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Lateral Expansion (Cell 4)  
Ash Stacking 

Document Control Number  RDP-0114-A 
Calculation Package  FPGKIFFESCDX00030020110001 

 

Exhibit 01 
SEDCAD – Ditch No. 5 Watershed 

 

Purpose:  
• Determine the peak flow associated with the 25 year-24 hour storm event. (12.1) 
• Size the ditch to convey said flow without overtopping. 
• Check ditch hydraulics for shear and armor appropriately. 
• Meet Section 12 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 

Methods:  
• Use SECAD4 Build 2000.09.07 to model peak flows using TR-55 emulator. (12.3) 
• Use precipitation event from NOAA-14. (12.4) 
• Use SECAD to model velocities for determination of ditch lining protection. (12.4) 

Results:  
• Armor Ditch 5 at confluence with flumes. 
• Trapezoidal ditch resists scouring sufficiently elsewhere with vegetation  
• Flat slopes with trapezoidal configuration convey sufficient flow. Challenge will be 

in construction.   
 
 
 
 
 
 
 

*Numbers in parentheses references Sections of Design Basis Criteria 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: DEH Reviewed by: TC 
Revisions: 
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Ash Stacking 

Document Control Number  RDP-0114-A 
Calculation Package  FPGKIFFESCDX00030020110001 

 

Exhibit 02 
SEDCAD – Ditch No. 6 Watershed 

 

Purpose:  
• Determine the peak flow associated with the 25 year-24 hour storm event. (12.1) 
• Size the ditch to convey said flow without overtopping. 
• Check ditch hydraulics for shear and armor appropriately. 
• Meet Section 12 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 

Methods:  
• Use SECAD4 Build 2000.09.07 to model peak flows using TR-55 emulator. (12.3) 
• Use precipitation event from NOAA-14. (12.4) 
• Use SECAD to model velocities for determination of ditch lining protection. (12.4) 

Results:  
• Armor Ditch 6 at segment with 10% slope. 
• V- ditch resists scouring sufficiently elsewhere with vegetation.  
• V-Ditch conveys sufficient flow.    

 
 
 
 
 
 
 
 

*Numbers in parentheses references Sections of Design Basis Criteria 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: DEH Reviewed by: TC 
Revisions: 

 

DRAFT

20 of 168



DRAFT

21 of 168



DRAFT

22 of 168



DRAFT

23 of 168



DRAFT

24 of 168



DRAFT

25 of 168



DRAFT

26 of 168



Tennessee Valley Authority  
Kingston Fossil Plant 
Harriman, Roane County, Tennessee 
 

 
Lateral Expansion (Cell 4)  
Ash Stacking 

Document Control Number  RDP-0114-A 
Calculation Package  FPGKIFFESCDX00030020110001 

 

Exhibit 03 
SEDCAD – Flume 10 Watershed 

 

Purpose:  
• Determine the peak flow associated with the 25 year-24 hour storm event. (12.1) 
• Size the ditch to convey said flow without overtopping. 
• Check ditch hydraulics for shear and armor appropriately. 
• Meet Section 12 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 

Methods:  
• Use SECAD4 Build 2000.09.07 to model peak flows using TR-55 emulator. (12.3) 
• Use precipitation event from NOAA-14. (12.4) 
• Use SECAD to model velocities for determination of ditch lining protection. (12.4) 

Results:  
• Armor flume with TDOT A-3 Machined Riprap.  
• Armor confluence with Ditch 5.  
• Trapezoidal Ditch conveys sufficient flow.    

 
 
 
 
 
 
 
 

*Numbers in parentheses references Sections of Design Basis Criteria 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: DEH Reviewed by: TC 
Revisions: 
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Exhibit 04 
SEDCAD – Flume 11 Watershed 

 

Purpose:  
• Determine the peak flow associated with the 25 year-24 hour storm event. (12.1) 
• Size the ditch to convey said flow without overtopping. 
• Check ditch hydraulics for shear and armor appropriately. 
• Meet Section 12 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 

Methods:  
• Use SECAD4 Build 2000.09.07 to model peak flows using TR-55 emulator. (12.3) 
• Use precipitation event from NOAA-14. (12.4) 
• Use SECAD to model velocities for determination of ditch lining protection. (12.4) 

Results:  
• Armor flume with TDOT A-3 Machined Riprap.  
• Armor confluence with Ditch 5.  
• Trapezoidal Ditch conveys sufficient flow.    

 
 
 
 
 
 
 
 

*Numbers in parentheses references Sections of Design Basis Criteria 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: DEH Reviewed by: TC 
Revisions: 
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Exhibit 05 
SEDCAD – Flume 12 Watershed 

 

Purpose:  
• Determine the peak flow associated with the 25 year-24 hour storm event. (12.1) 
• Size the ditch to convey said flow without overtopping. 
• Check ditch hydraulics for shear and armor appropriately. 
• Meet Section 12 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 

Methods:  
• Use SECAD4 Build 2000.09.07 to model peak flows using TR-55 emulator. (12.3) 
• Use precipitation event from NOAA-14. (12.4) 
• Use SECAD to model velocities for determination of ditch lining protection. (12.4) 

Results:  
• Armor flume with TDOT A-3 Machined Riprap.  
• Armor confluence with Ditch 5.  
• Trapezoidal Ditch conveys sufficient flow.    

 
 
 
 
 
 
 
 

*Numbers in parentheses references Sections of Design Basis Criteria 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: DEH Reviewed by: TC 
Revisions: 
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Exhibit 06 
Slope Stability Narrative 

 

Purpose:  

•  Evaluate the stability of the ash stacking outslopes for static load conditions. (3.1) 
•  Develop threshold limits for geotechnical instrumentation monitoring during 
    construction of the ash embankments. (3.2)(4.1.7) 
• Meet Section 3 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 
Methods:  
•  Conventional, two-dimensional, limit-equilibrium slope stability analyses. (3.1) 
•  Use SLOPE/W software, from GEO-SLOPE International, Ltd., of Calgary, 
    Alberta, Canada (www.geo-slope.com) for drained, effective stress stability 
    analyses. (3.2) 
•  Use UTEXAS 4 software, from ENSOFT, Inc., of Austin, Texas 
    (www.ensoftinc.com) for undrained stability analysis using the 3-stage 
    approach. (3.2) 
• Use classic lateral earth pressures for deep-seated wedge block stability analyses. 

(3.2) 

Results:  

•  Drained, effective stress stability analyses were performed on six 
    representative cross sections; results for various excess pore water 
    pressures generated by embankment loading are included. 
•  Undrained stability analyses were performed on two cross sections, indicating 
    unstable condition if fully undrained condition is triggered. 
• Results of wedge block analyses indicated that the deep-seated failure was not a 

controlling failure mode. 
•  Threshold limits for geotechnical instrumentation monitoring were 
    established. 
 

