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EXECUTIVE SUMMARY

On December 22, 2008, approximately 5.4 million cubic yards (cy) of ash material were released into the
environment from the Tennessee Valley Authority (TVA) Kingston Fossil Plant (plant) in Harriman,
Roane County, Tennessee. In response to this release, TVA undertook immediate response actions and
worked in close coordination with the U.S. Environmental Protection Agency (EPA), the Tennessee
Department of Environmental and Conservation (TDEC), and other agencies to provide for the safety of
area residents, to contain released ash and minimize its downstream migration, and to monitor and assess
air and water quality. On January 12, 2009, TDEC issued a Commissioner’s Order to TVA requiring,
among other things, the comprehensive assessment, cleanup and restoration of areas impacted by the
release. On May 11, 2009, an Administrative Order and Agreement on Consent (EPA Order) was signed
between EPA and TVA providing the regulatory framework for the restoration efforts under the
Comprehensive Environmental Response, Compensation, and Liability Act. TVA undertook response
actions to achieve short-term strategic Site objectives defined in the EPA Order as time-critical removal
actions. Those actions were summarized in an On-Scene Coordinator (OSC) Report. TVA subsequently
undertook further response actions to achieve mid-term Site objectives as non-time-critical removal
actions. This OSC Report summarizes the non-time-critical removal actions taken to comply with the
EPA Order.

The non-time-critical removal actions were focused on removing ash from the Swan Pond Embayment.
Actions included removing ash from both the North Embayment and Middle Embayment with land-based
equipment. Recovered ash was then dry-stacked onsite in the Dredge Cell and Ash Pond as a single Ash
Landfill. Closure of the Ash Landfill involved construction of a perimeter containment berm, and final
cap and cover. Restoration of the ecosystem in the Swan Pond Embayment included establishment of a
complex mosaic of wetlands. Other related routine actions included air monitoring and dust control,
surface water monitoring, and storm water management.

EFFECTIVENESS OF REMOVAL ACTIONS

Effectiveness of Ash Removal. The ash was moved and shaped using bulldozers, backhoes, and
amphibious equipment and then loaded onto articulating trucks by front end loaders and backhoes. Self-
loading pan scrapers were also used for bulk excavation of the ash. A total of 2,293,000 cy (in-place
volume) of material was removed from the Swan Pond Embayment, including 1,010,000 cy from the
North Embayment (November 2010 through November 2011), 1,059,000 cy from the Middle Embayment
(August 2010 through June 2014), and 224,000 cy from the Sediment Basin and Dike 2 area (September
2010 through August 2013). Ash removal was completed in a total of 45 months at a cost of
approximately $43 million.

Production rates remained slower during the wetter winter months, gradually increasing to an average of
2,600 to 5,600 cy/workday in the summer. The maximum recorded daily productivity rate was 10,200 cy
in a single day. Productivity was impacted due to the tight geographic area, which became smaller and
smaller as the excavation worked its way out of each section of the embayment.

Upon completion of the ash removal from a portion of the embayment, confirmation sampling was
conducted in a series of grids to verify removal. Concurrence forms were used to document the
completion of ash removal; these concurrence forms were reviewed and signed by TVA and EPA, in
consultation with TDEC. Although all accessible ash was removed, a small quantity of ash was left
adjacent to Swan Pond Road and beneath Swan Pond Circle Road to prevent slope stability issues.

Significant volumes of ash were removed from other areas and consolidated into the Ash Landfill. These
include the relic area of the Dredge Cell (1,502,000 cy), the Ball Field processing area (323,000 cy), and
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along Swan Pond Road (87,000 cy). In addition, about 175,000 cy of plant-generated ash settled out into
the Ash Pond and 556,000 cy of spoils (when compacted) were generated during perimeter wall
stabilization.

Effectiveness of Ash Processing. Ash processing consisted of temporary stockpiling and/or windrowing
the material to dewater the recovered ash. Temporary ash storage and/or processing was necessary to
condition the ash so as to meet moisture content requirements prior to ash stacking. Several ash
processing areas were used during the non-time-critical removal action, including the former Ball Field,
central Dredge Cell, Ash Pond, and relic area of the Dredge Cell. Lime treatment was also conducted
during winter months to dry the ash. These ash processing areas, especially the relic area of the Dredge
Cell, were also used for dewatering of spoils from the perimeter wall stabilization (PWS) slurry trenching
operations.

Effectiveness of Ash Stacking. Ash stacking was implemented in stages in each quadrant of the Ash
Landfill, progressing from the north and central Dredge Cell, to the Lateral Expansion, and then to the
Ash Pond. However, these stages overlapped considerably, so that at any given time stacking operations
were being conducted across the Site. Ash material was stacked using pan scrapers or dump trucks to
place the material, dozers to spread the material, and smooth steel drum rollers to compact the material.
A total of 3,595,000 cy (compacted volume) of ash material was stacked within the Ash Landfill
including 1,488,000 cy in the Dredge Cell, 1,189,000 cy in the Lateral Expansion, and 918,000 cy in the
Ash Pond. In addition, 475,000 cy of spoils generated during PWS activities were dried and stacked
within the Ash Landfill.

Geotechnical instrumentation consisted of piezometers, slope inclinometers, and settlement plates, which
were monitored continually throughout ash stacking. When instrument readings reached levels of
concern, mitigation measures were implemented: Restrictions were placed on the rate of stacking to
allow pore pressures to dissipate; rock buttress material was placed as a counterweight to slow lateral
movements; and finger drains were installed to relieve pore pressures and stabilize soft wet areas. As a
result, the ash stacking operations were effective in maintaining stability of the stack.

Productivity mirrored ash removal, and remained slower during the wetter winter months. Stacking
averaged 2,600 to 4,600 cy/workday in the summer; the maximum recorded daily productivity rate was
8,540 cy in a single day. Productivity increased once the embayment ash removal was completed, and
ash material could be hauled shorter distances from the relic area to active stacking areas. Productivity
was impacted during infilling next to the perimeter containment berm due to the narrow geographic area
between the berm and adjacent stacked embankment. Problems were encountered during ash stacking
due primarily to prolonged wet weather that would degrade the stacking subgrade. Repairs included
techniques such as waiting for the conditions to dry out, “clipping” the subgrade surface and replacing
that material, and disking or blading the material in place to enhance drying.

Ash stacking, combined with monitoring of geotechnical instrumentation, was effective in constructing a
stable embankment within the Ash Landfill. The ash stacking (including infill stacking) was completed
July 2014, having taken 45 months to complete and at a cost of approximately $13 million.

Effectiveness of Perimeter Wall Stabilization. The PWS was the most significant component of the
perimeter containment system. The stabilized perimeter was designed to contain material both under
static conditions as well as following a seismic event. The PWS involved excavating a grid of slurry
trench walls through saturated fly ash that were backfilled with self-hardening slurry composed of cement
slag and bentonite (cement-bentonite [CB]) slurry. Each segment of the PWS system contained shear
walls (perpendicular to the perimeter); some segments also contained an inboard and/or outboard
perimeter wall (parallel to the perimeter). Each slurry trench wall panel was nominally 4-ft wide and
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excavated in “cuts” approximately 30-ft long. The PWS wall system was a total of 12,000-ft long, and
varied from 60 to 100 ft in width. Each wall panel was 45 to 75 ft deep and embedded into the underlying
bedrock 1.7 to 6.9 ft . Design strengths varied from 200 to 265 pounds per square inch.

Productivity averaged 540 to 1,130 cy/workday (in-place volume) across the various segments. The
maximum recorded daily productivity rate was 2,400 cy in a single day. Productivity was initially
impacted by numerous equipment breakdowns and repairs; to improve productivity, an additional rig was
brought to the Site as spare equipment in case of breakdown of one of the operating rigs.

