Memorandum from the Office of the Inspector General

September 23, 2010
Robert M. Deacy, Sr., LP 5D-C

FINAL REPORT — INSPECTION 2009-12910-02 — PEER REVIEW OF DIKE C
BUTTRESSING

Attached is the subject final report for your review and action. Your written comments,
which addressed your management decision and/or actions taken, have been included in
the report. No further action is needed.

The Office of the Inspector General (OIG) contracted with Marshall Miller & Associates
Inc., to conduct this review. All work pertaining to this review was conducted by Marshall
Miller. The OIG relied on Marshall Miller’s processes and procedures for quality control in
the attached report. Information contained in this report may be subject to public
disclosure. Please advise us of any sensitive information in this report that you
recommend be withheld.

If you have any questions, please contact Gregory R. Stinson, Project Manager, at

(865) 633-7367 or Gregory C. Jaynes, Deputy Assistant Inspector General, Inspections, at
(423) 785-4810. We appreciate the courtesy and cooperation received from your staff
during this review.
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Assistant Inspector General
(Audits and Inspections)
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Item 1: TITLE PAGE

Title of Report
Peer Review of Stantec Consulting Services, Inc. (Stantec)
Dike C Buttress, Stage 1 Construction — Segment “D”

Supporting Stability Calculations, Drawings, Technical Specifications, and Quality Control Plan
Tennessee Valley Authority Kingston Fossil Plant (KIF) — Harriman, Roane County, TN

Project Location

The project site is located in Harriman, Roane County, Tennessee, and is situated on a peninsula
formed by the confluence of the Emory River and the Clinch River.

Effective Date of Report
September 23, 2010
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Iltem 2: EXECUTIVE SUMMARY

The Tennessee Valley Authority (TVA) Office of the Inspector General (OIG) retained
Marshall Miller & Associates, Inc. (Marshall Miller) to conduct a peer review of the Stantec
Consulting Services, Inc. (Stantec) stability calculations and construction documents for the
Stage 1 Construction — Segment “D” portion of the Dike C Buttress at the Kingston Fossil Plant.
It is Marshall Miller’s opinion that the planned Stage 1 Construction — Segment “D” portion of
the Dike C Buttress does produce stability enhancements that are sufficient based on Stantec’s
drained slope stability analyses. Marshall Miller also believes that the Stage 1 Construction will
satisfactorily address issues of “piping”/internal erosion, surface erosion, and scour over those
Dike C areas that will be covered with an aggregate filter and be buttressed. However, Marshall
Miller found that the specific design bases/criteria, relative improvement in stability, and
reasoning for certain variations in the buttress configuration were not well documented within

the materials that were supplied for review.

Marshall Miller’s key observations from reviewing the documents related to the Segment “D”

portion of the Dike C Buttress at the Kingston Fossil Plant are as follows:

1. A direct comparison of slope stability factors of safety for the existing and
buttressed dike configurations at critical sections was not performed, so the
relative improvement in stability afforded by the Stage 1 Buttress Construction is

not clearly documented.

2. The design shows a transition to steeper configuration of the outslope of the
buttress between two points that will diminish the stabilization benefits of the

buttress.

3. The Stage 1 Buttress Construction was only evaluated presuming drained
conditions, so the stability situation under possible load cases that could prompt
undrained behavior of the dike and foundation materials (rate of construction,

rapid drawdown, and earthquake/seismic cases) is unknown at this time.
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Marshall Miller believes that the planned Stage 1 Buttress Construction does produce
stability enhancements and also addresses issues of “piping”/ internal erosion, surface erosion,
and scour in buttressed areas. Therefore, the significance of the above Marshall Miller
observations and recommendations is dependent on the approach and conservatism that is

applied in the design of the final closure plan.
Management’s Response to Draft Report

To address this report, TVA management had Stantec review and respond to the findings of this
report. TVA management and its contractor provided addition information on the findings and
recommendations in this report. For complete responses, please see appendices A — TVA

Transmittal Memo and B — Stantec’s Response.
Marshall Miller Assessment of Management’s Comments to Draft Report

Marshall Miller concluded that the additional information provided adequately addressed the

concerns and recommendations identified in the report.
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Item 4. INTRODUCTION

The TVA OIG retained Marshall Miller to conduct a peer review of the slope stability
analyses and construction documents for the Stage 1 Construction — Segment “D” portion of the
Dike C Buttress at the Kingston Fossil (KIF) Plant, Harriman, Roane County, Tennessee.
Stantec of Lexington, Kentucky designed the stabilization plan and developed the corresponding
construction documents. The Stage 1 Construction is divided into four segments designated
Segments A, B, C and D. Segment “D” was selected for review because it is the first buttress
segment under construction. The buttress segments are similar in configuration, materials, and

purpose, so findings related to Segment “D” apply to all segments of the Stage 1 Construction.

Marshall Miller reviewed the Stantec stability calculations, Drawings (i.e., “Plans for
Construction”), Technical Specifications, and Quality Control Plan (including Addendum 001)
for the Stage 1 Construction — Segment “D” portion of the Dike C Buttress. Marshall Miller
understands that Stantec did not prepare a formal engineering or design report to document the
assumptions and methods for designing the Dike C buttress, and to present a direct comparison
of slope stability factors of safety for the existing and buttressed dike configurations at critical
sections (pre- and post-construction configurations). Regardless, we were able to rely on the
above-mentioned construction documents and Stantec slope stability analyses to formulate our

findings and recommendations.

