-05, MCM-06, MCM-07, MCM-08, and MCM-
14) and the tidal marsh to evaluate the nature and extent of arsenic. Georgia Power proactively
completed additional sampling to assess concentrations of arsenic in surface water in the tidal salt marsh
in February 2020. A memorandum detailing the study and results is provided in Appendix F. Surface
water samples were collected along four transects (T1 through T4) adjacent to wells MCM-05, MCM-06,
MCM-07, and MCM-14 (Figures 1 through 3 in Appendix F). Samples from two upstream surface water
sample locations were collected to establish background conditions. In addition, water samples in the
former AP-1 were collected. Dissolved arsenic concentrations in surface water samples ranged from not
detected at 0.0012 milligram per liter (mg/L) to 0.0023 mg/L. These results are well below the Georgia
instream water quality chronic standard for dissolved arsenic (0.036 mg/L) for marine estuary
environments. Arsenic concentrations in background surface water sample locations ranged from 0.0014
mg/L (estimated) to 0.0016 mg/L (estimated). Based on the data collected, no impacts to surface water
have been detected and horizontal delineation is complete.

Supplemental sampling was completed in June 2020 to assist in the development of this ACM and the
lithium ASD. One of the goals of this investigation was to identify the geochemical conditions along the
northern portion of dike, specifically in the area adjacent to MCM-06. Groundwater samples were
collected at three locations: MCM-06, vertical delineation well DPZ-02, and MCM-07 (a well installed on
the northern dike that does not present an SSL for arsenic). Groundwater collected at these wells was
analyzed for major cations and anions, select total and dissolved metals, sulfide, total organic carbon,
and biological oxygen demand (Table 4). Field parameters (pH, dissolved oxygen, oxidation reduction
potential [ORP], salinity, temperature, specific conductance, and depth to water) were also recorded.
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Results of this sampling event indicate highly reducing conditions present in groundwater at MCM-06,
demonstrated by low ORP values (-310.5 millivolts) and elevated biological oxygen demand (77.6 mg/L).
These results indicate more strongly-reducing conditions present at MCM-06 than represented by other
monitoring wells, including MCM-07, which yielded -198.9 millivolts ORP and a biological oxygen demand
of 3.2 mg/L. The results of the two wells suggest that conditions are sulfate and iron reducing, with sulfur
and iron cycling between mineral and groundwater phases to variable extents. Sulfate is relatively lower
at MCM-06 (663 mg/L) than MCM-07 (961 mg/L) and DPZ-02 (970 mg/L), indicating sulfate reduction is
occurring. Lower sulfide concentrations at MCM-06 (0.41 mg/L) indicate potential precipitation at that
location, compared to the elevated sulfide concentration at MCM-07 (33.9 mg/L). Low iron concentrations
are present at both MCM-06 (0.046 mg/L) and MCM-07 (0.088 mg/L), while manganese is an order of
magnitude higher at MCM-06 (0.29 mg/L) and MCM-07 (0.20 mg/L). These results indicate that metal
reducing conditions are present, but there may also be precipitation of soluble reduced-phase minerals
such as ferrous sulfides (e.qg., pyrite ferrous disulfide [FeS:z]). The presence of reducing conditions is a
factor in evaluating potential remedy options, particularly geochemical manipulation, as discussed in
Section 4.2 below. In addition to the reducing conditions, groundwater quality at MCM-06 is influenced by
brackish surface water as represented by elevated salinity (17,800 mg/L total dissolved solids) and
alkalinity (725 mg/L). These conditions can influence the effectiveness of several remedial options
through altering reaction chemistry or through formation of fouling precipitates, such as carbonates.

In addition to the surface water evaluation, sampling of dewatering wells (RW-1 through RW-10) and a
subset of deep piezometers and monitoring wells was performed in October 2020 concurrently with the
semi-annual sampling event. This sampling evaluated the lateral extent of arsenic and provided further
understanding of the geochemical conditions near MCM-06. Groundwater locations to be evaluated
include the following: RW-1 through RW-10, MCM-07, MCM-05, MCM-14, and MCM-06 and its paired
deep vertical delineation well, DPZ-02. Analytical data collected during this sampling event included total
and dissolved arsenic, iron, manganese, major ions, alkalinity, total organic carbon, biological oxygen
demand, and arsenic speciation. Results will be reported in a February 2021 supplemental remedy
selection progress report.

4  GROUNDWATER CORRECTIVE MEASURES
ALTERNATIVES

4.1 Objectives of the Corrective Measures

The effectiveness of potential corrective measures were evaluated using the criteria listed in 40 CFR

§ 257.96(c), including performance, reliability, ease of implementation, potential impacts, time required,
and institutional and public health requirements. The following criteria listed in 40 CFR § 257.97(b) must
be met by the selected corrective measure:

e  Be protective of human health and the environment.
e  Attain applicable GWPSs.

° Control the sources of releases to reduce or eliminate, to the maximum extent feasible, further
releases of Appendix IV constituents to the environment.
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e 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.

e  Comply with standards for management of wastes as specified in § 257.98(d).

Corrective measures selected for evaluation herein for potential use at former AP-1 are anticipated to
satisfy the above criteria to varying degrees of effectiveness.

4.2 Summary of Potential Corrective Measures

The closure of AP-1, as described in Section 1.3, is a source control measure that reduces the potential
for migration of CCR constituents to groundwater. Corrective measures discussed in this ACM are being
evaluated to address an SSL in groundwater downgradient of the permitted boundary.

This section presents potential corrective measures capable of remediating arsenic in groundwater at
AP-1. Each corrective measure is evaluated relative to criteria specified in 40 CFR 8§88 257.96(c)

and 257.97(b). Table 5 provides a comparative screening of the corrective measures discussed in this
section.

The following potential corrective measures are considered in this ACM:
e Geochemical Approaches (In Situ Injection)

¢ In Situ Stabilization/Solidification (ISS)

e Hydraulic Containment (Pump and Treat, or P&T)

e Monitored Natural Attenuation (MNA)

e Permeable Reactive Barrier (PRB)

e Phytoremediation

e Subsurface Vertical Barrier Walls.

4.2.1 Geochemical Approaches (In Situ Injection)

Subsurface in situ injections of reagents are a remediation technology for inorganic constituents. In situ
injections for inorganic constituents may be applied in three modes that influence solubility, mobility,
and/or toxicity of inorganic constituents: (i) ORP (redox) manipulation; (ii) adsorption onto or co-
precipitation with iron oxyhydroxides, other metal oxyhydroxides, or various sulfate compounds under
oxidizing groundwater conditions; and (iii) adsorption to, or coprecipitation with, iron or other metal
sulfides under reducing conditions. This technology requires an understanding of Site subsurface
transport and (geo)chemical characteristics and a thorough understanding of the reaction kinetics to
facilitate that appropriate reagent dosing is applied to the subsurface. Often this technology is field
evaluated in a relatively small area (i.e., a pilot test) to bolster the understanding of these factors prior to
remedial selection, design, and/or implementation.
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Geochemical immobilization of arsenic can occur through a wide variety of mechanisms and under a
variety of geochemical conditions. Potential geochemical immobilization approaches for arsenic may
incorporate biological processes, chemical oxidants or reductants, and/or the introduction of sorbent.

Under oxic conditions, mechanisms for immobilization include oxidation of arsenite to arsenate, enhanced
sorption, and co-precipitation. Potential sorbents include iron and aluminum (oxy)hydroxide mineral
species, which have a high affinity for arsenic, in particular arsenate, limiting mobility. Sorbents can be
introduced directly or generated in the subsurface. For example, iron could be introduced through
placement of zero valent iron (ZVI) or injection of ferric salts (e.qg., ferric chloride [FeClz]) to promote the
formation of ferric hydroxides in situ and result in precipitation and sorption of arsenic (Vu et al. 2003).
Ferric iron adsorbents and precipitates can also be formed through the oxidation of ferrous iron
introduced by injection or already present in groundwater. Potential oxidants include oxygen via sparging,
or chemical oxidants such as persulfate. These oxic approaches are likely challenging under the ambient
geochemical conditions at MCM-06, given the strongly reducing conditions present (see Section 3.2).