Upon completion of a portion of the PWS wall, quality control (QC) checks were conducted to verify wall
integrity. These included depth soundings for rock embedment, horizontal and verticality surveys,
unconfined compressive strength testing of grab and/or core samples, and coring for uniformity.
Concurrence forms were used to document the QC and accepted wall integrity; these concurrence forms
were reviewed and signed by TVA and EPA, in consultation with TDEC.

e Problems were encountered early in the trenching operations as work platform conditions deteriorated
during trenching. Groundwater levels rose to near the ground surface, causing trench collapse and
platform deterioration. Equipment support (layered crane mats) was impacted, requiring at times
more than six layers of mats. Several options were tested for stabilization of the work platform so as
to improve equipment support: stone/rock, stone/rock with geogrid reinforcing fabric, bottom ash,
lime-treated fly ash, and cement-stabilized fly ash. Stone/rock surfacing was the most successful and
cost-effective method for improving platform stability. Additional techniques proved helpful in
abating near-surface groundwater levels that had led to deterioration of the platform: dewatering
finger drains, raised platform elevation, and reducing spillage of slurry trench spoils onto the
platform.

e Problems were encountered during trenching operations that led to excessive sloughing and/or
sidewall collapse. Several conditions contributed to trench sidewall instability: shallow depth to
groundwater in some areas, artesian groundwater pressures near the base of Pine Ridge, liquefiable
sands and fly ash, closely spaced shear walls that exacerbated liquefaction, and hard rock that further
exacerbated liquefaction. Improvements that were successful in reducing collapse included raising the
working platform elevation, sequencing the wall installations by skipping more than one shear wall in
a pattern, and dewatering using both shallow well points in the ash and wells in the deeper sands.
These efforts reduced frequency of trench collapse, but did not eliminate trench instability issues.

e Coring for uniformity detected numerous inclusions of unsolidified materials in sections of the wall.
Most of these defects were a result of platform instability and wall collapse, as discussed above, as
well some areas of low strength. Mitigation of defects in the wall was accomplished by either
excavating adjacent wall panels or by jet grouting of defects. Jet grouting consisted of pre-drilling 3-
to 4-inch-diameter holes then pressure injecting cement grout to form columns nominally 4 ft in
diameter within the unsolidified material. A total of 5,490 linear ft of adjacent wall panels and 3,275
jet grout columns were constructed to repair defects. Approximately 18% of the wall required defect
mitigation.

e Construction joints between two adjacent wall panels that had partially cured resulted in numerous
“cold joints”. Sequencing of slurry trench panel excavations reduced, but did not eliminate the
number of cold joints. Mitigation of cold joints in the wall was accomplished by either excavating
adjacent wall panels or by jet grouting. Jet grouting, which was predominantly used, consisted of pre-
drilling a pair of 12-inch-diameter holes then pressure injecting cement grout to form alternating 1 ft
vertical intervals of jet-grout columns varying from 12 inches (pre-drill hole diameter) to 14 inches in
diameter. In this way, the completed cold joint mitigation column was firmly socketed into the cured
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PWS wall on either side of the joint. Approximately 20% of the construction joints required cold
joint mitigation.

o Problems were encountered prior to construction of the PWS adjacent to the Stilling Pond in that the
dike dividing the Stilling Pond from the Ash Pond was found to be unstable. TVA undertook
emergency construction of a rock buttress to stabilize the dike. Clean rock and riprap materials, as
well as rock retrieved from the Sediment Basin and Dike 2 removal, were placed in the Stilling Pond
as a counterweight to improve dike stability during trench construction.

A rock buttress was also constructed on the outboard side of the perimeter wall for portions of PWS wall
segments abutting the Middle Embayment. The purpose of the rock buttress was to provide a
counterweight to resist movement and improve stability following a design earthquake event. The rock
buttress, approximately 2,050-ft long, consisted of varying layers of sand, gravel, and stone riprap that
were placed between the shear walls.

Once the rock buttress was in place, an earthen berm was constructed on top of the PWS wall. The
perimeter berm extended a total of approximately 12,000 linear ft along the full circumference of the Ash
Landfill. The perimeter berm consisted of an initial 12-inch layer of sand overlain by an embankment of
compacted clayey borrow soil.

The PWS, combined with the rock buttress and perimeter berm, provided effective containment of the
stacked material within the Ash Landfill. The PWS construction (including repairs) was completed in
February 2014, having taken 31 months to complete and at a cost of approximately $130 million.

Effectiveness of Cap and Closure. Closure of the Ash Landfill included construction of a flexible
membrane liner system (FMLS) and soil cap. The FMLS consisted of a multilayer cap built in the
following successive layers: Subgrade preparation, 40-mil textured low linear density polyethylene
geomembrane, geocomposite drainage medium, 20 inches of cap soil consisting of a silty or clayey
borrow material, 4 inches of topsoil, and vegetative cover. Drainage systems were installed in
conjunction with the FMLS and included: underdrain pipes in swales and ditches, downslope flumes lined
with riprap, ditches lined with turf reinforcing mat, and low-water crossings of the perimeter access road
lined with riprap.

During active capping operations, productivity averaged approximately 800,000 sf/month (in-place planar
area) for the flexible membrane liner (FML), and 600,000 sf/month for the geocomposite and cover soil.
The maximum recorded monthly productivity rate was 1,360,034 sf in a single month. Cap and closure in
the Ash Landfill was completed on January 21, 2015, at a cost of approximately $34 million.
Approximately 4.1 million cy of material were placed in the Ash Landfill during the non-time-critical
removal action. Approximately 14.6 million cy were in place prior to the removal action, so that a total of
approximately 18.7 million cy are ultimately contained in the Ash Landfill beneath the cap.

MONITORING AND ANALYTICAL RESULTS

Samples of environmental media were collected during the non-time-critical removal action for the
Embayment/Dredge Cell to monitor the construction operations. Monitoring in the river system is
reported separately and not discussed in this report.

Surface Water Monitoring. Water quality parameters, including metals and turbidity, were measured in
the Clean Water Ditch, Settling Basin, and Stilling Pond. Average concentrations of some metals,
including arsenic, were more than ten times as high in the embayment samples as in reference background
samples taken from the Emory River. These results indicate likely impacts due to runoff from the ash in
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the embayment.  Comparison of post-storm event to non-storm event sampling data indicates little
appreciable difference in average metal concentrations. Time-based trends in concentrations of arsenic
and selenium (representative of ash-related constituents) indicated that any prior impacts of runoff from
ash in the embayment were abated by removal of the ash and covering of exposed ash in the Ash Landfill.

Air Monitoring. Ambient air monitoring was conducted throughout the non-time-critical removal action
to assess impact of any resuspension of inhalable and respirable fly ash particles during remediation. In
addition to particulate air concentrations (PM2.5 and PM10), air samples were analyzed for metals and
crystalline silica. Project-specific action levels were established to track air quality. Data collected to
date, both for personnel monitoring and ambient air monitoring, consistently show that personnel
exposure to trace elements in the ash has been far below any established action limits and ambient air
quality standards have not been exceeded.

Groundwater Monitoring. TVA collected groundwater samples from five shallow wells during the
non-time-critical removal action. Results showed that no analyte exceeded its maximum contaminant
level during the non-time-critical removal action. These results indicate that there were no observable
adverse impacts on groundwater quality during the non-time-critical removal action, neither during filling
of the Lateral Expansion and Ash Pond nor during PWS construction. Long-term groundwater
monitoring began in September 2014 and will be reported as part of the post-closure reporting for the Ash
Landfill.

SAFETY AND HEALTH

Safety and health incidents were reported through each contractor’s safety and health management
organization. Incidents of a serious nature were reviewed by a management team for corrective actions to
be developed. Through the end of the non-time-critical removal action, 166 incidents were reported,
including recordable injuries, first aid incidents, and near-misses. Ten recordable injuries occurred over
the 4-1/2 years, including an irritation due to an insect bite, two fractures when workers slipped while
climbing or descending from their equipment, a chipped tooth, and six sprains or strains.

Personal industrial hygiene monitoring was conducted using personal air sampling pumps with filters.
Filters were analyzed for metals, respirable dust, total dust, and forms of silica. Results indicated that
there were two analytes for which there was at least one reported exceedance of an exposure limit: silica
as quartz and respirable dust. Statistical evaluation of air monitoring results showed that for all exposure
groups and for all analytes, the results achieved a 95% confidence level that the 95th percentile of the
exposures fall below the Site exposure levels.

Reportable environmental events, or incidents, included spills/releases of hazardous chemicals that may
negatively impact human health or the environment. During the non-time-critical removal action, there
were no serious environmental incidents. Most events involved release of small quantities of hydraulic
fluid from excavators, dozers, or other heavy equipment involved in the cleanup effort. All such small
guantity releases were immediately reported and cleaned up, with proper disposal of the materials.