This report presents the following:

o Marshall Miller Project Team;

J Description of Marshall Miller’s scope of service;
o Background information for the Kingston Fossil Plant and Dike C; and
o Findings and recommendations from Marshall Miller’s peer review of the slope

stability analyses and construction documents prepared by Stantec.
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Item 5: MARSHALL MILLER PROJECT TEAM

Marshall Miller, an employee-owned and Engineering News-Record Magazine (ENR)
top 500 company, began offering geologic services to the mining industry in 1975. Marshall
Miller provides a range of services to the mining, utility, financial, governmental, and legal
industries. Marshall Miller employs nearly 200 engineers, geologists, scientists and other

professionals who work from regional offices in ten states.

Marshall Miller retained D’ Appolonia, Engineering Division of Ground Technology,
Inc., of Monroeville, Pennsylvania, for their additional expertise with tailings impoundments and

dams, problem ground conditions, and forensic investigations.

The Marshall Miller Project Team is comprised of the following professionals:

o Mr. Peter Lawson — Executive Vice President & Principal-in-Charge.
° Mr. William S. Almes, P.E. — Director of Geotechnical Services & Contract
Manager for TVA OIG.

o Mr. Edmundo J. Laporte, P.E. — Senior Engineer.

J Mr. William M. Lupi, P.E. — Project Engineer.

o Mr. Richard G. Almes, P.E. — Principal Geotechnical Engineer.

o Mr. Christopher J. Lewis, P. E. — Principal Geotechnical Engineer.'

o Mr. Aaron J. Antell, P.E. — Project Engineer.'

Christopher J. Lewis, P.E. and Aaron J. Antell, P.E. are Geotechnical Subconsultants of Marshall Miller and are
employed by D’ APPOLONIA, ENGINEERING DIVISION OF GROUND TECHNOLOGY, INC., Monroeville,
Pennsylvania.
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Item 6: SCOPE OF SERVICE

Marshall Miller was engaged by OIG to provide a technical peer review of the
construction documents and supporting slope stability analyses developed by Stantec for the
Stage 1 Construction — Segment “D” portion of the Dike C Buttress at the KIF Plant. Marshall
Miller also performed a cursory review of electronic files for stability calculations performed by
Stantec. Marshall Miller did not perform a parallel study or confirmatory design calculations for
the Stage 1 stabilization plan developed by Stantec. The specific Dike C Buttress, Stage 1

Construction — Segment “D”” documents reviewed by Marshall Miller included:

¢ Plans for Construction (Drawing Package — Issued for Construction), dated

November 18, 2009;
¢ Quality Control Plan, dated November 18, 2009;
e Addendum 1 to Quality Control Plan, dated February 16, 2010; and
e Technical Specifications, dated November 18, 2009.

In providing the professional services to compile this report, Marshall Miller used
generally accepted engineering principles and practices to develop findings and
recommendations. Marshall Miller reserves the right to amend and supplement this report based
on additional information. If OIG, TVA, TVA’s consultants, or others discover additional
information pertinent to the engineering performance of the existing Dike C or the planned
buttress at the KIF fossil plant, Marshall Miller requests the opportunity to review the

information for relevance to Marshall Miller’s findings and recommendations herein.
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Item 7: BACKGROUND

Dike C at the KIF plant consists of the existing, approximately 5,600-foot long, two-
tiered dike embankment (upstream staged configuration) located at the southern and southeastern
limit of the coal combustion byproducts disposal facility. This embankment consists of an initial
starter clay dike constructed on alluvial foundation soils, in most sections raised slightly with
constructed ash, and a raised clay dike constructed by upstream techniques over impounded,
hydraulically placed/sluiced ash. The initial starter dike was constructed in the 1950s, which
provided an embankment crest at approximately Elevation (El.) 748 feet above mean sea level
(AMSL). Past TVA drawings and reports indicate that portions of the Dike C starter
embankment are founded over a layer of broken shale within the Watts Bar Reservoir. The shale
was encountered during the subsurface exploration phase of the Stantec study and these findings

are depicted in two of the geotechnical cross-sections.

The raised clay dike, reportedly constructed in the 1970s, increased the Dike C crest to
El. 765. The raised dike was constructed of clayey soils, partly on the upstream face of the
starter dike and out over hydraulically placed ash. According to available design drawings,
neither dike stage contains regular internal drains, relief wells, or other specific features for

seepage control.

TVA engaged Stantec to develop a stabilization plan for Dike C in response to slope
stability concerns identified in the report by Stantec titled: “Report of Geotechnical Exploration
and Slope Stability for Dike C [existing conditions], Tennessee Valley Authority Kingston Fossil
Plant (KIF),” (KIF Dike C Report) dated August 3, 2009. Stantec developed a staged/phased
stabilization plan that generally consists of constructing an aggregate buttress against the
riverside (downstream slope) of Dike C. Stage 1 of the stabilization plan includes buttress
construction below El. 754, which is slightly above the lower-most downstream bench on Dike
C. The Stage 1 Construction is divided into four segments designated Segments A, B, C and D.
Buttress construction commenced with Segment D, which consists of the northern-most 2,200

feet of Dike C, from STA 138+00 to STA 160+00.
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Item 8: REVIEW

Marshall Miller reviewed the Stantec slope stability calculations, Drawings (i.e., “Plans
for Construction”), Technical Specifications, and Quality Control Plan (including Addendum
001) applicable to the Stage 1 Construction — Segment “D” portion of the Dike C Buttress. In
general, it is Marshall Miller’s opinion that the planned Stage 1 Construction — Segment “D”
portion of the Dike C Buttress does produce stability enhancements and also addresses issues of
“piping”/ internal erosion, surface erosion, and scour in buttressed areas. However, Stantec did
not supply information that clearly indicates the design bases/criteria, relative improvement in

stability, and reasoning for certain variations in the buttress configuration.

