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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS

The release of over five million cubic yards of coal combustion residue from the Tennessee
Valley Authority’s Kingston, Tennessee facility in December 2008, which flooded more than
300 acres of land and damaged homes and property, is a wake-up call for diligence on coal
combustion residue disposal units. A first step toward this goal is to assess the stability and
functionality of the ash impoundments and other units, then quickly take any needed corrective
measures.

This assessment of the stability and functionality of the Gallatin Fossil plant CCR management
facilities is based on a review of available documents and on the site assessment conducted by
Dewberry personnel on September 8, 2011. There are five ponds as part of the coal combustion
residue (CCR) management units at the plant. Two of the units, Bottom Ash Pond A and Fly
Ash Pond E, contain significant amounts of ash and water. Three of the units, Stilling Ponds B,
C, and D, function as one pond and receive clarified water from the primary CCR management
units; the stilling ponds contain minimal amounts of ash. We found that there is a need for
remedial measures to improve stability against relatively shallow slough failures at the Bottom
Ash Pond A divider dike but otherwise structural stability of the CCR Complex containment
dikes is satisfactory (Subsection 1.1.1). We found a need to improve hydrologic/hydrologic
safety of the CCR Complex, which TVA is aggressively pursuing (Subsection 1.1.2). We further
found the supporting technical documentation, as supplemented by additional engineering data,
to be adequate (Subsection 1.1.3). Subsequent to Dewberry’s Draft report submittal TVA’s
consultant (Stantec) provided the supplemental documentation: stability and seepage analyses,
liquefaction potential assessment, and other information (see Appendix C — Doc 20) and a
geotechnical site evaluation study by URS (Appendix C — Doc 21). As detailed in Section 1.2,
there are recommendations based on field observations and documentation reviews that may help
to maintain a safe and trouble-free operation.

In summary, the Gallatin Fly Ash Pond E is rated SATISFACTORY for continued safe and
reliable operation, and the Bottom Ash Pond A and the system of Stilling Ponds B, C, and D are
rated FAIR. The FAIR ratings are influenced by poor existing hydrologic/hydrologic
performance of the Bottom Ash Pond A and the system of Stilling Ponds B, C, and D, which
TVA is actively correcting, and the potential for non-global (maintenance-type) slope failures
along the Bottom Ash Pond A divider dike, which TVA plans to remediate (Subsection 1.1.8).
Once these issues are satisfactorily addressed, it anticipated that the entire CCR Complex will be
rated SATISFACTORY.

PURPOSE AND SCOPE

The U.S. Environmental Protection Agency (EPA) is investigating the potential for catastrophic
failure of Coal Combustion Surface Impoundments (i.e., management unit) from occurring at
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electric utilities in an effort to protect lives and property from the consequences of a dam failure
or the improper release of impounded slurry. The EPA initiative is intended to identify
conditions that may adversely affect the structural stability and functionality of a management
unit and its appurtenant structures (if present); to note the extent of deterioration (if present),
status of maintenance and/or a need for immediate repair; to evaluate conformity with current
design and construction practices; and to determine the hazard potential classification for units
not currently classified by the management unit owner or by a state or federal agency. The
initiative will address management units that are classified as having a Less-than-Low, Low,
Significant, or High Hazard Potential ranking (for Classification, see pp. 3-8 of the 2004 Federal
Guidelines for Dam Safety).

In early 2009, the EPA sent letters to coal-fired electric utilities seeking information on the safety
of surface impoundments and similar facilities that receive liquid-borne material that store or
dispose of coal combustion residue. This letter was issued under the authority of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

Section 104(e), to assist the Agency in assessing the structural stability and functionality of such
management units, including which facilities should be visited to perform a safety assessment of
the berms, dikes, and dams used in the construction of these impoundments.

EPA requested that utility companies identify all management units including surface
impoundments or similar diked or bermed management units or management units designated as
landfills that receive liquid-borne material used for the storage or disposal of residuals or by-
products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler
slag, or flue gas emission control residuals. Utility companies provided information on the size,
design, age and the amount of material placed in the units.

The purpose of this report is to evaluate the condition and potential of residue release from
the three management units and to determine the hazard potential classification. This
evaluation included a site visit. Prior to conducting the site visit, a two-person team reviewed the
information submitted to EPA, reviewed any relevant publicly available information from state
or federal agencies regarding the unit hazard potential classification (if any) and accepted
information provided via telephone communication with the management unit owner. Also, after
the field visit, additional information was received by Dewberry & Davis LLC about the Gallatin
Fossil Plant that were reviewed and used in preparation of this report.

This report presents the opinion of the assessment team as to the potential of catastrophic failure
and reports on the condition of the management unit(s).

Note: The terms “embankment™, “berm™, “dike” and “dam” are used interchangeably within
this report, as are the terms ““pond”’, ““basin”, and “impoundment”.

Gallatin Fossil Plant iii
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report



FINAL

LIMITATIONS
The assessment of dam safety reported herein is based on field observations and review of
readily available information provided by the owner/operator of the subject coal combustion
residue management unit(s). Qualified Dewberry engineering personnel performed the field
observations and review and made the assessment in conformance with the required scope of
work and in accordance with reasonable and acceptable engineering practices. No other
warranty, either written or implied, is made with regard to our assessment of dam safety.
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1.0 CONCLUSIONS AND RECOMMENDATIONS

1.1 CONCLUSIONS

Conclusions are based on visual observations from a one-day site visit on
September 8, 2011, and review of technical documentation provided by TVA.

1.1.1 Conclusions Regarding the Structural Soundness of the Management
Unit(s)

The structural stability of the dike embankments for the Coal Combustion
Residue (CCR) Complex and its outlet works appears to be satisfactory in
practically all respects, based on review of the original and supplemental
engineering data provided by the owner’s technical staff and on Dewberry
engineers’ observations during the site visit. With exception of the
Bottom Ash Pond A divider dike, the structural stability of the
containment dikes of the CCR Complex is satisfactory for both global and
non-global potential failures under all credible loading conditions. The
stability of the Bottom Ash Pond A divider dike will be satisfactory when
the recommended remedial measures are successfully implemented to
increase the non-global factors of safety to the acceptable minimum. Until
then, the overall structural stability of the Bottom Ash Pond A divider dike
is considered fair.

1.1.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the
Management Unit(s)

The initial hydrologic and hydraulic (H & H) analysis provided to
Dewberry shows that the CCR Complex at the Gallatin Fossil Plant does
not currently have acceptable hydrologic/hydraulic safety. However,
given that TVA has taken the necessary action to replace an existing
deficient spillway at Bottom Ash Pond A and to make improvements in
the stilling ponds (Pond B, C, and D), for improving the design flood
routing through the CCR Complex to prevent overtopping of the dikes, the
inadequacy is considered temporary. Upon completion of the new
spillway and stilling pond improvements, the CCR Complex will be
considered adequate with respect to hydrologic/hydraulic safety.
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1.1.3 Conclusions Regarding the Adequacy of Supporting Technical
Documentation

The documentation of the H & H analyses for the CCR Complex appears
overall to be adequate for assessment purposes. The additional H & H
analyses by URS for the new spillway at the Bottom Ash Pond A and for
determining improvements to be made to the stilling ponds should be
provided for record purposes when they become available. The structural
stability documentation that was provided and supplemented with
additional analyses as recommended is adequate.

1.1.4 Conclusions Regarding the Description of the Management Unit(s)

The description of the CCR management units provided by the owner (two
ash ponds and three interconnected stilling ponds) was an accurate
representation of what Dewberry observed in the field.

1.1.5 Conclusions Regarding the Field Observations

Dewberry staff was provided access to all areas in the vicinity of the
management units required to conduct a thorough filed observation. The
visible parts of the embankment dikes and outlet structures were observed
to have no signs of overstress, significant settlement, shear failure, or other
signs of instability, although visual observations were hampered by the
presence of thick vegetation in some areas. Embankments appear
structurally sound. There are no apparent indications of unsafe conditions
or conditions needing immediate remedial action.

1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of
Operation

The current maintenance and methods of operation appear to be adequate
for the CCR management units. There was no evidence of significant
unexplained embankment repairs or prior releases observed during the
field assessment.

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring
Program

The surveillance program appears to be adequate. The management unit
dikes are instrumented with piezometers.
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1.1.8 Classification Regarding Suitability for Continued Safe and Reliable
Operation

The Gallatin Fly Ash Pond E is rated SATISFACTORY for continued
safe and reliable operation, as no deficiencies were noted. The Bottom
Ash Pond A is rated FAIR. This rating is considered temporary and
will be reassessed as satisfactory after successful implementation of
recommended remedial measures to improve the factor of safety
against potential non-global (maintenance-type) slope failures of the
divider dike and with successful installation of the new spillway at the
Bottom Ash Pond. The Stilling Ponds B, C, and D system is rated
FAIR. The satisfactory structural stability of the dikes that contain
the stilling ponds, as indicated by the supplemental engineering
documentation, and the fact that TVA is actively addressing the
hydrologic/hydraulic deficiency by engaging URS to study ways to
upgrade the system to handle the design flood flow, weighed positively
to a fair rating for the stilling pond complex. This rating will be
reassessed as satisfactory after successful implementation of measures
to improve the stilling pond complex to safely pass the design flood
flow.

No other existing or potential management unit safety deficiencies are
recognized in the field assessment and review of furnished operations,
maintenance, surveillance, and monitoring information. Except as noted
above with respect to potential for maintenance-type slope failures along
the Bottom Ash Pond A divider dike, acceptable slope stability
performance is expected under applicable static and seismic (pseudostatic)
loading conditions in accordance with the applicable criteria.
Implementation of recommendations as presented below would help
improve the ratings.

1.2 RECOMMENDATIONS
1.2.1 Recommendations Regarding the Structural Stability

Implement URS’s recommended preferred remedial measures for
increasing the factor of safety against non-global (maintenance-type) slope
failures to the minimum factor of safety criterion for the Bottom Ash Pond
A divider dike. This will involve placing a rockfill toe on the downstream
(stilling pond) side of the divider dike, flattening the downstream slope by
filling or cutting and filling down to the top of the rockfill, leaving a 10-
foot wide bench at the top of the rockfill, and vegetating the new slope
(see Appendix C — Doc 21).
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Recommendations Regarding the Hydrologic/Hydraulic Safety

Complete the project to replace the Bottom Ash Pond A spillway
(scheduled completion in December 2013) and implement stilling pond
complex improvements determined by URS for upgrading the ponds to
safely pass the design flood flow.

Recommendations Regarding the Supporting Technical Documentation

When available, provide final H & H analyses documenting that the CCR
Complex will safely pass the design flood once the Bottom Ash Pond A
spillway project and the stilling pond complex improvement project are
completed.

Recommendations Regarding the Field Observations

1) Repair minor erosion observed at various locations during the site
visit; use cohesive soil cover on the eroded slopes and improve the
vegetation growth.

2) Continue to inspect/monitor the dikes for new and existing seeps for
changes that might affect the dikes’ integrity. Closely inspect for new
sinkholes that could impact the integrity and function of the dikes,
particularly after heavy rainfalls or flooding.

It is understood from responses to the Dewberry Draft report that
“improvements made in 2012 included overseeding of sparsely vegetated
areas; wave wash protection for Ponds A, C, and D; and crushed stone
road/dike crest covering for Ponds E, C, and D.” It was indicated that
TVA will continue the ongoing maintenance program through its Routine
Handling, Operations, and Maintenance (RHO&M) group, which
addresses items like those noted in 1) above, and will also continue its
ongoing inspection program, which checks for conditions like those noted
in 2) above.

Recommendations Regarding Continued Safe and Reliable Operation

No additional recommendations appear warranted at this time.
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2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT
UNIT(S)

2.1 LOCATION AND GENERAL DESCRIPTION

The Gallatin Fossil Plant is located approximately 5 miles south southeast of
Gallatin, Tennessee on land between a meander of the Cumberland River that
bounds the east, south, and west sides of the plant. The plant is operated by the
Tennessee Valley Authority (TVA). The CCR management unit complex (CCR
Complex) encompasses approximately 480 acres and consists of Bottom Ash Pond
A (269 acres), Fly Ash Pond E (157 acres), and an interconnected network of
Stilling Ponds B, C, and D (55 acres). A project location map is provided in
Appendix A — Doc 1. An aerial photograph of the impoundment is provided in
Appendix A- Doc 2. Initial information provided by the TVA about the CCR
Complex is included in Appendix A — Doc 3.

Stilling Ponds B, C, and D are all part of the same pond. Each pond is separated by
narrow pond sections, but all are hydraulically connected and are at the same pool
elevation. Stilling Pond B receives decant water from Bottom Ash Pond A. Stilling
Pond B flows to Pond C. Pond C also receives decant water from Fly Ash Pond E.
Stilling Pond C flows into Pond D, where the outfall is located. The stilling pond
system is situated in a natural low area on the north side of the Ash Pond A and Ash
Pond E containment dikes, which actually serve as divider dikes that separate the
retention pond areas from the stilling pond areas. To the north of the stilling ponds
the natural topography generally rises to high enough elevations that no
containment dike is needed, except across a low area on the north side of Stilling
Pond C, where a saddle dike is located. The east end of the stilling pond system at
Stilling Pond B is bounded by higher natural ground and in small part by a railroad
embankment. The west end of the stilling pond system at Stilling Pond D is closed
off with another saddle dike, through which the outfall pipes are located. This
discharge point is known as Outfall 001. This outfall is permitted and is the single
point of discharge for clarified water from the CCR Complex at the Gallatin Fossil
Plant.

The general dimensions and size of the Bottom Ash Pond A dikes, the Fly Ash
Pond E dikes, and the stilling pond dikes are provided in Tables 2.1a, 2.1b, and
Table 2.1c, respectively. Note that because Stilling Pond B is incised on three sides
and shares its one above ground dike with Bottom Ash Pond A, it is not included in
Table 2.1c (i.e., it has no separate dike).
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Table 2.1a: Summary of Dam Dimensions and Size

Bottom Ash Pond A

Dam Height (ft) 26

Crest Width (ft) 30-40, 70 @ spillway outlet
Length (ft) 7300

Side Slopes (upstream) H:V 15:1t02:1

Side Slopes (downstream)

H:V 15:1to2:1

Table 2.1b: Summary of Dam Dimensions and Size

Fly Ash Pond E

Dam Height (ft) 25

Crest Width (ft) 50

Length (ft) 7000 (portion shared with D, C)
Side Slopes (upstream) H:V 3:1to4:1

Side Slopes (downstream)

H:V 25:1t04:1

Table 2.1c: Summary of Dam Dimensions and Size

Stilling Ponds C, D

Dam Height (ft) 15 (Pond C), 12 (Pond D)

Crest Width (ft) 30 (Pond C), 22(Pond D)
Length (ft) 450 (North Pond C), 150 (Pond D outlet)
Side Slopes (upstream) H:V 2.5:1 (Pond C), 3.5:1 (Pond D)
Side Slopes (downstream)

H:V 4:1 (Pond C), 3:1 (Pond D)

2.2 COAL COMBUSTION RESIDUE HANDLING

Questions and answers concerning CCR generation and handling are presented in
tabular form in Appendix A — Doc 14. The handling of each type of coal
combustion residue is briefly described in the following subsections.

2.2.1 Fly Ash

Fly ash is collected from Air Heater Hoppers, Economizer Hoppers, and
Precipitator Hoppers. The fly ash is sent through Hydroveyors in pipes to
Fly Ash Pond E.

Gallatin Fossil Plant 2-2
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2.2.2 Bottom Ash

Bottom ash is conveyed from the Bottom Ash Hoppers through jet pumps
and piping to Bottom Ash Pond A.

2.2.3 Boiler Slag

Boiler Slag is not produced as a separate combustion residual from bottom
ash at this facility.

2.2.4  Flue Gas Desulfurization Sludge.
Gallatin does not operate a flue gas desulfurization system.
2.3 SIZE AND HAZARD CLASSIFICATION

The classification for the Bottom Ash Pond A, based on height of the dam, is
“small” and, based on the storage capacity, is “intermediate”. The classification for
the Fly Ash Pond E, based on height of the dam, is “small” and, based on the
storage capacity, is “intermediate”. As discussed in Section 6, the more
conservative Intermediate size classification was used for hydrologic analyses. The
classification for the Stilling Ponds B, C, and D, based on height of the dam, is
“small” and, based on the storage capacity, is “small” in accordance with USACE
Recommended Guidelines for Safety Inspections of Dams ER 1110-2-106 criteria
summarized in Table 2.3a.

Table 2.3a: USACE ER 1110-2-106
Size Classification

Impoundment
Category Storage (Ac-ft) Height (ft)
Small* 50 and < 1,000 25 and < 40
Intermediate® 1,000 and < 50,000 40 and < 100
Large > 50,000 > 100

!Stilling Pond classification

%Bottom Ash Pond A and Fly Ash Pond E

The ponds are not in the National Inventory of Dams; therefore these dikes do not
have established hazard classifications. The TVA provided preliminary hazard
classifications to the USEPA on July 16, 2009 for the CCR impoundment facilities
at all their plants with coal-fired units, and amended the hazard classifications on
October 22, 2010, after a more detailed assessment was performed by their
consultant, Stantec Consulting Services, Inc (Stantec). The classification was made
based on the 2004 Federal Guidelines for Dam Safety classifications system (shown
in Table 2.3b).
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Table 2.3b: FEMA Federal Guidelines for Dam Safety
Hazard Classification

Loss of Human Life Economic, Environmental,
Lifeline Losses
Low None Expected Low and generally limited to owner
Significant | None Expected Yes
High Probable. One or more Yes (but not necessary for
expected classification)

TVA'’s current hazard classifications for the CCR facilities at the Gallatin Fossil
Plant are as follows:

Fly Ash Pond E Significant
Bottom Ash Pond A Significant
Stilling Pond B, C, & D Significant

Loss of human life is not probable in the event of a catastrophic failure of the dikes
impounding these facilities, but a failure of the dikes is expected to have potential

for environmental damage to the Cumberland River. Therefore, Dewberry concurs
with TVA’s current “Significant” hazard potential classification for these facilities.

AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE
UNIT(S) AND MAXIMUM CAPACITY

The data reviewed by Dewberry did not include the volume of the residuals stored
in the ponds at the time of inspection. VVolume information in Table 2.4 reflects
data collected in 2006 by TVA.

Table 2.4: Capacity of Units
Bottom Ash Pond A
Surface Area (acre)" 269
Current Storage Capacity (cubic yards) 4,951,409
Current Storage Capacity (acre-feet) 3,069.06
Total Storage Capacity (cubic yards) 7,083,000
Total Storage Capacity (acre-feet) 4,390.29
Crest Elevation (feet) 474.9
Normal Pond Level (feet) 469.9
Gallatin Fossil Plant 2-4
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Table 2.4: Capacity of Units

Fly Ash Pond E

Surface Area (acre)’ 157
Current Storage Capacity (cubic yards) 4,968,00
Current Storage Capacity (acre-feet) 3,079.34
Total Storage Capacity (cubic yards) 7,100,00
Total Storage Capacity (acre-feet) 4,400.83
Crest Elevation (feet) 474.6
Normal Pond Level (feet) 463.4
Stilling Ponds B, C, and D (combined)

Surface Area (acre) 55
Current Storage Capacity (cubic yards) 400,000
Current Storage Capacity (acre-feet) 247.93
Total Storage Capacity (cubic yards) 600,000
Total Storage Capacity (acre-feet) 371.90
Crest Elevation (feet) 462.9
Normal Pond Level (feet) 456.9

2.5 PRINCIPAL PROJECT STRUCTURES
2.5.1 Earth Embankment

The Bottom Ash Pond A and Fly Ash Pond E are divided by an internal
divider dike. To the north these ponds are separated from the Stilling
Ponds B, C, and D by divider dikes constructed of bottom ash, although
the dike between Pond E and Stilling Ponds D and C contains a layer of
clay between bottom ash layers. Dike raise embankments along the
divider dikes are constructed of bottom ash largely founded on sluiced ash.
The saddle dike along the low area on the north side of Stilling Pond B is
constructed of bottom ash. The west sides of Fly Ash Pond E and Stilling
Pond D are separated from the Cumberland River by dikes; the saddle dike
along the west side of Pond D is constructed of clay, and the perimeter
containment dike along the west side of Pond E is constructed of clay over
bottom ash fill. The dike embankments are estimated to be nominally 15
to 25 feet high.

2.5.2 Outlet Structures

The principal spillway at the Bottom Ash Pond A consists of three 48-inch
diameter RCP riser pipe/weirs with TVA steel skimmers that discharge
through three 30-inch diameter RCP sections into the adjacent Stilling
Pond B, where the outlet pipes are submerged. Pond E wastewater
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outfalls through two 48-inch diameter RCP riser/weir sections that
discharge through two 30-inch diameter combination steel and PVC pipe
sections into the adjacent Stilling Pond C, where the outlet pipes are
partially submerged.

The outfall of the stilling ponds located at the west end of Pond D consists
of four 48-inch diameter RCP riser/weir sections that discharge through
four 36-inch diameter RCP sections into an adjacent discharge pool. From
there water discharges through a 36-inch CMP into the adjacent Old
Hickory Lake/ Cumberland River.

The stilling ponds pool elevation is about 11 to 12 feet lower than adjacent
Bottom Ash Pond A, and about 8 feet lower than adjacent Ash Pond E.

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT
Critical infrastructure inventory data was not provided to Dewberry for review.

Based on the available area topographic maps, surface drainage in the area of the
ponds are to the northwest through the stilling ponds to the Cumberland River. The
nearest downstream town, Hendersonville, Tennessee, is approximately 9 miles
downstream of the CCR Complex at the Gallatin Fossil Plant.
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS

3.1 SUMMARY OF REPORTS ON THE SAFETY OF THE MANAGEMENT UNIT

TVA provided daily, weekly, monthly, and quarterly internal inspections of the
ponds performed in 2010, plus the 2010 Annual Inspection of CCP Facilities and
Ponds performed by Stantec, dated August 13, 2010 (see Appendix A — Docs 04
and 05).

The reports concluded that the structures were performing adequately with only
minor maintenance items that needed to be addressed. No conditions were
observed that would affect the continued safe operations of the impoundment.

Stantec also prepared a “Seepage Action Plan (SAP)” dated June 25, 2010 that
provides guidelines for controlling different levels of seepage, should they be
observed in routine inspections (see Appendix A — Doc 9).

3.2 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL
PERMITS

The dams for the management units are not regulated and permitted under a dam
safety agency.

Discharge from Stilling Pond D is regulated by the State of Tennessee Department
of Environmental and Conservation Division of Water Pollution Control and the
impoundment has been issued a National Pollutant Discharge Elimination System
Permit. Permit No. TN0005428 was issued November 30, 2005 (see Appendix A —
Doc 12).

3.3 SUMMARY OF SPILL/RELEASE INCIDENTS

On May 1-2, 2010, the Gallatin Fossil Plant experienced unusually heavy rainfall
(up to 13 inches for the Gallatin/Nashville area), which resulted in an overflow
event of the stilling ponds between May 1 and May 3. One stilling pond
(apparently Stilling Pond D) breached (overtopped) to the north across an access
road in a natural low area, which actually helped to serve as an “emergency”
spillway. The overflow (with little or no ash) drained into the Cumberland River.
It was indicated that the pool level in the stilling ponds rose to within 12 inches of
overflowing the dike at the outlet. See Appendix A — Doc 7 for post rain event site
visit documentation by Stantec and Doc 8 for follow-up site visit documentation.
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION

4.1 SUMMARY OF CONSTRUCTION HISTORY
4.1.1 Original Construction

The Gallatin Fossil Plant construction began in 1953 and plant operations
commenced in August 1959. The Gallatin Fossil Plant main ash pond,
known as Ash Pond 3, was commissioned in 1970 covering what is today
both Bottom Ash Pond A and Fly Ash Pond E. It appears that the original
containment system included a series of saddle dikes where lower ground
elevations existed along the west side of current Fly Ash Pond E, west side
of current Stilling Pond D, and north side of current Stilling Pond C.

It appears that the areas now occupied by the stilling ponds were
peripherally within the original ash pond area but generally on rising
ground north of an east to west natural drainage feature. Outfall 001,
located through the saddle dike at the west end of the area currently
known as Stilling Pond D, was commissioned in 1970 as the discharge
point from the former Ash Pond 3 into the Cumberland River.

4.1.2 Significant Changes/Modifications in Design since Original Construction

Bottom Ash Pond A was formed by constructing a bottom ash divider dike
in the original main ash pond in the mid 1980’s; this dike also formed the
Stilling Ponds B and C on the north side. The divider dike was raised in
the late 1980’s for additional storage. The dike raise embankment was
constructed of bottom ash and was largely founded on sluiced ash. The
existing outfall from Bottom Ash Pond A to the Stilling Pond B was also
constructed in the late 1980s at the northeast corner of Pond A.

In 2006, Fly Ash Pond E was expanded by constructing a new raised
perimeter dike. The perimeter dike embankment was raised from
elevation 465 to 477. The new perimeter dike was constructed over the
existing saddle dikes, and built inwardly over sluiced fly ash. The existing
outfall from Fly Ash Pond E to the Stilling Pond C was also constructed in
2006 near the northeast corner of Pond E.
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4.1.3 Significant Repairs/Rehabilitation since Original Construction

Pond leakage was reported in the early to mid 1970’s through a sinkhole
on the north side of Fly Ash Pond E and was repaired in 1977.

Pond leakage was reported in the early to mid 1970’s through a sinkhole
on the south side of Bottom Ash Pond A and was remediated by
excavation and capping in 1990.

In 2010 TVA installed piezometers around the ash pond complex to
permit continuous remote monitoring of the water levels.

42 SUMMARY OF OPERATIONAL PROCEDURES
4.2.1 Original Operational Procedures

The original main ash pond (Ash Pond 3) was designed and operated for
bottom/fly ash sedimentation and control. The pond received plant
process waste water, and coal combustion waste slurry. Treated (via
sedimentation through a series of ponds) process water was discharged
through an overflow outlet structure in Stilling Pond D.

4.2.2 Significant Changes in Operational Procedures and Original Startup

No documents were provided to indicate any operational procedures have
changed.

4.2.3 Current Operational Procedures

No documents were provided to indicate any operational procedures have
changed.

4.2.4 Other Notable Events since Original Startup

None reported.
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5.0 FIELD OBSERVATIONS

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS

Dewberry personnel Pamela Stanford, P.E. and Michael McLaren, P.E. performed a
site visit on Thursday, September 8, 2011 in company with personnel listed in
section 1.3.1.

The site visit began at 9:00 AM. The weather was cool and cloudy. Photographs
were taken of conditions observed. Please refer to the Dam Assessment Checklists
(Docs 16, 17, and 18) in Appendix B. Selected photographs are included here for
ease of visual reference. All pictures were taken by Dewberry personnel during the
site visit.

The overall assessment of the impounding dikes was that they are in fair condition;
no significant findings were noted.
5.2 NORTH DIVIDER DIKE AND BOTTOM ASH POND A
5.2.1 Crest

The north dike divides the Bottom Ash Pond A from the Stilling Pond B.
The crest (see Figure 5.2.1-1) had no signs of depressions, tension cracks,
or other indications of settlement or shear failure, and appeared to be in
satisfactory condition.

Figure 5.2.1-1 Crest of Dike separating Bottom Ash Pond A (left) and
Stilling Pond B (right)
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5.2.2 Upstream/Inside Slope

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. Figure 5.2.2-1
shows the general condition of inside slope. Vegetation should be better
maintained to allow for inspection of the slopes.

Figure 5.2.2-1 Inside slope of Bottom Ash Pond A Dike
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Downstream/Outside Slope and Toe

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. Figure 5.2.3-1
shows the general condition of the outside slope. Vegetation should be
installed to help minimize erosion and maintained to allow for inspection
of slopes.

Figure 5.2.3-1 Crest and outside slope of Bottom Ash Pond A Dike
(Stilling Pond B is shown on right side)

5.3 STILLING POND C WEST DIKE

531

Crest

The west dike divides Fly Ash Pond E from Stilling Pond C. The crest
had no signs of depressions, tension cracks, or other indications of
settlement or shear failure, and appeared to be in satisfactory condition.

Figure 5.3.1-1 West Dike with Fly Ash Pond E (to left)
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5.3.2 Upstream/Inside Slope

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. The lower
portion of the inside slope was protected by rip rap. Figure 5.3.2-2 shows
the generally good condition of the inside slope.

' .

Figure 5.3.2-2 Inside Slope for Fly Ash Pond E Dike
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5.3.3 Downstream/Outside Slope and Toe

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. Figure 5.3.3-1
shows the general condition of the outside slope. Vegetation should be
installed to help minimize erosion in bare areas and maintained to allow
for inspection of slopes.

Figure 5.3.3-1 Outside Slope of Fly Ash Pond E Dike showing Stilling
Pond C (right)
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54 FLY ASH (POND E) NORTH DIVIDER DIKE
5.4.1 Crest

The Fly Ash Pond E north dike divides Fly Ash Pond E from Stilling Pond
D. The crest had no signs of depressions, tension cracks, or other
indications of settlement or shear failure, and appeared to be in
satisfactory condition.

Figure 5.4.1-1 Fly Ah Pond E Nrth Dike (tilling Pond D in
background)

5.4.2 Upstream/Inside Slope

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. The lower
portion of the inside slope was protected by rip rap. Figure 5.3.1-1 above
showed the good condition of the inside slope.
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5.4.3 OQutside Slope and Toe

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. Figure 5.4.3-1
shows the generally good condition of the outside slope.

Figure 5.4.3-1 Outside Slope of Fly Ash Pond E Dike and Stilling Pond D
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55 FLY ASH (POND E) WEST PERIMETER DIKE
5.5.1 Crest

The west dike separates the Fly Ash Pond E from the Cumberland River.
The crest had no signs of depressions, tension cracks, or other indications
of settlement or shear failure; some rutting was present due to recent
rainfall and should be filled. The crest appeared to be in satisfactory
condition (see Figure 5.5.1-1).

Figure 5.5.1-1 West Perimeter Dike Crest (Fly Ash Pond E is to the right)
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5.5.2 Upstream/Inside Slope

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. Figure 5.5.2-1
shows generally fair condition of the inside slope. Vegetation should be
installed to help minimize erosion in bare areas and maintained to allow
for inspection of the slopes.

Figure 5.5.2-1 Inside Slope for West Perimeter Dike (Fly Ash Pond E to
the right of the picture)
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5.5.3 Downstream/Outside Slope and Toe

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. Figure 5.5.3-1
shows the generally fair condition of the outside slope. Vegetation should
be installed to help minimize erosion in bare areas and maintained to allow
for inspection of slopes.

Figure 5.5.3-1 Outside Slope of Fly Ash Pond E West Dike (looking
South).
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5.6 STILLING POND D WEST DIKE

5.6.1 Crest

The west dike separates Stilling Pond D from the Cumberland River. The
crest had no signs of depressions, tension cracks, or other indications of
settlement or shear failure, and appeared to be in satisfactory condition
(see Figure 5.6.1-1).

-

Figure 5.6.1-1 West Dike crest showing discharge structures in Stilling
Pond D (right side)
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5.6.2 Upstream/Inside Slope

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. Figure 5.6.2-1
shows the general condition of the inside slope. Vegetation should be
better maintained to allow for inspection of the slopes.

Figure 5.6.2-1 West Dike inside slope showing discharge structures in
Stilling Pond D

5.6.3 Downstream/Outside Slope and Toe

There were no observed scarps, sloughs, bulging, cracks, or depressions
or other indications of slope instability or signs of erosion. The picture
below (Figure 5.6.3-1) represents the general condition of the outside
slope. Vegetation should be better maintained to allow for inspection of
the slopes.
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Figure 5.6.3-1 Outside slope of West Dike. Outlet channel is the water-
body shown.

5.7 OUTLET STRUCTURES
5.7.1 Overflow Structure

The outfall structures for the Stilling Ponds are located on the west end of
Pond D and consist of four 48-inch diameter RCP riser/weir sections that
discharge through four 36-inch diameter RCP sections into an adjacent
discharge pool. From there, water discharges through a 36-inch diameter
CMP into the adjacent Old Hickory Lake/ Cumberland River.
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The primary overflow structures were observed to be working properly,
discharging flow from the stilling ponds. The outlet structures (see Figure
5.7.1-1) visually appeared to be in satisfactory condition. There were no
signs of clogging of the spillways.

—

w5
N

Figure 5.7.1-1 Outlet structures in Stilling Pond D

Outlet Conduit

The outlet pipes appeared to be operating normally with no signs of
clogging and the water exiting the outlets was flowing clear.

Emergency Spillway

No emergency spillway was present. If the dike was overtopped, water
would drain to the river via overland flow.

Low Level Outlet

No low level outlet is present.
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6.0 HYDROLOGIC/HYDRAULIC SAFETY

6.1 SUPPORTING TECHNICAL DOCUMENTATION
6.1.1 Flood of Record

Historic climate data available on-line from the National Weather Service
(NWS) indicate that record rainfall was experienced in middle Tennessee
in the two-day period of May 1-2, 2010. A precipitation contour map
developed by the NWS shows that the Gallatin Fossil Plant was within
some of the heaviest precipitation, with rainfall amounts for the 48-hour
period in the range of 12 to 14 inches. According to an “Average
Recurrence Intervals Map for 48-Hour Duration,” prepared by the
Hydrometeorological Design Studies Center, the plant is in a location that
experienced rainfall having an average recurrence interval on the order of
1000 years. At the Old Hickory Dam, approximately 10 miles west
southwest of the plant, the all-time record daily rainfall was 6.73 inches on
May 3, 2010.

Based on furnished historical information, the May 1-2, 2010 rainfall
event appears to have produced the flood of record for the CCR Complex
at the Gallatin Fossil Plant. According to the historical data, “Stormwater
overtopped Steam Plant Road exceeding the storm drain pipe capacity to
route flow into Stilling Pond B. The ash pond complex experienced
erosion damage and Stilling Pond D was overtopped in a natural low area
(not the saddle dike) by less than 1 foot.” It is noted that the stilling pond
system receives considerable off-site drainage from the north and east, in
addition to drainage from the ash ponds.

6.1.2 Inflow Design Flood

For the assigned “small” size classification and “significant” hazard
potential classification for the stilling pond system (Ponds B, C, and D),
the USACE hydrologic evaluation guidelines (ER-1110-2-106 26 Sept
1979 “Recommended Guidelines for the Safety Inspection of Dams”)
recommend a spillway design flood (SDF) of 100-year frequency to 1/2
Probable Maximum Flood (1/2 PMF), where the magnitude selected most
closely relates to the involved risk. For comparison, the Tennessee Dam
Safety Laws and Regulations (2007) require (for existing dams) use of a
Freeboard Design Storm of 1/3 Probable Maximum Precipitation (1/3
PMP) (6-hour duration) to develop the design flood. However, taking into
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consideration that Outfall 001 at Stilling Pond D is the final discharge
point for the entire CCR Complex, the appropriate size classification
should probably be “”intermediate,” rather than small. In this case the
recommended SDF according to the USACE guidelines is 1/2 Probable

Maximum Flood (1/2 PMF) to PMF.

Stantec performed a hydrologic and hydraulic (H & H) analysis of the
CCR Complex. The analysis is summarized in their report titled “Report
of Hydrologic and Hydraulic Analysis Ash Pond A, Ash Pond E, and
Stilling Pond Complex, TVA Gallatin Fossil Plant Sumner County,
Tennessee” (H & H report) (see Appendix A - Doc 13 for reference). Itis
noted that the pond identified as “Ash Pond A” in the H & H report is
essentially the “Bottom Ash Pond A” discussed in this assessment report.
However, in their study Stantec separates out a much smaller pond
associated with the overall Bottom Ash Pond A and identifies it as
“Bottom Ash Pond A.” This smaller pond is located closer to the main
plant structures and is situated southeast of the “Ash Pond A” treated
separately in the H & H study. Flow from the small “Bottom Ash Pond
A’ is through two 42-inch diameter culverts (one RCP and one CMP) in
an access road embankment and into a bottom ash conveyance channel.
The conveyance channel extends to a culvert through another access road,
where the flow passes through the culvert to discharge into the southeast
corner of the “Ash Pond A.”

The H & H analysis performed by Stantec used the methods described by
the Natural Resources Conservation Service (NRCS) in “Part 630-
Hydrology” of the National Engineering Handbook (NEH). Unit
hydrograph methods were used to generate runoff hydrographs for routing
through the ponds. A HEC-HMS model was developed and used to
simulate runoff using the Probable Maximum Precipitation (PMP), 6-hour
duration in accordance with TVA design guidance. The rainfall depth for
the 6-hour PMP event was taken from the National Weather Service
(NWS) Hydrometeorological Report No. 51. In addition, other design
storm events were evaluated, including the 2-, 10-, 25-, 100-, and 500-year
events. Rainfall depths for these events were taken from the National
Oceanic and Atmospheric Administration (NOAA) Atlas 14 at 24-hour
duration. According to the H & H report, “The ponds were modeled as
reservoirs within the HMS along with their contributing watersheds.

Stage storage data and rating curves for the spillways were entered into the
model along with base flow and the various storms then routed through the
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system. Further details of the study are included in the Stantec H & H
report (Appendix A - Doc 13). The results of selected flood routings are
summarized in the following Table 6.1:

Table 6.1: Summary of Water Surface Elevations for 100-year & PMP
Routings
Pond Name Overtopping" | 100-year, | 6-hour

Elevation (ft) | 24-hour (ft) | PMP (ft)

Ash Pond A (Bottom Ash Pond A) | 472.69 469.7 473.5
Bottom Ash Pond A (Small Pond) | 481.5 478.6 480.2
Ash Pond E (Fly Ash Pond E) 473.43 463.5 467.2
Stilling Ponds (Ponds B, C, & D) | 459.93 460.0 462.0

Surveyed minimum crest elevation Note: Bold W.S. El. indicate overtopping

As shown by the above results, the stilling pond containment system is
overtopped slightly (< 0.1 foot) by the 100-year event and more
significantly (> 2.0 feet) by the 6-hour PMP event. The overtopping
appears to occur at the low point on the Pond D saddle dike. In addition,
the Ash Pond A (Bottom Ash Pond A) is overtopped (> 0.8 foot).

Because of the lack of precise data and some assumptions that had to be
made in this analysis (and subsequent breach analysis), Stantec considered
these analyses to be approximate and suitable for screening purposes only.

6.1.3 Spillway Rating

Stantec’s H & H report (Appendix A-Doc 13) indicates that rating curves
for the spillway systems were developed based on available geometric
data and weir, orifice, and culvert discharge relationships, using guidance
from standard references [for weirs “Open Channel Hydraulics,” V.T.
Chow, 1959; for orifices “Handbook of Hydraulics,” E.F. Brater and H.W.
King, 1976; and for culverts “Hydraulic Design of Highway Culverts,
Hydraulic Design Series No. 5 (HDS-5),” U.S. Department of
Transportation Federal Highway Administration, 1985]. The actual rating
curves for each pond are in Appendix C (not provided) of the H & H
report.

6.1.4 Downstream Flood Analysis

Three breach analyses were evaluated. The first looked at the capacity of
the stilling ponds if the Bottom Ash Pond A (Ash Pond A) or the Fly Ash
Pond E (Ash Pond E) overtopped. The second and third scenarios were
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assumed piping failures of the dikes separating Pond A (Scenario 2) and
Pond E (Scenario 3) from the stilling ponds under normal pool conditions.

Table 6.2: Summary of Breach Analysis Results (Abbreviated)
Scenario Peak Outflow Peak Peak inflow Stilling"
from Pond A Outflow to Stilling Ponds
(cfs) from Pond E Ponds Elevation
(cfs) (cfs) (ft)
1. Overtopping 1,653 354 2,204 462
Failure during PMP
Event
2. Piping Breach of | 8,196 127 8,313 462.9
Ash Pond A
3. Piping Breach of | 282 2,800 3,077 461.1
Ash Pond E

Surveyed minimum crest elevation = 459.93 feet

Under all the analyzed breach scenarios, the stilling pond containment
system is shown to be overtopped.

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION

Although the furnished information is not complete in some respects (e.g., missing
appendices), there is sufficient information to ascertain that adequate analysis was
performed to provide a screening evaluation of the hydrologic/hydraulic
performance of the CCR Complex. Therefore the supporting Hydrologic/Hydraulic
documentation for the CCR Complex appears overall to be adequate.

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY

Based on the calculations provided in the initial hydrologic and hydraulic (H & H)
study (see Appendix A — Doc 13) the stilling ponds are unable to pass either the
100-year or 6-hour PMP events through the spillway system without overtopping
the embankment. In addition, the stilling ponds were unable to handle any of the
breach scenarios without overtopping.

For overtopping and potential breach failure only of the stilling pond
embankment(s), e.g., during the 100-year event, the downstream consequences of
failure appear to be very minor. The release of the relatively small volume of
floodwater in the stilling ponds would have little hydraulic impact on Cumberland
River/Old Hickory Lake in flood stage and little environmental impact from CCR
release. However, overtopping and breach of Bottom Ash Pond A or piping breach
of either Bottom Ash Pond A or Fly Ash Pond E, would lead to overtopping and
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potential breach of the stilling pond embankment(s), and would have more
significant downstream consequences. The hydraulic impact on the Cumberland
River/Old Hickory Lake would be relatively minor, perhaps moderate in the
immediately adjacent areas in the case of an overtopping breach of Bottom Ash
Pond A, but there would be significant off-site environmental impact of release of
potentially large amounts of CCR. The initial H & H analysis shows that the CCR
Complex at the Gallatin Fossil Plant does not currently have acceptable
hydrologic/hydraulic safety.

TVA'’s consultant recommended remedial action be taken, such as replacing the
spillway or lowering the water elevation in Bottom Ash Pond A, to prevent water
from overflowing the dikes during heavy rain events. TVA has moved forward
with replacing the spillway at Bottom Ash Pond A. The new spillway design will
prevent overtopping from Ash Pond A into the stilling ponds during the 1/2 PMP
event adopted for design. A SDF based on the 1/2 PMP event appears appropriate
for the involved risk. The new design has been completed and the spillway
replacement construction project is scheduled for completion in December 2013
(see Appendix A — Doc 15). In addition, TVA has charged the designer of the
Bottom Ash Pond A spillway replacement with performing analysis to determine
and design improvements needed to address the inadequate hydrologic/hydraulic
capacity of the stilling ponds (Ponds B, C, and D).

On the basis of the initial H & H analysis, the CCR Complex is currently
considered inadequate for handling the design hydrologic/hydraulic event.
However, given that TVA has taken the necessary action to replace the existing
spillway at Bottom Ash Pond A and to make improvements in the stilling ponds, for
improving the design flood routing through the CCR Complex to prevent
overtopping of the dikes, the inadequacy is considered temporary. Upon
completion of the new spillway and stilling pond improvements, the CCR Complex
will be considered adequate with respect to hydrologic/hydraulic safety.
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7.0 STRUCTURAL STABILITY

7.1 SUPPORTING TECHNICAL DOCUMENTATION
7.1.1 Stability Analyses and Load Cases Analyzed

Stantec performed a geotechnical exploration and slope stability
evaluation in March 2010; initial seismic slope stability analysis in
September 2011, using ground motions of a 500-year return period
seismic event; and additional pseudostatic® slope stability analysis in
February 2012, using ground motions of a 2,500-year return period
seismic event, as requested by the USEPA (see Appendix A — Docs 10,
10a, and 11). In addition, seepage analyses, including evaluation of piping
potential, were also performed. The slope stability and seepage analyses
were performed for the dikes impounding Bottom Ash Pond A and Fly
Ash Pond E. Stability analyses were not conducted for the stilling ponds
because only water principally would be released to the environment if the
stilling pond dikes failed. In addition, the saddle dikes impounding the
stilling ponds are lower in height and generally have comparable or flatter
slopes than the ash-impounding dikes. Therefore, by inspection, these
dikes should have equal or better slope stability performance than the ash
impounding dikes.

The stability analysis used computer program SLOPE/W (from GEO-
SLOPE International, Inc.). The program is capable of calculating the
potential failure surfaces using the Spencer’s procedure. Seepage analyses
used SEEP/W.

! The pseudostatic method is a simplified method for determining seismic slope stability that is based on the same
approach (i.e., limit equilibrium) used in analyzing static slope stability. In current practice, the pseudostatic method
of analysis is used primarily as a screening tool to help assess whether an embankment dam or slope requires a more
detailed seismic slope analysis. The pseudostatic method ignores cyclic loading of the earthquake, but accounts for
the seismic force by applying an equivalent static force on the slope. In the limit equilibrium approach the stress-
strain relationship of the soil is not considered, so the method should not be used for sensitive clays and other
materials that lose shear strength during an earthquake or loose soils located below the groundwater table subject to
liquefaction.
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Conditions assessed were:

e Long term steady state conditions based on ground water level and
pore water pressures obtained from the SEEP/W model.

e Potential failure due to piping (internal erosion).

e Seismic loading applied with steady state loading w/ horizontal
seismic coefficient = 0.045 (500-year return period) and horizontal
seismic coefficient = 0.108 (2,500-year return period).

Design Parameters and Dam Materials

The Stantec report of “Geotechnical Exploration and Slope Stability
Evaluation” (see Appendix A — Docs 11) and the seismic (pseudostatic)
slope stability reports (see Appendix A — Docs 10, 10a) include design
parameters and dam material information used for modeling structural
stability.

Based on subsurface profiles and analysis sections in Stantec’s
geotechnical exploration report, the dike embankment soils on the west
side perimeter of the Fly Ash Pond E consist of predominantly clay in the
original dike and clay with a constructed bottom layer of bottom ash fill in
the dike raise embankment; the dike raise embankment is partially to
completely founded on sluiced fly ash. The divider dikes between Fly
Ash Pond E and Stilling Ponds D and C are constructed of bottom ash fill
layers separated by a clay fill layer and are founded on a relatively thin
layer of sluiced fly ash and clay/fly ash that “feather out” before reaching
the stilling pond side. The underlying native materials typically consist of
clay over limestone bedrock. The saddle dike on the north side of Stilling
Pond C is constructed of bottom ash and is founded on limestone bedrock
and native clay. The saddle dike around the west end of Stilling Pond D is
constructed of clay and is founded on native clay. The original divider
dike and dike raise embankments between the Bottom Ash Pond A and
Stilling Ponds B and C are constructed of bottom ash; the original bottom
ash dike embankment was founded on native clay or directly on limestone
bedrock, and the bottom ash dike raise embankment was largely founded
on sluiced ash. The dike raise embankments were largely founded on
sluiced ash. The design properties and parameters used in stability
analyses of both the Bottom Ash Pond and Fly Ash Pond dikes are shown
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in the following Table 7.1 for static stability analysis and Tables 7.2 and
7.3 for the pseudostatic stability analysis.

Table 7.1: Design Properties and Parameters of Materials used in
the Static Stability Analyses — Bot. Ash Pond A & Fly Ash Pond E

Unit Wi. Drained Strength Parameters
Material (pcf) C’ (psf) @ (deg)
Pond E Clay Dike 125 200 22
Bottom Ash 0
Fill/Dikes 100-105 30-34
Sluiced Ash 85 26
Native Clay 125 200 27

Ref: Doc 11 in Appendix A.

Table 7.2: Design Properties and Parameters of Materials used in
the Pseudostatic Slope Stability Analyses — Bottom Ash Pond A

Undrained Strength

Unit WL. Parameters
Material (pcf) C (psf) @ (deg)
Initial Bottom Ash Dike 105 0 33
Raised Bottom Ash Dike 105 0 34
Sluiced Ash 85 400 10
Native Clay 125 550 13
Silted Material 85 400 10

Ref: Docs 10 & 10a in Appendix A.

Table 7.3: Design Properties and Parameters of Materials used in
the Pseudo Static Stability Analyses — Fly Ash Pond E

Unit Wt. | Undrained Strength Parameters
Material (pcf) C (psf) @ (deg)
Clay Dike 125 400 15
Bottom Ash Fill 100 0 34
Sluiced Ash 85 400 10
Native Clay 125 550 13

Ref: Docs 10 & 10a in Appendix A.
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7.1.3 Uplift and/or Phreatic Surface Assumptions

The Stantec geotechnical exploration report referenced above included an
embankment investigation and evaluation of the phreatic surface
elevations based on piezometer data and modeling, using the SEEP/W
program (see Appendix A — Doc 11). Water level elevations in the dikes
were measured in piezometers installed along the dikes for Ponds A, C, D,
and E (see Appendix A — Doc 6 for record of the readings). The phreatic
surfaces determined from the evaluation were used in the embankment
slope stability analyses. The phreatic surfaces varied but were within the
embankment sections below the embankment surface at varying depths
with entry at pool level on the interior side and exit at the stilling ponds
pool level along the exterior toe.

7.1.4 Factors of Safety and Base Stresses

TVA provided the Factors of Safety for the two management units that
contain ash (i.e., the stilling ponds were not modeled). Factors of Safety
were computed using Spencer’s method of analysis for circular and non-
circular slip surfaces. The models identified the critical failure surface
along each dike.

Stantec analyzed three representative sections (Sections H, J, and K) of the
Bottom Ash Pond A divider dike under long term steady state (SS) loading
conditions. Sections K and J had equally lowest SS factors of safety (FS),
but Section K was selected as the critical section and was analyzed for two
earthquake events (500-year and 2,500-year return period events) using
the pseudostatic method. The respective peak ground accelerations (PGA)
of 0.045g and 0.108g were determined and used for the seismic
coefficients (k = PGA/g). The computed factors of safety for the sections
analyzed for the Bottom Ash Pond A divider dike are presented in the
following Table 7.4:
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Table 7.4 Factors of Safety for Bottom Ash Pond A
Sections Loading Computed Minimum Factor of Safety (FS) Required
Analyzed Condition FS
Global (Deep- Seated | Non-Global (Shallow | (ysacE)
Potential Failure) Potential Failure)
K Steady State - 1.5 1.2 1.5
(Critical Section static (SS)
Divider Dike — | Seismic —500-Yr 1.17 - 1.0
E. Third Point) | Return (PGA =
0.045q)
Seismic - 2,500- 1.0 -
Yr Return (PGA =
0.108g)
H Steady State 1.5 1.4 15
(Divider Dike — (static)
Near Mid-point)
J Steady State 1.5 1.2 1.5
(Divider Dike — (static)
Near W. End)

Ref: Docs 10, 10a, and 11 in Appendix A.

Stantec analyzed five representative sections of the Fly Ash Pond E
perimeter dikes, including west perimeter dike (Sections B, C, and D) and
north perimeter divider dikes (Section F at Stilling Pond D and Section G
at Stilling Pond C) under long term steady state (SS) loading conditions.
The most critical section (B), having the lowest SS factor of safety (FS)
against a global (deep-seated) failure, was analyzed for the two earthquake
events (500-year and 2,500-year return period events) using the
pseudostatic method. The computed factors of safety for the sections
analyzed for the Fly Ash Pond E perimeter dikes are presented in the
following Table 7.5:

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Gallatin Fossil Plant 7-5
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report




FINAL

Table 7.5 Factors of Safety for Fly Ash Pond E
Sections Loading Condition Computed Minimum Factor of Required
Analyzed Safety (FS) FS
Global (Deep- Non-Global (USACE)
Seated Potential (Very Shallow
Failure) Potential Failure)
B Steady State — (SS) 15 - 1.5
(Critical Section static
Perimeter Dike — S.W. | Seismic — 500-Yr 1.59 - 1.0
Corner) Return (PGA = 0.0459)
Seismic — 2,500-Yr 1.3 -
Return (PGA =0.108g)
C Steady State - static 1.6 - 1.5
(Perimeter Dike — S.
Third W. Side)
D Steady State - static 2.0 - 1.5
(Perimeter Dike —
Mid. W. Side)
F Steady State - static 2.0 1.1 1.5
(Divider Dike — N.
Side @ Pond D)
G Steady State - static 2.2 15 1.5
(Perimeter Dike —
Near N.E. Corner @
Pond C)

Ref: Docs 10, 10a, and 11 in Appendix A.

