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1. INTRODUCTION 

1.1 Background and Purpose 

Plant Hammond (the Plant) is a four-unit, coal-fired electric generating facility located in 
Rome, Floyd County, Georgia.  The Plant is located along the Coosa River, 
approximately 10 miles west of Rome, GA and is owned by Georgia Power Company 
(Georgia Power).  The Plant operated from 1954 to 2019 and when operating, had a 
capability of producing 843 megawatts of electricity.  The Plant occupies about 1,100 
acres and is bordered by Georgia Highway 20 (GA-20) on the north, the Coosa River on 
the south, Cabin Creek and an industrial land on the east, and a sparsely populated, 
forested, rural and industrial land on the west.  Figure 1-1 shows a plan view of the Plant 
along with the four CCR surface impoundments at the Plant (i.e., AP-1 through AP-4).  
Figure 1-2 shows the area in the immediate vicinity of Ash Pond 3 (AP-3). 

On 17 April 2015, the United States Environmental Protection Agency (USEPA) 
published regulations on the disposal of Coal Combustion Residuals (CCR) titled “40 
CFR Parts 257 and 261: Hazardous and Solid Waste Management System; Disposal of 
Coal Combustible Residuals from Electric Utilities; Final Rule” (the USEPA CCR Rule).  
The USEPA CCR Rule became effective on 19 October 2015, which established 
regulations regarding closure and continued operation and monitoring of both existing 
and new CCR surface impoundments and landfills.  In November 2016, the Georgia 
Environmental Protection Division (GA EPD) adopted amendments to the state’s Rules 
for Solid Waste Management that address CCR (GA EPD 391-3-4-.10, i.e., the State CCR 
Rule). The State CCR Rule incorporates by reference most of the provisions of the 
USEPA CCR Rule. 

Georgia Power closed AP-3 in compliance with USEPA and State CCR Rules in the 
second quarter of 2018 by capping in place and plans to close the remaining three (AP-1, 
AP-2, and AP-4) CCR surface impoundments at the Plant.  The AP-3 closure is described 
in greater detail in Section 3, and the remaining three impoundments will be closed by 
removal.  This report presents an evaluation of advanced engineering method (AEM) 
options considered for implementation in connection with the in-place closure (capping) 
of AP-3.  Here, the term AEM is used to refer to technologies or measures that are 
designed to enhance the protection of groundwater and closure effectiveness, and/or 
further minimize future maintenance of the unit.  
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This document is Geosyntec’s report on its evaluation of AEM feasibility for AP-3 at 
Plant Hammond.  The report summarizes the conceptual site model (CSM) for AP-3 and 
then presents an initial screening of AEMs that evaluates the feasibility of certain 
technologies and measures.  Then, considering the overall plan for and anticipated effects 
from CCR surface impoundment closures at Plant Hammond, the list of AEM options is 
refined and evaluated in detail by comparing AEM relative effectiveness using a 
groundwater numerical flow model, implementability, and potential impacts associated 
with construction.  

1.2 Report Organization 

Following this introductory section, the remaining part of this report is organized as 
follows: 

 Section 2 presents a summary of the CSM.  A detailed discussion of the CSM is 
provided in the Hydrogeologic Assessment Report for Ash Pond 3 Revision 1 
(HAR Rev 01) (Geosyntec, 2019); 

 Section 3 discusses the AP-3 closure, as well as the anticipated effects on post-
closure conditions from Georgia Power’s election to close AP-1 by removal;  

 Section 4 presents the initial screening and focused evaluation of the various 
AEMs considered for AP-3;   

 Section 5 presents a comparative discussion of the evaluated AEM options; and  

 Section 6 provides a list of references. 
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2. CONCEPTUAL SITE MODEL    

The Plant is located in the Valley and Ridge Physiographic Province (Valley and Ridge) 
of northwest Georgia, which is characterized by Paleozoic sedimentary rocks that have 
been folded and faulted into the ridges and valleys that gave this region its name.  The 
topography of the valleys and ridges reflects the underlying geology of the variably 
eroded and folded layers of alternating bedrock units.  Ridges are composed of relatively 
erosion-resistant rocks such as sandstone, conglomerate, or chert whereas valley floors 
are underlain by more-easily eroded rocks such as limestone, dolomite, and shale. 

Previous subsurface investigations identified five (5) lithologic units in the area of AP-3.  
From top to bottom, these units are: fill, terrace alluvium, residuum, highly 
weathered/fractured limestone bedrock, and unweathered limestone bedrock.  The 
characteristics of these units are described in greater detail in the HAR Rev 01 (Geosyntec, 
2019).  The uppermost aquifer is unconfined and occurs primarily in the terrace alluvium, 
highly weathered limestone, and in the solution-enhanced joints in the competent 
bedrock.  The aquifer is recharged from infiltration of precipitation and from release of 
stored water in the lower permeability residuum to the underlying units.  Localized 
preferential flow may also occur in the coarse facies of the terrace alluvium, but this unit 
is not laterally extensive across AP-3.  Groundwater flow in the vicinity of AP-3 generally 
flows from west to east.  The geologic and hydrogeologic characteristics near AP-3 are 
described in greater detail in the HAR Rev 01 (Geosyntec 2019).    