8.1. FINDINGS

In Marshall Miller professional opinion the Stantec, slope stability analyses presuming
drained conditions indicate that the Stage 1 Construction will satisfactorily enhance the static
stability of Dike C. In addition, the filter, drainage, and erosion-resistant materials specified by
Stantec for the planned aggregate buttress address issues of “piping”/ internal erosion, surface
erosion, and scour in buttressed areas. However, Marshall Miller did note that the specific
design bases/criteria, relative improvement in stability, and reasoning for certain variations in the
buttress configuration were not well documented within the materials that were supplied for

review. Specifically they noted that:

o Stantec did not prepare a direct comparison of slope stability factors of safety for
the existing and buttressed dike configurations at critical sections, so the relative
improvement in stability afforded by the Stage 1 Buttress Construction is not

clearly documented.

o The proposed buttress configuration includes a transition from an outslope at
6H:1V at STA 147+00 to an outslope of 4H:1V at STA 145+50. It is unclear why
the outslope of the buttress is transitioned to a steeper configuration at this

location. Based on Marshall Miller’s review of the subsurface conditions, there 1s
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no appreciable improvement in the existing conditions from STA 147+00 to STA

145+50 that would justify this change in configuration.

0 Based on the Plans for Construction prepared by Stantec, Marshall Miller
overlaid the proposed buttress configuration at STA 138+00 and STA
149+00 onto the stability cross-sections at STA 138+27 and STA 149+14,
respectively, which were taken from the Stantec “Report of Geotechnical
Exploration and Slope Stability for Dike C [existing conditions]” dated
August 3, 2009. The planned buttress at STA 138+27 (4H:1V outslope)
does not extend beyond the deep-seated failure surface below the toe of
the existing dike; whereas, the buttress at STA 149+14 (6H:1V outslope)
does extend beyond the deep-seated failure surface below the toe of the
dike. Based on this simplistic comparison, it does not appear that the
change in buttress configuration is justified based on stability

considerations.

Stantec did not perform an undrained slope stability analysis for the buttress
construction case, or other load cases that could prompt undrained behavior of the
dike and foundation materials (rapid drawdown and earthquake/seismic cases).
With regard to the construction case and associated rate of loading issues, the
starter dike is constructed of clayey materials and, in Marshall Miller’s
professional opinion, is subject to undrained loading during buttress construction.
Also, subsurface profiles in the previously referenced Stantec geotechnical report
indicate zones and layers of clayey material within the foundation, which could
impede drainage and contribute to undrained loading of even the silty sand to

sandy silt foundation soils.
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8.2.

RECOMMENDATIONS

Based on the findings described above, Marshall Miller recommends that Stantec

consider:

o Documenting the relative improvement in stability afforded by the Stage 1
Buttress Construction, based on a direct comparison of slope stability factors of

safety for the existing and buttressed dike configurations at critical sections.

J Reconfigure the outslope from STA 147+00 to STA 145+50 to a consistent
6H:1V.

. Performing an undrained evaluation of the end-of-construction conditions and

applicable rapid drawdown scenarios.
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August 31,2010
Robert E. Martin, ET 3C-K

TVA COMMENTS - DRAFT INSPECTION 2009-12810-02 - PEER REVIEW OF DIKE C
BUTTRESSING

Attached, please find TVA comments in response to your draft inspection regarding subject
Peer Review. We appreciate the opportunity to provide comments on this draft report. Please
direct any questions to John Kammeyer at (423) 751-4077
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Robert M. Deat{ /

Senior Vice President .~

Fossil Generation Development & Construction
LF 8D-C
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John M. Thomas IIl, MR 35 120
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Wendy Williams, WT SB-K
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August 26, 2010 let_010_175669053

Mr. John Kammeyer, PE

Vice President

Tennessee Valley Authority

1101 Market Street. LP 5G
Chatianooga, Tennessee 37042

Re Response o Comments
Marshall Miller Review —August 17, 2010
Stantec Dike C Buttress. Stage 1 Consfruction — Segment “D" (Movember 18, 2009)

Dear Mr. Kammeyer

As requesied, Staniec has completed a review of Marshall Miller and Associates (Marshall
Miller) report Peer Review of Stantec Consuliing Services. Inc. Dike C Buftress, Sfage 1
Caonstruction — Segment “07, November 18, 2009 dated August 17, 2010 Marshall Miller's
commenis and Sfantec’s responses are provided below Flease note the format of the
referenced Marshall Miller document does not numeraie specific findings. Staniec has
enumerated the findings based on the Marshall Miller sequence of recommendations
presented

Comment 1:

Stantec did not prepare a direct compansaon of slope sfabiity factors of safety for the existing
and butiressed dike canfigurations at cntical secfions, sa the relative improvement in stability
afforded by the Stage 1 Buttress Canstruction /s not clearly documentad.