Note that for dikes impounding both Ash Ponds A and E, the analyses of
the models found cross sections that have lower than the required
minimum factor of safety for failure surfaces that are representative of
maintenance-type sloughs (i.e., non-global failures). This is a result of
relatively steep slopes (i.e., 1.5H: 1V) along the divider dikes. Such
maintenance type sloughs would not be expected to cause an immediate
breach failure of the dikes, although if left untended could become
progressively worse through backward sloughing of the resulting steep
failure surface with likely seepage outcrop and eventually lead to a
breach. Therefore, Stantec recommended that “TVA implement a
mitigation design and construction program for the Bottom Ash Pond A
divider dike and for the toe area along the north side of Pond E to improve
factors of safety against Non-global slope stability.” Stantec “envisioned
that design features would include rock buttressing, slope flattening, or a
combination of both.”
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Seepage exit gradients were computed and compared with the critical
gradient (0.84 to 1.05, depending on location) to calculate a factor of
safety against piping (FSpiping = Icrit/i). The minimum computed FSpiping =
3.0 at Section C in the west side perimeter dike of the Fly Ash Pond E.
For the remaining four analyzed sections of the Fly Ash Pond E dikes, the
minimum computed FSyiping ranges from 3.5 (Section D) to 11.4 (Section
G). For the three analyzed sections of the Bottom Ash Pond A divider
dike, the minimum computed FSpping ranges from 10.8 (Section J) to 68.8
(Section H). Stantec adopted a target minimum factor of safety criterion
of 3.0 against piping for the existing dikes. This is consistent with the
factor of safety criterion of 2.5-3.0 proposed in 1977 by Cedergren and
noted in USACE’s EM 1110-2-1901. As indicated, the computed
minimum factors of safety against a piping failure for all the analyzed
sections meet or exceed the minimum factor of safety criterion.

After the Dewberry Draft report was submitted and in response to report
recommendations, TVA provided additional information. TVA consultant
URS completed a Draft report “Ash Pond A and E Dikes Geotechnical
Site Evaluation Report (Rev. A), dated December 20, 2012 (see Appendix
C —Doc 21). Based on their stability analyses of 6 sections of the Ash
Pond A divider dike, URS recommended that the entire length of the Pond
A divider dike be remediated by flattening and vegetating the downstream
slope to 2.5H:1V. The limits of this improvement was recommended to
extend from the northeast point of Ash Pond E where the Pond E divider
dike intersects the Pond A divider dike, up to the northeastern point of Ash
Pond A, along the divider dike (i.e., the dike that separates Bottom Ash
Pond A from the Stilling Ponds B and C). A 10-foot wide riprap bench
was also recommended to be constructed at the toe of the slope to allow
for safe access and construction at the toe of the slope in the existing
Stilling Pond (i.e., Ponds B and C). The bench would also provide long-
term safe access to the toe of the dike during future maintenance and
inspection. The stability results for the 2.5:1 slope alternative shows the
safety factor increases to 1.8 at cross section K for a global failure and to
1.5 for maintenance (shallow) failure. Six sections of the Ash Pond E
dikes were analyzed and found to have factors of safety in excess of 1.5
for both global and maintenance failures. Therefore no remediation was
recommended for the Ash Pond E dikes.
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In response to the Dewberry Draft report recommendations, TVA’s
consultant (Stantec) performed additional analyses and provided
documentation of static (long term) and seismic (pseudostatic) slope
stability analyses, and seepage (piping potential) analysis for the stilling
pond complex saddle dikes (Ponds C and D). The results of the additional
analyses show that computed factors of safety in all cases exceed the
minimum factor of safety criteria (see Appendix C — Doc 20).

7.1.5 Liquefaction Potential

There was no documentation originally provided to Dewberry that
included an evaluation of potential liquefaction of the dikes and ponds.

As a result, Dewberry performed a qualitative analysis of liquefaction
potential for TVA management units (see Appendix B — Doc 19).
Dewberry geotechnical engineers looked at the foundation materials under
the management units and materials used to create the dikes. Based on the
qualitative analysis of liquefaction potential, the foundation materials and
the original dike embankments are not a concern, but the upper part of the
dikes (dike raise embankments) potentially have liquefaction issues, due to
being largely founded on sluiced ash.

In response to the qualitative analysis presented in Dewberry’s Draft
report, TVA’s consultant (Stantec) provided liquefaction potential
documentation: liquefaction potential assessment and post-earthquake
analyses (see Appendix C — Doc 20). The analyses of representative
sections of the Bottom Ash Pond A dike and the Fly Ash Pond E dike
showed that the saturated bottom ash dike materials and underlying
saturated sluiced ash materials would likely undergo liquefaction for the
2,500-year earthquake. Therefore post-earthquake static stability analyses
were performed using residual shear strengths for the liquefied materials.
The results of these analyses showed factors of safety ranging from 1.0 to
1.9, which meet or exceed the minimum factor of safety criterion of 1.0,
indicating that the dikes will remain stable and not undergo significant
liquefaction-induced deformations due to the 2,500-year earthquake.
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7.1.6 Critical Geological Conditions

From Stantec’s “Report of Geotechnical Exploration and Slope Stability
Evaluation” dated May 27, 2010 (Appendix A — Doc 11), the Geologic
Map of the Laguardo Quadrangle, Tennessee (Tennessee Department of
Conservation, Division of Geology, 1964) is indicated to show the area is
predominantly underlain by Ordovician age limestone formations,
including to the Bighby-Cannon Limestone, Hermitage Formation, Carters
Limestone, and Lebanon Limestone, in general order of descending
lithology.

The CCR Complex is noted to be influenced primarily by the Carters
Limestone and the Lebanon Limestone. The Carters Limestone is
described as densely crystalline limestone with thin shale partings. The
Lebanon limestone is described as thinly bedded fossiliferous limestone
with thin calcareous shale partings.

Above the limestone bedrock in the majority of the CCR Complex area is
residual clay formed by weathering of the parent limestone. The CCR
Complex is generally founded on the residual clays, although it is
indicated that alluvial soils exist under the extreme south end of the
complex. Based on the test borings, the underlying native materials at the
locations explored consist of firm to very stiff clay and/or limestone
bedrock.

The main hazard associated with the geology of the area is the presence or
potential presence of karstic features associated with the limestone, such
as sinkholes, irregular bedrock surfaces, clay-filled vertical crevices/slots,
and varying degree of solutioning/weathering. Stantec’s geotechnical
report indicates that correlating USGS topographic mapping of karstic
features with the geologic mapping suggests that karst activity is
associated with the upper portions of the Carters Limestone near the
contact with the overlying Heritage Formation.

Stantec’s geotechnical report indicates karst-related problems (sinkholes)
were encountered within the ponds in the past. Seepage loss through a
sinkhole was first noted in the north part of Fly Ash Pond E in the mid
1970s and repaired in 1977; manner of repair is unknown. Another
sinkhole was also discovered in the early to mid 1970s. This sinkhole was
isolated by constructing a circular dike around it in 1979; in 1990 it was
reportedly repaired by excavation and capping. During the 2006 Fly Ash
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Pond E expansion, approximately 10 areas of known sinkholes were
mitigated, reportedly during construction. The mitigation activities
reportedly included pumping the pond dry, excavating the areas to expose
bedrock, filling the sinkholes and crevices with shot rock, and capping
with compacted clay. A small sinkhole was discovered just downstream
of the saddle dike on the north side of Stilling Pond C after the record
rainfall on May 1-2, 2010. Stantec gave recommendations for mitigating
this sinkhole in the letter documenting their follow-up (second) site visit
of May 27, 2010 after the extreme rainfall event. The recommended
repair is similar to that described above, except that crushed stone is used
to fill/choke the sinkholes/crevices up the rock surface, then a layer of
geotextile is placed, followed by crushed stone fill to 3.0 feet below the
ground surface, then placement of another geotextile layer, followed by
compacted clay to the ground surface (see Appendix A — Doc 8 for greater
detail).

The dikes themselves consist of clays and bottom ash, as described in
Subsection 7.1.2. Dikes have been raised by building over the sluiced ash.
The sluiced ash that occurs under the dike raise embankments presents a
hazard of potential liquefaction during earthquake shaking.

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION

Structural stability and related documentation, including analyses for static slope
stability, seismic (pseudostatic) slope stability, seepage, and piping potential for the
Bottom Ash Pond A and Fly Ash Pond E containment dikes is adequate.
Supplemental documentation provided to address liquefaction potential/post-
earthquake stability of the Bottom Ash Pond A and Fly Ash Pond B dikes and the
global and maintenance potential slope failures along the Bottom Ash Pond A
divider dike are adequate. The supplemental documentation that quantitatively
addresses stability and seepage/piping potential of the Stilling Ponds C and D
saddle dikes also is adequate.

7.3 ASSESSMENT OF STRUCTURAL STABILITY

Overall, the structural stability of the CCR Complex containment dikes and outlet
works appears to be satisfactory based on the following:

e The dike crests appeared free of depressions and no significant vertical or
horizontal alignment variations were observed.

e There was no indication of major scarps, sloughs or bulging along the dikes.
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e Boils or major uncontrolled seepage was not observed along slopes, or toes
of the dikes.

e The observed seepage areas are minor and are adequately monitored, with a
Seepage Action Plan in place to follow in case of deterioration of the
seepage conditions.

¢ Although sinkholes have been observed in the past, they were not associated
with the impounding structures and appear to have been adequately
mitigated.

e The computed factors of safety of global (deep-seated) potential failures
under static loading and seismic (pseudostatic) loading conditions comply
with minimum criteria.

e The computed factors of safety against potential piping failure meet or
exceed minimum factor of safety criteria.

e Although liquefaction potential analyses indicate that saturated bottom ash
fill and sluiced ash under the Ash Pond A and Ash Pond E dikes would
liquefy under the design earthquake, post-earthquake analyses indicate the
dikes will remain stable. By analogy, the saddle dikes for the stilling ponds
(Ponds C and D), which are not completely underlain by saturated sluiced
ash but have saturated bottom ash fill within their embankments, are
expected to remain stable as well under the design earthquake.

e The outflow structures appeared to be in satisfactory condition and stable.

Because the non-global stability factors of safety for most of the analysis sections
for the Bottom Ash Pond A divider dike were confirmed in the URS re-analyses to
be below the minimum factor of safety criterion, the stability of the Bottom Ash
Pond A divider dike is considered to be fair. The non-global potential failures are
representative of maintenance-type sloughs. The low factors of safety for these
non-global potential failures are the result of the relatively steep slopes (i.e., 1.5H:
1V) along the divider dike.

The structural stability of all the other containment dikes of the CCR Complex is
satisfactory for both global and non-global potential failures under all credible
loading conditions. The stability of the Bottom Ash Pond A divider dike will be
satisfactory when the recommended remedial measures are successfully
implemented to increase the non-global factors of safety to the acceptable
minimum.
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION

8.1 OPERATING PROCEDURES

The bottom/fly ash ponds are operated for settling and storage of the ash deposits.
Clarified water flows from the bottom/fly ash ponds to the stilling ponds through
decant structures. The stilling ponds serve as a final polishing step. The treated
coal combustion process waste water is discharged through four overflow outlet
structures (Outfall 001) into a discharge pool and through a culvert to Old Hickory
Lake/Cumberland River.

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES

Plant personnel perform daily, weekly, monthly, and quarterly inspections. TVA
hires a third party engineering firm to perform annual inspections. All the
inspection results address required maintenance. It appears the maintenance
procedures are adequate (see Appendix A — Docs 4 and 5).

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS
8.3.1 Adequacy of Operating Procedures

Operating procedures appear to be adequate, based on observations and
documents received for this report.

8.3.2 Adequacy of Maintenance

Based on the assessments of the inspection reports and visual observations
during the site visits, maintenance activities appear to be adequate.
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM

9.1 SURVEILLANCE PROCEDURES

Daily inspections are conducted by plant personnel. Inspection reports are
submitted for review and the appropriate corrective actions are performed as
required.

9.2 INSTRUMENTATION MONITORING

The Gallatin ash impoundment dikes (Bottom Ash Pond A and Fly Ash Pond E)
have 12 piezometers distributed along the dikes to monitor ground water levels.
See Appendix A — Doc 06 for plots of approximately two years of record for water-
level readings (elevations) from about September 2009 to mid July 2011. In
general, the piezometric readings showed that water levels remained relatively
consistent with typical fluctuations between 1.0 and 2.0 feet. The extremes in
fluctuation were in the range of 3.0 to 4.5 feet in three piezometers around the Fly
Ash Pond E and in the piezometer at the Stilling Pond D. However, none of these
showed a long-term upward trend and in fact were lower at the end of the
monitoring period than at the beginning, as were practically all the piezometer
readings. Only two of the piezometer readings were higher at the end but by only
1.0 foot.

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM
9.3.1 Adequacy of Inspection Program

Based on the data reviewed by Dewberry, including observations during
the site visit, the inspection program is adequate.

9.3.2 Adequacy of Instrumentation Monitoring Program

Based on the data reviewed by Dewberry and observations during the site
visit, the instrumentation and dike monitoring program is adequate.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Gallatin Fossil Plant 9-1
TVA Coal Combustion Residue Impoundment

Gallatin, Tennessee Dam Assessment Report




-
<
L
=
=
O
o
(@]
98
=
—
-
O
ol
<
<
Q.
w
2
=

APPENDIX A
Document 1

Project Location Map

Gallatin Fossil Plant
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report



Gallatin
Fossil
Plant

ININND0A IAIHDOYY vYd3 SN



b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=

APPENDIX A
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Aerial Photography
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Document 3

Steam Electric Questions and Responses
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Tennessee Valley Authority
400 West Summit Hill Drive
Knoxville, Tennessee 37902-1401

Anda A. Ray
Senior Vice President
Office of Environment and Research

March 25, 2009

Mr. Richard Kinch

U.S. Environmental Protection Agency
Two Potomac Yard

2733 South Crystal Drive

5th Floor: N-5783

Arlington, Virginia 22202-2733

Dear Mr. Kinch:

Enclosed is the Tennessee Valley Authority’s (TVA) response to your requests for
information about coal-combustion by-product management impoundments and our
signed authorized certification. Your requests were received at TVA’s plant sites on
March 12 and March 13. Enclosed is the consolidated response from TVA for all of our
fossil plants. We have also included in our response two plants (Watts Bar Fossil
Plant, inactive and Cumberland Fossil Plant) for which we did not receive a request for
information.

Sincerely,

Anda A. Ray : a

Enclosures: 2007-2008 Annual inspection Reports of Waste Disposal Areas for all
TVA fossil plants.
TVA Responses to EPA Information Request.
Ash Storage Summary.
Certification Form.
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EPA believes that the information requested is essential to an evaluation of the threat of
releases of pollutants or contaminants from these units. The provisions of Section 104 of
CERCLA authorize EPA to pursue penalties for failure to comply with or respond adequately to
an information request under Section 104(e). In addition, providing false, fictitious or fraudulent
statements or representations may subject you to criminal penalties under 18 U.S.C. 1001.

Your response must include the following certification signed and dated by an authorlzed
representatlve of Tennessee Valley Authority.

I certify that the information contained in this response to EPA’s request for
information and the accompanying documents is true, accurate, and complete. As
to the identified portions of this response for which I cannot personally verify
their accuracy, I certify under penalty of law that this response and all attachments
were prepared in accordance with a system designed to assure that qualified
personnel properly gather and evaluate the information submitted. Based on my
inquiry of the person or persons who manage the system, those persons directly
responsible for gathering the information, the information submitted is, to the best
of my knowledge, true, accurate, and complete. I am aware that there are
significant penalties for submitting false information, including the possibility of
fines and imprisonment for knowing violations.

Si gnatur@;r/

Namemdeohn C. \éwnmc er
Title: VPI EV\:\)M(CNA:)

This request has been reviewed and approved by the Office of Management and Budget
pursuant to the Paperwork Reduction Act, 44 U.S.C., 3501-3520.

Please send your reply to:

Mr. Richard Kinch

US Environmental Protection Agency (5306P)
1200 Pennsylvania Avenue, NW

Washington, DC 20460

If you are using overnight or hand delivery mail, please use the following address:

Mr. Richard Kinch

US Environmental Protection Agency
Two Potomac Yard

2733 S. Crystal Dr.

5th Floor; N-5783

Arlington, VA 22202 2733
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Tennessee Valley Authority Response to Environmental
Protection Agency Request for Information

1. Relative to the National Inventory of Dams criteria for High, Significant, Low, or
Less-than-Low, please provide the potential hazard rating for each management unit
and indicate who established the rating, what the basis of the rating is, and what
federal or state agency regulates the unit(s). If unit(s) does not have a rating, please
note that fact.

The dam safety hazard potential rating for each management unit is identified on the
attached table. The current hazard potential ratings were assigned by TVA using the
National Inventory of Dams criteria as a guideline. Hazard classifications have not been
assigned to dry disposal management units. The list is updated by TVA every 2 years. No
other agencies, federal or state, regulate these facilities from a dam safety perspective.

Currently, TVA has secured the services of a third party consultant to review the conditions
at our coal combustion storage facilities and provide opinions relative to hazard potential.
These opinions will be based on the National Inventory of Dams criteria, as well as dam
safety regulations of the states in which each unit is located.

2. What year was each management unit commissioned and expanded?

The year each management unit was commissioned and expanded is identified in the
attached table.

3. What materials are temporarily or permanently contained in the unit? Use the
following categories to respond to the question: (1) fly ash; (2) bottom ash; (3) boiler
slag; (4) flue gas emission control residuals; (5) other. If the management unit
contains more than one type of material, please identify all that apply. Also, if you
identify “other”, please specify, the other types of materials that are temporarily or
permanently contained in the unit(s)

The coal-combustion byproduct materials contained in each unit are identified in the
attached table. Impoundments at units are also routinely used to combine and treat a
variety of runoff and low volume water wastes prior to discharge.
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Page 2

4. Was the management unit(s) designed by a Professional Engineer? Is or was the
construction of the waste management unit(s) under the supervision of a
Professional Engineer? Is inspection and monitoring of the safety of the waste
management unit(s) under the supervision of a Professional Engineer?

Permitted solid waste landfill design documents were prepared under the supervision of a
registered professional engineer, with design documents stamped by the responsible
engineer. In general, for non-permitted management units, the design and construction,
along with the inspection and monitoring of all management units, were performed under
the supervision of professional engineers.

TVA is currently revising our program to ensure that the supervision of all design,
construction, and monitoring elements for all management units will be performed by
professional engineers properly licensed in the states where the project is located and that
have specific experience in dam design and operation.

5. When did the company last assess or evaluate the safety (i.e., structural integrity) of
the management unit(s)? Briefly describe the credentials of those conducting the
structural integrity assessments/evaluations. Identify actions taken or planned by
facility personnel as a result of these assessments or evaluations. If corrective
actions were taken, briefly describe the credentials of those performing the
corrective actions, whether they were company employees or contractors. If the
company plans an assessment or evaluation in the future, when is it expected to
occur?

Dates of the most recent facility inspection performed by the company or its consultant are
listed in the attached table. These inspections were limited to surface observations. No
intrusive sampling or testing, or engineering analyses were involved. Enclosed are the
2007-2008 inspection reports which were performed by TVA staff. All 2009 inspection
reports are currently under review. These 2009 inspections were performed by TVA staff
(who are experienced, degreed Civil Engineers, under the supervision of a registered
professional engineer), with the exception of Cumberland, Shawnee, and Watts Bar
(inactive) Fossil Plants, which were performed by Stantec.

The most recent reviews at the Cumberland and Shawnee Fossil Plants were performed
by Stantec. Stan Harris, PE, led those reviews. Mr. Harris has over 25 years experience
in dam design, construction, and monitoring. In addition, Mr. Harris has experience
leading dam safety training initiatives for the United States Army Corps of Engineers.

Recommended corrective actions resulting from these evaluations are listed in the
aftached table. The corrective actions have been assigned to TVA staff or contractors
experienced in general earth work construction and operation/construction of coal
combustion disposal facilities.
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TVA has retained the services of a third party consultant, Stantec, to assess each coal
combustion byproducts storage facility at the eleven (11) active and one (1) inactive fossil
plant. The assessments include field reconnaissance and records review for each facility.
Reports will include recommendations and a priority list for additional geotechnical and
engineering evaluations, if necessary. The study is on-going with results expected by the
end of April 2009.

As a part of this study, TVA has initiated geotechnical explorations of the gypsum stack at
our Paradise Fossil Plant, the ash pond at our Johnsonville Fossil Plant, the gypsum stack
and ash dredge cell at our Widows Creek Fossil Plant, the ash disposal facility at our John
Sevier Fossil Plant, and the gypsum stack and ash stack at our Cumberland Fossil Plant.

. When did a State or Federal regulatory official inspect or evaluate the safety

(structural integrity) of the management unit(s)? If you are aware of a planned state
or federal inspection or evaluation in the future, when is it expected to occur?
Please identify the Federal or State regulatory agency or department which
conducted or is planning the inspection or evaluation. Please provide a copy of the
most recent official inspection report or evaluation.

TVA facilities are subject to regulation by state agencies responsible for permitting solid
waste disposal and discharging of process or storm water flows. These state agencies do
perform field reviews; however TVA facilities are not subject to regulation by state
agencies relative to dam safety permitting and have not been subject to review or
inspections by any federal regulatory agency. Copies of the most recent issued inspection
report are enclosed for the 2007-2008 time period.

. Have assessments or evaluations, or inspections conducted by Federal regulatory

officials conducted within the past year uncovered a safety issue(s) with the
management unit(s), and, if so, describe the actions that have been or are being
taken to deal with the issue or issues. Please provide any documentation that you
have for these actions.

TVA facilities are subject to regulation by state agencies responsible for permitting solid
waste disposal and discharging of process or storm water flows. These state agencies do
perform field reviews however; TVA facilities are not subject to regulation by state or
federal regulatory agencies relative to dam safety permitting and have not been subject to
review or inspections. Copies of the most recent issued inspection report are enclosed for
the 2007-2008 time period.

Primarily maintenance issues were identified
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during the most recent inspections. A summary of items identified are provided in the
aftached table. TVA is currently preparing work orders to address these items. The work
will be performed by TVA staff or contractors experienced in earth work and the operation
of coal combustion product disposal facilities.

What is the surface area (acres) and total storage capacity of each of the
management units? What is the volume of materials currently stored in each of the
management unit(s)? Please provide the date that the volume measurement(s) was
taken. Please provide the maximum height of the management unit(s). The basis
for determining maximum height is explained later in this Enclosure.

The surface area, total storage capacity, volume of materials currently stored, and date of
last volume measurement for each management unit are provided in the aftached table.
Data based on 2006 long-range plans of the projected remaining capacities ending at
Fiscal Year 2008.

Please provide a brief history of known spills or unpermitted releases from the unit
within the last ten years, whether or not these were reported to State or federal
regulatory agencies. For purposes of this question, please include only releases to
surface water or to the land (do not include releases to groundwater).

A history of known spills or unpermitted releases from each unit within the last ten (10)
years, if applicable, is listed in the attached table. All spills and unpermitted releases were
reported to the appropriate state or federal agencies as required by regulation or law.
Please identify all current legal owner(s) and operator(s) at the facility.

The United States is the owner of TVA facilities, and TVA is the operator of each facility
listed in the attached table.
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described in the operations manual; (D)
removal of sediment from Coal Yard
Drainage basin; (E) reclaim animal
burrows.

41 (total area)

PLANT FACILITY HAZARD POTENTIAL Hazard Rating YR MGT UNIT YR MGT UNIT MATERIALS LAST TVA NEXT SCHEDULED ACTIONS TAKEN OR PLANNED ISSUES REPORTED BY SURFACE TOTAL CURRENT REMAINING DATE CURRENT FUTURE KNOWN SPILLS OR CURRENT LEGAL
CLASSIFICATION Performed COMMISSIONED EXPANDED CONTAINED IN UNIT| ASSESSMENT TVA ANNUAL RESULTING FROM LAST ANNUAL STATE OR FEDERAL AREA STORAGE VOLUME OF CAPACITY VOLUME | HEIGHT (FT) MAX. UNPERMITTED RELEASES OWNER(S)) &
See footnote #1 By See footnote #2 INSPECTION INSPECTION ASSESSMENTS AND (ACRES) CAPACITY MATERIAL (Cubic Yards) TAKEN HEIGHT (FT) (SURFACE WATER/LAND) OPERATOR(S)) AT
ACTIONS TAKEN (Cubic Yards) | (Cubic Yards) See footnote #4 FACILITY
See footnote #3
EAST ASH DISPOSAL LOW TVA 1967 1978 FLY ASH Maintenance concerns such as rutting, 70 1,775,000 1,029,000 746,000 2006 20 20
erosion, vegetation, etc., were noted; a INCLUDED IN INCLUDED IN .
Allen Fossil Plant |  EAST ASH STILLING Nov-08 2009 seep was noted north of the plant - TVA NR EAST ASH EAST ASH NR Ouwner - United States,
POND Not Rated 1978 Not Expanded Fly ash, bottom ash has an independent consultant 23 290,000 DISPOSAL DISPOSAL 2006 20 20 Operator - TVA
evaluating the seep. AREA AREA
DPRY FLY ASH DISPOSAL Not Rated 1982 - Phase 1 1990 - Phase Il FLY ASH 17 (Phase I1) 4,800,000.00 3,903,000 897000 2006 60 84
AREA .
(1) Work order written to regrade top of
1976 - divider dike Bottom Ash Stack, (2) work order for
regrading and placement of rip raj
FLY ASH POND AND co.n.structed to form ) 9 | pla orriprap
STILLING BASIN AREA 2 Low TVA 1967 Stiling Pond 1981 -| Fly ash, bottom ash below drainage pipe erosion on east 49 2,700,000 2,332,600 367,400 2006 20 20
dike constructed to side of Bottom Ash Stack, (3) work
form Pond 2A orders written for numerous animal
paths and burrows noted around
. Bottom Ash Stack and Active Fly Ash .
Bull Run Fossil 1980 - Dike . Owner - United States
Nov-08 2009 Pond Area 2, (4) work order for repair of NR NR i !
Plant BOTTOM ASH DISPOSAL Not Rated 1967 constructed to form | BOTTOM ASH (flows erosion areas along the bank of Bull 32 876,500 627,000 250,000 2006 52 65 Operator - TVA
AREA 1 stacking area within to Fly Ash Pond) . .
former pond Run Creek on south side of Active Fly
P Ash Pond Area 2, (5) removal of fallen
trees on west side of Area 2 Stilling
1981 (originally fly ash FLUE GAS EF’"" ""”ldA"O"hzidé)‘“ Gykpsug‘ "
GYPSUM DISPOSAL settlement pond) EMISSION CONTROL| \sposal Area 2A, (6) work order written
AREA 2A Not Rated 2008 (Gypsum Disposal Not Expanded RESIDUALS (Flows to to repair eroded area on south slope of 42 2,743,000 896,000 1,847,000 2006 45 165
Area) fly ash pond) Gypsum Disposal Area 2A.
DISPOSAL AREA 5 Low TVA 1983 1990 - converted to | FLY ASH, potentially 75 8,800,000 6,765,000 2,035,000 2006 120 135
dry ash operation ammoniated.
Disposal Area 5 - reported annual
maintenance items include: cover and
vegetate stack slopes semi-annually,
Bottom ash, fly ash repair erosion as needed, regrade
ASH POND 4 LOW TVA 1972 1984 (historical) perimeter ditch as needed. Ash Pond 4 45 2,200,000 1,159,000 1,041,000 2006 40 40
't Fossil Plant Mar-08 2009 ».Jomt ;ealant applied to RCP spillway NR NR Owner - United States,
riser joints annually, semi-annual Operator - TVA
mowing of dike slopes, reportedly
applied tree killer substance to sparse
tress on west side of pond last year
(trees not yet removed though), weekly
DISPOSAL AREA 5 BASIN Not Rated 1983 N/A Fly Ash monitoring of seepage areas. 12 600,000 150,000 450,000 2006 17 17
Dry Ash stacking . . .
L Maintt tiviti ded includi
DRY ASH STACK Not Rated 1969 began in mid- 1900s | Y ASH/BOTTOM e e e 110 12,600,000 4,781,000 7,819,000 2006 35 200
id pond ASH repairs for erosion, monitoring seepage,
Over o Bort T h tree removal, clearing and cleaning
berland Fossil ASH POND Low TVA 1969 Dikes raised in 1979 | —otom ash. lyas inner slopes and perimeter ditches, 50 2,000,000 1,305,000 695,000 2006 35 35 Owner - United States,
(historical) Feb-09 2009 . N o NR NR
Plant repair of animal burrows, establishing Operator - TVA
Gypsum area FLUE GAS vegetation in exposed areas, and
GYPSUM STORAGE AREA LOW TVA 1969 constructed over old [EMISSION CONTROL| recommendations for construction of 170 20,000,000 1,826,000 18,174,000 2006 60 140
pond in mid 1990s RESIDUALS the current gypsum dikes.
1986 - Divider Dike
Constructed Forming
FLY ASH POND E Low TVA 1970 Ponds A and E; FLY ASH, bottom ash. 157 7,100,000 4,968,000 2,132,000 2006 30 35
E flows to C.
2006 - Pond E
Expanded
1986 - Divider Dike Annual maintenance items reported by
Constructed Forming GAF include: annual seeding of new .
i ] ; " - United Stat
in Fossil Plant| BOTTOM ASH POND A Low TVA 1070 Ponds A and E: BOTﬂTOMIAzH’ A 2008 2009 dikes for Pond E, mow along Pond E NR 269 7,083,000 4,951,409 2,131,501 2006 25 25 NR Owrgrerggfdéz es
1994 - Divider dike ows to dike slopes beneath power lines along P
raised river.
1986 - Ponds B and
C formed when FLY ASH & BOTTOM
STILLING POND B, C & D Not Rated 1970 divider dike ASH and other listed 55 600,000 400,000 200,000 2006 10 10
constructed to form inE.
Ash Ponds A and E
1955 (former ash 1979 - all sluicing ) o
DRY ASH STACK Not Rated d stopped, designated FLY ASH (A) to monitor the exterior dikes slopes 84 3,800,000 2,098,000 1,702,000 2006 101 143
ponds) for dry ash disposal and toe areas of all disposal areas for
surface sloughs, new seepage area,
changes in existing seeps, or
movements; (B) continuation of mowing
Sevier Fossil program and prevention of tree growth Owner - United States,
Plant Nov-07 2009 on dikes; (C) cover exposed slopes with NR NR Operator - TVA
earth, seed, fertilize and mulch as 26 (pond area
BOTTOM ASH POND LOW TVA 1979 Not Expanded BOTTOM ASH, FLY only) 1,200,000 1,035,293 165,000 2006 25 25




PLANT FACILITY HAZARD POTENTIAL Hazard Rating YR MGT UNIT YR MGT UNIT MATERIALS LAST TVA NEXT SCHEDULED ACTIONS TAKEN OR PLANNED ISSUES REPORTED BY SURFACE TOTAL CURRENT REMAINING DATE CURRENT FUTURE KNOWN SPILLS OR CURRENT LEGAL
CLASSIFICATION Performed COMMISSIONED EXPANDED CONTAINED IN UNIT| ASSESSMENT TVA ANNUAL RESULTING FROM LAST ANNUAL STATE OR FEDERAL AREA STORAGE VOLUME OF CAPACITY VOLUME | HEIGHT (FT) MAX. UNPERMITTED RELEASES OWNER(S)) &
See footnote #1 By See footnote #2 INSPECTION INSPECTION ASSESSMENTS AND (ACRES) CAPACITY MATERIAL (Cubic Yards) TAKEN HEIGHT (FT) (SURFACE WATER/LAND) OPERATOR(S)) AT
ACTIONS TAKEN (Cubic Yards) | (Cubic Yards) See footnote #4 FACILITY
See footnote #3
Recommendations include
maintenance activities: filling animal Reported release of small quantity
Johnsonville Fossil ASH DISPOSAL AREA 2 LOW TVA 1970 1978 FLY ASH & BOTTOM Nov-07 2009 burrows, repairing eros.lon, filling in NR a7 4,360,000 4,164,000 199000 2006 30 30 of cenegspheres on March 27, 2004| Owner - United States,
Plant ASH depressed areas, clearing heavy when discharge structure was Operator - TVA
vegetation, and tree removal. disturbed during maintenance.
Additionally, also monitoring seepage.
MAIN ASH POND Low TVA 1951 1068 - raised dike | Y ASFA'\SHBOTTOM Standard recommendations were to 92 14,370,000 UNKNOWN UNKNOWN NA 50 UNKNOWN |November 7, 2003 and November
repair all erosion ditches, repair wheel 1, 2006, an ash release occurred to
ruts, remove floating ash from the pond land from a slough in the Dredge
. . to prevent a permit violation, remove Cell embankment. A release into U
Klngs;?;nfossn LOW Materials from main Oct-08 2009 trees from dikes and mow the dikes NR the Emory River occurred on Owrgrer;)g:e_d_rit:tes,
STILLING POND TVA 1978 Not Expanded regularly to control the growth of 29 468,000 260,000 208,000 2006 50 50 December 22, 2008 from the P
See footnote 1 ash pond N . P .
vegetation. Repair broken monitoring Dredge Cell embankment failure.
wells along Swan Pond Road, monitor No reports found of releases from
seeps and under drains. the Main Ash Pond or Stilling Basin.
COMPLEX (Gypeum Stack FLY ASH, FLUE GAS
P LOW TVA 1986 Not Expanded EMISSION CONTROL 255 858,000 11,783,000 35,074,000 2006 62 270
and Scrubber Sludge RESIDUALS With respect to dam safety, primarily
Stilling Pond) minor concerns (rutting, erosion,
vegetation, etc.) were identified in the
report. The under drain ditch at the
Paradise Fossil o TEnSION Gypsum Stack needs to be cleaned out Owner - United States
Plant AREA POVNP (Peabody Oct-08 2009 to prevent flow over the road. Several NR NR Operator - TVA '
Ash a‘nd Stilling Pond and LOW TVA 1971 1997 FLY ASH seeps were noted at the Daniel Run 203 6,348,000 2,956,000 3,392,000 2006 34 34 P!
Jacob's ;rgek Fly Ash and Pond 3, but were not flowing.
Stilling Pond) Recommended removal of fines from
the Coal Yard Runoff Ponds and all of
BOTTOM ASH. A the Red Water Ponds.
SLAG AREAS 2A & 2B Low TVA 1967 1970 portion of the flow is 27 968,000 752,000 216,000 2006 24 24
routed to the fly ash
extension area pond.
Horizontal expansion | FLY ASH/BOTTOM Maintenance activities needed include
CONSOLIDATED WASTE 1984 design prepared in ASH. Drains to ash repairs for erosion, monitoring seepage, 200 33,194,000 22,811,000 10,382,000 2006 100 270
DRY STACK " N
2000 pond tree removal, clearing and cleaning
inner slopes, repair of animal burrows,
Shawnee Fossil Feb-09 2009 establlshmg vggeta’ﬂpn in exposed NR NR Owner - United States,
Plant areas, monitoring animal paths, Operator - TVA
Area2was repairing leaking raw water line,
ASH POND Low TVA 1952 constructed in 1971 | FLY ASH/BOTTOM removing sediment build-up, and 180 5,000,000 4,712,000 287,000 2006 25 25
and the dikes were ASH recommendations for regrading intake
raised in 1979 channel dredge cell.
ASH POND (Complex Review with the Constructor the
consists of Bottom Ash During 2005, a Gypsum Stack operations manual and
Stack, Iron Pond, Cooper dredge cell was drawings to ensure the operations
FLUE GAS vings | )
Pond, Old Scrubber constructed over the EMISSION CONTROL continue in accordance with the current
Sludge Pond (Dredge LOW TVA 1950 old scrubber sludge RESIDUALS, FLY stacking plan, monitor the wet area 310 18,890,000 1,856,000 17,034,000 2006 50 115
Cell), Asbestos Waste pond area. During Y along the southern lower perimeter
- h ASH & BOTTOM ASH . :
Disposal Area, Pump 2007 dredging dike, rework a portion of the west slope Reported release of small quantit
Pond, Upper and Lower ceased. next to the Stilling Pond, install sub P d Y
- . . of ceneosperes from the Ash Pond
Stilling Ponds) drains on the west slope adjacent to the X
L which occurred on December 10,
Gypsum Stilling Pond, uncover the . N
X 2004 due to intense precipitation.
. slope drains on the 650/655 bench and X .
Widows Creek . X Reported release of small quantity Owner - United States,
R Oct-08 2009 grade per design drawings. In regards NR
Fossil Plant N o of ceneospheres from the Ash Pond Operator - TVA
to the Wet Gypsum Stacking Stilling X
3 which occurred on January 30,
Pond, the planned actions are to L
. N . 2008. An abandoned decant weir in
Phase | vertical consider and.alternale skimmer design Pond 2B of the Gypsum Stack failed
expansion occurred FLUE GAS on ;:VA drawing (110\/"1/23?‘19 '; regards on January 9, 2009.
GYPSUM STACK (Wet from 1986 to 1992.  |[EMISSION CONTROL to the Pump Pond, the planned actions ’
Stacking Area) Low TVA 1986 Phase Il horizontal RESIDUALS, FLY are to monitor the seep in the dike 110 17,683,000 7,892,000 9,791,000 2006 75 150
expansion beganin | ASH & BOTTOM ASH between the Stilling Pond aﬁd the Pump
1992. Pond. In regards to the Active Ash
Pond, the planned actions are to
monitor the seepage along the south
Perimeter dike next to the stilling pond.
Watts Bar Fossil | ASH POND and STILLING Previous fly ash Complete Closure Plan - currently Owner - United States
N LOW TVA 1974 1977 Y ! Feb-09 2009 construction is approximately 95 NR 14 230,000 150000 80,000 2006 30 30 NR '
Plant (Inactive) BASIN bottom ash percent complete Operator - TVA

Notes: 1. Hazard Potential listed for those facilities previously rated by TVA, all facilities are currently under evaluation. Based on hindsight at Kingston Fossil Plant, the ranking did not adequately represent the actual risk experienced on 12/22/2008.
2. Year Management Unit Commissioned approximated from available reports, drawings, or permit documents.

3. NR - None Reported

4. Does not include NPDES permit exceedences
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APPENDIX A
Document 4

2010 Annual Inspection of CCP Facilities
Ponds, August 13, 2010

Gallatin Fossil Plant
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report



Stantec Consulting Services Inc.
One Team. Infinite Solutions
1901 Nelson Miller Parkway
Louisville, KY 40223-2177
Tel: (502) 212-5000 + Fax: (502) 212-5055
www stantec.com

2010 Annual Inspection of
CCP Facilities and Ponds

Gallatin Fossil Plant
Gallatin, Sumner County,
Tennessee

Prepared for:
Tennessee Valley Authority
Chattanooga, Tennessee

August 13, 2010



Stantec Consulting Services Inc.
- } 1901 Nelson Miller Parkway
Y / Louisville, KY 40223-2177
Y - Tel: {502) 212-5000
: ’ Fax: (502) 212-5055

Stantec

August 13, 2010 rpt_0001_175550002

Mr. Michael S. Turmbow
Tennessee Valley Authority

1101 Market Street

LP2G-C

Chattanooga, Tennessee 37402

Re: 2010 Annual Inspection of CCP Facilities and Ponds
Gallatin Fossil Plant
Gallatin, Sumner County, Tennessee

Dear Mr. Turnbow:

Stantec Consulting Services Inc. (Stantec) has completed the 2010 annual inspections for
CCP facilities and ponds at the Gallatin Fossil Plant. Facilities reviewed included:

s Bottom Ash Pond A

o Fly AshPond E

e Stilling Ponds B, Cand D
e Chemical Treatment Pond
e Coal Yard Drainage Ditch

¢ Closed Disposal Area

The field work was executed on July 14 and 15, 2010. The results of the work along with
facility-specific recommendations for maintenance or other activities are included on the
enclosed documents. The resuits of the TVA Third Quarter Facility Inspection have been
included in Enclosure J. Portions of that inspection report have been cross-referenced within
the annual report where appropriate.

In addition, the following general plant-wide recommendations and comments are offered:

» Itis recommended that vegetation maintenance continue, including mowing and
clearing tall grass/cattail growth at regular intervals. If lack of vegetation is
observed during these operations, re-seeding should be performed as soon as
possible. If vegetation establishment difficulties continue in any areas, then TVA
should consider refining existing procedures or developing site specific
specifications which address topsoil, fertilizing, seed mixtures, etc.



Tennessee Valley Authority
August 13, 2010

Page 2

It is recommended that TVA catalogue, assign a responsible party and due date,
and track the completion of the facility-specific recommendations provided herein.

Please note that this scope did not include a review of the current Operations and
Maintenance Manual (O&M) for GAF. Stantec understands that TVA plans to
update the current O&M manual to include dam safety-related items. Stantec
also understands that TVA plans to develop an Emergency Action Plan for GAF
as well.

It is recommended that TVA personnel continue dike inspections/monitoring to
look for changes or conditions that might affect dike integrity. The frequency and
procedures for inspections should be consistent with TVA's newly implemented
inspection program. Particular emphasis should be placed on reviewing and
monitoring the seepage areas for changed or worsened conditions, and
identifying and repairing other maintenance items such as animal burrows,
erosion, and lack of vegetation.

Stantec appreciates the opportunity to provide continued engineering services for the fossil
plants. If you have any questions, or if we may be of further assistance, feel free to contact

our office.

Sincerely,

STANTEC CONSULTING SERVICES INC.

TRt lompre uidi LT

Paul J. Cooper, PE Randy L.'Roberts, PE
Project Engineer Senior Associate
fedm

Enclosures:
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APPENDIX A
Document 5

TVA Monthly / Quarterly Safety Inspections,
October 13, 2010

Gallatin Fossil Plant
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report



m TVA Monthly / Quarterly Facility Safety Inspection Form

GAF L 3.Date: _____ 10-13-2010
TVA Monthly / Quarterly Facility Safety Inspection Form Note: Inspection Must Be Performed Walking
JHarold Catlett 6. Hazard Classification: [ High [ Significant X Low
7. Observation Frequency [JX Monthly [J Quarterly [] Other (significant event)
I8. Weather Conditions / Temperature Sunny & Hot

Check the appropriate box below. If not applicable, record "N/A". Provide comments when appropriate. Any other areas that should be brought to the attention of
the Program Manager should also be noted in the "Comments" section. Indicate the locations of any areas identified, and photograph and attach to the form.
Previous observation forms should be reviewed and any NEW observations or degradation of pervious conditions should be reported on this observation form.
(NOTE ONE (1) FACILITY PER FORM)

Yes No | Yes | No
9. Pre-Job Safety Briefing Performed X 14. DIKE TOE AREAS
10. Activity / Construction on/ at facility X A. Seepage © New o Existing |X
11. DIKE CREST o Clear or Muddy N/A
A. Settlement / Cracking X oFlow Increase / Decrease N/A gpmj
IB. Rutting X o Aquatic Vegetation Growing N/A
IC. Lateral Displacement X o Ash or Clay Deposits Below Seep Outlet N/A N/A
ID. Erosion X B. Boils o New o Existing X
12. INTERIOR / EXTERIOR DIKE SLOPES o Clear or Muddy N/A N/A
A. Minimum Pool Elevation Measurement N/A ft. o Flow Increase / Decrease N/A gpmi
IB. Maximum Pool Elevation Measurement N/A ft. o Growing in Size N/A N/A
IC. Actual Pool Elevation Measurement N/A ft. |C. Sinkholes/Depressions o New o Existing X
ID. Freeboard >4' |15. SEEPAGE COLLECTION SYSTEM
IE. Instabilities (Sloughs or Slides) X A. Estimated Flow Measurement N/A gpmfl
IF. Erosion X B. Increased Flow N/A |
IG. Sinkholes/Depressions © New o Existing X C, Emitting Clear or Dirty Water N/A
IH. Vegetation / Brush / Trees X 16. SPILLWAY WEIRS & OUTLETS
Il Animal Burrows o New o Existing X A. Decant Riser Misaligned X
). Seepage © New o Existing X B. Decant Pipe Joints X
o Clear or Muddy N/A o Leaking N/A
o Increased Flow N/A o Separated N/A
o Ash or Clay Deposits Below Seep Outlet N/A C. Headwall In Good Condition X
K. Seep around Drain Pipe (s) N/A 17. OPERATIONS & MAINTENANCE
13. DEFICIENCIES A. Routine O&M Performed X
A. Prior Deficiencies Checked X B. Weekly Observations Performed X
IB. New Deficiencies Identified / Flagged X C. Changes in Operations X
IC. Immediate Actions Taken (Note Below) X

ID. Photos of deficiencies attached X
. VMlajor adverse changes In these items could cause Instability and should be reported to the Program Manager as soon as possible Tor rurther

evaluation. Adverse conditions noted in these items should normally be described (extent, location, etc.) in the space below and on the backside of
fthis sheet if needed.

NOTE: Quarterly Inspection Deficiencies to be documented on spreadsheet with applicable latitude and longitude coordinates
freferenced. SHOW ALL QUARTERLY INSPECTION DEFICENCIES ON AERIAL PHOTOS ALSO

19. Item # [Comments/Observations/Action Taken:

Building ipterior dikes to help retension time in main ash pond

20. Who was Notified of New Deficiency: (Date / Time)

21. | hereby attest the above is based on actual field observations made during the period indicated, by either myself or an appointed representative and are
Iaccurate, complete, and correct to the best of my knowledge.

Period Covered:
10/01-31/2010 Signature: __ Harold Catlett Date: ____ 10-13-10

Form Date !757!5!5 PGEE 1O
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APPENDIX A
Document 6

URS Gallatin Piezometer Summary Report,
August 2011

Gallatin Fossil Plant
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report



TVA Piezometer Readings Pg 1of 3
GAF - Gallatin, TN
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TVA Piezometer Readings Pg 2 of 3
GAF - Gallatin, TN
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TVA Piezometer Readings Pg 3 0of 3
GAF - Gallatin, TN
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APPENDIX A
Document 7

Post Rain Event Site Visit Gallatin Fossil
Plant, May 5, 2010

Gallatin Fossil Plant
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report
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Memo

To:

File:

Rachel Combs, TVA From: Randy L. Roberts, PE
Roy Quinn, TVA

175559018 Date: May 5, 2010

Reference: Post-Rain Event Site Visit to Gallatin Fossil Plant

Here is a summary of our post-rain site visit to GAF. Paul Cooper and | visited the plant
on May 3, 2010 following heavy weekend rain. A few selected photos are attached.

1.

2.

3.

6.

No signs of slope instability observed along dikes.

Two new potential small toe seepage locations discovered — one at NW corner
of Pond A (pointed out by William Perry), one at S side of Pond E just west of
other known seep (see attached site plan). These could just be areas where
rain has infiltrated the dikes and water is now slowly exiting down slope. Need
to keep watching under drier conditions for further evaluation. These do not
appear to be critical.

Widespread rill and gully erosion observed primarily along dikes and slopes
constructed of bottom ash. These include:

e Pond A north and west divider dikes.
e Pond E north toe area just above stilling ponds.
e Pond C bottom ash saddle dike.

Eroded areas should be repaired. Foundation benches will need to be cut along
along dike edges to facilitate placement and compaction of material. William
Perry suggested doing some possible re-sloping of dike crests as repairs are
made.

Pool level of adjacent Old Hickory Lake reached about El. 451 feet — just at the
dike toe of Pond E at its lowest point.

Pool levels in Ponds A and E appeared to rise ho more than about 18 to 24
inches.

Stilling pond observations:

e Breach occurred to the north at natural low area across access road — this
actually helped to serve as an “emergency” spillway.

One Team. Infinite Solutions.

cdm v:\1755\active\175559018\clerical\correspondence\memo_20100505.docx



Stantec

May 5, 2010
Rachel Combs and Roy Quinn
Page 2 of 2

Reference: Post-Rain Event Site Visit to Gallatin Fossil Plant

e Pool level rose within about 12 inches or so of overtopping dike at outlet.
This corresponds to a pool rise of about 3.5 feet or so.
o Drainage from off-site enters the east end of the stilling pond.

TVA personnel should continue to review areas as pool levels recede and conditions
become drier.

If you have any questions, please call.

STANTEC CONSULTING SERVICES INC.

Randy L. Roberts, PE
Senior Associate

/cdm
Attachments

c. Alan Casaday
Michael S. Turnbow
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May 3, 2010 Site Visit
Gallatin Fossil Plant (GAF)
Photos

v:\1755\active\175559018\clerical\correspondence\post rain photos.doc

Photo 1

Typical erosion north toe area of Pond E
dike just above stilling ponds.

Photo 2
Typical erosion along Pond A divider dike.

Photo 2

Typical erosion along Pond C bottom ash
saddle dike.
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May 3, 2010 Site Visit
Gallatin Fossil Plant (GAF)
Photos

v:\1755\active\175559018\clerical\correspondence\post rain photos.doc

Photo 4

Old Hickory lake at Pond E dike toe on west
side.

Photo 5

Area of stilling pond breach across access
road on north side.

Photo 6
Stilling pond outlet area.
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May 3, 2010 Site Visit
Gallatin Fossil Plant (GAF)
Photos

v:\1755\active\175559018\clerical\correspondence\post rain photos.doc

Photo 7
Stilling pond spillway area.

Photo 8

Offsite drainage entering stilling pond
complex through pipe from the east.

Photo 9

Source of off-site drainage into stilling pond
east of Pond B. Photo taken from top of
railroad embankment looking northeast.
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Possible New Seep .

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

GAF Possible New 5/3/2010
Seepage Locations
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APPENDIX A
Document 8

Secondary Rain Event Site Visit Gallatin
Fossil Plant, May 5, 2010

Gallatin Fossil Plant
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report
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To: Rachel Combs, TVA From: Randy L. Roberts, PE
Roy Quinn, TVA Paul J. Cooper, PE
File: 175559018 Date:  May 28, 2010

Reference: Second Post-Rain Event Site Visit to Gallatin Fossil Plant

Here is a summary of our second post-rain site visit to GAF. Paul Cooper, PE made a
second follow-up visit on May 27, 2010 to view areas around the stilling ponds that
could not be seen on May 3 due to high water, and to follow up on other items. A few
selected photos are attached.

1. No signs of instability or new seepage were observed at the Stilling Pond D
outlet area or Stilling Pond C bottom ash saddle dike. Stantec could not review
these areas during the previous visit because of high water in the stilling pond,
and at the low-lying area beyond the Stilling Pond C saddle dike.