PUBLIC INFORMATION AND COMMUNITY RELATIONS ACTIVITIES

TVA’s community involvement program facilitated two-way communication between the community
surrounding the Site and encouraged community involvement in Site activities.  Numerous
communication tools were used to interact with the community and expand understanding about the Site.
These communication tools included establishment of an Administrative Record and Information
Repository, website and electronic media, and a Community Advisory Group. TVA placed public notices
announcing public comment periods in local newspapers and by email, held availability sessions and
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public meetings, prepared responsiveness summaries for each public comment period, issued fact sheets,
newsletters, and handouts, and erected road signs. TVA maintained active media relations and identified
opportunities to speak to local government bodies, schools, and civic/community organizations.

RESOURCES COMMITTED

TVA has recorded an estimate in the amount of $1.2 billion for the total cost of cleanup related to the
incident. Costs incurred during the non-time-critical removal action related to the Embayment/Dredge
Cell, totaled approximately $545 million. EPA costs incurred have totaled $12 million, including
$7 million during the non-time-critical removal action.

DIFFICULTIES ENCOUNTERED AND CONCLUSIONS

Difficulties Encountered. Measures were taken during the non-time-critical removal action to improve
construction operations and mitigate operational difficulties. The following summarizes key conclusions
and lessons learned.

¢ Removal lessons learned. Mechanical excavation using land-based excavators was much safer, less
costly, and offered better inspection of ash removal than dredging would have. Mechanical
excavation also reduced the potential for release of petroleum products to water. Multiple methods of
ash processing, including windrowing and lime treatment during the winter months and sun drying
during summer months, proved effective at reducing moisture content of the excavated materials
suitable for stacking. However, ash processing required considerable double-handling of materials,
which added both cost and time.

e Ash stacking lessons learned. Geotechnical monitoring, including piezometers and inclinometers,
proved critical to safely controlling ash stacking rates. Prolonged wet weather degraded the stacking
subgrade and impaired productivity. Mitigation measures such as waiting for the conditions to dry
out, “clipping” the subgrade surface and replacing that material, and disking or blading the material in
place to enhance drying were effective at improving subgrade conditions, but were nominally
successful during winter months.

e PWS lessons learned. CB slurry trenching was a relatively quick and effective means of constructing
nearly 60,000 linear ft of wall panels keyed into bedrock. However, wall quality was impaired due to
numerous Site conditions that contributed to sidewall collapse and formation of cold joints.
Productivity was improved by initiating jet grouting for repair of defects, which allowed the large rigs
to be used for wall production rather than repairs. Productivity was also improved by bringing an
additional rig to the Site as spare equipment. Stability of the working platforms was improved by
placing stone/rock on the inside edge of the platform, installing dewatering wells and/or finger drains,
raising the platform above design grade for the top of the wall, and reducing spillage.

e Cap and closure lessons learned. Use of a multilayer cap was effective due to the lack of suitable low
permeability clay onsite. Development of an onsite borrow area and construction of a bridge
underpass were effective in avoiding high truck traffic over public roadways. Heavy rains degraded
the cap subgrade because the ash is highly sensitive to erosion. Use of clay lining on steep ash slope
sections and plastic lining of surface drainage ditches were effective in controlling erosion. The
edges of the liner were buried in anchor trenches to avoid erosion beneath the FML.

o Dust control lessons learned. The primary method used for dust control was to apply a proprietary

dust suppression agent (Flexterra®), either with or without grass seed mixture. Water trucks were
used to wet down travel areas and ash piles, exposed surfaces were compacted by “slicking off” the
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surface, mobile water misters were used during the lime treatment operations, bag houses with seals
or pressure control housings were used during slurry mixing operations, and vehicles were cleaned at
a wash station to prevent ash tracking onto roadways.

Recommendations to Prevent Recurrence. Measures to prevent a recurrence of the release were
addressed in the OSC Report for the time-critical removal action. Recurrence of a release due to a
progressive slope failure at this Site can be prevented by construction of an engineered dry stack and
perimeter containment, as was constructed during the non-time-critical removal action for the
Embayment/Dredge Cell.
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1 SUMMARY OF EVENTS
1.1 SITE CONDITIONS AND BACKGROUND

On December 22, 2008, approximately 5.4 million cubic yards (cy) of ash material were released into the
environment from the Tennessee Valley Authority (TVA) Kingston Fossil Plant (plant) in Harriman,
Roane County, Tennessee. In response to this release, an Incident Command System (ICS) Unified
Command structure was implemented consisting of the U.S. Environmental Protection Agency (EPA)
Region 4 as the lead agency, the Tennessee Department of Environmental and Conservation (TDEC), and
TVA. TVA undertook immediate response actions and worked in close coordination with the EPA,
TDEC, and other agencies to provide for the safety of area residents, to contain released ash and minimize
its downstream migration, and to monitor and assess air and water quality. Following initial response
actions, EPA transferred lead agency authority from EPA to TVA on January 11, 2009. On January 12,
2009, TDEC issued a Commissioner’s Order to TVA requiring, among other things, the comprehensive
assessment, cleanup and restoration of areas impacted by the release (TDEC 2009a). On May 11, 2009,
an Administrative Order and Agreement on Consent (EPA Order) was signed between EPA and TVA
providing the regulatory framework for the restoration efforts under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) (EPA 2009b). TVA undertook response actions
to achieve short-term strategic Site objectives defined in the EPA Order as time-critical removal actions.
Those actions were summarized in an On-Scene Coordinator (OSC) Report (TVA 201la). TVA
subsequently undertook further response actions to achieve mid-term Site objectives as non-time-critical
removal actions. This OSC Report summarizes the non-time-critical removal actions taken to comply
with the EPA Order. This report has been prepared in conformance with the requirements of EPA’s
Office of Solid Waste and Emergency Response Directive No. 9360.3-03 (EPA 2007).

The TVA plant is located just off Swan Pond Road in Harriman, Roane County, Tennessee, near the city
of Kingston (Figure 1). Construction of the plant began in 1951 and was completed in 1955. The plant
typically generates 10 billion kilowatt-hours of electric power each year, enough to supply the needs of
about 670,000 homes in the Tennessee Valley. The plant consumes approximately 14,000 tons of coal
per day when operating at full power.

Ash material is a product of burning pulverized coal in generation plants. The Kingston plant can
produce about 1,000 dry tons, or approximately 1,200 cy of ash per day when operating at full power.
Ash material consists of both bottom ash and fly ash. Bottom ash is a coarse-grained material that is
washed out of the bottom of the plant’s production furnaces. Fly ash is a fine powdery material that is
removed from the plant’s exhaust stream by electrostatic precipitators. The collected bottom ash and fly
ash has historically been sluiced as a water-based slurry to an Ash Pond for settling. Prior to the release,
the ash was then dredged from the Ash Pond and piped to long-term unlined storage ponds, also known as
dredge cells.

The dredge cells were permitted by TDEC on September 26, 2000, as a Class Il Solid Waste Landfill
under state regulations. The three permitted dredge cells (Cells 1, 2, and 3) that failed during the release
(referred to as the “Dredge Cell”) covered about 127 acres and stored about 16.2 million cy of both fly
and bottom ash at the time of the release. A fourth permitted dredge cell (referred to as the “Lateral
Expansion Area”, or Cell 4) was being constructed at the time in the northern half of the Ash Pond.
Together, the Ash Pond and Lateral Expansion area covered about 120 acres and contained about 4.0
million cy of ash at the time of the release. The Dredge Cell, Ash Pond, and Lateral Expansion areas
therefore contained a combined total of approximately 20 million cy.

Ash is also present in other areas of the Kingston plant, having been generated from historical ash
processing operations. The “Ball Field” is a triangular-shaped area located immediately north of the plant
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and south of the Dredge Cell; the Ball Field was one of the first disposal areas at the Kingston plant, and
has at least 40 ft of underlying ash deposits. The “Stilling Pond” is a triangular-shaped area located
immediately east of the Ash Pond and Lateral Expansion area; the Stilling Pond is used for final treatment
of plant wastewaters prior to discharge under the plant’s National Pollutant Discharge Elimination System
(NPDES) permit; the Stilling Pond also has approximately 40 ft of underlying ash deposits. Quantities of
ash present in the Ball Field and Stilling Pond areas are estimated to be less than 5 million cy.