The limestone observed in the vicinity of AP-3 is associated with the middle units of the 
Cambrian age Conasauga Formation (Ccls), which consists of mostly shaley or 
argillaceous limestone (referred to as limestone).  A review of 7.5-minute USGS 
topographic maps (Rock Mountain, GA and Livingston, GA) of the area containing the 
Plant did not exhibit the typical surface expressions of karst features, such as sinkholes 
and sinking or disappearing streams.  The discrete, discontinuous, and mostly filled 
solution openings observed in subsurface borings, through drilling and borehole 
geophysical investigation, were likely formed by dissolution of limestone along the 
bedding planes and joints.  The openings are mostly filled with mud and, based on 
collective review of AP-3 boring logs, are not laterally continuous or representative of 
extensive open cavities within the bedrock formation.  Due to the discrete and 
discontinuous nature of these solution features, linear preferential flow pathways for 
groundwater are not expected.  With respect to karst processes, it should be noted that 
dissolution of the limestone bedrock takes place over geologic time, on the order of 
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hundreds of thousands of years.  The solution features present at AP-3 are not expected 
to be actively enlarging, further they are not laterally continuous or representative of 
extensive open cavities within the bedrock formation across the footprint of the unit.  
Mechanisms that, if present, could contribute to displacement of the residuum and surface 
soils at AP-3 due to karst include (i) an elevated water table resulting in increased head 
pressure and downward seepage gradients; (ii) the collapse or erosion of residuum into 
the solution-enhanced joint system due to the downward seepage forces and gravity; and 
(iii) the progressive upward propagation of downward soil collapse or erosion under the 
forces of downward seepage and gravity.  When all these mechanisms are present, 
displacement (in the form of sinkholes or drop-outs) is possible.  However, if one or more 
of these conditions are mitigated, then these mechanisms are decoupled from the process 
and the risk of displacement is substantially reduced.  The rapid increase and decrease of 
groundwater levels via periodic pumping of groundwater or the raising and lowering of 
surface water in unlined impoundments may promote this process by increasing these 
erosional forces and therefore increasing the risk of these events occurring (Sinclair, 
1982; Sowers, 1996).   

For example, documented historical water loss from AP-3 during the early stages of 
operation (late 1970s) were related to wet-sluicing (creating an elevated water table) and 
the likely presence of solution-enhanced joints and fractures in the underlying bedrock.  
These conditions were mitigated with repair of the area of water loss and conversion to 
dry-handling operations at AP-3 in 1982.  No additional seeps, water loss, suspected 
cavities, or other issues have been encountered since the conversion to dry handling in 
1983.  Additionally, the final engineered closure measures, including installation of a low 
permeability cover to minimize or eliminate infiltration, were designed and constructed 
in a manner that will both lower groundwater levels and minimize the potential for 
adverse effects on the structural components of the unit due to sinkholes or drop-outs. 
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3. OVERVIEW OF AP-3 CLOSURE MEASURES 

The AP-3 unit was closed in place in accordance with the State CCR Rule and the USEPA 
CCR Rule.  This was accomplished by ensuring liquid removal to support the 
construction of a stable final cover system.  The final cover system consists of a 60-mil 
High-Density Polyethylene (HDPE) liner, geo-composite drainage media, protective soil 
cover, and a vegetative cover.  The cover system is graded to promote positive drainage 
and shed stormwater away from AP-3 via riprap drainage ditches toward three outfall 
locations around AP-3.  The final closure of the unit with this low-permeability cover 
system minimizes or eliminates infiltration, to the maximum extent feasible, resulting in 
lower groundwater levels in the area of the closed unit.  Prior to installation of the cover 
system, the sub-grade was stabilized sufficiently to support the final cover system and the 
CCR met appropriate compaction and moisture content standards in accordance with the 
final design criteria.  Details of the engineering and design components of the AP-3 
closure and cover system are included in the Engineering Report included in Part B of 
the Permit Application (Stantec 2018).      

In addition to the closure of AP-3, Georgia Power opted to close nearby AP-1 by removal 
of the CCR material from the unit.  The planned closure by removal activities at AP-1 
will include the removal of all standing water and CCR from the unit.  The removal of 
this water will be managed in a way so as not to create conditions or mechanisms leading 
to displacement of soil and is expected to result in beneficial reductions in groundwater 
levels and lower hydraulic gradients, including in the AP-3 footprint.  The engineering 
measures that have been implemented at AP-3 and those planned for AP-1 have and will 
continue to mitigate the mechanisms that could contribute to karst-related displacement 
of soils as discussed in Section 2.   