Under reducing conditions, arsenic can be immobilized through the formation of reduced arsenic, iron,
and sulfur minerals such as arsenopyrite (FeAsS), orpiment (As2Sz), and realgar (AsS). Cycling of iron
under reducing conditions or at anaerobic/aerobic interfaces can promote co-precipitation. In the case of
ZVI, sorption can be promoted under reducing conditions through oxidation of arsenite to arsenate by the
ZVI1 and sorption onto generated iron oxide surfaces. Precipitation of reduced iron and sulfide minerals
can be promoted through introduction of organic carbon reagents and/or ZVI to stimulate sulfate reduction
and precipitation of arsenic/iron/sulfur minerals, through direct injection of sulfide reagents such as
calcium polysulfide, or through the direct placement of iron and sulfide minerals such as ZVI and ferrous
sulfide. Reduced-phase minerals have a smaller stability field compared to oxidized mineral species,
which can make it difficult to balance the formation of solid phases of arsenic with soluble phases of
arsenic.

In situ injections can be used in isolation but are also compatible with other groundwater corrective
actions that are potentially viable for the former AP-1. For example, in situ injections can be implemented
in smaller, isolated areas, where performance can be readily monitored and additional treatment applied,
if needed; MNA, hydraulic containment, or another technology can be used broadly downgradient of the
former AP-1.

In order to evaluate the applicability of this technology for former AP-1, Site-specific bench-scale and
pilot-scale testing would be necessary. These tests would evaluate the ratios of different additives and
their effect on arsenic mobilization, the potential for undesirable co-reactions (e.g., precipitation of non-
arsenic containing minerals), and the potential for mobilization of other naturally occurring constituents
(e.g., iron and manganese).

Criteria Evaluation

Performance: The performance of in situ injections is considered moderate. Effective immobilization of
arsenic has been shown under aerobic and anaerobic conditions; however, the effectiveness of both
aerobic and anaerobic approaches is uncertain under site specific conditions and would require
additional data and testing. Due to the highly-reducing conditions observed on the Site, generating
oxic conditions with an oxidant and maintaining the long-term stability of immobilized arsenic

arcadis.com



ASSESSMENT OF CORRECTIVE MEASURES REPORT

generated via oxidant may not be achievable. Approaches that rely on reducing conditions are more
compatible with groundwater geochemistry and, therefore, are more viable.

Reliability: Reliability for arsenic attenuation via in situ injections is considered moderate because:
(i) amendment distribution is dependent on the properties (reactivity, particle size, etc.) of the
selected reagents and the permeability and heterogeneity of the subsurface; and (ii) effectiveness of
reagent chemistries for arsenic immobilization varies with site-specific conditions. This would be
considered a reliable technology if injected reagents can be evenly and sufficiently distributed
throughout the selected treatment zone and reagents are effective for site-specific conditions. Bench-
scale treatability studies and/or field-scale pilot testing programs are needed to understand the
biogeochemical processes that would effectively treat arsenic in Site groundwater as well as the
achievable Site-specific reagent distribution. Stability of the precipitated phase may vary based on
conditions of precipitation versus ambient conditions. Immobilization under similar conditions to
ambient, reducing in this case, would promote long-term stability of the immobilized arsenic. Potential
rebound under ambient conditions should be evaluated during the testing program referenced above.
Ongoing monitoring after implementation would be needed.

Ease of Implementation: The ease of implementation for in situ injection is moderate. The installation of
an injection well network or placement of reagents via other injection methods would be required.
Injection of reagents along the existing northern dike is likely feasible, although the workspace is
narrow. The ability and scale over which reagents can be distributed depends on reagent properties,
such as reactivity and, in the case of solid reagents, particle size. The feasibility of implementation will
vary with scale. The injection wells and/or the aquifer matrix (especially where there is low
permeability) have a potential for clogging, particularly with solid phase reagents. Evaluation of the
amendment distribution during injections (i.e., radius of influence) is needed to support full-scale
design.

Potential Impacts: Low impacts are expected if the remedy works as designed based on a thorough pre-
design investigation, geochemical modeling, and bench/pilot study results. Consideration of
groundwater flow to nearby sensitive environments may be needed. This remedial alternative may
unintentionally alter the geochemistry within the aquifer, which may result in the mobilization of other
constituents that require treatment. Short-term risks during remedial activities such as drilling and
operating pressurized injection equipment can be mitigated through appropriate planning and health
and safety (H&S) measures.

Duration: A thorough pre-design investigation, geochemical modeling, and/or bench scale treatability
study and/or field-scale pilot testing may take up to 24 months to obtain design parameters prior to
design and construction of the corrective measure. Once designed, installation of the injection
network can be accomplished relatively quickly (in 1 to 2 months; potentially longer depending on the
scale of the remedy). Once installed, the time for an injection event and distribution of the injected
materials throughout the treatment area can be variable. Following injections, the time required to
achieve GWPS for arsenic is dependent on the attenuation process kinetics of the constituent as well
as amendment longevity, injection layout, and arsenic transport properties. Additional injection events
may be needed to maintain redox conditions and/or address additional flux of impacted groundwater
into the treatment area.
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Institutional Requirements: Deed restrictions may be necessary until in situ treatment has achieved the
GWPS. An Underground Injection Control Permit would be required to implement this corrective
measure. No other institutional requirements are expected at this time.

422 In Situ Stabilization/Solidification

ISS uses amendments such as cement to reduce the bioavailability and mobility of contaminants through
either physical encapsulation (solidification) or a reduction in solubility/mobility (stabilization). It is a
mature technology and has been in used to address both organic and inorganic contaminants including
arsenic and other CCR constituents (Carillo-Sheridan et al. 2017).

Common additives for ISS include Portland cement, cement kiln dust, lime, and lime kiln dust (Interstate
Technology and Regulatory Council [ITRC] 2011). These additives are incorporated in soil or CCR by
mixing with rotary mixers, excavators, augers, or jet grouting. Selection of mixing strategy and additive is
dependent on physical factors (e.g., particle size, hydraulic conductivity), chemical factors (e.g., redox
potential, pH, sorption, leachability), Site conditions, leachate considerations, and environmental attack
and cracking (ITRC 2011).

ISS can be implemented at sites within a discrete source area, or along the boundaries of a CCR
impoundment to reduce the contact between the groundwater and any impacted coal/ash. Treatable
depth depends on the chosen mixing strategy. Prior to implementation, treatability studies would need to
be completed to design a proper stabilization mixture and application methodology.

Criteria Evaluation

Performance: ISS is a proven technology for reducing the leachability and mobility of both organic and
inorganic constituents and can be used above and below the water table. Treatability depth limitations
vary with application method. Within the context of former AP-1, ISS may be used either as a spot-
treatment or as an impermeable barrier along the boundary of the former impoundment. Due to the
size of the potential treatment area, and anticipated diffuse nature of residual arsenic, the
performance of ISS is expected to be moderate. It may be used in conjunction with other treatment
methods to achieve standards.

Reliability: ISS, if properly implemented, has a moderate to high degree of stability, especially if
implemented within a source zone. However, monitoring is typically needed to confirm effectiveness.
Reagents such as Portland cement can cause pH changes, which may cause a release of secondary
contaminants and, therefore, should be monitored during implementation.

Ease of Implementation: The implementation is considered difficult, and the difficulty of implementation
increases with scale. If ISS is applied over a small area in the vicinity of MCM-06, the technology
could be viable, whereas application over a greater scale would become difficult and impractical.
Implementation along the narrow dike would be difficult and likely require widening. Implementation
beyond the dike would be difficult due to the presence of surface water.

Potential Impacts: Overall, potential impacts related to this remedial option are considered low. Short-
term impacts during remedy construction can be mitigated through appropriate planning and health
and safety measures. Changes to groundwater flow patterns due to stabilized media can occur, which
can affect other aspects of the groundwater corrective action. Application of ISS mixture can also
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alter the geochemistry and may result in the mobilization of other constituents that require treatment.
In addition, bulk mixing with reagents can occur.

Duration: Design phase and additional compatibility testing may be required, which may take up to
18 months. Completion of ISS may take an additional 12 to 18 months, depending on the final design
and mixing method. Since this approach would likely not be applied to all of the impacted
groundwater but rather applied to a specific source area to prevent migration, it may take an
extended period of time to complete the remedy.

Institutional Requirements: Deed restrictions may be necessary until groundwater concentrations are
below the GWPS. No other institutional requirements that may limit application of this technology are
expected at this time.

4.2.3 Hydraulic Containment (Pump and Treat)

Hydraulic control/containment (P&T) uses groundwater extraction to establish a hydraulic gradient to
capture and control the migration of groundwater that is impacted by a constituent of concern. P&T uses
extraction wells or trenches to capture groundwater, and typically requires a degree of above-ground
treatment before water can discharge to a receiving water body or sewer system. Groundwater P&T can
often take an extended period of continuous operations to restore groundwater quality.

P&T can be used as a stand-alone remedy, although it is also compatible with the other groundwater
corrective actions that are potentially viable for the former AP-1. The fact that treatment occurs ex-situ
allows for a wider control on design components including mixing and contact time with reagents. Space
for a treatment building and conveyance need to be considered.