The Kingston plant is located on the Emory River close to the confluence of the Clinch and Tennessee
Rivers. The Emory River at the plant is impounded by Watts Bar Dam. The normal summer and winter
pool levels of Watts Bar Reservoir in the vicinity of the plant are 741 and 735 ft mean sea level (msl),
respectively. The Emory River originates on the Cumberland Plateau and its inflows to Watts Bar
Reservoir are not controlled. Flows in the nearby Clinch River arm of Watts Bar Reservoir are controlled
by Melton Hill Dam.

1.1.1 Initial Situation

On Monday, December 22, 2008, a containment dike surrounding a portion of the Class Il landfill
collapsed, releasing about 5.4 million cy of fly ash and bottom ash. The wet ash material flowed into area
waters, including the Emory River, adjacent tributaries and sloughs, and adjoining shorelines. The
released material covered about 300 acres of adjacent parts of Watts Bar Reservoir, including most of
Swan Pond Embayment. Most of the released ash was on property under TVA’s custody and control.
Figure 2 illustrates the area prior to the dike failure, and Figure 3 shows the area on December 28, 2008,
after the dike failure. No injuries occurred, but about 40 residences were directly affected by ash deposits
or water surge. Three houses were severely damaged and were later demolished. Swan Pond Road, Swan
Pond Circle Road, and portions of the rail line serving the plant were covered with ash. Water, electrical,
and gas services to the adjacent area were interrupted.

1.1.2 Location of Hazardous Substance(s)

The ash material contains naturally-occurring metals and radionuclides that are hazardous substances as
defined by CERCLA Section 101(14). The ash from the Ash Pond and Dredge Cells was tested for
naturally-occurring inorganics after the dike failure occurred in December 2008. Coal, in its natural state,
contains various inorganic constituents that can be concentrated and retained in the ash after burning the
coal for power production. The specific chemical composition of fly ash depends on the source of the
coal. The plant mostly uses eastern bituminous coal but also has used coal from Illinois and blends low-
sulfur Western coal to reduce emissions. The ash is primarily composed of fine silica particles. Oxides
of silicon, aluminum, iron, and calcium, chemically combined in an amorphous form, comprise 95 to 99%
of fly ash. Ash contains variable amounts of magnesium, titanium, sulfur, sodium, and potassium. Ash
also contains trace amounts (less than 1%) of other constituents that occur naturally in coal, such as
arsenic, barium, beryllium, boron, copper, lead, mercury, nickel, selenium, thallium, vanadium, and zinc
(TVA 2009a). In addition, ash contains naturally-occurring radionuclides, such as isotopes of uranium
and thorium, their short-lived daughter products (such as radium), and potassium-40. Analytical data for
ash and naturally-occurring soils in the region are discussed in the OSC Report for the time-critical
removal action (TVA 2011a).

The released ash extended through several miles of riverways. The main area affected by the failure of the
Dredge Cell was in the area nearest the plant, extending from Emory River Mile (ERM) 1.5 to 3.5. The
ash may have traveled upstream as far as ERM 5.75 and as far downstream as Tennessee River Mile 564.
Since that time, further downstream migration of ash has likely occurred into the Clinch and Tennessee
Rivers. Implementation of the time-critical removal action in 2009 and 2010 removed more than
3,500,000 cy of ash and associated sediment from the river system and disposed of those materials at an
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offsite landfill. Volumes of ash remaining in the river system following the time-critical removal action
were estimated at approximately 532,000 cy (TVA 2011a).

1.1.3 Cause of Release or Discharge

The cause of the release was described in the time-critical OSC Report (TVA 2011a). AECOM
Technology Corporation (AECOM) published a Root Cause Analysis Report to identify the most
probable mechanisms or factors that contributed to the failure (AECOM 2009). AECOM’s conclusion
was that rapid failure of the active Dredge Cell was progressive in nature due to four concurrent factors:

1. Fill Geometry and Setbacks. Perimeter dikes were built on high-void-ratio sluiced ash and underlying
sensitive silt layer and set back from the older dikes built on firmer foundation layers.

2. Increased Fill Rates and Higher Loads. The elevation of the ash was increasing more rapidly
compared to earlier years, which added load more quickly to the wet ash and underlying sensitive silt.

3. Soft, Weak Foundation Soils. Creep deformations caused a reduction in the available strength of the
sensitive silt layer.

4. Hydraulically-Placed Loose Wet Ash. The ash remained very loose with a very sensitive structure,
leading to low undrained shear strength under loading.

The TVA Office of the Inspector General (OIG) also published an Inspection Report (TVA OIG 2009).
The findings of the OIG Inspection Report included that TVA’s management practices or policies and
procedures contributed to the release by allowing conditions to advance to the critical stage. Possible
“red flags” were not acted on, ash management was not identified as a risk in TVA’s Enterprise Risk
Management program, and TVA culture relegated ash to the status of garbage at a landfill rather than
treating it as a potential hazard to the public and the environment. TVA has since acted to address its ash
management program and to improve its organizational effectiveness, including: organizational changes
to address management and accountability issues; changes designed to alter the corporate culture which
had de-emphasized the importance of ash management; and steps to assess ash storage facilities against
dam safety guidelines.

A TDEC Advisory Board also published a report of lessons learned from the TVA Dredge Cell failure
(TDEC 2009b). Findings/recommendations of the TDEC Advisory Board included: (1) emphasis on
improved life-cycle engineering design, monitoring, inspection, and follow-up maintenance; and (2)
understanding of the evolutionary process of the cell construction and methods to manage that evolution.
1.1.4 Injury/Possible Injury to Natural Resources

1.1.4.1 Notification of Natural Resource Trustees

The natural resource trustees were notified immediately after the release. TVA itself is one of the natural
resource trustees for Watts Bar Reservoir, along with TDEC and the U.S. Fish and Wildlife Service
(USFWS).

1.1.4.2 Assessment of Impacts to Natural Resource Conditions

Impacts to natural resources as a result of the release were described in the time-critical OSC Report
(TVA 2011a). The released ash extended through several miles of riverways, completely covering the
aquatic habitat in this portion of Watts Bar Reservoir. Bottom-dwelling animals were likely unable to
escape the release and were smothered by ash deposits. Fish were stranded on shorelines and experienced
physical trauma due to the ash, debris, and high levels of suspended solids. Approximately 2.5 acres of
wetlands were filled entirely by ash. Although various species of wildlife may have been affected, it
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appears that low levels of immediate wildlife mortality were associated with the ash release. Bird
colonies located on nearby islands remained intact and were not impacted. Over 50 acres of riparian-zone
habitat were impacted by the release and subsequent remediation, changing the types of riparian habitat
and their overall acreage.

Additional studies on natural resources in the river system have been conducted since the release, and are
summarized in an Engineering Evaluation and Cost Analysis (EE/CA) for the River System (TVA
2012c¢), and an associated Baseline Ecological Risk Assessment (BERA). Results of those studies have
indicated that there has been no ecologically significant impairment to the fish, fish-eating birds,
mammals, amphibians, reptiles, or aquatic plant communities; no further actions have been recommended
for those receptor groups. Benthic invertebrates (e.g., mayflies or snails) were considered to be at
moderate risk in the Emory River and low risk in the Clinch River due to biouptake of arsenic and
selenium in ash-contaminated sediment. Riparian-feeding birds (e.g., killdeer) that feed on benthic
invertebrates in ash-impacted areas of the river system were considered at low risk due to biouptake of
arsenic and selenium in their diet (larval mayflies and snails). Aerial-feeding birds (e.g., tree swallows)
were also considered to be at low risk due to biouptake of selenium in their diet (adult mayflies). The
BERA recommended risk management actions for these receptor groups. Potential actions were
evaluated in the EE/CA for the River System (TVA 2012c). Long-term Monitored Natural Recovery is
being implemented as a non-time-critical removal action to address residual ash in the river system in
accordance with the approved Action Memorandum (TVA 2012d). The long-term monitoring continues
to assess impacts to natural resources in the river system.