Groundwater model scenarios were evaluated to compare the relative effects of potential 
AEM measures for AP-3 and are discussed in the subsequent sections.  The following 
groundwater model scenarios were considered:  (i) the AP-3 closure measures as a 
standalone condition without the effects of the AP-1 closure by removal, (ii) the combined 
effects of the AP-3 and AP-1 closures, and (iii) the additional effects of various AEM 
technologies.  The groundwater modeling results are presented in Appendices A and B.  
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4. EVALUATION OF ADVANCED ENGINEERING METHODS  

4.1   Overview  

The purpose of this section is to provide an overview of various AEMs that were 
considered to enhance in-place closure of AP-3 and present their evaluation.  For the 
purpose of this report, AEMs are grouped into two categories: (i) low-permeability 
barriers (e.g., slurry walls, cutoff walls, etc.)1, and (ii) groundwater extraction systems 
(extraction wells, interceptor trenches, TreeWells®, etc.).  Based on groundwater data 
collected at AP-3 to date, there are no exceedances of maximum contaminant levels 
(MCLs) or regional screening levels (RSLs).   

The selection and design of an AEM generally depends on various factors, including 
effectiveness, implementation challenges, and long-term operation and maintenance.  
Below, technologies and concepts are initially screened on effectiveness and 
implementability at AP-3.  Through the initial screening process, four options were 
selected and evaluated in more detail to compare the relative effects on the potentiometric 
surface resulting from each AEM.     

4.2   Initial Screening of Technologies 

Based on the conceptual site model, the uppermost portion of the weathered limestone is 
the predominant groundwater flow zone within the uppermost aquifer at AP-3.  Localized 
preferential flow may also occur in the coarse facies of the terrace alluvium, but this unit 
is not laterally extensive across AP-3.  To be effective, an AEM for AP-3 would need to 
affect groundwater flow in the highly weathered limestone and potentially in coarse facies 
of terrace alluvium (if present).  
 
The multiple technical measures considered include five types of low-permeability 
barriers and three types of groundwater extraction systems.  Initial screening was based 
on implementability and expected effectiveness given the existing infrastructure and 
hydrogeologic conditions at the AP-3.  These considerations are briefly discussed below.   

 
1 Permeable reactive barriers and in-situ soil stabilization of the CCR material were considered, however, 
only those AEMs that have the potential to reduce groundwater elevation and flux were carried forward 
and evaluated. 
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The five barrier types include slurry walls, grout curtains, deep soil mix (DSM) walls, 
sheet pile walls, and geomembrane barriers.  The major design considerations for low-
permeability barriers are: 

 Plan alignment of the wall will be limited by factors such as the property 
boundaries, accessibility, overhead and underground utility locations, and 
distance from any existing slopes; 

 For most subsurface walls, a working platform or bench (25 to 60 feet wide) is 
needed along the entire alignment of the wall; and 

 Construction of cutoff walls to target depths below ground surface near AP-3 and 
into very stiff soils or unweathered limestone bedrock could pose challenges and 
may require specialized equipment. 

Based on the understanding of the site conditions, the use of grout curtains, DSM walls, 
sheet pile walls, and geomembrane barriers are screened out due to one or more major 
implementability challenges associated with these AEMs.  For example, the sheet piles 
could not physically be driven into the target zone within the bedrock, and the DSM 
measure would also be limited to the unconsolidated soils above the bedrock.  Similar 
issues preclude the use of geomembrane barriers.  The slurry wall option was considered 
to be the most constructible of the barrier technologies. Two configurations were carried 
forward for further evaluation, a half slurry wall and full slurry wall. 

The three groundwater extraction systems screened were (i) a groundwater extraction 
well array installed between AP-1 and AP-3, (ii) an interceptor trench on the upgradient 
side of AP-3, and (iii) a TreeWell system downgradient of AP-3.  The groundwater 
extraction well option presents a potential issue of fluctuating groundwater levels and 
localized steep gradients resulting from pumping in the vicinity of the extraction wells.  
Rapid lowering of water levels and the fluctuations associated with cycling of the 
extraction system presents the potential for adverse effects on the underlying karst 
bedrock by providing a mechanism for erosion of the residuum soils into the solution-
enhanced fracture system in the bedrock.  While the interceptor trench option would also 
require pumping, the effect would be dispersed across the entire length of the trench 
alignment rather than localized in an area near AP-1, and therefore would result in less 
steep groundwater gradients and fluctuations.  The extraction well option was screened 
out, and the interceptor trench and TreeWell options were carried forward for further 
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evaluation.  The more detailed evaluation included an assessment of relative effectiveness 
of AEM scenarios using a groundwater flow model.        