Criteria Evaluation

Performance: P&T is an effective, demonstrated technology for hydraulic control. The design of the P&T
system requires groundwater modeling for the well network and potentially, design of an above-
ground treatment system. P&T performance is anticipated to be high with effective implementation.
However, this remedy typically is not immediately effective for the treatment of trace level metals.
There is also a possibility of rebounding when operations cease.

Reliability: Hydraulic containment technologies are moderate to highly reliable. Reliability may also
depend on the operation and performance of an ex-situ treatment system, if needed. System
downtime for maintenance may impact reliability.

Ease of Implementation: P&T is a longstanding, proven approach that requires installation of extraction
wells/trenches, which is relatively straightforward. A variety of treatment technologies exist for ex-situ
treatment of arsenic. However, the level of effort for construction and operations and maintenance
(O&M) is relatively high compared to other options and the ease of implementation is anticipated to
be difficult. O&M requirements are expected to include upkeep of infrastructure components (pumps,
pipes, tanks, instrumentation and controls, above-ground treatment system) and handling of
treatment residuals.

Potential Impacts: Potential impacts are anticipated to be low. Short-term impacts during the
construction of the remedy and long-term impacts during O&M can be mitigated through appropriate
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planning and H&S measures. Groundwater extraction may unintentionally alter the geochemistry
within the hydraulic capture zone.

Duration: A thorough pre-design investigation, flow modeling, bench-scale treatability studies, and/or
field-scale pilot testing (e.g., for update of the ex-situ treatment system, if needed) would be required.
These activities may take 12 to 24 months prior to design, permitting, and construction of the
corrective measure. Once designed, installation of extraction wells and/or trenches can be
accomplished relatively quickly. The initiation of the approach would be contingent on the startup of
the ex-situ treatment infrastructure. Hydraulic containment can be achieved relatively quickly after
startup of the extraction system. However, uncertainty exists with respect to the time to achieve and
maintain the GWPS and to complete operations; additional data collection is needed to better
understand the mobility and attenuation mechanisms for arsenic.

Institutional Requirements: A revision to the current permit may be required to withdraw water (e.g.,
water or consumptive use permit). Depending on the effluent management strategy, modifications to
the existing National Pollutant Discharge Elimination System permit may be required for surface
water discharge. In addition, deed restrictions may be necessary until groundwater concentrations are
below the GWPS.

424 Monitored Natural Attenuation

MNA is defined 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
timeframe that is reasonable compared to that offered by other more active methods (USEPA 2007). The
processes by which MNA can occur include physical, chemical, or biological processes that can act
without human intervention to reduce the mass, toxicity, mobility, volume, or concentration of
contaminants in soil or groundwater. Examples of in situ MNA processes for inorganics such as arsenic
include sorption, dispersion, dilution, redox transformation, and precipitation (USEPA 2015). MNA can be
applied both as a stand-alone strategy or as a polishing step coupled with other technologies.

According to USEPA guidance (2015), a four-tiered approach should be used to establish whether MNA
can be successfully implemented at a given site. The tiers include the following (USEPA 1999, 2007):

1. Demonstrate that the extent of groundwater impacts is stable.
2. Determine the mechanisms and rates of attenuation.

3. Determine whether the capacity of the aquifer is sufficient to attenuate the mass of constituents in
groundwater such 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.

Criteria Evaluation

Performance: Moderate. Under the conditions of Site groundwater, potential arsenic attenuation
mechanisms include sorption, precipitation, oxidation-reduction reactions, dilution and dispersion.
Under the reducing conditions present at MCM-06, sorption of arsenic species, including arsenite, are
likely occurring, as well as potential precipitation in reduced iron and sulfide minerals. Downgradient
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of MCM-06, there are likely redox gradients where anaerobic conditions promote oxidation of arsenic,
enhanced sorption, and potential for co-precipitation with iron oxides. The slow groundwater velocity
and tidal gradient fluctuations further promote attenuation of arsenic concentrations with distance
from MCM-06. Additional characterization would be needed to fully understand the attenuation
processes and performance.

Reliability: The reliability of MNA is moderate to high as long as aquifer attenuation capacity is present
and aquifer conditions that result in attenuation remain favorable and/or are being enhanced.
Monitoring well rehabilitation, replacement, or repair may be needed long-term. Due to its location
along the coast, large weather events such as hurricanes may cause fluctuations in groundwater
conditions that affect attenuation processes (Northrup et al. 2017).

Ease of Implementation: Implementation of MNA at the former AP-1 is relatively easy with respect to
infrastructure since the well network for MNA is already in place, although additional wells are
typically needed to monitor progress in select areas. Additional data would be needed to show that
the existing aquifer attenuation capacity is sufficient to meet to achieve the GWPS within a
reasonable timeframe.

Potential Impacts: Potential impacts of the remedy will be negligible because MNA relies on natural
processes active in the aquifer matrix without significant disturbance to the surface or subsurface.

Duration: Implementation of the MNA remedy would require time for additional data collection and
documentation, even though an existing monitoring network is already in place. The additional data
collection activities may take up to 24 months to complete. The additional data would be needed for
statistical analysis and to evaluate whether additional monitoring wells need to be installed to
supplement the existing monitoring network.

Institutional Requirements: Deed restrictions may be necessary until natural attenuation processes
have achieved the GWPS. No other institutional requirements that may limit application of MNA are
expected at this time.

425 Permeable Reactive Barriers

PRBs are defined as in situ permeable treatment zones, designed to intercept and remediate a
contaminant plume (ITRC 2011). These permeable zones contain reactive media that can address
contaminants through manipulating redox conditions (e.g. zero-valent iron, organic substrates) or
promoting ionic exchange/sorption (e.g. clays, zeolites, peat moss). One major advantage with PRBs is
that they can be a passive strategy. It has been used successfully in the past to treat arsenic-containing
water and other constituents associated with CCR sites (ITRC 2011; Ludwig et al. 2006). Depending on
water chemistry and hydrogeologic conditions at the Site, early breakthrough of constituents can occur.
Thorough Site geochemistry characterization, in addition to bench-scale and pilot testing, is required to
confirm that effective media are identified prior to implementation.

PRB installation can be completed using either conventional excavation methods, one-pass trenching
method, or trenchless injected emplacement. For trenching methods, the trench must be deep enough in
order to intercept the water table and dissolved-plume contaminants and is typically keyed into a deeper
low permeable unit such as clay or bedrock. Depth of implementation varies with construction method.
After excavation, the trenches are then filled with the specified reactive media mixture. Replaceable
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media cartridges may be considered if replacements are anticipated to be frequent due to fouling.
Contaminated water is treated by passively flowing through the reactive media based on the natural
hydraulic gradient. PRBs can be combined with impermeable slurry walls to direct groundwater through
permeable treatment zones, which can save on construction and long-term maintenance. Subsurface
investigations, reactive media, and compatibility testing would be needed prior to implementation.

Criteria Evaluation

PRBs can serve as stand-alone technologies but are also compatible with the other groundwater
corrective actions that are potentially viable for the former CCR Unit.

Performance: The performance of a PRB is anticipated to be moderate to high. PRBs have been shown
to effectively address arsenic in groundwater. Due to the elevated salts and alkalinity in groundwater
at MCM-06, there is a risk for scaling and fouling of the reactive media, which will need to be
considered during design. Performance may be affected by tidal cycles. Finally, delineation data will
need to be collected to design an effective placement of a PRB.

Reliability: Moderate to high. A PRB is a reliable groundwater corrective measure with proper
implementation and has been demonstrated effective for arsenic. However, loss of reactivity over
time may require media replacement depending on the duration of the remedy. The brackish nature
of Site groundwater may exacerbate this issue. Additional data collection, including conducting a
laboratory treatability test and/or field pilot study, would be needed to better characterize current
attenuation mechanisms and/or select the appropriate reactive media mix for a PRB wall.

Ease of Implementation: Implementation of a PRB is considered moderate to difficult. The practical
location for the PRB is along the northern dike. Construction using trenching methods would be
difficult on the narrow dike and would potentially require widening the dike. A relatively low
permeability unit at 37 to 45 feet bgs in the vicinity of MCM-06 is present to key the PRB into (see
Appendix C), but continuity must be confirmed. The presence of flowing sands may complicate the
trenching process. Injection-style emplacements would likely be more feasible along the dike. Once
installed, treatment would be passive and O&M requirements would be minimal, with the exception of
media replacement.