*Numbers in parentheses references Sections of Design Basis Criteria 
Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: YW Reviewed by: KDL 
Revisions: 

 

DRAFT

54 of 168



Issued for Review 90% 
 

1 
 
v:\1756\active\175660047\clerical\report\calculation package\90% submittal\calculation files\13-stability analysis narrative_v02.docx Rev. 0

  1/28/2011 

Slope Stability Analyses 
 

Lateral Expansion (Cell 4) Ash Stacking 
Kingston Fossil Plant 

Harriman, Roane County, Tennessee 
 
 
1. Introduction 

In association with ongoing ash recovery efforts at the Kingston Fossil Plant, Stantec 
Consulting Services Inc. (Stantec) is providing design and engineering services for the 
planned ash stacking across the Lateral Expansion area.  The ash embankment will have 
maximum side slopes of 6 horizontal to 1 vertical (6H:1V) with cross slopes of 1 percent to a 
peak elevation of approximately 783 feet.  Footprint and slope configurations are shown on 
the “Lateral Expansion (Cell 4) Ash Stacking” plans submitted to Tennessee Valley Authority 
(TVA). 

Foundation materials across the subject Lateral Expansion footprint consist of saturated, 
loose, hydraulically placed fly ash underlain by soft to loose, alluvial deposits of lean clay and 
silty sand to sandy silt.  Slope stability is a primary concern when constructing an 
embankment over weak foundation soils.  The rate of fill placement will often need to be 
regulated such that excess pore water pressures due to embankment loadings can dissipate 
and fully undrained conditions do not develop.  Field observations, including quantitative 
measurements obtained from geotechnical instrumentation, are considered an integral part 
of constructing embankments across similar foundation conditions successfully.  In order to 
monitor vertical consolidation, lateral movements, and excess pore water pressures 
generated by embankment loading, settlement plates, slope inclinometers, and piezometers 
are proposed at selected locations.  Data measured from these instruments will be monitored 
during embankment construction as part of the quality control program. 

2. Test Embankment Program 

A test embankment was successfully constructed across a portion of the Central Dredge Cell 
in accordance with approved program documents.  The completed test embankment has 
tiers at about mean elevation 777, elevation 794 and elevation 801 feet.  These tiers are 
sloped to drain at approximately one percent, so elevations vary.  There are two outslope 
benches with minimum 30-foot widths.  The side slope of each tier is about 3H:1V; thus the 
overall slope is roughly 5.2H:1V.  The final crest elevation of the test embankment is about 
802 feet.  Extensive geotechnical instrumentation consisting of settlement plates, slope 
inclinometers and piezometers were installed and monitored as part of the quality control 
program.  The intent was to evaluate the rate of embankment construction as well as to 
provide a forewarning of instability, thus allowing remedial measures to be implemented 
before critical situations arise.  The collected data is also being used to support continued 
site design activities. 

Final threshold limits developed for the test embankment program were presented in 
Stantec’s letter “Revised Instrumentation Monitoring Criteria”, dated January 6, 2010.  These 
limits were developed based on the results of effective stress stability analyses conducted on 
representative test embankment cross sections during construction and engineering 
judgments. 
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“Piezometers – Embankment filling may continue, with regular monitoring frequency, 
as long as the ratio of excess pore pressure to the applied embankment load is 10 
percent or below.  When the excess pore pressure ratio within native foundation 
soil layers ranges from 10 to 15 percent, embankment filling may continue, but with 
an increase in instrumentation monitoring specified by the QC Manager.  All fill 
placements shall stop immediately when the excess pore pressure ratio is above the 
15 percent level within the native foundation soil layers.  Embankment filling shall 
stop immediately when the excess pore pressure ratio is above the 10 percent level 
within wet (foundation) ash layers.  All excess pore pressure measurements shall 
be evaluated from baseline data values. 

Slope Inclinometers and Settlement Plates – Embankment filling may continue with 
regular monitoring frequency, as long as the displacement ratio of lateral 
inclinometer movement to vertical settlement plate movement is 20 percent or below.  
When the displacement ratio ranges from 20 to 30 percent, embankment filling may 
continue, but with increase in instrumentation monitoring specified by the QC 
Manager.  All fill placements shall stop immediately when the displacement ratio is 
above the 30 percent level. 

Following a stoppage, embankment filling in affected areas may resume based on 
the discretion of the QC Manager and engineering considerations on embankment 
stability.  It should be noted that embankment loading may be restricted and/or 
modified at the discretion of the QC Manager based on other potential unstable 
conditions not outlined herein.” 

The test embankment program is considered a valuable field demonstration program.  It 
verified the methodologies of constructing an embankment over challenging foundation 
conditions located across portions of the Central Dredge Cell.  It also demonstrated the 
importance of using geotechnical instrumentation data to avoid potential slope failures.  The 
confidence and experience gained from the test embankment program will serve as the basis 
for future embankment design and construction activities across the site. 

3. Stability Analyses 

Two-dimensional, limit equilibrium stability analyses were performed on selected cross 
sections using Spencer’s method, as implemented in computer programs SLOPE/W (from 
Geo-Slope International) and UTEXAS4 (from Shinoak Software).  A total of six cross 
sections, designated as A through F and shown on the drawing provided in Exhibit 07, were 
selected for the analyses.  These cross sections were judged to be representative relative to 
slope stability based on the proposed grading configurations.  Groundwater levels were 
generally assumed based on the surface water elevations in the adjacent Ash Pond, Stilling 
Pond, and Watts Bar Lake. 

Soil parameters used in the analyses, as summarized in Table 1, were previously 
determined.  These parameters, along with the supporting field and laboratory data, are 
documented in a Stantec’s report entitled “Material Properties for Geotechnical Analysis – 
Dredge Cell Closure Plan”, dated May 27, 2010.  Borings advanced around the Lateral 
Expansion area indicated similar materials as those encountered in the Dredge Cell.  A thin 
layer of sensitive silt and clay at the base of the existing ash deposits was suggested by 
AECOM as one of the root causes of the Dredge Cell failure in December 2008.  As detailed 
in the aforementioned material property report, this material was characterized to have 
slightly higher strengths (both drained and undrained) than the hydraulically placed ash.  Its 
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strengths were then conservatively assumed to be the same as those of the ash material and 
this thin layer was not defined separately in the stability models. 

Table 1 – Material Parameters used in Stability Analyses 

Material Name 
Unit Weight 

Static Drained 
Strength 

Static Undrained 
Strength 

γγγγm, (pcf) γγγγsat, (pcf) φφφφ’, (deg.) c’, (psf) φφφφ, (deg.)  c, (psf) 

Hydraulically Placed Ash 100 107 25 0 10 0 

Landfilled Ash 
Embankment 

109 111 30 0 30 0 

Lean Clay Foundation 
Soil 

-- 130 32 0 24 0 

Sandy Silt to Silty Sand -- 128 30 0 12 1,000 

 

3.1 Static Stability Criteria 

The design criteria for this project require a factor of safety of 1.3 or greater for slope stability 
during construction and 1.5 for long-term conditions.  These criteria are presented in the 
project document entitled “Kingston Ash Recovery Project (KRP), Design Basis and Criteria”, 
prepared by Stantec and dated October 20, 2010. 