4.3   Groundwater Model 

The groundwater numerical model developed for the AP-3 area is described in detail in 
the Groundwater Model Calculation Package included as Appendix A.  The additional 
model scenarios that were used to evaluate the AEMs are documented in a separate report, 
the Groundwater Model Calculation Package Addendum, included as Appendix B.  The 
model represents steady state conditions, and transient conditions were not evaluated.  
The particle tracking scenarios represent the estimated amount of time it would take a 
conservative tracer (a water particle) to travel from the location of the greatest thickness 
of CCR below the potentiometric surface to the AP-3 permit boundary.  Groundwater 
flux is estimated by the volume of water modeled as flowing through the bottom of each 
model cell within the CCR model layer, and the percent reduction is for each scenario 
relative to the baseline pre-closure conditions. 

Groundwater flow models are necessarily simplified mathematical representations of 
complex natural systems.  Therefore, all groundwater models have limits to their accuracy 
and associated uncertainties in model predictions.  The goal of this model was not to 
predict precise outcomes, but to provide relative groundwater elevation and flow 
information to facilitate a comparative evaluation of AEM options.  For example, as 
discussed in Appendix A, the mean head error of the calibrated model is -0.06 feet.  
However, that error ranged from +4.27 feet to -3.20 feet across the model domain.  This 
indicates that while the model’s uncertainty is low on average, in some places the 
calibrated model groundwater elevation could vary up to four feet from the observed 
conditions. 

 

4.4   Detailed Evaluation of Technologies 

Following the initial screening and the development of the groundwater flow model, the 
selected low permeability barrier (slurry walls) and extraction system scenarios were 
further evaluated using the predictive model.  The following criteria were considered: 

 the maximum thickness of CCR below the potentiometric surface; 
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 volume of CCR below the potentiometric surface; 

 groundwater flux through the AP-3 unit; 

 time taken for a water particle to travel from the location of the greatest thickness 
of CCR below the potentiometric surface to the AP-3 permit boundary; and  

 implementability considerations such as constructability and potential impacts or 
adverse effects of the measure.  

As a basis of comparison, results of the modeled closure simulations for AP-3 alone as 
well as the combined effects of closing AP-3 and AP-1 are provided in Section 4.4.1.  
Table 4-1 presents a summary of the predictive scenario results obtained from the 
groundwater flow modeling simulations.  These are discussed in greater detail below.   

4.4.1 AP-3 Closure Conditions 

Results of groundwater modeling included in Appendices A and B of this report indicate 
that the closure and capping of AP-3 with a low permeability cover system alone will 
meaningfully lower the groundwater table, reducing the volume of CCR below the 
potentiometric surface by nearly 65% and groundwater flux through the CCR in AP-3 by 
92.2% relative to the pre-closure conditions.  Modeling indicates that capping of AP-3 
combined with the planned drainage of AP-1 will have an even more significant effect on 
the groundwater elevations within AP-3 and its immediate vicinity, reducing the volume 
of CCR below the potentiometric surface by 91% and groundwater flux by 97.7% relative 
to the pre-closure conditions.  

4.4.2 Low Permeability Barriers 

Slurry walls are the most common type of vertical hydraulic barriers and typically include 
soil-bentonite, cement-bentonite, and soil-cement-bentonite mixtures to construct the 
below-grade barrier.  Methods for the design and construction of slurry walls are well 
established and when properly designed and installed, they are considered an effective 
long-term solution for inhibiting groundwater migration (Gerber and Fayer, 1994).   

For the AP-3 area, two measures were evaluated for the installation of a slurry wall.  The 
first considered a wall constructed on the upgradient (west) side of AP-3, in order to 
mitigate groundwater movement toward the unit, and the second considered a fully 
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encompassing wall encircling the entire boundary of AP-3.  For both cases, the actual 
slurry materials were not differentiated, and it was assumed that a hydraulic conductivity 
of 1 x 10-7 centimeters per second would be achieved, which is within the normal expected 
range of a slurry wall.  Also, for both wall alignment options, the depth of the wall was 
variable, but extended from the ground surface, through the terrace alluvium, residuum, 
and highly weathered/fractured limestone bedrock, keyed into the top of the unweathered 
limestone bedrock.  This depth ranged from approximately 50 to 75 feet below ground 
surface (ft bgs).    

4.4.2.1  Half Slurry Wall 

The potential half slurry wall configuration, along the upgradient (west) half of AP-3 is 
shown on Figure 4-1.  This configuration was evaluated using the groundwater numerical 
flow model developed for AP-3.  The resulting steady state conditions using this AEM in 
conjunction with the combined effects of the AP-3 and AP-1 closures indicated an 
approximate maximum potentiometric surface height above the bottom of the unit of 3.1 
feet and an approximate total volume of CCR below the potentiometric surface of 6,360 
cubic yards (CY).  This represented a 94% reduction in the total volume of CCR below 
the potentiometric surface and a 98.6% reduction in groundwater flux compared to the 
pre-closure conditions.  The particle tracking scenarios estimated a travel time of over 
100 years for a particle of water originating at the highest point of the CCR below the 
potentiometric surface to exit the permit boundary of AP-3.    