Potential Impacts: Low impacts are expected if the remedy works as designed, based on a thorough
pre-design investigation, geochemical modeling, and geophysical testing. Short-term impacts during
the construction of the remedy can be mitigated through appropriate planning and H&S measures.
Consideration of groundwater flow to nearby sensitive environments may be needed. This remedial
alternative may unintentionally alter the geochemistry within the wall, which may result in the
mobilization of other constituents that require treatment.

Duration: Installation of a PRB can be accomplished relatively quickly (in 6 to 12 months), depending on
the final location and configuration. However, bench-scale treatability studies and/or compatibility
testing would be required to obtain design parameters prior to design and construction of the remedy.
These processes may take up to 24 months. Media may need to be replaced periodically to maintain
reactive conditions and/or address additional flux of impacted groundwater into the PRB.

arcadis.com
15



ASSESSMENT OF CORRECTIVE MEASURES REPORT

Institutional Requirements: Deed restrictions may be necessary until groundwater concentrations are
below GWPS. No other institutional requirements that may limit installation of a PRB are expected at
this time.

4.2.6 Phytoremediation

Phytoremediation is a remedial alternative that uses plants to remove, transfer, or immobilize inorganic
contaminants in environmental media. This technique is often more effective when contaminants are at
relatively low to moderate concentrations over a large area and at shallow depths that are accessible by
plant roots. However, the TreeWell® system, which is a proprietary system developed by Applied Natural
Science, allows implementation at depth by utilizing a specialized lined planting unit constructed with
optimum planting media to promote downward growth to focus extraction on the target depth interval. For
arsenic, phytoremediation can work through both phytosequestration of arsenic as well as through
hydraulic control through the ability of the plants to capture and evaporate water. The effectiveness of
groundwater remediation using traditional phytoremediation approaches can be limited by the soil
conditions on Site, the target depth of treatment, the climate and ambient water quality, and the
availability of appropriate vegetation for remediation. Effectiveness may also be limited to the growing
season.

Phytoremediation has the advantages of minimal long-term O&M requirements and no above-ground
water management infrastructure. It also has relatively low capital costs. Phytoremediation requires space
and time to reach remediation goals. Because of the limitations, a thorough site assessment and pilot
testing must be completed to confirm that such a treatment will reach remedial goals and objectives
(Hettiarachchi et al. 2012).

Criteria Evaluation

Performance: The performance of a phytoremediation is anticipated to be low. While phytoremediation
has been shown to have a degree of success treating deep contamination, the site features may
prove challenging for implementation of these deeper phytoremediation technologies. Additionally,
the brackish groundwater quality may limit the types of hyper-accumulative plants that are able to
grow. In addition, although the occurrence of tropical storms and hurricanes is infrequent, a
phytoremediation system would be susceptible to damage and disruption by high winds.

Reliability: Phytoremediation is anticipated to have low to moderate reliability as a groundwater
corrective measure due to the depth of the contamination and challenges for implementation at depth
at the site. The well where SSLs for arsenic were identified (MCM-06) is screened approximately
25 feet bgs, which is outside of the typical rooting depth for common arsenic hyperaccumulators.

Ease of Implementation: Implementation of phytoremediation is considered difficult. The practical
location for use of phytoremediation to capture arsenic and reduce concentrations at the compliance
boundary is along the northern dike. Given the depths of the impacts, a TreeWell® system would be
required. TreeWells® are installed in 3- to 5-foot-diameter boreholes extending to the target depth.
Drilling borings within the narrow width of the dike may be challenging and require widening the dike.
Depending on the number of TreeWells® and borings required, the construction could impact the
stability of the dike. The presence of flowing sands and brackish water chemistry may complicate the
installation process and viability of plants.
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Potential Impacts: Phytoremediation typically has low expected impacts. Depending on the
phytoremediation strategy, disposal methods for vegetation with bioaccumulated arsenic may need to
be considered. Short-term impacts during the construction of the remedy can be mitigated through
appropriate planning and H&S measures.

Duration: Installation of a phytoremediation system can be accomplished relatively quickly (in 6 to
12 months), depending on the final location and configuration. However, treatability studies and pilot
testing would be required to design an effective treatment. These studies may take up to 24 months.
Once installed, the time to achieve the GWPS downgradient of the phytoremediation system is
anticipated to be long and can take multiple years before system is treating at design capacity.

Institutional Requirements: Deed restrictions may be necessary until groundwater concentrations are
below the GWPS. No other institutional requirements that may limit installation of a phytoremediation
are expected at this time.

427 Subsurface Vertical Barrier Walls

Subsurface vertical barrier walls have been used for seep control and groundwater cutoff at
impoundments and waste disposal units for more than three decades. In general, barrier walls are
designed to provide containment; localized treatment achieved through the sorption or chemical
precipitation reactions from construction of the walls are incidental to the design objective.

This approach involves placing a barrier to groundwater flow in the subsurface, frequently around the
source area (or the downgradient limits of the source area), to prevent future migration of dissolved
constituents in groundwater from beneath the source to downgradient areas. Barrier walls are typically
keyed into a lower confining unit. Barrier walls can also be used in downgradient applications to limit
discharge to surface water or to reduce aquifer recharge from adjacent surface water features when
groundwater extraction wells are placed near a surface water feature. Barrier walls can also be used to
direct flow toward remedial components such as PRBs through what is called a “funnel and gate” system.

A variety of barrier materials can be used, including cement and/or bentonite slurries or various mixtures
of soil with cement or bentonite, geomembrane composite materials, or driven materials such as steel or
vinyl sheet pile. Slurry walls are typically constructed with a soil, bentonite, and water mixture which forms
a low permeability and high chemical resistant barrier. Other wall compositions can exist (e.g.,
cement/bentonite, slurry/geomembrane composites), depending on chemical compatibilities with Site
contaminants (ITRC 2011).

The installation of these low-permeability walls is similar to the methods described for PRBs in

Section 4.2.5. In general, the applicability of slurry walls is limited by the depth of installation, which is
approximately 90 feet bgs. However, Site-specific geologic and technology-specific considerations may
limit this depth to shallower installations. Groundwater pumping is required upgradient of the barrier wall
to maintain an inward hydraulic gradient. The extracted groundwater would likely require treatment in an
above-ground treatment system.

Criteria Evaluation

Performance: Moderate. Barrier walls are a proven technology for seepage control and/or groundwater
cutoff at impoundments. Sheet pile walls are limited by the depth of installation, which is typically
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approximately 60 to 65 feet bgs with a single sheet. Within the context of former AP-1, a barrier wall
as the sole remedial measure would likely be moderately effective. An alternative use of this strategy
is in a “funnel and gate” system with a PRB. As such, groundwater with arsenic above the GWPS
could be directed to “treatment gates” for passive treatment (in a PRB). Additional subsurface
investigations and compatibility testing with groundwater from former AP-1 would be needed prior to
selection and implementation. Performance may be affected by the fluctuating groundwater flow
directions during tidal cycles.

Reliability: Subsurface barrier walls are highly reliable as a barrier to groundwater flow with proper
installation. O&M requirements can range significantly, depending on whether groundwater extraction
and subsequent treatment from inside the wall is required.

Ease of Implementation: The implementation is considered moderate to difficult due to the limited space
for construction activities along the dike. Widening of the dike would likely be necessary prior to
implementation. A relatively low permeability unit at 37 to 45 feet bgs in the vicinity of MCM-06 is
present to key the barrier into, but continuity needs to be confirmed. The presence of flowing sands
may complicate the trenching process. Jet-grouting is another alternative but is typically more difficult
as compared to other barrier wall installation methods. Depending on design, groundwater extraction
may be needed, because of the inflow of water from the mainland and island.

Potential Impacts: Low impacts are expected following the construction of the remedy. Short-term
impacts during remedy construction can be mitigated through appropriate planning and health and
safety measures. Changes to groundwater flow patterns due to installation of the barrier wall are
expected and may require dewatering.

Duration: Design phase and additional compatibility testing may be required, which may take up to
24 months. Installation of a barrier wall can be accomplished relatively quickly (in 6 to 12 months),
depending on the final location and configuration. Once installed, preventing migration of constituents
in groundwater is anticipated to be similar to a companion technology (e.g., PRBs or P&T). Since this
approach does not treat the downgradient area of impacted groundwater but rather prevents
migration from a source area, it will likely have to be maintained long-term and coupled with other
approaches.

Institutional Requirements: Deed restrictions may be necessary until groundwater concentrations are
below the GWPS. No other institutional requirements that may limit application of this technology are
expected at this time.

5 REMEDY SELECTION PROCESS

The purpose of this ACM is to begin the process of selecting corrective measure(s) for groundwater using
the criteria outlined in § 257.96 and Georgia Rule 391-3-4-.10(6)(a). The below sections present the pond
closure and site management strategy, additional data gathering, schedule, reporting, and next steps.