Response 1:

The two critical sections analyzed within segment D (Sta 128+00 to Sta 160+00) are located
at station 138+27 and station 149+14 Each critical section along with existing (pre-
buttressed condition) and current (bultressed condition) long term slope stability factors of
safely are discussed below

1.1 Stability Section Station 138+27
For the drained shear sirength parameter case, the slope stability resulis for the stability

secfion at stafion 138+27 are shown on Drawing XXWHX-11 in Appendix & With the stage
1 butiress in place the lower toe polential slip surface B has an esfimated factor of safety of

Stantec Consulling Services Inc.
One Team. Infinite Solufions.
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1.53 with the buttress in place, an increase of 040 from the factor of safety of 113 for a
similar potential slip surface for the existing conditions. The overall potential slip surface C
has an estimated factor of safety of 1.76 with the buliress in place, or an increase of 0.24
over the existing stability condition

1.2 Stability Section Station 149+14

For the drained shear sirength parameter case, the slope stabilily resulis for the stability
section at station 148+14 are shown on Drawing XXWEKK-12 in Appendix A With the stage
1 buttress in place the lower tog potential slip surface B has an estimated factor of safety of
1.84 with the buttress in place, an increase of 079 from the factor of safety of 1.15 for a
similar potential slip surface for the existing conditions. The overall potential slip surface C
has an estimated factor of safety of 1.95 with the buliress in place, or an increase of 046
over the existing stability condition

Comment 2:

The proposed butfress canfiguration includes a fransifion from an oufsiope af 64TV at 5TA
147+00 fo an outslope of 4H- TV alt STA 145+50 1t is unclear why the oulsiope of the bulfress
is fransiionad (o a stesper configuration at this location. Based an Marshall Miller’s review of
the subsurface conditions. there is no appreciable improvemeant in the existing condiions
form STA 147+00 fo 5TA 145450 that would jusiify this change in configuration

Response 2:

The transifion from a buttress oustiope of 6H: 1Y at Sta 147+00 o a buttress outslope of
AH 1Y at Sta 145+50 was completed (o befter match the existing outslope conditions of Dike
C owhile continuing to meet the slope stability factor of safety criteria of 1.50 Staniec was
able o achieve a more economical design that meets al project criteria by utilizing this
approach. Refer to Response 1 for the butiressed slope stability factors of safety at crifical
section station 138+27 which is considered representative of the subsurface condions from
Sta 138+00 to Sta 147+00. The transition from the 6H 1V outslope 1o the 4H1Y oulslope
was therefore performed entirely within the section of the dike reqguiring the 4H;1V buttress
oulslope

Comment 3:

Stantec aid not perform an undrainad slope stabiity analysis for the buttress construction
casa, ar other load cases thal cowld prompt undrained behaviar of the dike and foundation
matenals (rapid drawdown and sarthquake’saismic cases) With regand to the construction
case and associated rale of loading issues, the starter dike is constructed of clayey malenals
and, in Marshall Miller's profassional opinion, s sufyact fo undrained loading dunng buliress
canstruction Also, subsuface profiles in the previously referenced Sfantec geotechnical
report indicate rones and layers of clayey matenal within the foundation. which could impada
drainage and confnbute to undrained loading of even the silty sand fo sandy silf foundation
s0ils.

PiL{eace Paped s PG 1733 Geclectil I 500505~ Kngsbn Fassil Fan i Repense & MM Canren bllelle $100 3151750050803
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Response 3:
1.1 Undrained Loading

Stantec has completed undrained slope stability analysis for the buttress construction case
for segment D. The results of this analysis are presented in Sfaniec’s letter, Response to
Final Marshall Miller Review - August 2, 2010, dated August 5, 2010. For clarioly purposes,
the contents of Stantec’'s August 5, 2010 lefter have been reproduced here and are as
follows (Appendx references have been updated and accurately reflect the aftached
appendix to this letter)

The stability conditions for the period during and immediately following construction of the
buttress has been reviewed for Segments C and D utilizing undrained shear strength
parameters. Oullined below is a summary of the material parameters that have been used,
the analysis methods and results, along with a review of the existing instrumentation
monitoring performed (o date

Material Parameters

Far the short term loading condition assessment with the buttress in place, the following soil
layers were assumed o exhibit undrained behavior,

» Starter Clay Dike

» Raised Clay Dike

o Hydraulically Flaced Ash

» Sensitive Sit'Clay

« |Lean Clay Foundation Soil

»  Silty Clay
The remaining scil layers modeled within the stability cross sections have been taken o be

coarse grained with rapid dissipation of excess pore water pressures. Thersfore effective
strength parameters have been assumed © continue to apply

For the starier clay dike, raised clay dike, lean clay foundation soil, and silly clay materials,
the undrained shear sirength behavior was assumed o follow an R-Envelope model The
undrained shear sirengith paramefers were derived from represenialive consolidated
undrained (CU) Triaxial tesis performed on samples retrieved during the field drilling program
conducted for the original Dike C stability assessment report (August 3, 2009)

For the undrained shear sirength parameters of the hydraulically placed ash, Stantec has

utilized the consclidated undrained Triaxia festing performed by AECOM as a part of their
“Root Cause Analysis Reporf”

Pi{eace Papeds PG 1733 Geclectil? 5005050 Kngsbn Fassil Fan lRepanse & MM Canren Bllelle $105 3151750050803
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As the sensitive siltfclay layer that has been assumed 0 exist bensath the hydraulically
placed ash and the clay starier dike, is “soft”, the undrained shear strength for this material
has been assumed o follow a cip ratio relationship. The value of the ofp ratio has been
derived from direct simple shear tests performed on material from this zone The samples
from the direct shear tests were first consclidated to a known pressure and then simply
sheared undrained

