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1.0 INTRODUCTION

Georgia Environmental Protection Division (GA EPD) Rule 391-3-4-.10 of the Georgia Solid Waste Management
Regulations establishes a permitting program that regulates the storage and disposal of coal combustion
residuals (CCR), providing requirements for operation, closure, and post closure care of CCR units in Georgia
GA. Georgia Power Company (Georgia Power) is presenting this Hydrogeologic Assessment Report (HAR) to
meet the requirements as specified in GA EPD Rule 391-3-4-.10(9)(c)(6) for the ash ponds at Plant McDonough-
Atkinson (Plant McDonough, Site) Surface Impoundments must submit a technical report of geological and
hydrogeological units within the disposal site and potentiometric map of the water table as specified in GA EPD
Rule 391-3-4-.10(9)(c)(6). This report describes geologic and hydrogeologic information of Ash Pond 1 (AP-1) at
Plant McDonough. AP-3 and AP-4 were historically operated together and are being closed as a Combined Unit
AP-3/4, as required by 391-3-4-.10(7)(a). Ash Ponds 2 and 3/4 (AP-2 and 3/4) are located east of AP-1 and are
referenced here as they relate to site conditions. Information included specific to AP-2 and 3/4 should not be
considered for permitting. This report and the facility’s Groundwater Monitoring Plan supports compliance with the
CCR Rule by demonstrating that the groundwater monitoring system at Plant McDonough meets the requirements
outlined in 391-3-4-.10(6) and 40 CFR § 257.91.

1.1 AP-1 Pond Closure

The Closure Plan (Golder, 2019) was prepared in accordance with 40 CFR 257, Subpart D and meets the
requirements of 40 CFR 257.102(b).

The surface impoundment referred to as AP-1 at Plant McDonough has been closed in place. The closure
process included placement of a permanent cover system designed to minimize infiltration and erosion and to
meet or exceed the requirements of 257.102(d)(3)(ii). Maintenance will be provided on the final cover system for
the required post-closure care period so that the integrity and effectiveness of the final cover system is
maintained. Maintenance activities will include, as needed, repairs to the final cover to correct any effects related
to settlement, subsidence, erosion or other events, and will be performed to prevent run-on or run-off from eroding
or otherwise damaging the final cover.

To further enhance the in-place closure of AP-1, a subsurface perimeter barrier wall (barrier wall) is included in
the Closure Plan as an Advanced Engineering Measure (AEM). The term AEM refers to engineering controls that
are technologies or measures designed to enhance the protection of groundwater and closure effectiveness,
and/or further minimize future maintenance of the unit. The proposed barrier wall will fully encircle the AP-1
footprint (as a laterally continuous feature); however, the target installation depth is under review. WSP performed
a geotechnical and hydrogeological study during Spring 2023, which included five borings in the approximate
footprint of the proposed barrier wall. The investigation results are presented in Appendix A and relevant text,
tables, and figures of this HAR were updated to incorporate the new information.

2.0 BACKGROUND INFORMATION
2.1 Site Description and Physiography

Plant McDonough is located in southeast Cobb County, Georgia and is owned and operated by the Georgia
Power Company. The property occupies approximately 390 acres and is bounded on the southeast by the
Chattahoochee River. A detailed site map is included as Sheet GW-1.
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The Site is located within the Piedmont Physiographic Province of central Georgia, which is characterized by
gently rolling hills and narrow valleys, with locally pronounced linear ridges. Overall, the property slopes gently
south towards the Chattahoochee River.

AP-1 is located in the western limits of the Site on ground topographically sloped downward to the southwest,
creating an impoundment via side hill embankments constructed along the southern portions of the unit that tie
into higher natural ground in the northeast quadrant of the Unit. A small unnamed creek originally flowed through
the footprint of the current AP-1 area and was rerouted into an engineered stream channel that now flows to the
south, parallel and adjacent to the western and southern boundary of AP-1.

AP-2 is located east of AP-1 and south of AP-3 in the center of the eastern half of the Site. The majority of CCR
removal from AP-2 was completed in 2016 and remnant CCR removal from AP-2 was completed in 2019.
Additional over excavation into the underlying soils creates a topographic low point.

AP-3/4 is located in a topographically high area on the property, that created a generally radial groundwater
drainage downslope of AP-3/4 during impoundment operations. A small creek flows south under Plant Atkinson
Road into a corrugated metal pipe (CMP) slip lined with a fiberglass reinforced plastic (FRP) stream diversion
culvert, which inlets north of AP-3/4 and outlets southeast of AP-3/4.