3.2 Undrained Strength Analyses 

First, undrained strength analyses were performed using the three-stage analysis approach 
implemented in the computer program UTEXAS4.  The purpose of these analyses is to 
assess whether the planned construction should be closely monitored through a detailed 
geotechnical instrumentation program (i.e. calculated factors of safety below 1.3 for relatively 
instantaneous loading conditions).  Because the ash embankment will be constructed over 
the existing loose, saturated hydraulically placed ash, and this foundation material exhibits a 
brittle stress-strain behavior with the peak undrained strength occurring at a relatively low 
strain, there are concerns that the embankment construction could trigger a static, undrained 
failure. 

The three-stage analysis approach was discussed and agreed upon by TVA, AECOM, and 
Stantec to compute factors of safety for the static, undrained failure scenario.  The three-
stage computation consists of three complete sets of stability calculations.  The first stage 
involves stability analysis of the slope using the conventional effective stress approach to 
calculate both effective normal stresses and shear stresses along the potential slip surface.  
These stresses represent the anisotropic consolidation stresses and are used to calculate 
the undrained shear strengths (to be used in the second stage calculation) for materials 
without free drainage.  The second stage involves stability analysis of the slope using the 
computed undrained shear strengths.  The third stage computation compares the drained 
and undrained shear strengths at each slice base along the potential slip surface, and 
selects the lower strength to compute the final factor of safety for the slope.  This method 
was adopted by the U.S. Army Corps of Engineers for rapid drawdown analyses, and is 
described in EM 1110-2-1902 and Duncan and Wright (2005)1.  The constructed ash 

                                                 
1
 Duncan, J. M., and Wright, S. G. (2005), Soil Strength and Slope Stability, John Wiley & Sons 
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embankment was modeled as a distributed load and was not included in the first stage 
computation, thus, the estimated undrained shear strengths of the foundation soils did not 
consider the contributions due to consolidation under the embankment load.  The distributed 
load was used in the second and third stage calculations to account for the weight of the 
embankment. 

A linear interpolation scheme is used in the three-stage analysis to determine the undrained 
strength of anisotropically consolidated soils.  The interpolation is based on two limiting 
strength envelopes, representing the fully drained strength and the undrained strength of an 
isotropically consolidated soil sample.  Both of these envelopes represent a relationship 
between the shear strength and the effective normal consolidation stress on the failure plane.  
The envelopes correspond to effective principal stress ratios (Kc=σ’1/σ’3) at consolidation of 
Kf and 1, respectively, and are defined by an intercept and a slope.  The envelope 
corresponding to Kc=Kf is identical to the conventional effective stress shear strength 
envelope.  Thus, its intercept (dKc=Kf) is the same as the effective stress cohesion value (c’) 

and its slope (ψKc=kf) is the same as the effective stress friction angle (φ’).  The Kc=1 envelope 

can be derived from the total stress cohesion value (c) and the total stress friction angle (φ), 

as determined from conventional CU triaxial compression tests.  When c and φ are obtained 
from a line drawn tangent to the total stress Mohr’s circles, the relationships among the 

intercept (dKc=1) and slope (ψKc=1) of the Kc=1 envelope, the total stress c and φ, and the 

effective stress φ’ are (Duncan and Wright 2005): 
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Values of dKc=1 and ψKc=1 for different soils are presented on the enclosed UTEXAS4 output 
plot (Appendix A1). 

Cross sections A and F were selected for the undrained analysis.  The calculated factors of 
safety are 0.89 and 0.94, respectively.  The UTEXAS output files for these sections are 
provided in Exhibit 08.  These results were considered conservative because of the following 
assumptions in the analysis.  First, the load of the entire ash embankment was applied 
instantaneously in the model, while in reality the embankment will be constructed over a 
period of time.  Second, the ash embankment was modeled as a distributed load, thus slip 
resistance from the embankment was not taken into account in the analysis.  Although the 
calculated factors of safety are somewhat conservative, the fact that they are far below the 
required criterion of 1.3 indicates the high risk of a static, undrained failure if no precautions 
are taken during construction.  Hence, a geotechnical instrumentation and monitoring 
program needs to be implemented so that the measured data can be used to regulate 
construction activities and engineering judgment can be made to reduce the potential for 
static, undrained slope failures. 
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3.3 Effective Stress Analyses 

As discussed by Dr. Charles C. Ladd (1991)2 in the twenty-second Karl Terzaghi lecture, 
slope stability evaluation of embankments across soft foundations is very complex and 
undrained strength analysis accounting for shear-induced pore water pressures appears to 
be more appropriate.  However, because the main purpose of this document is to develop 
quantitative criteria for the planned piezometers, effective stress analyses were subsequently 
performed with varying excess pore water pressures generated by the weight of the 
embankment.  As mentioned earlier, threshold limits for the test embankment were also 
based on effective stress analyses.  Movements of embankment slopes and foundation soils 
will be closely monitored by the installed instruments and construction sequence will be 
adjusted accordingly such that shear-induced excess pore water pressures would not be 
significant.  All effective stress analyses were performed using the computer program 
SLOPE/W. 

The results of the effective stress analyses indicate the failure mode is generally circular for 
all six evaluated cross sections.  This failure mode is considered reasonable, given the 
material strength characterizations summarized in Table 1.  Because surficial failures 
(shallow sloughing of material parallel to the slope face) pose little risk to the overall 
embankment stability, only deep failures were considered in the analyses.  The deep failures 
were specified by defining a minimum sliding depth of 10 feet.  As shown on the SLOPE/W 
output plots (Exhibit 09), the bases of the critical slip surfaces are within the hydraulically 
placed ash material for all six analyzed cross sections. 

The calculated factors of safety are summarized in Table 2.  Since all the soils are 
characterized as purely frictional materials (c’ = 0), deeper failure surfaces will result in 
higher factors of safety.  For slip surfaces deeper than 10 feet, the factors of safety will be 
greater than those presented in Table 2. 

In the effective stress analyses, excess pore water pressures generated by embankment 
loading were applied to the hydraulically placed ash and the alluvial foundation soil layers in 
addition to the static pore water pressure associated with the groundwater table.  The excess 
pore water pressure ratio (ru) was defined as  

v

u

u
r

σ∆
∆=  

Where: 

u∆ : increase in pore water pressure at a location 

v
σ∆ : increase in vertical stress due to added embankment weight at the same location 

The ratio (ru) was varied from 0 (no excess pore water pressure) to 100 percent (the entire 
embankment weight is transferred to excess pore water pressure).  It should be noted that 
the ru = 0 case is equivalent to the long-term, drained condition.  The change of ru was 
implemented by using the B-bar function in SLOPE/W. 

 

                                                 
2
 Charles C. Ladd, Stability Evaluation During Staged Construction, Journal of Geotechnical 

Engineering, Vol. 117, No. 4, April, 1991. 
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Table 2 – Results of Effective Stress Stability Analyses 

Excess 
P.W.P Ratio 

(%) 

Calculated Factors of Safety 

Cross 
Section A 

Cross 
Section B 

Cross 
Section C 

Cross 
Section D 

Cross 
Section E 

Cross 
Section F 

0 2.64 3.33 2.88 2.60 2.94 2.57 

10 2.55 3.22 2.78 2.53 2.84 2.51 

20 2.46 3.10 2.66 2.44 2.73 2.44 

30 2.36 2.97 2.53 2.35 2.61 2.36 

40 2.25 2.84 2.41 2.26 2.50 2.28 

50 2.12 2.69 2.28 2.17 2.33 2.18 

60 2.04 2.55 2.14 2.06 2.14 2.08 

70 1.89 2.39 2.01 1.89 1.94 1.97 

80 1.72 2.23 1.82 1.70 1.73 1.82 

90 1.55 2.04 1.62 1.52 1.54 1.65 

100 1.34 1.85 1.40 1.25 1.32 1.45 

Note: The above effective stress analyses are intended to provide a consistent comparison 
against those previously conducted for the test embankment program.  Results are not to be 
used to establish threshold limits during construction.  Recommended limits are consistent 
with those used in the test embankment program and are outlined in Section 14.4 of the QC 
Plan. 