1.1.5 Efforts to Obtain Response by Responsible Parties

1.1.5.1 Incident Notification

EPA was the lead federal agency during the emergency response. TVA and Roane County Office of
Emergency Management and Homeland Security (EMHS) responded immediately to the incident. On
December 22, 2008, the National Response Center and EPA Region 4 were notified by TVA of the
release. An EPA OSC responded to the release the same day. An ICS response organization was
activated to manage the emergency phase of the release under Unified Command. Members of the
Unified Command included TVA, EPA Region 4, TDEC, Roane County EMHS, Tennessee Emergency
Management Agency, and Tennessee Department of Health. The U.S. Coast Guard, USFWS, and the
U.S. Army Corps of Engineers (USACE) were also informed of the release. In addition, TVA staff also
contacted the office of the State Historic Preservation Officer and federally-recognized tribes and
informed them that there may have been impacts to known cultural resources. A decision was made by
the Unified Command that the incident response would transition from the emergency phase to long-term
recovery effective January 11, 2009. At that time, EPA transferred the lead federal agency role to TVA
(EPA 2009a).

1.1.5.2 TDEC Commissioner’s Order

On January 12, 2009, TDEC issued a Commissioner’s Order, Case No. OGC09-0001 requiring action be
taken as necessary to respond to the emergency under Tennessee Code Annotated §69-3-109 BO (1), the
Water Quality Control Act (TDEC 2009a). The TDEC Order required TVA to develop plans for
environmental assessment, monitoring, protection of water supplies, ash management, and health and
safety.

In March 2009, TVA issued a Corrective Action Plan (CAP), in response to the TDEC Commissioner’s
Order (TVA 2009b). The CAP included the following elements:
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o A plan for the comprehensive assessment of soil, surface water, and groundwater; remediation of
affected media; and, restoration of all natural resources damaged as a result of the coal ash release.

e A plan for monitoring the air and water in the area during the cleanup process.

e A plan to ensure that public and private water supplies are protected from contamination and that
alternative water supplies are provided if contamination is detected.

o A plan addressing both the short term and long term management of coal ash at the Kingston plant,
including remediation and stabilization of the failed ash waste cells, proper management of the
recovered ash, and a revised closure plan for the Class Il ash disposal facility.

o A plan to address any health or safety hazards posed by the ash to workers and the public.

1.1.5.3 Emergency Response and Initial Recovery Actions

TVA undertook considerable emergency response and initial recovery actions immediately after the
release happened (TVA 2011a). Actions included closing the Emory River to boat traffic; managing of
river flows by controlling releases from nearby dams; controlling ash migration by constructing a Weir 1
across the Emory River and a Dike 2 across the Swan Pond Embayment; repairing damaged railroads,
roads, and utilities; collecting cenospheres (floating ash residue) and floating debris from the river
system; installing storm water management systems (clean water diversion, ash water collection, and
settling basin); dust control systems; and dike stabilization. Comprehensive community outreach
activities were implemented to provide for immediate safety and housing of affected residents, individual
confidential health assessments, and multiple communication formats to provide local residents and
officials with information on potential hazards and actions being taken.

1.1.5.4 EPA Administrative Order and Agreement on Consent

On May 11, 2009, an EPA Order was signed between EPA and TVA providing the regulatory framework
for the restoration efforts under CERCLA (TVA 2009a). The EPA Order defined short-term strategic
objectives for the Site, which were addressed during the time-critical removal action. Short-term
objectives included: (1) prevent the coal ash release from negatively impacting public health and the
environment; (2) contain and remove coal ash from the Emory River and the area east of Dike 2 as
appropriate to restore flow and minimize further downstream migration of the ash material; and (3) ensure
that coal ash material recovered during these efforts is properly managed pending ultimate disposal
decisions or, to the extent required by limited storage capacity, properly disposed.

Mid-term strategic objectives, as defined in the EPA Order, included removing any remaining coal ash
from the embayments and tributaries west of Dike 2 to the maximum extent practicable, removal of coal
ash from impacted upland areas and surface soils to the maximum extent practicable, and proper disposal
of all coal ash material recovered during these efforts. Mid-term objectives were addressed under the
non-time-critical removal actions following completion of the time-critical actions.

1.1.5,5 Time-Critical Removal Action

Time-critical actions began following issuance of the EPA Order to address short-term strategic
objectives for the Site. An Action Memorandum for the time-critical removal action was approved on
August 4, 2009 (Jacobs 2009b). Time-critical actions included hydraulic and mechanical dredging of ash
from the Emory River, mechanical excavation of ash from the Swan Pond Embayment east of Dike 2,
dewatering and processing of the recovered ash (including water management), loading of the dewatered
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ash into railcars, transport of the ash via rail offsite, and ultimate disposal of the ash at the Arrowhead
Landfill in Uniontown, Perry County, Alabama. Other related actions included cenospheres recovery, air
monitoring and dust control, surface water monitoring, storm water management, dike stability
evaluations and stabilization, and construction of a test embankment to demonstrate the constructability of
dry ash stacking.

A pilot program for hydraulic dredging in the river began in March 20, 2009 and continued until July 20,
2009. At the end of the pilot program in July 20, 2009, nearly 468,000 cy of material had been removed
by hydraulic dredging. Large-scale dredging of the Emory River began under the time-critical removal
action in August, 2009, and was conducted in two phases. Phase 1 focused on removing the greatest
volume of ash in the quickest time frame. At the end of Phase 1 on February 1, 2010, a total of 1.5
million cy of ash had been removed from the river, which opened the river channel and minimized
downstream ash migration. Phase 2 focused on dredging to the original river bottom contours to further
minimize the potential for ash migration downriver. This dredging was considered “precision” dredging,
since shallow depths of ash were to be removed. At the end of Phase 2 in June 2010, an additional
750,000 cy of ash had been from the river. Figure 4 shows the area in August 2010, following completion
of the time-critical activities.

Mechanical dredging using clamshells and backhoes was used in conjunction with hydraulic dredging to
remove debris, rock, and/or ash deposits located far upstream. A total of 62,000 cy of ash were removed
from the river by mechanical dredging. Land-based excavation of ash using bulldozers, backhoes, and
amphibious equipment was implemented in the area east of Dike 2 at the mouth of the Swan Pond
Embayment. A total of 737,000 cy were mechanically excavated east of Dike 2 from June 2009 through
May 2010.

Recovered ash was dewatered, then loaded onto railcars for transport to the Arrowhead Landfill in
Uniontown, Alabama, which is a permitted Class I, Subtitle D, facility (Permit No. 53-03). Offsite
shipments began on July 2, 2009; the last train shipment left the Site on December 1, 2010. A total of
4,025,000 tons of material were disposed at the Arrowhead Landfill.

1.2 ORGANIZATION OF THE RESPONSE
1.2.1 Non-Time-Critical Removal Action

TVA prepared an EE/CA for the Embayment/Dredge Cell (Jacobs 2010b) to evaluate alternatives for
restoration of the Swan Pond Embayment and for stabilization and closure of the former Dredge Cell and
Ash Pond as a single Ash Landfill. An Action Memorandum for the non-time-critical removal action was
approved on May 18, 2010 (Jacobs 2010d). To ensure smooth transition between time-critical and non-
time-critical actions, EPA authorized the implementation of several transition activities, which included
the following:

e Construction of a bridge and underpass at Swan Pond Circle Road.
e Consolidation of ash materials in the northernmost sections of the embayment.
¢ Recontouring and subgrade preparation in the central area of the Dredge Cell.

1.2.2 Phases of Response
The non-time-critical removal actions were focused on removing ash from the Swan Pond Embayment
areas west of Dike 2. Figure 5 shows the areas addressed during non-time-critical activities. Actions

included removing ash from both the North Embayment and Middle Embayment with land-based
equipment. Recovered ash was then dry-stacked onsite in the Dredge Cell and Ash Pond. Closure of the
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Dredge Cell and Ash Pond involved construction of a perimeter containment berm and final cap over the
Ash Landfill. Efforts during this time also included continued dust management and storm water
management. These activities are described in more detail below.

1.2.3 Role of Government Agencies and Contractors

The organization of the non-time-critical removal action was via the ICS under a Unified Command.
While TVA retained responsibility as the lead federal agency, EPA retained approval authority over the
actions taken to clean up the Site, in consultation with TDEC. TDEC also retained authority in specific
areas, such as final closure of the Dredge Cell and Ash Pond. In addition, other agencies were involved
such as the U.S. Coast Guard, Bureau of Reclamation (BOR), the Agency for Toxic Substances and
Disease Registry, USACE, and the Tennessee Department of Health.