5.1 Pond Closure and Site Management Strategy
Pond closure at Plant McManus is considered complete because Georgia Power closed former AP-1 at

Plant McManus in 2019 via CCR removal and disposal at an offsite permitted landfill (Section 1.3). The
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current conceptual model may need to be refined and/or updated as more data are collected and
analyzed.

Georgia Power plans to proactively utilize adaptive management for Plant McManus to support the
remedial strategy and to address changes in former CCR Unit conditions (e.g., successful reduction of
constituent concentrations or changing trends) as appropriate. Under an adaptive management strategy:

e A corrective measure will be installed or implemented to address current conditions.

e The performance of the corrective measure will be monitored, evaluated, and reported at least semi-
annually.

e The conceptual model will be updated as more data are collected.

e Adjustments and augmentations will be made to the corrective measure(s), as needed, to promote
meeting performance criteria and remedial goals.

5.2 Additional Data Gathering

Additional data collection, analysis and Site-specific evaluations are necessary to refine the conceptual
site model and to evaluate the feasibility of each corrective measure presented within this ACM with the
goal of selecting an appropriate groundwater corrective measure. Some of the data needed to refine the
conceptual site model may be collected concurrent with routine groundwater monitoring events under the
assessment monitoring program or during supplementary sampling, if required. However, additional data
collection that includes geochemical studies of the groundwater and aquifer media, geochemical and/or
groundwater flow or fate and transport modeling, material compatibility testing, bench scale studies, and
pilot tests may require approximately 18 to 24 months to complete. Once sufficient data are available to
arrive at a focused number of corrective measures or a combination of corrective measures that would
provide an effective groundwater remedy, necessary steps will be taken to implement a remedy at the
Site in accordance with 40 CFR § 257.98.

Corrective Action Groundwater Monitoring Program

Concurrent with design of a groundwater remedy, a corrective action groundwater monitoring program will
be developed in accordance with 40 CFR § 257.98(a)(1). The design of the monitoring program will
consider the following: (i) meeting the assessment monitoring requirements of the CCR rules; (ii)
documenting the effectiveness of the corrective action remedy; and (iii) demonstrating compliance with
the GWPS established for the former AP-1. In addition, the groundwater monitoring program will include
adaptive monitoring thresholds that will be used to evaluate whether changes to the remedy system
should be considered based on changing conditions.

5.3 Schedule, Reporting, and Next Steps

Georgia Power is preparing semi-annual progress reports to document groundwater conditions at Plant
McManus, results associated with additional data collection, and the progress in selecting and designing
the remedy in accordance with 40 CFR § 257.97(a). An addendum to this report will be submitted in
February 2021 with the semi-annual report to align schedules and will be reported semi-annually
thereafter.

arcadis.com
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ASSESSMENT OF CORRECTIVE MEASURES REPORT

At least 30 days prior to the selection of remedy or remedies, a public meeting to discuss the results of
the corrective measures assessment will be held pursuant to 40 CFR § 257.96(e). The final remedy
selection report will be developed as outlined in § 257.97(a). Once the remedy has been selected, the
implementation of the remedy will be initiated in accordance with 40 CFR § 257.98.
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Table 1A

Monitoring Well Network

Assessment of Corrective Measures Report
Georgia Power Company

Plant McManus Former Ash Pond 1
Brunswick, Georgia

Top of Casing Top of Screen Bottom of Screen

Ground Surface Total Depth*

Well ID Well Function Northing (ft)* Easting (ft)! Elevation? Elevation2® (ft BTOC) Elevation? Elevation?
(ft NAVD 88) (ft NAVD 88) (ft NAVD 88)
MCM-01 Upgradient Monitoring 443727.31 852732.08 8.63 5.70 27.32 -7.93 -17.93
MCM-02 Upgradient Monitoring 444496.53 852663.64 11.25 8.25 27.35 -5.22 -15.22
MCM-04 Downgradient Monitoring 444804.73 851695.27 12.39 9.50 28.57 -5.18 -15.18
MCM-05 Downgradient Monitoring 444716.63 851309.91 10.04 7.80 28.05 -7.25 -17.25
MCM-06 Downgradient Monitoring 444407.22 850782.11 10.15 7.87 27.20 -6.27 -16.27
MCM-07 Downgradient Monitoring 444059.38 850195.96 10.20 7.52 23.75 -2.76 -12.76
MCM-11 Upgradient Monitoring 442429.80 851072.91 10.23 7.52 24.00 -3.34 -13.34
MCM-12 Downgradient Monitoring 442821.17 851312.45 11.87 8.99 29.00 -6.12 -16.12
MCM-14 Downgradient Monitoring 443358.82 852317.59 11.50 8.66 28.11 -6.23 -16.23
MCM-15 Upgradient Monitoring 444825.53 851949.02 12.84 10.18 26.60 -4.53 -14.53
MCM-16 Upgradient Monitoring 444551.32 852716.60 16.02 13.04 28.39 -1.72 -11.72
MCM-17 Downgradient Monitoring 443074.41 851899.68 11.49 9.09 27.44 -4.81 -14.81
MCM-18 Upgradient Monitoring 442067.07 851698.41 9.00 6.01 27.86 -8.76 -18.76
MCM-19 Upgradient Monitoring 441157.82 852338.86 8.71 5.77 28.32 -9.53 -19.53
MCM-20 Upgradient Monitoring 440944.40 852185.15 10.07 7.07 23.05 -2.98 -12.98
DPZ-02 Vertical Delineation 444391.02 850757.94 9.54 7.34 43.46 -28.84 -33.84
Notes:

1. Georgia State Plane - East Coordinates.

2. NAVD 88 - North American Vertical Datum of 1988
3. Ground Surface measured at the mag nail in the concrete pad

4. ft BTOC - feet below top of casing
Data source: Resolute 2020a



Table 1B

Piezometers and Dewatering Wells
Assessment of Corrective Measures Report

Georgia Power Company

Plant McManus Former Ash Pond 1

Brunswick, Georgia

Well ID

Well Function

Northing (ft)*

Easting (ft)"

Top of Casing
Elevation?
(ft NAVD 88)

Ground Surface
Elevation?®

Total Depth*
(ft BTOC)

Top of Screen
Elevation®
(ft NAVD 88)

Bottom of Screen

Elevation?

(ft NAVD 88)

MW-01R Piezometer 443632.5586 852715.1308 12.61 NA 27.44 0.17 -14.83
MW-02 Piezometer 443354.3859 852304.1959 11.10 NA 26.80 -0.70 -15.70
MW-03 Piezometer 443081.3356 851904.8549 11.26 NA 27.00 -0.60 -15.60
MW-04 Piezometer 442854.6307 851408.1446 9.20 NA 27.40 -3.00 -18.00
MW-05 Piezometer 442578.1982 850752.3477 13.24 NA 27.60 0.90 -14.10
MW-06R Piezometer 442378.5335 850499.0375 13.25 NA 20.00 3.25 -6.75
MW-07 Piezometer 442792.9894 850224.3520 9.94 NA 21.50 3.40 -11.60
MW-08 Piezometer 443310.0596 849977.9965 8.95 NA 27.70 -3.70 -18.70
MW-09 Piezometer 443736.7716 849920.8976 10.10 NA 24.20 0.80 -14.20
MW-10 Piezometer 444045.1224 850181.4059 10.24 NA 27.10 -2.80 -17.80
MW-11 Piezometer 444359.5263 850709.3205 10.42 NA 32.20 -8.20 -23.20
MW-12 Piezometer 444667.3620 851186.9003 10.08 NA 32.30 -8.60 -23.60
MCM-03 Piezometer 444414.88 851984.67 9.97 7.10 27.70 -7.73 -17.73
MCM-08 Piezometer 443758.80 849716.96 9.42 6.55 28.29 -8.39 -18.39
MCM-09 Piezometer 443252.16 850147.75 Abandoned

MCM-10 Piezometer 442791.88 850453.05 11.75 8.61 23.96 -1.25 -11.25
MCM-13 Piezometer 443030.23 851826.19 12.56 9.79 27.46 -4.90 -14.90
Pz-01 Piezometer for Dewatering 444127.6813 850308.3200 Abandoned