Based on available information. the parameters used in the evaluation of Dike C undar short
term stability with the buttress consiruction are cutlined in Table 1 below. These parameters
are a hybrid of the varicus models that may be used, and in our opinion best characterize the
behavior of the materials of the site under undrained conditions

Table 1. Selected Undrained Strength Parameters for Short Term Stability Analysis
Unit Weight Total Stress Strength Parameters
Soil Horizon {pcf) ¢ (psf) 4§’ (degrees)
Starter Clay Dike 129 300 26
Raised Clay Dike 125 G5 23
Constructed Ash 93 0 20
Hydraulically Placed Ash 96 0 10
Gravel 1o Clayey Gravel 120 0 32
Sensitive SiIVClay 127 SJo, =032 0
Lean Clay Foundation Soi 128 200 15
Silty Clay 129 200 15
Sandy Silt to Silty Sand 10510 113 0 27 1029
Fine Grained Sand to Sand with Silt 118 10 128 0 31 1o 36

Analysis Methods

For the short term loading case with the bultress consiruction and using the applicable
drained and undrained sirength parameters as cutlined above, we have utilized the software
UTEXASA as well as SLOFPEM. The UTEXAS4 model was used to incorporate the ¢u# 0
undrained shear strength models, while the SLOPEMWY model was used as an overall
calibration utiizing an eguivalent ¢, = 0 shear strength model for the appropriate materials
Both models ulilized the SEER/W output for the pore waler pressure regime that was
outlined in our August 3, 2009 stability report

The UTEXAS4 model was developed by Stephen G Wright (Shincak Scoftware, Austin
Texas) The porewaler pressures derived from the SEEPAW nodal points were uwsed in
UTEXASS o interpolate the pore water pressure at the bottom of each slice along a potential
failure surface. The model wilizes a three stage stability compufation. The first stage is
performed to compute the effective normal stresses along the shear surface (on the base of
each slice) before undrained loading. The sfresses computed from the first stage are used to
estimate undrained shear strengths, which are then used in the second set of stability
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computations. The second stage stability evaluation then uses the undrained shear siresses
from the first stage to estimate the factors of safety for the polential undrained loading case
of the buttress construction. The third stage computations are performed for cases where
the drained strengths may be lower than the undrained strengths

The UTEXAS4 slope program has inherent conservatisms within the model, namely the
lzading from the rockill is assumed to occur instantanecusly and the rockfill used for the
butiress has zero shear strength

Analysis Results
Sta. 149+14

For the stakility section at Sta. 14%+14, the slope stabiity ocutput plots are included on
Figures 1B and ZB in Appendix B. Figure 1B shows the UTEXAS4 output assuming the
Stage 1 buttress has been constructad to 8H:1V. Using the drained and undrained strength
parameters as oullined above on Takle 1, the critical slip surface for this cross section
corresponds (o an overall deep seated surface with an estimated factor of safely of 210 as
shown on Figure 18 in Appendix B

As a further check on the slope stability using undrained sirength parameters, SLOPEM was
also used by converting the undrained shear strength parameiers for the hydraulically placed
ash, the starter and raised clay dike materials and the sensitive silt and clay material 1o
equivalent undrained strengths assuming @=0 This was done by determining the average
effective stress within the various materials prior © the buttress construction and then
estimating the equivalent average undrained shear strength value assuming ¢=0_ The
material strengths for all other materials follow that given on Table 1. By using this
comversion methad, the estimated undrained strength of the hydraulically placed ash was
315 psf, the starter and raised clay dike undrained strength was 525 psf, and the sensifive
silt and clay undrained sirength was 250 psf For this scenario using SLOPEMW. the critical
slip surface is shown on Figure 2B in Appendix B and has an estimated factor of safely of
1.83

Sta. 138+27

For the stability section at Sta. 138+27, the slope stabiity output plots are included on
Figures 3B and 4B in Appendix B. Figure 3B shows the UTEXAS4 ocutput assuming the
Stage 1 buitress has been consiructed to 4H:1V. Using the drained and undrained sirengih
parameters as oullined above on Table 1, the critical slip surface for this cross seclion
corresponds to a lower foe relatively shallow surface with an estimated factor of safely of
1.19 as shown on Figure 3B in Appendix B

Similar to the analysis oullined above for the cross section at Sta. 1489+14, the undrained
slope stakility for this cross seclion was reviewed using SLOPEM and equivalent undrained
shear strengths assuming ¢.=0 for the sensitive silt and clay and the underlying silty clay
materials. Using average normal effective stresses prior o the butiress construction, the
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equivalent undrained shear strength of the sensitive silt and clay was estimated o be 250
psf. and 375 psf for the sty clay material  For these condifions and using SLOFE/W, the
critical shp surface is shown on Figure 48 in Appendix B and has an estimated factor of
safety of 1.41

The exact reasons why these wo slope models are giving substantially different resulls for
the factor of safety for wvery similar slip surfaces using similar material properties is not
known, but it is suspected that the inherent conservatisms in the UTEXASS model are
influencing the model cutput

Instrumentation Monitoring Results

As outlined in our August 3, 2009 report on the Dike C slope stability, there are numerous
piezometers and slope inclinometers located along the dike  Standpipe piezometers are
located within the raised and starter dike at approximate Stations 143+00 and 155+00, with
slope inclinometers located at Stations 149+14 and 138+27 During the construction of the
butiress, daily piezometer measurements were taken o review potential pore water pressure
increases with the buttress fill loading  Slope inclinometer measurements were taken bi-
weekly (o review potential downslope movements