3.4 Wedge Block Analyses 

Supplemental wedge block analyses were carried out for cross sections D and F to evaluate 
the potential impact of the planned ash stacking on Dike C and the need for backfilling the 
existing channel to the east of the Lateral Expansion, respectively.  The slip surfaces were 
assumed to be within the sensitive silt/clay layer at the interface of the hydraulically placed 
ash and the lean clay foundation soil.  Fully undrained conditions were assumed to have 
been triggered in the sensitive silt/clay layer.  Classic active and passive earth pressures 
were used in the calculations. 

Details of the analyses are presented in the handwritten calculations (Exhibit 10).  The 
calculated factors of safety are 2.6 and 3.5 for cross sections D and F, respectively.  These 
results indicate that the planned ash stacking will not adversely impact the Dike C stability 
and there is no need for backfilling the channel to the east of the Lateral Expansion. 

4. Conclusions and Recommendations 

The following conclusions and recommendations are based on the results of the stability 
analyses presented herein in conjunction with our engineering judgments as well as the 
established threshold limits used in the test embankment program. 

• The evaluated landfilled ash embankment geometries exceed the minimum required 
factor of safety of 1.5 under long-term, drained conditions (equivalent to ru = 0).  The 
calculated factors of safety with ru = 0 range from 2.57 (cross section F) to 3.33 (cross 
section B). 
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• The three-stage analyses performed on the cross sections A and F slopes result in 
undrained factors of safety (0.89 and 0.94) far below the minimum required short-term 
factor of safety of 1.3, indicating a potential for embankment failure if fully undrained 
conditions are triggered within the wet foundation layers.  Thus, geotechnical 
instrumentation needs to be installed, and embankment construction needs to be 
monitored to reduce the potential for undrained slope failures.  The completed test 
embankment program demonstrates that this is a proven method to proceed with the 
planned embankment construction in a safe manner. 

• The results of the effective stress analyses indicate that all evaluated cross sections 
with the exception of cross section D would have short-term factors of safety greater 
than 1.3, even with ru = 1.  These results are considered unconservative because 
shearing will induce additional excess pore water pressure due to the contractive 
behavior of the hydraulically placed ash.  Results of the three-stage undrained 
analyses on cross sections A and F indicate factors of safety of 0.89 and 0.94, which 
are much smaller than the effective stress factors of safety of 1.34 and 1.45 on the 
same cross sections at ru = 1.  The difference in undrained and effective stress 
factors of safety indicates the significance of shear-induced excess pore water 
pressure.  Hence, movements of embankment slopes and foundation soils 
(settlement plates and slope inclinometers) must be closely monitored in conjunction 
with the piezometers.  If the measured data indicate signs of incipient significant 
movements, engineering evaluations must be carried out and construction activities 
must be adjusted accordingly such that fully undrained conditions would not be 
triggered. 

• The purpose of the effective stress analyses presented herein is to provide some 
guidelines on selecting threshold limits for piezometer monitoring.  Because these 
analyses only include the excess pore water pressures generated by embankment 
loading, while other excess pore water pressures (such as shear-induced) are not 
considered, the results are unconservative.  Hence, selection of piezometer threshold 
limits requires engineering judgments and the results presented in Table 2 should not 
be used directly.  Considering the successful experience with the test embankment 
program, we recommend the same instrumentation monitoring criteria used for the 
test embankment (see Section 2 – Test Embankment Program) be adopted for the 
current ash stacking plan. 

• The results of the wedge block analyses indicate that the deep block failure is not a 
controlling failure mode.  The planned ash stacking in the Lateral Expansion area has 
no adverse impact on the Dike C stability.  The existing channel to the east of the 
Lateral Expansion does not need to be backfilled from a slope stability perspective. 

• The six analyzed cross sections are selected from the final ash stacking 
configurations.  For monitoring purposes, we have prepared an instrumentation plan, 
submitted along with the “Lateral Expansion (Cell 4) Ash Stacking” plan.  The 
proposed instruments are planned to achieve a full coverage of the entire stacking 
footprint.   

DRAFT

61 of 168



Tennessee Valley Authority  
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Lateral Expansion (Cell 4)  
Ash Stacking 

Document Control Number  RDP-0114-A 
Calculation Package  FPGKIFFESCDX00030020110001 

 

Exhibit 07 
Stability Analysis Section Locations 

Purpose:  

•  Select representative cross sections for slope stability evaluations. (3.1)(3.2) 
• Meet Section 3 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 
 
 

Methods:  

•  Use engineering judgment to select cross sections representing the range of 
    subsurface conditions and ground surface geometries. (3.1)(3.2) 
 

Results:  

•  Six cross sections were selected for drained, effective stress stability 
    analyses. 
•  Two cross sections were selected for undrained stability analyses. 
• Two cross sections were selected for deep-seated wedge block stability analyses. 
 
 
 
 
 
 

 
*Numbers in parentheses references Sections of Design Basis Criteria 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: YW Reviewed by: KDL 
Revisions: 
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Document Control Number  RDP-0114-A 
Calculation Package  FPGKIFFESCDX00030020110001 

 

Exhibit 08 
Stability Analysis – Cross Sections A & F 

(FSul) 
Purpose:  

•  Evaluate slope stability under undrained loading conditions to assess the 
    need for geotechnical instrumentation monitoring during construction. (3.2)(4.1.7) 
• Meet Section 3 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 
 

Methods:  

•  Use the 3-stage approach implemented in UTEXAS 4 software. (3.2)(4.1.7) 

Results:  

•  Factors of safety of less than 1.0 were calculated, indicating the need for 
    construction monitoring. 
 