4.4.2.2  Full Slurry Wall 

The potential full slurry wall configuration, along the entire perimeter of AP-3 is shown 
on Figure 4-2.  This configuration was also evaluated using the groundwater numerical 
flow model.  The resulting steady state conditions using this AEM in conjunction with 
the combined effects of the AP-3 and AP-1 closures indicated an approximate maximum 
potentiometric surface height above the bottom of the unit of 4.3 feet and an approximate 
total volume of CCR below the potentiometric surface of 16,800 CY.  This represented 
an 83% reduction in the total volume of CCR below the potentiometric surface and a 
98.7% reduction in groundwater flux compared to the pre-closure conditions, but an 
increase in the volume of CCR below the potentiometric surface as compared to the effect 
of the closures of AP-3 and AP-1 alone.  The particle tracking scenarios estimated a travel 
time of over 100 years for a particle of water originating at the highest point of the CCR 
below the potentiometric surface to exit the permit boundary of AP-3. 



  
 
 

 
 

Hammond AP-3 AEM Report_09.22.20 11 September 2020 

4.4.2.3  Low Permeability Barrier Implementability Considerations 

The slurry wall configurations that were considered yielded variable results, with the 
partial upgradient wall alignment resulting in greater reductions in the total volume of 
CCR below the potentiometric surface and groundwater flux than the fully encompassing 
wall alignment.  This is likely due to groundwater mounding predicted in the interior of 
AP-3 with the full slurry wall, while the partial slurry wall along the upgradient side 
allows for groundwater flow out of the system.  The full slurry wall option would likely 
require hydraulic control (via groundwater extraction) within the unit in order to relieve 
head pressures due to the fully encompassing wall.  This may lead to the same concerns 
that resulted in exclusion of the extraction well system discussed in Section 4.2.  For these 
reasons, the fully encompassing slurry wall option is not advanced to the comparative 
analysis presented in Section 5. 

The upgradient slurry wall alignment also results in groundwater mounding, along the 
upgradient portion of AP-3, as shown in Figure 4 of Appendix B.  This modeled 
mounding (on the order of one to four feet) may be problematic in areas to the west of 
AP-3 where groundwater levels are commonly less than ten feet below ground surface.     

In order to achieve the conditions predicted in the model scenarios (2 and 3), the 
conceptual slurry wall design would require a depth range of 50 to 75 feet and installed 
into the top of the limestone bedrock.  Construction of a slurry wall to this depth and into 
the fractured bedrock would require specialized equipment such as a large one-pass 
system or hydromill trench cutter and may not be feasible due to implementability 
challenges, such as the large working platform (approximately 30 feet) required to operate 
such equipment and property boundaries.  Currently the crest of the AP-3 embankment is 
approximately 12 to 15 feet wide, and the distance from the toe of the western 
embankment to the adjacent property boundary is less than 20 feet.  One-pass and 
hydromill trenching systems would not be able to access the western portion of AP-3 
without modification to the embankment or access to the neighboring property for 
construction of the working platform.  Therefore, the slurry wall option presents 
significant implementability concerns.      

4.4.3 Groundwater Extraction Systems 

Conventional groundwater extraction systems generally involve installing an array of 
vertical extraction wells designed to pump groundwater to the surface, treating the water 
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if needed, and discharging it to surface water or reinjecting it into the subsurface.  This is 
an active approach used to remove, divert, or contain groundwater.  These extraction 
systems would be intended to reduce groundwater flux through AP-3 by lowering the 
groundwater elevation rather than by impeding groundwater flow.     

An alternative to conventional vertical extraction wells is to install an interceptor trench 
rather than an array of wells, in order to capture a continuous linear cross-section of the 
groundwater flow.  As the groundwater flows into the trench, elevation-controlled pumps 
or sumps allow for the extraction of the groundwater from the trench, thereby resulting 
in a locally lower groundwater elevation.  Extracted water is then treated (if needed) and 
conveyed to a permitted discharge.  While this method may also result in fluctuations in 
groundwater levels, these fluctuations are likely to be less extreme and localized as 
compared to those expected from vertical extraction wells.   