PZ-02 Piezometer for Dewatering 444196.6588 850423.4598 Abandoned

PZ-03 Piezometer for Dewatering 444264.8108 850540.0935 Abandoned

PZ-04 Piezometer for Dewatering 444335.4506 850656.4801 Abandoned

PZ-05 Piezometer for Dewatering 444471.1060 850888.7994 Abandoned

PZ-06 Piezometer for Dewatering 444538.4862 851005.4620 Abandoned

Pz-07 Piezometer for Dewatering 444605.9569 851121.6527 Abandoned

PZ-08 Piezometer for Dewatering 444674.4265 851238.6722 Abandoned

PZ-09 Piezometer 444082.13 849471.64 9.41 6.57 24.05 -4.56 -14.56
PZ-10 Piezometer 444949.09 851673.98 12.17 9.74 2291 -0.66 -10.66
Pz-11 Piezometer 443222.86 849280.51 9.37 6.57 19.08 -4.63 -9.63
PZ-12 Piezometer 443593.34 849396.87 7.90 5.02 18.70 -5.72 -10.72
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Table 1B

Piezometers and Dewatering Wells
Assessment of Corrective Measures Report
Georgia Power Company

Plant McManus Former Ash Pond 1
Brunswick, Georgia

Top of Casing a Top of Screen Bottom of Screen
. . q . q g Ground Surface Total Depth T 5
Well Function Northing (ft) Easting (ft) Elevation Elevation?® (ft BTOC) Elevation Elevation
(ft NAVD 88) (ft NAVD 88) (ft NAVD 88)
DPZ-01 Piezometer 444695.71 851277.40 9.71 7.36 40.78 -25.99 -30.99
DPZ-03 Piezometer 444073.16 850218.83 9.46 7.34 47.57 -33.03 -38.03
DPZ-04 Piezometer 443062.60 851881.94 11.45 7.04 51.23 -34.70 -39.70
DPZ-05 Piezometer 443376.32 852342.11 11.00 8.96 51.20 -35.12 -40.12
DPZ-06 Piezometer 444614.79 851846.27 12.04 8.60 40.50 -23.38 -28.38
RW-1 Dewatering for Construction 444094.0012 850251.1636 9.39 9.59 26.42 -2.61 -12.61
RW-2 Dewatering for Construction 444161.8377 850367.2034 9.96 NA 27.27 -2.83 -12.83
RW-3 Dewatering for Construction 444228.4307 850479.7659 9.89 NA 32.29 -3.07 -13.07
RW-4 Dewatering for Construction,  444299.3305 850599.2604 9.49 NA 26.88 -2.97 -12.97
RW-5 Dewatering for Construction 444369.6765 850714.2378 10.11 NA 37.22 -2.92 -22.92
RW-6 Dewatering for Construction 444436.3732 850831.7225 10.25 NA 36.58 -2.67 -22.67
RW-7 Dewatering for Construction 444504.5857 850949.3512 10.19 NA 38.17 -7.69 -22.69
RW-8 Dewatering for Construction 444572.9068 851064.4671 10.22 NA 31.62 -2.80 -17.80
RW-9 Dewatering for Construction 444641.6045 851181.2956 10.26 NA 37.71 -7.66 -22.66
RW-10 Dewatering for Construction 444706.8701 851295.5011 10.56 NA 37.80 -7.54 -22.54
Notes:

1. Georgia State Plane - East Coordinates.

2. NAVD 88 - North American Vertical Datum of 1988

3. Ground Surface measured at the mag nail in the concrete pad
4. ft BTOC - feet below top of casing

PZ-01 through PZ-09 abandoned 2019, MCM-09 abandoned 2020
Data source: Resolute 2020a



Table 2

Groundwater Protection Standards
Georgia Power Company

Plant McManus Former Ash Pond 1
Brunswick, Georgia

Constituent Name Background Limit Federal GWPS State GWPS
Antimony mg/L 0.003 0.006 0.006
Arsenic mg/L 0.031 0.031 0.031
Barium mg/L 0.22 2 2
Beryllium mg/L 0.021 0.021 0.021
Cadmium mg/L 0.0025 0.005 0.005
Chromium mg/L 0.011 0.1 0.1
Cobalt mg/L 0.036 0.036 0.036
Combined Radium - 226/228 pCi/L 55.8 55.8 55.8
Fluoride mg/L 15 4 4
Lead mg/L 0.005 0.015 0.005
Lithium mg/L 0.03 0.04 0.03
Mercury mg/L 0.0007 0.002 0.002
Molybdenum mg/L 0.01 0.1 0.01
Selenium mg/L 0.15 0.15 0.15
Thallium mg/L 0.001 0.002 0.002

Notes:

GWPS = Groundwater Protection Standard

mg/L = milligrams per liter
pCi/L = picoCuries per liter
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Table 3
Single Well Hydraulic Conductivity Test Results
Georgia Power Company
Plant McManus Former Ash Pond 1
Brunswick, Georgia

well ID Slug In Slug Out Average K

(cm/sec) (cm/sec) (cm/sec)
MCM-01 not reported 1.82E-03 1.82E-03
MCM-02 9.82E-04 1.08E-03 1.03E-03
MCM-04 4.65E-04 5.89E-04 5.27E-04
MCM-05 2.47E-03 2.92E-03 2.70E-03
MCM-06 not reported 1.86E-03 1.86E-03
MCM-07 not reported 1.85E-04 1.85E-04
MCM-08 2.44E-04 2.55E-04 2.49E-04
MCM-09 9.31E-05 8.04E-05 8.67E-05
MCM-10 1.89E-04 1.51E-04 1.70E-04
MCM-12 9.19E-05 9.89E-05 9.54E-05
MCM-13 not reported 9.59E-04 9.59E-04
MCM-14 not reported 2.88E-03 2.88E-03
MCM-15 1.61E-03 1.81E-03 1.71E-03
MCM-16 2.35E-03 2.56E-03 2.46E-03
MCM-17 2.35E-03 3.45E-03 2.90E-03
MCM-18 1.12E-03 1.07E-03 1.09E-03
MCM-19 9.73E-04 1.07E-03 1.02E-03
MCM-20 4.45E-04 2.81E-04 3.63E-04

Notes:

Hydraulic conductivity (K) is shown in units of centimeter per second (cm/sec).

Slug tests conducted in July and August of 2018.

Source:

Resolute Environmental & Water Resources Consulting. 2020. Hydrogeologic Assessment Report - Plant McManus Former Ash

Pond 1. Prepared for Georgia Power. April 2020.
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Table 4
June 2020 Supplemental Sample Results
Georgia Power Company

Plant McManus Former Ash Pond 1
Brunswick, Georgia

Al DPZ-2 MCM-06 MCM-07
6/16/2020 6/16/2020 6/16/2020

Boron mg/L 2.1 2 1.7
Calcium mg/L 245 234 254
Chloride mg/L 7780 7760 7580
Sulfate mg/L 970 663 961
Sulfide mg/L 37.9 0.41 33.9
Total Dissolved Solids (TDS) mg/L 20100 17800 17900
Lithium mg/L 0.096 0.12 0.047
Arsenic mg/L -- 0.51 --
Total Organic Carbon (TOC) mg/L 6.7 9.6 14.5
Biological Oxygen Demand (BOD) mg/L 134 77.6 3.2
Iron (total) mg/L <0.042 0.046 0.088
Iron (dissolved) mg/L <0.05 <0.05 <0.05
Ferrous Iron mg/L <0.084 <0.084 <0.084
Ferric Iron mg/L <0.25 <0.25 <0.25
Magnesium (total) mg/L 578 624 640
Manganese (total) mg/L 0.28 0.29 0.20
Manganese (dissolved) mg/L 0.26 0.26 0.19
Potassium (total) mg/L 162 157 156
Sodium (total) mg/L 4840 4840 4680
Alkalinity (bicarbonate) mg/L 391 725 276
Alkalinity (carbonate) mg/L <5.0 <5.0 <5.0
gl;acl:lglst];; (total as calcium carbonate mgiL 391 795 276

Field Parameters
pH SuU 7.22 6.87 6.33
Temperature °C 22.11 22.19 22.29
Specific conductivity puS/cm 20150 25679 21850
Dissolved Oxygen mg/L 0.11 0.14 0.17
Turbidity NTU 0.58 0.88 1.73
Oxygen Reduction Potential (ORP) mV -163.2 -310.5 -198.9
Depth to water feet 7.38 8.03 8.82
Salinity PSU 12.18 15.87 13.31

Notes:

-- = not sampled

< = analyte not detected in sample. Laboratory reporting limit provided.
Abbreviations:

°C = degrees Celsius

mg/L = milligram per liter

mV = millivolt

PSU = practical salinity unit

pS/cm = microSiemens per centimeter
NTU = nephelometric turbidity unit
SU = standard unit
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Table 5

Remedy Evaluation Summary

Assessment of Corrective Measures Report
Georgia Power Company

Plant McManus Former Ash Pond 1, Brunswick, Georgia

Technology

Description

Performance Reliability
40 CFR 257.96(c)(1) 40 CFR 257.96(c)(1)

Evaluation Criteria

Ease of Implementation
40 CFR 257.96(c)(1)

Geochemical
Manipulation
(In Situ Injection)

Injection of a chemical or
organic substrate to alter
geochemical conditions to
those more favorable for
immobilization of arsenic.