 
 
 
 
 
 
 
 
 

*Numbers in parentheses references Sections of Design Basis Criteria 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: YW Reviewed by: KDL 
Revisions: 
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Lateral Expansion (Cell 4) Ash Stacking - Section A

Date: Thu Jan 27 2011 Filename: Section_A_Type 2 Search_FSul.UT4 Time:  14:25:50

Factor of safety: 0.89
Side force Inclination: -4.15 degrees

NO. DESCRIPTION
UNIT

WEIGHT
SHEAR

STRENGTH
PORE

PRESSURE

1 Foundation Shale 140 Very Strong Not Applicable

2
Sandy Silt to Silty

Sand
128

Cohesion: 0.0
Friction angle: 30

Piezometric
Line no. 1

3
Lean Clay

Foundation Soil
130

Cohesion: 0.0
Friction angle: 32

Piezometric
Line no. 1

4
Hydraulically
Placed Ash

107
Cohesion: 0.0

Friction angle: 25
Piezometric
Line no. 1

NO. DESCRIPTION
UNIT

WEIGHT
SHEAR

STRENGTH
PORE

PRESSURE

1 Foundation Shale 140 Very Strong Not Applicable

2
Sandy Silt to Silty

Sand
128

2-Stage Linear
Intercept (Kc = 1): 1069.45

Slope (Kc = 1): 12.81
Intercept (Kc = Kf): 0.00
Slope (Kc = Kf): 30.00

Piezometric
Line no. 1

3
Lean Clay

Foundation Soil
130

2-Stage Linear
Intercept (Kc = 1): 0.00
Slope (Kc = 1): 30.17

Intercept (Kc = Kf): 0.00
Slope (Kc = Kf): 32.00

Piezometric
Line no. 1

4
Hydraulically
Placed Ash

107

2-Stage Linear
Intercept (Kc = 1): 0.00
Slope (Kc = 1): 10.78

Intercept (Kc = Kf): 0.00
Slope (Kc = Kf): 25.00

Piezometric
Line no. 1

1

2
3

4

0 100 200 300 400 500 600 700 800
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800
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Lateral Expansion (Cell 4) Ash Stacking - Section F

Date: Fri Mar 25 2011 Filename: Section_F_Type 2 Search_FSul.UT4 Time:  11:58:42

Factor of safety: 0.94
Side force Inclination: -4.75 degrees

NO. DESCRIPTION
UNIT

WEIGHT
SHEAR

STRENGTH
PORE

PRESSURE

1 Foundation Shale 140 Very Strong Not Applicable

2
Sandy Silt to Silty

Sand
128

Cohesion: 0.0
Friction angle: 30

Piezometric
Line no. 1

3
Lean Clay

Foundation Soil
130

Cohesion: 0.0
Friction angle: 32

Piezometric
Line no. 1

4
Hydraulically
Placed Ash

107
Cohesion: 0.0

Friction angle: 25
Piezometric
Line no. 1

NO. DESCRIPTION
UNIT

WEIGHT
SHEAR

STRENGTH
PORE

PRESSURE

1 Foundation Shale 140 Very Strong Not Applicable

2
Sandy Silt to Silty

Sand
128

2-Stage Linear
Intercept (Kc = 1): 1069.45

Slope (Kc = 1): 12.81
Intercept (Kc = Kf): 0.00
Slope (Kc = Kf): 30.00

Piezometric
Line no. 1

3
Lean Clay

Foundation Soil
130

2-Stage Linear
Intercept (Kc = 1): 0.00
Slope (Kc = 1): 30.17

Intercept (Kc = Kf): 0.00
Slope (Kc = Kf): 32.00

Piezometric
Line no. 1

4
Hydraulically
Placed Ash

107

2-Stage Linear
Intercept (Kc = 1): 0.00
Slope (Kc = 1): 10.78

Intercept (Kc = Kf): 0.00
Slope (Kc = Kf): 25.00

Piezometric
Line no. 1

1

2
3

4
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Document Control Number  RDP-0114-A 
Calculation Package  FPGKIFFESCDX00030020110001 

 

Exhibit 09 
Stability Analysis – Cross Sections A,B,C,D,E 

& F 

Purpose:  

•  Evaluate slope stability under drained loading conditions with various 
    excess pore water pressures; provide some basis for establishing threshold 
    limits for piezometer monitoring. (3.2)(4.1.7) 
• Meet Section 3 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 
 
Methods:  

•  Use SLOPE/W software for effective stress slope stability analyses. (3.2) 

Results:  

•  Factors of safety versus excess pore water pressures were calculated. 
 
 
 
 
 
 
 
 
 
 
 

*Numbers in parentheses references Sections of Design Basis Criteria 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: YW Reviewed by: KDL 
Revisions: 
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Drained Factor of Safety (Opt.) = 2.64
Center = (665, 860)
Radius = 58.58502

B-Bar = 0

File Name: Section_A_Drained_PWP-0.gsz
Last Solved on 3/22/2011 at 3:02:12 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 1: Excess Pore Water Pressure Ratio = 0
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Drained Factor of Safety (Opt.) = 2.55
Center = (665, 860)
Radius = 58.82831

B-Bar = 0.1

File Name: Section_A_Drained_PWP-10.gsz
Last Solved on 3/22/2011 at 3:07:36 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 2: Excess Pore Water Pressure Ratio = 10%
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Drained Factor of Safety (Opt.) = 2.46
Center = (665, 860)
Radius = 58.1519

B-Bar = 0.2

File Name: Section_A_Drained_PWP-20.gsz
Last Solved on 3/22/2011 at 3:12:26 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 3: Excess Pore Water Pressure Ratio = 20%
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Drained Factor of Safety (Opt.) = 2.36
Center = (665, 860)
Radius = 58.14668

B-Bar = 0.3

File Name: Section_A_Drained_PWP-30.gsz
Last Solved on 3/22/2011 at 3:18:28 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 4: Excess Pore Water Pressure Ratio = 30%
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Drained Factor of Safety (Opt.) = 2.25
Center = (660, 855)
Radius = 57.4586

B-Bar = 0.4

File Name: Section_A_Drained_PWP-40.gsz
Last Solved on 3/22/2011 at 3:24:04 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 5: Excess Pore Water Pressure Ratio = 40%
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Drained Factor of Safety (Opt.) = 2.12
Center = (660, 865)
Radius = 53.93381

B-Bar = 0.5

File Name: Section_A_Drained_PWP-50.gsz
Last Solved on 3/22/2011 at 3:32:12 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 6: Excess Pore Water Pressure Ratio = 50%
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Drained Factor of Safety (Opt.) = 2.04
Center = (640, 820)
Radius = 38.73767

B-Bar = 0.6

File Name: Section_A_Drained_PWP-60.gsz
Last Solved on 3/22/2011 at 3:36:44 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 7: Excess Pore Water Pressure Ratio = 60%
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Drained Factor of Safety (Opt.) = 1.89
Center = (640, 820)
Radius = 38.05051

B-Bar = 0.7

File Name: Section_A_Drained_PWP-70.gsz
Last Solved on 3/22/2011 at 3:41:08 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 8: Excess Pore Water Pressure Ratio = 70%
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Drained Factor of Safety (Opt.) = 1.72
Center = (640, 820)
Radius = 37.39997

B-Bar = 0.8

File Name: Section_A_Drained_PWP-80.gsz
Last Solved on 3/22/2011 at 3:45:58 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 9: Excess Pore Water Pressure Ratio = 80%
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Drained Factor of Safety (Opt.) = 1.55
Center = (640, 825)
Radius = 34.48187

B-Bar = 0.9

File Name: Section_A_Drained_PWP-90.gsz
Last Solved on 3/22/2011 at 3:50:36 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 10: Excess Pore Water Pressure Ratio = 90%
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Drained Factor of Safety (Opt.) = 1.34
Center = (635, 825)
Radius = 34.9265

B-Bar = 1

File Name: Section_A_Drained_PWP-100.gsz
Last Solved on 3/22/2011 at 3:54:38 PM

Lateral Expansion (Cell 4) Ash Stacking - Section A
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure A - 11: Excess Pore Water Pressure Ratio = 100%
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Drained Factor of Safety (Opt.) = 3.33
Center = (770, 855)
Radius = 57.50264