2. A small sinkhole has formed to the north of the Stilling Pond C bottom ash
saddle dike. This sinkhole was recently discovered by TVA. The area beyond
the saddle dike is a low-lying drainage basin and was flooded during the rain
event. Itis believed that the formation of the sinkhole is related to the flood
event. During heavy rain, groundwater will fill the bedrock joints/crevices and
will rise up into soil overburden. When the groundwater recedes (and in this
case when additional flood waters drain), soil particles are eroded downwardly
into the bedrock joints/crevices and sinkhole collapses can form. It does not
appear that this sinkhole is related to the adjacent dike; however, since it is
close to the dike toe, Stantec recommends that it be repaired.

Repair should consist of the following:

e Step 1 - Excavate the area downwardly to expose the bedrock surface,
or to a maximum depth of approximately 6 to 7 feet. If bedrock is
encountered, follow procedures described in Step 2. If bedrock is not
encountered, proceed to Step 3. (While on site Stantec probed the
immediate vicinity around the sinkhole to depths of about 3 to 5 feet and
did not encounter bedrock). Pumping of groundwater from the
excavation will likely be necessary. The edge of the excavation should
not extend any closer than 5 feet from the dike toe on the south side.
Also, side slopes of the excavation should be no steeper than 1H:1V.

One Team. Infinite Solutions.

ddb v:\1755\active\175559018\clerical\correspondence\memo_20100528\mem_001_2nd _post_rain_visit.docx



Stantec

May 25, 2010
Rachel Combs and Roy Quinn
Page 2 of 3

Reference: Second Post-Rain Event Site Visit to Gallatin Fossil Plant

o Step 2 (if bedrock encountered) - Clean loose/wet soil from the bedrock
surface and search for obvious crevices or open joints within the
bedrock. If these are found, clean them of loose soil as much as
practicable (using shovels or other hand-held equipment) and fill/choke
the joints/crevices with TDOT No. 3 crushed stone. Place stone in
crevices up to the level of the bedrock surface and proceed to Step 3. If
joints or crevices of sufficient size for cleaning/filling are not discovered,
then proceed to Step 3.

e Step 3 — Remove loose material and line the entire excavation (bottom
and sides) with TDOT Type IV Geotextile Fabric (non-woven). Place
TDOT No. 3 crushed stone up to within 3 feet of the surface. Place Type
IV geotextile fabric over crushed stone. Place and compact clay over
fabric to fill the excavation and restore grade. Clay should be placed in 8
inch lifts and thoroughly compacted with a hand held mechanical tamper.

It is recommended that a Stantec representative be present on site to review the
repair excavation, make observations, and to provide consultation as the repair
progresses. Field adjustments may be needed depending on actual conditions
encountered. Also, it should be noted that ground was very soft during this visit.
Crushed stone may be needed to stabilize the surface for construction
equipment access. Small equipment should be used.

3. During Stantec’s May 3 visit, two new potential small toe seepage locations
were discovered — one at NW corner of Pond A (pointed out by William Perry),
one at S side of Pond E just west of other known seep (see attached site plan).
At that time, Stantec judged that these could just be areas where rain has
infiltrated the dikes and water is now slowly exiting down slope. During this site
visit, these two areas were dry and Stantec did not observe any seepage or wet
ground conditions. This tends to support our initial conclusion, but additional
observations with time should still be made.

4. Stantec observed that erosion areas along the divider dike between Pond A and
E had been repaired. Erosion repairs were also observed along the Stilling
Pond C saddle dike, but some new minor erosion had re-appeared. Erosion
repairs had not yet been performed along the Pond A divider dike or along the
dike toe area of Pond E. Erosion repairs and monitoring should continue.

5. Pool level of adjacent Old Hickory Lake has returned to normal pool.

6. Pool levels in ponds appear to have returned to normal.
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Stantec

May 25, 2010
Rachel Combs and Roy Quinn
Page 3 of 3

Reference: Second Post-Rain Event Site Visit to Gallatin Fossil Plant

If you have any questions, please call.

STANTEC CONSULTING SERVICES INC.

Flud Loy

Randy L. Roberts, PE Paul J. Cooper, PE
Senior Associate Project Engineer
/edm

Attachments

c. Alan Casaday
Michael S. Turnbow
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May 27, 2010 Site Visit
Gallatin Fossil Plant (GAF)
Photos

v:\1755\active\175559018\clerical\correspondence\memo_20100528\mem_002_may_27_photos.doc

Photo 1

Small sinkhole just beyond Stilling Pond C
Saddle dike.

Photo 2

Close up view of small sinkhole just beyond
Stilling Pond C Saddle dike.

Photo 3
Stilling Pond D outlet area.
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May 3, 2010 Site Visit
Gallatin Fossil Plant (GAF)
Photos

v:\1755\active\175559018\clerical\correspondence\memo_20100528\mem_002_may_27_photos.doc

Photo 4

Divider dike between Pond A and Pond E
showing erosion repairs.

Photo 5

Erosion beginning to re-form along Stilling
Pond C saddle dike.
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GAF Possible New 5/3/2010
Seepage Locations
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APPENDIX A
Document 9

Seepage Action Plan, Stantec, June 25, 2010

Gallatin Fossil Plant
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report
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Stantec Consulting Services Inc.

One Team. Infinite Solutions
1409 North Forbes Road
Lexington, KY 40511-2050
Tel: (859) 422-3000 = Fax: (859) 422-3100
www.stantec.com

Seepage Action Plan (SAP)

Gallatin Fossil Plant
Gallatin, Sumner County,
Tennessee

Prepared for:
Tennessee Valley Authority
Chattanooga, Tennessee

June 25, 2010
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Seepage Action Plan (SAP)

Gallatin Fossil Plant
Gallatin, Sumner County,
Tennessee

Prepared for:
Tennessee Valley Authority
Chattanooga, Tennessee

June 25, 2010



Seepage Action Plan (SAP)
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Seepage Action Plan (SAP)

Gallatin Fossil Plant
Gallatin, Sumner County, Tennessee

1. Potential Seepage Areas

For readers not familiar with seepage through dams, refer to Appendix B, “Possible Seepage
Problems and Recommendations” for more illustrative details. Seepage through an
impoundment dam can typically be found on the lower third of the slope and extending
beyond the toe approximately fifty feet. Figure 1 below displays the typical area on a cross
section that should be reviewed during the seepage inspection for the Ash Pond Complex.
However, other seepage areas may exist, and the field inspector should be familiar with
previous inspection reports and observations. Based on geotechnical analysis, plan views
illustrating potential seepage areas have been prepared and are included in Appendix A.
The areas identified, along with any other area previously identified during inspections,
should be reviewed on a regular basis as identified in this document.

LEGEND

semmsmnnan Special Attention Given During
Seepage Inspection

Upstream
Headwater (HW) CREST
=
Pool or
Slurry DIKE 1/3 Stack Height
Ditch l_
Downstream Tailwater or
ToE 50 Feet '| Original Ground
Typical CCP Waste Area Cross Section
Not to Scale

Figure 1. Seepage Inspection Location

2. Basic SAP Data

2.1. Purpose

The purpose of this SAP is to describe potential seepage action levels, and provide seepage
short term management measures and actions in the event these action levels are observed.
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2.2. Potential Impacted Area

Seepage related issues impact the integrity of earthen embankments. Seepage can lead to
internal erosion of the embankment, known as piping, which has been the cause of many
catastrophic failures in the past. Piping is a process where soil particles slowly carried out
from inside the dam, eventually creating a tunnel or pipe. If the pipe forms all the way to the
reservoir, the embankment will fail rapidly. Since the embankments at Gallatin Fossil Plant
serve as an impoundment for ash slurry, it is imperative to maintain the embankments and
prevent any possible failure from occurring. If a failure were to occur, the ash slurry could
potentially contaminate Gallatin Fossil Plant and the Cumberland River.

2.3. Primary Responsibility and Frequency of Dike Safety Inspections
1. TVA RHO&M Field Supervisor for Gallatin Fossil Plant (Field Supervisor)
2. TVA RHO&M East Region Construction Manager
3. TVA RHO&M Program Manager for Gallatin Fossil Plant

Documented inspections should occur at a minimum of once per month. Additionally, there
are two criteria which warrant an inspection. A documented inspection should occur following
a significant precipitation event (0.5 inches of rain, 4 inches of snow), as well as following a
change in the operation of the wet stack, pond, or other CCP wet waste area (switching
between east/west ditch, switching ponds, raising pool elevations, etc.). A documented
inspection involves inspecting the potential seepage areas noted on the plan views in
Appendix A, paying particular attention to areas of concern previously identified. The
Seepage Log should be updated to include new descriptions and photographs of any new
areas of concern or changes to previously identified areas. Random inspections can occur
on a more frequent basis if deemed necessary by the Field Supervisor.

3. Seepage Action Level Determination

For the purpose of this plan, three seepage action levels have been identified. The levels
are based on potential risk associated with progressive erosion due to seepage and resulting
breach of the embankment or impoundment.

Action Level 1 — Non-Flowing
o \Wet areas
e Ponded Water

Action Level 2 — Flowing Seepage — No Erosion

¢ Non turbid (clear water) flow

2
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Action Level 3 — Flowing Seepage — Active Erosion
e Turbid Flow
e Deposition of Sediment from Dike or Dam
e Boils (Ground Surface/ Underwater)

e Upstream Collapse or Sinkhole
3.1 Action Level 1 — Non Flowing

Seepage occurs in all earthen dams and dikes. The key is to properly collect and control
seepage in a manner that does not cause damage to the embankment. Seepage that is not
flowing but is evident by damp areas or ponded water does not generally represent an
imminent threat to the embankment in terms of erosion (see Figure 2). However, if left
unattended this seepage can lead to slope instabilities. Therefore, this should be noted so
that it can be observed for changing conditions both at the downstream observation point
and immediately upstream along the interior slopes.

Figure 2. Example of Action Level 1 — Non-Flowing — Wet Area

3.2. Action Level 2 — Flowing Seepage — No Erosion

Action Level 2 involves observations of flowing seepage, but evidence of erosion is not
noted. Evidence of erosion can be in the form of turbid (muddy water) flow, sediment
deposition, obvious hole or soil “pipe”. Evidence of erosion can be subtle and as a result,

3
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any flowing seepage should be carefully reviewed and monitored at least monthly. A picture
of flowing seepage water showing no evidence of erosion is depicted in Figure 3. Note that a
seep does not need to be continuously turbid for a piping situation to be forming.

Figure 3. Example of Action Level 2 — Clear Flowing — Seepage Boil

3.3. Action Level 3 — Flowing Seepage — Active Erosion

Left unmitigated seepage demonstrating active erosion can lead to progressive failure of the
embankment and catastrophic loss of the impoundment. Evidence of erosion can be in the
form of turbid flow, sediment deposition, boil, obvious hole or soil “pipe”. Evidence of erosion
can be subtle and as a result, any flowing seepage should be carefully reviewed and
monitored frequently. Careful attention should be given to seepage below water such as a
stilling pond, creek or river (see Figure 6). This type of seepage is difficult to observe and
determine if soil erosion is occurring. In moving water, evidence of seepage boils conveying
embankment soil/ash materials will likely be (partially) washed away. Examples of active
erosion are shown in Figures 4 thru 5.
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Figure 4. Example of Action Level 3 — Turbid Flowing — Seepage Boil

Figure 5. Example of Action Level 3 — Deposition of Sediment from Dike
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Figure 6. Example of Action Level 3 — Underwater Turbid Flowing — Seepage Boil

4. Intermediate Corrective Measures
For each action level a typical corrective measure is listed below.
4.1. Action Level 1 — Non Flowing

e Field Supervisor should document the seepage area into the Seepage Log
(see below).

e All observers should pay particular attention to conduits through the
embankments.

o Field Supervisor should record the date, time, size of area, location, and
photographs in the Seepage Log.

The Seepage Log should be kept at the Shift Operation Supervisor's (SOS) office such that
inspectors (TVA, geotechnical consultant, or others) can document event triggers (date, time,
location, pool level, etc.) and the site conditions observed for each seepage event. The
Seepage Log shall function as a “living document” and be part of an ongoing monitoring
program (to be controlled by TVA). As the monitoring program progresses, the Seepage
Log will allow inspectors to summarize the historical conditions observed and provide a
baseline of events to compare with future readings.

4.2. Action Level 2 — Flowing Seepage — No Erosion

o Field Supervisor should carefully inspect the area for outflow quantity, any
transported material, and take photographs.

o If the seepage involves a conduit penetration associated with a spillway pipeline,
storm culvert, or underdrain pipeline, the observer(s) should carefully inspect the
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area by probing and /or carefully shoveling to see if the cause can be
determined, determine if embankment materials are being transported, evident
by turbid or cloudy water, and determine quantity of flow.

Contact team members in accordance with Figure 8.

Send photographs to the RHO&M Regional Construction Manager and CCP
Program Manager for distribution.

Geotechnical consultant, with concurrence of the TVA Program Manager and
CCP Engineering Manager, should determine a plan of action within four hours
of notification

Field Supervisor should record the date, time, size of area, location, and
photographs in the Seepage Log.

4.3. Action Level 3 — Flowing Seepage — Active Erosion

Field Supervisor should carefully inspect the area for outflow quantity and
transported material.

Field Supervisor should determine if piping has occurred and extent by
observing locations of seepage exits, take photographs, and contact team
members in accordance with Figure 9.

Geotechnical consultant, TVA Program Manager, and CCP Engineering
Manager should determine a plan of action within four hours of notification such
as lowering the pool, constructing a reverse graded filter, or sand bagging

A typical reverse graded filter will consist of the following:
0 One foot of Concrete Sand (TDOT Concrete Sand)

0 One foot of TDOT No. 89 Stone

o Two feet of TDOT Machine Rip Rap Class A-3

0

Silt Fence as required by guidance provided in the Best Management
Practices for Erosion Prevention and Sediment Control

An example of sandbagging is provided in Figure 7.

Field Supervisor should record the date, time, size of area, location, and
photographs in the Seepage Log.

7
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Figure 7. Sand Bag Treatment (Temporary)

5. Materials On-Site

In case an emergency situation is observed during the inspection of the potential seepage
areas, it is necessary to have materials readily available on-site to correct the situation.
Table 1 below lists the materials to be stockpiled on-site and the quantity of each material.

Table 1. Stockpile Material Quantities

Material Tons Cubic Yards
Concrete Sand 90 60
TDOT No. 89 Stone 90 60
TDOT Machine Rip Rap Class A-3 | 180 120
Sandbags (filled) 300 (total) NA
30" Diameter HDPE Pipe 100 feet NA

The amount of materials to be stockpiled is based on a production rate of 60 cubic
yards per hour for a 2.5 CY long reach excavator assuming a material unit weight of
110 PCF.

8

v:\1755\active\175560021\clerical\report\rpt_006_gaf_175560021_rev_O\rpt_006_gaf 175560021 _rev_1.doc Rev 1



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

The materials should be stockpiled at the location determined by the Field Supervisor. The
following earthwork equipment and qualified operator(s) should be located to place the
material in case of an emergency:

¢ Long Reach Excavator
e Dump Truck

e Compactor, Bulldozer, Bobcat, any other nearby equipment which aids in the
emergency

6. The SAP Process

6.1. Step 1 — Dike Observation or Event Detection

This step describes the detection of an unusual observation or emergency event and
provides information to assist the Gallatin RHO&M Field Supervisor or appropriate
personnel in determining the appropriate emergency level for the observation or event.
These observations could be made by inspectors during routine inspections of the
embankments, or by everyday personnel.

6.2. Step 2 — Emergency Level Determination

Following an unusual observation or emergency event detection, the Field Supervisor is
responsible for classifying the event into one of the following three emergency levels:

6.2.1. Action Level 1 — Non Flowing

Observation is routine to other observations and a similar established plan of action for minor
repair or continued observation will be required. If a Level 1 Emergency is identified, the
following steps should be taken:

e Update maps and Seepage Log
¢ Inform GAF personnel if repairs are needed

e Determine if other work activities need to be made aware of observation.
6.2.2. Action Level 2 — Flowing — No Erosion

A change in condition or a condition that has not been previously identified and discussed
with the geotechnical engineers. If a Level 2 Emergency is identified, the following steps
should be taken:

e Inform individuals in accordance with the flowchart in Figure 8.
e Update map and Seepage Log
¢ Inform GAF personnel if repairs are needed

e Determine if other work activities need to be made aware of new conditions.

9
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6.2.3. Action Level 3 - Flowing — Active Erosion

A change in condition that is drastic and could rapidly lead to failure of the embankment if not
corrected. If a Level 3 Emergency is identified, the following steps should be taken:

Inform plant SOS, who will initiate TVA plant-specific Emergency Action Plan
(see Figure 9).

Inform geotechnical consultant
Develop safe plan of action for repair with geotechnical consultants

Initiate repairs once plan has been approved by site safety and geotechnical
consultant

Update map and Seepage Log.

6.3. Step 3 — Notification and Communication

6.3.1. Notification

Following the determination of a possible seepage situation, it is necessary to notify the
appropriate personnel discussed below for the required action to occur.

6.3.2. Communication

In case of an Action Level 2 emergency, the flowchart presented in Figure 8 should be
followed to ensure the proper personnel are contacted. In an Action Level 3 emergency, the
flowchart presented in Figure 9 should be followed.

10
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Field Supervisor
Marty Helton
(423) 637-2680

\ 4

RHO&M Construction Manager
Harold Catlett
(865) 755-9298

h 4 A 4

RHO&M Program Manager RHO&M Manager
Roy Quinn Melissa Hedgecoth
(423) 718-3349 (423) 240-3132
A y
CCP Engineering Manager RHO&M General Manager
Michael S. Turnbow Alan Casaday
(423) 290-1654 (423) 756-3958

A 4

Dam Safety General Manager
Rusty Tompkins
(423) 751-6111

Figure 8. Level 2 Emergency Contact Flowchart
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Field Supervisor
Marty Helton
(423) 637-2680
J
A 4
( )
Shift Operation Supervisor (SOS)
Varies
(615) 230-4185
- J
( Y )
Initiate Plant Specific Emergency
Action Plan (EAP)
- J

Figure 9. Level 3 Emergency Contact Flowchart
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Appendix A

Ash Pond Complex Site
Plans
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Appendix B

Possible Seepage
Problems and
Recommendations
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Appendix B — Possible Problems and Recommendations

Seepage Problem

Recommendations

Seepage Water Exiting at Abutment
Contact

Study leakage area to determine quantity of flow and
extent of saturation. Stake out the saturated area and
monitor for growth or shrinkage. Inspect frequently for
slides. Water level in the impoundment may be lowered
to increase embankment safety. A QUALIFIED
ENGINEER should inspect the conditions and
recommend further actions to be taken.

Seepage Water Exiting as a Boil in the
Foundation

Examine boil for transportation of foundation materials,
evidenced by discoloration. If soil particles are moving
downstream, create a sand bag or earth dike around
the boil. This is a temporary control measure. The
pressure created by the water level within the dike may
control flow velocities and prevent further erosion. If
erosion continues, lower the reservoir level. A
QUALIFIED ENGINEER should inspect the condition
and recommend further actions to be taken.

Spongy Condition at Toe of Dam

Carefully inspect the area for outflow quantity and any
transported material. A QUALIFIED ENGINEER should
inspect the condition and recommend further

actions to be taken.

B-1
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Appendix B — Possible Problems and Recommendations

Seepage Problem

Recommendations

Rodent Activity

Control rodents to prevent more damage. Determine
exact location of digging and extent of tunneling.
Remove rodents and backfill existing holes.

Seepage Water Exiting from a Point
Adjacent to the Outlet

Investigate the area by probing and/or carefully
shoveling to see if the cause can be determined.
Determine if leakage water is carrying soil particles
evidenced by discoloration. Determine quantity of flow.
If flow increases, or is carrying embankment materials,
reservoir level should be lowered until leakage stops. A
QUALIFIED ENGINEER should inspect the condition
and recommend further actions to be taken.

Sinkhole

Inspect other parts of the dam for seepage or more
sinkholes. Identify exact cause of sinkholes. Check
seepage and leakage outflows for dirty water. A
QUALIFIED ENGINEER should inspect the conditions
and recommend further actions to be taken.

B-2
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Appendix B — Possible Problems and Recommendations

Seepage Problem

Recommendations

Trees and Brush

Remove all trees and shrubs on and within 25 feet of
the embankment. Properly backfill void with compacted
material. A QUALIFIED ENGINEER may be required.

Source: Connecticut Department of Environmental Protection, Guidelines for Inspection and

Maintenance of Dams, September 2001.
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GAF Seepage Log
Gallatin Fossil Plant
Gallatin Tennessee

Updated June 22, 2010 Rev. 1

Approximate
Area of Coordinate Location Size SAP
Concern (Northing/Easting) Date Time | (Linear Feet) | Level Description Mitigation Status/ Future Plans
Redwater seep discovered by Stantec in January 2009 just |Continued monitoring - Closure
. above pool level of stilling pond to the east of pond A outlet |design currently being conducted by
S R ted L - : :
1 urvey Requeste 4/13/2010 | N/A 2'x3 1 system. Minimal to no flow observed. No piping, SAP URS seep areas potentially will be
Level 1. adressed during closure
400' to 500 Redwater seep discovered by Stantec in January 2009 dcgsr;mr:uceudrrr:r?t?tg(ral;g -cf):lr?dsLlJJcrtee db
2 Survey Requested 4/13/2010 | N/A | long along toe 1 |along toe of saddle dike Stilling Pond C. Minimal to no flow 9 Y gc ] Y
. . URS seep areas potentially will be
of saddle dike observed. No piping, SAP Level 1. -
adressed during closure
Redwater seep discovered by TVA personnel in March C”T“““ed monltorl_ng - Closure
, \ . - design currently being conducted by
3 702974.32 | 187910.75 | 4/13/2010 [ N/A 5'x 20 1 2010 just above the south dike toe at Pond E. Very mall . ;
o URS seep areas potentially will be
flow observed. No piping, SAP Level 1. -
adressed during closure
Seep discovered by TVA personnel in March 2010 just Coqtmued monltorl_ng - Closure
, \ : design currently being conducted by
4 703547.89 | 1877848.78 | 4/13/2010 [ N/A 5'x 20 1 [above west dike at toe of Pond E. Wet/soft ground . .
. . URS seep areas potentially will be
observed with no flow and no piping. SAP Level 1. -
adressed during closure
Seep area is located just beyond the west Pond E dike . o
, Lo . - . Continued monitoring - Closure
10' to 15" wide area adjacent to the pool level of Old Hickory Lake. This desian currently beina conducted b
5 703906.95 | 1877803.21 | 4/13/2010 | N/A | by 100 to 200 1 |could be remaining wet areas from recent high pool events 9 y gc ; Y
. . URS seep areas potentially will be
long of Old Hickory Lake, and needs further observations. SAP -
adressed during closure
Level 1.
Possible seep located at the northwest dike toe of Pond A,
discovered in February by TVA. Some minor flow was Continued monitoring - Closure
Vo noted by Stantec on May 3, 2010 after heavy rain event. design currently being conducted by
S R ted : .
6 urvey Requeste 3/10/2010 | N/A I'xl ! The dike crest in this area tends to pool water during rain, |URS seep areas potentially will be
area could be result of stromwater infiltration into the dike |adressed during closure
that is slowly exiting at the toe below. SAP Level 1.
Possible seep located just west of Seep 3 at the south dike . I
: . Continued monitoring - Closure
toe of Pond E. Discovered by Stantec May 3, 2010 just desian currentlv beina conducted b
7 Survey Requested 5/3/2010 N/A 2'x2' 1 |after heavy rain event. Area exhibited very low flow and 9 y ge ; Y
PP . URS seep areas potentially will be
could be a result of stormwater infiltration into the dike that adressed during closure
is slowly exiting at the toe below. SAP level 1. 9
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GAF Seepage Log
Gallatin Fossil Plant
Gallatin Tennessee

Updated June 22, 2010 Rev. 1

Approximate
Area of Coordinate Location Size SAP
Concern (Northing/Easting) Date Time | (Linear Feet) [ Level Description Mitigation Status/ Future Plans
GAF Seep 1A - seepage area located at the toe of Closed
Disposal Area on southeast side. Monitored by TVA to . o
, , ) . Continued monitoring - Closure
30'to 40 comply with TDEC-approved closure plan. Seepage points . .
L ) \ ) ... |design currently being conducted by
8 Survey Requested 1998 N/A rectangular 2 |located within 30' to 40' rectangular area. Typically exhibits . ;
" URS seep areas potentially will be
area saturared ground conditions. Seepage amounts and flow .
. " - adressed during closure
vary depending on prevailing weather conditions. Seepage
is clear water and slow flowing to no flow. SAP Level 2.
GAF Seep 2E - seepage area located at the toe of Closed
Disposal Area on northwest side. Monitored by TVA to
. comply with TDEC-approved closure plan. Several Continued monitoring - Closure
approximately seepage points located within strip along the dike toe for a |design currently being conducted b
9 Survey Requested 1998 N/A |500'long along| 2 page p . ; p 9 9 Y 9 ) ; Y
- length of 500 feet. Typically exhibits saturared ground URS seep areas potentially will be
toe of dike . . )
conditions. Seepage amounts and flow vary depending on |adressed during closure
prevailing weather conditions. Seepage is clear water and
slow flowing to no flow. SAP Level 2.
Seep Initially observed by TVA on 6/22/2010 approximately dC;)Sr;tlrrl]ufuCirrr:r?tTltggirLg -cf):lr?dsLlJJcrtee db
10 Survey Requested 6/22/2010 | AM N/A 1 |35 feet west of existing seep on Pond E dike. Observed to 9 y 9 ; ; Y
. URS seep areas potentially will be
have clear discharge. SAP Level 1. -
adressed during closure

Note: Initial Seepage Log was developed based on Stantec's understanding of known issues from Phase 1 and Phase 2 assessments and the 2010 Annual Inspection. No field visit

was conducted to verify current seepage areas of concern.
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Gallatin Fossil Plant (GAF)
Seepage Log
Photos
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Area of Concern 1

4/13/2010

Small (2’ x 3’) red-water seep discovered by
Stantec in January, 2009 just above pool
level of stilling pond and to the east of Pond
A outlet system. No change observed in
appearance throughout course of this work.
Minimal to no flow observed. No piping.
SAP Level 1.

Area of Concern 2

4/13/2010

Red-water seeps approximately 400’ to 500’
long discovered by Stantec in January, 2009
along toe of saddle dike at Stilling Pond C.
No significant change observed in
appearance throughout course of this work.
Minimal to no flow observed. No piping.
SAP Level 1.

Area of Concern 3

4/13/2010

Small red-water (5’ x 20’) seep discovered
by TVA personnel in March, 2010 just above
the south dike toe at Pond E. Very small
flow observed. No change observed in
appearance throughout course of this work.
No piping. SAP Level 1.
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Gallatin Fossil Plant (GAF)
Seepage Log
Photos
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Area of Concern 4

4/13/2010

Small (5’ x 20") seep discovered by TVA
personnel in March, 2010 just above west
dike toe at Pond E. Wet/soft ground
observed with no flow and no piping. No
change observed in appearance throughout
course of this work. SAP Level 1.

Area of Concern 5

4/13/2010

This approximately 10’ to 15’ wide by 100’ to
200’ long possible seepage area is located
just beyond the west Pond E dike toe area
adjacent to the pool level of Old Hickory
Lake. This could be remaining wet areas
from recent high pool events of Old Hickory
Lake, and needs further observations with
time to reach conclusions. SAP Level 1.

Area of Concern 6

3/10/2010

This small (1’ x 1) possible seepage area is
located at the northwest dike toe of Pond A.
It was discovered in February by TVA. It
also had some minor flow that was noted by
Stantec on May 3, 2010 just after the very
heavy rain event that occurred May 1 and 2,
2010. The dike crest in this area tends to
pool water during rain, and this area could
be a result of stormwater infiltration into the
dike that is slowly exiting at the dike toe
below. SAP level 1.
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Gallatin Fossil Plant (GAF)
Seepage Log
Photos

Area of Concern 7

5/3/2010

This (2’ x 2) possible seepage area is
located just west of Seep 3 at the south dike
toe of Pond E. It was discovered by Stantec
on May 3, 2010 just after the very heavy rain
event that occurred May 1 and 2, 2010. The
area exhibited very low flow. Because it was
discovered just after the heavy rains, this
area could be a result of stormwater
infiltration into the dike that is slowly exiting
at the dike toe below. SAP Level 1

Area of Concern 8

1998

GAF Seep 1A. Seepage area at toe of
Closed Disposal Area on southeast side.
Being monitored quarterly by TVA to comply
with TDEC-approved closure plan. A few
seepage points located within an
approximate 30 to 40 ft. rectangular area.
Typically exhibits saturated ground
conditions. Seepage amounts and flow vary
depending on prevailing weather conditions.
Typical seepage is clear water and slow
flowing to no flow. SAP Level 2.
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Gallatin Fossil Plant (GAF)
Seepage Log
Photos

Area of Concern 9

1998

GAF Seep 2E. Seepage area at toe of
Closed Disposal Area on northwest side.
Being monitored quarterly by TVA to comply
with TDEC-approved closure plan. Consists
of several seepage points located within
strip along the dike toe for a length of
approximately 500 feet. Seepage amount
and flow vary depending on prevailing
weather conditions. Also typically exhibits
saturated ground conditions. Typical
seepage is clear water and slow flowing to
no flow. SAP Level 2.

Area of Concern 10

6/22/2010

Seep Initially observed by TVA on 6/22/2010
approximately 35 feet west of existing seep
on Pond E dike. Observed to have clear
discharge. SAP Level 1.

Area of Concern 10

6/22/2010

Seep Initially observed by TVA on 6/22/2010
approximately 35 feet west of existing seep
on Pond E dike. Observed to have clear
discharge. SAP Level 1.
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Appendix D

GAF CCP Emergency
Action Plan

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=




=
<
L
=
=
O
o
-
98
=
—
-
O
ol
<
<
Q.
L
2
=

APPENDIX A
Document 10

Seismic Slope Stability Analysis, Stantec,
September 22, 2011; February 15, 2012

Gallatin Fossil Plant
TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report
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Stantec Consulting Services Inc.
10509 Timberwood Circle Suite 100
Louisville, KY 40223-5301

Tel: (502) 212-5000

Fax: (502) 212-5055

September 22, 2011 ltr_002_175551015

Mr. Michael S. Turnbow

Tennessee Valley Authority

1101 Market Street, LP 2G-C
Chattanooga, Tennessee 37402-2801

Re: Results of Seismic Slope Stability Analysis
Active CCP Disposal Facilities
Gallatin Fossil Plant

Dear Mr. Turnbow:

As requested, Stantec Consulting Services Inc. (Stantec) has conducted seismic slope stability
analyses to support the U.S. Environmental Protection Agency’'s assessment of TVA's CCP
disposal facilities. The results for Gallatin Fossil Plant (GAF) are presented in this letter.

1. Introduction

The U.S. Environmental Protection Agency is undertaking a nationwide effort to assess coal
combustion product (CCP) disposal facilities. These assessments are now underway for facilities
at TVA's fossil plants. To support TVA, Stantec has conducted seismic stability analyses for GAF’s
active disposal facilities, which include Ash Ponds A and E.

The seismic slope stability analyses results presented in this letter employ a pseudostatic
approach and are representative of current conditions. For seismic assessment in upcoming
closure design of these facilities, TVA will undertake a comprehensive risk/consequences-based
approach, with design and mitigation decisions being based on the likelihood and consequences of
failure. This approach is described in the document presented in Enclosure A. For GAF, closure
of Ash Pond E is currently planned for 2019 — 2020, and closures of Ash Pond A and the Stilling
Ponds are currently planned for 2020 — 2021.

2. Seismic Stability Analysis Approach

Seismic slope stability has been performed for current conditions using pseudostatic stability
methods, where the added inertial load from an earthquake is represented by a simple horizontal
pseudostatic coefficient which provides an approximate representation of the dynamic loads
imposed by an earthquake. Specifics related to the analyses/approach are as follows:

e Subsurface data was obtained from Stantec’s geotechnical report entitled Report of
Geotechnical Exploration and Slope Stability Evaluation; Ash Pond/Stilling Pond Complex;
Gallatin Fossil Plant; Gallatin, Tennessee; May 27, 2010.

Stantec Consulting Services Inc.
One Team. Infinite Solutions



Tennessee Valley Authority
September 22, 2011
Page 2

e SLOPE/W software (from GEO-SLOPE International, Inc.) was used to perform the
calculations.

e One existing SLOPE/W cross-section model per disposal facility was selected for analysis.
The selected sections are representative of the facility’s lowest current static (long-term)
factor of safety, with consideration given to proper representation of a release/breach. The
selected SLOPE/W models were updated to reflect any significant mitigations or operational
changes that have occurred since completion of Stantec’s geotechnical studies.

e Undrained shear strength parameters were used.

e Ground motion level corresponding to a return period of 500 years (or approximate
exceedance probability of 10% in 50 years) was used for selection of horizontal seismic
coefficients. This return period is consistent with seismic stability analysis guidance
provided by Tennessee’s dam safety regulations Chapter 1200-5-7, “Rules and Regulations
Applied to the Safe Dams Act of 1973”. The peak ground acceleration (or seismic
coefficient) for a 500 year return period was selected from Table 17 of TVA’'s March 28,
2011 region-specific seismic hazard study performed by AMEC Geomatrix, Inc.

e A target factor of safety (FS) of 1.0 was considered for comparing results.

3. Results

The results of the pseudostatic stability analyses indicate factors of safety of 1.2 for Ash Pond A
and 1.6 for Ash Pond E, which exceed the target of 1.0. Enclosure B contains a summary
spreadsheet, SLOPE/W cross-sections, and plan views showing cross-section locations.

Stantec appreciates the opportunity to provide these services. If you have questions, or if we can
provide additional information, please let us know.

Sincerely,

STANTEC CONSULTING SERVICES INC.

Randy L. Roberts, PE
Principal
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This document outlines proposed engineering analyses to estimate seismic failure
risks at wet storage facilities for coal combustion products, following closure, at
various TVA fossil power plants. The specific details outlined in this document are
subject to future discussion and modification by the project team.

OVERVIEW

Tennessee Valley Authority (TVA) operates storage facilities for coal combustion products
(CCPs) at eleven fossil power generating stations. As TVA transitions to dry systems for
handling these materials, 18 to 25 wet storage facilities (CCP ponds, impoundments, dredge
cells, etc.) will be closed (drained and capped). The CCP storage facilities are currently
operated in accordance with state and federal regulations, but previously issued permits
have not required evaluations for seismic performance. Moreover, the existing permits do not
require seismic qualification for the storage facilities in their closed configurations.

TVA recognizes there is a potential for strong earthquakes to occur within the region, and
there is a tangible risk for seismic failure at each closed CCP facility. These risks, including
both the likelihood of failure and the consequences, must be understood to effectively
manage TVA's portfolio of byproduct storage sites. This white paper summarizes the
methodology that will be used to estimate these risks at the CCP storage facilities following
closure.

Seismicity in the TVA service area is attributed to the New Madrid fault and smaller, less
concentrated crustal faults. These two earthquake scenarios generate significantly different
seismic hazards at each locality and will be considered independently within the risk
assessment. At each closed byproduct facility, potential seismic failure modes will be
evaluated in sequence. Instability due to soil liquefaction, slope instability due to inertial
loading, and other potential failure mechanisms will be addressed. Seismic performance will
be evaluated for differing earthquake return periods until a limiting (lowest return period)
event that would cause failure is obtained. The probability of seismic failure will then
correspond to the probability of this limiting earthquake event. The assessment of risk will
also include estimates of potential consequences, as well as costs to mitigate the risks, that
reflects the unique setting of the individual storage facilities after closure.

Following the same general methodology, seismic risks will be estimated in two phases. The
near-term “Portfolio Seismic Assessment” will provide a rough estimate of seismic risks. The
likely performance of each facility will be evaluated using simplified analyses, empirical
methods, and the judgment of experienced engineers. The results will establish a ranking of
the relative risks across the closure portfolio and also provide a preliminary picture of overall
seismic risk. For the subsequent “Facility Seismic Assessments”, seismic performance will be
judged on the basis of site-specific data and detailed engineering analyses, which will be
completed during the closure design process for individual facilities.

1 03/11/10
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SEIsMIC RISKS

This white paper provides an overview of the engineering methods proposed by Stantec for
estimating seismic risks at TVA’s closed byproduct storage sites. For each facility, four
specific questions must be answered quantitatively:

(1) What is the approximate probability that a strong earthquake will occur?

Several seismic source zones could produce earthquakes large enough to impact these
TVA sites. Very large magnitude earthquakes have occurred within the New Madrid
seismic zone, which is located along the western boundaries of Tennessee and
Kentucky. Because of their observed large magnitude and frequency of occurrence, New
Madrid events contribute substantially to the seismic risks at all TVA sites. Ground
motions from a New Madrid earthquake would attenuate with distance toward the east,
such that local area sources also contribute significantly to site-specific seismic hazards.

Seismicity across the Tennessee Valley was previously characterized by
AMEC/Geomatrix (2004), in a probabilistic study that focused on TVA dam sites. The
same seismogenic model can be applied in evaluating earthquakes that would impact
other TVA sites. Accordingly, probabilistic seismic hazards obtained from the 2004
AMEC/Geomatrix model will be used in the seismic risk assessment of the closed CCP
storage facilities.

(2) Will a given earthquake cause failure in the closed facility?

Many of the TVA byproduct storage facilities are underlain by a substantial thickness of
loose, saturated, alluvial soils (silts and sands). Some facilities will have layers of ash or
other uncemented CCPs that remain saturated following closure. These materials,
especially sluiced fly ash, are prone to liquefaction in a strong earthquake, as cyclic
motions cause a build up of pore water pressure and a consequent loss of effective
stress and shearing resistance. Extensive liquefaction in a foundation or CCP deposit
under a storage facility would be expected, in most cases, to result in lateral spreading
and massive slope movements (failure). Even without liquefaction, large slope
deformations or failures may be triggered by lateral inertial loads during an earthquake.
Liquefaction and dynamic loading of slopes are the most likely failure mechanisms, but
other seismic failure modes, which may be unique to a particular closed storage facility,
must also be evaluated.

(3) What are the potential consequences of a failure?

In addition to understanding the probability of failure, a risk assessment should consider
the potential consequences. A failure is likely to have economic costs associated with
clean-up and restoration of the site. Depending on the local site conditions, failure of a
closed CCP facility may or may not cause significant impacts on the environment,
waterways, transportation routes, buried or overhead utilities, or other infrastructure.
Substantial economic costs would result if power generation is interrupted. Failure
consequences may also include the potential loss of human life at some sites.
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In this proposed seismic risk assessment, the definition of “failure” will be constrained to
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mean the displacement of stored materials to a distance beyond the permitted boundary
of the facility. While smaller deformations in a closed storage facility could cause
economic damages, the resulting consequences for TVA should be manageable. Hence,
this risk assessment will focus on potential “failures” where stored materials could move
past the permitted boundary.

(4) What are the approximate costs to mitigate the risks of a seismic failure?

With an understanding of the probability and consequences of failure, the potential risks
can be quantified and understood, possibly leading to decisions to mitigate seismic risks
in the closure of certain facilities. Mitigation measures might include ground improvement
to reduce liquefaction potential (stone columns, deep soil mixing, jet grouting, or other
appropriate technology), stabilization of slopes by flattening or buttressing, enhanced
drainage features, or some other engineered solution. The potential cost of these risk
mitigation strategies are needed to make appropriate management decisions.

PORTFOLIO AND FACILITY ASSESSMENTS

Seismic evaluations will be completed for each of the CCP storage facilities that TVA has
slated for closure; a tentative list is given in Table 1. The assessment of seismic risks will be
accomplished in two phases:

A. Portfolio Seismic Assessment

In this first phase, the seismic risk assessment will be carried out using general site
information, simplified analyses, empirical methods, and the judgment of experienced
engineers. A team of four to five engineers will complete this evaluation for the entire
portfolio, with assistance from the engineering teams currently working on each facility.
After the probabilistic seismic hazards are defined, this phase of the work can be
completed in a relatively short timeframe.

Given the level of effort and the simplified engineering analyses to be employed, the
seismic risk estimates from the Phase A assessment will be approximate. Rather than
attempting to compute precise risk numbers, Phase A will focus on capturing the relative
risks between the different closed facilities. The key to successfully meeting this objective
will be the consistent application of the assessment process across the portfolio.

This effort will result in a ranked list of sites that can be used to illustrate where seismic
risks are greatest within the portfolio. The results will also provide some insight for
understanding and communicating the magnitude of potential risks associated with
seismic loading of the closed CCP facilities.

As a secondary objective, the Phase A assessment team will also consider the potential
for failure of the active storage facilities, due to an earthquake occurring prior to closure.
The seismic risks associated with the operating facility will not be estimated, but the
Phase A assessment process provides an opportunity to identify potential failure
mechanisms that should be addressed in the short term. This information may suggest
the need to re-prioritize the closure schedule. Prior to closure, many of the wet CCP
storage facilities retain large pools of water and are thus more susceptible to uncontrolled
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releases in an earthquake. TVA has already made the decision to close these wet
storage facilities to manage these risks, so the effort in Phase A will focus on identifying
sites that may have unusually high seismic risks and deserve more study or higher
priority in the closure program.

B. Facility Seismic Assessment

In this subsequent phase of work, more detailed engineering analyses will be carried out
using site-specific geometry, subsurface conditions, material parameters, and results
from static slope stability analyses. Simplified, state-of-the-practice methods of
engineering analysis will be used; more complex analytical methods will be generally
impractical for this risk assessment.

This phase of the work will be accomplished for individual facilities as part of the closure
design, after the completion of other engineering analyses. The risks will be quantified by
the design team, with assistance from the portfolio seismic assessment team. Significant,
detailed effort will be required to assess each closed facility.

Compared to Phase A, the risk estimates obtained at this stage will be more reliable and
better represent the actual risks for seismic failure. While it will be impossible to know
how accurately the risks have been characterized at the completion of Phase B, the
objective is to obtain results that are within perhaps + 30% of the “actual” risk numbers.
TVA expects to use the Phase B results to decide if the risks are acceptable, or if the
closure design should be modified to mitigate risks for a seismic failure.

The engineering methodology (described below) to be followed in the Phase A and B
evaluations will not characterize all of the uncertainties with respect to seismic performance.
The uncertainties in the soil parameters and in the liquefaction, stability, and deformation
analyses will not be quantified and carried through the risk assessment. Consequently, the
estimated risk numbers will be approximate, but the results will be sufficiently accurate to
support TVA decisions regarding prioritization for closure or the need for seismic mitigation.
At most sites, the risks are expected to be high enough or low enough that further refinement
in the risk numbers would not change these decisions. More detailed analysis beyond Phase
B would be unjustified in these cases.

This assessment plan does not preclude the possibility that more detailed risk evaluations
could be undertaken in subsequent phases of work. The Phase B results might reveal a
subset of closed facilities with marginal risks, where a more rigorous and complete
calculation of the risks would be needed to support a management decision. Hence, at the
conclusion of the Phase B assessments, a “Phase C” evaluation may be needed for select
sites and facilities, wherein uncertainties in the soil parameters and performance analyses
would be quantified and carried through the risk assessment.

RESULTS AND APPLICATION

The results from the Phase A Portfolio Assessment will be presented in a table, like Table 1.
For each facility evaluated, the estimated annual probability of failure due to a seismic event,
the expected consequences (economic costs and potential loss of life), and the mitigation
costs (design features to reduce risks) will be tabulated. The same parameters, but more
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accurate numbers, will be reported from the more in-depth Phase B assessments. A
gualitative description of the data quality (based on the number of borings, test data on key
soil properties, etc.) will also be included, to indicate how well the site conditions were
characterized at the time of the Phase A or B assessment.

In both Phase A and B, the evaluation teams will prepare a discussion of significant issues
driving the seismic risks at each site. This summary will include knowledge gaps, likely failure
mechanisms, unigue consequences, suggested approaches for risk mitigation, and other key
information. The Phase A evaluation of a facility may point out the need for additional data to
support later seismic analyses in Phase B; needed field or laboratory testing could then be
accomplished and documented as part of the facility closure design effort.

In the short term, TVA will utilize the Phase A results to better plan budgets and schedules
for managing the closure process over the next several years. The Phase A assessment will
also be used as an opportunity to identify operating facilities with especially high seismic
risks. While these risks will not be quantified for conditions prior to closure, the consideration
of potential seismic failure modes may prompt additional study and reconsideration of
priorities. Where justified, the priorities for closure may be changed to more quickly address
sites with higher seismic risks.

More accurate risk estimates will be obtained from the Phase B assessments, which will be
completed as part of the closure design process. Those results will be used, within TVA's
existing decision making framework, to judge if seismic mitigation is needed. For context, the
criteria in Tables 2 and 3 represent the risk-based framework TVA uses to guide enterprise-
level decisions. This framework relies upon broad, qualitative scoring of consequences and
risks for the organization. For managing the seismic risks at the closed CCP facilities,
complete probabilistic calculations of risk are not needed; approximate estimates of seismic
risk will be sufficient to support TVA decisions.

The risks computed in Phase A and B will not be compared to a prescribed threshold or
design risk level. Criteria for tolerable seismic risk in these closed CCP storage facilities has
not been defined in the existing permits, in TVA policy, or in TVA design guidance.

METHODOLOGY

The same general methodology, outlined in ten steps below and in Figures 1 through 4, will
be used to evaluate seismic risk in both the Phase A Portfolio Assessments and the Phase B
Facility Assessments. While advanced engineering analyses may be required to demonstrate
acceptable seismic performance in a design situation, simplified analyses will be used here,
consistent with the goal of estimating the probability of failure.

In Step 1, seismic hazard parameters will be defined for each site; the results will be used as
inputs for both the Phase A and Phase B assessments. Then, the evaluation of a particular
facility will begin with a review of existing site information (Step 2), followed by engineering
analyses for seismic performance. As described in Steps 3 through 7 below, the engineering
analyses in Phase B will be more detailed than the simplified estimates in Phase A. The
analyses will commence with an initial selection of an earthquake return period and
evaluation for seismic performance. Steps 3 through 7 will be repeated until the limiting
(lowest) earthquake return period expected to cause failure is obtained. Flowcharts
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summarizing Steps 1 through 7 in the Phase A and B seismic performance assessments are
given in Figures 3 and 4, respectively. The earthquake event with the lowest return period
that causes failure will then be used to compute the probability of failure in Step 8. The
potential consequences and mitigation costs will be estimated in Steps 9 and 10.

Step 1 — Define Seismic Input Parameters

Seismic hazards at TVA dam sites were quantified in a 2004 study by AMEC/Geomatrix. The
New Madrid fault zone and several area source zones contribute to the seismicity of the
region, as represented schematically in Figure 1. The New Madrid seismic zone is
characterized by a large linear, combined reverse/strike-slip fault. Earthquakes in the area
source zones are more diffuse (less concentrated in clusters) and tend to occur in zones of
weakness of large crustal extent rather than along narrow, well-defined faults. Earthquakes
occurring within the New Madrid Seismic Zone and in area sources outside of it will be
considered in developing seismic input parameters for each CCP facility. However, only
seismic source zones that contribute significantly to the ground motion hazard at a particular
site will be used to develop seismic input parameters.

The national USGS seismic hazard model will not be used in these seismic risk
assessments; instead, TVA will ask AMEC/Geomatrix to compute the site-specific seismic
hazards for each closed CCP facility. The needed information can be obtained from the
existing seismogenic model, but will need to separately consider the hazards associated with
the New Madrid events and all other seismic sources (Figure 2), hereafter referred to in this
white paper as the “earthquake scenarios”. The following parameters are needed for each
earthquake scenario:

o Uniform hazard spectra for frequencies from 0.25 to 100 Hz (100 Hz value is
equivalent to peak ground acceleration, PGA) at the top of rock for a range of return
periods from 100 to 2,500 years.

e De-aggregation for relevant ground motion frequencies (one or more of the following:
0.5, 1.0, 2.5, 5.0, and 100 Hz) at each return period. The de-aggregation results will
be used to select appropriate, representative earthquake parameters (magnitude and
distance from the site), from which inputs needed for liquefaction analyses can be
developed.

In the Phase A effort, the project team (including seismologists designated by TVA) will meet
to consider the earthquake hazard data produced by the AMEC/Geomatrix model for each
site. The team will reach consensus on the appropriate parameters (return period,
earthquake magnitude, and peak ground acceleration) to be used in evaluating each facility,
before proceeding with work on subsequent steps of the analysis. The seismic parameters to
be tabulated (Table 4) will then be used in both the Phase A and Phase B assessments.

Ground motion time histories will be needed for the detailed Phase B calculations, and TVA
will need to ask AMEC/Geomatrix to provide:

e Representative acceleration time histories (two orthogonal components), representing
ground motions at the top of the rock profile for the specified earthquake return
periods.
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Given the results of the Phase A assessment, the Phase B analyses will focus on a narrower
range of possible earthquakes. Hence, acceleration time histories will not be needed for
every seismic event listed in Table 4.

Step 2 — Review Site and Facility Information

To meet the requirements for closure of TVA ash storage facilities, the closed condition may
involve placement of compacted ash behind a strengthened dike, drainage of pond water to
the levels of the surrounding groundwater table, and capping of the area with native soils.
The collection of available site information for each facility will be reviewed from a seismic
performance perspective. For the Phase B assessment, this information will be augmented
with new data that becomes available during the closure design process.

The project information needed for each storage facility includes:

e Planned geometry of the closed storage facility, as needed to meet current design
criteria and regulatory requirements.

¢ Geologic mapping and related information about the site geology.
e Historical records and other information related to site development.
e Boring logs, SPT data, CPT data, shear wave velocities, etc. from field explorations.

e Laboratory data from testing of site materials, including classification, Atterberg limits,
moisture content, particle size, specific gravity, unit weight, compaction tests, and
other relevant test data.

e Laboratory data on measured strength properties, for both drained and undrained
conditions.

e Previously completed slope stability analyses, where available, will be modified for
calculations in the risk assessments.

Step 3 - Evaluate Potential for Soil Liquefaction

The potential for soil liquefaction may be the greatest contributor to failure risk at many of the
TVA storage sites. Liguefaction will thus be considered first in the assessment of seismic
performance at each closed facility (Figures 3 and 4).

The Phase A assessment will utilize empirical charts and back-of-the-envelope calculations
to judge if liquefaction would be likely for a given earthquake scenario. For example,
Ambraseys (1988) compiled magnitude, epicentral distance, and whether or not liquefaction
was observed in past earthquakes, and then suggested a threshold boundary (in terms of
magnitude and epicentral distance) where liquefaction might occur in natural soil deposits.
Selected, parametric calculations with the simplified procedure outlined by Youd et al (2001)
will also be useful in judging what earthquakes would cause liquefaction in the Phase A
Portfolio Assessments. These empirical methods may be unconservative for evaluating
saturated CCPs, which are often more prone to liquefaction than a sandy soil, but the results
will still provide useful guidance in the Phase A assessment.
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For the Phase B liquefaction evaluations, detailed engineering analyses will be undertaken to
obtain estimates of cyclic loading, soil resistance, and factor of safety as described below.
Potentially liquefiable soils include saturated alluvial soils, loose granular fills, and sluiced
ash. The detailed analyses will focus on critical cross sections of the closed facilities;
liquefaction safety factors will not be computed for all boring locations at a site.