Topographic relief near Plant McDonough ranges from less than 750 feet North American Vertical Datum 1988 (ft
NAVD88) near the tributaries and river to greater than 840 ft NAVD88 near the center of the property.

2.2 Regional Geologic and Hydrogeologic Setting

The following section and subsections include a general description of regional geologic and hydrogeologic
characteristics of formations that occur beneath the Site. Information presented in this section is based on
published literature, and discussion with local geologic experts as cited, as well as experience working in this
geologic terrain. This information is intended to serve as a framework for the description of site-specific conditions
presented in Section 3.0.

The Site is located within the Northwest Atlanta, GA United States Geological Survey (USGS) 7.5-minute
topographic quadrangle. The Piedmont geologic province contains some of the oldest rocks in the Southeastern
United States. Since their origin, approximately 276 to 1100 million years ago (Ma), these late Precambrian
(Neoproterozoic) to late Paleozoic (Permian) rocks have undergone repeated cycles of igneous intrusions and
extrusions, metamorphism, folding, faulting, shearing, and silicification. The latest regional metamorphism and
associated deformation has been attributed to the collision of the North America plate with the Eurasian plate
approximately 200 to 230 Ma. More recent deformation and emplacement of mafic dikes is associated with the rifting
of the North American craton during the Mesozoic and Cenozoic Eras.

The metamorphic and igneous rocks that underlie the area have been subjected to physical and chemical
weathering, which has created a landscape dissected by creeks and streams forming a dendritic drainage pattern.
These rocks are deeply weathered due to the humid climate and bedrock is typically overlain by a variably thick
blanket of residual soils and saprolite. The overall depth of weathering in the Piedmont geologic province is variable
(Miller 1990, LeGrand 2004), with saprolite thickness reaching up to 150 feet. Because of variations in rock types
and structure, the depth of weathering can vary significantly over short horizontal distances.
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2.21 Regional Geology

The Site lies in a regional zone of deformation, referred to as the Brevard Zone, which extends from Alabama to
Virginia. Lithologic contacts and major structural features in the Brevard Zone generally trend northeast-
southwest. In addition to strike-slip and thrust faults, structural features within this shear zone consist of
northwest-verging, doubly plunging folds that have been overprinted by a shear-induced foliation. The
Centralhatchee Synclinorium is a regional fold-system that occurs within the Brevard Zone. Discrete zones of
intense shearing occur within the Brevard Zone that have locally reduced the grain size of the parent rocks
forming a variety of tectonic rock types, including phyllonite, button schist, and mylonitic rocks. Generally, the
Brevard Zone and associated shear foliation are subparallel to compositional layering and lithologic unit contacts,
with discordance of less than 10 degrees. Discordance significantly increases between the shear foliation and
regional foliation in areas of fold noses and hinges.

The Brevard Fault Zone is inactive with no displacement since the Holocene. Several regionally extensive faults
have been mapped near and within the Site associated with the inactive Brevard Fault Zone. An unnamed,
faulted, intrusive contact traverses northeast-southwest across the Site and is observed throughout most of the
metro-Atlanta area. Regionally, this appears to be a normal fault contact; however, where it is exposed and
observed in core holes drilled adjacent to the contact at Plant McDonough, the fault has endured substantial
movement as indicated by porphyroclastic-feldspars with sigmoidal-tails. Other regional faults characterized by
near-vertical, strike-slip movement, occur north and south of the Site: the Long Island Creek Fault is located
approximately one mile north of the Site; and a series of strike-slip faults that define a zone of intense shearing
within the Brevard Zone occur just south of the Site. These faults were formed at significant depth within the crust,
enduring intense ductile deformation while forming in a high pressure, low temperature environment.

Four main joint orientations are commonly found in folded and faulted rocks in the Piedmont Physiographic
Province (see inset below). Strike joints develop parallel to the strike of bedding, foliation, and fold axes, typically
forming from tension along fold hinges or due to shearing. The dip direction and angle of these joints is orthogonal
to the dip direction and angle of bedding. Dip joints form parallel to bedding dip direction and are typically
perpendicular to the strike of bedding and fold axes, representing extension in the maximum principal stress
direction or direction of compression. These joints are commonly near vertical. Oblique joints develop diagonal
(+/- 30°) to the principal stress direction and represent conjugate sets formed from shearing.