A second alternative to conventional vertical extraction wells is the use of a TreeWell 
system, which is a patented engineered system that uses the aggressive rooting ability of 
selected trees and other vegetation to capture and remove groundwater from the 
subsurface.  The TreeWell system utilizes a specialized lined planting unit constructed 
with optimum planting media designed to promote downward root growth and focus 
groundwater extraction from a targeted depth interval.  This type of system mirrors a 
conventional vertical mechanical extraction system using the trees as pumps, providing 
hydraulic control (Goldemund and Gestler, 2019).  While this method may also result in 
slight fluctuations in groundwater levels due to the growing season of the trees, these 
fluctuations are very limited compared to those expected from conventional vertical 
extraction wells or interceptor trenches.  There is also the added benefit of minimal long-
term operation and maintenance of the system once the trees are established and the 
canopy develops, while providing longer-term hydraulic control without the need for 
above-ground water treatment.       

4.4.3.1  Interceptor Trench 

The alignment of a potential upgradient interceptor trench is shown on Figure 4-3.  For 
modeling purposes, the trench was extended at least five feet into the highly fractured 
bedrock (between 50 and 65 feet below ground surface) over the entire length of the 
alignment.  For modeling purposes, the drain elevation for the trench was set at 565 feet 
mean sea level and an estimated pumping rate of 13 gallons per minute (gpm), or 
approximately 20,000 gallons per day (gpd), would be required at steady state to maintain 
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the effectiveness of the trench.  The resulting steady state conditions using this AEM in 
conjunction with the combined effects of the AP-3 and AP-1 closures indicated an 
approximate maximum potentiometric surface height above the bottom of the unit of 1.3 
feet and an approximate total volume of CCR below the potentiometric surface of 780 
CY.  This represented a 99% reduction in the total volume of CCR below the 
potentiometric surface and a 99.9% reduction in groundwater flux compared to the pre-
closure conditions.  The particle tracking scenarios estimated a travel time of over 100 
years for a particle of water originating at the highest point of the CCR below the 
potentiometric surface to exit the permit boundary of AP-3. 

4.4.3.2  TreeWell Systems 

The location of a potential TreeWell field (conceptually designed and modeled as 107 
TreeWell units) to the east of AP-3 is shown on Figure 4-4.  For modeling purposes, the 
TreeWell units are installed in the highly fractured limestone unit and are estimated to 
“pump” at approximately 40 gpd per tree, or an approximate 4,300 gpd for the entire field.  
This water is drawn into the vascular system of the tree and then subject to 
evapotranspiration.  Therefore, no effluent is generated, avoiding potential long-term 
discharge management and associated permitting.  The resulting steady state conditions 
using this AEM in conjunction with the combined effects of the AP-3 and AP-1 closures 
indicated an approximate maximum potentiometric surface height above the bottom of 
the unit of 3.7 feet and an approximate total volume of CCR below the potentiometric 
surface of 8,140 CY.  This represented a 92% reduction in the total volume of CCR below 
the potentiometric surface and a 97.8% reduction in groundwater flux compared to the 
pre-closure conditions.  The particle tracking scenarios estimated a travel time of over 
100 years for a particle of water originating at the highest point of the CCR below the 
potentiometric surface to exit the permit boundary of AP-3.  The modeling results 
presented herein do not capture additional beneficial effects on groundwater quality, 
reductions of the potentiometric surface, or groundwater flux expected in the vicinity of 
the TreeWell field outside of the AP-3 permit boundary. 

4.4.3.3  Groundwater Extraction System Implementability Considerations   

Predictive model scenarios evaluated in this report indicate that the upgradient trench 
drain concept would need to be installed five feet into the highly weathered rock to 
effectively reduce the upgradient groundwater flow coming into AP-3 and thereby reduce 
the volume of CCR below the potentiometric surface.  Like the slurry wall concept, a 



  
 
 

 
 

Hammond AP-3 AEM Report_09.22.20 14 September 2020 

trench installed to this depth and into the weathered bedrock would require specialized 
trenching equipment that may not be feasible due to implementability challenges, the 
large working platform (approximately 30 feet) required to operate such equipment and 
property boundaries.  Currently the crest of the AP-3 embankment is approximately 12 
to 15 feet wide, and the distance from the toe of the western embankment to the adjacent 
property boundary is less than 20 feet.  One-pass and hydromill trenching systems would 
not be able to access the western portion of AP-3 without modification to the embankment 
or access to the neighboring property for construction of the working platform.   

Long-term pumping and management of groundwater from the trench would be required 
in perpetuity in order for the trench option to remain effective.  The cycling of the pumps 
needed to actively dewater the trench would result in fluctuations in groundwater levels 
in the vicinity of the trench.  These effects would likely be dispersed over the entire length 
of the trench, have less steep localized gradients, and would not cycle as frequently as in 
the case of conventional vertical extraction wells discussed in Section 4.2.  This does not, 
however, preclude the increased risk of potential adverse effects on soil stability due to 
karst conditions in the bedrock. 