Moderate: Effective immobilization of arsenic has been demonstrated under
aerobic and anaerobic conditions; however, the effectiveness of both
aerobic and anaerobic approaches is uncertain under site-specific
conditions and would require additional data and testing. Remedial
approaches to reducing constituents are typically more compatible with
groundwater geochemistry and, therefore, are more viable than oxic
remedial approaches.

Moderate: Reliability depends on: (i) the amendment distribution as a
function of properties (reactivity, particle size, etc.) of the selected
reagents and the permeability and heterogeneity of the subsurface; and
(ii) the effectiveness of reagent chemistries for arsenic immobilization,
which vary according to site-specific conditions. The approach has not
been extensively used in field applications, and the most applicable
methodology would require bench- and/or pilot-scale treatability testing.
Stability of the precipitated phase may vary based on conditions of
precipitation versus ambient conditions. Immobilization under similar
conditions to ambient, reducing in this case, would promote long-term
stability of the immobilized arsenic.

Moderate: The installation of an injection well network or placement of
reagents via other injection methods would be required. Injection of reagents
along the existing northern dike is likely feasible, although the workspace is
narrow. The ability and scale over which reagents can be distributed depends
on reagent properties, such as reactivity and, in the case of solid reagents,
particle size. The feasibility of implementation will vary with scale. There is
potential for clogging. An evaluation of the amendment distribution during
injections (i.e., radius of influence) is needed to support full-scale design.

In Situ
Stabilization/
Solidification (ISS)

Use of amendments such as
cement to reduce the
bioavailability and mobility of
contaminants through either
physical encapsulation
(solidification) or a reduction
in solubility/mobility
(stabilization).

Moderate: ISS is a proven technology for reducing the leachability and
mobility of inorganic constituents above and below the water table but may
be limited due to the potential size of the treatment area. Treatability depth
limitations vary with application method. Within the context of former AP-1,
ISS may be used either as a spot-treatment or as an impermeable barrier
along the boundary of the former impoundment. Due to the size of the
potential treatment area, and anticipated diffuse nature of residual arsenic,
the performance of ISS is expected to be moderate. It may be used in
conjunction with other treatment methods to achieve standards

Moderate to High: Monitoring is typically needed to confirm ISS
effectiveness. Reagents such as Portland cement can cause pH
changes, which may cause a release of secondary contaminants, which
should also be monitored during implementation.

Difficult: The difficulty of ISS implementation increases with scale. If ISS is
applied over a small area in the vicinity of MCM-06, the technology could be
viable, whereas application over a greater scale would become difficult and
impractical. ISS implementation along the narrow dike would be difficult and
likely require widening.

Hydraulic
Containment

Use of a groundwater
extraction system with a
surface treatment system to
remove target analytes from
the subsurface and/or to
control/prevent constituent
migration.

High: Pump and treat (P&T) is an effective, demonstrated technology for
hydraulic control. The design of the P&T system requires groundwater
modeling for the well network and, potentially, design of an above-ground
treatment system. However, this remedy typically is not immediately
effective for the treatment of trace level metals. There is also a possibility of
rebounding when operations cease.

Moderate to High: Reliability may also depend on the operation and
performance of an ex-situ treatment system, if needed. System
downtime for maintenance may impact reliability.

Difficult: P&T is a longstanding, proven approach that requires installation of
extraction wells/trenches. A variety of treatment technologies exist for ex-situ
treatment of arsenic. The level of effort for construction and operations and
maintenance (O&M) is relatively high compared to other options and requires
onsite staff.

Monitored Natural
Attenuation
(MNA)

A remedial solution that takes
advantage of natural
attenuation processes to
reduce constituents in soil
and groundwater.

Moderate: Under the conditions of site groundwater, potential arsenic
attenuation mechanisms include sorption, precipitation, oxidation-reduction
reactions, dilution, and dispersion. Under the reducing conditions present at
MCM-06, sorption of arsenic species, including arsenite, are likely occurring,
as well as potential precipitation in reduced iron and sulfide minerals.
Downgradient of MCM-06, there are likely redox gradients where aerobic
conditions promote oxidation of arsenic, enhanced sorption, and potential
for co-precipitation with iron oxides. The slow groundwater velocity and tidal
gradient fluctuations further promote attenuation of arsenic concentrations
with distance from MCM-06. Additional characterization would be needed to
fully understand the attenuation processes and performance.

Moderate to High: The reliability of MNA is moderate to high as long as
aquifer attenuation capacity is present and aquifer conditions that result
in attenuation remain favorable and/or are being enhanced. Long-term
monitoring well rehabilitation, replacement, or repair may be needed.
Due to its location along the coast, large weather events such as
hurricanes may cause fluctuations in groundwater conditions that affect
attenuation processes (Northrup et al. 2017).t

Easy: A well network for MNA is already in place. Additional wells may be
needed to monitor progress in select areas. Additional data would be needed
to show that the existing aquifer attenuation capacity is sufficient to achieve
the Groundwater Protection Standard (GWPS) within a reasonable
timeframe.

Permeable
Reactive
Barrier
(PRB)

Use of reactive material that
extends below the water table
to intercept and treat
groundwater.

Moderate to High: PRBs have been shown to effectively address arsenic in
groundwater. Performance may be affected by tidal cycles. Due to the
elevated salts and alkalinity in groundwater at MCM-06, there is a risk for
scaling and fouling of the reactive media, which will need to be considered
during design. Delineation data will need to be collected to design an
effective placement of a PRB.

Moderate to High: A PRB has been demonstrated effective for arsenic.
Loss of reactivity over time, potentially exacerbated by brackish
groundwater at the site, may require media replacement depending on
the duration of the remedy. Additional data collection, including
conducting a laboratory treatability test and/or field pilot study, would be
needed to select the appropriate reactive media for a PRB.

Moderate to difficult: The practical location for the PRB is along the northern
dike. Construction using trenching methods would be difficult on the narrow
dike and would potentially require widening the dike. The PRB can be keyed
into a relatively low permeability unit at 37 to 45 feet below ground surface
(bgs) in the vicinity of MCM-06 (refer to Appendix B), but continuity must be
confirmed. The presence of flowing sands may complicate the trenching
process. Injection-style emplacements would likely be more feasible along
the dike. Once installed, treatment would be passive and O&M requirements
would be minimal, with the exception of media replacement.

1 Northrup, K., M. Capooci, and A. Seyfferth. 2017. Effects of Extreme Events on Arsenic Cycling in Salt Marshes. Journal of Geophysical Research: Biogeosciences. 123, 1086-1100. https://doi.org/10.1002/2017JG004259.



Table 5
Remedy Evaluation Summary

Assessment of Corrective Measures Report

Georgia Power Company

Plant McManus Former Ash Pond 1, Brunswick, Georgia

Technology Description

Performance
40 CFR 257.96(c)(1)

Evaluation Criteria

Reliability
40 CFR 257.96(c)(1)

Ease of Implementation
40 CFR 257.96(c)(1)

Use of plants to remove,
transfer, or stabilize
constituents in soil or
groundwater.
Phytoremediation

Low: While phytoremediation has been shown to have a degree of success
treating deep contamination, site features may prove challenging for
implementation of these deeper phytoremediation technologies. Brackish
groundwater quality may limit the types of hyper-accumulative plants that
are able to grow. A phytoremediation system may also be susceptible to
damage and disruption by high winds associated with hurricanes.

Low to Moderate: The depth of the contamination and challenges for
implementation at depth at the site make this option low to moderate in
reliability. The well where Statistically Significant Levels for arsenic were
identified (MCM-06) is screened at approximately 25 feet bgs, which is

outside the typical rooting depth for common arsenic hyperaccumulators.

Difficult: The practical location for use of phytoremediation to capture arsenic
and reduce concentrations at the compliance boundary is along the northern
dike. Given the depths of the impacts, a TreeWell® system would be
required. TreeWells® are installed in 3- to 5-foot-diameter boreholes
extending to the target depth. Drilling borings within the narrow width of the
dike may be challenging and require widening the dike. Depending on the
number of TreeWells® and borings required, the construction could impact
the stability of the dike. The presence of flowing sands and brackish water
chemistry may complicate the installation process and viability of plants.