Schematic Diagram showing typical joint patterns
(Davis, 2012)
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222 Regional Hydrogeology

Groundwater in the Piedmont Physiographic Province (Piedmont) can occur as perched water within residual
soils, as an unconfined regional aquifer within residual soils and transitionally weathered materials, and as a
series of confined to semi-confined, discrete, but locally interconnected aquifer systems within the bedrock.
Perched groundwater occurs above the local or regional groundwater potentiometric surface and is locally
developed above lithologies with relatively lower permeability, which temporarily retard the natural downward
infiltration of groundwater. This groundwater is unconfined, recharged by precipitation, and is laterally
discontinuous and temporally transient.

The regional groundwater potentiometric surface is laterally consistent and generally occurs within overburden
overlying less-weathered bedrock. In general, this overburden consists of residual soils and a transitionally
weathered zone typical of Piedmont settings. Due to chemical weathering, saprolitic-soil retains relict structural
features of the parent rock such as foliation and compositional layering while having the texture of a soil. Saprolitic
rock is similar to the saprolitic soil but is less decomposed. This saprolitic material is generally more permeable
than the overlying residuum, and the underlying bedrock, and serves to concentrate groundwater along a tabular
zone of enhanced permeability. Although weathering generally increases porosity and permeability within this
zone, some processes taking place in this zone, such as the growth of clay minerals, mineral deposition in
fractures, and development of iron oxide ‘hardpan,’ can significantly decrease the permeability. This tabular zone
of enhanced permeability is referred to as the transitionally weathered zone, which is characterized by
heterogeneously interlayered, fresh to completely weathered (saprolitic) rock.

Groundwater within the overburden, which is comprised of residual soils, saprolite, and transitionally weathered
rock (TWR), is generally unconfined and the surface is generally a subdued reflection of topography. In areas
where bedrock is relatively shallow and when water levels are seasonally depressed, the regional groundwater
potentiometric surface also occurs within the upper zones of weathered bedrock.

Bedrock aquifer systems are recharged by groundwater that is stored in the overburden. This groundwater slowly
infiltrates underlying bedrock aquifer systems by moving through preferentially weathered discontinuities in the
bedrock mass, such as foliation/compositional layering, joints, and faults. The occurrence and characteristics of
discontinuities (size, orientation, dilation, infilling, spacing, and persistence) are dependent on the lithology of the
rock and the type of stresses applied to these rocks. These discontinuities are locally enlarged along individual
planes as well as at the intersection of planes due to physical and chemical weathering, providing preferential
pathways for enhanced groundwater flow. Groundwater can move readily, both vertically and horizontally, through
these isolated areas of enhanced porosity and permeability, and depending upon the size, concentration, and
interconnection of these secondary openings, the bedrock can either be dry or host to high-yield wells (Heath,
1984).

3.0 SITE GEOLOGIC CONDITIONS

Site geologic conditions were evaluated through a detailed geologic mapping performed onsite and a series of
subsurface boring and well data that were collected over several years. Subsurface conditions were evaluated
from available boring and monitoring well installation logs. Interpretations were made, primarily related to depth to
bedrock and the material that constitutes bedrock (e.g., minerology), considering the overall rock mass quality
[e.g., rock quality designation (RQD)]. These data were used as the basis of a top of rock contour map, presented
as Sheet GW-2, and for geologic cross sections, presented as Sheet GW-3a through GW-3j.
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3.1 Geologic Mapping Methodology

Geologic mapping was performed in 2016 by Petrologic Solutions, Inc. (Petrologic) within and around the Site
using the Northwest Atlanta, GA USGS 7.5-minute topographic quadrangle as a base map. Sheets GW-4 and
GW-5 present interpretations of structural and lithologic features encountered during mapping of the area.
Information recorded at each map station included: lithology and mineralogy; orientation and characteristics of
structural discontinuities including, shearing, faulting, jointing, cleavage, and compositional bedding; and depth
and type of weathering characteristics of the rock. Map station locations were chosen based on outcrop
availability and recorded using a hand-held, Wide Area Augmentation System (WAAS)-enabled Global Positioning
System (GPS).