The field of TreeWell units that would be considered is located along the downgradient 
side (east) of AP-3 and would be intended to locally lower the water table and create an 
inward hydraulic gradient toward the TreeWell field.  This would also slightly reduce the 
volume of CCR below the potentiometric surface in the unit.  This location is outside of 
the AP-3 footprint and therefore would not require disturbance of the AP-3 cover system 
or existing dike construction.  Subsurface conditions (soil and groundwater geochemistry) 
at AP-3 are not expected to pose any significant issues for the trees to thrive.  Possible 
concerns regarding constructability include the technical challenges of drill rig access in 
the floodplain of Cabin Creek for the purpose of installing the 4-foot diameter boreholes 
to the target zone within highly weathered bedrock; however, this may be addressed with 
minor surface improvements and grading.   

Initially, the trees will require three to four growing seasons for full canopy closure to 
achieve optimal groundwater extraction rates, but some positive effects on groundwater 
levels are expected to occur after about two growing seasons.  During the initial 
establishment period, more frequent site inspections (i.e., semi-annually) would be 
appropriate to monitor plant vigor and identify any potential issues (such as an insect 
infestation) that may require active intervention.  Following the initial establishment 
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period (3 to 4 years), only minor operation and maintenance activities such as pruning of 
the trees, occasional fertilization, and mowing of undergrowth may be needed. 
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5. COMPARISON OF OPTIONS  

5.1   Overview 

Based on the CSM, the uppermost portion of the highly fractured and weathered 
limestone is the predominant groundwater flow zone within the uppermost aquifer at AP-
3.  The terrace alluvium may act as a localized flow zone, but this unit is not laterally 
extensive across the AP-3 area.  Controlling groundwater flux through AP-3 requires 
mitigation of the flow in the highly fractured limestone unit, and potentially in the coarse 
facies of the terrace alluvium (if present).   

Georgia Power has closed AP-3 in-place, including the installation of a low permeability 
cover system, and has opted to close AP-1 by removal of the ponded water and CCR.  As 
discussed in Section 4.1.1 the closure and capping of AP-3 alone has a positive effect on 
the groundwater conditions.  When combined with the closure and surface water 
improvements at AP-1 the volume of CCR below the potentiometric surface is reduced 
by 91% and groundwater flux by 97.7% relative to the pre-closure conditions.  The 
combined closure of AP-3 and AP-1 also resulted in a modeled travel time of 100 years 
or more for a water particle to reach the permit boundary of AP-3, a significant 
improvement over pre-closure conditions, which is estimated to have been on the order 
of 20 years.  

Thus, the in-place closure of AP-3 and the surface water improvements associated with 
closure of AP-1 provide a substantial improvement to the groundwater elevation and flux 
at AP-3. As compared to pre-closure conditions or closure of AP-3 alone, a high degree 
of enhanced groundwater protection is modeled to be achieved without the use of an 
AEM.  However, Georgia Power may consider employing an AEM to provide further 
reductions of (i) the volume of CCR below the potentiometric surface within AP-3 and 
(ii) groundwater flux through AP-3.  To facilitate Georgia Power’s AEM decision making 
for AP-3, this section presents a comparative discussion of the evaluated AEM options 
based on effectiveness and implementability considerations. 

5.2   Relative Comparison of AEMs 

Based on the modeled scenarios presented in Appendix B, some additional reduction of 
groundwater elevations and flux in AP-3 could be achieved by each of the AEM options 
(slurry wall, TreeWells, and interceptor trench).  Below, each of these three AEM options 
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is compared to the combined closure of AP-3 and AP-1 and each other in terms of 
effectiveness and implementability.   

5.2.1  Slurry Walls 

While the half slurry wall AEM could reduce the volume of CCR below the 
potentiometric surface (modeled to be an additional 3%) the full slurry wall is modeled 
to increase the volume of CCR below the potentiometric surface (modeled to be a 
reduction of 8%). Both slurry wall measures (half and full) were predicted to further 
reduce groundwater flux (i.e., 1% or less) and inhibit water particle travel (i.e., similar to 
the combined closure of AP-3 and AP-1 – 100 years or more).  

Implementability considerations for this measure include: 

 Target depths of 50 to 75 feet below ground surface and cutting into competent 
bedrock to key the slurry wall into a low permeability layer would require 
hydromill technology.  The minimum working platform requirements for 
construction is larger than the available space at the toe or along the crest of the 
embankment.  Property boundary easements and significant modifications to 
AP-3 embankments would be required. 

 Groundwater mounding may occur on the upgradient (west) side of the AP-3 
embankment, potentially bringing groundwater levels close to the ground 
surface.  This condition may create saturated shallow soils, drainage problems, 
and potential flooding of the upgradient areas, especially after significant storm 
events.  

5.2.2  Interceptor Trench 

The upgradient interceptor trench drain option could reduce the volume of CCR below 
the potentiometric surface (modeled to be an additional 8%).  Also, it is modeled to reduce 
groundwater flux (i.e., approximately 2.1%) and water particle travel (i.e., similar to the 
combined closure of AP-3 and AP-1 – 100 years or more).   