(a) Soil Loading from Earthquake Motions

The magnitude of the cyclic shear stresses induced by an earthquake are represented by
the cyclic stress ratio (CSR). The simplified method proposed by Seed and Idriss (1971)
will be used to estimate CSR in the Phase A parametric analyses (ground response
analyses will not be completed in Phase A).

In Phase B, the CSR at specific locations (borings and depths where in situ penetration
resistance are measured) will be computed using one-dimensional, equivalent-linear
elastic methods as implemented in the ProSHAKE software. Using an acceleration time
history at the top of rock (obtained from the seismic hazards study in Step 1), the
computer program will model the upward propagation of the ground motions through a
one-dimensional soil profile. For cases where the one-dimensional assumption is
inadequate, the calculations can be accomplished using QUAKE, a two-dimensional finite
element program that implements the same dynamic modulus reduction curves and
damping relationships as used in ProSHAKE.

The cyclic stresses imparted to the soil will be estimated from the earthquake parameters
described in Step 1, representing earthquakes on the New Madrid fault and local crustal
events.

(b) Soil Resistance from Correlations with Penetration Resistance

The resistance to soil liquefaction, expressed in terms of the cyclic resistance ratio
(CRR), will be assessed using the NCEER empirical methodology (Youd et al. 2001).
Updates to the procedure from recently published research will be used where warranted.
The analyses will be based on the blowcount value (N) measured in the Standard
Penetration Test (SPT) or the tip resistance (q.) measured in the Cone Penetration Test
(CPT). In Phase A, typical or representative values will be used in parametric hand
calculations; detailed data from site-specific explorations will be analyzed in Phase B.

The NCEER procedure involves a large number of correction factors. Based on the site-
specific conditions and soil characteristics, engineering judgment will be used to select
appropriate correction factors consistent with the consensus recommendations of the
NCEER panel (Youd et al. 2001). To avoid inappropriately inflating the CRR, the NCEER
fines content adjustment will not be applied where zero blowcounts (“weight of hammer”
or “weight of rod”) are recorded. The magnitude scaling factor (MSF) is used in the
empirical liqguefaction procedure to normalize the representative earthquake magnitude to
a baseline 7.5M earthquake. The earthquake magnitude (M) considered to be most
representative of the liquefaction risk will be determined by applying the MSF to the de-
aggregation data (from Step 1) for each selected earthquake return period.
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Saturated fly ash, where it remains following closure, is likely to be more susceptible to
liguefaction than indicated by these empirical methods. Values of CRR determined via
the NCEER procedure are related to the observation of liquefaction in natural soils,
mostly silty sands. Given the spherical particle shape and uniform, small grain size of fly
ash, the NCEER procedure may give CRR values that are too high for saturated fly ash.

Lacking better methods of analysis, the lower-bound, “clean sand” base curve (Youd et
al. 2001) will be assumed to apply for fly ash in the Phase A assessment. Within the
liquefaction calculations, this will be accomplished for these materials by neglecting the
fines content adjustment to the normalized penetration resistance. For Phase B,
published and unpublished data from cyclic laboratory testing on similar materials will be
sought to augment the indications of liquefaction resistance obtained from in situ
penetration tests.

(c) Factor of Safety Against Liquefaction

The factor of safety against liquefaction (FS;q) is defined as the ratio of the liquefaction
resistance (CRR) over the earthquake load (CSR). Following TVA design guidance and
the precedent set by Seed and Harder (1990), FS)q is interpreted as follows:

o Soil will liquefy where FS;q < 1.1.
e Expect substantial soil softening where 1.1 < FSjq < 1.4.

¢ Soil does not liqguefy where FS;q > 1.4.

Using this criteria for guidance, values of FS;, computed throughout a soil deposit or
cross section (at specific CPT-q. and SPT-N locations) will be reviewed in aggregate.
Occasional pockets of liguefied material in isolated locations are unlikely to induce a
larger failure, and are typically considered tolerable. Instead, problems associated with
soil liquefaction are indicated where continuous zones of significant lateral extent exhibit
low values of FSj,. Engineering judgment, including consideration for the likely
performance in critical areas, will be used for the overall assessment of each facility. A
determination of “extensive” or “insignificant” liquefaction will then lead to the appropriate
stability analyses in the next stage of the evaluation, as indicated in Figures 3 and 4.

Step 4 — Characterize Post-Earthquake Soil Strengths

The post-earthquake shearing resistance of each soil and CCP will be estimated, with
consideration for the specific characteristics of that material. The full, static shear strength
will be assigned to unsaturated soils. Excess pore pressures will not develop in an
unsaturated soil during seismic loading, so drained strength parameters can be used. The
undrained strengths of saturated soils will be decreased to account for the softening effects
of pore pressure buildup during the earthquake. Specifically:

e In saturated clays and soils with FS;q > 1.4, 80% of the static undrained strength will
be assumed.

¢ In saturated, low-plasticity, granular soils with 1.1 < FSj < 1.4, a reduced strength will
be assigned, based on the excess pore pressure ratio, r, (Seed and Harder 1990).
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Typical relationships between FS;, and r, have been published by Marcuson and
Hynes (1989).

e In saturated, low-plasticity, granular soils with FS;q < 1.1, a residual (steady state)
strength (Sus) will be estimated for the liquefied soil. Values of S,s can be obtained
from the empirical correlations published by Seed and Harder (1990), Castro (1995),
Olson and Stark (2002), Seed et al. (2003), and Idriss and Boulanger (2008).

Subsequent stability and deformation analyses will be accomplished using these reduced
strength parameters. No attempt will be made to model the cyclic reduction in soil shear
strength during an earthquake. In the deformation analyses, the fully reduced strengths will
be assumed at the start of cyclic loading, which will yield conservative estimates of slope
displacements.

Step 5 — Analyze Slope Stability

The next step in the performance evaluation (Figures 3 and 4) will consider slope stability, for
conditions with or without significant liquefaction. Slope stability will be evaluated using two-
dimensional, limit equilibrium, slope stability methods. Reduced soil strengths (from Step 4),
conservatively representing the loss of shearing resistance due to cyclic pore pressure
generation during the earthquake, will be used in the stability calculations. The analyses will
be accomplished using Spencer’'s method of analysis, as implemented in the SLOPE/W
software, considering both circular and translational slip mechanisms.

Input files for static stability calculations, where previously completed for a particular facility,
will be updated to represent seismic conditions. These stability analyses may be not
available, or the closure geometry may be undefined, for the Phase A assessment of some
sites. In those cases, simplified or approximate geometries will be developed for approximate
analysis in Phase A. Engineering experience will also be useful in judging likely seismic
stability. For example, a complete failure is likely if liguefaction undermines the foundation of
the outslope. In the absence of liquefaction, a slope that exhibits adequate safety factors
under static conditions is unlikely to fail in an earthquake. Back-of-the-envelope hand
calculations can be useful in assessing stability where extensive liquefaction occurs in the
saturated materials within or below CCPs retained by a stable perimeter dike. Detailed slope
stability calculations, which accurately represent the planned closure geometry, will be used
in the Phase B facility assessments.

(a) Slope Stability if Extensive Liquefaction

If extensive liquefaction is indicated, stability will be evaluated for the static conditions
immediately following the cessation of the earthquake motions. Residual or steady state
strengths will be assigned in zones of liquefied soil, with reduced strengths that account
for cyclic softening and pore pressure build up assumed in non-liquefied soil. In both
Phase A and B, complete failure (large, unacceptable displacements) will be assumed if
the safety factor (FSsope) cCOMputed in this step is less than one (Figures 3 and 4).

For slopes where the post-earthquake FSgope = 1, deformations will be estimated in the
Phase B assessment (Step 6 and Figure 4). Slope deformations will not be estimated in
the Phase A portfolio assessment, where ground motion time histories will not be
available. In Phase A, slopes exhibiting FSgee 2 1 with liquefaction will be assumed
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stable with tolerable deformations; this condition may exist, for example, where liquefied
ash at the base of a closed storage facility is contained within a stable perimeter dike.

Note that pseudostatic stability analyses are not useful for evaluating a factor of safety
where extensive liquefaction is expected, because appropriate pseudostatic coefficients
can not be defined.

(b) Slope Stability if No Significant Liquefaction

If no significant liquefaction is expected, seismic stability will be analyzed in Phase A
using approximate, pseudostatic stability methods (Figure 3). The added inertial loads
from the earthquake will be represented with a simple, horizontal pseudostatic coefficient
(kn), which provides an approximate representation of the dynamic loads imposed by an
earthquake. The horizontal pseudostatic coefficient will be set to one-tenth of the peak
ground acceleration in rock (k, = 0.1-PGA). In Phase A, tolerable deformations (less
than about 5 meters) will be assumed if the pseudostatic FSgepe 2 1, and failure will be
assumed if the pseudostatic FSgope < 1.

This approach and criteria are based on the work of Hynes-Griffin and Franklin (1984).
They performed Newmark deformation analyses, integrated over 350 ground motion time
histories, used an amplification factor of three to represent peak accelerations at the base
of an earth embankment, and assumed a displacement of 1 meter would be tolerable for
an embankment dam. For a typical CCP facility, assuming no pool is retained following
closure, “failure” would imply displacements significantly greater than 1 meter. A tolerable
displacement of about 5 meters will be assumed here, for the Phase A risk assessments.
From the upper bound curve plotted by Hynes-Griffin and Franklin (1984), a displacement
of 5 meters would correspond to a yield acceleration of about 0.03 times the peak
acceleration along the slip surface. Then, assuming an amplification factor of 3 for the
ground motions at the base of the embankment, this suggests k, = 0.1:-PGA can be
used conservatively in the pseudostatic analysis to judge failure, as described above.

Pseudostatic factors of safety will not be computed in the Phase B assessment. Instead,
where a liquefaction failure is not predicted, potential slope displacements will be
computed as described in Step 6.

Step 6 — Predict Deformations

In the Phase A Portfolio Assessment, closed facilities that are expected to remain stable
(pseudostatic FSgqpe 2 1 with no liquefaction, or post-earthquake FSgpe 2 1 with liquefaction)
will be assumed to have tolerable displacements. Dynamic slope deformations are difficult to
estimate without detailed analysis; the available empirical or approximate methods do not
represent the conditions of interest, or the level of effort is not consistent with the goals of the
first phase of risk assessments. In addition, earthquake ground motion time histories will not
be available for the Phase A analyses.

In the Phase B Facility Assessments, the potential deformation of stable slopes will be
evaluated as indicated in Figure 4. Conventional methods of analysis will be implemented to
estimate potential slope displacements that accumulate during earthquake shaking;
movements are assumed to stop when the earthquake ends, consistent with a post-
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earthquake safety factor greater than one. The acceleration time histories obtained from the
ground response analyses in Step 3a will be used as inputs for computing deformations with
one of the following simplified methods:

e Newmark’s (1965) method involves double integration of accelerations greater than
the yield acceleration (k,), which will be determined from a succession of pseudostatic
slope stability analyses in which k;, is varied. The value of k;, where the pseudostatic
FSsiope = 1.0 corresponds to the yield acceleration.

e The Makdisi-Seed (1978, 1979) procedure, which better accounts for the dynamic
response of embankments. This procedure was developed based on parametric
numerical simulations for earthen dams. The procedure is iterative, considers the
fundamental periods of the embankment response, and can be completed in steps
using published charts. Results from QUAKE can also be used as input in this
procedure.

The slope deformations predicted in Phase B will be conservative, because the yield
acceleration will be computed based on reduced, post-earthquake soil strengths. In reality,
the yield acceleration declines in successive cycles of seismic loading, as pore pressures
accumulate and saturated soils become weaker. The analysis outlined in Figure 4 assumes
reduced strengths and, where liquefaction is predicted, residual strengths at the start of the
earthquake. Detailed numerical simulations can be used to track the progressive softening
and liquefaction of soil within an embankment during an earthquake; such analyses are
expensive and time consuming. Rigorous analyses of this type will not be justified except in a
“Phase C” analysis, or where performance in a given seismic design event must be
demonstrated. Note that the logic in Figure 4 might appear to assume a slope will be stable if
there is no significant liquefaction; however, the deformation analysis will indicate unlimited
deformations and certain failure if FSg0pe < 1 for static, post-earthquake conditions.

Step 7 — Consider Other Potential Failure Modes

For most of the closed facilities, soil liquefaction, slope instability, and slope deformations will
be the most likely seismic failure modes. However, depending on the unigue configuration of
each CCP facility, other potential failure modes may contribute significantly to the seismic
risks. For example, the loss of critical drainage structures or retaining walls could lead to a
failure condition. Other potential failure modes will be identified and evaluated quantitatively
in this step.

As a secondary objective of the Phase A effort, the assessment team will consider the
potential for failure of the active storage facilities, due to an earthquake occurring prior to
closure. Many of the wet CCP storage facilities retain large pools of water, so this
assessment will need to consider additional failure modes such as seepage and
embankment cracking. The objective here will be to identify operating facilities that may have
unusually high seismic risks, and might deserve more study or higher priority in the closure
program.

12 03/11/10
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Step 8 — Estimate Annual Probability of Seismic Failure

As indicated in the flowcharts in Figures 3 and 4, the assessments of seismic performance
(in both the Phase A and Phase B efforts) will consider a range of potential earthquakes with
differing return periods. The analyses will be repeated until the limiting (lowest) earthquake
return period (from the candidate events defined in Step 1) that predicts failure of a particular
CCP storage facility is obtained. Interpolation may be used, as appropriate, to narrow the
definition of the limiting earthquake.

The return period for each earthquake scenario (Table 4) represents the annual probability of
exceedance for the associated ground motion parameter. Hence, for each earthquake
scenario, the event with the smallest return period that causes failure represents a limiting
case, where all events having longer return periods would also cause failure. The inverse of
the limiting return period thus represents the annual probability of seismic failure due to that
earthquake scenario.

Step 9 — Estimate Potential Consequences of Failure

The potential consequences of a failure at each closed facility will be estimated in this step.
The potential consequences will be unique to each site, but may include any of the following:

¢ restoration of the site and storage facility,
e clean-up to address environmental impacts,
o off-site disposal of released materials,

¢ damages and loss of use for transportation routes, including buried or overhead
utilities,

o damages to buildings and other infrastructure,

e economic losses from the possible shutdown of power generation, and

¢ Jloss of human life (expected to be unlikely at most sites following closure).

Except for the potential loss of life, the failure consequences will be expressed in terms of
present day costs. Detailed cost estimates of the potential consequences of failure will not be
attempted in the Phase A assessments; instead, the potential magnitude of total
consequence costs will be estimated using broad categories (< $100K, < $500K, < $1M, <
$5M, < $10M, < $50M, < $100M). Cost estimates that better reflect the local site conditions
will be produced by the closure design teams during the Phase B assessments.

Step 10 — Estimate Possible Mitigation Costs

The final step in the process will involve estimating the costs to mitigate seismic risks,
perhaps by altering the closure design to withstand stronger earthquakes. Examples of
possible mitigation measures include:

e ground improvements to reduce liquefaction potential (stone columns, deep soll
mixing, jet grouting, or other appropriate technology),

e altering the geometry of outslopes (setbacks, benches, or flatter slopes) to improve

13 03/11/10
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stability,
e adding buttresses or other supporting structures at the toe of slopes,
e enhanced drainage features, and

¢ relocation of infrastructure or people away from potential impact zones.

These mitigation approaches generally involve higher construction costs, which can be
guantified in terms of present dollars. As with the consequence costs, detailed estimates of
mitigation costs will not be attempted in the Phase A assessments. The potential magnitude
of mitigation will be estimated in categories (< $100K, < $500K, < $1M, < $5M, < $10M, <
$50M, < $100M). Mitigation cost estimates that better reflect the local conditions and facility
layout will be developed by the closure design teams during the Phase B assessments.
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Table 1. Expected Results from the Phase A and B Seismic Risk Assessments

Prob. Econ. Loss of | Mitigat. Data

TVA Facility Failure | Costs Life Costs | Quality

ALF East Ash Disposal
ALF East Stilling Pond

BRF Dry Fly Ash Disposal

BRF Fly Ash Pond And
Stilling Basin Area 2

BRF Bottom Ash Disposal
Area 1

BRF Gypsum Disposal
Area 2a

COF Disposal Area 5

COF Ash Pond 4

CUF Dry Ash Stack

CUF Ash Pond

CUF Gypsum Storage Area
GAF Fly Ash Pond E

GAF Bottom Ash Pond A
GAF Sstilling Pond B, C & D

JSF Dry Fly Ash Stack

JSF Bottom Ash Disposal
Area 2

JOF Ash Disposal Area 2
KIF Dike C

PAF Scrubber Sludge
Complex

PAF Peabody Ash Pond
PAF Slag Areas 2a & 2b

SHF Consolidated Waste Dry
Stack

SHF Ash Pond
WCF Ash Pond Complex
WCF Gypsum Stack

Prob Failure = Annual probability of failure due to earthquakes
Econ. Costs = Economic costs resulting from a failure
Loss of Life = Potential loss of life resulting from a failure
Mitigat. Costs = Costs to mitigate seismic risks in closure design
Data Quality = Qualitative indication of how well conditions in the facility are characterized
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Table 2. Risk Severity Scoring (Draft) used by TVA
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Table 3. Risk Likelihood Scoring used by TVA

TVA Risk Event Probability Rating Scale

Score Rating Description
5 Virtually Certain | 95% probability that the event will occur in the next 3 years /10 years
4 Very Likely 75% probability that the event will occur in the next 3 years/10 years
3 Even Odds 50% probability that the event will occur in the next 3 years/10 years
2 Unlikely 25% probability that the event will occur in the next 3 years/10 years
1 Remote 5% probability that the event will occur in the next 3 years/10 years

e The 3-year timeframe will be the primary focus for the business unit risk maps
e The 10-year risks will be collected by the ERM organization and charted separately for the
enterprise

Table 4. Seismic Hazard Input Data for Probabilistic Assessment of TVA Facilities

Seismic Return Annual Peak Ground Earthauake
Period Probability of Acceleration 9
Sources Magnitude
(years) Exceedance (@)
2,500 0.0004
Newmadid | 1000 0001
Seismic Zone '
250 0.004 Valuesto be | , Valuestobe
; determined from
100 0.01 determined from the hazard de-
2,500 0.0004 the seismic aggregation
All Other 1,000 0.001 hazard curves data*
Seismic 500 0.002
Sources 250 0.004
100 0.01

* Representative magnitude corresponding to the maximum contribution to the seismic hazard
for liquefaction, as determined from the de-aggregation data weighted by the magnitude
scaling factor (maximum PGA / MSF)
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Other Seismic

4 Source Zones N

l

New Madrid TVA Facility
Seismic Zone Selected for Risk
Assessment

Note: Schematic representation only, locations not accurately
depicted, some sources omitted.

Figure 1. Schematic Representation of Seismic
Source Model for TVA Facilities

Peak Ground
Acceleration

Log (Return Period)

Figure 2. Typical Seismic Hazard Curves for Proposed
Probabilistic Assessment of TVA Facilities
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/ Site and Facility Information

e Geometry of closed facility

/ Probabilistic Seismic Hazards
¢ Return period
+« Peak ground acceleration
+ Representative earthquake magnitude

e Subsurface conditions
e Parameters for native soil, CCP, etc.
+ Prior static stability analyses

No ground motion
time histories

h 4

Estimate Post-Earthquake Strengths

¢ Where unsaturated, use full static strength

e Where FS;, > 1.4 and in clays, use 80% of
undrained strength

e Where 1.1<FSq = 1.4, reduce strength
based on excess pore pressure ratio

e Where FS;q 1.1, use residual (steady
state) strength

~ |

A 4 A 4

Liquefaction Assessment
Simplified, parametric calculations
Empirical methods —>
In situ penetration resistance
Laboratory testing

No Significant Liquefaction Extensive
l Liquefaction
v
Pseudostatic Slope szf-ia;tgg::;ke
Stability Analysis [— FSsiope < 1— ;\) - y
Kn = 0.1 X PGA o nalysis
Static analysis
>
FSslope =1 l M Fsslope =1 Fsslope <1
Other Potential
Failure Modes _
Evaluate other potential [— Failure.

failure modes specific to
the particular facility

No
Failure Repeat process for different
earthquake scenarios until obtain

lowest return period

event that would cause a failure

Acceptable
Performance
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Figure 3. Simplified Flowchart for Assessing Facility Performance
During a Probabilistic Seismic Event in Phase A

19 03/11/10

v:\1755\active\175560003\geotechnical\report\white paper on seismic risks\white paper rev3\white paper - seismic risk assessment tva closure portfolio - rev3.doc Rev. 3




Seismic Risk Assessment
Closed CCP Storage Facilities
Tennessee Valley Authority Fossil Plants

Probabilistic Seismic Hazards
Return period
Peak ground acceleration

Representative earthquake magnitude
Ground motion time histories

l

Liquefaction Assessment
Detailed calculations
Empirical methods —>
In situ penetration resistance
Laboratory testing

Site and Facility Information
Geometry of closed facility
Subsurface conditions
Parameters for native soil, CCP, etc.
Prior static stability analyses

Estimate Post-Earthquake Strengths

¢ Where unsaturated, use full static strength

e Where FS;, > 1.4 and in clays, use 80% of

undrained strength

Where 1.1< F§jq < 1.4, reduce strength

based on excess pore pressure ratio

e Where F§;4 < 1.1, use residual (steady
state) strength

No Significant Liquefaction Extensive
Liguefaction
Di‘orrlnat_lon Post-Earthquake
nalysis Slope Stabilit
Conservative analysis [% FSsiope 2 1~— I!\)n Ivsi y
using post-earthquake . alys s.
soil strengths Static analysis

Acceptable .
Deformation | Unacceptable Deformation— FSsiope < 1
l (past permitted boundary)
Other Potential
Failure Modes _
Evaluate other potential Failure

failure modes specific to
the particular facility

No
Failure Repeat process for different
Acceptable earthquake scenarios until obtain
Performance lowest return period

event that would cause a failure
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Figure 4. Simplified Flowchart for Assessing Facility Performance
During a Probabilistic Seismic Event in Phase B
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Gallatin Fossil Plant - Pseudostatic Stability Analysis Summary

CCP Disposal Facility Cross-Section Information 500 yr Return
Mitigation and Improvement Activities Since January 2009
Name Tvpe Section Section Location PGA (g) | Factor of As-Found Conditions
L Analyzed for COF Safety

2009 as-found conditions produced acceptable static long-
term factor of safety for global conditions. No mitigation
efforts needed. However, pool level was raised 1 foot since

Represents bottom
ash divider dike

Ash Pond A Impoundment K between Pond A and 1.2 . N
. 2009. Section K represents current conditions. Future
stilling ponds along L .
. mitigation will be undertaken to address non-global
north side. 0.045

stability.

2009 as-found conditions produced acceptable static long-
Ash Pond E Impoundment B Southwest corner. 1.6 term factor of safety. No mitigation efforts needed. Section
B represents current conditions.

Notes:
1) Acceleration are from March 28, 2011 TVA region-specific sesismic hazard study performed by AMEC Geomatrix, Inc. (total hazard).
2) Refer to layout plan for locations of cross-sections.

3) Stability models reflect current ground lines and conditions.
4) Liquefaction was not considered in this analysis.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=




Pseudostatic Slope Stability Analysis
CCP Storage Facilities - Existing Conditions

— Tennessee Valley Authority Fossil Plants
E Section K - Ash Pond A
Gallatin Fossil Plant
E Gallatin, Tennessee
Material Type Unit Weight ~ Cohesion Friction Angle
: Pond A Initial Bottom Ash Divider Dike 105 pcf 0 psf 33°
U Pond A Raised Bottom Ash Dike 105 pcf 0 psf 34°
Sluiced Ash 85 pcf 400 psf 10°
O Note: Native Clay 125 pcf 550 psf 13°
The results of analysis shown here are based on available subsurface information, Silted Material 85 pcf 400 psf 10 °
ﬂ laboratory test results and approximate soil properties. No warranties can be made
regarding the continuity of subsurface conditions between the borings.
N~
= < x Factor of Safety: 1.17
= E |Z_' Horizontal Seismic Coefficient Kh = 0.045 g
I 480 — n %) 500-year Return Period Event
U 470 ; ﬂ‘ Ash Pond EL470
4 Silted Material Yy WY Y Y Y v Y Y Y
'='-E 460 $Stilli$g Ponjl fL45{ - L - Sluiced Ach
=85 0
ll.I 440
(F] 40
420

30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

Distance (feet)

Project No. 175551015
Date of Assessment - 09/09/2011




Pseudostatic Slope Stability Analysis
CCP Storage Facilities - Existing Conditions
Tennessee Valley Authority Fossil Plants

Section B - Ash Pond E
Gallatin Fossil Plant
Gallatin, Tennessee

Note: Material Type Unit Weight Cohesion Friction Angle
The results of analysis shown here are based on available subsurface information, Pond E Clay Dike 125 pCf 400 pSf 15°
laboratory test results and approximate soil properties. No warranties can be made Bottom Ash Fill 100 pcf 0 psf 34°
regarding the continuity of subsurface conditions between the borings. Sluiced Ash 85 pCf 400 pSf 10 °
Native Clay 125 pcf 550 psf 13°

Factor of Safety: 1.59
Horizontal Seismic Coefficient Kh = 0.045 g
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Gallatin Fossil Plant, Ash Pond E. Cross
Section B used to perform pseudostatic
slope stability analysis.
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Stantec Consulting Services Inc.
10509 Timberwood Circle Suite 100
Louisville, KY 40223-5301

Tel: (502) 212-5000

Fax: (502) 212-5055

February 15, 2012 Itr_002_175551015

Mr. Michael S. Turnbow

Tennessee Valley Authority

1101 Market Street, LP 2G-C
Chattanooga, Tennessee 37402-2801

Re: Results of Pseudostatic Slope Stability Analysis
Active CCP Disposal Facilities
BRF, COF, GAF, JSF, JOF, KIF, PAF, and WCF

Dear Mr. Turnbow:

As requested, Stantec Consulting Services Inc. (Stantec) has conducted pseudostatic slope
stability analyses for ground motion levels corresponding to a return period of 2,500 years to
support the U.S. Environmental Protection Agency’s assessment of TVA's CCP disposal facilities.
The results for Bull Run (BFR), Colbert (COF), Gallatin (GAF), John Sevier (JSF), Johnsonville
(JOF), Kingston (KIF), Paradise (PAF), and Widows Creek (WCF) are provided in this letter.

Approach

The analyses were performed for current conditions using pseudostatic stability methods, where
the added inertial load from an earthquake is assumed to be represented by a simple horizontal
pseudostatic coefficient. Specifics related to the analyses/approach are as follows:

e Subsurface data was obtained from the Stantec’s recent geotechnical studies performed in
2009 and 2010 time frame.

e SLOPE/W software (from GEO-SLOPE International, Inc.) was used to perform the
calculations.

¢ One existing SLOPE/W cross-section model per disposal facility was selected from the
previous studies for analysis. For simplicity and conservatism, the selected sections
represent the facility’'s lowest current static (long-term) factor of safety. The SLOPE/W
models were updated to reflect any significant mitigations or operational changes that have
occurred since completion of Stantec’s geotechnical studies.

¢ Undrained shear strength parameters were used.

e Ground motion levels corresponding to a return period of 2,500 years (or approximate
exceedance probability of 2% in 50 years) was used for selection of a horizontal seismic
coefficient. For simplicity, the horizontal seismic coefficient was selected to equal the total
hazard peak ground acceleration (rock) for 2,500 year return periods as shown in plant-
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Tennessee Valley Authority
February 15, 2012
Page 2

specific tables (Tables 13 through 23) of TVA's March 28, 2011 region-specific seismic
hazard study performed by AMEC Geomatrix, Inc.

e A target factor of safety (FS) of 1.0 was considered for comparing results.
Results
The results of the pseudostatic stability analyses are enclosed (summary spreadsheet, SLOPE/W
cross-sections, and plan views showing cross-section locations). The results indicate factors of

safety greater than or equal to the target of 1.0.

Stantec appreciates the opportunity to provide these services. If you have questions, or if we can
provide additional information, please let us know.

Sincerely,

STANTEC CONSULTING SERVICES INC.

Randy L. Roberts, PE
Principal

Enclosures

/cdm
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Pseudostatic Stability Analysis Summary - TVA Active CCP Disposal Facilities
BRF, COF, GAF, JSF, JOF, KIF, PAF, WCF

CCP Disposal Facility 2,500 yr Return
Plant Cross-Section
Name Type PGA (g) Factor of Safety

Gypsum Disposal Area 2A Wet Stack | 1.0
BRF Fly Ash Disposal Area 2 Impoundment S 0.131 1.4
Bottom Ash Disposal Area 1 Stack 1.1
Disposal Area 5 Stack Stack | 1.0
COF Disposal Area 5 Stilling Basin Impoundment J 0.138 1.2
Ash Pond 4 Impoundment D 1.0
Impoundment 1.0

GAF Ash Pond A p 0.108
Ash Pond E Impoundment 1.3
JSF Bottom Ash Pond Impoundment I 0.115 2.2
JOF Ash Disposal Area 2 Impoundment K 0.254 1.0
KIF Stilling Pond Impoundment 132437 0.115 1.0
Slag Ponds 2A and 2B Impoundment Typical 11
PAF Scrubber Sludge Complex Impoundment G 0.157 1.0
Peabody Ash Pond Impoundment A 1.0
Gypsum Stack Wet Stack F 1.5
WCF Dredge Cell (Old Scrubber Sludge Pond) Impoundment D 0.1 1.1
Main Ash Pond Impoundment J 1.4
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Pseudostatic Slope Stability Analysis
CCP Storage Facilities - Existing Conditions
Tennessee Valley Authority Fossil Plants

Section K - Ash Pond A
Gallatin Fossil Plant

Ga"atin: Tennessee Material Type Unit Weight ~ Cohesion Friction Angle
Pond A Initial Bottom Ash Divider Dike 105 pcf 0 psf 33°
Pond A Raised Bottom Ash Dike 105 pcf 0 psf 34°
Sluiced Ash 85 pcf 400 psf 10°
Note: Native Clay 125 pcf 550 psf 13°
The results of analysis shown here are based on available subsurface information, Silted Material 85 pcf 400 psf 10°

laboratory test results and approximate soil properties. No warranties can be made
regarding the continuity of subsurface conditions between the borings.
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Pseudostatic Slope Stability Analysis
CCP Storage Facilities - Existing Conditions
Tennessee Valley Authority Fossil Plants

Section B - Ash Pond E
Gallatin Fossil Plant
Gallatin, Tennessee

Note: Material Type Unit Weight Cohesion Friction Angle
The results of analysis shown here are based on available subsurface information, Pond E Clay Dike 125 pCf 400 pSf 15°
laboratory test results and approximate soil properties. No warranties can be made Bottom Ash Fill 100 pcf 0 psf 34°
regarding the continuity of subsurface conditions between the borings. Sluiced Ash 85 pCf 400 pSf 10 °
Native Clay 125 pcf 550 psf 13°

Factor of Safety: 1.3
Horizontal Seismic Coefficient Kh = 0.108 g

2500-year Return Period Event
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Gallatin Fossil Plant, Ash Pond E. Cross
Section B used to perform pseudostatic
slope stability analysis.
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Pseudostatic Slope Stability Analysis
Tennessee Valley Authority Fossil Plants

Section A - Peabody Ash Pond
Paradise Fossil Plant
Drakesboro, Kentucky

The results of analysis shown here are based on available subsurface information,
laboratory test results and approximate soil properties. No warranties can be made
regarding the continuity of subsurface conditions between the borings.

CCP Storage Facilities - Existing Conditions

Material Type Unit Weight Cohesion Friction Angle
Lean Clay with Sand 139 pcf 0 psf 25°
Hydraulically Placed Ash 107 pcf 100 psf 18.4°
Clayey Sand 133 pcf 120 psf 21°

Note: Silty Clay 129 pcf 120 psf 20°

Factor of Safety: 1.0

Horizontal Seismic Coefficient Kh = 0.157 g
2500 year Return Period Event
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Slope Stability Evaluation, Stantec,
March 27, 2010
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TVA Coal Combustion Residue Impoundment
Gallatin, Tennessee Dam Assessment Report



Stantec Consulting Services Inc.
One Team. Infinite Solutions.
1901 Nelson Miller Parkoway
Louisville KY 40223-2177
Tel: [502) 212-5000 » Fax: 502} 212-5055
www.stantec.com
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Stability Evaluation
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Chattancoga, Tennessee

May 27, 2010



Stantec Consolting Services Inc.
1901 Nelson Miller Pa  ay
Lauiswlle KY 40233-2177

Tel. (562) 212-5000

Fax (502} 212 5055

May 27, 2010 rpt_001_175559018

Mr. Michael S. Tumbow
Tennessee Valley Authority
1101 Market Street, LP 2G-C
Chattanooga, Tennessee 37402

HRe:  Report of Geotechnical Exploration and Slope Stability Evaluat'on
Ash Pond / Stiling Pond Complex
Gallatin Fossi Plant
GGallatin, Tennesses

Dear Mr. Turnbow:

As requested, Stantec Consulting Services Inc. (Stantec) has completed our Geotechnical
Exploration and Slope Stability Evaluation for the Ash Pond / Stilling Pond Complex at the
Gafatin Fossil Plant. The report documents the subsurface conditions, results of laboratory
testing, findings from the historical document reviews, esults of our analyses and evaluation,
and recommendations for the facility. These services were performed under Engineering
Service Hequest ESR/TAQ 884 in accordance with the terms and provisions established in
our System-Wide Services Agreement dated December 22, 2008,

Stantec appreciates the opportunity to provide engineering services fo this project. If you
have any questions or if we may be of further ass’stance, feel ree to contact our office,

Sincerely,

STANTEC CONSULTING SERVICES INC.

L.

Paul J. Cooper, P Randy L. oberts, PE
Project Engineer Senior Associate
ATV A
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Executive Summary

Stantec Consulting Services Inc. (Stantec) has completed the Geotechnical Exploration and
Slope Stability Evaluation at Gallatin Fossil Plant's ash pond and stilling pond complex. This
study was performed 1o evaluate slope stability and seepage for the existing conditions.

Background Information

The ash pond complex encompasses approximately 476 acres and consists of Bottom Ash
Pond A (248 acres), Fly Ash Pond E (167 acres) and Stifing Ponds B, C and D {61 acres).
The main ash disposal pond at Gallatin was initially commissioned in 1870. it coverad both
areas now known as Ash Ponds A and E. Ash Pond A was later formed by constructing a
bottorn ash divider dike in the mid-1980s to separate the boftom ash area (Ash Pond A) from
the fly ash area (Ash Pond E). The stilling pond system is situaled to the north of both Ash
Ponds A and E. The overall constructed height of the dike system now varies from
approximately 10 to 30 feet. Dike slopes are approximately 2.5H:1V to 3H:1V, or flatter,
except for the divider dike which separates Ash Pond A from the stilling ponds where dike
slopes are steeper (approximately 1.5H:1V).

Historical geotechnical issues include mid-1970’s sinkhole activity along the south side of
Ash Pond A and the north side of Ash Pond E. These sinkholes were reportedly repaired by
excavating and capping. In addition, sinkhole repairs were also made during the recent 2006
expansion of Ash Pond E. The documents reviewed do not indicate a history of slope
instability or seepage. In addition, signs of slope instability have not been observed in the
field by Stantec throughout the course of this work. Minor seepage was observed at a few
locations during this study.

Currently, URS Corporation is conducting a siting study for a new CCP landfill for future dry
disposal of fly ash, bottom ash, and potentially gypsum. TVA plans for all the CCP ponds at
Gallatin to be closed eventually. A phased closure approach will likely be implemented.

Scope of Geotechnical Exploration

This study began with a review of TVA-provided historical information along with site
inspections. A geotechnical exploration program was then developed and executed. The
exploration consisted of drilling soil testsample borings at 34 locations. Piezometers were
installed at 12 locations. Drilling locations were positioned along 14 cross-sections around
the pond complex. The laboratory testing program included moisture content, classification,
permeability and shear strength testing to establish key index properties and strength
parameters.

Results of Exploration and Engineering Analyses

The results from the geotechnical exploration indicate that the dike systems consist of a
mixture of ¢lay and bottom ash. Pond capacities have been expanded in the past by raising
ot constructing dikes over sluiced ash. The dikes are underiain by native clays and then by
limestone bedrock.

Following the driling and laboratory testing program, slope stability and seepage analyses
were performed to quantify factors of safety for current conditions. The dikes were assessed
under static, long-term, steady state conditions since they have been in their current



configuration for a long time. The analysis focused on eight cross-sections that were
selected to represent typical conditions around the pond complex.

To evaluate the seepage conditions within the dikes, a finite element model was developed
for each of the eight ¢ross-sections. To judge whether or not a tendency for piping is
possible, factors of safety can be calculated using the vertical exit gradients as predicted by
the seepage models. For Gallatin’s pond complex, the highest vertical exit gradients where
minimum factors of safety against piping occur are located at points along the dike toes or
just beyond. The minimum factors of safety values are all greater than or equal to three,
Based on the U.S. Army Corps of Engineers (USACE) design criteria for dams, Stantec
recommends a value of three as a minimum target factor of safety against piping. Hence, on
the eight cross sections modeled, the recommended target factor of safety for piping at the
critical seepage exit points is met or exceeded.

The slope stability of the Gallatin pond dikes was also evaluated. Factors of safety for slope
stability were computed using Spencer's method of analysis, circular and non-circular slip
surfaces, and search routines that help to identify the critical (minimum factor of safety)
failure surface. The slope stability modeis were evaluated using pore pressures predicted
from the seepage models. The results of the steady-state seepage and long-term slope
stability analysis demonstrate that the factors of safety range from approximately 1.1 to
greater than 1.5. TVA has adopted a minimum target factor of safety of 1.5 against slope
stability based on USACE criteria. The results indicate that four cross-sections {Sections F,
M, J, and K) have safety factors less than the target. For Sections H, J and K, the deficient
areas are located along the north face of the divider dike that separates Pond A from the
adjacent stilling ponds. The low factors of safety are a resuit of the side slopes being
relatively steep along this divider dike (mostly 1.5H:1V). The corresponding failure circles
are positioned more toward the face of the dike slope and are not far-reaching into the dike.
Hence, the failure circles are considered to be more representative of maintenance-type
sloughs and not global failures. For Section F (which is located along the north side of Pond
E), the deficient areafailure surface is located at the immediate dike toe area just above the:
stilling ponds, and is also considered to be representative of maintenance-type sloughing.
Factors of safety for deep seated global-type failure surfaces meet or exceed the
recommended target value for each section analyzed.

In conclusion, the engineering analyses performed indicates that the divider dike between
Ash Pond A and the adjacent stilling ponds, and the toe of the Pond E north dike exbibit
deficient factors of safety against maintenance-type sloughing/siope stability, —Stantec
recommends that TVA undertake mitigation efforts to improve long-term stability conditions
for this divider dike. Improvements ¢ould be incorporated into upcoming design of pond
modifications/closure, or a separate interim mitigation program could be implemented,
depending on timing and as decided by TVA.

vii



Report of Geotechnical Exploration and Slope Stability Evaluation

Ash Pond / Stilling Pond Complex
Gallatin Fossil Plant
Gallatin, Tennessee

1. Introduction

In January 2009 the Tennessee Valley Authority (TVA) requested that Stantec Consulting
Services Inc. (Stantec) conduct assessments of its coal combustion product (CCP) disposal
facilities at eleven active and one closed fossil plants. The plants are located in the states of
Kentucky, Tennessee and Alabama. The assessments were performed for the purpose of
determining whether unstabie conditions are present that could possibly cause a release of
CCP's into the environment.

Stantec’'s scope of services for the assessments was developed within the framework of
current dam safety practice and was performed in phases. Stantec generally used U.S.
Army Corps of Engineers (USACE) practices and procedures as a guide for this program.
Phase 1 included review of availlable documentation, site reconnaissance, field
measurements and providing recommendations for interim comective measures,
improvements, and further engineering studies. The Report of Phase 1 Facility Assessment
for Coal Combustion Product Impoundments and Disposal Faciliies for the Tennessee
plants was completed on June 24, 2009. The conclusions and recommendations for the Ash
Pond/Stilling Pond complex {Ash Ponds A and E, Stiling Ponds B, C and D} at the Gallatin
Fossil plant (GAF) are included in the Phase 1 report. In addition to issues that require
maintenance-type remedial activities, the Phase 1 recommendations included conducting a
Phase 2 geotechnical expioration to evaluate slope stability and seepage for the pond
complex. As a result, the following geotechnical evaluation was authorized by TVA under
Engineering Services Request ESR/TAO 894. This report documents the scope and results
of the study and contains Stantec’s conclusions and recommendations ¢onceming slope
stability and seepage for the Ash Pond complex at GAF.

2. Site Description and Geology

21. Location and Description

The Gallatin Fossil Plant is located in Gallatin, Sumner County, Tennessee along the north
bank of the Cumberiand River (Old Hickory Lake) encompassing the Odom’s Bend peninsula
approximately 30 miles northeast of Nashville. The ash pondistiling pond complex is
situated approximately 5,000 feet north of the plant's powerhouse. This disposal area is
pordered by the plant access road to the east, railroad tracks to the north, and the
Cumberiand River to the west. The complex encompasses approximately 476 acres and
consists of Bottom Ash Pond A (248 acres), Fly Ash Pond E (167 acres), and Stilling Ponds
B, C and D (61 acres). Figure 2.1 on the following page provides a plan view of the Gallatin
pond complex.



Gallatin Fossil Plant
Gallatin, Tennessee Figure 2.1. Gallatin Ponds Overview
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The main ash pond at Gallatin was initially commissioned in 1970. It covered both areas
now known as Ash Ponds A and E. Ash Pond A was formed by constructing a bottom ash
divider dike in the mid-1980s to separate the bottom ash area {Ash Pond A} from the fly ash
area (Ash Pond E). That divider dike was raised in the late 1280's for additionai storage.
The raised dike was constructed inwardly over sluiced ash, The divider dike is estimated to
now be about 20 to 25 feet tall {estimated from oid drawings). Approximately 45,000 tons of
bottom ash is sluiced to Pond A annually. The outlet for Pond A is through three 48-inch
RCP riser pipefweirs that discharge through three 30-inch RCP sections into the adjacent
Sfilling Pond B. The outlet pipes are submerged.

As mentioned above, Ash Pond E was formed when the main pond systern was divided by
constructing a bottom ash divider dike in mid-1980s. The initial area of Pond E was formed
by constructing a series of “saddie” dikes where lower ground elevations existed.  In 2006,
Pond E was expanded by constructing a new raised perimeter dike. The new perimeter dike
was constructed over old saddle dikes, and inwardly over siuiced fly ash. Approximately
185,000 tons of fly ash is sluiced to Pond E annually. The outiet for Pond E is through fwo
48-inch RCP riser pipe/weirs that discharge through two 30-inch pipe sections into adjacent
Stilling Pond C.

The stilling pond system is situated to the north of both Ash Ponds A and E. Stilling Ponds
B, C and D are essentially all part of the same pond. Each designated area is separated by
narrower pond sections/channels, but all areas are hydraufically connecied and are at the
same pool elevation. Pond B receives decant water from Ash Pond A, and flows to Pond C.
Pond C receives decant water from Pond E and flows into Pond D. The stilling pond outiet is
jocated at the west end of Pond D. The outiet consists of four 48-inch RCP riser/weir
sections that discharge though four 36-inch RCP sections into an adjacent small discharge
pool. From here, water discharges through four 36-inch corrugated metal pipes into adjacent
Old Hickory Lake. The Pond D area and outlet were initially commissioned in 1970 when the
main ash pond area {formerly Disposal Area 3) was placed into operation. Pond B and C
areas to the east were formed when the divider dike construction extended to the north to
separate Ash Ponds A and E. The entire stiling pond area is naturally low-lying, and only
two short saddle dike sections exist. One is at the outlet area of Pond D, and one is to the
north of the Pond C area. The pooi efevation is about 11 to 12 feet lower than adjacent Ash
Pond A, and about 7 to 8 feet lower than adjacent Ash Pond E.

Currently, URS Corporation is conducting a siting study for a new CCP landfill for future dry
disposal of fly ash, bottom ash and potentially gypsum. TVA plans for all the CCP ponds at
Gallatin to be ciosed eventually. A phased closure approach will likely be implemented.

2.2 Geology

The Gallatin Fossii Plant is located in the northern portion of central Tennessee along the
north bank of the Cumberland River (Old Hickory Lake), encompassing the Odorn's Bend
peninsula. The geologic mapping reviewed {Geologic Map of the Laguardo Quadrangle,
Tennessee, Tennessee Department of Conservation, Division of Geology, 1964} depicts soil
deposits consisting of alluvial clay, siit and very fine sand across large partions of the site.
The mapping indicates that the thickness of the alluvium is highly variable, but may be as
much as 70 feet including terrace deposits. The remaining areas are underlain by residual
clays resulting from the in-place weathering of the parent Ordovician age limestone
formations. The alluvial deposits are mapped primarily at lower site elevations along the



power plant area and only extend into the extreme south end of the ash pond complex.
Thus, the majority of the pond complex is underlain by residual clays.

The geoclogic mapping also indicates that the bedrock beneath the soil deposits consists of
the Bigby-Cannon Limestone, Hermitage Formation, Carters Limestone, and Lebanen
Limestone in general order of descending lithology. The Bigby-Cannen Limestone is only
mapped in the higher elevations of the site above approximate El. 540 feet. The unit is
described as consisting of medium to coarse grained limestone with phosphate pellets to a
dark gray to brown-black microcrystaliine limestone to a cryptocrystalline dove colored
limestone. The Hermitage formation is primarily mapped within the interior of the peninsula
between approximate El. 510 feet and EL 540 feet. The Hermitage Formation consists of
silty, nodular to laminated, argillaceous limestone with fossiliferous and phosphatic zones
and may contain calcarenite (i.e., sandstone derived from the erosion of older limestone).
Residuum formed by the solution weathering of the Hermitage Formation is typically a sandy
to silty lean clay generally underiain by a zone of extensively weathered parent rock including
“foating" boulders in the soil overburden, as well as pinnacles and slots in the bedrock mass
filled with soft, wet unconsaolidated clay soils. The Carters Limestone is mapped between
approximate elevations El. 445 feet and El. 510 feet and consists of a densely crystaliine
limestone with thin shale partings. In general, the Lebanon Limestone is mapped below EL.
445 feet and is a thin bedded, fossiliferous limestone with thin calcareous shale partings.
Based on the mapping and elevation ranges listed above, the ash pond complex at GAF is
primarily influenced by the Carfers and Lebanon Limestone formations.

The USGS topographic mapping depicts a few enclosed drainage basins indicative of karst
activity within the vicinity of the plant. Correlation of the locations of these features with the
geologic mapping suggests this karst activity is associated with the upper portions of the
Carters Limestone near the contact with the overlying Hermitage Formation. Sinkholes,
iregular bedrock surfaces, clay-filed vertical crevices/slots, and varying degrees of
solutioning/weathering can occur with karstic bedrock formations.

3. Review of Available Information
31. General

During the Phase 1 Facility Assessment, Stantec's engineers reviewed documents provided
by TVA pertaining to the ash ponds and stiling ponds at GAF. The main objective of the
document review was to develop a historical knowledge base of the pond complex. The
documents reviewed included record drawings, cross-sections of dikes, old contour maps,
annual dike stability reports and old geotechnical reports. The information gained was also
used to supplement the information obtained during Stantec’s geotechnical exploration. A
complete fisting of the reviewed documents is included in the Phase 1 report.

Of particular interest and use in this study are the following documents and drawings:

» Gallatin Steam Plant, Ash Disposal Area 3, Deflector and Divider Dikes, SME-SO1-88-
017, by Singleton Materials Engineering Laboratory, September 8, 1988.

» Report of Geotechnical Exploration, Ash Disposal Area and Potential On-site and Off-

site Borrow Areas, Gallatin_Fossil Plant, Gallatin, _Tennessee, by MACTEC
Engineering and Consulting, Inc., October 14, 2004.



« Galiatin Fossii Plant Ash Disposal Study, Phase 1 Report, Revision 0, by Worley
Parsons Resources and Energy, May 15, 2006.

« Galiatin Steam Plant — Ash Disposal Area — Soils Exploration, Memorandum from
F.P. Lacy to J.C. McGraw, September 24, 1969.

s Gallatin Fossil Plant Ash_Disposal Ponds Dike Stability Analyses, TVA in-house
analysis, May 13, 2005,

+ Geology of the Gallatin Steam Plant Site, by Charles P. Bensiger, TVA Division of
Water Control Planning, Geologic Branch, June, 1953.

¢ Resuits of TVA in-house static slope stability analysis for raising of Pond A divider
dike, 1988.

e TVA Drawing Numbers 10W271, 306 to 320, 410, 411, 415, 416, 506 to 510,
10N240, 10N243, 10N267, 10N272, 10N273-01 to 03, 10N274, 10N278.

« TVA Annual Inspection Reports, 1967 to 1989, 1993 o 2004, and 2007 to 2008.

It should be noted that the 2004 MACTEC geotechnical report was useful in offering
comparisons to Stantec’s current subsurface and laboratory testing data. It contains the
results of sol test borings, cone penetrometer tests, and laboratory tests that were conducted
to support the 2006 expansion of Ash Pond E. in general, the data presented in that report
offers a good comparison to the current Stantec data, and Stantec reviewed and considered
this data when selecting paramaters for seepage and slope stability analysis. Further
commentary relative to the MACTEC data is offered at various locations within this report,
where applicable. In addition, a copy of the report is provided in Appendix G for reference.

3.2. Site History

Construction began at the Gailatin Fossil Plant in 1953 and was completed in 1959. Gaiiatin
currently contains four coal-fired generating units and bums approximately 12,350 tons of
coal per day.

initially, ash materials at Gallatin were placed into a disposal area just southwest of the
powerhouse along the river. This area was in operation until usage was discontinued in
1970. The facility had four cells, referred to as A, B, C and D. Ash was sluiced to the calis.
In 1967, two slides occurred along exterior dikes adjacent to celis A and C. These two cells
were drained and abandoned, but Cell B (middle celf) remained in operation until 1970 when
disposal shifted to what was then called Area 3 {now known as Ponds A and E). Cell B
contained water until it was drained in 1973. Over time, vegetation developed in the
abandoned cells, and the slide areas were monitored. Stormwater continued to collect in
Celi B where a skimmer was left in place to prevent loss of ash through the outlet pipe. [n
1985, new slides began to deveiop and in 1986 the entire perimeter dike length was
reconstructed and flattened to 2H:1V. In 1995 a formai closure plan was developed,
submitted to TDEC and was approved in 1997. The closure construction work was
completed in 1998. GAF personnel are required to monitor toe seepage areas on a quarterly
basis to comply with the TDEC-approved closure plan.

The next disposal area at Gallatin was initially known as Disposal Area 3 and was
commissioned in 1970. I covered both areas now known as Ash Ponds A and E. In



general, this entire area is naturally low-lying and only saddle dikes were needed in a few
cases to form the disposal area. The original outlet area was also constructed at that time,
which is still in operation today within Stiling Pond D.