B-Bar = 0

File Name: Section_B_Drained_PWP-0.gsz
Last Solved on 3/22/2011 at 4:12:36 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 1: Excess Pore Water Pressure Ratio = 0
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Drained Factor of Safety (Opt.) = 3.22
Center = (770, 855)
Radius = 57.17383

B-Bar = 0.1

File Name: Section_B_Drained_PWP-10.gsz
Last Solved on 3/22/2011 at 4:16:58 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 2: Excess Pore Water Pressure Ratio = 10%
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Drained Factor of Safety (Opt.) = 3.10
Center = (770, 855)
Radius = 56.81699

B-Bar = 0.2

File Name: Section_B_Drained_PWP-20.gsz
Last Solved on 3/22/2011 at 4:22:14 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 3: Excess Pore Water Pressure Ratio = 20%
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Drained Factor of Safety (Opt.) = 2.97
Center = (770, 855)
Radius = 55.98053

B-Bar = 0.3

File Name: Section_B_Drained_PWP-30.gsz
Last Solved on 3/22/2011 at 4:39:28 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 4: Excess Pore Water Pressure Ratio = 30%
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Drained Factor of Safety (Opt.) = 2.84
Center = (765, 855)
Radius = 53.36249

B-Bar = 0.4

File Name: Section_B_Drained_PWP-40.gsz
Last Solved on 3/22/2011 at 4:44:08 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 5: Excess Pore Water Pressure Ratio = 40%
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Drained Factor of Safety (Opt.) = 2.69
Center = (765, 855)
Radius = 52.84097

B-Bar = 0.5

File Name: Section_B_Drained_PWP-50.gsz
Last Solved on 3/22/2011 at 4:48:02 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 6: Excess Pore Water Pressure Ratio = 50%
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Drained Factor of Safety (Opt.) = 2.55
Center = (765, 855)
Radius = 51.87597

B-Bar = 0.6

File Name: Section_B_Drained_PWP-60.gsz
Last Solved on 3/22/2011 at 4:51:56 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 7: Excess Pore Water Pressure Ratio = 60%
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Drained Factor of Safety (Opt.) = 2.39
Center = (765, 855)
Radius = 51.15241

B-Bar = 0.7

File Name: Section_B_Drained_PWP-70.gsz
Last Solved on 3/22/2011 at 5:00:04 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 8: Excess Pore Water Pressure Ratio = 70%
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Drained Factor of Safety (Opt.) = 2.23
Center = (760, 850)
Radius = 50.31757

B-Bar = 0.8

File Name: Section_B_Drained_PWP-80.gsz
Last Solved on 3/22/2011 at 5:04:04 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 9: Excess Pore Water Pressure Ratio = 80%

Distance (ft.) (x  1000)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

E
le

va
tio

n 
(f

t.)

500

550

600

650

700

750

800

850

900

DRAFT
87 of 168



Drained Factor of Safety (Opt.) = 2.04
Center = (760, 860)
Radius = 48.58201

B-Bar = 0.9

File Name: Section_B_Drained_PWP-90.gsz
Last Solved on 3/22/2011 at 5:08:06 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 10: Excess Pore Water Pressure Ratio = 90%
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Drained Factor of Safety (Opt.) = 1.85
Center = (760, 860)
Radius = 48.05514

B-Bar = 1

File Name: Section_B_Drained_PWP-100.gsz
Last Solved on 3/22/2011 at 5:12:04 PM

Lateral Expansion (Cell 4) Ash Stacking - Section B
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Hydraulically Placed Ash

Landfilled Ash

Sandy Silt to Silty Sand
Shale

Lean Clay

Figure B - 11: Excess Pore Water Pressure Ratio = 100%
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Drained Factor of Safety (Opt.) = 2.88
Center = (755, 870)
Radius = 66.05266

B-Bar = 0

File Name: Section_C_Drained_PWP-0.gsz
Last Solved on 3/23/2011 at 10:08:48 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 1: Excess Pore Water Pressure Ratio = 0
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Drained Factor of Safety (Opt.) = 2.78
Center = (750, 870)
Radius = 60.26545

B-Bar = 0.1

File Name: Section_C_Drained_PWP-10.gsz
Last Solved on 3/23/2011 at 10:12:32 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 2: Excess Pore Water Pressure Ratio = 10%
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Drained Factor of Safety (Opt.) = 2.66
Center = (750, 870)
Radius = 59.80788

B-Bar = 0.2

File Name: Section_C_Drained_PWP-20.gsz
Last Solved on 3/23/2011 at 10:16:20 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 3: Excess Pore Water Pressure Ratio = 20%
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Drained Factor of Safety (Opt.) = 2.53
Center = (750, 870)
Radius = 59.39887

B-Bar = 0.3

File Name: Section_C_Drained_PWP-30.gsz
Last Solved on 3/23/2011 at 10:19:46 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 4: Excess Pore Water Pressure Ratio = 30%
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Drained Factor of Safety (Opt.) = 2.41
Center = (745, 860)
Radius = 58.55145

B-Bar = 0.4

File Name: Section_C_Drained_PWP-40.gsz
Last Solved on 3/23/2011 at 10:23:24 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 5: Excess Pore Water Pressure Ratio = 40%
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Drained Factor of Safety (Opt.) = 2.28
Center = (745, 860)
Radius = 58.6013

B-Bar = 0.5

File Name: Section_C_Drained_PWP-50.gsz
Last Solved on 3/23/2011 at 10:27:24 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 6: Excess Pore Water Pressure Ratio = 50%
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Drained Factor of Safety (Opt.) = 2.14
Center = (745, 865)
Radius = 57.98884

B-Bar = 0.6

File Name: Section_C_Drained_PWP-60.gsz
Last Solved on 3/23/2011 at 10:31:18 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 7: Excess Pore Water Pressure Ratio = 60%
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Drained Factor of Safety (Opt.) = 2.01
Center = (725, 830)
Radius = 42.78261

B-Bar = 0.7

File Name: Section_C_Drained_PWP-70.gsz
Last Solved on 3/23/2011 at 10:36:02 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 8: Excess Pore Water Pressure Ratio = 70%
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Drained Factor of Safety (Opt.) = 1.82
Center = (725, 830)
Radius = 42.01464

B-Bar = 0.8

File Name: Section_C_Drained_PWP-80.gsz
Last Solved on 3/23/2011 at 10:39:40 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 9: Excess Pore Water Pressure Ratio = 80%
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Drained Factor of Safety (Opt.) = 1.62
Center = (725, 830)
Radius = 41.48103

B-Bar = 0.9

File Name: Section_C_Drained_PWP-90.gsz
Last Solved on 3/23/2011 at 10:43:34 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 10: Excess Pore Water Pressure Ratio = 90%
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Drained Factor of Safety (Opt.) = 1.40
Center = (720, 830)
Radius = 40.86476

B-Bar = 1

File Name: Section_C_Drained_PWP-100.gsz
Last Solved on 3/23/2011 at 10:47:30 AM

Lateral Expansion (Cell 4) Ash Stacking - Section C
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Sandy Silt to Silty Sand
Lean Clay