3.2 Residual Soil and Saprolite

Boring logs indicate that residual soils, primarily clayey/sandy silt, sandy silt with clay, and silty sand (increasing
with depth), occur as a variably thick deposit overlying bedrock across most of the Site, as illustrated on geologic
cross sections presented as Sheets GW-3a through GW-3j oriented to the nine profile lines depicted on Sheets
GW-1 and GW-1A. Sheet GW-1B shows the wells and soil borings specific to AP-1. Saprolitic soils range in
thickness from approximately 4 to 55 feet across the Site and were generally encountered at or near ground
surface. Saprolitic rock is also considered to be partially weathered rock (PWR), which is defined by Standard
Penetration Test (SPT) blow counts that exceed 100 blows/twelve inches. Material overlying the top of rock
surface, including residual soils, saprolite, and TWR (i.e., generalized term, not quantified through SPT), is
collectively referred to as overburden or regolith in this report. The thickness of the overburden encountered in the
borings is variable, ranging from a minimum of approximately 9 feet to as much as 74 feet, with an average
thickness of approximately 43 feet. Thickness of TWR varied from 0.30 to 30 feet.

The criterion used for identifying top of bedrock was generally the depth at which a significant thickness of fresh,
relatively competent (i.e., good overall rock mass quality) bedrock was encountered. This depth determined using
professional judgement and a combination of visual observations of core, auger refusal, and drill rig response.
These elevations were used to develop the top of rock contour map presented on Sheet GW-2, which shows the
top of rock surface has been largely uniformly weathered and generally follows topography. The cross sections
(Sheets GW-3a through GW-3j) were also used to bolster three-dimensional interpretation of the surface.

3.3 Lithologic Units

Based on the detailed geologic mapping, graphically represented on Sheet GW-4, the plant property is underlain
by two lithological units separated by a faulted intrusive contact, which trends northeast to southwest through the
Site.

The plant property northwest of the faulted contact is underlain by the following unit:

Long Island Creek Gneiss (OZli): a medium- to coarse- grained; very felsic rock that yields light-colored soil.
Foliation is moderately well-developed; near faults and shear zones, the gneiss has an augen texture; locally
intruded by granitic pegmatites that are commonly unsheared.

The plant property southeast of the faulted contact is underlain by the following unit:

Phyllonite, Button Schist, Mylonite, and Mylonitic Biotite Gneiss (OZbs): rocks all interlayered on a scale of inches,
feet, and tens of feet. The phyllonite consists of fine recrystallized muscovite along schistosity surfaces, formed by
dislocation (shearing) metamorphism. The mylonite button schist is composed primarily of fine sericite, muscovite,
quartz, and feldspar; with medium- to coarse-grained muscovite forming distinctive ‘eyes;’ there is a well-
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developed shear foliation. The mylonite is composed of sericite, quartz, and feldspar, extremely fine-grained, with
a poorly developed foliation. The mylonitic biotite gneiss is composed primarily of biotite, quartz, and feldspar,
very fine-grained, with a well-developed shear foliation.

3.4 Geologic Structure
3.4.1 Foliation and Faults

One of the most pervasive structural features of the Brevard Zone is the presence of a well-developed shear
foliation. Regional foliation is also observed at the Site; the intersection of regional and shear foliation locally
creates shear fabrics such as button-shaped mica in schists. Bedrock discontinuity orientations were analyzed
using lower hemisphere equal area stereonets, presented as Sheet GW-5, to determine dominant orientations for
each discontinuity type (i.e., joints, foliation, and layering). One domain of foliation was observed on site during
geologic mapping, the property is characterized by foliation that strikes generally northeast-southwest. Equal-
area, lower-hemisphere stereonet analyses of the foliation measurements for this domain has an average pole
concentration representing a foliation of N44°E, dipping 42°to the southeast.

At Plant McDonough, the measured geologic strike of foliation, formation contacts, and mapped faults and fold
axes observed in the rock outcrops of biotite gneiss and mica schist mapped at the Site ranges from N42°-57°E.
Dip joints should be perpendicular to local geologic strike and oblique conjugate joint sets should be +/- 30° from
the dip joint direction.

3.4.2 Joints

Because the evaluation of joints is visual and judgmental, an effort is made for consistency in describing the
relative frequency of occurrence using the following designations: Abundant (A); Common (C); and Scarce (S).
These designations are relative to one another but are used consistently in descriptions made throughout the
study area. An effort is made to record all of the different joint sets and, if an exposure is large, several same (or
similar) joints may be recorded at the same map station. This deliberate method of visual evaluation in the field is
more scientifically relevant and efficient than saturation-measurement of joints.