In the mid-1980's, Ash Ponds A and E were formed by constructing a bottom ash divider dike
extending to the east to separate the bottom ash area (Ash Pond A) from the fly ash area
{Ash Pand E). This construction also resuited in the formation of the stilling pond complex to
the north {Ponds B, C and D). That divider dike was raised in the late 1980's for additional
storage. In 2006, Pond E was expanded by constructing a new higher perimeter dike. The
expansion was constructed over known sinkholes, which were reportedly mitigated. Also,
the new dike was constructed over the old original saddle dikes, and inwardly over sluiced fly
ash. Currently, the pool elevation of Pond A is about 11 to12 feet higher than adjacent
Stilling Pond B, and the pool elevation for Pond E is about 7 to 8 feet higher than adjacent
Stiling Pond C. Approximately 45,000 tons of bottom ash is sluiced to Pond A and
approximately 185,000 tons of fiy ash is sluiced to Pond E annually.

3.a Historical Geotechnical Issues

As discussed in Section 3.1, the Phase 1 work included review of historical documents.
Primary issues listed in the docurnents for the pond complex are discussed below.

3.3.1. Seepage and Slope Stability

The documents reviewed for Ash Pond A, Ash Pond E and the stilling ponds do not indicate
a history of slope instability or seepage. In addition, signs of slope instability have not been
observed in the field by Stantec. However, there were a few minor areas of seepage that
have been discovered throughout the course of this work. Figure 3.1 presents a plan view of
these seepage locations at Gallatin. The seepage is described below:

Seep 1 - Small red-water seep discovered by Stantec in January 2009 just above pool level
of stilling pond and to the east of Pond A outiet system. No change observed in appearance
throughout course of this work. Minimal to no flow observed. No piping.

Seep 2 — Red-water seeps discovered by Stantec in January 2009 along toe of saddie dike
at Stilling Pond C. No significant change observed in appearance throughout course of this
work. Minimal to no flow observed. No piping.

Seep 3 — Small red-water seep discovered by TVA personnel in March 2010 just above the
south dike toe at Pond E. Size is approximately 5 feet by 20 feet strip. Very small flow
observed. No change observed in appearance throughout course of this work. No piping.

Seep 4 — Smali seep discovered by TVA personnel in March 2010 just above west dike toe
at Pond E. Size is approxirnately 5 feet by 20 feet strip. Wet/soft ground observed with no
flow and no piping. No change observed in appearance throughout course of this work.

Possible Seep § — This possible seepage area is located just beyond the west Pond E dike
toe area adjacent to the pool level of Old Hickory Lake. This could be remaining wet areas
from recent high pool events of Qid Hickary Lake, and needs further observations with time
and during drier weather to reach conclusions.
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Possible Seep 6 — This small possible seepage area is located at the northwest dike toe of
Pand A. It was discovered in February by TVA, It also had some minor flow that was noted
by Stantec on May 3, 2010 just after the very heavy rain event that occurred May 1 and 2,
2010. The dike crest in this area tends to pool water during rain, and this area could be a
result of stormwater infiliration into the dike that is slowly exiting at the dike toe below.
Further observations with ime and during drier weather will be needed fo reach conclusions.

Possible Seep 7 — This possible seepage area is located just west of Seep 3 at the south
dike toe of Pond E. It was discovered by Stantec on May 3, 2010 just after the very heavy
rain event that occurred May 1 and 2, 2010. The area exhibited very low flow. Because it
was discovered just after the heavy rains, this area could be a result of stormwater infiltration
into the dike that is slowly exiting at the dike toe below. Further observations with time and
during drier weather will be needed to reach conclusions.

3.2.2. Karst Activity

Documentation reviewed indicates that sinkhole activity has affected the ponds at Gallatin in
the past. For example, the annual inspection reports indicate that pond seepage loss
occurred through a sinkhole located on the north side of Ash Pond E in the early to mid
1870's. This sinkhole was reportedly repaired in 1977. The inspection reports also indicate
that pond seepage loss occurred through a sinkhole on south side of Ash Pond A also during
the early to mid 1970's. A circular dike was built o isolate and protect this sinkhole in 1979.
In 1990, the circular dike was removed and the sinkhole was repaired reportedly by
excavating and capping.

Last, the recent expansion for Pond E was constructed over known sinkholes, which were
reportedly mitigated during construction. Approximately ten areas were mitigated. Mitigation
activilies were reported to inciude pumping the pond dry {with no backflow of water noted),
followed by excavating the areas to expose bedrock and filling the crevices/sinkholes with
shot rock and a compacted clay cap. It should be noted that the construction drawings for
the Pond E expansion do show details relative to sinkhole repairs. In general, mitigation
procedures specified the use of crushed stone filters, filter fabric, and compacied clay caps.

Recently, a small sinkhole appeared within the low lying area just north of the Pond C saddie
dike. This occurred immediately following the major rain event of May 1 and 2, 2010. Other
than this, Gallatin has not experienced any known additional karst-related problems within
the ponds in recent years.

4. Scope of Exploration

The field partion of the geotechnical exploration was performed from July 29 through August
22, 2009. These services were performed in general accordance with various Corp of
Engineers procedures, along with standard procedures for geotechnical engineering practice.

Stantec personnel advanced conventional sample borings at 34 locations using a
combination of track-mounted and truck-mounted drill rigs. In general, the borings were
positioned at dike crests and toes along 14 cross-sections. All borings were advanced to
apparent bedrock, with four borings being advanced approximately 4 to 19 feet into bedrock
using NQ-size (approximately two-inch diameter) rock coring equipment. The rock core
borings were advanced to confirm bedrock depths. The locations of the borings are shown



on the Boring Layout Plan in Appendix E. At completion of the drilling, TVA's survey crew
located the borings and profiled the ground lines at the 14 cross-sections.

The subsurface exploration was performed using 3%- and 4%-inch (ID} hollow stem augers
equipped with a carbide-tipped tooth bit. Standard Penetration Testing (SPT) was performed
in all 34 of the conventional sample borings at continuous intervals. A standard penetration
test consists of dropping a 140-pound hammer to drive a spiit-spoon sampler 18 inches. The
consistency or relative density of sail is estimated by the number of blows it takes to drive the
spoon the last 12 inches. This method is typically used to obtain soil samples, estimate the
consistency or relative density of the soil, and also to estimate the vertical limits of the
subsurface soil horizons. In addition, undisturbed samples (Shelby Tubes) were obtained in
additional offset borings using a fixed head piston sampler. Tube samples were taken from
selected depth intervals within the cohesive materials to provide samples for subsequent
laboratory strength testing. Afer completion of the drilling and sampling procedures, the
horeholes were checked for subsurface water and backfilled with cement-bentonite grout.

Stantec instailed 12 piezometers within additional offset borings as a part of the stability
evaluation to provide data on piezometric levels within the existing dikes and native
foundation soils. Piezometer construction consisted of one-inch diameter Schedule 40 PVC
well screen and riser pipe. The annular backfilt consisted of a sand filter pack to some
distance above the screened interval followed by a bentonite seal. After allowing the
bentonite to hydrate, the remaining annulus was backfilied with cement-bentonite grout
tremmied into piace. Riser-type protective covers were set in concrete to protect the
piezometers. These instruments are scheduled to be monitored by Stantec until June 2010.

An engineet/geologist was present with each drili crew throughout the drilling operations.
The engineer/geoiogist directed the driil crews, logged the subsurface materials encountered
during the exploration and collected sampies. Particular attention was given to the material's
color, texture, moisture content and consistency or relative density. The samples extracted
from the borings were transported to Stantec laboratories for testing.

In the laboratory, standard penetration test (SPT) samples were subjected to natural
moisture content determination in accordance with ASTM D 2216. Selected SPT samples
and tube samples were subjected to soil classification tests that included Atterberg limits
testing (ASTM D 4318), specific gravity tests (ASTM D 854) and sieve and hydrometer
analyses (ASTM D 422). Select bulk samples were also coliected and subjected to standard
moisture-density (Proctor) testing (ASTM D 698). Undisturbed samples were extruded and
subjected to unit weight determination, falling head permeability testing (ASTM D 5084) and
consolidated undrained friaxial compression testing with pore pressure measurements
{ASTM D 4767).

The results of the field and laboratory testing services were used to develop cross-sections
for slope stability and seepage analysis. Based on the resulis of the fieid exploration and
review of cross-section geometry, Stantec selected eight cross-sections to analyze.



5.

5.1.

Summary of Borings

Results of Geotechnical Exploration

Stantec developed a boring plan for the field exploration after a review of histarica
information and existing site conditions. TVA survey personnel established boring locations
and elevations after drilling was completed. The boring layout plan is contained in Appendix
E and boring logs are presented in Appendix A. A summary of the boring information is
presented in Table 5.1 (all measurements are expressed in feet).

Table 5.1. Summary of Borings

Top of Top of Boring Bottom

Boring | Surface Rock™ | Rock™ |Termination| of Hole

No. |Elevation|Northing| Easting | Depth |Elevation| Depth |Elevation
STN-A-1 4728 |707019.68|1879799.57| 305 422.3 30.5 4223
STN-A-2 473.3 |706954.16]1873810.94 42.1 4312 42.1 431.2
STN-A-3* 472.9 |707510.75/1880731.90 23.7 4497 34.0 438.9
STN-A<4 | 473.8 |707498.65|1880758.47| 26.5 447.3 26.5 4473
STN-A4S | 4738 |707498.65|1880758.47 — — 26.0 447 8
STN-A-5 ATA7 |708368.74|1881417.01 23.2 450.5 23.2 450.5
STN-A6 | 4740 |708353.42(1881433.71] 314 442.6 31.4 4426
STN-A-7 4745 |708921.58|1881894.55 42.1 432.4 421 432.4
STN-A-B 4748 [708907.06|1881914.61 255 449.3 28.5 445.3
STN-A-85 | 4748 |708907.06)1881914.61 — — 22.0 452.8
STN-A-9 4724 1709132.64|1882470.74 3.2 441.2 31.2 441.2
STN-A-9S | 4724 |709132.64|1882470.74 — — 25.0 447 .4
STN-A-10*| 4741 |709085.67|1882461.16 33.4 440.7 450 4291
STN-C-1 462.0 |707402.48|1879680.01 19.0 443.0 21.0 441.0
STN-D-1 460.8 |707328.99|1877246.92 — -— 168.5 4443
STN-D-1A | 460.8 |707328.99| 1877246 92 21.0 4398 21.0 439.8
STN-D-1B | 460.8 |707328.99|1877246.92 — — 14.0 4458
STN-D-18| 460.8 |707328.99.1877246.92 — — 17.0 443.8
STN-D-2 4804 |707245.18|1877237.96 159 444.5 159 444 5
STN-D-2S| 4604 |707245.18|1877237.96 — — 12.0 448.4
STN-E-1* 4741 |703045.88|1879000.10 36.0 438.1 55.0 4191
STN-E-1S | 4741 |703045.88(1879000.10 — — 4.5 4398
STN-E-2 4757 |703007.37 (187902221 30.0 A45.7 300 445.7
5TN-E-3 4596 |702955.21|1879046.66 41.4 418.2 41.4 418.2
STN-E-4 4743 |702820.82|1878131.27 50.3 424.0 50.3 424.0
STN-E4S | 4743 |702820.82]1878131.27 — -— 420 432 3
STN-E-5 4761 |702788.65|1878111.48 50.3 425.8 50.3 425.8
STN-E-& 4596 |702733.38]1878070.14 28.0 4316 280 4316
STN-E-7 | 4751 |703843.80/1877971.87] &5.0 410.1 65.0 410.1
STN-E-8 4765 |703835.47|1877934.64 63.9 4126 63.9 412.6
STN-E-S 451.8 |703753.39/1877876.25 45.9 405.9 45.5 405.9
STN-E-10 | 474.9 |704870.32|1877862.37 28.6 446.3 28.1 445.8
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Table 5.1.

Summary of Borings

Top of Top of Boring Bottom

Boring | Surface Rock™ Rock™ |Termination| of Hole

No. Elevation | Northing | Easting Depth [ Elevation Depth  |Elevation
STN-E-105| 4749 |704870.32|1877862.27 — — 27.0 447 9
STN-E-11 476.1 |704863.36|1877828.40 40.5 4356 40.5 4356
STN-E-12 | 4553 |704854.47|1877754.46 28.3 427 0 28.3 427.0
STN-E-13 4743 |706353.41|1877474.21 371 4372 371 437.2
STN-E-135| 4743 |7068353.41[1877474.21 — — 34.0 440.3
STN-E-14 477.0 |706343.79|1877425.50 40.5 40.5 40.5 436.5
STN-E-148| 477.0 |706343.79|1877425.50 — -— 7.0 470.0
STN-E-15 4634 |706458.09|1877364.00 27.0 436.4 27.0 436.4
STN-E-16 474.5  |707101.38|1877842.04 59.0 415.5 59.0 415.5
STN-E-163| 4745 |707101.38(1877842.04 — — 56.0 418.5
STN-E-17 | 4754 |707146.54|1877811.85 39.1 436.3 39.1 436.3
STN-E-18*| 461.6 |707190.77|187776592 361 425.5 40.0 4216
STN-E-19 4728 |706774.43|1878687.08 447 428.1 447 4281
STN-E-20 476.0 |706856.53|1878704.54 25.8 450.2 28.5 447 .5
STN-E-205| 476.0 |706856.53|1878704.54 — —_ 250 451.0
STN-E-21 4616 |706883.0011878751.72 185 4481 16.0 4456
STN-E-218| 461.64 |706883.00(1878751.72 -—_ — 15.0 4516

. Buoring avvanced info badrock.

*h

Top of Rock, as used harein, refers to rock-like resistance fo the advancement of the augers using a

carbide-tipped-tooth bit. This may indicate the beginning of weathered bedrock, boulders, or rock
remnanis. An exact determination cannot he made without performing rock coring.

5.2.
8.2.1.

Soil

Subsurface Conditions

Using the boring logs and laboratory tests from this geotechnical exploration, the boring
information contained in previous geotechnical studies at the facility, TVA design drawings,
old contour maps and other historicai information, Stantec developed a general profile for
each stability cross-section for the ash pond complex. The profiles depict five generalized
material horizons that are described below. The stability sections contained in Appendix E
show these layers in graphical manner. |n addition, the graphical logs shown on the stability
sections also depict the material Unified Soil Classification System (USCS) classifications
based on laboratory tests and on visual observations.

The “Pond E Clay Dike” represents the new dike that was recenty constructed in 2006 for
the expansion of Pond E. it was constructed over siuiced ash in the south portion, aver
intervals of old saddle dikes and sluiced ash to the west, and over native materials in other
cases. Its crest elevation is at approximate El. 475 to Ei. 476. Side slopes are typicafly at
3H:1V or flatter, except for the area represented by Section C where side slopes are
approximately 2.5H:1V. The dike materials are primarily clay soils with LUSCS classifications
of predominantly CL, with lesser instances of CH. Textural descriptions are gravelly lean
clay with sand, sandy lean ciay, iean clay with sand, silty clay, and fat ciay with sand. The
clays are moist in moisture content, mostly reddish to orange brown in color, with occasional
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brown and tan coloring. Based on SPT N-values and laboratory strength testing, the upper
dike clays have strength consistencies ranging primarily from stiff to very stiff. It should be
noted that there are portions of the new Pond E dike that was constructed using bottom ash.
These zones are nomnally located in the lower portions of the new dike. For discussion
purposes, this material is included in the foilowing profile description for bottom ash fill.

“Bottorn Ash Fill” is located within dikes at the following primary locations:
s Lower portions of the new Pond E dike that was constructed in 2006.

s initial and raised dikes for the Pond A divider dike (entire dikes are constructed of
bottom ash).

» Stilling Pond C saddle dike located at north side of Pond C (entire dike constructed of
bottom ash).

Classification testing performed on selected bottom ash samples resulted in USCS
classifications of SM and SW-SM with textural descriptions of silty sand, silty sand with
gravel, and well-graded sand with silt and gravel. The ash materials are black in color and
moist in moisture content. SPT N-values indicate primarily medium dense to dense relative
densities, with some zones of loose and very dense refative densities.

The “Stilling Pond D Saddle Dike" represents a short, fow height interval of dike that is
located at the pond complex outlet area into Oid Hickory Lake at the northwest portion of the
reservation. lis crest is at approximate El, 462 feet, and it is less than 10 feet tall. The dike
materials are primarily clay seils with a USCS classification of CL and a texturai description
of lean clay with sand. The clay is moist, reddish brown in color and stiff to very stiff in
strength consistency.

Below the various dike materials, "Native Clay® was encountered extending downwardly to
the apparent top of bedrock. As described in Section 2.2, the native clays beneath the pond
compiex are primarily residual in origin resuiting from the in-place weathering of the parent
limestone formations. The native ciays have USCS classifications primarily of CL and CH,
with textural descriptions of lean clay, sandy lean clay, sandy lean clay with gravel, fat clay
and fat clay with sand. Grevel and chert zones are present in some cases. The clays are
mostly brown, red-brown, yellow-brown or orange-brown in celor, and moist in moisture
content with some isolated wet zones. Based on SPT N-values and laboratory strength
testing, the “Native Clay” has strength consistencies ranging mostly from medium to stiff, with
lesser occurrences of soft and very stiff zones. The thicknesses of the native soils above
bedrock across the pond complex range from as little as about one foot or less to as much as
about 30 feet. Most thicknesses are from about 10 to 25 feet.

Hydraulically placed (siuiced} fiy ash and bottom ash was also encountered in borings drilled
through dikes that have been placed over sluiced ash. Where encountered, the thickness of
the sluiced ash ranges from about 5 feet to as much as 25 feet, with most being from about 5
to 10 feet thick. Classification testing performed on selected samples of sluiced ash resulted
in USCS classifications of SM for bottom ash and ML for fiy ash, with corresponding textural
descriptions of silty sand with gravel and silt, respectively. The ash materials are biack in
color and wet in moisture content. SPT N-values indicate loose to medium relative densities
for the bottorn ash, and typically very soft to soft strength consistencies for the fly ash.
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The subsurface logs presented in Appendix A include more detailed descriptions of the
materials encountered at the specific boring locations.

5.2.2. Bedrock

Elevations of apparent top of bedrock, as indicated by auger refusal, are variable across the
site, ranging from a low of about El. 406 feet to a high of about El. 451 feet. The bedrock
surface shows a general frend of being lower beneath the Pond E dikes to the west. The
bedrock surface elevations are generally higher along the Pond A divider dike. In a few
instances, irregularities in the bedrock surface were encountered over relatively short
distances. These variations are typical for limestone bedrock formations where surface
weathering and solutioning can create abrupt changes in the bedrock surface and pinnacles
within the rock mass.

Rock coring was performed at four borings (STN-A-3, STN-A-10, STN-E-1 and STN-E-18) to
confirm the presence of bedrock, and to gain general information on the underlying
limestone. The rock cores were logged in terms of rock type, color, bedding characteristics,
and other notable features. The limestone bedrock encauntered correlates well with the
limestone described within the geclogic mapping. The rock core specimens are generally
described as hmestone, gray in color, thin bedded, and containing weathered and fraciures
zones. At boring STN-A-3, a six-foot thick zone of highly weathered rockivoids was
encountered just below the rock surface, and instances of low core recovenes were
encountered at other locations. These features are indicative of karst limestone where zones
of voids, clay seams, and weathering will often be intermittently encountered between zones
of more intact bedrock.

5.3, Phreatic Conditions

At select boring locations, piezometers were installed to measure pore water pressures. In
general, initial piezometer readings were taken at approximate two week intervals, and then
extended to monthly intervals. It is anficipated that Stantec will continue to take readings
untit June 2010. Refer to Appendix B for piezometer installation details and readings {up ta
most recent set of readings). Piezometer locations and tip elevations are summarized in
Table 5.2 below.

Table 5.2. Summary of Piezometers

Concrete Pad Piezometer Tip Elevation
Boring No. Elevation {Feet) {Feet)
443 1 (Pond A native clayfinitial
STN-A-1 4728 battam ash divider dike)

STN.A-5 4737 452.3 (Pond i:’ ill'::]lal bottorn ash
448.4 (Pond A initial bottom ash

STN-C- 462.0 4460 {Pond G Saddle Dike)

439.8 (Pond D native clay at

STN-D-1A 4608 cutlet saddle dike)
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Table 5.2. Summary of Piezometers

Concrete Pad Piezometer Tip Elevation
Bormg No. Elavation {Feet) {Feet)
445 7 (Pond E native
STN-E-2 A7sT7 clayisluiced ash)
STN-E-B 459 6 4316 (F'opd E native
clayishiiced ash)

e 446.5 {Pond E native clay/1969
STN-E-8 476.5 clay dikefsluiced ash)
STN-E-12 455.3 427.0 (Pond E native clay)
STN-E-14 4771.0 437 .0 (Pond E native clay)
STN-E-18 4616 441.6 (sluiced_ ash/bottom ash

dike)
STN-E-20 476.0 447 5 (sluiced ash/ash fill)

In general, the sefies of readings to date have shown that water levels have remained fairly
consistent with only slight fluctuations being observed (usually only a few tenths of a foot 1o
about one foot). These fluctuations are likely attributed to equalization of the water level
within the piezometers over time. However, it should be noted that water levels can also
fluctuate due to the seasons, precipitation events, and other factors.

6. Laboratory Testing

6.1. General

The results of laboratory testing performed are included within the appendices. ASTM
testing specifications were observed. In particular, natural moisture content test resulis are
shown on the attached boring logs in Appendix A and are also shown on the drafted stability
sections in Appendix E. The results of the classification testing and shear strength testing
performed on selected samples are included in Appendix C. The USCS classifications
associated with each horizan are also discussed in Section 5.2.1 above, and are presented
in Table 6.1. No further discussion relative to the results of moisture content and
ciassification testing are provided in this section. The discussion that follows is limited to the
laboratory testing associated with evaluation of the dike compaction characteristics and
shear strengths of the cohesive soil horizons.
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Table 6.1. Summary of ClassificationTesting
Sample

Sample Location Type Soil Horizon USCS Classification
STN-A-2, 35'-39.5' SPT Native Clay CH
STN-A-3, 9135 SPT Pond A Bottom Ash Dike SM
STN-A-7, 30'-34.5 SPT Native Clay CL
STN-A-10, 15-19.5' SPT Sluiced Ash SM

STN-C1, 3-7.5' 5PT Pond C Bottom Ash Saddle Dike SW-SM

STN-D-2, 6-10.5° SPT Pond D Clay Dike at Outlet CL
STN-E-2, 4.59.00 SPT Pond E Clay Dike CL
STN-E-3, 4.5'-9.0 SPT Sluiced Ash SM
STN-E-3, 25.5-30¢ SPT Native Clay CH
STN-E-4, 34.5-39 SPT Sluiced Ash ML
STN-E-8, 31.5-33 SPT Native Clay CL
STN-E-9, 34°-38.5 SPT Native Clay CL
STN-E-11, 3-7.58' SPT Pond E Clay Dike cL
STN-E-13, 16.5°-2T SPT Mative Clay CH
STN-E-15, 11.5 16 SPT Native Clay CH
STN-E-16, 18-22.% SPT Battom Ash SM
STN-E-17, 4.5'-9' SPT Pond E Clay Oike CL
STN-E-18, 22.5-27' SPT Native Clay CL
STN-E-20, 4 5-9' SPT Pond E Clay Dike CH
STN-A-G, 28.1-29.5 Tube Native Clay CH
STN-E-48, 5'-6.% Tube Pond E Clay Dike CL
STN-E-8, 41.6'42.1 Tube Native Clay GC
STN-E-8, 50.2'.60.7" Tube Native Clay CL
STN-E-§, 5.8 6.3 Tube MNative Clay CL
STN-E-105, 5.3'-5.8' Tube Pond E Clay Dike CL
STN-E-12, 10.3'-10.8 Tube MNative Clay CL
STN-E-145, 2.0’-2.%' Tube Pond E Clay Dike CL
STN-E-165, 5.6’ 6.1 Tube Pond E Clay Dike cH
STN-E-168, 36.0'-36.5' Tube Native Clay CL
STN-E-215, 11.6'-12.1' Tube Native Clay CL
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6.2. Cohesive SoilsiUndisturbed (Shelby) Tube Samples

The barings drilled for the GAF ash pand/stilling pond complex included three-inch diameter
undisturbed (Shelby) tube sampling within cohesive soil horizons. Stantec’s soils laboratary
extruded the tubes and timmed six-inch long specimens. Lab personnel determined visual
classifications, unit weights (wet and dry), and naturai moisture for each six-inch specimen
prior to submitting a summary of the extruded specimens to a geotechnical engineer for
assignment of lab testing. Select six-inch specimens extruded from Shelby tubes were then
subjected to consolidated-undrained (CU) triaxial testing and permeability testing. The
results of these tests are included in Appendix C and discussed below. Selected tube
samples where triaxial and permeability testing were performed were also subjected to
classification testing. These results are presented in Table 6.1 above.

6.21. Consolidated Undrained {CU) Triaxial Testing

Stantec performed CUJ triaxial testing with pore pressure measurements on selected six-inch
long specimens extruded from three-inch diameter Shelby tubes obtained during drilling. CU
testing provides indicators of effective-stress shear strength parameters for slope stability
analyses. The results of the CU triaxial tests are presented on the stability sections in
Appendix E, and are summarized in Table 6.2. The stress path envelopes derived from CU
triaxial testing are also presented in Appendix C.

16



Table 6.2. Summary of Consolidated — Undrained Triaxial Testing

Boring No.

Sample interval
{feet)

Soil Horizon

CU Triaxial Strength

¢’ {psf)

T¢' (degrees)

STN-D-1S

20-25

268=3.1

6065

Pond D Clay Dike

940

233

STN-E45

5055

STN-E-8

5459

Pond E Clay Dike

740

17.6

STN-E-8

41.0-41.5

41.6-42.1

45.2 — 45.7

Native Clay

360

266

STN-E-S

25-10.C

10.1-10.6

107-11.2

Native Clay

640

28.8

STN-E-105

250-255%

25.5-261

262-267

Native Clay

STN-E-138

20.0-20%5

206-21.1

25.0-255

Native Clay

70

700

371

18.4

STN-E-145

20-25

26-31

5.1 -6.2

Pond E Clay Dike

480

2156

STN-E-15

9.7 -10.2

10.3-10.8

109-114

Native Clay

3a0

STN-E-1658

50-55

56-6.1

77-82

Pond E Clay Dike

340

STN-E-1635

$3.0-335

33.6-341

34.2-34.7

Native Clay

160

I STN-E-205

4.0-4%

60-6.5

8.6-7.1

Pend E Clay Dike

460

STN-E-218

11.6-1156

11.6-121

13.0-13.5

Native Clay

260

6.2.2,

Permeability Festing

The following table summarizes the testing results from the falling head permeability testing.
Permeability values are used in seepage analyses.
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Table 6.3. Summary of Falling Head Permeability Testing

Sample Interval
Boring No {feet) Soi Horizon Permeabllity {cm/sec)
STN-A-E 20.1-29.5 Native Clay 9.07e-08
STN-E-8 50.2-50.7 Native Clay 1.38e-08
STN-E-8 58-6.3 Native Clay 4 7¢-08
STN-E-105 53-5.8 Pond E Clay Dike 1.02e-07
STN-E-12 10.3-108 Native Clay 3.01e-07
STN-E-133 25.6-26.1 Native Clay 232e-08
STN-E-15 57-6.2 Native Clay 1.36e-08
STN-E-165 9.0-85 Pand E Clay Dike 1.27¢-D8
STN-E-165 36.0-36.5 Native Clay 1.16e-08
STN-E-205 23.0-235 Siuiced Ash 7.13e-08

6.3.

Moisture-Density Relationships

Bag samples were obtained of materials associated with the dikes where clay materials were
encountered, which is primarily along the new dike construction associated with Ash Pond E.
The results of the standard moisture-density tests performed on these samples are

summarized in Table 6.4,

Table 6.4. Standard Moisture-Density (Proctor) Test Results (Clay Dike Materials)

Optimum
Sample Sample Depth Maximum Dry Moisture
Location Interval (feet) Dike Location Density {pcf) Contant {%)
STN-A-B 14.0-17.0 Pand A Bottom 107.4 132
STN-D-2 4.0-8.0 Pond D Dike 112.3 15.9
STN-E-8 3.0-50 Pond E Dike 118.7 14.3
5TN-E-8 16.0—-19.0 Pond E Dike 112.4 159
STN-E-14 50-80 Pond E Dike 106.2 19.0
STN-E-19 B.0-11.0 Pond E Dike 109.1 17.9

Following completion of the moisture-density testing, undisturbed samples taken within clay
dike materials were extruded and unit weight and moisture content determinations were
made in association with triaxial shear strength testing. The results of the unit weight and
moisture content determinations for triaxial test samples are shown in Table 65 A
comparison between the moisture-density test resuits and the unit weight determinations
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obtained from the undisturbed samples is also included. The comparison was made by
using the moisture-density test results that were nearest to the undisturbed sample locations
{and which also had like classifications} to estimate relative compaction.

Table 6.5. Comparison Between Undisturbed Sample Conditions
and Moisture-Density Test Results (Clay Dike Materials)

Percent

Sample Unit Maximum |[Maximum|Optimum Moisture

Depth Weight [Moisture Dry Dry Moisture | Content

Boring | Enterval | Dike Dry |Content| Density | Density | Content [Variation
Location | {feet) [Location| (pcf) (%) {pcf} (%) (%) (%)
STN-D-1S | 20-25 | PondD | 103.2 2156 112.3 92 15.9 +586
STN-D-1S | 26—-3.1 | PondD | 1064 18.1 112.3 95 15.9 +2.2
STN-D-1S | 6.0-6.5 | PondD a7.5 255 112.3 ar 159 +9.6
STM-E4S | 50-55 | PondE | 1023 19.5 112.4 g1 15.9 +36
STN-E-8 | 54-59 | PondE | 1082 19.7 116.7 93 14.3 +54
STN-E-145| 20-25 | PondE | 104.4 218 106.2 03 19.0 +2.8
STN-E-145| 26-31 | PondE | 1074 204 106.2 101 19.0 +1.4
STN-E-14S| 5762 | PondE | 103.6 22.1 106.2 08 19.0 +3.1
STN-E-185| 50-55 | PondE | 1021 228 106.2 96 19.0 +3.6
STN-E-165| 56—-61 | Pond E 99.8 24.3 106.2 94 12.0 +5.3
STN-E-165| 7.7-8.2 | PondE | 107.2 19.7 106.2 101 19.0 +0.7
STN-E-20S| 40-45 | PondE | 106.4 2.7 109.1 95 17.9 +3.8
STN-E-208| 6.0—-6.5 | PondE | 109.0 19.6 1091 100 17.9 +1.7
STN-E-205} 66—-7.1 [ PondE | 105.5 21.4 109.1 97 17.9 +3.5

The existing in-situ dry densities of the clay dike materials were determined to range from
about 87 percent to 101 percent of the standard Proctor dry densities, with some being
between about 80 and 95 percent. The trend of data indicates that some dike materials
appear to have been compacted to densities a little lower than the typical earth dike target
densities of 95 percent or greater. However, it should be noted that no construction
documentation has been provided to confirm this comparison. The corresponding moisture
values were mostly in the range of about 1 to 6 percent above the optimum moisture value.

6.4, Standard Penetration Test Samples

Recovered soil specimens from SPT sampling were subjected to natural moisture content
determinations and select samples were combined for engineering classification testing. The
engineering classification testing consisted of Atterberg limits, specific gravity, and sieve and
hydrometer analyses. The results of the classification testing were used in conjunction with
the N-values from SPT's to estimate soil strength of cohesionless materials based on
published correlations of such data. The results of the maisture content tests are included on
the bering logs and stability section drawings in Appendices A and E, respectively. The
results of the engineeting classifications are included on the drawings in Appendix E, and are
summarized in Table 6.1.
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7. Engineering Analysis
7.1. General

Geotechnical engineering analyses included evaluations of strength and permeability
parameters, seepage analyses, and slope stability analyses. Prior o beginning the
analyses, the geotechnical data and cross-sections were combined and the geometry of the
existing dikes and soil horizons were approximated using current and historical information.
Once the geometry of the sections was approximated, each section was reviewed and
evaluated to determine the critical cross-section for analyses. Selection of critical sections
was based on the steepness of slopes, heights of dikes, geometry of the sections, phreatic
surface, seepage conditions, and subsurface conditions. Based on this evaluation, eight
representative cross-sections were selected for analyses (Sections B,C.,D F, G,H,Jand
K). The locations of the sections are shown on the layout drawings presented in Appendix E.
Results of the analyses and evaluations are summarized in the following paragraphs, and
are shown on drawings/computer output provided in Appendices E and F.

It should be noted that construction records indicating the methads used to construct dikes,
as-built dike configurations, etc. were not available for review. As a result, assumptions and
generalizations in soil parameters and dike geometry were needed to construct the seepage
and stability models.

7.2 Soil Horizons

Based on the results of the drilling, laboratory testing, historical documentation, and
drawings, the materials encountered at the sections selected for seapagefstability analysis
were divided into four primary soil layers. Refer to the stability sections in Appendix E for
iocations of the soil horizons. The so0il horizons are briefly described as follows:

¢« Pond E Clay Dike: This represents the clay material used for dike construction
associated with the 2006 expansion of Pond E. Current survey data shows that the crest
of this dike is curently at approximate El. 475 to 476. Censtruction drawings specified
that most side slopes were to be constructed at 3H:1V.

« Bottomn Ash Fill/Dikes: This represents various areas where compacted bottom ash was
used in dike construction. It is present at the lower portions of the new Pond E dike that
was constructed in 2006, within the initial and raised dikes for the Pond A divider dike
{entire dikes are constructed of bottom ash}, and within the Stiling Pond C saddle dike
located at north side of Stilling Pond C (entire dike constructed of bottom ash).

« Native Clay: This represents the layers of native lean and fat clay located beneath the
dikes and ponds.

= Hydraulically Placed {sluiced) Ash: This represents sluiced bottom ash/fly ash that is
contained by the dike systems.

Section 5.2.1 contains more detailed descriptions of the materials encountered within the

dikes. Note that the “Stiling Pond D Saddle Dike" is not included in the above descriptions
hecause it was not selected for analysis due to its very low height and flat slopes.
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7.3 Seepage Analysis
7.3.1. SEEPAY Model

An analysis of steady state seepage through the Gallatin Pond dikes was performed to
estimate the magnitude of seepage gradients (for the evaluation of potential piping) and pore
water pressures within the soils (for the evaluation of slope stability). The numersical seepage
models were developed using SEEP/W 2007 (Version 7.15), a finite element code tailored
for modeling groundwater seepage in soil and rock. SEEPAW is distributed by GEO-SLOPE
International, Ltd, of Calgary, Alberta, Canada (www.geo-slope.com).

SEEP/MW uses soil properties, geometry, and boundary conditions provided by the user to
compute the total hydraulic head at nodal points within the modeled cross-sections. Among
other features, SEEPMW includes a graphical user interface, semi-automated mesh
generation routines, iterative algorithms for sclving unconfined flow problems, specialized
boundary conditions (seepage faces, etc.), capabilities for steady-state or transient analyses,
and features for visualizing model predictions. The code also includes material models that
allow tracking both saturated and unsaturated flow, including the transition in seepage
characteristics for soils that become saturated or unsaturated during the problem simulation.

Eight representative dike cross-sections were modeled with SEEPMAW, and then were
subsequently evaluated for slope stability (Seclion 7.4). For the numerical analysis, each
cross-section was subdivided into a mesh of elements, consisting of first-order quadrilateral
and triangular finite elements. For seepage problems, where the primary unknown (hydraulic
head) is a scalar quantity, first-order elements provide for efficient, effective modeling. Given
appropriate hydraulic conductivity properties and applied boundary conditions, the finite
element method (as implemented in the SEEP/W code) was then used to simulate steady
seepage across the mesh. The total hydraulic head is computed at each nodal location, from
which pore water pressures and seepage gradients can be determined.

7.3.2. Boundary Conditions

Steady-state seepage was assumed for the analysis, with the static pool levels placed at
approximate El. 469 feet for Pond E, El. 466 feet for Pond A, and El. 457 feet for the Stilling
Ponds. For the left side of Sections B and C, the pool level for the Cumberland River was
set at El. 445 feet, which is normal pool.

Boundary conditions for the SEEP/W analysis were assumed as follows. Along the vertical,
interior edge of the model, the hydraulic head at each node was constant with depth and
equal to the pool elevations of the ash ponds (E). 466 feet for Pond E, El. 469 feet for Pond
A, and El. 457 feet for the Stilling Ponds). A total head equal to the pool levels was also
applied to all submerged nodes along the ground surface of the interior side. Along the
vertical, exterior edge of the model, the hydraulic head at each node was constant with depth
and set equal to the comesponding stifling pond or Cumberiand River, depending on cross
section location. Other nodes along the ground surface were treated as potential seepage
exits. At various steps in the computer analysis, if the software determines that water flows.
from the mesh at these nodes along the ground surface, SEEP/W assigned a head equal to
the elevation of the node. This routine effectively models the seepage exit to the ground
surface. The horizontal boundary at the base of the mode! (located within the bedrock) was
modeled as a seepage barrier, with no vertical flow across the boundary nodes. Steady
state seepage was assumed for the analysis.
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7.3.3. Seepage Properties

For each modeled cross-section, a representative subsurface profile was compiled based on
boring logs, available record drawings, and the known project history. Material properties
were estimated based on available laboratory data, correlations with classification data, and
on typical values for similar materials. For ash materials, Stantec also considered resuits of
permeability tests presented in MACTEC's October 14, 2004 geotechnical report which
presented permeability values of 8.55e-4 cmis and 2.15 e-3 cmis for bottom ash, and 2.78 e-
5 emis for sluiced ash. Materia) properties used in the seepage analysis are summarized in
Table 7.1.

Table 7.1. Materiat Properties for SEEP/AW Analysis
Volumetric
Saturated Specific | Void Wator Content
k, Ratio | Gravity Ratlo | Saturated | Residual
Solt Horizon {cmis) k, | ky G, e (%} {%) Basls
Available Laboratony]
Pond E Clay Pata and
Dike 1.0e-7 15 2.70 D61 25 3 Correlation wi
Typical Values
Available Laboratory
Data, Correlation wf
Bollom Ash 103k | 1105 286 e 15 1 Typica! Values,
) ) MACTEC 2004
Report
Available Laboratory,
Hydraulically Data, Corrvelation w/
Placed {Sluiced) 1.0e-5 30 2.66 1.0 40 1 Typical Values,
Ash MACTEC 2004
Report
Available Laboratory]
NatveClay | 'weoa [t0to20] 270 05250 40 2 coataand
Typical Values
Limestone Correlation wf
Redrock 1.0e-3 10 2.60 014 15 1 Typical Values

Nole: SEEPAV requires inpul paramelars ky and ratic of K/

Significant engineering judgm
earth/soil materials. Unlike other key properties, hydraulic conductivity can val

ent is needed to select appropriate hydraulic properties for
ry over several

orders of magnitude for a range of soils, often with substantial anisotropy for seepage in
horizontal versus verlical directions. Laboratory test samples often do not represent
important variations within a larger soil deposit. For this analysis, an iterative process of
parametric calibration (Section 7.3.4) was used to arrive at final estimates of the seepage
properties. Results from trial simulations were compared to field data {(measured piezometric
fevels) and the material parameters were then varied until the solutions reasonably matched
the field data. The final set of parameters (Table 7.1) resulted in the comparisons presented
in Section 7.3.4,
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The ratio of horizontal hydraulic conductivity (k) to vertical hydraulic conductivity (k.} was
estimated based on placement, depositional characteristics, and origin of the materials. An
isotropic material would have ky/k, = 1, while deposits of horizontally Jayered soils will have
much higher values. For this analysis, higher ranges of ratios were used for sluiced ash and
native materials, whereas a lower range of ratios was assumed for compacted dike
materials

The governing equations in SEEPW are formulated to consider seepage thraugh
unsaturated soils. In the simulations for this study, this formulation is used to locate the
phreatic surface for unconfined seepage through the dike cross-sections. To represent the
change in hydraulic conductivity due to de-saturation of each soil, SEEP/W implements a
model based on two curves, a hydraulic conductivity function and a volumetric water content
function. Three parameters are needed to define this behavior: the saturated hydraufic
conductivity, saturated water content, and residual water content {water content of air dried
soil). Of these, only the residual water contents were not previously estimated for each
material. Values were estimated based on typical values for similar soils. The simulation
results are not sensitive to the selection of these values,

7.3.4. Comparison to Field Observations

After the initial seepage parameters were estimated, results from the SEEPMW model were
compared to pore water pressures actually measured in the 12 piezometers installed within
the GAF pond complex. Nodes were placed in the model at the screened piezometer
intervals so that the average head across these nodes could be compared to the
corresponding piezometer reading. The material properties in each modeled cross-section
were then varied until a reasonable match was obtained between the seepage predictions
and field data. Specificaly, the saturated hydraulic conductivity and the knfk, ratios were
adjusted (while stii maintaining the parameters within expected ranges) to give model
predictions as consistent as possible with field measurements and observations.

The comparison between the field piezometer measurements and final SEEP/W predictions
show the predicted groundwater table ranging from about one-foot below to four feet above
the readings obtained in the piezometers. Most differences are between about one-foot
below to two feet above the actual readings. These differences are judged to be acceptable
given the limited information available and unknown conditions between the modeled cross-
sections and barings.

The results of the seepage models can also be compared to field observations of seepage.
For the Gallatin ponds, minor seepage exists at or near the dike toes at only a few isolated
areas. These observations correfate well with the seepage modeis which generally show the
shape of the phreatic surface extending to or just below the dike toes.

In summary, the seepage models appear 1o give a reasonable prediction of the phreatic
surface location when compared to field observations and piezometer measurements.

7.3.5. Critical Exit Gradients
Seepage forces, resulting from hydrodynamic drag on the soil particles, can destabilize

earthen structures. Excessive hydraulic gradients near the ground surface can lead to the
initiation of soil erosion and piping, which has caused numerous dam failures in the past.
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Hydraulic gradients {(computed where seepage exits at the ground surface) can be evaluated
to understand the potential severity of this problem.

Where upward seepage through a uniform soil exits the ground surface, the factor of safety
with respect to soil piping (FSiing) is as defined below.

i
Fspiping = _:i Eqn 71

Where "i’ is the vertical gradient in the soil at the exit point, the critical gradient (i} is related
to the submerged unit weight of the soil, and can be computed as:

G, -1
%— = —1:_ = Eqn. 7.2

where Y., is the submerged unit weight of the soil, yw is the unit weight of water, Gs is the
specific gravity of the soil particles and e is the void ratio. For nearly all soils, the critical
gradient is between about 0.6 and 1.4, with a typical value near 1.

'rGJ'ffz

When FSpyng = 1, the effective siress is zero and the near-surface soils are subject to piping
or heaving, but only for vertical seepage that actually exits to the ground surface. If the
phreatic surface is buried, then the FSizing will be greater than 1 even when =i

7.3.6. Results of Seepage Analysis

Plots from the SEEPAV analyses of the eight cross-sections through the GAF pond dikes are
presented in Appendix F. The plots show the finite element mesh, material zones and
boundary conditions used in each analysis. The results are depicted in contour plots of total
head, pore water pressure, and seepage gradients.

On each modeled cross-section, examination of the output {predicted phreatic surface and
vertical gradients} can be made to look for areas where the potential for excessive vertical
gradients might exist that could pessibly initiate the erosion or piping of material. In general,
areas of potential concern are where water seeps laterally out onto a sloping ground surface,
or where vertical, upward seepage occurs at the ground surface. The potential for piping
was evaluated using the factor of safety equation as defined in Section 7.3.5. First, contour
plots of vertical gradient were examined to determine the general location of the maximum
vertical exit gradient. On the modeled cross-sections, the maximum upward gradient occurs
near or beyond the exterior toe of the dikes. For the factor of safety calculations, vertical
gradients from these locations were then used along with the critical gradients determined
from the soil properties.

The calculated factors of safety against piping are summarized in Table 7.2. They range
from 3.0 to greater than 60, with one value being even greater {(Section B) because a critical
exit point was not predicted by the model. Stantec recommends a target facior of safety
against piping of three, based on information contained in United States Army Corps of
Engineers (USACE) manual EM 1110-2-1901. Hence, on all eight cross sections modeled,
the recommended target factor of safety for piping at the critical seepage exit points is met or
exceeded.
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Table 7.2. Summary of Computed Exit Gradients and Minimum Factors of Safety
against Piping
Vertical
Gradient {i,) at | Location
Cross Critical Exit of Critical Critical
Section* Point Exit Point Material Gradient (i.n) FSpigian
Critical Exit Point
B Not Identified by N/A N/A NiA >3
Model

C 0.35 Dike Toe Mative Clay 1.05 340

D 0.29 Dike Toe Native Clay 1.01 35
. Bottomn Ash

F 0.085 Dike Toe Dike 0.84 a9

G 0.088 Dike Toe Native Clay 1M 11.4

H 0.0125 Dike Toe | Dotom Ash 0.86 68.8

Dike

. Bottom Ash

J {.089 Dike Toe Dike 0.96 10.8
. Bottam Ash

K 0.025 Dike Toe Dike 0.89 356

*Refer to Appendix E for locations of cross-sections.
7.4 Slope Stability Analyses

7.4.1. SLOPEW Model

The stability of the GAF pond dikes was evaluated using bmit equilibrium methods as
implemented in the SLOPE software, which is available from GEQ-SLOPE International,
Ltd., of Calgary, Alberta, Canada (www.geo-slope.com). Analyses were completed for static,
long-term conditions with steady-state seepage. SLOPEMW is a special-purpose computer
code designed to analyze the stability of earth slopes using two-dimensional, limit equilibrium
methads. With SLOPEM, the distribution of pore water pressures within the earth mass can
be mapped directly from a SEEP/W sclution. In this study. steady-state pore pressures were
obtained from the SEEPAW models described in Section 7.3.

7.4.2. Limit Equilibrium Methods in SLOPE/W

Limit equilibrium methods for evaluating slope stability consider the static equilibrium of a soil
mass above a potential failure surface. For conventional, two-dimensional metheds of
analysis; the slide mass above an assumed failure surface is first divided into vertical slices,
then stresses are evaluated along the sides and base of each slice. The factor of safety
against a siope failure (FSaops) 18 defined as:

_ shear strength of soil
sope  chear stress required for equilibrium

Fs Egn. 7.3
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where the strengths and stresses are computed along a defined failure surface located at the
base of the vertical slices. The shearing resistance along the potential slip surface is
computed, with appropriate Mohr-Coulomb strength parameters, as a function of the total or
effective normal stress.

Spencer's solution procedure (Spencer 1967, USACE 2003; Duncan and Wright 2005),
which satisfies all of the conditions of equilibrium for each slice, was used in this study.
Spencers procedure computes FSslope for an assumed failure surface. A search must be
made to find the critical slip surface comesponding to the lowest FSslope. Both circular and
noncircular potential failure surfaces can be evaluated.

7.4.3. Analysis Approach

The slope stability analyses were performed using SLOPE/W 2007 on the exterior faces of
the dikes. SLOPEM incorporates various search routines to locate the critical slip surface.
Far the analyses presented here, the "Grid and Radius” method and the "Entrance and Exit"
method were employed, Center points for the trial circles were confined to a specified range
above the slope surface, while the trial radii were varied based on tangent horizontal lines
within the soil. The minimum and maximum range for the center points and tangent lines
were parametrically varied over a wide range to determine the likely solution region for the
critical circle. In subseguent runs, the search was refined by narrowing the range and
spacing for the candidate center points, The phreatic surface and distribution of pore water
pressures obtained from the SEEP/W model were used in the analysis.

7.4.4. Selection of Shear Strength Parameters

The stability analyses presented in this report will focus only on static steady state seepage
conditions (no earthquake or other dynamic loads). For these conditions, soil unit weights
and drained strength parameters (c' and ¢’} are needed.

The drained shear strength parameters used for the clay dikes and clay foundation materials
were derived using results of laboratory triaxial tests, along with consideration given to
standard penetration test data, laboratory classification test data, Stantec’s experience with
simiar materials, and historic data presented in MACTEC's 2004 geotechnical report.

For the “Pond E Clay Dike” and “Native Clay” horizons, representative strengths were
selected using the methodology outlined in the US Ammy Corps of Engineers Engineer
Manual EM 1110-2-1902 as a guide. Results of triaxial testing were evaluated and effective
stress P’ versus q scatter plots were prepared of all of the data points. The maximum
effective principal stress ratio was used to determine failure criteria for selection of these
values within Stantec’s laboratory test results. Once the p' versus g plois were prepared, a
failure envelope was then selected such that about twa thirds of the plotted values were
above the envelope. The p' versus q plots and selection of the failure envelope are shown
for each horizon on the graphs presented in Appendix D. The strength parameters were
rounded to the nearest degree with regards to ¢’. The cohesion intercept point (c) was
fimited to & maximum of 200 pounds per square foot.

Shear strength parameters for "Bottom Ash Fill/Dikes™ were estimated/selected primarily
using charts published in Soil Mechanics Design Manual 7.1, Department of the Navy — Navy
Facilities Engineering Command {NAVFAC 7.1} which cotrelates SPT N-values and material
classifications with the angle of internal friction. Stantec also considered test results

26



presented in MACTEC's 2004 report which measured angles of internal friction ranging rom
37 to 40 degrees for remolded bottom ash samples.

Shear strength parameters for sluiced ash were estimated/selected using NAVFAC 7.1
charts (where the lowest friction angle is 26 degrees for ML classifications), review of
paramaters selected by Stantec at other fossil plants, and considering results of two triaxial
test performed on undisturbed ash samples presented in MACTEC's 2004 report which
measured friction angles of 24.4 and 35.5 degrees. As a result, Stantec slected an angle of
internal friction of 26 degrees for sluiced ash.

The following table provides a summary of the effective stress shear strengths selected for
use in the slope stability analyses.

Table 7.3. Selected Strength Parameters for Stability Analyses

Effective Stress Strength
Parameaters
Sail Horlzon Unit Weight (pcf) ¢’ (psf) & (degrees)
Pond E Clay Dike 125 200 22
Bottem Ash Fill/Dikes 100 to 105 a 301034
Sluiced Ash 85 0 26
Native Clay 125 200 27

7.4.5. Results of Slope Stability Analysis

Using the strength parameters {c’ and ¢'} listed in Table 7.3, in conjunction with the results of
the seepage analyses, the existing dike configurations were analyzed at the eight selected
cross-sections. Geo-Slope’s Slope/W computer program was used for the analyses with
pore pressures imported from the seepage analyses. Long term (effective stress} steady
state seepage conditions were analyzed using Spencer's method. Analysis of circular failure
surfaces with optimization was conducted. Noncircular failure surfaces were considered in
one instance where a thin horizontal zone of weaker material is present (Section F}.