Implementability considerations for this measure include:  

 Target depths of 50 to 65 feet below ground surface and cutting into the weathered 
and fractured bedrock would require large one-pass trenching or hydromill 
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technologies, and minimum working platform is larger than the available space at 
the toe or along the crest of the embankment.  Property boundary easements and 
significant modifications to AP-3 embankments would be required. 

 Requires long term management of intercepted and pumped groundwater, as well 
as long-term maintenance of pumping equipment.   

 Fluctuations in groundwater levels due to cycling of pumps and occasional 
maintenance may have unfavorable effects on erosion of soils into the solution-
enhanced fracture system beneath the AP-3.  

5.2.3  TreeWells 

The TreeWell field installed downgradient of AP-3 was modeled to reduce the volume of 
CCR below the potentiometric surface (i.e., approximately 1%) and groundwater flux 
from the CCR (i.e., approximately 0.1%) relative to the combined closure of AP-3 and 
AP-1.  Like the combine closure of AP-3 and AP-1, the TreeWell field was also modeled 
to achieve water particle travel time of 100 years or more.   Further, the modeled results 
presented herein do not capture additional beneficial effects on groundwater quality, 
reductions of the potentiometric surface, or groundwater flux expected in the vicinity of 
the TreeWell field outside of the AP-3 permit boundary.  Additionally, the TreeWells 
would require minimal long-term maintenance, offer the beneficial long-term hydraulic 
control without the need for above-ground water treatment, and would not impact the 
cover system or dikes of the AP-3 embankment.    

Implementability considerations for this measure include: 

 Drilling equipment and cutting heads needed to advance 4-foot diameter 
boreholes to target depths in the highly fractured limestone.  The Cabin Creek 
floodplain presents some challenges for equipment access. 

 Effectiveness relies on the established vegetation of the trees and may take 
multiple growing seasons (3 to 4 years) to achieve. 

 Minor fluctuation in groundwater levels are expected due to seasonal growth 
cycles of the trees. 
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5.3  Conclusions 

Based on the evaluations presented in this report, the in-place closure of AP-3 along with 
the effects of removal of AP-1, provides significant reductions in the volume of CCR 
below the potentiometric surface, groundwater flux through the unit, and water particle 
travel time for AP-3.  This combination is expected to enhance the overall groundwater 
quality in the vicinity of AP-3.  The three AEM options advanced for this comparative 
analysis are each predicted to offer some additional improvements in comparison to the 
combined closure of AP-3 and AP-1, as noted above, and would enhance the protection 
of groundwater and closure effectiveness for AP-3.   

While each of the AEM options are predicted to offer some benefit to groundwater 
quality, implementation challenges differentiate the AEM options evaluated.  The slurry 
wall and interceptor trench options present significant implementation challenges.  
Access is very limited along the western and northern portion of AP-3 and therefore, the 
slurry wall and interceptor trench AEMs would require property boundary easements and 
significant modifications to the AP-3 embankments.  Potential adverse impacts may result 
from the slurry wall and trench AEMs including mounding of groundwater (slurry wall) 
and groundwater fluctuation and increased risk of karst-related soil loss (interceptor 
trench), and long-term operation and maintenance for water removal to ensure the 
effectiveness of these two options.   

In comparison, the implementation considerations of the TreeWell option are 
manageable, and the primary concerns discussed in section 5.2.3 are not likely to pose 
critical challenges for the project.  Access and drilling concerns can be addressed with 
surface improvements such as clearing and grading of the area.  Tree survival/mortality 
is a common factor in any plant-based system, but as previously mentioned, conditions 
are not expected to adversely affect the trees, and this can be evaluated by compatibility 
studies prior to planting.  The fluctuations in groundwater due to seasonal patterns 
(summer growth, winter dormancy) are expected to be small, evenly distributed, and 
relatively insignificant. 

While the implementation challenges and potential impacts do not necessarily preclude 
any of the AEM options, the magnitude of those challenges and impacts for purposes of 
AEM evaluation may be considered relative to the effect that will otherwise be achieved 
by the combined closure of AP-3 and AP-1.  Additionally, groundwater quality at AP-3 
is currently not impacted above MCLs or RSLs by CCR-related constituents.  The 
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potential for such impacts in the future will be further reduced significantly by the current 
closure of AP-3 and Georgia Power’s decision to close AP-1 by removal.  Groundwater 
quality at AP-3 is and will continue to be monitored in accordance with federal and state 
requirements, and will be addressed, as necessary, through the regulatory assessment of 
corrective measures (ACM) process.     
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APPENDIX A 
Groundwater Model Calculation Package 

 











































































































 

 
 

 

 

APPENDIX B 
Groundwater Model Calculation Package Addendum




