Joints within the Brevard Zone are common and persistent in most of the rock types. The joints are generally
spaced on the order of a few inches to a few feet; however, there are more massive parts of various rock units
which have a wider joint spacing. Joint sets in units outside of the Brevard Zone are variably developed, largely
dependent upon the lithologic character of the unit.

The dominant joint set observed on site is oriented northwest-southeast and represents the strike joint. As shown
on Sheet GW-5, the average strike and dip of this joint set (Jmax) is N41°W, 63°SW (azimuth 221°/63°). Four
other joint sets were recorded during the detailed geologic mapping. Equal area stereonet analysis of all joints
measured in all lithologies is presented in Sheet GW-5.

1) N34°E 75°NW (214°/75°) — strike joint (J1)
2) N68°W 77°NE (292°/77°) — dip joint (J2)
3) N29°W 78°NE (331°/78°) — dip joint (J3)
4) N54°W 70°SE (126°/70°) — dip joint (R1)

Locally, some of the joints contain clay infilling; however, most of the joints do not contain any infilling in surface
exposures. The plane-surface morphology of each joint was noted in the field descriptions. Most of the joints are
planar and smooth with little to no evidence of high fluid flow except in the mylonitic biotite gneiss units.
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3.5 Lineament Analysis
3.5.1 Methodology

Subsurface geologic discontinuities such as lithologic contacts between resistant or non-resistant units, fracture
zones, jointing, shear planes, and faults often have ground surface expressions that can be identified through
analysis of photographic and topographic images. The discontinuities expressed as lineaments at ground surface
commonly have enhanced porosity and permeability in the rock mass due to differential weathering. Groundwater
in igneous and metamorphic rocks generally moves along discontinuities in the bedrock, enhancing the differential
weathering processes.

Because discontinuity zones are typically less resistant to weathering, they are often expressed as natural
topographic lows, such as straight stream valley segments, swales, aligned depressions and gaps in ridges or as
linear tonal or vegetative alignments due to variations in soil thickness and moisture (see inset). These surface
manifestations are referred to as fracture traces or lineaments and were identified for this project by remote-
sensing techniques using topographic maps, aerial photographs, and shaded relief maps generated from 10-
meter Digital Elevation Model (DEM) data.

Inset - Block diagram shows how
lineament/fracture trace is a surface
manifestation of an underlying bedrock

fracture zone. (Lattmon and Parizek, 1964)

Lineament analyses were conducted on USGS topographic maps, USGS DEMs, and USGS low-altitude aerial
photographs (verified with National High-Altitude Photography Program (NHAP) high-altitude aerial photographs).
Linear features or linear groups of features were identified and traced on digital overlays of the maps, presented
as Sheet GW-6. Lineaments arise from a number of sources. Many lineaments observed on the small-scale
imagery or maps are related to fence, property, and section lines. However, many lineaments are related to local
and regional geologic anomalies. Rectilinear segments of streams may be associated with local weakness in the
underlying bedrock related to persistent joint sets. Faults tend to be long linear features that are often difficult to
detect at ground surface, but generally form photographic and topographic lineaments.

3.5.2 Discussion of Lineaments

Based on a total of 296 lineaments identified on the topographic maps, low and high-altitude aerial photographs,
and DEM, two major groups of lineament orientations were identified within and around the Site by the lineament
analyses and both are consistent in orientation with measured discontinuities in the bedrock (Sheet GW-6):

» L1: N40° to 60°W — perpendicular to foliation strike

> L2: N30° to 60°E — parallel to foliation strike
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Lineament orientations appear to correlate with mapped regional and local tectonic fabrics suggesting that they
originate as bedrock fracture concentrations and are likely actual manifestations of subsurface fracture zones or
possibly low-resistant stratigraphic layers or shear zones within the rock formations underlying the study site.
Such structural weaknesses in rocks are reflected by the fractures formed, which subsequently can be weathered
to form lineaments.

3.5.3 Discontinuity Mapping and Lineament Analysis Correlation

Lineaments identified are considered to be the ground-surface expression of preferential weathering related to
discontinuities in rock. Sheet GW-6 shows a comparison of measured discontinuities and lineaments for this
study. Based on this evaluation, the project area appears to be characterized by two persistent lineament sets
whose orientations are consistent with the structural stresses experienced in this area. It appears that L1 is related
in orientation to the dip joints and dip direction of the northeast-trending foliation; Lz is related in orientation to the
strike joint and strike direction of the northeast-trending foliation as well as the orientation of the fault intrusive
contact. Although counterintuitive to predicted patterns of L1 being strike parallel as is common in the Brevard
Zone and throughout the Piedmont, it is possible that given the study area is highly developed, remaining
exposures may bias the count in the dip direction.