Hydraulically Placed Ash

Landfilled Ash

Shale

Figure C - 11: Excess Pore Water Pressure Ratio = 100%
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Figure D - 1: Excess Pore Water Pressure Ratio = 0

File Name: Section_D_Drained_PWP-0.gsz
Last Solved on 3/25/2011 at 9:23:22 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 2.60
Center = (-250, 865)
Radius = 56.79319

B-Bar = 0
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Figure D - 2: Excess Pore Water Pressure Ratio = 10%

File Name: Section_D_Drained_PWP-10.gsz
Last Solved on 3/25/2011 at 9:28:19 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 2.53
Center = (-250, 865)
Radius = 56.88983

B-Bar = 0.1
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Figure D - 3: Excess Pore Water Pressure Ratio = 20%

File Name: Section_D_Drained_PWP-20.gsz
Last Solved on 3/25/2011 at 9:33:04 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 2.44
Center = (-250, 865)
Radius = 56.71801

B-Bar = 0.2
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Figure D - 4: Excess Pore Water Pressure Ratio = 30%

File Name: Section_D_Drained_PWP-30.gsz
Last Solved on 3/25/2011 at 9:37:17 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 2.35
Center = (-250, 865)
Radius = 56.59803

B-Bar = 0.3

Distance

-700 -650 -600 -550 -500 -450 -400 -350 -300 -250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400

E
le

va
tio

n

500

550

600

650

700

750

800

850

900

DRAFT
104 of 168



Figure D - 5: Excess Pore Water Pressure Ratio = 40%

File Name: Section_D_Drained_PWP-40.gsz
Last Solved on 3/25/2011 at 9:41:58 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 2.26
Center = (-250, 865)
Radius = 56.11294

B-Bar = 0.4
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Figure D - 6: Excess Pore Water Pressure Ratio = 50%

File Name: Section_D_Drained_PWP-50.gsz
Last Solved on 3/25/2011 at 9:46:25 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 2.17
Center = (-255, 860)
Radius = 56.41318

B-Bar = 0.5
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Figure D - 7: Excess Pore Water Pressure Ratio = 60%

File Name: Section_D_Drained_PWP-60.gsz
Last Solved on 3/25/2011 at 9:51:49 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 2.06
Center = (-275, 825)
Radius = 38.33732

B-Bar = 0.6
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Figure D - 8: Excess Pore Water Pressure Ratio = 70%

File Name: Section_D_Drained_PWP-70.gsz
Last Solved on 3/25/2011 at 9:56:54 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 1.89
Center = (-280, 825)
Radius = 36.33464

B-Bar = 0.7
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Figure D - 9: Excess Pore Water Pressure Ratio = 80%

File Name: Section_D_Drained_PWP-80.gsz
Last Solved on 3/25/2011 at 10:32:02 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 1.70
Center = (-280, 830)
Radius = 36.44839

B-Bar = 0.8
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Figure D - 10: Excess Pore Water Pressure Ratio = 90%

File Name: Section_D_Drained_PWP-90.gsz
Last Solved on 3/25/2011 at 10:37:18 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 1.52
Center = (-280, 825)
Radius = 35.68676

B-Bar = 0.9
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Figure D - 11: Excess Pore Water Pressure Ratio = 100%

File Name: Section_D_Drained_PWP-100.gsz
Last Solved on 3/25/2011 at 10:42:08 AM

Landfilled Ash

Shale

Lean Clay

Hydraulically Placed Ash

Sandy Silt to Silty Sand

Clay Raised Dike Clay Starter Dike

Rock Buttress

Lateral Expansion (Cell 4) Ash Stacking - Section D
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Clay Starter Dike
Clay Raised Dike
Rock
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
128; 125
128; 125
128; 115
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=30
c'=0; phi'=38
N/A

Pore Water Pressure
1
1
1
1
1
1
1
N/A

Drained Factor of Safety (Opt.) = 1.25
Center = (-285, 830)
Radius = 34.3492

B-Bar = 1
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Drained Factor of Safety (Opt.) = 2.94
Center = (615, 840)
Radius = 51.85012

B-Bar = 0

File Name: Section_E_Drained_PWP-0.gsz
Last Solved on 3/23/2011 at 2:26:14 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 1: Excess Pore Water Pressure Ratio = 0
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Drained Factor of Safety (Opt.) = 2.84
Center = (615, 840)
Radius = 51.57251

B-Bar = 0.1

File Name: Section_E_Drained_PWP-10.gsz
Last Solved on 3/23/2011 at 2:31:52 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 2: Excess Pore Water Pressure Ratio = 10%
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Drained Factor of Safety (Opt.) = 2.73
Center = (615, 850)
Radius = 48.7752

B-Bar = 0.2

File Name: Section_E_Drained_PWP-20.gsz
Last Solved on 3/23/2011 at 2:36:20 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 3: Excess Pore Water Pressure Ratio = 20%
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Drained Factor of Safety (Opt.) = 2.61
Center = (615, 850)
Radius = 49.15648

B-Bar = 0.3

File Name: Section_E_Drained_PWP-30.gsz
Last Solved on 3/23/2011 at 2:40:30 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 4: Excess Pore Water Pressure Ratio = 30%
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Drained Factor of Safety (Opt.) = 2.50
Center = (595, 815)
Radius = 36.57597

B-Bar = 0.4

File Name: Section_E_Drained_PWP-40.gsz
Last Solved on 3/23/2011 at 2:44:44 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 5: Excess Pore Water Pressure Ratio = 40%

Lean Clay

Sandy Silt to Silty Sand

Shale

Hydraulically Placed Ash

Landfilled Ash

Distance (ft.) (x  1000)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

E
le

va
tio

n 
(f

t.)

500

550

600

650

700

750

800

850

900

DRAFT
116 of 168



Drained Factor of Safety (Opt.) = 2.33
Center = (595, 815)
Radius = 36.01886

B-Bar = 0.5

File Name: Section_E_Drained_PWP-50.gsz
Last Solved on 3/23/2011 at 2:49:24 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 6: Excess Pore Water Pressure Ratio = 50%
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Drained Factor of Safety (Opt.) = 2.14
Center = (595, 820)
Radius = 33.74136

B-Bar = 0.6

File Name: Section_E_Drained_PWP-60.gsz
Last Solved on 3/23/2011 at 2:53:28 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 7: Excess Pore Water Pressure Ratio = 60%
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Drained Factor of Safety (Opt.) = 1.94
Center = (595, 820)
Radius = 33.28775

B-Bar = 0.7

File Name: Section_E_Drained_PWP-70.gsz
Last Solved on 3/23/2011 at 2:57:58 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 8: Excess Pore Water Pressure Ratio = 70%
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Drained Factor of Safety (Opt.) = 1.73
Center = (595, 825)
Radius = 33.08491

B-Bar = 0.8

File Name: Section_E_Drained_PWP-80.gsz
Last Solved on 3/23/2011 at 3:02:10 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 9: Excess Pore Water Pressure Ratio = 80%
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Drained Factor of Safety (Opt.) = 1.54
Center = (595, 820)
Radius = 33.5205