The piezometers located at Sta. 155+00 were monitored on a daily basis from December 16,
2009 to April 20, 2010 (PZ-1), January 19, 2010 to April 20, 2010 (PZ-2U), and January 19,
2010 to June 14, 2010 (PZ-3L and FZ-4) All piezometers located al Sta. 143+00 have been
monitored on a daily basis from April 21, 2010 to June 18, 2010, The summary graph of this
daily monitoring is shown on Figure 1C in Appendx C. As shown on Figure 1C, there have
been no significant increases in the level of any of the piezometers (beyond increases
related to the seasonal lake level rise) that would sugges! excess pore waler pressure
increases with the butiress fill lcading This would imply that any excess pore water
pressures that are generated with the buttress fill loading are dissipated very rapidy

The slope inclinometers located at STHN-08 (Sta. 14%+14) and STHN-18 (Sla. 138+27) have
also shown insignificant downslope movements since their installation.  Summary output
plots showing the results of these two inclinometers (Figure 2C and 3C in Appendix C) o
July 12, 2010108 included in Appendix C

PiL{eace Paped s PG 1733 Geclectil I 500505~ Kngsbn Fassil Fan i Repense & MM Canren bllelle $100 3151750050803
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3.2 Rapid Drawdown

Stantec has completed analyses (o characlerize the stability of Dike C {with the rock
buttress) in a rapid drawdown event The results of this analysis are presented in Stantec’'s
letter, Response o October 28, 2009 AECON Review of Stantec’s August 3. 2009 Dike C
Report, dated February 19 2010 For practicality purposes, the contents of Staniec's
February 19, 2010 letter have been reproduced here and are as follows (Appendicie
references have been updated and accurately reflect attached appendicies (o this letter)

Stantec has completed additional analyses to characterize the stabiity of Dike C (with the
rock buttress) in arapid drawdown event. The critical condition was assumed 1o be a drop in
Watts Bar Lake from the 100-year flood elevation (748 feet) o the normal winter pool
elevation (737 feef). Each of the stability seclions with the rockfil buttress as oullined above
was evaluated for this drawdown event. Graphical results from the stability analyses are
aiven in Appendx D

Sieady-siate seepage analyses were first performed using the finite element program
SEEFPMW. developed by the GEQ-SLOFE Intemational. Lid (Calgary. Alberia, Canada) For
each cross seclion, fwo sieady-siale seepage anayses, comesponding respeciively fo waler
levels before and after the drawdown, were conducted. The computed pore waler pressure
at each finite element nodal point was extracied for the subseguent stability analyses. The
parameters used for the analyses can be found on the rapid drawdown graphical oupuls
included in Appendix D

The rapid drawdown stability analyses were performed using the computer program
UTEXAS4, developed by Stephen G Wright {Shinoak Software, Austin, Texas). The pore
waler pressures exiracted from the SEERMW nodal points were used in UTEXAS4 io
interpolate the pore water pressure al the boltom of each slice along a polential Tailure
surface The three-stage stability analysis method, developed by Duncan. Wright, and Wong
{1990), was used for calculating the rapid drawdown faciors of safely. The three-stage
method of analysis is described in EM 1110-2-1502 (USACE 2003) and Duncan and Wright
(20085)

The three-stage compuiations consist of three complete sets of stability calculations. The first
stage involves stability analysis of the slope using the high water level for Walls Bar Lake
{elevation 7480 feel) and assuming the pore water pressures in the soils are in a steady-
state condition. Both the effective normal siresses and shear siresses along the potential
failure surface are calculated. These stresses represent the anisoiropic consolidation
stresses prior fo drawdown, and are used o calculate the undrained shear strength for soils
without free drainage. The second stage involves an analysis of the slope immediately after
the rapid drawdown. Undrained shear strengths are estimated based on the consclidation
stresses calculated in the first state. The third stage computation compares the drained and
undrained strengths at each slice base along the potential failure surface. Steady-state pore
water pressures corresponding o the low water level (elevafion 737 feet) are used fo
calculate the drained sirength in the third stage calculation. The undrained sirength is
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APPENDIX B
Page 8 of 28

Tennessee Valey Authority
August 24, 2010
Fage 8

estimated in the second stage. The smaller of the drained and undrained strengths is chosen
o compute the final facior of safety

In the second stage of the computations, UTEXAS4 uses an interpolation scheme 1o
determine the wundrained shear strength of anisotropically consolidated  soils. The
interpolation is based on two limiting strength envelopes, representing a fully drained
strength and the undrained strength of an isctropically consolidated soil sample. Both of
these input envelopes represent a relaticnship between the shear strength and the effective
normal consclidation stress on the falure plane. The envelopes comespond o effective
principal siress ratios (=0, /o'y) atl consolidation of K,and 1, respectively, and are defined
by an intercept and a slope  The envelepe corresponding (o K=K, is identical o the
comventional effective stress shear sirength envelope Thus, its intercept (U —w) 15 the same
as the effective stress cohesion value (¢) and its slope (e 15 the same as the effective
stress friction angle (¢). The K,=1 envelope can be derived from the total stress cohesion
value () and the tofal stress friction angle {#), as determined from conventicnal CU triaxial
compression fests. When ¢ and ¢ are obiained from a line drawn tangent to the ofal stress
Mohr's circles, the relationships among the intercept (Ce=,) and slope (We.-) of the K=1
envelope, the tofal stress ¢ and ¢, and the effective stress g are