The orientation of these discontinuities forms a classic joint pattern that develops in rock formations in the
Piedmont due to compressional stress (Heath, 1984; Jennings, 2010). Because lineament orientations correlate
with known regional tectonic fabrics, it is likely that most are true manifestations of subsurface fracture zones or
low-resistance stratigraphic layers within the rock formations underlying the Site.

40 CONCEPTUAL SITE HYDROGEOLOGIC MODEL
4.1 Uppermost Groundwater Aquifer

Boring logs and monitoring well/piezometer installation logs were used to evaluate hydrostratigraphy of the Site.
Piezometers at the Site have been used for water level measurements and enhance the understanding of site
hydrogeology. Material types identified included residual soils, saprolitic soils, saprolitic rock (or PWR if blow
counts were provided), TWR, and competent bedrock. Based on review of the logs, the screenffilter pack interval
for most of the piezometers and monitoring wells installed on site provides connection to the overburden,
indicating that the Site is underlain by a regional groundwater aquifer that occurs within the overburden and upper
bedrock depending on topographic location.

According to water level measurements recorded between August 2016 and January 2023 from wells and
piezometers screened in the overburden and upper bedrock, the water table elevation ranges between
approximately 834 ft NAVD88 at upgradient well DGWA-71 to approximately 745 ft NAVD88 at downgradient
piezometer B-62. These data are summarized in Table GW-1. The depth to saturation varies from approximately -
1.6 to 46.4 feet below ground surface (ft bgs) across the Site and is variable with lithology (Table GW-1). Depth to
saturation ranged from approximately 2.5 to 42.6 ft bgs and 0.9 to 46.4 ft bgs in the OZli and OZbs formations,
respectively. The geometric mean of depth to saturation data was similar in both formations.

Localized groundwater flow directions within this aquifer are influenced by topographic and top of rock variations
on site. As illustrated on the Geologic Cross-Section Schematics shown on Sheets GW-3a through GW-3j and the
January 31, 2023, Potentiometric Surface shown on Sheet GW-7, the water table surface is a subdued reflection
of topography at the Site, with groundwater generally flowing towards the south and west of the ash ponds. As
discussed in Section 3.2, the top of rock surface also generally follows topography and likely controls groundwater
flow direction in the uppermost aquifer. Local complexities in groundwater flow within this aquifer are influenced




Hydrogeologic Assessment Report December 2023
Georgia Power Plant McDonough CCR Unit AP-1

by topographic and related top of rock variations on site. AP-3/4 is on a topographic high, creating radial flow
around the ponds, with the exception of the one upland high upgradient northwest of AP-3/4. As a result of
localized dewatering activities, groundwater flow in the northeast portion of AP-3/4 is inward toward the ash pond.
AP-2 has a side-hill embankment, 16 feet high with an original pond area of 7 acres. Regionally groundwater is
interpreted to flow south-southeast from the topographic high northwest of AP-3/4 towards AP-2. The groundwater
flow pattern interpreted using the January 2023 elevation data is consistent with previous observations.

4.2 Groundwater Flow

Relatively thick silt/clay-rich overburden is present across most of the Site which may retard recharge from the
uppermost aquifer into the underlying bedrock aquifer systems. Additionally, boring logs indicate that some areas,
particularly topographic highs, correlate with bedrock that is resistant to weathering and massive (i.e., few
discontinuities); consequently, bedrock aquifer systems are likely not well-developed and/or interconnected in
these areas. Preferential groundwater flow in bedrock is anticipated along lineaments and discontinuities. The
faulted intrusive contacts in and around the Site may also be preferential flow pathways; however, no evidence
obtained to date indicates preferential flow along the faulted intrusive contact onsite.

The Long Island Creek Gneiss that occurs north of the fault generally does not transmit groundwater to water
supply wells in the region. This unit may locally function as an aquitard (i.e., hydrogeologic barrier) that limits
groundwater flow in the bedrock aquifer. Regionally, it is understood that this unit generally does not form
productive bedrock aquifer systems and rate of infiltration is relatively slow (Miller, 1990).