Three persons served as the Incident Commanders within the Unified Command for implementing the
non-time-critical action, one for each of the agencies: TVA, EPA, and TDEC. Three persons have
served as the Incident Commander and General Manager for TVA: Steve McCracken (between May 2010
and April 2012), Kathryn Nash (between April 2012 and January 2014), and Carol Eimers (since January
2014). EPA’s Remedial Project Manager, Craig Zeller, was responsible for working with TVA to ensure
that the requirements of the EPA Order were met during the non-time-critical action. TDEC’s Incident
Commander was Deputy Commissioner Paul Sloan, who was replaced by Shari Meghreblian on May 2,
2011. In addition, Barbara Scott served as the TDEC representative to the Site through October 2012.

In addition to the agencies mentioned, substantial contractor support was included in the organization.
TVA hired Jacobs Engineering Group Inc. (Jacobs) under the direction of their Program Manager, Jack
Howard to provide technical support to Site management, engineering, and construction. TVA’s in-house
construction organization, Civil Projects (later named Site Construction Services, or SCS), was
responsible for ash removal from the embayment, ash stacking in the Dredge Cell and Ash Pond, and
maintenance of the Site. Geo-Con, a trade name of the Environmental Barrier Company, LLC, was
responsible for construction of the perimeter wall stabilization (PWS) system around the Ash Landfill.
Phillips and Jordan, Inc. (P&J) was responsible for construction of the geosynthetic cap and soil cap.
Stantec Consulting Services Inc. (Stantec) provided engineering design and construction quality control
(QC) management for the Ash Landfill components and closure. Merit Construction was responsible for
most of the ecosystem restoration work in the embayment. Both P&J and Merit were responsible for
constructing separate phases of a recreational park in the Swan Pond community (not part of the
CERCLA actions). Jacobs provided engineering design and construction QC for the recreational park.

1.3 CHRONOLOGICAL NARRATIVE OF RESPONSE ACTIONS
1.3.1 Threat Abatement Actions Taken

The released ash filled most of the Swan Pond Embayment to the north of the former Dredge Cell and
Ash Pond area and an adjacent stretch of the Emory River. Emergency response actions were taken as
initial threat abatement measures, as described in Section 1.1.5.3. Time-critical actions were taken for
threat abatement to meet the short-term strategic objectives for the Site, as discussed in Section 1.1.5.5.
Non-time-critical actions were taken to meet mid-term strategic objectives for the Site and included the
following:

o Ash Removal. TVA’s Civil Projects/SCS removed ash from the Swan Pond Embayment area west of
Dike 2 using land-based and amphibious mechanical excavators (backhoes). Excavation began on
August 11, 2010. Mechanical excavation was completed in the North Embayment area by November
19, 2011, and in the Middle Embayment area by March 29, 2013.
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Ash Processing. Ash processing activities were conducted concurrent with the mechanical excavation.
Stockpiling of excavated ash that was too wet for dry stacking was conducted in several areas of the
Site, including the Ball Field, central Dredge Cell, and relic area of the Dredge Cell. Dewatering was
conducted by gravity drainage and by windrowing to enhance evaporation. Lime treatment of wetter
ash was conducted on a portion of the recovered ash and PWS spoils during wet winter months,
between January 13, 2010, and March 28, 2013.

Ash Stacking. Ash placement within the former Dredge Cell and Ash Pond progressed in stages
across the area. Initial subgrade preparation and recontouring began in the former Dredge Cell on
August 11, 2010; the subgrade was completed and active ash stacking operations began on September
13, 2010. Ash stacking continued until July 1, 2014, when the final lift of ash was placed.

Perimeter Containment. Perimeter containment included subgrade preparation, installation of a PWS
system, and construction of an earthen berm surrounding the Ash Landfill. Construction of the PWS
system began as a pilot test in April 2011; full-scale production of the first segment of the wall began
onJuly 19, 2011. The final segment of the wall was completed on August 2, 2013; final repairs to the
wall were made by installing replacement walls and by jet grouting, which was completed on
February 20, 2014.

Cap and Closure. Placement of the cap system over the stacked ash progressed in stages across the
area. Initial cap placement began in the former Dredge Cell on June 18, 2013, and continued until
January 21, 2015, when the final section of topsoil was placed over the cap.

Ecosystem Restoration. Restoration of the ecosystem in the Swan Pond Embayment included
establishment of a complex mosaic of forested, scrub-shrub, and emergent wetland plant
communities. This included the restoration of floodplain microtopography and wetland hydrology
(i.e., constructed vernal pools) that historically provided important off-channel, seasonal, aquatic
habitat for amphibians, birds, and other semi-aquatic species. Enhancements included constructing
weirs to control water levels in the North Embayment and constructing additional wetlands in the
former borrow area. Ecosystem restoration will be described in an addendum to this OSC Report.

Other Related Actions. Throughout the non-time-critical removal actions, TVA continued other
related routine actions, including air monitoring and dust control, surface water monitoring, and storm
water management. Dike stability evaluations and inspections were routinely conducted.

1.3.2 Alternative Technology Approaches Pursued

1.3.2.1 Removal Action Technology Alternatives

Several technologies were evaluated for removing and disposing of ash from the embayment, as described
in an EE/CA for the Embayment/Dredge Cell (Jacobs 2010b). Technologies were evaluated as to their
effectiveness, implementability, and cost. The following describes the alternatives considered. Under
each alternative considered, the embayment would have been restored to an aquatic and riparian
environment.

Alternative 1: Excavate Embayment and Dispose Offsite (2.8 million cy); Grade and Close Dredge
Cell. The actions under Alternative 1 would have removed the ash and other materials in the
embayment and disposed of this material offsite. A perimeter containment system would have been
installed to keep ash in the cell from entering the embayment in the future and the Dredge Cell would
have been graded for drainage. The height of the closed cell would have been approximately 790 ft
above msl.
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Alternative 2: Excavate Embayment and Portions of Dredge Cell and Dispose Offsite (6.8 million
cy); Grade and Close Remainder of Dredge Cell. The actions under Alternative 2 would have
removed the ash and other materials in the embayment, plus enough ash from the Dredge Cell to limit
long-term reliance on a dike between the cell and the embayment, yet would have left enough ash to
provide buttressing for the remaining dikes. The removed material would have been disposed offsite.
The Dredge Cell would have been graded to a gradual slope, with a maximum height of the closed
cell of approximately 780 ft msl at its highest point, although most of the Dredge Cell would have
been below elevation 765 ft msl.

Alternative 3: Excavate Embayment and Dispose Onsite; Close the Dredge Cell. The actions under
Alternative 3 were ultimately selected for implementation. The Alternative used onsite disposal
locations for the ash removed from the embayment. No material was taken offsite for disposal;
instead, the ash and other material from the embayment were placed in compacted lifts in the Dredge
Cell and Ash Pond. A PWS system was installed to keep ash in the cell from entering the embayment
in the future and the Dredge Cell was graded for drainage. The height of the closed Ash landfill was
constructed to approximately 790 ft msl.

Rationale for selection of Alternative 3 as the preferred alternative are presented in the Action
Memorandum for the Non-Time-Critical Removal Action for the Embayment/Dredge Cell (Jacobs 2010d).
The selected action is effective in meeting each of the removal action objectives (RAOs) for the
Embayment/Dredge Cell, is effective in safely containing the ash and addressing each of the root causes
of the release, minimizes offsite transportation and disposal impacts, results in comparable time to
achieve RAOs, and is the most cost-effective.

1.3.2.2 Perimeter Wall Stabilization Technologies

Several technologies were evaluated for constructing the PWS system around the Ash Landfill. The
alternate technologies and range of typical costs is listed below.

Insitu soil-cement deep soil mixing. Using this technology, the foundation zone is stabilized by
mechanically mixing in-situ soil materials with a cement grout slurry using a hollow-stem paddle
mixer. Auger drilling equipment is used to create a soil/cement column. Successive columns are then
installed to create a contiguous subsurface “wall” of soil/cement. These walls are then configured into
the required grid pattern. Typical costs range from $85 to $95/cy. Deep soil mixing using a
cutterhead device instead of augers is a similar technology, with typical costs ranging from $125 to
$135/cy.