The stability analyses focused on the potential for failure along the exterior dike faces.
SLOPEM failure surfaces from these analyses are presented on the drafted sheets in
Appendix E. The results are summarized in Table 7.4 below.
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Table 7.4. Summary of Minimum Computed Factors of Safety
for Slope Stability

Minimum Non- Minimum Global
Crosas-Section” Global FS FS
B Non-lssue {flat slopes) 1.5
C Non-Issue {flat slopes) 16
D Mon-issue {flat slopes) 20
F 11 2.0
G 1.5 2.2
H 1.4 1.5
J 1.2 1.5
K 1.2 1.5

*Refer in Appendix E for plan view of cross-section locations.

Based on discussions with TVA and to be in accordance with current prevailing geotechnical
practice, @ minimum target factor of safety of 1.5 was established for long term conditions
using the guidelines presented in USACE Manual EM 1110-2-1902 “Slope Stability”.

The results of the slope stability analyses indicate that factors of safety against long-term
slope stability for global (deep seated) failures are equal to or greater than the target value of
1.5. For non-glaba) (shallow) surfaces, however, there are four of five cross sections where
potential failure surfaces produced factors of safety less than the target of 1.5. These
include Sections F, H, J, and K where factors of safety range from 1.1 to 1.4. Section F
represents the immediate toe area along the north side of Pond E immediately above the
stiling ponds; and Sections H, J, and K represents the divider dike that seperates Pond A
from the adjacent stilling ponds where side slopes are relatively steep (mostly 1.5H:1V). The
critical stip surfaces for each cross-section are depicted on the drawings in Appendix E.

8. Conclusions and Recommendations

The conclusions and recommendations that follow are based on Stantec’s understanding of
the Gallatin ash pond/stilling pond complex, as outlined in this report, and on TVA’s plans for
eventual closure. This understanding has been developed from review of historical
information, discussions with TVA personnel, and from the results of this geotechnical
exploration. in addition, Stantec understands that TVA has tasked URS Corporation with
conducting a siting study for a new CCP landfill for future dry disposal of fly ash, bottom ash
and potentially gypsum. Stantec also understands that URS wili be performing closure
design of the CCP ponds. A phased closure approach will likely be implemented.

8.4. The results of the seepage analyses were reviewed to identify conditions where
seepage and possible piping may cccur. Seepage outbreaks along the slopes can create
the potential for the initiation of soil piping if excessive vertical gradients exist. The seepage
analyses showed that maximum vertical exit gradients typically occur at or just beyond the
dike toe areas, with corresponding factors of safety against piping being equal to or greater
than the recommended target value of three in each case analyzed.

8.2. The results of the slope stability analyses indicate that factors of safety against long-~
term slope stability for global (deep seated) failures are equal to or greater than the target
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value of 1.5. For non-global {shallow) surfaces, however, there are four of five cross
sections where potential failure surfaces produced factors of safety less than the target value
of 1.5. These include Sections F, H, J, and K where factors of safety range from 1.1 to 1.4.
Section F represents the immediate toe area along the north side of Pend E immediately
above the stilling ponds; and Sections H, J, and K represent the divider dike that seperates
Pond A from the adjacent stiling ponds where side slopes are relatively steep (mostly
1.5H:1V).

8.3. To improve long-term slope stability, it is recommended that TVA implement a
mitigation design and construction program for the Bottom Ash Pond A divider dike and for
the toe area along the north side of Pond E to improve factors of safety against non-global
slope stability. These improvements could be incorporated into URS Corporation’s design of
pond closure, or a separate short-term interim mitigation program could be implemented,
depending on timing and as decided by TVA. Final mitigation design should increase factors
of safety to at least 1.5 for long term slope stability. It is envisioned that design features
would include rock buttressing, slope flattening, or a combination of both.

8.4. It is recommended that URS Corporation's ¢losure design inciude an instrumentation
monitoring program (including calculation of “alert” piezometric levels which would resuilt in
slope stability factors of safety falling below 1.5). It is recommended that URS also consider
additional expioration work for closure design to gain supplementary subsurface information
relative to sluiced ash, specifically along the south side of Pond E where the existing dikes
are constructed entirely over the ash.

8.5. It is recommended that TVA continue dike inspections/monitoring to look for changes
or conditions that might affect dike integrity. Specific focus should be placed on continuing to
moniter areas of known seepage to look for changed or worsened conditions. The frequency
of inspections should be consistent with TVA's new programmatic inspection schedule.

8.6. The Gallatin ash pond and stilling pond complex is underiain by limestone bedrock
that can be susceptible to solutioning and the development of karst features, such as voids,
solution channels, and sinkholes in the soil overburden andfor the underlying bedrock.
Consfruction and operation in such areas is always accompanied by risk that internal soil
erosion and ground subsidence could affect constructed facilities. It is not pessible to
completely investigate a site or design a facility to eliminate karst-related problems, Stantec
understands that URS may perform karst investigations as part of closure design activites.

9. Closure and Limitations of Study

9.1. The scope of this evaluation was limited to consider only the potential risks of the
Galatin Pond dikes due to excessive seepage and/or siope instability under long-term,
steady-state seepage loading conditions. The stability analyses for this scope did not
consider sesmic loading conditions or external rapid drawdown conditions (seismic slope
stability is being evaluated under a separate study, and the maximum pool level of the
adjacent Old Hickory Lake is just slightly below the lowest Pond E dike toe elevation such
that rapid drawdown is a non-issue). In addition, this assessment did not consider potential
failure modes related to spillway capacity and overtopping or seepage along penetrations
through the embankments (including the buried spiliway pipes).
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9.2. These conclusions and recommendations are based on data and subsurface
conditions from the borings advanced during this investigation using that degree of care and
ski ordinarily exercised under similar circumstances by competent members of the
engineering profession. No warranties can be made regarding the continuity of conditions
between borings.

9.3. The boring logs and related information presented in this report depict approximate
subsurface conditions only at the specific boring locations noted and at the time of drilling.
Conditions at other locations may differ from those occurring at the boring locations. Also,
the passage of time may result in a change in the subsurface conditions at the boring
locations.
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Project No. 175558018 Location N 707019.68, E 1879799.57 [NAD27)
Project Name  Gallatin Fossil Plant ~- TVA BoringNo.  STN-A-1  Total Depth 305t
Location Sumner County, Tennessee Surface Elevation 472.8 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started Fi25/08 Completed 7/29/09
Superviser Paul Cooper  Driller J. Wethington Depth to Water _ 19.0ft Date/Time 7i29/09
Logged By Craig Millhollin Automatic Hammer ] Safety Hammersl Other[J
Lithology Overburden Sample # Depth Rec. Ft.| Blows |Mais.Cont %
Elevation | Depth Description Rock Core RQD Run Rec. Ft. | Rec.% | RunDepth Remarks
472.8' 0.0 Top of Hole
BOTTOM ASH (Pond A dikes}, SPT-1 00-15 1.1 5-7-12 11 Boring advanced -
black to gray, dry to wel, loose to with 3,25" hollow
very dense 8PT-2 1.5-3.0 1.2 | 131525 10 stam auger.
SPT-3 3.0-4.5 1.5 | 15-31-35 10 i
- R Piezometer instalted—
SPT4 4.5-6.0 13 | 354155 13 (66 PZ detsi )
SPT-5 6.0 -6.5 0.5 50/0.5' 11 sheet).
SPT-6 75-85 1.0 | 35-50/0.5' 13 s
SPT-7 5.0-95 o5 50/0.5' 13 T
SPT-8 | 10.5-110 0.5 §0/0.5' B i
SPT-8 | 12.0-125 0.2 80/0.5' 9 T
SPT-10| 135-14.0 0.1 50/0.5' 12 |
SPT-14| 15.0-165 1.2 | 181419 17 i
SPT12 | 16.5-18.0 1.1 10-8-10 13 ]
SPT-13| 18.0-195 1.3 6-8-9 13 4
SPT-14 | 18.5-21.0 1.0 449 16 7
5PT-15 | 21.0-225 1.0 223 14 4
SPT-16 | 22.5-24.0 1.5 344 16 T
SPT-17 | 24.0-25.35 1.5 5-4-6 16 —
Piezometer
SPT-18 | 255-21.0 1.5 12-6-4 14 kackfilled with sand, |
445.1" 27T bentonite pellets,
; : SPT-19| 27.0-285 1.5 1-2-3 34 and bentonite grout _|
FAT CLAY, gray to tan, wet, from 0.0to 2551
medium stiff sPT-201 28.5-300 1.0 2-2-3 3 ]
442.3' 30.5 SPT-24 | 300-305 ns S0/0.5' E 1
Auger Refusal / -
Bottom of Hole N
Top of Rock = 30.5" n
Elevation {442.3" -
22310
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Project No. 175559018 Locaticn N 706994,.16, E 1879810.94 {NAD27}
Project Name  Gallatin Fossil Plant - TVA Boring No.  STN-A-2  Total Depth 421 ft
Locafion Sumner County, Tennessee Surface Elevation 473.3 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/4/09 Completed 8/5/09
Supervisor Paul Cooper  Driller J. Wethington Depthto Water  14.0ft Date/Time 8/5/09
Logged By Craig Millhollin Automnatic Hammer ]  Safety Hammer=d Other[ ]
Lithology Overburden [Sample # Dapth Rec. Fi.| Blows |Mois.Cont, %
Elavaticn Depih Description Rock Core RQD Run Rec Ft. | Rec.% | Run Deplh Remarks
4748 oo Tap of Hole
BOTTOM ASH (Pond A Dika), : ] -
black and gray, diry, medium SPT-1 0.0-1.5 1.2 6-7-10 1 Boring advanced
dense, Irace tan fine sand ;"I';'r‘nais etrm“m
5PT-2 1.5-30 15 | 81115 g ger.
SPT-3 3.0-4.5 1.1 E-B-7 10
SPT-4 45-60 1.3 10-56 21
SPT-5 | 60-75 10 6-8-6 1
465.8' 7.5
FLY ASH, dark gray, moist, very SPT-6 75.90 15 6814 54
464 3 8.0 stiff
BOTTOM ASH, blagk, maist to sPT.7 | 90-105 1.4 81823 _
wet, loose to danse ' ' )
SPT-A § 105-120 15 | 2027-18 11
SPT-9 | 120-135 1.1 B-13-8 19
SPT-10| 13.5-15.0 12.0 8-7-8 20
SPT-11| 16.0-16.5 0.9 3-64 18
456 .8' 16.5
FLY ASH (sluiced), black, wet, s P . 45
vary sofl to medium stiff, trace fat SPT-12| 165-180 08 432
clay
SPT-13| 18.0-19.5 i1 214 a7
§T-1 19.5-21.5 .0 0% -
SPT-14 | 21.5-23.0 0.0 WOR- -
WOR-WOR
E SPT-15 | 23.0-245 0.6 WOR- 26
g MWOR-WOR
i cano 253 SPT-16 | 245-260 [ 07 222 17
g BOTTOM ASH, black, wet, looss,
§ same fly ach SPT47 | 260-275 | 15 | 333 24
g SPT-18| 27.5-200 | 08 5-3-3 18
H SPI-19 | 200-305 | 10 | 222 12
5410

Stantec Consulting Services Ihc
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Project No. 175559018 Location N 706994.16, E 1879810.94 (NADZT)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-A-2 Total Depth 421 1t
Lithology Cverburden Sample # Dapth Rec. Ft.| Blows [Mois.Cont %
Elavatian Dapth Daseription Rock Core RQO Run Rec.Fi. | Rec % | Run Depth Ramarks
[ 4418 314 sPT20 | 30.5-320 15 3-610 58 ]
3 FAT GLAY with Sand, tan ta i
i brown, wet, stif o very stif, ace | gy 59 | 320335 | 13 | 566 28 |
fina gravel
i SPT-22 | 33.5-35.0 L] 5-7-20 25 ]
| SPT-23| 350-365 15 | 141518 24 i
i SPT-24 | 365-38.0 1.0 6-3-9 33 ]
i Bosing ibacklillnna:r;vi!h‘
. - benionite grout frem
| SPT-25 | 38.0-3395 15 5911 a0 iy i
B SPT-26 | 395-410 15 2-66 27 7]
e a2 | SPT-27 | 41.0-421 14 50H 1 26 ]

FLUSM LERACY TTRMARCAE SOicmGE G LM ANT SH4W

Auger Refusal /
Bottom of Hole

Top of Rock = 42.1°
Elavation {431.27)

Stantec Consulting Services Inc

SM410
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Project No. 175559018 Location N 707510.75, E 1880731.90 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Borfing No. STN-A-3  Total Depth 3401t
Location Sumner County, Tennessee Surface Elevation 472.9 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started B/5/09 Completed 8/5/09
Supervisor Paul Cooper  Driller S, Bradford Depth to Water 16.3 ft Date/Time 8/5/09
Logged By C. Wood Automatic Hammer =21 Safety Hammer[] Other[]
Lithology Overburden Sample # Depth Rec. Ft. Blows |[Mols.Cont. %
Elavation Depth Description Rock Core RQD Run Rec. FL.| Rec, % | Run Depth Rermarks
4729 0.0 Top of Hala
BOTTOM ASH {Pond A Dikes), SPT-1 0.0-15 14 a4-5 13 Boring advanced _
black to gray, dry to maist, loose with 425" hollow
o very dense SPT-2 1.5-3.0 09 7-10-9 10 stem auger.
SPT-3 3.0-45 1.1 | 10-13-16 10 i
SPT-4 45-6.0 15 | 11-30-52 19 1
5PT-5 B.0-65 0.8 50/0.5' 1 7
SPT-6 75-9.0 156 | 16-36-49 11 T
-some fat clay at 9.0° SPT-7 9.0-105 1.5 18-40-26 11 _
SPT-8 | 10.5-12.0 1.5 | 34-28-32 1 ]
] ) - Bulk Sample #1 |
SPT-8 | 120-135 1.5 | 36-36-32 10 ot o 12.5
SPT-10| 135-150 | 11 | 61610 8 02251 1
SPT-11| 150-165 0.6 4-5-3 12 Ny
SPT-12 | 16.5-18.0 0.8 344 19 B
SPT-13| 18.0-195 12 4-3-6 17 i
SPT-14| 195-21.0 0.8 45-3 13 1
SPT15 | 21.0-225 13 445 15 -
4492 23.7 SPT-16 | 22.5-23.7 1.2 |5-16-50/0.2 17 Began Cora -
2488 20 | ymestone, highly weathered /‘ - N
(augearad)
48% 25 2.0 B0 26.5 -
Limestane, light gray to light i
brown, micracrystalline to fine, .
hare, thin bedded, maderately E::g%i?:?rgﬁg;h_
weathaered to highly weathered, 0010 3401 7
many bedding zone fractures 7]
throughout i
433.9' M0 55% 7.5 7.0 93 34.0

FMEM LEGACT 1T5SHM ) BCRINGL B FuaMGOT 2ant

Bottom of Hole
Base of Weathered Rock = 24.0'

Top of Rock = 23.7
Elevation (449.2"

FE

Fllmmibm = Fncem imm Camiimmn s
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Project No. 175559018 Locaticn N 707498.65, E 1880758.47 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-A-4  Total Depth 265t
Location Sumner County, Tennessee Surface Elevation 473.8 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/5/09 Completed 8/5/09
Supervisor Paul Cooper  Driller S. Bradford Depth to Water 12.0ft Date/Time 8/5/08
Logget By C. Wood Automatic Hammer 2]  Safety Hammer(  Other]
Lithalogy Overburden [Sampte # Depth Rec.Ft.| Blows |Mcis.Cont. %
Elevation Dapth Description Rock Core RQD Run Rec. Ft.| Rec. % | Run Depth Remarks
473.8' 0.0 Top of Hole
BOTTOM ASH {Pond A Dike), SPT-1 00-15 1.4 246 10 Boring advanced |
black, moist to wet, locse to with 4.25" hollow
medium dense SPT-2 | 1.5-30 0.8 §-6-7 12 stem auger.
SPT-3 30-45 0.5 576 1 i
SPT-4 45-6.0 1.5 | 7-11-21 11 1
-some Ty ash from 6.0 to 7.2 fi. SPT-5 BO-75 10 | 322822 22 i
SPT6 75-90 1.0 | 1510-10 18 T
SPT-7 | 9.0-105 1.3 9.6-3 14 -
-some fly ash from 9.7 to 10.5 R,
SPT-S i0.5-12.0 11 553 16 T
SPT-9 | 12.0-135 09 333 22 i
SPT-10| 13.5-15.0 1.0 335 24 7
a57.3 165 SPT-11| 150-165 12 1;:.:'3-7_ 30 J
FLY ASH [sluicad), black, wet, SPT-12] 16.5-18D 1.5 1-2-3 40 T
vary soft to stiff 7
-some bottom ash from 18.3 o SPT-13 180-195 1.5 676 35 .
1858, SPT-14| 195-210 | 13 | 222 33 m
SPT-15 | 21.0.225 1.0 WQH- 24 i
WCHWOH Boring backilled with
h .0 to g i
';: ':2 bottom ash from 22.0 5PT-16| 22.5-240 15 | WoHB-1-2 22 bentcnite grout from
el 0.0t026.5 fi. -
| SPT-17 | 24.0-255 1.5 227 K| -
448.0° 25.8'
447.3" 265" 5PT-18| 255-265 14 | 17-50i0.5" 16 .

Iﬂlﬂl LECACY 175588018 BOMNGE. SF) FLSH GOT 2TXI0

LEAN CLAY, orange brown, wet,
\stiff. trace medium sand

Auger Refusal {
Bottom of Hole

Top of Rock = 26.5'
Elevation {447.3')

27410
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Project No. 175559018 Location N 707498.65, E 1880758.47 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-A-4S Total Depth 26.0
Location Sumner County, Tennessee Surface Elevation 473.8 fi. (NGVD29)
Project Type Geotechnical Expleration Date Started 8/5/09 Completed 8/5/09
Supervisor Paul Cooper  Driller S. Bradford Depth to Water  N/A Date/Time N/A
Logged By C. Wood Automatic Hammer =) Safety Hammer— Other[ ]
Lithology Overburden (Sample # Depth Rec.Ft.| Blows [Mois.Cont %
Elevation Depth Description Rock Core RQD Run Rec.Ft. | Rec.% | Run Depth Ramarks
A73.8 0.0 Top of Hala
Refer to STN-A-4 for descriptions Boring advanced -
of overburden soils. with 4.25" hollow |
stem auger. ]
ST-1 60-80 05 10 .
5T-2 | 16.5-185 | 0.3 27 i
ST-3 | 200-220 0.0 - -
Boring dackfilled with—
bentonita grout from |
0.0 to 26.0 ft. |
5T4 | 235-255 0.2 29 _
447.8' 26.0°

Mo Refusal f
Bottom of Hole

Chmrdmm e s Qamdicrae Ine
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Project No. 175559018 Location N 708368.74, E 1881417.01 (NAD27}
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-A-5  Total Depth 2321t
Location Sumner County, Tennessee Surface Elevation 473.7 ft. (NGVD29)
Project Type Gectechnical Exploration Date Started 7{29/09 Completed 7/29/09
Supervisor Paul Cooper  Driller J. Wethington Depth to Water 1651t Date/Time 7/29/09
Logged By Craig Millhollin Automatic Hammer[J  Safety Hammer=] Other[
Lithology Ovarburden [Sample # Depth Rec.Ft.| Blaws |Mois.Cont %
Elavation Dapth Description Rock Core RQD Run Rec. Ft. | Rec.% | Run Depth Remarks
473.7 oo Top of Hole
dark gray to black, moist to wet, SF 0.0-15 ' Bormagzasqv'?nlwd 1
meadium dense to very dense :‘tig:n - gmo low |
SPT-2 15-3.0 11 6-19-23 10 .
SPT-3 3.0-45 1.3 | 14-26-27 10 ]
SPTH4 45-54 08 |47-50/04" 10 Plezometer installad —
{see PZ detail
SPT-6 | 60-63 0.2 | 5003 11 sheet). 1
SPT-6 7.5-8.0 12 | 214145 10 T
SPT-7 | 90-105 1.2 | 15-33-3t 11 |
SPTS | 10.5-11.0 0.5 50/0.5° 12 |
SPT-8 | 12.0-125 0.2 50/0.5' 10 ]
SPT-0 | 13.5-14.0 0.5 50/0.5' 10 i
SPT-11| 150-155 0.5 50/0.5' g -
SPT-12 | 16.5-17.0 0.5 50/0.5" 12 i
SPT-13 | 18.0-13.5 13 | 30-38-33 1 i
Piezometer
backfilled with sand, |
S5PT-14 | 19.5-214 12 | 33-45-28 11 bentonite pellets,
and bentonite grout
from 0.0 to23.20. 7
SPT-45 | 21.0-225 0.8 5-7-6 11 |
SPT-16 | 225-239 0.5 50/0.5' 15
450.5' 232 SPT47 | 230-232 0.0 ERM0.2" - =
Auger Refusal / 4
Bottom of Hole
Top of Rock = 23.2
Etavation (450.57 -
22310
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Praject No. 175559018 Location N 708353.42, E 1881433.71 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-A-6 Total Depth 34t
Location Sumner County, Tennessee Surface Elevation 474.0 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 7130/09 Completed 7130109
Superviser Paul Cooper  Driller J. Wethington Depth to Water 115 ft Date/Time 7/30/09
Logged By Craig Millhollin Automatic Hammer(J  Safety Hammers2d Other[]
Lithology Cwerpurden [Sample & Cepth Rec.Ft.| Blows |Mois.Cont %
Elpvation Depth Description Rock Core RQD Run Rec. Fi. | Ret¢. % | Run Oepth Remarks
474.0' 0.0 Top of Hole
BOTTOM ASH (Pond A Dike), SPT-1 g0-1.5 1.2 58-12 13 Bering advanced
light gray to black, moist to wet, with 3.25" hollow |
medium dense to very dense SPT-2 15-3.0 11| 131317 9 stem auger. ]
SPT-3 3.0-45 1.5 81313 33 A
S5PT-4 45-6.0 11 | 12-13-14 9 1
SPT-5 60-7.5 1.0 | 15-18-50 10 i
5PT-6 75-83 08 | 35003 1 .
SPT-7 | 90-105 1.1 2-12-15 17 -
SPT-§ | 10.5-1240 1.5 | 122017 15 T
SPT-9 | 12.0-135 1.1 15-44-31 15 J
SPT-10| 135-15.0 12 | 171318 16 ]
SPT-11} 15.0-165 1.0 7-8-8 14 i
SPT-12| 16.5-18.0 1.2 5-12-15 14 1
SPT-13| 18.0-195 1.5 15-15-8 a8 i
4837 | 203 SPT-14 | 1985-210 | o7 | 1047 10 u
452 5' 215 FAT CLAY, gray to tan, wet, stiff, i
\‘Lraca. fina gravat f S5PT-15 21.0-225 1.2 4-5-3 26 .
BOTTOM ASH. btack, wet, ST-1 92.5.245 07 29 n
medium dense ]
SPT-16 | 24.5-26.0 1.3 B-10-4 10 N
477 26.3' -
FAT CLAY. gray to tan, wet, soft SPT-17 | 26.0-27.5 c.8 1-2-6 24 Boring backflled wih™
to medium sttt SPT-18 | 275-280 | 08 | 122 33 bentonite t0 2.0° 7
below grade. -
stz | 280-310 1.3 32 —
4428 N4 SPT-1g | 316-314 nd B0 A ek | 7]

Auger Refusal /
Bottom of Hola

Top of Rock = 31.4'
Elevation {442.6')
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Project No. 175559018 Location N 708921.58, E 1881894.55 {NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-A-7  Tota! Depth 4211
Location Sumner County, Tennessee Surface Elevation 474.5 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 7130/09 Completed 7430/09
Supervisor Paul Cooper  Driller J. Wethington Depth to Water  14.6 ft Date/Time 7/30/09
Logged By Craig Millhollin Autornatic Hammer[J  Safety Bammer=d Other[™
Lithology Overpurden [Sampte # Dapth Rec, Ft.| Blows |Mois.Cont
Elevation | Depth Description Rack Core RQD Run Rec. Ft. | Rec.% | RunDepth Remarks
474 5 0.0 Top of Hole
BOTTOM ASH (Pond A Dikes),
- 0-15 1.1 -7 .
light gray to tlack, moist to wet, SPT-1 0.0 &5 2 Baring advanced
loose to vary dense :tflmais rr":'"“""'
SPT-2 | 15-30 13 | 81515 13 ger.
~clay fill layer between 3.0° to 3.8' SPT-3 30-45 15 12-15-26 19
SPT-4 45-6.0 13 | 15-20-22 17
SPT-5 60-75 1.2 | 20-21-40 16
5PT-6 75-8.0 12 | 2024418 16
SPT.7 | 80-105 1.5 | 33.31-37 16
SPT-8 | 10.5-12.0 15 | ar4p-s0 15
SPT-9 | 12.0-13.5 1.3 | 30-36-24 14
SPT-10 | 13.5-15.0 1.1 12-1212 14
SPT-11| 150-165 1.0 | 44-40-50 16
SPT-12 | 16.5-17.0 0.4 50/0.5' 18
SPT-13| 18.0-195 1.0 7-7-10 15
SPT-14 | 19.5-21.0 1.2 3546 14
SPT-15| 21.0-225 1.5 344 15
SPT-16 | 225-240 1.5 344 13
449.5' 25.0' SPT-17 | 24.0-255 1.0 231 24
SANDY LEAN CLAY with Gravel,
brown to tan, wet, mediumtovery | gpT18 | 255-27.0 | 09 232 25
siiff, trace fine grave!
SPT-19 | 27.0-285 1.2 3-5.5 25
SPT-20 | 28.5-30.0 1.0 357 25
i
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Project No. 175559018 Location N 708921.58, E 1881894.55 (NAD2T)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-A-7  Total Depth 421 %t
Lithology Qverburden Sample # Deplh Rec. Fl.| Blows |Mois.Cont. %
Efevation | Depth Description Rock Core | RQD Run Rec. Fi. [ Ree. % | Run Depth Remarks
SANDY LEAN CLAY with Gravel
' - Q- 3. . 4-9- 2
| wrcwn 16 fan, wet, medium 1o very SPT-21 | 30.0-M.5 13 10 4 i
| stiff, trace fine gravel i
{Continuad) SPT-22 | 31.5-33.0 14 5910 20
B SPT-23| 33.0-345 1.0 3-5-7 30 |
B S5PT-24 | 345-360 | 1.1 5-7-9 23 -
B SPT-25| 36.0-37.5 1.5 510-16 26 _
i 2 . . Boring backfilled with |
SP7-26 | 37.5-39.0 11 11-15-17 21 bentonite grout to
3 2.0' below grade. ]
| SPT-27 | 39.0-404 1.0 B-11-47 24 _
i SPT-28 | 40.5-42.0 15 6-8-11 25 1
| 4324 421" 4
Auger Refusal / |
B Botiom of Hole
i Top of Rock = 42.1°
— Elevation (432.4) —
FEE T
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Project No. 175559018 Location N 708907.06, E 188191461 (NADZT)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-A-8  Total Depth 28.5 ft
Location Sumner County, Tennessee Surface Elevation 474.8 ft. (NGVD29}
Project Type Geotechnical Exploration Date Started 8/4/09 Completed 8/4/09
Supervisor Paul Cooper  Driller J. Wethington Depth to Water  11.0ft Date/Time 8/4/09
Logged By Craig Milihollin Automatic Hammer[3  Safety Hammer[=) Other[
Lithology Overburden [Sample # Depth Rec. Ft.| Blaws |Mais.Cont. %
Elevation Dopth Dessription Rock Core RQD Run Rec. Ft. | Rec. % | Run Depth Remarks
474.8 oo Top of Hale
BOTTOM ASH (Pond A Cike}, SPT-1 0.0-15 1.1 3611 11 Boring advanced
light gray to black, moist to wet, with 3.25° hollow |
very Inose to medium dense $PT-2 | 15-30 12 | 191518 " stem auger. i
SPT-3 30-45 1.3 81217 12 i
SPT4 45-8.0 13 6-8-9 29 .
SPT-5 60-75 1.3 7-1-5 23 J
SPT-§ 7.5-490 1.0 442 22 7
SPT-7 | 90-105 1.4 222 23 —
SPT-8 | 105-124 10 1-1-2 22 T
5PT-9 | 12.0-135 15 332 22 i
SPT-10| 13.5-15.0 1.1 858 21 ]
SPT-11| 15.0-165 1.5 10-10-7 15 i
5T 7o T 16.5-18.0 1.0 33 15 7
FLY ASH (slulced), black, wet, SPT-12 | 165-18. ' 2 i
very soft to medium dense SPT-13 ] 18.4-195 1.5 2.2-2 17 .
5PT-14 | 19.5-210 1.0 122 17 ]
8PT-15| 21.0-225 06 241-2 1 i
5PT-16 | 225-24.0 el 223 21 ]
» - Boring backfillag with
4483 258 gg :; ;‘;': 22'3 ;'2 5201_::)-95- 16 bentonite grout from ]
LEAN CLAY with Gravel, brown to ) i - : 0.010 28.5 1t -
tan, wet, very stiff, some fine to SPT-19 | 27.0-27.3 0.3 5040.3' 32 7
446.3' 285 coarse graved ]
Auger Refusal / ]
Bottom of Hele B
Top of Rock = 25.5' ]
Elevation [449.3") .
g .
§ J
3 4
3
22310
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Project No. 175559018 Location N 708807.06, E 1881914.61 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring Mo.  STN-A-8S Total Depth 22.0ft
Location Sumner County, Tennessee Surface Elevation 474 .8 ft. (NGVD29)
Project Type Geotechnical Exploraticn Date Started 8/4/09 Completed 8/4/09
Supervisor Paul Cooper  Drilier J. Wethington Depth to Water  11.0ft DatefTime 8/4/09
Logged By Craig Millhollin Automatic Hammer[ 3  Safety Hammer=l Other(]
Lithelogy Qverburden [Sample # Deptn Rec. Ft.| Blows |Mois.Cont.
Elevation | Depth Daseripticn Rock Core | RQD Run Rec.Ft.| Rec.% | RunDepth Remarks
474.8' 0.0' Top of Hole
N Refer to STN-A-8 for descriptions Boring advanced -
B of gverburden soils. with 3.26" hollow
stem auger, offset
i 3.0 ft. west of 7
- STN-AS. —
- Bulk sample #1 -
obtained from 3.0 10 |
- ST 5.0.7.0 1.1 17 Y I
- ST-2 | 10.0-12.8 0.0 - -
= Bulk sample #2 1
| obtained from 14.0 _]
to 17.0 ft.
- 5T3 | 150-17.0 1.0 26 .
i Boring backfilled with
L bentonite greut from |
00t 220H. |
. 5T4 | 200-220 0.0 - s
4528 2.0
N No Refusal / A
| Bottom of Hole 4
5 -
g -
: _
FIrET T
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Project No. 175558018 Location N 70913264, E 1882470.74 {NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-A-8  Total Depth N2t
Location Sumner County, Tennessee Surface Elevation 472 4 ft. (NGVD29)
Praject Type Geotechnical Exploration Date Started 7131108 Completed 7131/09
Supervisor Paul Cooper  Driller J. Wethington Depth io Water  11.0 ft Date/Time 7/31/09
Logged By Craig Millhollin Automatic Hammer[—] Safety Hammer=l Other[5
Lithology Cwverturden [Sample # Depth Rec. FL.| Blows |Mcis.Cont %
Elevation Depth Descriplion Rock Core RQD Run Rec. Ft. | Rec. % | Run Depth Remarks
472.4' o0 Top of Hele
light gray to black, moist to wet, with 3.25" hollow
lonse to Vary dense SF’T—Z 15-30 14 12-20-23 g9 stem auger. |
SPT-3 30-45 1.3 | 134050 17 i
SPT4 4.5-60 15 | 14-22410 13 7]
SPT-5 | 60-75 15 | 20110419 12 i
SPT6 | 75-9.0 1.3 | 11-40-50 15 ]
Bulk Sampla #1 =
sPT-7 | 9.0-185 1.2 | 156-25-22 13 obtal;ed from 9.0 to_|
1201t
SPT-8 | 10.5-120 10 | 153124 11 ]
SPT9 | 120-135 15 | 25:31-34 13 A
SPT-10 | 13.5-15.0 1.2 | 30-34-34 15 T
SPT-11| 15.0-16.5 14 6-6-5 15 i
5pT-12 | 18.5-1840 1.0 233 1 ]
SPT-13 | 18.0-195 15 | 101214 13 i
S5PT-14 | 19.5-21.0 11 | 101211 11 7
SPT-15 | 21.0-225 1.5 3685 16 i
5PT-16 | 225-24.0 1.2 232 7 1
M7 | 247 SPT-17 | 240-255 | 08 | 4914 25 _
FAT CLAY, brown to tan, wet,
. | very stif SPT-18 | 255-27.0 1.2 | 10417 27 ]
e a2 - SPT10 | 270-27.8 | 08 [40-50/0.3 27 E;m% itt’:':':ﬁolll:dfm“ﬂmm“
\ ':;thse re d“lz' . Tlﬁg:a'{er] f spT-20 | 218-290 | 10 |131018| 28 | QGros1ot ]
PR sPT-21| 290-2908 | 08 |1850O3| 20
FAT CLAY with Gravel, tan, wet, 5PT22 ) 298-310 1.0 |26-50-500.2 6 -
441.2 31.2 SPT-23| 310-3.2 0.0 §0/0.2" - i

Fulld LEQuuy 17Babmrl BORMNGA 0] Fs GOT 22and

very stiff, fine to coarse gravel .

Auger Refusal /
Bottom of Hole

Top of Rock = 31.2"
Elevation (441.2)

Db mbrn Manc ilins Qarvicac Gne
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Project No. 175559018 Location N 709132.64, E 1882470.74 (NAD2T)

Project Name  Galiatin Fossil Plant - TVA Boring No. STN-A-9S Total Depth 25.0 ft

Lacation Sumner County, Tennessee Surface Elevation 4724 ft. (NGVD29}

Project Type Gentechnical Exploration Date Started 7131/09  Completed 7/31/09

Supervisor Paul Cooper  Driller J. Wethingion Depth io Water  11.0ft Date/Time 7131709

Logged By Craig Millhollin Automatic Hammer(1  Safety Hammer=d Other[]

Lithelogy Overburden [Sample # Depth Rec. Ft.| EBlows |Mois.Cont. %
Etevation | Depth Description Reck Core | RQD Run Rec. FL. | Re¢. % | Run Depth Remarks
472.4' 0.0¢ Top of Hole
Refar fo STN-A-9 for descriptions Boring advanced
of pverburden soils. with 3.25" hollow

stem auiger, offsst
3.0t west of 7]
STN-AG. =
Piazometer installed—
{sea PZ detail -
sheet). i
Figzometer N
backfilled with sand, _|
baentcnite pellets,
ahd benotnite grout 7
frem 0.0 to 25.01.

447 .4 25.0'

Mo Refusal /
Bgitom of Hole

Chrmrbrm amaninn Qandirae e
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Project No. 1755509018 Location N 700085.67, E 18824681.16 (NAD27)
Project Name  Gallatin Fossii Plant - TVA Boring No. STN-A-10 Total Depth 450 ft
Location Sumner County, Tennessee Surface Elevation 474.1 ft. (NGVD29})
Project Type Geotechnical Exploration Date Started 8/4109 Completed B4/08
Supervisor Paul Cooper  Driller S. Bradford Depthto Water 7.01t Date/Time 8/4/09
Logged By . Wood Automatic Hammer=) Safety HammerC1 Other[]
Litholagy Cwverburden [Sample # Depth Rec. Ft.| Blows |Mois.Cont. %
Elevalion Depth Description Raock Core RGD Run Rec.Ft. | Rec.% | RunDepth Remarks
4741 00 Top of Hele
BOTTOM ASH {Pord A Dike), : ] 10
aray 1o biack, maist fo wel, very SPT-1 00-15 1.2 258 Boring advanced
icose to medium dense ;f‘m“;‘:f rr"’"“w |
S5PT-2 | 15-30 10 | 81116 13 ger.
sPT-3 3.0-4.5 1.1 16-9-9 18 |
SPT-4 45-6.0 14 4-4-3 20 -
SPT-5 60-75 1.5 4-3-2 21 i
SPT-6 7.5-9.0 1.5 3-4-2 14 T
-with fly ash from 8.7" to 9.0° ]
SPT-7 | 9.0-105 14 | 1-1-WOH 26 |
SPT-A | 10.5-120 10 | 1-1-WOH 22 ]
SPT9 | 12.0-135 1.1 34-5 19 i
459.4| 14.-'” SPT—1 D 13.5‘ “ 1 5.0 1,5 3”3"4 1 5
FLY ASH (slulced), black, wet, =
very soft to stif SPT-11 | 158.0-165 0.8 2-3-1 19 i
SPT-12 | 16.5-18.0 0.7 1-1 17 ]
SPT-13 | 18.0-19.5 07 1-1-1 21 ]
SPT-14 | 19.5-210 15 | 1-WOH- 18 7
WOH 4
SPT-15 | 21.0-225 06 1-2-1 16 ]
SPT-16 | 225.24.0 0.8 1411 21 i
Byl bottam ash from 24.0" to SPTAT | 240-255 | 14 | 1-14 21 B
SPT-18 | 25.5-27.0 0.3 WOH- 21 ]
WOH-WOH| i
-with bottam ash from 27.0' 1o seT19 | 27.0-285 15 135 29
7.3 : ) ) ]
SPT-20 | 28.5-30.0 15 5-11-8 26 h
2rFM0
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Project No. 175559018 Location N 70908567, E 1882461.16 {(NAD27T)
Project Name  Gallatin Fossil Plant - TVA Bering No. STN-A-10 Total Depth 450 ft
Lithology Qvorburden [Sample # Dapth Rec.Ft,| Blows |Mois.Cont %
Etevation | Depth Descripticn Rock Core RAQD Run Rec, Fl. | Rec.% | RunDepth Remarks
SPT-21 | 20.0-315 1.5 | 91311 21 B
- 4427 4
B FAT CLAY, reddish brown, wet, .
very stif,, some fine gravel §PT-22 | M.5-330 1.4 11-119 -
- 440.7 334 SPT-23 | 350-334 0.4 50/0.4' - 7
L Limestone, highly weathered n
4301 | asq | (eugerec) _| Began Core B
| Limestone, light gray to light i
brown, coarsely crysialline to
B medium, hard, thin bedded, ]
moderataly weatherad to highly
B weathared, many bedding zone 7
| fractures throughout -
- Vold fram 1
approxmataly 41.0'
= to42.5" .
" Boring backfilled with -
bentonita grout from
» 0.0t045.0 fi. n
429.1' 45.0' 16% 10.0 6.2 60 45.0
Botiom of Hale

Pl LEGALY AR I AORINGEG P FMSM 00T F1HD

Base of Weatherad Reck = 35.0°

Top of Reck = 33.4'
Elevation {440.7"}

b M- e Qamiinae Ae
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Project No. 175559018 Location N 707402.48, E 1879680.01 {NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-C-1 Total Depth 21.0ft
Location Sumner County, Tennesseée Surface Elevation 462.0 ft. (NGVD29)
Project Type Geoctechnical Exploration Date Started 8/4/09 Completed B/4109
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water 6.0f Date/Time 8/4/09
Logyed By D. Chapman Automatic Hammer =)  Safety Hammer[1 Otherr ]
Lithology COverburden Sample # Depth Rec. Ft.| Blows |Mois.Cont. %
Elevation Depth Description Rock Core RQD Run Rec. Ft. | Rec. % | Run Depth Remarks
462.0' a0 Top of Hole ]
BOTTOM ASH {Pond C Dlke), SPT-1 | ©0-15 16 4-5-8 1 Boring advanced
light gray to black, moist fo wet, with 3.25" hollow ]
very lnose to medium dense SPT-2 1.5-30 15 | 11-15-14 14 stem auger.
5PT-3 30-45 1.5 8-13-10 ] A
- - Piezomatsr installed—
SPT-4 45-86.0 1.5 6-9-12 8 (s66 P2 detal i
SPT-5 | 60-75 12 | s13-11 15 shet). i
SPT-8 75-90 0.8 896 13 T
S5FT-7 | 9.0-105 0.2 212 7 Bulk Sample#1  —
abtained from 10.00 |
SPT-8 | 105-12.0 0.8 3-56 16 10 13.0
SPT9 | 12.0-135 0.8 2-4-6 13 A
SPT-10| 13.5-150 0.5 3.4 18 ]
Bulk Sampla #2
SPT11 | 15.0-16.1 0.8 B5-11-60/0.7] 13 abtained from 15.0
445.5' 16.5' to 17.0 1. .
FLY ASH, dark gray, wet, medium | 8PT-12 | 16.5-18.0 0.9 2-3-3 ar Splitspoon refusal at 7]
stiff 16.0 1L, dus to -
443.00 19.0¢ SPT13| 18.0-194 0.7 |2-3-50/0.1° 4 apparent
Shale, dark ofive gray, highly SPT14 | 195.198 | 041 | soo4 19 cobblefoulder.
4410 1.0 weathered, moderately hard
Piezamater
Auger Refusal / backfilled with sand, |
Boitom of Hola bentonite pellets,
and bentonite grout |

Top of Rock = 19.0°
Elevation (443.0%)

from 0.0 e 21.0 ft.

Lot

R I L L L L L LT
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Project No. 175559018 Location N 707328.99, E 1877246.92 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-D-1 Total Depth 16.5 ft
Location Sumner County, Tennessee Surface Elevation 4608 ft. {(NGVD29)
Project Type Geotechnical Exploration Date Started B/5/00 Completed 8/5/09
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water N/A Date/Time NiA
Logged By D. Chapman Automatic Hammer =1 Safety Hammer[ 1  Other[1
Lithelogy Owarburder: [Sample # Deplh Rec.Ft.| Bilows |Meis.Cont %
Etavation Depih Descriptian Rock Core RQD Run Rec. Ft. | Rec.% | Run Depth Remarks
460.8' 0.0 Tap of Hole
4603~ 05 1\ GRAVEL Road Surface /] 8PT-3 | 08-15 16 | 765 19 Boring advancad
. ith 4.25" hall
- LEAN GLAY, reddish brown, SPT-2 15-30 03 4-55 18 g;em4aflgar. -
i~ moist, s$iff to very siff -
L SFT-3 3.0-45 1.0 68810 16 ]
B SPT4 45-80 1.2 238 23 ~
B -trage coarse sangd 1o fine gravel SPT-5 50-75 13 2-36 21 i
between 6.0' to 10.5' |
i 5PT-6 7.5-9.0 1.0 357 23
- SPT-7 | 90-105 1.0 457 23 -
Boring backffled with
E SPT-E | 10.5-120 oA 3317 22 bentonite grout from |
5 0.0te 16.50, -
n SPT-9 | 12.0-135 0.3 16-6-7 32 i
i 5PT-10| 13.5-15.0 0.8 3812 30 Refusal on apparent |
— c 256 26 cobblasboulder. =
L 44 165 SPT-11 | 15.0-16. 07 4
i No Refusal / h
I Eottom of Hole 4
4 i
H ot ]
sl i
il ]
afl .
8
il J
o ]
E| .
H _
H4M0Q

Stantec Consulting Services Inc
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Project No, 175559018 Location N 707328.99, E 1877246.92 (NAD27)
Project Name  Gallatin Fossil Plant - TVA BoringNo. S N=-D-15 Total Depth 17.0 ft
Location Sumner County, Tennessee Surface E evation 460.8 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/5/09 Comp eted B8/5/09
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water N/A Date/Time N/A
Logged By Craig Milihollin Automatic Hammer 52 Safety Hammer[—  Other(
Lithology Ovarburden {Sample # Depth Rec, FL.| Blows |Mois.Cont %
Etevation | Depth Dascripion Rock Coma RQD Run Rec. Ft. | Rec. % | RunDepth Remarks
450.8° 0.0 Top of Hole
Boring advanced
Refer to STh-D-1 and STN-D-1A with 4.25" hollow
for soil descriptions. ST-1 20-40 15 15 stern auger. |
5T-2 6.0- 8.0 20 22 -
ST-3 100 -12.0 1.5 24 N
Shelby Tube 1
opening and N
sidewalls buckled by
574 14.0-16.0 o.q - apparent ™
cobble/poulder. -
443.8' 17.0¢
Mo Refusal / Boring backfillad with |
Botiom of Hole 32[? :g":?gﬁ“" from
Tap of Rock = 17.0¢ __
Elevation (443.57)
32310
Pl e m M e bt Dmmiinen s
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Project No. 175569018 Location N 707328.99, E 1877246.92 {NAD27)
Project Name  Gallatin Fossil Piant - TVA Boring No. STN-D-1A Total Depth 2101
Location Sumner County, Tennessee Surface Elevation 460.8 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/5/09 Completed 8/5/08
Supervisor Paul Cooper Driller J. Huntoon Depth to Water 16.5ft Date/Time 8/5/09
Logged By D. Chapman Automatic Hammer=1  Safety Hammer(1 Other(D
Lithalogy CQwvarburden [Sample # Depth Rec. Ft.| Blows |Mois.Comnt %
Elavation | Deplh Bescription Rock Cane RQD Run Rec.Ft. | Rec. % | RunDepth Remarks
460.8' o0 Top of Hole
- Boring advanced =
| Move to offset 5.0 &, fram Boring with 4.25" hollow
i STN-D-1, auger down to 16.5 11, slem auger. i
resume sampling. Referto A
i STN-D-1 for soil descriptions from Plezometer Installed—
i C.0to 1651, soe PZ detail |
sheet). ]
- 4443 16.5' _
B i 2 - - Piezometer -
[ t::«us ;L:::ﬂr;d:;s; l;r::mg.m\n;:tl. SPT1 | 165-18.0 0.7 2-1-1 30 ::ﬁ:;‘,!: ﬁ ;ﬂ; ?:n ¢ |
| SPT-2 | 180-195 1.1 1-2-2 28 ond bentonite groat
— SPT-3 | 19.5-21.0 10 2-2-5 27 from 0.0t0 210 R, -
436.8' 2.0 SPT.4 | 21.0-21.0 0.0 50/0.0° -
| Auger Refusal / ]
| Bottom of Hole ]
I Top of Rogk = 21.0° i
B Etevation (439.8" |

ATASERE RORINGS GP) FMIM, Q0T X310
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Project No., 175559018 Lacation N 707328.99, E 1877246.92 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-D-1B Total Depth 14.0 ft
Location Sumner County, Tennessee Surface Elevation 460.8 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/5/09 Completed 8/5/09
Supervisor Paul Gooper  Driller J. Huntoon Depth to Water N/A Date/Time N/A
Logged By D. Chapman Automatic Hammer=3  Safety Hammer[3 Other(]
Lithology Cwarburden [Sample # Bepth Rec.Ft.| Blaws |Mais.Cont. %
Elevation Depth Descripton Rock Core RQC Run Rec.Ft. | Rec.% | RunDepth Remarks
450.8' oo Yop of Hole
Moved to offset 5.0 fi. from Boring Boring advanced ]
STN-D-18. Attempted to obtain with 4.25" hollow .y
Shelby Tube sample from 18.0 to stem auger.
20.0 fi. Auger refusal
encounterad at 14.0 ft. |
Aoring backfilled witk—
benotnite grout from |
0.0 to 14.01. |
446.9' 14.0" i
No Refusal / ]
Bottom of Hole

Top of Rock = 14.0°

Elevation (446.8")

Pl alm e MV mmns i Dmmriman San
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Project No. 175559018 Location N 707245.18, E 1877237.96 (NAD27}
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-D-2  Total Depth 1591
Location Sumner County, Tennessee Surface Elevation 460.4 ft. (NGVD29)
Project Type Geatechnical Exploration Date Started 857109 Completed Bf709
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water 10,0 fi Date/Time 87109
Logged By Craig Millhollin Automatic Hammer(] Safety Hammer= Other(]
Lithology Overburgen [Sample # Cepth Rec. Ft | Blows |Meis.Cont. %
Elevation Depth Description Rack Core RAD Run Rec. Ft. | Rec. % | RunDepth Remarks
ARD. A o0 Tap of Hole
LEAN CLAY with Sand, reddish 5PT-1 00-15 1.0 | B-10-14 24 Boring advanced
brown, maist to wet, stiff to very with 3.25" hollow |
Stlff SPT‘z 1 5= 3{0 1 0 8—1 1'12 21 stem auger_ |
SPT-3 30-45 08 | 81112 18 Bulk Sample #1 ]
ohtained from 4.0 fo _|
SPT4 | 45-6.0 1.5 358 3z 6.0 ft.
SPT5 | 6.0-7.5 1.1 6-8-11 22 J
SPT6 | 75-90 1.0 6-3-13 23 T
SPT-7 | 9.0-105 0.9 7-7-11 20 -
SPT-3 | 105-120 1.5 345 24 T
Boring backfilled with—
SPT-9 | 120-135 15 6-7-7 25 bentonite grout from _|
0.0to 1591
SPT-10 | 13.5-150 1.2 6-8-12 23 ]
444 5 159 SPT-11| 150-159 | 08 |14.50/04' 26 i
Auger Refusal / N
Bottorn of Hole i
Top of Rock = 15.% i
Elevation [444.5") ™
prr ]



PR LEGACY ITS4S0011 BORINGE G FIRHLCOT 23¥15

&> Stantec

SUBSURFACE

LOG

Page: 1 of 1

Project No. 175559018 Location N 707245.18, E 1877237.96 (NAD2Z7)
Project Name  Gallatin Fossil Plant - TVA Boring No.  STN-D-28 Total Depth 12,01t
Location Sumner County, Tennessee Surface Elevation 460.4 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/7/09 Completed 87109
Supervisar Paul Cooper  Driller J. Huntoon Depth to Water N/A Date/Time N/A
Logged By Craig Millhollin Automatic Hammer(  Safety Hammer(= Other(C]
Lithology Cwverburden Sample # Depth Rec. Ft.| Blows |Mois.Cont. %)
Elevatign Depth Drescription Rack Core RQC Run Rec. FL | Rec. % | Run Depth Remarks
450.4' 0.0 Top of Hole
Refer to STN-D-2 for descriptions Bering advanced _
of overburden sails. with 3.25" hollow
stem auger. ]
5T-1 40-60 1.7 18 -
ST-2 6.0-80 1.3 24 1
Boring backfilled with—
benionite grout from |
0010 12.0ft. _
T3 | 10.0-120 0.0 - 1
448.4 12.0°