Use of barriers to physically
control the migration of
impacted groundwater either
directly or through
manipulation of groundwater

Subsurface Barrier
flow.

Wallls

Moderate: Barrier walls are a proven technology for seepage control and/or
groundwater cutoff at impoundments. Sheet pile walls are limited by the
depth of installation, which is typically approximately 60 to 65 feet bgs with a
single sheet. Within the context of former AP-1, a barrier wall as the sole
remedial measure would likely be moderately effective. An alternative use of
this strategy is in a “funnel and gate” system with a PRB. As such,
groundwater with arsenic above the GWPS could be directed to “treatment
gates” for passive treatment (in a PRB). Additional subsurface investigations
and compatibility testing with groundwater from former AP-1 would be
needed prior to selection and implementation. Performance may be affected
by the fluctuating groundwater flow directions during tidal cycles.

High — With proper installation: O&M requirements can range
significantly, depending on whether groundwater extraction and
subsequent treatment from inside the wall is required.

Moderate to difficult: Limited space for construction activities along the dike
makes implementation moderate to difficult. Widening the dike would likely
be necessary prior to implementation. A relatively low permeability unit at 37
to 45 feet bgs in the vicinity of MCM-06 is present to key the barrier into (refer
to Appendix B), but continuity needs to be confirmed. The presence of
flowing sands may complicate the trenching process. Jet-grouting is another
alternative, but is typically more difficult compared to other barrier wall
installation methods. Depending on design, groundwater extraction may be
needed because of the inflow of water from the mainland and island.
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Geochemical Manipulation
(In Situ Injection)

Low: Low impacts are expected if the remedy works as designed,
based on a thorough pre-design investigation, geochemical modeling,
and bench/pilot study results. Consideration of groundwater flow to
nearby sensitive environments may be needed. This remedial
alternative may unintentionally alter the geochemistry within the aquifer,
which may result in the mobilization of other constituents that require
treatment. Short-term risks during remedial activities such as drilling
and operating pressurized injection equipment can be mitigated through
appropriate planning and health and safety (H&S) measures.

A thorough pre-design investigation, geochemical modeling, and/or bench scale treatability study
and/or field-scale pilot testing may take up to 24 months to obtain the design parameters needed
for design and construction of the corrective measure. Well construction is relatively quick (i.e., 1
to 2 months; potentially longer depending on the scale of the remedy) and time for an injection
event is variable. Time to achieve the GWPS for arsenic is dependent on the attenuation
process kinetics of the constituent as well as amendment longevity, injection layout, and arsenic
transport properties. Additional injection events may be needed to maintain redox conditions
and/or address additional flux of impacted groundwater into the treatment area.

Deed restrictions may be necessary until
in situ treatment has achieved the GWPS.
An Underground Injection Control Permit
would be required to implement this
corrective measure. No other institutional
expected.

Medium

In Situ Stabilization/
Solidification
(ISS)

Low: Short-term impacts during remedy construction can be mitigated
through appropriate planning and H&S measures. Changes to
groundwater flow patterns due to stabilized media can occur, which can
affect other aspects of the groundwater corrective action. Application of
ISS mixture can also alter the geochemistry and may result in the
mobilization of other constituents that require treatment. In addition,
bulk mixing with reagents can occur.

Design phase and additional compatibility testing may be required, which may take up to

18 months. Completion of ISS may take an additional 12 to 18 months, depending on the final
design, mixing method, and scale. Since this approach would likely not be applied to all of the
impacted groundwater but rather applied to a specific source area to prevent migration, it may
take an extended period of time to complete the remedy.

Deed restrictions may be necessary until
groundwater concentrations are below the
GWPS. No other institutional requirements
expected.

Medium to high
(depending on
area stabilized)

Low: Potential impacts are anticipated to be low. Short-term impacts
during the construction of the remedy and long-term impacts during

A thorough pre-design investigation, flow modeling, bench-scale treatability studies, and/or field-
scale pilot testing may be needed. These activities may take 12 to 24 months prior to design,

A revision to the current permit may be
required to withdraw water (e.g., water or

Medium to high
(depending on

O&M can be mitigated through appropriate planning and H&S permitting, and construction of the corrective measure. Installation of extraction wells and/or consumptive use permit). Depending on the | remedy
measures. Groundwater extraction may unintentionally alter the trenches can be accomplished relatively quickly, while the time until startup is contingent on ex- effluent management strategy, modifications | duration and
. . geochemistry within the hydraulic capture zone. situ treatment infrastructure. Hydraulic containment can be achieved relatively quickly after to the existing National Pollutant Discharge complexity of
Hydraulic Containment - . . ] - . S ) .
startup of the extraction system. However, uncertainty exists with respect to the time to achieve Elimination System permit may be required above-ground
and maintain the GWPS and complete operations; additional data collection may be needed to for surface water discharge. In addition, treatment
better understand site mobility and attenuation mechanisms for arsenic. deed restrictions may be necessary until system)
groundwater concentrations are below the
GWPS.
Negligible: Potential impacts of the remedy will be negligible because Implementation of the MNA remedy would require time for additional data collection and Deed restrictions may be necessary until Low
. MNA relies on natural processes active in the aquifer matrix without documentation, even though an existing monitoring network is already in place. Additional data natural attenuation processes have achieved
Monitored Natural Lt : . L . SO
Attenuation significant disturbance to the surface or subsurface. collecthn. activities may take up to 24 months to cqmplete. Thg anltlonaI data would pe needed | the QWPS. No other institutional
(MNA) for statistical analy§|§ and to gve}luate whether addlltlonal monitoring wells need to be installed to | requirements expected.
supplement the existing monitoring network. MNA timeframes range from a few years to a few
decades.
Low: Impacts are expected to be low if the remedy works as designed, Installation of a PRB can be accomplished relatively quickly (6 to 12 months), depending on the Deed restrictions may be necessary until Medium (for
based on a thorough pre-design investigation, geochemical modeling, final location and configuration. However, bench-scale treatability studies and/or compatibility groundwater concentrations are below the installation) with
and geophysical testing. Short-term impacts during construction of the testing would be required to obtain design parameters prior to design and construction of the GWPS. No other institutional requirements minimal O&M

Permeable Reactive
Barrier
(PRB)

remedy can be mitigated through appropriate planning and H&S
measures. Consideration of groundwater flow to nearby sensitive
environments may be needed. This remedial alternative may
unintentionally alter the geochemistry within the wall, which may result
in the mobilization of other constituents that require treatment.

remedy. These processes may take up to 24 months. Media may need to be replaced
periodically to maintain reactive conditions and/or address additional flux of impacted
groundwater into the PRB.

expected.

requirements

Phytoremediation

Low: Phytoremediation typically has low expected impacts. Depending
on the phytoremediation strategy, disposal methods for vegetation with
bioaccumulated arsenic may need to be considered. Short-term
impacts during the construction of the remedy can be mitigated through
appropriate planning and H&S measures.

Installation of a phytoremediation system can be accomplished relatively quickly (within 6 to

12 months), depending on the final location and configuration. However, treatability studies and
pilot testing would be required to ensure effective treatment. These studies may take up to

24 months. Once installed, the time to achieve the GWPS downgradient of the phytoremediation
system is anticipated to be long and can take multiple years before system is treating at design
capacity

Deed restrictions may be necessary until
groundwater concentrations are below the
GWPS. No other institutional requirements
expected.

Medium (for
installation) with
minimal O&M
requirements

Subsurface Barrier Walls

Low: Impacts are expected to be low following construction of the
remedy. Short-term impacts during remedy construction can be
mitigated through appropriate planning and H&S measures. Changes to

Design phase and additional compatibility testing may be required, which may take up to

24 months. Installation of a barrier wall can be accomplished relatively quickly (i.e., 6 to

12 months), depending on the final location and configuration. Once installed, preventing
migration of constituents in groundwater is anticipated to be similar to a companion technology

Deed restrictions may be necessary until
groundwater concentrations are below the
GWPS. No other institutional requirements
expected.

Medium (for
installation) with
minimal O&M
requirements
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groundwater flow patterns due to installation of the barrier wall are (e.g., PRBs or P&T). Since this approach does not treat the downgradient area of impacted
expected and may require dewatering. groundwater but rather prevents migration from a source area, it will likely have to be maintained

long-term and coupled with other approaches.

Acronyms and Abbreviations:

CFR = Code of Federal Regulations

bgs = below ground surface

GWPS = Groundwater Protection Standard
H&S = health and safety

ISS = in situ stabilization/solidification
MNA = monitored natural attenuation

O&M = operation and maintenance

P&T = pump and treat

PRB = permeable reactive barrier
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