Cement-bentonite slurry walls. Using this technology, the perimeter stabilization walls are installed
by the slurry trench construction method. As the trench is excavated, viscous slurry is added to the
trench to support the trench opening and maintain a stable trench. The slurry, a mixture of cement
slag and bentonite, is a self-hardening slurry that becomes the permanent backfill and the stabilized
wall material. Trenching creates a continuous linear CB wall. These walls are then configured into
the required grid pattern. Typical costs of slurry trench technologies range from $75 to $85/cy.

Jet grouting. Using this technology, the foundation zone is stabilized by injecting cement grout under
high pressure to achieve in-situ mixing of the grout with the soil in the treatment zone. Retracting the
injection nozzle creates a soil/cement column. Successive overlapping columns are then installed to
create walls, which are then configured into the required grid pattern. Typical costs of jet grouting
would be on the order of $80/cy.

Two full-scale field demonstration tests were performed at the Site to evaluate PWS technologies.
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e In August 2010, Remedial Construction Services (RECON) conducted a demonstration of the deep
soil mixing (DSM) technology in the northern corner of the former Dredge Cell (RECON 2010).
Overlapping DSM columns were installed to construct a test panel 20-ft long by 7-ft wide. RECON
installed a total of 11 columns in 2 rows; each column was 5-ft in diameter and spaced 4-ft apart.
Unconfined compressive strength (UCS) test results conducted on grab samples at varying depths
ranged from 45 to 150 psi at 28 days (average 85 psi); UCS test results conducted on core samples
ranged from 85 to 705 psi at 56 days (average 350 psi). The results of the demonstration test
suggested that DSM would be an acceptable technique for perimeter stabilization. Difficulties were
experienced in defining top of rock based on drilling resistance, but that 2-ft embedment into rock
was possible.

e In April 2011, Geo-Con conducted a demonstration of the CB slurry wall technology in the northeast
side of the Dredge Cell (Stantec 2011c). Slurry walls were configured in a grid pattern consistent with
the final design layout of the PWS, including 3 shear walls and both inboard and outboard walls.
Each wall was 4-ft wide. UCS test results were conducted on both 120 grab samples and 500 core
samples for comparison. UCS test results for the grab samples ranged from 170 to over 400 psi at 56
days (average 305 psi); those for core samples ranged from 40 to 400 psi at 56 days (average 216 psi).
The results of the demonstration test suggested that CB slurry wall technology would be an
acceptable technique for perimeter stabilization. Difficulties were experienced in maintaining
uniformity (avoiding inclusions greater than 6 inches in diameter) and although the mean strength
was achieved, UCS results showed considerable variability.

These alternative technologies were evaluated during a competitive procurement process. Competing
proposals were evaluated as to their technical and management approach, and cost. As a result of this
evaluation, the CB slurry trenching technology was selected as providing the best potential value to TVA.
The selected technology was considered to provide a better process for constructing a continuous uniform
wall, a consistent product not impacted by variable in-situ materials, an effective means for excavating
the bottom of the wall into hard rock at depth, and a reasonable cost. Design specifications were written
to allow either insitu soil mixing (e.g., DSM) or slurry trenching techniques.

1.3.2.3 Ash Stacking Technologies

A Test Embankment Program (Stantec 2009a) was approved by TDEC in consultation with EPA during
the time-critical removal action to test the stability and effectiveness of dry stacking technologies for
disposal of recovered ash within the failed Dredge Cell footprint. The Test Embankment program was
implemented to verify both geotechnical design parameters and construction methodology for dry ash
stacking above hydraulically-placed Ash Pond deposits and material displaced during the release. Results
of the Test Embankment program were considered during the non-time-critical removal action decision-
making process under CERCLA.

The Test Embankment program was implemented within the central portion of the former Dredge Cell.
Approximately 270,000 cy of compacted ash, were placed in the Test Embankment between July 2009
and March 2010. This included about 250,000 cy of recovered ash from the time-critical removal action
and about 20,000 cy of ash from the relic area (Cell 1) of the Dredge Cell. Additional geotechnical
engineering data were collected for use in evaluating and designing the ash stacking operations. Targeted
geotechnical design parameters included settlement in response to loading, horizontal displacement,
short- and long-term strength, pore pressure dissipation, and subsurface drainage. Geotechnical
instrumentation consisting of piezometers, slope inclinometers, and settlement plates were installed prior
to and during embankment construction. The following threshold limits were used for monitoring the
Test Embankment, and subsequent full-scale ash stacking operations:
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e Pore pressure ratio. The pore pressure ratio was defined as the change in pore water pressure,
measured by the piezometers, divided by the change in fill pressure, estimated from surveyed cross
sections routinely scheduled during the stacking operations. When the pore pressure ratio was 10%
or below, stacking could continue with regular monitoring. When the pore pressure ratio was 10 to
15%, stacking could continue, but with an increase in monitoring. When the pore pressure ratio was
greater than 15%, stacking was to be stopped until pressures dissipated or additional stability analyses
demonstrated that the stack was stable.

e Displacement ratio. The displacement ratio was defined as the maximum horizontal displacement,
measured by the slope inclinometers, divided by the vertical displacement, measured by the
settlement plates. When the displacement ratio was 20% or below, stacking could continue with
regular monitoring. When the displacement ratio was 20 to 30%, stacking could continue, but with an
increase in monitoring. When the displacement ratio was greater than 30%, stacking was to be
stopped until displacements stopped or additional stability analysis demonstrated that the stack was
stable.

Results of the test can be found in the Report of Test Embankment Program (Stantec 2010b). The Test
Embankment verified the methodologies of constructing an ash fill over challenging foundation
conditions located in the failed Dredge Cell. It also demonstrated the importance of using geotechnical
instrumentation and monitoring to avoid potential slope failures.

Estimated cost of ash stacking technologies was approximately $2.50 to $3.50/cy, but varied widely with
weather conditions and source of ash being excavated.

1.3.2.4 Ash Drying Technologies

Ash drying technologies were evaluated as to their effectiveness in meeting the goal of drying the
mechanically-excavated ash to a moisture content of near optimum moisture content (22 to 25%) to more
than 5% above optimum moisture content (up to 30%). Technologies evaluated included windrowing,
sun drying, lime treatment, and cement stabilization.

Windrowing

Windrowing involves air-drying of the excavated wet ash to lower the moisture content. The material is
placed in piles and allowed to both drain by gravity and air dry through evaporation. The piles are then
progressively moved, or “windrowed”, using bulldozers and/or excavators to turn over the drying layer so
as to optimize the rate of evaporation throughout the ash material. Windrowing was used for dewatering
ash in the embayments themselves, Ball Field, central Dredge Cell, and Ash Pond. Ash piles were
typically windrowed a minimum of 3 days (without rain) and at times up to several weeks to lower the
moisture content to within the target range suitable for ash stacking. Estimated cost, assuming three
dozers, three loaders, and nine haul vehicles is approximately $2M to $3M over a 6-month operations and
maintenance (O&M) period (about $2/cy).

Sun Drying

Sun drying was evaluated as a technology for processing ash and PWS spoils during hot, dry weather
(summer season). The sun drying technique involves spreading ash or spoils materials over sun drying
plots in thin layers. The plots are then turned on a regular basis using a disc harrow or chisel point plow
to optimize the rate of evaporation throughout the material. Disking and/or plowing also results in mixing
of the wet materials with the underlying material (ash) in the sun drying plots.
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In June 2011, an initial treatability test was performed on unsaturated ash using four sun drying plots
established in the central area of the Dredge Cell (TVA 2011b). Each plot was approximately 40-ft by
100-ft in size, 18-inches deep, and containing 220 cy of unsaturated material (typically less than 30%
moisture content). Results of the test indicated initial moisture contents were reduced by 2 to 3
percentage points within about a day of sun drying. Sun drying plots were subsequently established in the
central Dredge Cell for production ash processing; Stantec provided field monitoring to verify that
materials designated for processing in the central Dredge Cell were below saturation and did not drain
additional water into the subgrade (into the ash stack embankment).

In August 2011, a second treatability test was performed on saturated spoils using five sun drying plots
established in the relic area of the Dredge Cell (TVA 2011d). Each plot was approximately 180-ft by
510-ft in size, containing 1,700 cy of saturated material (moisture content greater than 30%) in each plot
at a 6-inch depth. The test targeted a duration of 4 days of drying to reach a moisture content of 17 to
21%. Full-scale production was implemented in the relic area in late August 2011. Estimated cost for
relic area sun drying and subsequent removal of ash was approximately $1M over a 6-month O&M period
(about $3 to $5/cy).