No Refusal /
Bottom of Hcle

Tap of Rack = 12.0°
Elevation {448.4')
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Project No. 175550018 Location N 703045.88, E 1879000.10 {NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No.  STN-E-1 Total Depth 55.0 ft
Location Sumner County, Tennessee Surface Elevatian 474.1 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/6/09 Completed 8/6/09
Supervisor Paul Cooper  Driller S. Bradford Depth to Water 18.0 fi Date/Time 8/6/C9
Logged By C. Wood Automatic Hammer Safety Hammer[1 Other1
Lithology Overburden [Sampls # Depth Rec. Ft.| Blows |Mois.Cont. %
Elevation Depth Description Rock Core RQD Run Rec.Ft. | Rec.% | Run Depth Remarks
474.1" 0.0 Top of Hole
4738 N OF T\ BOVTOM ASH, read surfase
) N /| spra 0.0-15 1.2 3310 15 Boring advanced
SILTY CLAY (Pond E Dike), with 4.25" hotlow
i orange brown to grayish brown, sPT2 | 15-3.0 0.8 | 101211 15 stem auger. n
u moist, stiff to very stiff, trace fina i
sand to fine gravel, some bottom SPT-3 a0-45 0.4 778 11
B ash -
B 5PT-4 45.6.0 0.3 8-12-14 7 B
B SPI-5 6.0-75 10 | 161820 12 i
486.8' 75
i LEAN CLAY (Pand E Dike). SPT-6 | 75-90 | 12 | 18820 [ 14 7
| brown and orange brown, maist, ]
iff to iff, trace fi I
u stiffto very sti, trace fine grave SPT7 | 80-105 | 12 | 51112 12 |
i -apparent cobble at 40.6° SPT-8 | 105-12.0 0.5 | 40-26-20 10 ]
| SPT8 | 120-135 0.8 778 20 i
i SPT-10 | 135-150 4.0 7-8-8 ao 7
— -with some bottom ash below -
i 145 SPT-11 | 15.0-165 0.7 7-8-4 16 i
457 6 16.5'
i BOTTOM ASH (shiced), black, SPT-12| 165-180 | 12 | 202218 17 §
| maist to wet, very locse to dense ]
R SPT-13 | 18.0-19.5 1.4 8-8-7 24 ]
B SPT-14 | 195210 1.2 6-5-8 20 T
3 SPT-15 | 29.0-225 09 58-11 18 )
i SPT-168| 22.5-24.0 1.3 777 17 7
| SPT-17 | 24.0-255 1.0 687 17 _
i SPT-18 | 255-270 1.0 6-2-1 18 ]
i with some fly ash below 27.5 SPT-19 | 27.0-285 1.5 1-2-2 18 i
I 444.8' 20.5' SPT-20| 28.5-30.0 15 1-24 13 ]
— FAT CLAY, crange brown, wat, -
| soft to stiff, trace medium sand to SPT-211 300-31.5 0.3 1-2-2 33 ]
fine gravet
| SPT-22| 31.6-33.0 0.5 468 ac ]
2310

TV b s
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Project No. 175558018 Location N 703045.88, E 1873000.10 {NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-1 Total Depth 55.0 ft
Lithology Ovesburden Sample # Depth Rec. F. | Blows |Mois.Cont. %
Elavation Depth Description Rock Com RQD Run Rac. Ft. | Rec.% | Run Depth Remarks
! FAT CLAY, orange brown, wet, SPT-23 | 330-345 | 04 487 30 i
soft to stiff, trace medium sand to
" s 6o fine gravel  {Continued) SPY24 | 345-360 | 13 | 121720 32 n
Ak '
y i SPTo5 | IED-363 03 | _sana 16 Began Core =
—~ 4378~ 383 | imestone, highly weathered ]
B {augered)
= Wold from -
approxmatety 38.0
- to44.0 1. 7
Limeastone, light gray to light |
B brown, coarsely crystalline to fine,
B hard, thin bedded, weathered to -
highly weathered, many bedding i
i zone fractures throughout
| 14% 10.7 22 21 47.0 i
s Boring backfilled with—
bentonite grout from
B 0.0t S50 y
419.1 55.0' 15% 8.0 29 36 56.0
Bottomn of Hole -
_ Basa of Weathered Rock = 36.3 .
i Top of Rock = 36.0' 7]
= Elevation {438.1') =
FFEH
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Project No. 175559018 Location N 703045.88, E 1879000.10 {NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No.  STN-E-18  Total Depth 45
Locaticn Sumner County, Tennessee Surface Elevation 4741 fi. (NGVD29)
Project Type Geaotechnical Exploration Date Started 8/6/09 Completed 87109
Supervisor Paul Cooper  Driller 3. Bradford Depth to Water N/A Date/Time NIA
Logged By C. Wooed Automatic Hammer 1  Safety Hammer=) Other(]
Lithology Overburden [Samplsa # Cepth Rec.Ft.| Blows |Mols.Cont. %
Elavation Depth Description Raock Core RQD Run Rac. Ft. | Rec. % | Run Depth Remarks
474.1" 0.0 Top of Hole
Buoring acvanced 1
Refer to STN-E-1 for descriptions with 4.25" hollow
of averburden scils. stem auger. i
5T-1 40-6.0 1.0 15 —
S5T-2 a0-100 0.5 10 -
8T-3 | 12.0-140 0.5 g .
ST<4 | 200-220 0.7 19 .
Boring backfilled with |
bentonite grout frem ]
0.0t M5 H. -
ST-5 | 320-M0 0.0 - .
439.5' 34.5 ]

Mo Refusal f
Botiom of Hola

o T o T A WP A A
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Project No. 175558018 Location N 703007.37, E 187902221 {NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-2  Total Depth 30.0#
Location Sumner County, Tennessee Surface Elevation 475.7 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started B/8/09 Completed 8/10/09
Supenvisar Paul Cooper  Driller J. Huntoon Depth to Water 18.0f Date/Time 8/9/09
Logged By D. Chapman Automatic Hammer=j  Safety Hammer Other[J
Lithotogy Overburden [Sample # Depth Rec. Ft.| Blows |Moais.Cont %
Elevation | Depth Descriptien Rock Core RQD Run Rec. Ft. | Rec. % | Run Depth Remarks
475.7 a0 Top of Hola
[ A75Y 4"~ \BOTTOM ASH Road Surface /7| SPT-1 0.0-15 07 A4-4-7 13 Boring advanced -
. with 4.25" hallow
GRAVELLY LEAN CLAY with SPT-2 15-30 0.8 B-3-3 22 stem suger.
Sand (Pond E Dike), reddish 1
brown and yellowish brown to 8PT3 3.0-45 1.0 8-15-14 " i
brown, maist, medium ta very -
S, sity SPT-4 45-6.0 11 B-26-20 1 i
SPT-5 E.0-7.5 1.0 B-10-15 14 i
g . 17 Bulk Sample #1 .
SPT-5 7.5-9.0 1.0 8-17-18 10 A o B0 to
SPT-7 | 9.0-105 1.3 6-7-8 17 1.0 _
4637 12.0 SPT-8 10.5-12.0 0.9 67-13 13 ]
BOTTOM ASH (sluiced), dark SPT-9 | 120-135 | 10 [ 111315 - Piezametar nstalled -
gray to black, maist to wet, very (see PZ detail ]
locse 1o dense, frace to some fiy SPT-10 | 13.5-150 13 567 26 sheet). a
ash SPT-11| 150-465 | 10 | 236 17 i
-some clay batween 15.5' to 17.0°
SPT-12 | 16.5-18.0 0.9 81322 19 ]
SPT-13| 18.0-185 1.4 1988 27 i
SPT-14 | 195-210 1.1 18-9-9 19 -
SP1-15| 21.0-225 0.8 575 17 i
SPT-16 | 22.5-24.0 0.7 2-55 34 7
SPT-17 | 24.0-255 0.8 2-4-4 17 -
. Piezometer -1
wsr | o1 SPT-18 | 255-27.0 06 | 14 2 backfilled with sand, _
. bentorite pellets,
SILTY CLAY, olive brown, wet, SPT-19| 27.0-285 0.5 1-11 37 and bentonite groul
very soft SPT20| 285.203 | 03 | 15003 27 from 0.0 0 30.0f.
4457 30.0° SPT-21 ] 30.0-300 0.0 50/0.0° —
Auger Refusal / ]
Bottom of Hole |
Top of Reck = 30.0' :
Elevation {445.7') B
prrTi]
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Project No. 175559018 Location N 702955.21, E 1879046.66 {NAD27)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-E-3  Total Depth a1.4 #
Location Sumner County, Tennessee Surface Elevation 459.6 ft. (NGVD28)
Froject Type Gectechnical Exploration Date Started 8/19/09 Completed 8/19/09
Supervisor Paul Cooper  Driller J. Bowerman Depth to Water 7.5t Date/Time 8/19/09
Logged By Scott Lange Autornatic Hammer Safety HammerrJ  Other( ]
Lithology Cwerburden Sample # Dapth Rec. Ft. | Blows |Mois.Cont. %
Elevation | Depth Description Rock Core RQD Run Rec. Ft. | Resc. % | Run Depth Remarks
459.5' 0.0 Top of Hole
LEAN CLAY {Pond E Dike),
N brown, moist, Stff o very st SPT-1 0.0-15 0.5 6-5-6 ] Boring advancad -
| trace fine to coarse gravel and fly :;I;h 4 .25 hollow |
ash spT2 | 15-30 0.3 444 5 M auger.
| SPT-3 3.0-45 1.0 4-8-10 18 i
455.1' 4.5
— BOTTOM ASH (sluiced), black, SPT 45-6.0 1.0 768 15 —
moist to wet, very loose to
i medium dense, trace to some fly 7]
B ash SPT-5 6.0-75 1.0 4-54 16 i
[ SPT-6 75-9.0 1.0 2-1-1 19 b
B SPT7 | 9.0-105 0.3 1-1-2 k| _
i SPT8 | 185-128 15 6-3-2 46 1
447 6 12.00 ]
I FAT CLAY with Sand, yellowish sPT9 | 120-135 | 15 | 124 26 A
brown to crange brown, wet, soft
| to very stiff, trace fine gravel |
SPT-10| 135-15.0 1.0 455 an
N SPT-11| 150-165 1.0 257 24 i
5 SPT-12 | 165-180 1.8 369 25 ]
| SPT-13 | 18.0-195 13 277 24 i
B SPT-14 | 18.5-210 1.3 378 26 7]
i SPT-15 | 21.0-225 1.5 588 21 |
i S5PT-16 | 22.6-240 1.0 4-8-7 23 ]
B SPT-17 | 24.0-255 1.3 2-6-8 23 _
F' SPT-18| 25.5-270 15 5-7-10 23 ]
SPT-19 | 27.0-285 15 345 24 ]
SPT-20 | 28.5-300 1.3 345 20 ]

FMEM LEGACY 1Tk
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Project No. 175559018 Location N 70295521, E 1879046.66 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-3  Total Depth 4141
Lithology Civerburden Sample # Dapth Rec Fi.| Blows |Mais.Cont %
Elevation Depth Description Rock Core RQD Run Rec. Ft. | Rec.% | Run Depth Remarks
FAT CLAY with Sand, yellowish | gpo75¢ | 306.315 | 13 | 274 23 ]
3 brown to orange brown, wet, sofl
i to very stiff, trace fine gravel i
{Continued) SPT-22 | 31.5-330 1.0 1-2-2 43
| SPT-23| 33.0-34.5 1.5 1-1-2 32 i
B SPT-24 | 345-360 | 15 237 56 m
| S5PT-25 | 36.0-37.5 1.8 4-4-2 s i
Boring backfilled with
B bantonita grout fram
SPT-26 | 37.5-39.0 15 1-1-2 51 0.0t0 &14 ft.
| SPT-27 | 39.0-40.5 1.5 2.2-11 34 a
- a1z | 434 SPT-28 | 405-414 [ 05 | 6-500.4 55 -

Auger Refusal /
Bottomn of Hole

Top of Rock =41.4°
Elevation (418.2"

s
230
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Project No. 1755509018 Location N 702820.82, E 1878131.27 (NAD27)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-E-4  Total Depth 50.3 ft
Location Sumner County, Tennessee Surface Elevation 474.3 ft. (NGVD29)
Project Type Geoptechnical Exploration Date Started 8/7/09 Completed 877109
Supervisor Paul Cooper  Driller 5, Bradford Depth to Water 14.011 Date/Time /7109
Lagged By C. Wood Automatic Hammer=3  Safety Hammer[—] Other[J
Lithology Qvercurden [Sample # Depth Rec.Ft.| Blows |Mois.Cont %
Elevaticn Depth Description Rock Core RGD Run Rec. FL. | Rec. % | RunDepth Remarks
4743 oo Top of Hole
\4741 /TN D2 /T\BOTTOM ASH Road Surface /| SPT-1 | 0.0-15 10 | 443 18 | Boring advanced
ith 4.25" hollow
LEAN CLAY (Pond E Dikej, SPT-2 | 15-3.0 06 334 23 ;‘:’m auger_o b
orange brown, moist, medium to .
very stiff. silty, trace fine sand and SPT-3 30-45 0.8 5510 12 |
botion ash SPT-4 | 45-60 12 | 31842 14 -
SPT-5 6.0-7.5 10 | 131620 16 i
SPT-6 765-9.0 1.0 | 16-19-18 11 ]
464.3' 10.00 SPT-7 | 9.0-105 1.5 | 20-16-24 18 -
BOTTOM ASH (Pond E Dike), 634 i
black. moist to wet, medium 5PT-8 | 10.5-12.0 1.2 | 342 13 i
dense to very densa, some fly ash | gpTg | 120-135 | 1.0 | 10-13-16 18 q
SPT-10 | 13.5-150 12 13-13-8 28 T
459.0 15.2 —
FLY ASH (sluiced}, dark gray and SPT-14 | 150-16.5 4.4 4-1-WOH 62 _
black, wet wet, very soft to SPT-12 | 165-180 | 08 | 2WOH- 31 -
medium sliff, some clay between WQOH .
15.3'16 16.5' SPT-13| 18.0-185 1.2 WOH- 35 4
WGH-1
SPT-14 | 18.5-21.0 0.2 | 2-1-WOH 32 7]
SPT-15| 21.0-225 1.2 1-2-3 35 .
SPT-16 | 22.5-24.0 13 1-2-1 39 ]
SPT17| 240-255 0.0 1-1-1 - -
SPT-18 | 255-27.0 0.0 -1 - 1
SPT-19 | 270-285 00 | 1-1-woH - i
SPT-20 | 28.5-30.0 0.0 WOH- - ]
WOH-WOH —
SPT-21| 30.0-315 0.8 WOH- 3 4
WOH-WOH i
8PT-22 | 31.5-33.0 o8 WOH- 29
WOH-WOH .
S5PT-23 | 33.0-345 0.5 WOH- i J
2 MWOH-WOH ]
3 SPT-24| 345-360 | 12 | WOH- 29
£ WOH-WOH .
§ SPT-25 | 36.0-375 1.0 WOH- 34 J
K WOH-WOH ]
sPT-26 | 37.5-39.0 1.0 WOH- 3z
% WOH-2 .
5] 454 400 SPT-27 | 38.0-405 0.8 WOH- M -
E LEAN CLAY, dark gray o orange WOH-4 1 |
5 brown, wet, st to very st siky, | ST1-28 | 405~ 42.0 0.7 44-7 9 )
_?, trace fine to medium sand SPT-20 | 428-435 1.0 4511 20 4
g FIrETRT]

b P annilbine Caminae lns



Mgy LE ALY 1 7IASTE BOANGS P FRAMGDT 2230

4 Stantec

SUBSURFACE
LOG

Page: 2 of 2

Project No. 175559018 Location N 702820.82, E 1878131.27 (NADZ7)
Project Name  Galiatin Fossil Plant - TVA BoringNo.  STN-E-4  Total Depth 50.3 ft
Lithology Ovarburden [Sampla # Depth Rec. Ft.| Blows |Mos.Cont %
Elevation Depth Crescription Rock Core RQD Run Rec.Ft. | Rec.% | Run Depth Remarks
LEAN CLAY, dark gray to orange SPT30 | 43.5-450 14 4-510 20 h
b , wet, stiff t iff, silty, .0 - 4. E - 21 R
rown, wel, s ::I\"BI'Y stiff, silty SPT-31 | 450-4B5 14 4u5-7 Boring backfled with
{race fine 1o medium sand bentonite qrout from -
(Continued) 5PT-32 | 48.5-48.0 0.8 7-8-11 19 g
SPT-33 | 48.0-43.5 0.2 554 25 _
42400 50.3 5PT-34 | 49.5-50.3 0.8 4-50/0.3' 20 —
Auger Refusal f |
Botton of Hole 3
Top of Rock = 50.3' _
Elevation (424.0°} —
[ FFE)
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Project No. 176559018 Locafion N 702820.82, E 1878131.27 (NAD27)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-E-4S  Total Depth 42.0 ft
L.ocation Sumner County, Tennessee Surface Elevation 474.3 ft. (NGVD29)
Project Type Geotechni¢al Exploration Date Started 8/8/09 Compieted 8/8/09
Supervisar Paul Cooper  Driller S. Bradford Depth to Water  N/A Date/Time N/A
Logged By C. Wood Automatic Hammer5@  Safety Hammer[—] Other(]
Lithology Cwerburden [Sample # Depth Rec. Ft. Blows |Mois.Cont. %
Elevation Dapth Description Rock Core RQD Run Rec.Ft.| Rec. % | RunDepth Remarks
4743 0.0 Tap of Hole
| Refer to STN-E-4 for descriptions Boring advanced _
| of overpurden soils. with 4.25" hollw stem
auger. i
- ST-1 50-7.0 0.8 20 -
i Bulk samgle #1 }
B obtained from 125 7
5 10 15.0 ft. .
- ST-3 15.0-17.0 0.4 22 ~
- ST-4 200-220 0.0 - -
- ST-5 35.0-37.0 0.0 - -
B Boring backfilled wilh
bentonite grout from |
0.0t 42.0 f. |
5 576 | 40.0-420 0.0 - ]
4323 42.0'
B No Refusat / |
Bottam of Hole

P LEGACY 1TESFMH I BoRIMGI. 6P FWEM GOT 230
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Project Ne. 175559018 Location N 702788.65, E 1878111.48 (NAD27)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-E-5  Total Depth 50.3 1t
L.ocation Sumner County, Tennessee Surface Elevation 476.1 & (NGVD29}
Project Type Geotechnical Exploration Date Started 8/9/09 Completed 8/9/09
Supervisor Paul Cooper  Driller S. Bradford Depth to Water 17.2ft Date/Time 8/9/09
Logged By C. Wood Automatic Hammer5  Safety Hammer(3) Other[]
Lithology Overburden [Sample # Depth Rec.Ft.| Blows |Mois.Cont %
Elavation Dapth Description Rock Core RQD Run Rec. Ft. | Rec. % | Run Depth Remarks
476.1 oL Top of Hele
| BOTTOM ASH (Pond E Dike), SPT-1 00-15 0.6 3-25-26 13 Boring advenced
| black, maist, dense fo very dense with 4.25" hollow
SPT-2 1.59- 30 UB 25—2?'19 22 stem auger_
= 4724 AL SPT-3 30-45 13 | 231514 13 i
LEAN CLAY {Pond E Dike}), dark
B brown to grayish brown, moist, S5PT4 4.5-6.0 0.7 9-11-11 13 .
i Hiff, sitty, trace fi el -
I very siff siity, trace fne grav SPT.5 | 60-75 12 | s12a7 13 i
| -with bottorn ash from 8.0t0 9.0 SPT-8 7.5-98 13| 121918 ® i
| ft. SPT-7 | 90-105 1.4 7-6-15 11 _
[ agar 12.0 SPT-8 | 10.5-120 10 | 121717 17 i
3 BOTTCM ASH (Pond E Dike), SPT-8 | 120-135 14 | 241726 15 -
| black, moist to wet, medium _
dense to dense SPT-10| 135-15.0 1.4 | 26-29-31 21
B SPT-11| 150-185 15 | 181315 18 J
B SPY-12 | 16.5-18.0 1.0 14-6-4 22 ]
2578 185 1 0 11 2:2-2 37 ]
- FLY ASH (sluiced), black, wat, SPT-13| 18.0-19.5 : - ]
— very soft o soft SPT-14| 19.5-21.0 1.3 | 1.WOH-1 35 .
_ SPT-15 | 21.0-225 0.8 1412 41 A
B SPT16 | 225240 1.2 14141 32 T
| SPT-17 | 24.0-255 0.0 2-2-1 - _
i SPT-18 | 255-27.0 0.2 421 25 7
N SPT-19 | 27.0-28.5 0.0 2-1-1 - i
- SPT-201 28.5-30.0 0.0 1-1-1 - ]
| SPT-21| 300-315 1.0 WOH- 35 i
WOH-WOH
B SPT22 | 31.5-330 1.2 WOH- 29 T
- WOH-WOH .
N SPT-23 | 330-345 1.2 WOH- 28 i
g WOH-WOH |
- SPT-24 | 34.5-36.0 1.0 WOH- 36
5 AWOH-WOH .
i spT25 | 360-375 | 10 | WOH- 57 i
L —— 80 SPT- 37.5-39.0 1.3 wm?gﬁwa?; 22 ]
E | LEAN CLAY, oranga brown, wet, -28 T ; i
n medium stiff to stiff, trace fine SPT-27 | 39.0-40.5 1.0 235 20 |
é grave! ]
é B SPT-28 | 40.5-420 1.0 457 22
; 432.9' 432 SPT-25 | 420-435 15 857 20 A
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Project No. 175559018 Location N 702788.65, E 1878111.48 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-S Total Depth 50.3 ft
Lithology Overburden [Sample # Depth Rec.Ft.| Blaws |Mois.Cont %
Etevation Deapih Dascripticn Rock Core RQD Run Rec. Ft. | Rec.% | Run Depth Remarks
= FAT CLAY, orange brown, wet, SPT-30 | 43.5-45.0 1.4 6-8-7 19 _
1 tiff, t fi t .0 - 4B, 15 -14 .
[ ?Can?in::gjs race ine gave SPTS1L 45 &3 107 2 Boring backfilled with
o i 1. bentonite grout from
I SPT-32 | 46.5-48.0 03 2-11-10 26 0.010 503 ft i
- SPT-33 | 4B.0-495 0.5 7-8-11 29 -
- 425.9' 503 SPT-34 | 49.5-50.3 0.8 | 24-5040.3 27 —

FHEM LEGADY 1FERAMA S BORINGE 0F) FREM GOT 1w

Auger Refusal /
Bettom of Hole

Top of Rack = 50.3'
Elovation (425.8')
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Project No. 175558018 Location N 702733.38, E 1878070.14 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-6  Total Depth 280 %
Location Sumner County, Tennessee Surface Elevation 459.6 ft. (NGVD28)
Project Type Geotechnic¢al Exploration Date Started B/10/09 Completed 8/10/09
Supervisor Paul Cooper  Driller J. Wethington Depth to Water 3.5t Date/Time 8/10/09
Logged By Craig Milihollin Automatic Hammer 3  Safety Hammers=d  Other 3
Lithology Cverburden [Sample # Depth Rec. Ft. Blows [Mols.Cont. %
Elevation Depth Descriplion Rock Core RQD Run Rec. Ft.| Rec.% | Run Depth Remarks
4596 0.0 Tap of Hole
FLY ASH [sluiced), dark gray, SPT-1 0.0-15 15 422 24 Boring advanced -
maist to wet, very soft to soft with 3.25" holkow i
SF'T—2 1 5 g 3‘0 0-8 2-2‘2 49 stam auger_
SPT-3 3.0-45 1.5 212 38 i
SPT4 | 45.60 15 | 214 41 g::ﬂpﬁ'%e;gﬁs‘ﬂ‘bd—
SPY-5 | 60-75 02 | 1won 18 sheet). ]
WOH
SPT6 7.5-9.0 1.0 2-1-1 29 ]
SPT-7 | 9.0-105 0.7 WOH- 31 -
WOH-WOH
SPT-8 | 105-120 0.0 WOH- - T
WOH-WOH .
SPT-9 | 12.0-13.5 07 WQH. 32 i
MIOH-WOH
SPT-10| 13.5-15.0 10 WOH- 38 }
WOH-WOH, —
BPT-11| 15.0-16.5 1.5 WoH- 29 i
MWOH-WCH
8PT-12 | 16.5-18.0 15 | WOH-11 29 ]
441.4' 18.2' .
LEAN CLAY, reddish browr, wet, SPT-13| 184-195 1.2 2-59 46 .
medium stifto ST, trace fne SPT-44 | 19.5-210 | 08 | 34% 19 .
SPT-15| 21.0-225 14 225 22 -
4368 20 PT-16 | 22.5-24.0 1.0 | 41015 32 ]
FAT CLAY, orange brown, wet, SPT- B : Piazometer i
very stiff, trace fine gravel SPT-17 | 24.0-255 07 7-10-11 23 dackfilled with sand, _]
bentonite pellets,
SPT-18 | 255-270 1.3 7-12-18 38 and bentonite grout 7|
from 0.0to 28.01t.
431.6' 280 SPT-1% | 27.0-20.0 1.0 | 15-50/0.5' 39
Auger Refusal / A
Botlam of Hole N
Top of Rock = 28.0 j
Elevation {431.8)
22310
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Project No. 175559018 Location N 703843.80, E 1877971.87 (NAD27}
Project Name  Gallatin Fossii Plant - TVA Boring No. STN-E-7  Total Depth 65.0 ft
Location Sumner County, Tennessee Surface Elevation 475.1 ft. (NGVD29)
Project Type Geotechnical Exploration Date Starled 8/8/09 Completed 8/8/09
Supervisor Paul Cooper  Driller S. Bradford Depth to Water 18.5# Date/Time 8/8/08
fogged By C. Wood Automatic Hammer Safety Hammert—}  Other[
Lithology Overburden [Sample # Depth Rec. Ft.| Blows |Mois.Cont. %
Elgvation Depth Description Rock Core RQD Run Rec. Ft. | Rec.% | Run Qepth Remarks
475.1" 0.0 Top of Hole
LEAN CLAY {Pond £ Dike), SPT-1 00-1.5 0.8 8-8-8 13 Roring advanced -
brown, moist, stff to very stiff, with 4.25" hollow |
silty, trace fine sand fo fine gravel | SPT-2 | 1.5-30 12 | B8 4 stem auger. ]
SPT-3 30-45 05 8-9-18 13 i
SPT-4 45-80 0.7 | 131015 13 7
SPT-5 60-75 0.0 14-12-9 - i
SPT-6 7.5-50 u.8 10-13-10 11 T
SPT-7 | 50-105 14 §-11-13 14 -
SPT-8 | 105-12.0 12 | 131392 15 7
SPYT-9 | 12.0-135 1.0 | 131447 18 -
461.4' 13.7"
BOTTOM ASH (Pond E Dike}, SPT-10| 13.5-1540 1.0 10-26-14 13 7
black, moist to wet, verylocseto | ooy g | 450.165 | 11 | 587 33 i
dense
-some clay between 17.0° ang SPT-12| 16.5-18.0 1.5 322 36 i
455.9° 19.2' 192 SPT-13 | 18.0-18.5 1.4 334 N i
FLY ASH {slulced). dark gray, SPT-14| 195-210 | 04 | 433 3 7
wot, very saft to medium stiff 1
SPT-15| 21.0-225 14 | 1WOH- 34 i
WOH ]
a51.1" 24.0° SPT-16 | 22.5-24.0 15 u\;’c?HH-] 39 i
LEAN CLAY, crange brown, SPT-17 | 24.0-255 07 334 ] _
maist, soft to stiff, trace fine sand i
SPT-18 | 255-270 0.3 1-2-2 8
SPT-18 | 270-285 1.0 3-5-10 8 ]
SPT-20 | 285-30.0 0.8 455 6 ]
SPT-21| 30.0-31.45 1.5 1-2-3 3 4
442.1° g0 SPT-22 | 31.5-33.0 1.4 223 3 j
SANDY LEAN CLAY, orange SPT-23| 33.0-345 1.5 2-34 7 3
brown, moist to wet, medium o _
very stiff, trace fine gravel SPT-24 34.5-36.0 0.e 2-2-3 6 i
SPT-25 | 36.0-375 15 4.4-5 6 i
SPT-26 | 37.5-3%9.0 1.4 2-34 5 ]
SPT-27 | 39.0-405 13 WOH-24 3 ]
5PT-28 1 40.5-42.0 10 4-8-10 5 ]
SPT-20 | 42.0-435 0.8 4-7-8 5 4

Cénmtan Manc ifina Qansdirace Ine
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Project No. 175559018 Location N 703843.80, E 1877971.87 {NAD27)
Project Name  Galiatin Fossil Plant - TVA BoringNoe.  STN-E-7  Total Depth 85.0 ft
Lithalogy Overpurdan [Sample # Deplh Rec. F. | Blows |Mois.Cant. %

Elevation Depth Description Rock Core rRQD Run Rec. Ft. | Rec.% | FunDepth Remarks
SANDY LEAN GLAY, orange SPT-30 | 435-450 g6 344 5 ]
brown, maist to wet, medium to SPT-a1 | 450-465 1.0 3510 4 _
very stiff, trace fine gravel |
(Cantinued) SPT-32 | 46.5-480 0.3 §-5-10 4 1

426.1" 49.0° SPT-33 | 480-495 | 07 | 54010 5 .
FAT CLAY, orange krown, moist, 4 7 4 -]
very soft to very stiff, traca fine SPT-34 9.5-51.0 0. 51010 |
sand to fine gravel BPT-35| 510-525 | 15 | 111314 4 -

SPT-36 | 52.5-54.0 0.2 56-7 L 7
SPT-37 | 54.0-555 0.8 5-6-6 7 ]
SPT-38 | 55.5-57.0 03 5-5-6 4 7
SPT-33 | 570-585 1.4 9810 5 -
SPT-40 | 58.5-60.0 1.3 3-5-6 38 T
SPT-41| 60.0-815 1.5 334 35 Bering backdilled with -
bentonite grout from |
SPT-42 | 61.5-B3.0 1.2 2-11 42 0oteBs.Of.
S5PT43 | 63.0-64.5 0.8 321 44 e
SPT-44 | 64.5-65.0 0.5 WOH- 3 =
410.1° 65.0" 504081

Auger Refusal {
Hottom of Hole

Top of Rock = B5.0°
Elevation {410.1')

Ctantar Cancoltina Qanviras Ine
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Project No. 175559018 Location N 703835.47, E 1877934 .64 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-8  Total Depth 6391t
Location Sumner Counfy, Tennessee Surface Elevation 476.5 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8{11/09 Completed 8/11/09
Supervisor Paul Cooper  Driller J. Wethington Depth fo Water  20.0 ft DatefTime 8/M1/08
Logged By Craig Millhollin Automatic Hammer[—  Safety Hammer=l Other(]
Lithalcgy Overburden [Sample # Depth Rec. Ft.| Blows |Meis.Cont. %
Elgvation | Depih Description Rock Core | RQD Run Rec. Ft. | Rec.% | Run Depth Remarks
476.5' 0.0 Top of Hole
| LEAN CLAY (Pond E Dike), P11 0.0-05 0.5 17 somg advanced |
reddish brown fo tan, molst, stiff SpT-2 05-2.0 1.1 457 17 with 3.25* hollow
i At fi | .
i to very stit. trace fine grave SPT-3 | 20-35 15 | 1zar27 18 | pak oot -
B cbtained from 3.0to0 |
SPT-4 35-50 15 6-9-10 14 5.0
= 5T1 50-7.0 16 14 .
i Flezometer ingtalled
5 SPT-5 7.0 85 09 | 271815 15 {see PZ detail
shaet}.
i SPT-8 | 8.5-10.0 14 | 27-2825 9 i
1 SPT-T | 10.0-115 19 | 12-17-28 21 i
i §T2 | 115-135 | 13 16 ]
K SPT-8 | 13.5-150 15 8-9-12 18 T
| sPT9 | 150-16.5 0.8 | 111415 23 Bulk Sample #2 -
obiained from 16.0
i SPT-10 | 16.5-18.0 1.0 | 11-12-15 20 o 19.0 1
- ST3 | 18.0D-200 2.0 46 -
456.5' 20.0¢ -
B FLY ASH (sluiced), gray to black, SPT-11| 200-21.5 15 1-3-2 3 i
wet, medium stiff |
[ 454.0° 225 SPT-12 | 245-230 15 1-3-10 286
B LEAN CLAY (Pond E Dike), Bulk Sample #:233 -
s raddish brown, wet, siff to very SPT-13 | 23.0-245 1.0 5939 22 'I??SI";% from 23.0
_ stiff, trace to some fine gravet o _
574 | 245-285 1.0 20
- 4500 26.5' 7]
B SANDY LEAN CLAY, reddish SPT-14 | 26.5-280 1.0 40-37-12 10 T
- brown, moist, medium to vary -
u stiff, trace to soma fine grave! SPT-16 ] 28.0-295 o8 1266 17 ]
B §T6 | 205-315 | 05 a3 ]
i SPT-16 | 34.5-330 1.1 2-3-5 3 T
SPT-17 | 330-345 12 247 12 i
SPT-18 | 34.5-36.0 1.3 12-11-9 22 .
5T-6 350-330 0.0 - -
SPT-19 | 30.0-39.5 1.2 8-5-6 P -

Stantec Consulting Services Ihc
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Project No. 1755509018 Lacation N 703836.47, E 187793464 (NAD2T)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-8  Total Depth 63.9 ft
Lithology Ovarburden Sample # Dapth Rac. Ft.| Blows |Mais.Conl. %
Elavation Oepth Description Rock Core RQD Run Rec. Fi. | Rec. % | Run Dapth Remarks
I SANDY LEAN CLAY, reddish SPT-20 | 39.5-410 1.1 458 22 ]
brown, moist, medium to very
i siiff, trace to some fina gravet 8T-7 41.0 - 43.0 1.7 17 T
" a328 say | [Contiued) sPT.21| 430-437 | 05 |26-5002 23 L
i LEAN CLAY with Sand, reddish spT22 | 437-452 | 15 | 7115 26
B brown, moist 1o wet, stiff to very ]
o sliff, trace fine lo medium sand 5T-2 457 - 472 20 23 -1
- SPT-23 | 47.2-48.7 12 | 17-13-15 20 -
i SPT-24 | 487-502 | 12 | 81617 23 ’
i ST-9 | §0.2-52.2 15 24 7
- SPT-25 | 522-537 04 | 13-17-16 28 .
i spT26| s3ar-ss2 | 12 | 161617 36 l
i ST-10 | 552-57.2 0.5 a3 .
3 SPT-27 | 57.2-58.7 12 356 25 .
" spr2a| sa7-602 | 13 4-57 L }
- Plezomeiar —
ckfillad wi d,
a SPT-20 | 602-617 | 15 | 345 2| e et
| and bentonite grout
SPET-30 | 61.7-63.2 15 445 27 tom 0.0t0 63.9 % |
| 4126 63.9' spT-31| 632-639 0.7 | 7-500.2' 2 |
Auger Refusal f -
Hottom of Hole
2 Top of Rock = 63.9' ]
5 Elevalion (412.6°) -
g‘l-lﬂﬂ

Stantec Consulting Services Inc
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Project Na. 175559018 Location N 703753.39, E 1877876.25 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-8  Total Depth 45.9ft
Location Sumner County, Tennessee Surface Elevation 451.8 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/20/09 Compieted 8/21/09
Supervisor Paul Cooper  Driller J. Bowerman DepthtoWater 801t Date/Time 8/20/09
Logged By Scolt Lange Automatic HammerBZ] Safety HammerrJ Other S
Lithology Overburden Sample # Depth Rec.Ft.| Blows |Mois.Cont. %
Elevation Depth Description Rock Come RQD Run Rec. FL. | Rec.% | Run Depth Remarks
451.8' 0.0 Top of Hole
LEAN CLAY, reddish brown to
. - -1 i . 1 i
brown, moist to wet, medium st | > 1§ 097 0 235 s Boring advanced -
to stiff, trace fine to medium sand witn 4 ;!js ':°“°w i
SPT2 | 15-30 15 244 26 ger.
SPT-3 30-45 1.5 32-5 26 i
5741 45-65 2.0 19
SPT-4 | 65-80 1.3 366 23 l
SPT-5 80-95 1.5 3-5-8 24 i
8T-2 85-115 2.0 2
SPT6 | 11.5-13.0 1.5 2-76 33 ]
SPT-7 | 13.0-145 1.5 26-7 25 i
437.3' 14.5'
LEAN CLAY with Sand, yollowish | gpyg | 145-160 | 12 257 27 7
brown, moist, very sofl to stiff, ]
trace fine gravel
SPT-9 | 16.0-175 15 357 34 1
SPT-10 | 17.5-18.0 1.3 23§ 22 h
SPT-11| 19.0-20.5 15 146 24 ]
§PT-12 | 205-22.0 1.5 4-6-8 24 ]
SPT-13| 22.0-235 1.5 4-5-6 18 i
SPT-14 | 23.5-25.0 15 356 26 ]
$PT-15 | 25.0-26.5 15 2-36 29 i
SPT-16 | 26.5- 280 1.5 3-4-5 34 T
SPT-17 | 28.0-29.5 1.5 1-34 28 i
J —
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Project No. 175559018 Location N 703753.39, E 1577876.25 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-9  Total Depth 4591t
Lithology Querburden Sample # Depth Rec. Fl.| Blows |Mois.Cont. %
Elevation Dapth Description Rack Core RQD Run Rec. Ft. | Rec.% | Run Depth Remarks

B brown, moist, vary soft to stiff, 7

| trace fine gravel {Continued) SPT19| Mo-325 15 1-1-2 30 i

i SPT-20 | 32.5-34.0 15 1-34 p ]

| 3PT-21 34.0-255 15 1-14 24 _

416.3' 5.5

i SANDY LEAN CLAY, brownand | qer o7 | 355-370 | 15 | 1-14 29 i
tan, moist to wat, very soft to ]

B medium stiff, irace fine gravel

i SPT-23| 37.0-385 | 15 1-11 28 i

i SPT-24 | 38.5-400 15 1-1-1 2 l

SPT-25 | 40.0-41.5 1.5 1-1-1 56 i

" 4103 41.5'

B i Boring backfilled with -
FAT CLAY, yellowish brown and | opp o6 | 415430 | 1.5 | 1-WOH 43 bentonits grout from
grayish brown, moist to wel, very 0.0 to 45.9 1t |

i soft to medium stiff, trace fine

B gravel SPT-27 | 43.0-44.0 1.5 1-2-3 M |l

[~ SPT-28 | 44.5-459 1.4 | WOH-2- 51 7

405.9° 45.9' 50/0.4' |
Auger Refusal f

B Bottom of Hole i

B Top of Rock = 45.9' ’

n Elevation (405.9) ]

1
g | i
H g
| -
i
: ]
i
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Top of Rock = 28.6°
Elevation [446.%)

Page: 1 of 1
Project No. 175558018 Location N 704870.32, E 1877862.37 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-10  Total Depth 29.1ft
Location Sumner County, Tennessee Surface Elevation 474.9 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/5/09 Completed 8/6/09
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water  13.5f Date/Time 8/6/09
Logged By D. Chapman Automatic Hammer=l Safety Hammer[ 1 Other[]
Lithalogy Qverburden Sample # Depth Rec Ft.| Blaws |Mois.Cont. %
Elavation | Beplh Description Rack Core RQD Run Rec. Ft. | Rec. % | RunDepth Remarks
ATA S 0.0 Top of Hole
LEAN CLAY with Ssnd (Pond E SPT-1 0.0-15 1.0 2-4-7 19 Boring advanced
Dike}, reddish brown, moist, stiff with 4.25" hollow
to very st trace medium sand to | SPT-2 15-30 0.9 | 101394 8 stem auger. j
fine: gravel SPT-3 | 30-45 08 | 8610 22 ]
SPT4 45-6.0 1.0 7-8-10 18 7
8PT-5 6.0-7.5 0.8 3712 25 i
SPT-6 75-80 15 3713 24 ]
S§PT7 | 9.0-105 1.3 657 20 -
483.2' nr SPT-8 | 105-12.0 12 7-16-20 22 ]
BOTTORASH {Pand E Dike}. spT9 | 120-135 | 15 | 72521 11 i
dark gray, moisl to wet, medium
dense to dense SPT0 | 135-15.0 1.1 81327 17 7
4554 16.5 SPT-11 | 150-16.5 05 | 81292 19 i
FLY ASH {sluiced}, black, wat, SPT-12| 165-1B.0 10 2-1-1 7 -
vary sofl to soft B
SPT-13| 18.0-185 15 1-2-1 33 A
4535 21.0° SPT-14| 19.5-210 15 111 48 |
LEAN CLAY, raddish brown to SPT-165 | 21.0-225 15 1-1-1 28 J
graylsh brown, wet, very soft, 4
trace fine 1o coarse gravel SPT-16 | 22.5-240 11 111 24 )
SPTAT| 240-247 05 | 28002 25
445 4' 255 Boring backflled wit]
FAT CLAY, brown, maist, stiffto | §PT-18 | 265-27.0 | 07 | 238 a0 | bentonfe groutfrom 1
very stiff, trace medium sand N
4453 28,6 SPT-19 l 27.0-24.5 08 | 21518 27 i
= T SPT20 | 28.5-286 0.1 50/0.7° 9
445822115 | imastona, highly weathered
\taugared) /
Auger Refusal /
Bottom cf Hole

l:11I|-||I||||I

9
£
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Project No. 175559018 ocat'on N 704870.32, E 1877862.37 {(NAD2T7)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-10S Total Depth 27.0 %
Location Sumner County, Tennessee Surface E evation 4749 ft. (NGVD29}
Project Type Geotechnical Exploration Date Started 8/6/09 Completed B/6/09
Supervisor Paul Cooper  Driller J. Huntgon Depth to Water N/A Date/Time N/A
Logged By D. Chapman Automatic Hammer =} Safety Hammerr1  Other[D
Lithology Ovarburden [Sample # Depth Rec. FL | Blows |Mois.Cont %
Elevaticn | Depth Description Rack Cone RQD Run Rec. Ft. | Rec. % | RunDepih Remarks
474.9' 0.0 Top of Hola
Rater to STM-E-10 for Boring advanced
descriptions of overburden soils. with 4.25" hollow
stem auger.
8T 20-40 0.0 -
8T-2 50-7.0 2.0 18 .
573 8.0-10.0 0.0 - -
ST+ | 17.0-18.0 1.5 §4 .
ST5 | 21.0-230 1.8 32 -
Boring backdited with—
benionite grout from _
0.010 27.0 K. ]
BT-6 25.0-27.0 20 26 -
M7 27.0

No Refusal f
Boitom of Hole

Ctmetnn Cananltina Camdnsae Ina
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Project No. 175559018 Location N 704863.37, E 1877828.40 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No.  STN-E-11  Total Depth 4051
Location Sumner County, Tennessee Surface Flevation 476.1 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/7109 Cormpleted Bf7109
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water  30.0 fi Date/Time 8/7109
Logged By D. Chapman Automatic Hammer[= Safety Hammer[] Other[
Lithology Overburden [Sample # Depth Rec. FL. | HBlows Mois.Cont. %
Elgvalion | Depth Description Rock Core | ROQD Run Rec. Ft. | Rec.% | Run Depth Remarks
476.1" n.a Top of Hale
N (S:NdDY LERAI‘; CLAY m;h Grave! SPT-1 00-15 0.a 6-5-5 18 Boring advanced
| prd E Dike), orange brown, using 4.25" holow
| moist, stiff to very stiff, trace SPT-2 16-3.0 13 §-10-12 13 stem auger.
i medium sand to fine gravel SPT-3 | 30-45 14 8119 15 i
— SPT-4 45-6.0 1.3 7-8-12 22 N
L S5PT-5 §0-75 1.2 388 22 a
2 SPT-6 7.5-9.0 0.8 3-7-10 17 T
A Bulk Sampla #1 h
.- SPT-7 | 9.0-105 1.2 36-10 20 obtained from 3.0 10 _|
12.0f.
B sPT-8 | 10.6-120 1.0 5712 19 7
463.1' 13.0' SPT9 | 120-135 1.3 5-13-18 21 A
| BOTTOM ASH {Pord E Dike), A
B dark gray, moist, dense SPT-10 | 13.5-150 1.0 6-16-19 19 ]
L 4506 165 SPT-11| 15.0-16.5 0.4 50/0.4' 15 i
- LEAN CLAY, brownish yellow io SPT-12 | 18.5-18.0 1.5 4-55 18 ]
B dark orange brown, meisi 10 wet, 7 7]
B medium Stiff to stff, trace fine SPT-13 | 18.0-19.5 0. 4-4-5 18 i
B gravel SPT-14| 19.5-21.0 10 345 16 u
B S5PT-15 | 21.0.225 0.8 3-34 19 4
i SPT-16 | 225-24.0 1.0 465 26 1
L 4506 25.5° SPT-17 | 24.0-255 0.8 3-3-3 34 -
B FAT CLAY, yellowish brown and SPT-18 | 255-27.0 15 5-8-10 36 T
B orange brown, maist, medium 10 455 a0 7]
- very stiff, trace medium sand SPT-19| 27.0-285 1.3 7]
B SPT-20 | 28.5-300 1.5 168 34 7]
B sPT-21| 300-:15 | 14 | 355 42 _
i SPT-22 | 315-330 1.0 3-5-8 3 7
i SPT-23| 330-345 14 357 M i
§ SPT-24 | 34.5-36.0 12 3-34 32 1
. 3 . Boring backfilled with
5 SPT-25 | 36.0-375 15 356 35 Banoite grout from -
H SPT-26 | 37.5-390 | 15 | 4710 39 0.0to 40.5 ft. y
2 SPT-27 | 33.0-405 | 15 3-22 29
z 435.6' 40.8 SPT-2B | 40.5-40.5 0.0 50/0.0° - -
H Auger Refusal / F
E Bottom of Hole «
§ Top of Rock = 40.5' b
g Elevalion {435.5) -
2230
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Project No. 175559018 Locaton N 704854 47, E 1877754.46 (NAD2Y)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-12 Total Depth 2831t
Location Sumner County, Tennessee Surface Elevation 455.3 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/21/09 Completed B/22/09
Supervisor Paul Cooper  Driller J. Bowerman Depth to Water  10.0# Date/Time 8/21/09
Logged By Scott Lange Automatic Hammer =1  Safety Hammer—1  Other )
Lithology Ovarburden Sample # Dapth Rec.Ft.| Blows |Mols.Cont. %
Elavation Depth Descriplion Rotk Core RQD Run Rac. Ft. | Rec.% | Run Depth Remarks
4559 0.0' Top of Haole
LEAN CLAY, graylsh brown, SPT 00-15 1.0 334 21 Boring advanced
maist to wet, medium siff with 4.25" hallow
SPT-2 15-3.0 1.5 234 21 stam auger.
SPT-3 30-45 1.5 3-4-4 22 i
Piezamelar installed—
8T 45-55 20 21 ;
4488 6.5 511152 dotail ]
SANDY LEAN CLAY, yellowish SPT-4 6.5-8.0 1.0 5710 24 7
brown mottled black, moist io wet, T
medium 1o very stff, trace SPT-5 R0-95 1.3 6-9-12 24 i
medium sand o fina gravel -
5T-2 85-11.5 2.0 23 i
SPT-6 | 11.5-13.0 10 7-10-12 22 T
SPT-7 | 130-145 1.3 3-6-5 23 i
SPT-8 | 145-160 13 259 24 =
SPT9 | 160-17.5 13 356 35 -
SPT-10 | 175-190 | 13 | 8-50/05 37 gg;’;:;m derat |
SPT-11| 180-205 | 10 235 34 180t 1850/ |
SPT12| 205-22.0 1.5 334 a0 ]
SPT-13 | 220-235 0.0 6-7-6 - i
SPT-14 | 23.59-250 13 4-4-4 3z Piezomater T
hackiilled with sand, —
SPT-15 | 25.0-2685 1.3 344 28 bentonite pellets, ]
and bantonite groul
SPT-16 | 26.5-28.0 1.3 2-33 3 from 0.0 1o 28.3 it
A27.0 232 SPT-17 | 280-28.3 03 504/0.3' az -

Pl LECWRETY 1TiAS0 18 NORNGE, GAJ s 00T 40 ihg

Auger Refusal /
Bottom of Hole

Top of Rock = 28.3"
Elevation (427.0"

et
sMA0

Stantec Consulting Services Inc



&> Stantec

SUBSURFACE

LOG

Page:

1 of 1

Praject No. 175559018 Location N 70635341, E 1877474.21 (NAD27}
Project Name  Gallatin Fossil Plant - TVA Boring No.  STN-E-13  Total Depth 371
Location Sumner County, Tennessee Surface Elevation 4743 ft. (NGVD2S)
Project Type Geotechnical Exploration Date Started B/6/09 Completed 8/6/09
Supervisor Paul Coocper  Driller J. Huntoon Depth to Water 33.0 fi DatefTime 8/6/08
Logged By D. Chapman Automatic Hammer <]  Safety Hammer—1  Otheri
Lithclogy Cverburden [Sample # Depth Rec. FL | Blows |Mois.Cont. %
Elevation Depth Description Rock Care RQD Run Rec. Ft. | Rec.% | Run Depth Remarks
4743 o0 Top of Hole
FAT CMY with Sand (POI'Id E SPT-1 00 = 1;5 0.3 3—2‘2 19 Baﬁng advanced -
Dike), reddish brown ta yellowish with 4.25" hollow
brown, moist, soft to very stiff, SPT-2 15-3.0 15 | 151218 14 stem auger. |
trace fina gravel SPT-3 | 30-45 10 | 148917 18 i
SPT-4 | 45-60 0.3 5749 21 7
SPT-5 | &0-75 1.2 5-6-11 20 i
SPT-6 7.5-9.0 0.3 239 20 T
4548 | 95 9.0-105 | 10 | sa32 1 ]
BOYTOM ASH (Pond E Dike}, SPT-7 0-10. ' Bulk Sample#1 =
. chtained from 10.0
dark gray, moist, dense to very SPT8 | 10.5-12.0 15 | 22-38-38 15 t0 13.0 1.
461.8' 125 | dense .
SPT-5 | 12.0-135 13 | 8-23-30 16 i
FAT CLAY, orange brown to
yallowish brown, moist to wet, SPT-10| 13.5-150 1.0 955 21 |
very soft to very stiff, trace fine 7 I
gravel SPT-11 | 15.0-16.5 1.0 6-6- 22 3
SPT-12 | 16.5-18.0 12 247 33 T
SPT-13| 18.0-195 1.5 238 a2 4
SPT-14 | 19.5-21.0 1.3 367 28 7]
SPT-15| 21.0-225 1.5 4-5-10 24 Bulk Sample #2 i
abtained from 22.0 |
SPT-16 | 225.24.0 14 4-5-11 31 to 25.0 ft.
SPT-17| 240-255 1.1 2-310 28 _
SPT18 | 255-27.0 1.5 345 32 T
SPT-19 | 27.0-28.5 0.5 2-38 25 i
SPT-20 | 28.5-30.0 1.2 225 24 ]
SPT-21| 300-315 1.5 2-2.5 42 i
sPT-22 | 315-330 04 |39s0m¥ 24 T
Boring backfilled with 7
S5PT-23 | 33.0-245 0.1 50/0.2" 9 bentenite grout from 4
0.0to 37.1 1t
SPT-24 | 34.5-360 1.1 1-1-1 35
g .0-36. 01 | 7-50/0.9" 13 i
437.2 371 SPT-25 | 36.0-364 0.9 ]

FRAM | Easy 1 7RASR0 d MIRNGE.GRY AMEALGD T HEu1d

Auger Refusal f
Bottom of Hale

Top of Rock = 37.1
Elavafion (437.2

e mbne P I mem Qmmibaan lan

S—
o



“ t SUBSURFACE
LOG Page: 1 of 1
Project No, 175559018 Location N 706353.41, E 1877474.21 (NAD27)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-E-13S Total Depth 3401t
Location Sumner County, Tennessee Surface Elevation 4743 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/6/09 Completed B/6/09
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water  N/A Date/T me NiA
Logged By D. Chapman Automatic Hammert=  Safety Hammerr—] Other ]
Lithology Overburden {Sample # Depth Rec. Ft.| Blows Mols.Cont. %
Elevation Depth Description Rock Core RQAD Run Rec. Ft. | Rec.% | Run Depth Remarks
4743 0.0 Top of Hole
Refer to STN-E-13 for Bnﬂng advancad -
descriptions of overburden soils. with 4.25° hollow _
stem auger.
ST 20-40 0.0 -
s7-2 5.0-7.0 1.5 17 e
873 | 10.0-120 0.0 - .
ST-4 | 15.0-17.0 1.5 K| =
§T5 | 20.0-220 2.0 31 .
5T-6 250-27.0 il 26 .
Boring backfilled withm
pentanile grout fram |
ST-7 | 30.0-320 1.5 34 00t g2y 1
440.3 34.0