It is expected that a significant amount of groundwater flow occurs in the residual soils, saprolite, and TWR/PWR -
i.e., overburden. This is typical of the Piedmont, as discussed in Fetter (1988). The significance of groundwater
flow between the overburden and upper fractured bedrock is dependent on the degree of hydraulic connectivity
between the units. Generally, the majority of groundwater flow across the Site occurs laterally in the overburden.
Based on site-specific hydrogeologic characteristics, groundwater is expected to move laterally more than
vertically within the TWR/PWR unit.

Based on available boring logs for wells screened in the upper bedrock, the upper 30 feet of bedrock are fractured
and appear to conduct groundwater horizontally on the same order of magnitude as the overburden. The upper
bedrock appears to be connected hydraulically with the overburden. Groundwater elevations in these wells reflect
topographic and weathering effects (e.g., depth to bedrock variations), and groundwater flow that is predominately
lateral rather than vertically through the aquifer. The vertical hydraulic gradient is dependent on topographic
location (e.g., a downward vertical gradient is generally observed in topographically high areas).

Based on drilling at the Site, borings completed deeper in the bedrock aquifer (i.e., greater than 30 feet into the
bedrock unit) exhibit minimal and likely isolated fractures. The occurrence and water production of fractures
generally decreases with depth as is typical of Piedmont hydrogeologic settings. Therefore, it is anticipated that
there is minimal connectivity between the overburden and the deeper bedrock hydrogeologic unit.

Data from several borings drilled into deeper bedrock during delineation activities at the Site confirm that fractures
within the bedrock are limited and decrease in number and groundwater production with depth, supporting the
above statement. Specifically, site borings B-103D, B-122D and B-123D were installed to vertically delineate
constituents in areas where bedrock was approximately 70 feet below ground surface (bgs) and therefore were
installed to capture groundwater flow from bedrock fractures. Groundwater monitoring wells were screened across
available fractures and do not produce sufficient water for proper development or sampling.
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Site geophysical logs and groundwater monitoring data at B-123D confirm that the deeper fractures produce less
than 0.025 milliliters per minute. This flow rate does not constitute groundwater in an “aquifer” but rather limited
groundwater movement within the deeper bedrock unit.

Based on these site-specific examples and supporting data, fractures within the bedrock at the Site are not well
connected and the predominant groundwater flow at the Site occurs in the overburden and upper bedrock at the
Site. Several references to published work within the Groundwater Monitoring Plan (GWMP) were reviewed and
confirm these observations made at the Site are consistent with Piedmont geology.

Based on these interpretations, groundwater located on the upland high west of the engineered stream channel
located on the west boundary of AP-1 is considered upgradient of the plant property. This upland area and the
upland high northwest of AP-2 and AP-3/4 represent the only upgradient locations on the property near the units
with the current pond configuration. It is anticipated that as water continues to be pumped from AP-3/4, portions of
the northern and northeastern corner of the property will become upgradient over time, returning to the historical
regional groundwater flow pattern, corresponding to historical pre-ash pond construction regional topography.

Based on review of the potentiometric contours (Sheet GW-7), horizontal hydraulic gradient is also variable and
reflects topography at the Site. The horizontal gradient appears steeper around the downgradient perimeter of the
ash ponds, particularly along embankments where groundwater flow lines are influenced by the constructed
slopes for the impoundment dams. Hydraulic gradient is calculated as the difference in groundwater elevation (in
feet) divided by the distance between two piezometers or wells (in feet).

January 2023 groundwater elevation data from six piezometer and/or monitoring well pairings located along the
groundwater flow path and perpendicular to the potentiometric contours were used to calculate horizontal
hydraulic gradients for AP-1 and AP-2, 3/4. As shown on Table GW-2, hydraulic gradients in January 2023 were
calculated as follows; B-29/DGWC-68A (0.037 ft/ft), B-28/DWGC-37 (0.019 ft/ft), and B-50/DGWC-39 (0.024 ft/ft)
for AP-1 and DGWA-53/DGWC-13 [0.029 feet/feet (ft/ft)], and B-26/DGWC-48 (0.026 ft/ft) for AP-2, 3/4. Overall
average hydraulic gradients for AP-1 and AP-2 and 3/4 derived using these horizontal gradients are 0.027 ft/ft and
0.028 ft/ft, respectively.