P cosgcosg Eqn.3.1

Chat E[ 1—sin g an
o singheosg

Wy = t1an [7I—sin¢| ] Eqn.3.2

These parameters are given for each sail on the UTEXASA cutpul plots in Appendix D

TWA& criteria for stability in a rapid drawdown event is established in the “Draft TVA Coal
Combustion Froducts Management Frogram” (prepared by URS and dated Oclober 23,
2009 The criteria, taken from USACE guidance for new earth dams (EM 1110-2-1902,
Table 3-1), requires a safety factor of 1.1 (drawdown from a maximum surcharge pod) o 1.2
(drawdown from a maximum storage pool). The philosophy in this recommended range is
that lower safety factors should be acceptable for unusual events, while higher safety factors
should be required for frequent events. For Dike C. a rapid drawdown of Watls Bar Lake from
the 100-year flood stage be considerad an expected and ikely event Hence, it would appear
reasonable to require FSslope = 1.3 for rapid drawdown along Dike C

Graphica ouwput from the UTEXASY rapid drawdown analyses are presented in Appendix D
The computed factors of safely for slope stability are summarized in Tablke 2 With the
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butiress in place, the computed safety factors for al five sections excesd the design
guidelines of FS = 1.3 for sudden drawdown

Table.2. Stability Assessment for Dike C with the Rock Buttress, Following a Drop in
Watts Bar Lake from the 100-year Flood Pool
[Elev. 748 feet) to the Normal Winter Fool (Elev. 737 feet)

ICross Section Factor of Safety for Slope Stability
108+33 1.93
118+69 1.63
132437 175
138+27 1.36
145+14 1.92

3.3 Seismic Loading

The scope of the subject stability analysis was focused on characterizing Dike C stability
under sfatic conditions. Stantec has compleled addifional analyses o evaluate the probability
that an earthquake would fail Dike C during the remaining service life. Reference Sfantec’s
report, TW& Kingston Fossil Plant &sh Pond Dike C Seismic Risks during Remaining Service
Life Revision 1, dated April 9. 2010 for seismic analyses completed (o date Due o the size
of this report, it has not been reproduced in this letter or as an appendiciz

Sincerely

STANTEC CONSULTING SERVICES INC

A st Gkl F

Thomas Crilly Don 'W. Fuller Il, PE
Stantec Quality Assurance Principal
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Appendix A Slope Stability Dutput — Drained Butiress Condition
Appendix B Slope Stability Dutput — Undrained Butiressed Condition
Appendix O Fiezometer and Slope Inclinometer Summary Graphs
Appendix D: Slope Stakility Oufput — Rapid Drawdown Scenario
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Appendix A

Slope Stability Drawings -
Drained Buttressed
Condition




APPENDIX B
Page 12 of 28

i

= ——
ZmmimnEnns

mINTARARATE |8
uhpclirtuhalys it

E;H 4
L]

1

—
]
B
2
-]
=
o
-
]
o
o
H
L
.

i

b
hi
far;
!
|

l;E
.
il
|

f

j
T
|

;i’
i
H

fif

i
%

i
!

DIML © OUTIHLSS OLS 16N
CHALNED STABLLITY ANALYSIS

P
m = 35 SECTION STA 138+57
. an = ==t =
" L Y
. v = Jae] w11 e
3 3 Lo e




APPENDIX B
Page 13 of 28

TL-XNEaxy | 3| 8C H |
m
A
™
mn
o B Wil B
et MISTILY
I P
e .
™ E
a
H
=
; [
H
™ H
. H
H
™ -
- - ' -
- a
H 3
" = T~ - N— o
- = _ﬁi‘r-—"'
u o = bt
H # |—=r 3
P - I
e H
™o o i)
e - £
m e nmen =
i 3
n = 2
. B #
N £
b =
. = F
T o 1 e
T 0| P S B Biblien 5 = =
u ]| ez T ===
B e B0 - L.
3
- 7
L] - DML © BUTIHLYS OLSIGN
re CHALNED STABLLITY ANALYSIS
-, - 8 . CROSS SECTION STA 149414
St e AN AR -1
- i raa. ruwt
e ey ke
3 = = .1 - o ] = Jafe | MEWoO—1F 1]
1 H 3 4 E] [] 7 B I Ll - -

B e




APPENDIX B
Page 14 of 28

Appendix B

Slope Stability Output -
Undrained Buttressed
Condition
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Appendix C

Piezometer and Slope

Inclinometer Summary
Graphs
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Appendix D

Slope Stability Output -
Rapid Drawdown
Scenario




APPENDIX B
Page 24 of 28

IFElLd) Al pLOupiERg | adh | TEB+BOL O eweus|i4 OLOZ 10 924 uop =jeq

00% 0o 00z o 00g- 00b- 00g-
0og

0or

seaibep /96~ :UCHEUIPU| 3210} 3PIS

L P ey o)
€6'L ‘Ajajes Jo Joped 006
Pyl -
aPaRAL 8
e, Wl e s 0004
e s na
G671 | ey pmy dign
bt vppiee) sy sl e | G v DR
e g | = A
e gl DOLL
14 min sy | ¢ ol | enomems dna | s
by anjmasg | p
. 00Z4
o sty - — ¢ b
nawwng g |
- na ST -
anenady o] Busng Dep [
: ol e e ooet
e ity 104 1Pk |0 v e §
T g e s
siskjeuy umopmeiq pidey - £5+801 1D I UoISBU WAL