FEM LEGACY 1TERMGE B ORINTGE ) FMdL GDT TV

Auger Refusal /
Bottorn of Hole

Top of Rock = 34.0'
Elevation (440.3')

L4 L e e M DY il T
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Project No. 175558018 Location N 706343.79, E 1877425.50 (NADZT)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-14  Total Depth 405 ft
Locaticn Sumner County, Tennessee Surface E evation 477.0 it (NGVD29)
Project Type Gentechnical Exploration Date Started 8/7/09 Completed BfTI08
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water 39.0ft Date/Time 877109
Logged By D. Chapman Automatic Hammer=) Safety Hammert Other[ ]
Litholagy Overburden [Sampla # Depth Rec. Ft.| Blows |Mecis.Cont. %
Elevation Depth Doscrplion Rock Cora RQO Run Rec. Ft. | Rec.% | RunDspth Remarks
477.0' 0o Top af Hele
IBE:&N CLAY w;lh Sand (P::nd“fr t 5PT-1 D.0-15 15 4-6-5 22 Boring ad,,;md i
ike}, oranga brown, moist, stiff to with 4.25" hollow 4
vory st trace medium sand to SPT2 | 15-30 10 4-7-8 16 slam auger.
fine gravel 8PT3 | 30-45 0.8 8-8-11 20 ]
. Bulk Sample #1 -
S5PT-4 45-6.0 0.8 355 17 e 0t |
SPT5 | 60-75 15 248 18 8on. ]
SPT-6 75-90 1.3 356 24 7
SPT-7 | 9.0-105 14 24-5 20 Piezometer Installed—|
2660 10 SPT-8 | 105-120 | 13 | 172119 13 {soe b2 detal 7
BOTTOM ASH (Pend E Dike), ) P ' i shoet). i
464 0 13.0° black, meist, medium dense to SPT-0 | 120-13§ 12 | 81013 16 i
\dense i
SPT-10 | 13.5-15.0 15 435 20
FAT CLAY with Sand, orange —
brown to vellowish brown, moistta | SPT-11 [ 15.0-165 0.9 334 18 i
wet, softlo very stff, bace 06 | gprq2| 4g5-180 | 08 | 468 19 ]
graval .,
SPT-13| 18.0-145 1.0 4-5-10 22 i
SPT-14 | 18.5-.21.0 1.0 47-12 22 m
SPT-15 | 21.0-225 15 6-7-5 20 ]
~ . X Bulk Sample #2 -
SPT-16 | 225-24.0 1.3 238 22 S Sarple Aes0
SPT-17 | 240-255 | 18 4-5-8 26 0 26.0 . _
SPT-18 | 25.5-27.0 15 4-6.7 25 ]
SPT-19| 270-285 0.5 247 24 i
sPT-20 | 285-230.0 1.5 249 25 7
SPT-21| 300-315 1.5 24-10 26 i
sPT-22 | 315-330 14 338 25 ]
SPT-23| 330-34.5 1.5 588 29 i
5PT-24 | 34.5-38.0 1.2 2-4-10 27 .
Piazometer
SPT-25| 36.0-37.5 15 6-4-4 22 baktad with sand,
Y bentonite pellets, -
SPT-26 | 37.5-39.8 15 1-2.2 17 ond bontonie grout
from 0.0 ta 40.5 ft.
436.5 405 SPT-27 | 39.0-405 0.7 1-1-33 30 _

Auger Refusal /
Bottom of Hola

Top of Rock = 40.5'
Elevalion {436.57)

Stantec Consulting Services Inc
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Project Na. 175559018 Lecation N 706343.79, E 1877425.50 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No.  STN-E-14S Total Depth 7.01
Location Sumpner County, Tennessee Surface Elevation 477.0 fl. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/8/09 Completed 8/8/09
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water N/A Date/Time N/A
l.ogged By D. Chapman Automatic Hammer=1 Safety Hammer 1 Other[—]
Lithology COwerburden [Sample # Depth Rec. Fl.| Blows |Mois.Cont. %
Elevation Deptn Descrption Rock Core RQD Run Rec. Ft. | Rec. % | Run Depth Remarks
4.0 [+X1y Top of Hole
Refer io STN-E-14 for Boring advanced .
descriplions of overburden soils. with 4.25" hollow i
stem auger.
5T-1 20-4.0 2.0 18 -
Boring backhlled with—
auger cuttings. -
5T-2 50-7.0 2.0 18 -
470.0" 7.0

Mo Refusal /
Bottormn of Haole

Ctamntam Mranmiltina Condieac Ine
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Project No. 1765559018 Location N 706458.09, E 1877364.00 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-15 Total Depth 27.0
Location Sumner County, Tennessee Surface Elevation 463.4 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/22/08 Completed 8/22/09
Supervisor Paul Cooper Driller J. Bowerman Depthtc Water 2501t Date/Time 8/22/09
Logged By Scett Lange Automatic Hammer 51  Safety Hammer OGther ]
Lithalogy Overburden [Sampla # Depth Rec. Ft. Blows |Mois.Cont. %
Elevatian Depth Description Rock Core RQD Run Rec. Fl. | Rec. % | Run Cepth Remarks
463.4' oo Top of Hole
LEAN CLAY, arange brown, SPT-1 00-15 1.0 4-5-7 18 Boring advanced
maist, stiff to very stiff, silty, trace with 4.25" hallow
fine gravel SPT-2 1.5-3.0 1.0 555 18 stem auger. i
SPT-3 30-45 0.5 7-7-8 18 i
sT1 | 45-65 | 20 24 B
456.9' 6.5 ]
FAT CLAY with Sand, orange SPT-4 6.5-8.0 1.3 4-5-7 25 ]
brown and yellowish brown, maist 7]
to wet, soft 1o stiff, trace fine SPT-5 80-9.5 13 35T 25 N
gravel -
ST.2 9.5-11.5 2.0 23 |
SPT-6 | 115-130 | 13 [ 568 16 i
SPT-7 | 130-14.5 15 568 27 i
SPT-8 | 145-160 13 246 az 7]
SPT-9 | 160-175 13 46 25 ]
BPT-10 | 17.5-190 1.0 1-4-6 an 7
SPT-11| 19.0-205 1.0 357 2z _
SPT-12 | 205-220 1.0 344 26 ]
SPT-13| 220-235 1.0 2-4-4 29 Boring backfilled wih+
bantonite grout from |
SPT-14 | 23.5-250 0.5 1-1-3 30 0.0to 27.0fi
SPT-15 | 25.0-26.5 14 1-2-3 33 i
436.4' 7.0 SPT-16| 265-270 0S5 50/ §' 15

Auger Refusal
Bottom of Hole

Top of Rock =27.0°
Elevation [435.4')

Chmmbnm D nmms i e D mmriams s
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Project Mo. 175559018 Location N 70710 .38, E 1877842.04 (NADZ7)
Project Name  Gaillatin Fossil Plant - TVA Boring No. STN-E-16 Total Depth 59.0 ft
Location Sumner Counly, Tennessee Surface Elevation 4745 ft. (NGVD29)
Project Type Geotechnical Expleration Date Started 8/8/09 Completed 8/8/09
Supervisar Paul Cooper  Driller J. Huntoon Depth to Water 23.0ft DatefTime 8/8/09
Logged By D. Chapman Automatic Hammer 62  Safety Haromer[  Other[
Lithology Overburden [Sample # Depth Rec. Ft.| Blows [Mols.Conl. %
Elevation Depth Description Rock Core RGD Run Rec.Ft. | Rec.% | Run Depth Remarks
474 5' 0.0 Top of Hole
BOTTOM ASH {Pand E Dike), SPT-1 0.0-15 13 8-11-14 16 Boring advanced -
dark gray, moist, medium densa with 4.25" hallow
o very danse SPT-2 1.5-3.0 1.5 | 243438 23 stem auger. i
470.5 a0 SPT-3 30-45 13 | 17-21-18 21 ]
FAT CLAY (Ponc E Dike}, orange —
brown, moist. SHff to very sHff, SPT-4 45-6.0 0.6 378 16 i
trace fine to medium sand SPT-5 | B.0-75 1.2 | 7129 19 R
SPTH 7.5-90 1.3 555 18 T
SPT-7 9.0-105 1.1 34-10 20 Bulk Samphe #1 —
463.5' 11.0° SPT8 | 105-120 0 B34 - obtained from 10.0 |
BOTTCM ASH, dark gray, moist = ) - to 13.01t i
to wet, medium dense to very SPT8 | 12.0-135 12 | 131821 14 i
dense, some fiy ash between 15.0
# to 24.0 . SPT-10| 13.5-160 1.1 19-15-13 14 T
SPT-11 15.0-16.5 0.8 13-21-22 i ]
SPT-12 | 16.5-18.0 0.7 5-11-12 29 ]
SPT-13 | 18.0-195 1.0 768 33 A
SPT-14 | 195-21.0 0.8 5-11-16 aa -
SPT-15 | 210-225 1.0 8-11-15 30 i
SPT-16 | 225-240 0.9 7-11-13 M4 -
Butk Sample #2 .
SPT-17 | 240-255 12 7-99 22 abtained from 240 _|
to27.0 1.
SPT-18 | 255-27.0 1.1 4511 22 7
446.0 _ SPT-19 | 27.0-285 1.2 8-3-1 22 i
LEAN CLAY and FLY ASH, dark SPT-20 | 28.5-30.0 0.2 WOH- 42 T
gray and crange brown. wet, very WaH-1 =
soft SPT-21| 300-315 0.9 WOH- 41 A
MWOH-WOH! ]
4415 33.0 SPT-22 | 315-33.0 1.3 1-141 28 i
FAT CLAY, yellowish brawn to SPT-23 | 33.0-345 13 1-2-2 22 4
reddish brown, wet, very soft o |
very stiff, trace medium sand fo SPT-24 | 34.5-36.0 0.8 Wg-lov'-\:‘OH 22 |
fine gravel SPT-26 | 36.0-37.5 | 42 1412 24 i
SPT-26 | 37.5-39.0 0.8 1-34 24 ]
SPT-27 | 39.0-405 10 14-7 20 _
5PT-26 | 40.5-42.0 0.4 568 22 1
SPT-29 | 42.0-435 1.4 1-1-1 22 |
2rrho

-~ &
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Project No. 175559018 Location N 707101.38, E 1877842.04 (NAD2T)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-16 Total Depth 59.0 ft
Lithology Overburden [Sample # Depth Rec. Fi.| Blows |Mois.Cont. %
Elevation | Depth Description Rock Core | RQD Run Rec. Ft. | Rec. % | Run Depth Remarks
- 45, . 334 2
- FAT CLAY, yellowish brown t¢ SPT-30 | 435-45.0 03 S -
i reddish brown, wet, very soft to SPT-31| 450-465 1.0 346 27 i
very stiff, trace medivm sand to i
i fine gravel (Continued) SPT32 | 465-480 | 15 | 564 25
5 SPT-33 | 48.0-495 1.1 6-7-12 29 i
B SPT-34 | 485-51.0 19 4-6-10 78 .
B SPT-35 | 51.0-525 1.2 3-34 28 i
i 5PT-36 | 52.5-54.0 1.0 456 32 ]
- SPT-37 | 54.0-55.5 1.0 1-1-2 k) Boring backfilled with—
bentonite groud from
B §PT-38 | 55.5-57.0 1.5 1.2-2 N 0.0t 590
I SPT38| 57.0-580 | 05 | 3500.5 38 |
415.5' 59.0'

Auger Refusal /
Bottom of Hole

Top of Rock = 58.0°
Elevation (415.5')

GACT 1TISGR01E BRINGL G MMBG0T 328
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Project No. 175559018 Location N 707101.38, E 1877842.04 (NAD27)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-E-16S Total Depth 56.0 ft
Locaticn Sumner County, Tennessee Surface Elevation 474.5 it. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/8/09 Completed 8/9/09
Supervisor Paul Cooper  Driler J. Hunteon Depth to Water  N/A Date/Time N/A
Logged By D. Chapman Automatic Hammer[5=  Safety Hammer(J Other{
Lithology Overburden [Sample # Deapth Rec.Ft.| Blows |Mols.Cant %
Elevation Depth Dascription Rock Core RGO Run Rec.Ft. | Rec, % | Run Depth Remarks

4745 0.0 Top of Hole

B Refer to STN-E-16 for Boring advanced

i descriptions of overturden soils. with 4.25" hollow

slam auger.

L ST 50-7.0 15 3

u 5T-2 7.0-80 10 28

— ST-3 50-110 20 21

— ST | 29.0-310 0.0 -

- 815 | 31.0-33.0 1.3 23

- 5T6 | 33.0-350 2.0 24

s 5T-7 36.0 - 38.0 20 25

- 578 | 40.0-420 2.0 23

A0

Ctantar Canonilbinn Sarvieas Inrn
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Project No. 175558018 Location N 70710138, E 1877842.04 (NAD2T}
Project Name  Gallatin Fossil Plant - TVA Boring No.  STN-E-16S Total Depth 56.0 ft
Lithology Owvercurden Sample # Dapth Rec. Ft.| Blows |Mois.Cont. %

Elevation | Depth Description Rock Core | RQD Run Rec. Ft. | Rec. % | Run Depth Remarks
Refer to STN-E-16 for 5T-9 | 44.0-460 | 20 23 —
descriptions of overburden soils. _
(Continued] A

ST-10 | 48.0-50.0 20 23 .
Boring backfilled with
pantonite grout from |
5T-11 520-540 20 24 0.01056.0 . j
ST-12 | 64.0-560 20 30 =
418.5' 56.00
No Refusal f 7
Bottom of Hole |
W0
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Praject No. 175559018 Location N 707146.54, E 1877811.85 [NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-17 Total Depth 39.1 ft
Location Sumner County, Tennassee Surface Elevation 475.4 /. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/9/09 Completed B/9/09
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water 19.5 1t Date/Time 8/9/09
Logged By D. Chapman Automatic Hammer)  Safety Hammer[J Other[]
Lithology Overburden [Sample # Depth Rec. FL.| Blows [Mois.Cont. %
Elavation Depth Drescription Rack Core RQD Run Rec.Ft. | Rec.% | Run Depth Remarks
4754 0.0 Top af Hole
?Mfﬂ—ﬂ-ff—fH\LE{.N CLAY. reddish browr, /‘ SPT-1 | 00-15 13 4-6-6 20 Boring advanced -
| moist, stiff with 4.25™ hollow
SPT-2 1.5-38 1.0 &-7-10 20 siem auger.
- 4719 75 BOTTCM ASH (Pond E Dike), -
= Y dark gray, moisi, medium dense /| spPT-2 30-45 1.1 4.5 26 _
— LEAN CLAY with Sand [Pond E BPT-4 45-60 12 7-8-11 20 N
- Dike), reddish brown, moist, stiff 7
B o very stiff SPT-5 60-75 1.0 358 20 i
i SPT-6 7.5-9.0 14 5813 20 T
4656 | 9F SPT.7 | 90-105 | 13 | 51218 17 | Buk Sample#1  —
| BOTTOM ASH, dark gray, moist obtainad from 10.0
io wet, lagse to densa SPT-8 10.5-12.0 1.3 7-17-1% 158 i 13.0 fi.
5 SPT-8 | 120-135 1.1 6-13-15 15 i
i SPT-10 | 135-15.0 1.3 6-16-17 17 7
| SPT-14 | 15.0-16.5 14 7-17-15 25 i
i SPT-12| 16.5-18.0 1.0 5-12-13 33 ]
B SPT-13| 18.0-185 1.2 359 40 ]
B SPT-14| 185-210 0.9 7-8-12 28 -
N SPT-15 | 210p-225 1.0 7-12-12 28 ]
i SPT-16 | 22.5-24.0 0.8 37-7 25 -
B SPT-17 | 240-255 1.2 6-6-13 21 Bulk Sample #2  —
oblained from 26.0 |
B 5PT-13 | 25.5-27.0 10 8-9-10 25 to 27.0 fi.
5 SPT-19 | 27.0-285 19 499 19 i
h - ] aml
i -some fiy ash below 28.0 SPT-20 | 28.5-30.0 05 1-4-5 25
s 3.5 ] SPT21 | 00-315 1.3 466 22 ]
8 LEAN CLAY and FLY ASH, SPT-22 | 315-330 1.0 2-1-1 38 N
B orange hrown and dark gray, wet, N
L 4409 34.5 very soft to soft SPT-23 | 33.0-345 1.1 2-2-2 28 i
[ FAT CL}\Y1 orange bm' wet, 5PT-24 345- 35.0 1.2 3-56 25 g::g%:::l;ﬂt?dmwﬁﬁn—
i :::’;;"‘“’“ medium sand ta fine SPT.25 | 36.0-375 | 08 | 342 32 0.0to39.1R.
= SPT-26 | 37.5-39.0 08 | 35002 33 .
436.3' 30.1 SPT-27 | 38.0-39.1 0.0 50/0.1' - i
L. Auger Refusal f —
Botlom of Hole _

P | EGACTY 17ESSIDH | BORINGE. SR RN GOT 3 LD
1

Top of Rock = 39.1'
Elevation {436.3')
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Project No. 175559018 Location N 707190.77. E 1877765.92 (NAD27)
Project Name  Galtatin Fossil Plant - TVA Boring No. STN-E-18 Total Depth 400 ft
Locatien Sumner County, Tennessee Surface Elevation 461.6 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/10/09 Completed 8/10/0%
Supervisor Paul Cooper  Driller S. Bradford Depth to Water 651t Date/Time 8/10/08
Logged By C. Wood Automatic Hammer[52] Safety Harmnmer(J Other( ]
Lithalogy Overburdan Sample # Depth Rec. Ft.| Blows |Mois.Cont. %,
Elevation Depth Description Rock Core RQD Run Rec. Ft. | Rec.% | Run Depth Remarks
461.6' 0.0 Top of Hola
BOTTOM ASH (Stilling Pand g i a
Dike), dari brown to black, moist SPT-1 0.9-1.5 0. 84315 3 mndg zag'u:nﬁd n
to wet, very loose to very dense -&0" haollow |
spT2 | 15-30 05 | 315241 11 stem auger:
SPT-3 30-45 1.0 | 28-23-14 10 ]
— PMezometer installad —
SPT4 45-6.0 1.0 568 13 (seo P2 detail
sheat). -
SPT-5 6.0-7.5 0.8 56-7 " i
SPT-6 7.5-9.0 0.9 4-4-4 1 i
| 5PT-7 | 9.0-105 o7 33-3 12 |
SPT-8 | 10.5-120 0.6 232 10 7
SPT-9 | 12.0-135 0.6 3-2-3 8 |
SPT-10 | 135-15.0 1.0 322 1 7]
SPT-11| 150-165 1.1 1.2-2 12 ]
BPT-12| 1B.5-4B0 0.8 2-2-2 b i
442.5' 19.9 SPT-13 | 18.0-185 0.8 1-1-2 3 i
LEAN CLAY and FLY ASH, dark
B gray, wet, soft SPT-14 | 195-210 0.2 112 3 -
439.6' 22.0' SPT-15| 21.0-225 0.9 1-1-3 22 |
LEAN GLAY, orange brown, wet,
medium to very stiff, silty, trace SPT-16 | 225-240 | 0.3 2:2.3 23 )
fine sand to fine gravel i
| SPT-17 | 24.0-255 1.5 2-33 25 a
SPT-18| 256-27.0 1.2 2-3-3 24 ]
SPT-19 | 27.0-285 0.8 2-4-5 25 i
SPT-20 | 38.5-30.0 1.0 5-8-10 26 b
21230
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Project No. 175550018 Location N 707190.77, E 1877765.92 (NAD27)
Project Name  Galiatin Fossil Plant - TVA Boring No. STN-E-18 Total Depth 40.0 ft
Lithclogy Overburden [Sample # Depth Rec. Ft.| Blows IMois.Cont %
Elevation Ceapth Description Raock Core RQD Run Rec. Fi. | Rec, % | Run Depth Remarks
i LEAN CLAY, orangs brown. wel, | goraq | 399.315 | 15 | 567 25 |
medium to very stiff, silty, trace
| fine sand to fine grave} _
(Continuad} 5PT-22 | 31.5-33.0 15 o268 27
& SPT-23| 330-345 1.0 6-8-10 25 B
N SPT-24 | 345-360 | 15 567 27 B
| 425.5 36.1 S5PT-25 [ 360 -36.1 0.1 50401 27 Regan Core .
B Plazometer =
X hackfillac with sand,
_ Limestona, light gray 1o light benlonite pellets, -
brown, coarsely crystalline to and bentonite grout
- medium, hard, thin bedded, same from 0.0 to 40.01t.
421.8' 4.0 bedding zone fractures 49% 3.5 3.0 77 40.0
Bottomn of Hole i
| Top of Rock = 36.1 4

1

FAeHd L BSaST 11655008 BOFING.GR) FMEM COT 22110

Elevation {425.5')
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Project No. 175559018 Location N 706774.43, E 1878687.08 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring Ne, STN-E-19 Total Depth 447 1
Location Sumner County, Tennessee Surface Efevation 472.8 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/6/09 Completed 8/6/09
Supervisor Paul Cooper  Driller J. Wethington Depthto Water  14.0ft Date/Time 8/6/09
Logged By Craig Millhollin Automalic Hammer[—] Safety Hammer=1 Other]
Lithclagy Overburdan [Sample # Depth Rec. Fl.| Blows |Mois.Cant. %
Elevation | Depth Descriplion Rock Core | RQD Run Rec. FL. | Rec. % | Run Depth Remarks
472.8 0.0 Top of Hole
BOTTOM ASH (Pond E Dike}, : . 3
fight gray, dry, dense o very SPT-1 00-15 12 7-15-16 19 Boring advanced
dense with 3.25" hollow
SPT-2 | 1.5-30 12 | 15-24-43 22 stem auger. i
468.3' 35 1
FAT CMY with Sal'ld (P‘D“d E SPT'3 3.0 - 4.5 1.3 7'7‘1 D 19 .
Dike), tan and orange brown,
moist, vary stiff, trace fine gravel SPT4 | 45-60 1.3 57-10 20 7
SPT-5 B.0-7.5 1.1 7-20-24 28 |
Bulk Sample #1 -
5PT-6 75.90 1.0 | 81524 19 obiained from 8.0 10
1107 -
483.1 8.7 SPT.7 | 9.0-108 15 | 92340 17 ]
BOTTOM ASH, gray, moist,
medium o very cense, soma fly _
ash 5PT-8 | 105-12.0 1.2 | 184034 18
SPT-B | 12.0-135 10 | 30-42-50 14 Bulk Sample #2 -
. abtained fram 13.0
-Apparant cobblefbculder from 5PT-10 | 13.5-14.0 0.2 50/0.5 15 to 14.0 ft. .
13.5'to 14.0°. SPT-11] 14.0-155 13 | 131218 27 _
SPT-12 | 155-17.0 14 | 131816 22 B
SPT-13 | 47.0-185 13 | 131614 26 )
454.3' 18.5'
FLY ASH, black, wet, medlum SPT-14| 18.5-20.0 14 425 ap 1
stiff, some hattom ash below 21 ’ ' : B
SPT-15 | 200-216 14 426 35 i
SPT16 | 215-230 1.0 2-3-3 30 ]
SPT-17 | 23.0-24.5 12 432 33 i
[~ 4413 255’ SPT-18 | 24.5-26.0 15 432 37 7
FAT CLAY, reddish brown, wet, .
soft to very stiff, trace medium SPT-19 | 26.0-275 | 15 112 22 ]
sand to fine gravel
SPT-20 | 27.5-29.0 1.0 112 22 ]
SPT-24| 280.305 1.2 1-1-2 20
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Project No. 175553018 Location N 706774.43, E 1878687.08 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Bering No. STN-E-19  Total Depth 447
Lithology Overpurden [Sample # Depth Rec. Ft. Blows |Mois.Cont. %
Elevation Depth DCescription Rock Gore RGO Run Rec. Ft. | Rec. % | Run Dapth Remarks
FAT CLAY, raddish brown, wet,
i saft to very stiff, trace medium SPT-22 | 30.5-32.0 1.0 223 20 i
i sand fo fine gravel (Confinued) i
B SPT-23 | 32.0-335 13 345 26 i
i SPT-24 | 33.5-350 15 365 29 i
| SPT-25 | 35.0-365 1.0 B-10-8 33 |
i SPT-26 | 36.5-38.0 1.5 6-12-18 24 ]
| SPT-27 | 38.0-39.5 1.5 358 25 i
3 SPT-28 | 38.5-41.0 1.2 5-8-10 25 7
- SPT-29 | 41.0-425 15 4-8-10 32 |
Boring backfilled with |
i SPT-30 | 425-440 | 13 | 811-15 28 bentonite grout from
0.01044.7 ft. i
4280 | aar SPT-31| 44.0-445 | 05 [ 500.8 34
— Auger Refusal / 7
B Botton of Hole ]
B Top of Rock = 44.7 ]
Elevation (428.17) i
TR0
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Project No, 175559018 Location N 706856.53, E 1878704.54 (NAD2T)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-E-20 Total Depth 28.5 1t
Location Sumner County, Tennessee Surface Elevation 476.0 ft. (NGVD29)
Project Type Geotechnical Exploration Date Starled a8/10/09 Completed 8110/09
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water 15.0 f Date/Time 8/10/09
Logged By B. Chapman Automatic Hammer 5]  Safety Hammert Other(]
Lithology Qverburden Sample # Depth Rec,Ft.! Olews |Mois.Cont. %
Elevation Depth Description Rock Com RGDC Run Rec.Ft. | Rec. % | Run Depth Remarks
476.0 a0 Top of Hole
B BOTTOM ASH {Pond E Dike), SPT-1 0.0-15 0.8 6-8-8 9 Boring advanced
| dark gray, molst, medium densa with 4.25" hallow
te densa SPT-2 1.5-3.0 1.0 8-17-18 16 stem auger.
472.3' 3.7 -
= SPT-3 30-45 1.2 15-16-8 b4 ; ; -
FAT GLAY with Sand (Pond E oo P o e
- Dike}, orange brown, maist, SPT-4 45-6.0 0.8 554 22 sheet).
B meduim st to stiff, trace fine T
B gravel SPT-5 60-75 1.0 3-8-8 28 Bulk Sample #1 i
- sPT6 | 75-90 os | 235 22 | Joanedfom70to J
466.0° 100 SPT-7 | 920-105 1.2 2-74 22 -
3 BOTTOM ASH, dark gray o _
i black, maist to wel, medium SPT-8 10.5-12.0 11 15-23-24 14 i
g dense to dense SPT-8 | 120-135 | 10 | 10-22-19 11 i
i SPT-10 | 13.5-15.0 07 | 101321 14 T
B SPT-11| 150-165 11 7-13-14 28 ]
| -some fly ash below 16.0'
SPT-12| 165-18.0 0.9 9.8-8 13 T
& SPT-13 | 15.0-19.5 0.7 3914 &} Bulk Sample #2 _
— obtained from 19.0¢ _|
455.0" a4 0 SPT-14 195-21.0 1.1 7849 21 to21.0 1 |
B FLY ASH (sluiced), dark gray, SPT-15| 21.0-22.5 1.0 1-1-1 36 i
| wet, very soft
SPT-16 | 22.5-24.0 0.0 WOH- - T
- WOH-WOH Plezometer N
- . , SPT-17 | 24.0-255 0.0 WOH- -
450.5 5.5 backfilled with sand, ]
A T SPT-18 | 255-25 3 MWOH-WOH crie '
[~ SANDY FAT CLAY, reddish 258 03 50/0.3' 2 bmtgmt?n BgIIBtS. =
- browmn, wet, very soft, some fine to SPT-19 | 27.0-27.0 0.0 sSOf0.0 - ?r{:m [?'5 t; 2% %r%ul ]
- 4475 28.5' rse gravel SPT-20 | 28.5-28.5 0.0 50/0.0° - a
i \Limestuna. highly weathared ]
— {augered) N
| Auger Refusal / :
| Bottorn of Hole |
™ Top of Rock = 25.8' i
— Elevation {450.2') ]
27270

Ctantan Manonilfina Condnac i
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Project Na. 175559018 Locatian N 706856.53, E 1878704.54 (NAD27)
Project Name  Gallatin Fossil Plant - TVA BoringNo.  STN-E-20S Total Depth 250t
Location Sumner County, Tennessee Surface Elevation 476.0 ft. (NGVD29)
Project Type Geotechnical Exploraticn Date Started 8/10/08  Completed 8/10/09
Supervisor Paul Cooper  Driller J. Huntoon Depth to Water  N/A Date/Time N/A
Logged By D. Chapman Automatic Hammer=x] Safety Hammer OtherfJ
Lithology Overburden Sample # Depth Rec. Ft.| Blows |Mois.Cont. %
Elevation Depth Description Rock Core RQD Run Rec. Ft. | Rec.% | RunDegth Rermarks
476.0" 0.0 Top of Hole
| Baring advanced N
B Refer to STN-E-20 for with 4.25" hollow |
i descriptions of overburden solls. stem auger. |
— ST-1 4.0-60 1.5 22 -
- ST-2 6.0-8.0 29 24 .
B Boring backfilled with|
bentorite grout from
i ST-3 | 21.0-230 0.0 - e gﬂ‘ ]
- ST4 | 23.0-25.0 20 37 .
4510 25.0
| Mo Refusal /
Bottem of Hota

173500016 BORGE OF  FRELLGDT 2710
I

s

Qtantar Cancitine Qondran

lmem

—t
2123110
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Project No. 175559018 Location N 706883.00, E 1878751.72 (NAD27)
Project Name  Gallatin Fossil Plant - TVA Boring No.  STN-E-21  Totat Depth 16.0 f
Location Sumner County, Tennessee Surface Elevation 461.6 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/5/09 Completed 8/5109
Supervisor Paul Cooper  Driller J. Wethington Depth to Water 5.0 Date/Time 8/5/09
Logged By Craig Milihallin Automatic Harmmmer [ Safety Hammerl=l  Other
L ihology Qverburden [Sample # Depth Rec. Ft.| Blows |Mols.Cont. %
Etavatian Depth Dascription Rock Core RQC Fun Rec. Ft. | Rec. % | Run Dapth Remarks
461.6' 5.0 Top of Hole
SANDY LEAN CLAY (Fond E SPT-1 00-15 15 | 10-24-50 17 Boring advanced -
Dika), reddish brown to dark gray, wilth 3.25* hollow
maist, vary stiff, race fine gravel SPT-2 1.5-30 t2 | 111510 12 stem auner.
and soma bottom ash SPT-3 | 30-45 09 | 15-18.12 17 i
458.6' 50 a
BOTTOM ASH, black, wet, kose | > 1+ | 45-88 | 0% 455 19 ]
to mediumn dense, irace clay SPT5 | 60-75 8.5 597 18 i
saams and soma My ash
SPT-6 7.5-9.0 15 6-5-3 18 T
452.0 9.6' 7
SPT7 | 8.0-105 11 323 23 —
LEAN CLAY with Sand, raddish
brown 1o tan, wet, soft i very stiff, | SPT-8 | 10.5-12.0 1.2 1-1-2 27 ]
trace fine gravei Boring backfilled with—
S5PT9 120-135 1.3 B8-6-7 27 bentonite grout fro
0.0t 16.0f.
SPT10 | 13.5-15.0 13 8-12-13 27 7
4455 16.00 SPT-11] 150-160 10 | 155005 24 N

TR LEGALY 17RASEO S B DRINGS D0 FLif 00" En4MD

Auger Refusal

Bottom of Hak

Top of Rock = 15.5'
Elevation [446.1')

Stantec Consulting Services Inc
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Project No. 175559018 Lacation N 706883.00, E 1878751.72 (NAD2T)
Project Name  Gallatin Fossil Plant - TVA Boring No. STN-E-218 Total Depth 15.0 ft
Location Sumner County, Tennessee Surface Elevation 461.6 ft. (NGVD29)
Project Type Geotechnical Exploration Date Started 8/5/09 Completed 8/5/09
Supervisor Paul Cooper  Driller J, Wethington Depth to Water N/A Date/Time N/A
Logged By Craig Millhollin Automatic Hammer[—] Safety Hammer= Otherr ]
Lithclogy Overburden [Sample # Depth Rac. Ft. Blows [Mois.Cont. %
Elevation | Depth Description Reck Core | RQOD Run Rec. Ft. | Rec. % | RunDepth Remarks
461.8' 0.0 Top of Hole
Refer to STN-E-21 for Boring advanced -
descriptions of overburden $gils. with 3.257 hollow |
stem auger. ;|
5T 50-7.0 1.0 22 -
ST-2 70-30 0.0 - .
ST-3 9.0-11.0 0.0 - -
Boring backfilled with
bentonite grout from |
ST4 | 11.0-130 | 20 24 Raperd 1y T
5T-5 13.0-15.0 13 33 -1
446.6' 15.0'
No Refusal / 4
Bottorn of Hole _
22310

[ o ] SEREE RN & . [



Appendix B

Piezometer Installation
Details and Readings



Protective Cover Cap

Ground Surface |

Elev. 472.8' _

& - T

Concrete Pad BB
| NOTES:
Al 1. Installed on 07/29/09.
NI Boring advanced with

e 3.25" 1.D. HSA.

2. Refer to horing log for
overburden stretigraphy.

Cement Hentecnite Grout—-.'_: ';._'

.
1" Dia. Sch. 40 HH=
PVC Pipe (Typ.} |,

|l _ g
Bentonite Pellets —————=t 2.7 1
-_ 2.0 :
; &
Filter Sand = B g
5 : o3
No. 10 Slot Well Screen B 10.0 55
H 3
=Ky Tip Elev. 443.1 o
Threaded Cap w1, 0.7 & 58
7" 28
+
5@
STN-A-1
PIEZOMETER INSTALLATION DETAIL
HON GALLATIN FOSSIL PLANT

ASH POND / STILLING POND COMPLEX

Z Stantec =

Services Ing.,
1901 Mehlan MEsr Paicwiny
LovTavie, Kertucky
DRAWN BY RRP|poave SEPT., 2009 REVISED
CHECKEDBY  PJC|PROJLNO. 175559018 1. * 10F 12
RLR | scaLE NTS| = 4

Northing: 707019.68
Easting: 1879799.57
Ground Elevation: 472.8

A2 1T
BZ-31 25K

Locations to be provided by TVA,
Power Systems Operations,
Surveying and Project Services.
Horizontal Datum: NAD 27
Vertical Daturm: NGVD29

wirew. stanise com

SHEET




Prabesbies Cowss
Grooed Burdady—

e AT LT
e, SO

Conorata Pod- 5
NOTES:.

1. Installed on 07/29/09.
Boring odvanced with

3.25" 1.D. HSA,

2. Refer to boring log for
overburden stratigrophy.

1" Dia. Sem. 80
PYC Pipe (Tl

Banboriis Pelglsg———=

Fiter 50nd——— =

No. 10 Sot Well Soreen ——

eTlp Elev. 452.3

Threaded Cap

¥ 41 7ES A CTIVE N JS 55801 B\ GEOTECHNICAL\DRAWNG\PZ _DEFAILS\SA0MERZ A 5.DWG

PLOT DATE. 12/1B/2003 USER: PETTY, RICHARD

STN-AS
PIEZOMETER INSTALLATION DETAIL
LOCATION GALLATIN FOSSIL PLANT
ASH POND / STILLING POND COMPLEX

Northing: 708368.74

Easting: 1881417.01 Stantec Corsultng
Ground Elevation: 473.7 ::;::::::::Ymn
AT

S02-2 125000

Locations to be provided by TVA,
Power Systerns Operations,

www.stantec com

Surveying and Project Services.
Horizental Dotum: NAD 27
Vertical Datum: NGYD29

CRAWN BY RRP |cave  SEPT., 2009 REVIAED SHEET

CHECKEDBY  PJC |PROLNG. 175559018 | 1 20F 12
CHECKEDBY RLR | scaLE NTS

-
b




Protective Cover

S -

Ground Surface
E|EV. 47241 6_4\

Concrete Pad—/J’

Cement Bentonite Grout—— [ -

1" Dia. Sch. 40
PVC Pipe (Typ.)

- -

Bentonite Pellets ————=

Filter Sand

Ne. 10 Slot Well Screen

i Cap
T~
NOTES:
e
| 1. Installed on 08/03/09.
A Boring advanced with
| 3.25" 1.D. HSA.
2. Refer to boring log fer
. overburden stratigraphy.
&

Threaded Cap

LOCATION

Northing: 709132.64
Easting: 1882470.74
Greund Elevation: 472.4

Lecations to be provided by TVA,
Power Systems Operations,
Surveying ond Project Services.
Horizontal Datum: NAD 27
Vertical Datum: NGVD29

STN-A-95

1.0°
|t 1.6
~E 10.0°
5] & lev. 448.4’
=] : Tip Elev 8.4
1.0
d?ll

W41 PS5YACTIVE Y 7555007 B\ GEOTECHMICALADRAMMC WA _DETAILSWGODIERZ - 4= 350K

PLOT DATE: 12AB/2004 USER: PETTY, RHECHARD

PIEZOMETER INSTALLATION DETAIL
GALLATIN FOSSIL PLANT
ASH POND / STILLING POND COMPLEX

Z Stantec

Stantec Consulting
Services Inc.

1981 Naluon MBer Farrsy
| oubrdla, Koty
A0ZTE-21TT

50231 25000

wiyw, Stantec.com

RRP|oare  SEPT., 2009

DRAWN BY

REVISED

SHEET

cHEckeD BY  PJC | PROLNG. 175559018

N

30F 12

cHEckEDBY  RLR | scALE NTS

4




Frodecing over

Groind Serfons
flgy, 4520 e___\‘\l‘_

Conerete Fog-—

Hentomse Pplala—

Flber Bofid —

Mo, 10 Slot Wal Serpes ——

Threoded Cap

_rt : RN ¥

1. Installed on 08/04/09.
Boring advanced with

4.25" 1.D. HSA.

2. Refer te boring leg for
overburden stratigraphy.

R IRV

H * S

Co
]

LOCATION

Northing: 707402.48
Easting: 1879680.01
Ground Elevation: 462.0

Locations o be provided by TVA,
Power Systems Operations,
Surveying and Project Services.
Horizontal Datum: NAD 27
Vertical Datum: NGVD29

STN-C-1

eﬂp Blev. 446.0

W I PEENACTIVE S 7E559 MENGEQTECHMICA  ORAWKG PI_QL A 5 SO ERZ=C-1.0WG

PLCT DATL: 12AB/20TS  UEER; PETTY. BRI HARL

PIEZOMETER INSTALLATION DETAIL
GALLATIN FOSSIL PLANT
ASH POND / STILLING POND COMPLEX

Stantec Cansufting

Services nc.

1901 Metann btler Pariordy

Loubnille, Kermbucky

4022177

£02-212-E000

www.atantec.com
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Protective Cover
Ground Surface

Elev. 460.8' S —

Concrete Pad

1" Dia. Sch. 40

NOTES:

PVC Pipe {Typ.)

Bentonite Pellets ———

Filter Sand

Ne. 10 Slot Well Screen

Tk

Threaded Cap

1. Installed on 08/05/09.
Boering odvonced with

4.25" 1.D. HSA.

2. Refer to boring leg for
overburden stratigraphy.

LOCATION

Northing: 707328.99
Easting: 1877246.92
Ground Elevaticn: 460.8

Locations to be provided by TVA,

Power Systems Operations,
Surveying and Project Services.
Horizontal Daturm: NAD 27
Vertical Dotum: NGVDZ9

STN-D-1A
PIEZOMETER INSTALLATION DETAIL
GALLATIN FOSSIL PLANT
ASH POND / STILLING POND COMPLEX

Z: Stantec

Tip Elev. 439.8°
e p

W 7BV ACTIVE 1 75550 BN GEOTECHNIC ALY DR ARG YT _DETAILSY S90BP2-D- 1A OWE

PLOT CATE: 12/18/2009 USER: PETTY, RICHAR X

Stanies Congulting
Services Inc.

1501 Malsan Miber Padamy
Loutle, Kenlucky
AT

SOR-Z1 2-5EKI0

wwdl staniec.com

pave SEPT.,, 2009

REVISED

SHEET

PrOJ).N0. 175559018

ol

CHECKEDBY PC

*
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Protective Cover

Ground Surface

Elev. 475.7

Concrete F’ud———/l’

Cement Bentonite Grout—— =

1" Dia. Sch. 40
PVC Pipe {Typ.)

Bentonite Pellets ——— =

Filter Sand

No. 10 Slot Well Screen

LOCATION

Northing: 703007.37
Fasting: 1879022.21
Ground Elevation: 473.7

N

Threaded Cap

LI II_IIII_III_I!III"_ —
—
o
=

| . F
eTip Elev. 445

Al 1. Instalied on 08/10/09.
s Boring advanced with
Tl 4.25" 1.D. HSA.

Ak 2. Refer to boring log for
R IEN overburden stratigrophy.
-" ‘;'

s

Locations to be provided by TVA,
Power Systems Operations,
Surveying and Project Services.
Horizontal Datum: NAD 27

Vertical Datum: NGVYDZS

@ [
2]

STN-E-2

W W FEENACTIVE Y| 75559 IBNGEQTECHNICALNORAWMCNPE _DETALE Y JIMBPZ-£- 2,DWG

PLOT QATE: 121672009 USER: PETTY, RCHARD

PIEZOMETER INSTALLATION DETAIL
GALLATIN FOSSIL PLANT
ASH POND / STILLING POND COMPLEX

Z: Stantec

Slantec Copsulting
Senvices Inc.

1301 Nelson Mot Parkwsy
Laukrvile, Kbty

022R2TT
s32- A 2E000
www.stantec.com
ORAWH AY RRP|oae SEPT., 2009 REVISED SHEET
cHECKEDEY  PJC| PROJL NG 1755590181 1. 3 & OF 12
cHeckenpeY  RLR | scale NTS |2 &




Prolegkthm Cowmpt———
Groond Surioeg —

F_'Eﬂl_ﬁl_m__

Coatrele Pod=—

NOTES:

1. Installed on 08/10/09,
Beoring advanced with
3.25" 1.D. HSA.

2. Refer to boring log for
averburden stratigraphy.

Hantomig Peigts

Filter S0nd ————

No. 10 Slot Well Sc¢reen

eTlp Elev. 431.6'

Threaded Cap

W PEEYACTIVE N PS55804 B GEQTECHN CALNDRAMNGYPZ _DETA LEYSIDIBPZ—E—6 DWG

)
2
P OT DATE: 12A18/200% WUSER: PETTY. R DHARD

STN-E-6

PIEZOMETER INSTALLATION DETAIL
LOCATION GALLATIN FOSSIL PLANT
Northing: 702733.38 ASH POND / STILLING POND COMPLEX
Easting: 1878070.14 e i
Ground Elevation: 459.6 o= iy
Locations to be provided by TVA, % Stant“ aarasoon
Power Systemns Operations, ot Stantec.com
) Dt AD 57 %% [mamsrwwe[owe ser, 200] sewo avee
Vertical Datum: NGVD29 CHECKEDBY PJC|PRJ.NO.175559018 |1 > 7 OF 12

cHeckenBY  RLR | scaie NTS |2 4.




Protective Cover————={ Cap

Ground Surface -|

Elev. 476.5° - T —

Concrete Pad e
NOTES:
R 1. Installed on 08/11/09.
s Boring advanced with
el [ 3.25" 1.D. HSA.

Cement Bentonite Grout— ok b 2. Refer to boring log for

overburden stratigraphy.

1" Dia. Sch. 40 . ‘
PVC Pipe (Typ.) |

Bentonite Pellets ————

Filter Sond

No. 10 Slot Well Screen

TR LTI LT LY L e
e
=)
=

eTip Elev. 446.5'

Threaded Cap -,“:-.

W % 7SS YACTIVE Y 7555901 B4 GEOTECH NIC ALYDRAWAGYPZ _DETAILBY\5801BP 7 - E - B5.DWE

2
iy
PLOT OATE: Q2/02/3010 USER: PETTY, RICHARD

STN-E-838
PIEZOMETER INSTALLATION DETAIL
LOCATION GALLATIN FOSSIL PLANT

. ASH POND / STILLING POND COMPLEX
Northing: 703835.47 ooy

Easting: 1 B877934.64 Semvices Inc,

Ground Elevation: 476.5 % 1907 Ml ey
AR TT
Locations to be provided by TVA, 5022125000

Power Systems Operations, www, slanlec.com

a::’:g:'lntgl qggtulf_;?J%ckDS;?lces' DRAWN BY RRP |oate  SEPT., 2008 REVISED SHEET

. . CHECKEDBY  PJC | PROJ, NO, 175559018 | 1. LY 12
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Protective Cover——— =
Ground Surface
Elev. 455.%3 6‘_—\

Concrete Pad

Al 1. Installed on 08/22/09.
| Boring advanced with
4.25" 1.D. HSA.

Eermnent Bentonite Grout— =t J} - 2. Refer to boring log for
overburden stratigraphy.

M
1" Dia. Sch. 40 I
PVC Pipe (Typ.) |
i | B
e i %
Bentonite Pellets ——= 2.0 ;
A% 2.0 7
Filter Sand R I — E.
=t ¥ £
No. 10 Slot Well Screen = [ 32
&= Qlin Elev. 427.0 e
Threaded Cop =4 89
'3" §§
STN-E-12
PIEZOMETER INSTALLATION DETAIL
LOCATION GALLATIN FOSSIL PLANT
POND / STILLING POND COMPLEX
Northing: 704854.47 ASH T ——
Easting: 1877754.46 Services M.
Ground Elevation: 453.3 % 301 Nlar Ml ey
Locations to be provided by TVA, B02-212.6000
Power Systems Operations, waww.stantac.com
ST Sl s e —
Vertical Datum: NGYD29 cHeckensy_PUC | Prod. 0. 175559016 |+ 2 9 OF 12
cHeckEn BY  RLR | SCALE NTS | > A.




Protective Cover—————=- . Cap
Ground Surface
Elev. 4772.0' ____\ .
& ; T
Concrete Pad |
NOTES:
A 1. Installed on 08,/07/09.
A Boring advanced with
Tl 4,257 1.D. HSA.
Cement Bentonite Grout—--'.‘._ - 2. Refer to boring log for
s overburden stratigraphy.
s
1" Dia, Sch. 40 1
PVC Pipe (Typ.) |
A | B %
. 7
Bentonite Pellets ———f 2.0 4
S 2.0° :
< 1 =
Filter Sand - [~ g
:
‘r 7 3%
No. 10 Slot Well Screen —c| 10.0 55
o Tip Elev. 437.0° g
Threaded Cop =] QB 545
8" 22
{
o=
STN-E-14
PIEZOMETER INSTALLATION DETAIL
LOCATION GALLATIN FOSSIL PLANT
ASH POND / STILLING POND COMPLEX

Northing: 706343.79
Eosting: 1877425.50

Ground Elevation: 477.0C
Locations to be provided by TVA,

Power Systems Operations,

Stantec Consuiting
Senvices Inc.
1501 Nalson MOt Parksy

L Gd ey, Il ey
A0XIR21TF
RRZ-212-5000

.stamtec.
Surveying and Project Services. REVISED =T su::rm
Heorizontal Datum: NAD 27 oRawney _ RRP}oare SEPT, 2009
Vertical Datum: NGVD29 ceckenay PG | PRo. 0. 175559018 | ¢ - 10 OF 12
CHECKED BY RLR | scaLE NTS | 2 4




Protective Cover————=
Ground Surfaoce
Elev. 461.6 9___\

Concrete Pad—/li “

NOTES:

1. Installed on 08/10/09.
Boring advanced with

3.25" 1.D. HSA.

2. Refer to boring log for
overburden strotigraphy.

1" Dia. Sch. 40
PVC Pipe (Twp.)

Bentonite Pellets ————

Filter Sand

No. 10 Slot Well Screen

lIII!IIIII_II ll_IIIIlIIIIIIIIIl!__I
—
o=
<

1 eTip Elev. 441.6'

Threaded Cap <

W A TEENACTIVE 1 TAAKANT BV GEOTECHNIC AL \DRAWKGYPZ _DE TAILS Y SA01 8 7—E — 185,.0WG

PLOT DATE; 02/02/2010 USER: PETTY, RICHARD

STN-E-18
PIEZOMETER INSTALLATION DETAIL
GALLATIN FOSSIL PLANT
ASH POND / STILLING POND COMPLEX
oAt
% Stantec
] www.slanlec.com
ORAWN BY RRP |oate SEPT., 2009 REVISED SHEET

1801 Nabwon MBar Farovsy
Loubrvits Kartucky

cHECKEDBRY PJC | PROJ.NE. 175553018 | 1. 1

cHECKEDBY  RLR | scALE NTS (2 4 11 OF 12

LOCATION

Northing: 707180.77
Easting: 1877765.92
Ground Elevation: 461.6

AQZZTT
502-212-5000

Lacations te be provided by TVA,
Power Systems Operations,
Surveying and Project Services.
Horizontal Daturn: NAD 27
Vertical Datum: NGVD29

=
1Y




Protective Cover— — =

Ground Surface

Elev. 476.0° S —

Cap

Concrete Pad

Cement Bentonite Grout—— =

1” Dia. Sch. 40
PVC Pipe (Typ.)

Bentonite Pellets ————

Filter Sand

No. 10 Slot Well Screen

OO T

NOTES:

1. Installed on 08/10/09.
Boring advanced with

4.25" |.D. HSA.

2. Refer to boring log for
overburden stratigraphy.

eTip Elev. 447.5

Threaded Cap

LOCATION

Neorthing: 706856.53
Easting: 1878704.54
Ground Elevation: 476.0

Locations to be provided by TVA,
Power Systems Operations,
Surveying and Project Services.
Horizontal Datum: NAD 27
Vertical Datum: NGVD29

m '.u
z L

STN-E-20
PIEZOMETER INSTALLATION DETAIL
GALLATIN FOSSIL PLANT

ASH POND / STILLING POND COMPLEX

¥ NIZEANAETIVE Y] PA5S0155GEQ TECHNCAL \ERAWINGYPZ_DETALE\SE0NBPT~E= 20 WG

PLOT DATE: {2/08/2009 USER: PEFTY, RICHARD

.

Slanles Consulting

Services Inc.,

o0 Motaon MEer Pirovey

Loutrle, Knmtuciy

ADE3177

S2-3 1 25000

wiww stantec.com

DRAWH BY RRP|vae SEFT., 2009 REVISED SHEET
CHECKEDBY  PJC | PROLNO.175559018 | 1. N
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W Stantec

PIEZOMETER SUMMARY

REPORT
Gallatin Foos! Plant
1459 Stwam Piunt Rt
Gallatin, ™
176558014
WINI0R IS0
S