Field hydraulic conductivity tests (i.e., slug tests) performed in a variety of geologic materials indicate an average
hydraulic conductivity for the uppermost aquifer of 3.45 x 10 centimeters per second (cm/s); 4.9 x 10 cm/s in
the overburden and 2.0 x 10* cm/s in the upper bedrock, respectively (Table GW-3). Plotting site gradation data
(SCS, 2013) on a soil classification-specific yield triangle (Johnson, 1967) indicates that a majority of the soil
samples plot in the silty sand classification with effective porosities ranging from 15% to 25%. Assumed effective
porosity of 20% for overburden was used based on the default values for effective porosity recommended by
USEPA for a silty sand-type soil (USEPA, 1996). An assumed effective porosity of 9% was used for bedrock
(Daniel and Dahlen, 2002; Dowd and Marshall, 1995).

A horizontal flow velocity range was calculated for the overburden and upper bedrock using several hydraulic
gradients throughout the Site and average site hydraulic conductivity values from field hydraulic conductivity tests.

Horizontal flow velocity was calculated using the common derivative of Darcy’s Law:
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K * | Where:

V= V = Groundwater flow velocity (—‘fz,e: |
n \ /
€ . . . feet
K = Average hydraulic conductivity of the aquifer ( ey ]

i = Horizontal hydraulic gradient f%\

n = Effective porosity

Using this equation, groundwater flow velocities were calculated for AP-1 and AP-2, 3/4 using January 2023
groundwater elevation data. Table GW-2 presents the velocities calculated using groundwater elevation data from
the January 2023 sampling event.

Calculated (horizontal) flow velocities range from approximately 77 feet per year (ft/yr) to 145 ft/yr in January
2023. These estimated flow velocities are consistent with past results and are also generally consistent with other
published velocities for regolith-upper bedrock aquifers of the Piedmont (Heath, R.C., 1984).

Vertical Hydraulic Conductivity

Hydraulic Conductivity zone values used for groundwater modeling at Plant McDonough are summarized below in
Table 4.2.1.

Table 4.2.1: Model Hydraulic Conductivity

Layer Hydraulic Conductivity Source
(ft/day)

Ash 1 0.55 (horizontal) AP-3/4 CPT dissipation and aquifer testing
0.037 (vertical) data (Golder, 2020)
0.70 (horizontal) Historical Slug testing

Overburden | 182 0.14 (vertical) (Golder, 2020)

0.2 (horizontal) I

PWR 3 0.02 (vertical) Model Calibration
0.16 (horizontal) I

Bedrock 4 0.016 (vertical) Model Calibration
Notes:

1. ft/day — feet per day
2. Assumed hydraulic conductivity vertical anisotropy ratios (K,,/K,) varied between 5 and 15, which is typical for unconsolidated residuum
and alluvial aquifers (Bendient et al., 1994).

The layer 1 areal zone extent varies between models. Conductivity zones include:
M Ash: Limited to within footprint of ash ponds
W Overburden: Includes northern portion of AP-1 and fringes of AP-1 and AP-3/4 in Layer 1 and all of Layer 2.
B PWR: Includes all of model layer 3.
MW Bedrock: Includes all of model layer 4.

No site specific vertical hydraulic conductivity measurements have been completed. Vertical hydraulic conductivities in the groundwater model
are defined based on typical ratios with measured horizontal hydraulic conductivities for the Site.

4.3 Conceptual Site Hydrogeologic Model Summary

A regional, unconfined aquifer system is present at the Site, which consists of residual soils and TWR —i.e.,
overburden. Interconnected fractures in the transition zone transmit groundwater stored in the overburden soils to

1"
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underlying bedrock, following the conceptual model for groundwater flow in the Piedmont (LeGrand, 2004). The
water level trends noted at the Site are comparable to similar hydrogeologic settings in the Piedmont region of
southeastern US (e.g., Chapman et al., 2007). Additionally, the relationship between groundwater levels and the
Site topography is consistent with the slope-aquifer conceptual model for groundwater flow in the Piedmont
(Robinson et al., 1996; LeGrand, 2004). Other attributes of the site-specific hydrogeologic model include:

1)  The Site is directly underlain by a variably thick blanket of overburden (approximately 9 to 65-feet thick),
which is comprised of residual and saprolitic soils, saprolitic rock, PWR, and TWR. Based on field hydraulic
conductivity tests, the overburden is estimated to have an average horizontal hydraulic conductivity of 10
cm/sec.

2) Bedrock north of the faulted intrusive contact is primarily characterized as Ordovician age Long Island Creek
Gneiss (Ozli), which is d