APPENDIX B
Page 25 of 28

BOGLLL WL wLln'y2iess | adhiT69+6L 1T Ox Bweusid 0LOZ L0 924 Lol =ied

|00 oov 00z ] noz- 00t~ nog-
| 009

00L

TR ) e
BATHR W0
P saaibap gF /- [UCHEUIPU| 8210} BpIS
- i BTl awgpeury Amn | B
B iy -y A
“] = £€9°L ”.ﬂm_%mm 10 JO1oEH 006
LTI Ay S
SR St - iy
o - — o004
LT
L - . B nsiean | [
i B sSumig s wd sz |smgpesnuien| s
Papaiedy % - iy a3y 5
EEESE=TT = BT 4 el Et] dmsrm i ookl
. 2 o e o 1 AT .. -
el anfoy it e I
e nawndisry |0 [T 7
.__....._:” a._.s“.__ 1 mhEmyuey | g sy ang | oz SRR
.. snecding = o <
et e IEb jade) manremy 5 BDN.—_
Earadiang |5 - ik
g ey mnesmg ming | 00 uossEn [ o uew w
) umar) r
(A T 1L = o) [0aaiEl " A
o] adeig T - A
- | 00EL
ooy : L el
..vhz.ww: u."_n.ﬂ._.mf_.... PCHLADET | O
I ™
DATSER L4 Wik il —
o 00wl
:"_,ﬁ.,_. Wil EEan | aw

sisAjeuy umopmelq pidey - 9+61 | 10 SXIQ uoysBury WAL




GLiQkLL Bl rin‘uoieag | adk]jg+ZEl QY Bweual OLDZ L0924 Usiy =ieq

ooz 0 goz- oot~
oog

APPENDIX B
Page 26 of 28

0oL

I~ seaubep Gpg- :uoneuljou| 8210} 3pIS
/'L Ayayes jo Jojoe4

B
e et}

| S il
g g

Do&

oo okl o
e
B | e ey A | 8
| £ =
e ey o
i g i - : AFmNaG B o Apesarasiy) noaL
nciigpaanl] & Lo my AomED | 3
Sentann s i Rt - -
i il &2 | wopmseging | ¢
g i et L P
O AT ) W ki,
o o - T
- v evpuiny | ¥ T i : =
g Ry ¥ 1B e =i g doues ook

© b g

P
Qo o -

Orl | SWE UDIEDLPG
FHNAE A LHTHS
=0 Y@ L

s P
TR B

Willdiuasaa | ow

ooz

oyl e i
astsnaLg Rl

F0d -

sisfleuy umopmelq pidey - LE+Z€) 1D g uolsBuly YAL




APPENDIX B
Page 27 of 28

Ph-ZiLL aunl pLAuueas | adAlT/Z+8E1 QY BwBua|id 0L0Z L0 994 UoW sleg

__HE Do ooz 1] ang- 00§ 00g-

oo

0L

marmmnLy nag R ] s

sealbap £g'g- :uoHeUIDU| 820} 8pIS

TR ICLILA

. gTE  ||wag pese deg | 6
s i i gg’| :A1eses jo Jojoe
P Wy g
CE FTTFPTE L] iy L
el L m—— T
| meiaig | 00 woRms e 2 g
PRI g . iy I T
paNmlcuy |Or SPUE LN [T 7]
| sritinigans] 0o Loseecs = Apenemiy "
L ey Sl | e s
P sl el S o | e peomse
Bl el | Ll
TR - . oo
Mool oo 2 iy ssisais | B
L =
I E TR 2 .
s e . e gt ak Buwg fyy
pegyaliany |p =
= [ 4l ST e r
arasa: amg ooz
papminas Fraamaa |1 e
amnssag st | - 5l iy ey ¥ S L T vy
BT - =
Futt L Pl el s, ol imEsm e | T
ity mn | Buiaas A ol | s s ]
Cor ol wo |, ..i..,.". ' ECRTTLTT LT ECTE RN NUT=TE HIE c r
At g | i1} E1 NG Ay W0 [Fe 1 OHLAEIESD | ON
[T o elhur Loy . =
BT el Bi0 QD usmeE 12l el
QeI Ody 0N D zg faagh, OFl | weug vocepurag] § 00t L
FIEEEET] HLENINLE LHgiFa wy
TH WYRME isph NOLLASHHEA .

sisfjeuy umopmelq pidey - JE+8E L 'O aNIa uoisBury WAL




APPENDIX B
Page 28 of 28

|oos

BSULLL BWw

vin yosess | odf kL4681 Oy BwELS|d

ooz

a

DO%-

010Z 10 924 USiy @ed
00g-

009

ooL

T
.

s

DEEDAEL

armaiy g

i) pamy far

S

pamoisiy v DEOTI
mrmsmG g e
oy

et \Emy TS

L e T
g Bag

wig] muETg e

e e ]

Tl

arwtaig e i mpnsg | 7
Bl BT g

—— PR Ay |
siempslngin rrre e
ALy Ry 'R W ouag
] T
g MOLLHETE30 | ON)

saaiBep 66°'G- ‘UCHBUIDU| 8010} 8pIS

sisfjeuy umopmeiq pidey -

Z6') ‘Aisjes jo Jojoe4

ey

FA0 DEVTH MEID

iy’ el i
AIENTREA

vy G

] BT Y

A g

LT LT
Hy T

L[ TR v ]

Do&

oooL

DOk

oozk

PL+6¥L ‘0 8yig uojsBury WAL

DOEL

0ovL