Lime Treatment

Lime treatment was evaluated for processing ash and spoils during wet weather (winter season). Lime
treatment involves adding lime kiln dust to the wet materials in a series of “pits” of known volume. Lime
is a pozzolanic absorbent that reacts with water to form complex cementitious compounds upon curing.
Lime kiln dust is a byproduct of quicklime (lime) production in high temperature rotary kilns. Initial
treatability testing performed during the time-critical removal action indicated that suitable desiccation of
the wet ash materials can be accomplished using lime at a rate of between 6 and 9% by weight.
Treatment costs were estimated at $160/ton of lime used, or a treated cost of $8 to $15/cy of ash for
material, equipment, and labor.

Leaching characteristics of the ash were used in evaluating the potential for migration of arsenic and
selenium from the ash. Treatability testing included batch (shake) tests with varying pH (EPA proposed
Method 1313), batch (shake) tests with varying liquid-solid ratio (EPA proposed Method 1316), and
column tests (EPA proposed Method 1314). Results are reported in the Ash Leaching Test Results report
and its Supplement A report (Jacobs 2010h, Jacobs 2011b). Results of the batch leaching tests indicated
that although leaching of arsenic and selenium from untreated ash at higher pH (10 to 11) may increase
the concentration of those constituents in the leachate, leaching from ash treated with lime at 6% by
weight does not increase the concentrations of those constituents in the leachate. Results of the column
tests indicated that although leaching from lime-treated into untreated ash may increase concentrations of
arsenic or selenium in the leachate, results are not consistent between different types of tests. The testing
concluded that lime applied at 6% by weight was acceptable for use in treating the ash.

In-situ lime treatment was also evaluated in a treatability test plot in the central Dredge Cell. Lime was
delivered in 25-ton pneumatic tankers and transferred pneumatically into custom-built spreader trucks.
The application rate of the lime was determined by a vane feeder controlled by the truck operator. Lime
was spread at a maximum application rate of 6%, which equates to 54 Ibs/sy. The lime was then mixed
with the underlying ash using high-powered, self-propelled rotary mixers to a depth of 16 inches. The
mixers were 400 to 600 horsepower with an 8-ft wide cutting drum. The rotor travelled in the opposite
direction of the machine, resulting in “up-cut” action for thorough mixing. The in-situ lime test was done
on May 16, 2011, in a test plot about 400 ft by 50 ft in size. Moisture content tests were done before and
after liming. Only a small amount of dust was generated during the lime test, partly from the tracks of the
spreader when it recirculated back to re-lime an area. Although the test successfully reduced the moisture
content, the resulting material could not be adequately compacted.
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In February 2013, a second in-situ lime treatment test was conducted. Changes were made in the in-situ
treatment process (primarily mixing depth and compaction methodologies). The lime was mixed with the
underlying ash to shallower depths of 8 and 12 inches. The treated plot was then compacted using a
sheepsfoot roller followed by a smooth drum roller. These changes resulted in successful achievement of
both moisture content and compaction density requirements. Moisture contents were reduced from an
average of 25% down to 21% moisture.

Cement Stabilization

In-situ cement stabilization was evaluated for processing saturated ash in the embayment prior to
excavation, which would eliminate or reduce the need for subsequent ash processing and double-handling
of the recovered ash prior to stacking. Similar to lime treatment, cement stabilization uses a pozzolanic
absorbent that reacts with water to form complex cementitious compounds upon curing. Between April
and June 2011, a treatability study was conducted in the North Embayment and Lateral Expansion areas.
Three alternative technologies were evaluated during a competitive procurement process. Competing
proposals and proprietary products were evaluated as to their technical and management approach,
effectiveness of stabilization, and cost. The purpose of the in-situ test was to demonstrate that the vendor
could treat up to 6,000 cy/day of stabilized ash material and achieve a moisture content within -2 to +4%
of its Proctor density optimum moisture content.

Each vendor proposed a similar treatment technology (i.e., in-situ mixing of reagent at about 5% by
weight). Test areas were prepared with cells approximately 30 ft by 30 ft in area and 10-ft deep (Jacobs
2011c). The first company, WRScompass, applied Portland cement at an average rate of 5% to ash
within the northern Lateral Expansion area, and treated a total of 12 cells (4,000 cy) in 4 days
(WRScompass 2011). WRScompass applied the cement to the ash using pneumatic conveyance and an
ash sifting container, then mixed it in with an excavator. Pre-test moisture content of the ash ranged from
44 to 56%, with an average of 50%. Post-test moisture content after about one week of curing ranged
from 35 to 45%, with an average of 40%; and after about two weeks of curing, moisture content ranged
from 23 to 36%, with an average of 29%. The second company, RECON, applied a proprietary product
called E-Z-Sorb™ at an average rate of 5% to ash within the North Embayment, and treated a total of 7
cells (2,400 cy) in 7 workdays. RECON applied their product by end-dumping from a dump truck and
mixing with an excavator. Pre-test moisture content of the ash averaged 37%, and post-test moisture
content averaged 22%. The third company, Hayward Baker, applied Portland cement at rate ranging
between 2 and 5% to ash in the North Embayment, and treated a total of 4 cells (1,200 cy) in 8 days.
Hayward Baker applied cement using pneumatic conveyance to an excavator equipped with a rotating
mixing tool. Pre-test moisture content averaged 33%, and post-test moisture content averaged 32%.
Water had to be added to the ash-cement mixture for the mixing tool to be effective.

Leaching characteristics of the stabilized ash were used in evaluating the potential for migration of
arsenic and selenium from the ash. Treatability testing included batch (shake) tests with varying pH
(EPA proposed Method 1313), batch (shake) tests with varying liquid-solid ratio (EPA proposed Method
1316), and column tests (EPA proposed Method 1314). Results are reported in the Ash Leaching Test
Results Supplement B report (Jacobs 2011e). Results of the batch leaching tests indicated that although
leaching of arsenic and selenium from untreated ash at higher pH (10 to 11) may increase the
concentration of those constituents in the leachate, leaching from ash treated with Portland cement or EZ
Sorb™ at 5% by weight does not significantly increase the concentrations of arsenic and selenium in the
leachate. Results of the column tests indicated that although leaching from treated into untreated ash may
increase concentrations of arsenic or selenium in the leachate, the results suggest that the higher
concentrations may be transitory and may be attenuated as the leachate moves through the untreated ash.
Although results were mixed, the testing concluded that the two stabilization products applied at 5% by
weight were acceptable for use in treating the ash.
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Cost estimates for use of these two products ranged from $12.5 to $14.5/cy. The demonstration tests
provided mixed results as to the effectiveness of the two products in achieving the target moisture content
range, mixed results as to leaching characteristics, and costs considerably higher than use of lime
stabilization. For these reasons, the cement stabilization products were not used in full-scale stabilization
of ash for stacking purposes.

1.3.2.5 Cap Closure Alternatives

In January 2011, Stantec performed a geotechnical exploration of TVA-acquired property to assess its
potential use as a source of borrow material for the soil cap (Stantec 2011b). Use of local borrow would
avoid high costs and traffic impacts that would be associated with imported material. The borrow area
investigation was performed on properties (referred to as Tract 1) located north of the Site on the former
Gupton farm. A total of 22 borings and 15 test pits were conducted. The results of the borrow study
indicated that significant volumes of borrow soils were available (approximately 2,244,000 cy).
Approximately 1,777,000 cy of that material was classified as lean clays, fat clays, and elastic silts, which
could be used for a wide variety of soil cap applications. However, the study concluded that these soils
would not be capable of achieving the relatively low permeability required to meet TDEC Class Il
Disposal Facility cap requirements (1x107 cm/s). For this reason, a geosynthetic cap material was
selected for the closure design.

Approximately 328,000 cy was classified as silts, silty clays, and highly weathered shale, which would be
more limited in soil cap applications, but could be used for vegetative cover. Approximately 92,000 cy
was classified as topsoil. Approximately 47,000 cy was classified as sands; however, the sands would not
be capable of achieving the relatively high permeability required to meet drainage layer requirements.
The sand could be blended in with other soils for use in the vegetative cover.

In May 2012, TVA performed further evaluation of soils in the borrow area to determine whether the
volume and quality of material available was suita