B-Bar = 0.9

File Name: Section_E_Drained_PWP-90.gsz
Last Solved on 3/23/2011 at 3:06:50 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 10: Excess Pore Water Pressure Ratio = 90%
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Drained Factor of Safety (Opt.) = 1.32
Center = (595, 825)
Radius = 32.57408

B-Bar = 1

File Name: Section_E_Drained_PWP-100.gsz
Last Solved on 3/23/2011 at 3:11:04 PM

Lateral Expansion (Cell 4) Ash Stacking - Section E
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Bedrock (Impenetrable)

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Figure E - 11: Excess Pore Water Pressure Ratio = 100%
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 1: Excess Pore Water Pressure Ratio = 0

File Name: Section_F_Drained_PWP-0.gsz
Last Solved on 3/24/2011 at 9:15:34 AM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 2.57
Center = (745, 805) ft
Radius = 28.91372 ft

B-Bar = 0

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Landfilled Ash

Hydraulically Placed Ash
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 2: Excess Pore Water Pressure Ratio = 10%

File Name: Section_F_Drained_PWP-10.gsz
Last Solved on 3/24/2011 at 9:10:47 AM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 2.51
Center = (745, 805) ft
Radius = 29.0365 ft

B-Bar = 0.1

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 3: Excess Pore Water Pressure Ratio = 20%

File Name: Section_F_Drained_PWP-20.gsz
Last Solved on 3/24/2011 at 9:02:27 AM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 2.44
Center = (745, 810) ft
Radius = 29.0407 ft

B-Bar = 0.2

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 4: Excess Pore Water Pressure Ratio = 30%

File Name: Section_F_Drained_PWP-30.gsz
Last Solved on 3/24/2011 at 8:58:36 AM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 2.36
Center = (745, 810) ft
Radius = 29.21815 ft

B-Bar = 0.3

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 5: Excess Pore Water Pressure Ratio = 40%

File Name: Section_F_Drained_PWP-40.gsz
Last Solved on 3/24/2011 at 8:54:41 AM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 2.28
Center = (745, 810) ft
Radius = 29.43499 ft

B-Bar = 0.4

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Landfilled Ash

Hydraulically Placed Ash

Lean Clay
Sandy Silt to Silty Sand

Shale
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 6: Excess Pore Water Pressure Ratio = 50%

File Name: Section_F_Drained_PWP-50.gsz
Last Solved on 3/23/2011 at 5:02:51 PM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 2.18
Center = (745, 810) ft
Radius = 28.89062 ft

B-Bar = 0.5

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Landfilled Ash

Hydraulically Placed Ash

Lean Clay
Sandy Silt to Silty Sand

Shale
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 7: Excess Pore Water Pressure Ratio = 60%

File Name: Section_F_Drained_PWP-60.gsz
Last Solved on 3/23/2011 at 4:58:37 PM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 2.08
Center = (745, 810) ft
Radius = 28.72173 ft

B-Bar = 0.6

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Landfilled Ash

Hydraulically Placed Ash

Lean Clay
Sandy Silt to Silty Sand

Shale

Distance (x  1000)
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E
le

va
tio

n

550

600

650

700

750

800

850

DRAFT
129 of 168



Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 8: Excess Pore Water Pressure Ratio = 70%

File Name: Section_F_Drained_PWP-70.gsz
Last Solved on 3/23/2011 at 4:49:51 PM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 1.97
Center = (745, 815) ft
Radius = 28.75253 ft

B-Bar = 0.7

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Landfilled Ash

Hydraulically Placed Ash

Lean Clay
Sandy Silt to Silty Sand

Shale
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 9: Excess Pore Water Pressure Ratio = 80%

File Name: Section_F_Drained_PWP-80.gsz
Last Solved on 3/23/2011 at 4:45:00 PM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 1.82
Center = (725, 870) ft
Radius = 50.86501 ft

B-Bar = 0.8

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Landfilled Ash

Hydraulically Placed Ash

Lean Clay
Sandy Silt to Silty Sand
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 10: Excess Pore Water Pressure Ratio = 90%

File Name: Section_F_Drained_PWP-90.gsz
Last Solved on 3/23/2011 at 4:39:50 PM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 1.65
Center = (725, 880) ft
Radius = 48.43806 ft

B-Bar = 0.9

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Landfilled Ash

Hydraulically Placed Ash
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Sandy Silt to Silty Sand
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Lateral Expansion (Cell 4) Ash Stacking - Section F
Kingston Fossil Plant
Tennessee Valley Authority (TVA)

Figure F - 11: Excess Pore Water Pressure Ratio = 100%

File Name: Section_F_Drained_PWP-100.gsz
Last Solved on 3/23/2011 at 4:11:59 PM

Material Name
Landfilled Ash
Hydraulically Placed Ash
Lean Clay
Sandy Silt to Silty Sand
Shale

Model
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb
N/A

Factor of Safety (Opt.) = 1.45
Center = (720, 890) ft
Radius = 47.72949 ft

B-Bar = 1

Unit Weight (Below/Above W.T.)
111; 109
107; 100
130; N/A
128; N/A
N/A

Strength Parameters
c'=0; phi'=30
c'=0; phi'=25
c'=0; phi'=32
c'=0; phi'=30
N/A

Pore Water Pressure
Piez. Line 1
Piez. Line 1
Piez. Line 1
Piez. Line 1
N/A

Landfilled Ash

Hydraulically Placed Ash

Lean Clay
Sandy Silt to Silty Sand

Shale
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Tennessee Valley Authority  
Kingston Fossil Plant 
Harriman, Roane County, Tennessee 
 

 
Lateral Expansion (Cell 4)  
Ash Stacking 

Document Control Number  RDP-0114-A 
Calculation Package  FPGKIFFESCDX00030020110001 

 

Exhibit 10 
Stability Analysis – Cross Sections D & F 

Purpose:  

•  Evaluate deep-seated wedge block stabilities to assess the impact of the ash stacking 
on Dike C and to assess the need for backfilling the existing channel to the east of the 
ash stacking. (3.2) 
• Meet Section 3 of the Design Basis Criteria Dredge Cell Closure, Kingston Fossil 

Plant 
 
 
Methods:  

•  Use classic lateral earth pressures to analyze the wedge block stability, assuming a 
thin sensitive silt/clay layer at the interface of the hydraulically placed ash and the lean 
clay foundation soil within which undrained conditions have been triggered. 
(3.1)(3.2)(4.1.7) 

Results:  

•  Factors of safety for the wedge blocks were calculated, indicating the deep-seated 
failure was not a controlling failure mode. 
• The ash stacking has no adverse impact on the Dike C stability. 
• The channel to the east of the ash stacking does not need to be backfilled. 
 
 
 
 
 
 
 

*Numbers in parentheses references Sections of Design Basis Criteria 
Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: YW Reviewed by: KDL/DBR 
Revisions: 
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90% Design Package  April 1, 2011 
ISSUED FOR REVIEW 

Tennessee Valley Authority  
Kingston Fossil Plant 
Harriman, Roane County, Tennessee 
 

 
Lateral Expansion (Cell 4)  
Ash Stacking 

Document Control Number  RDP-0114-A 
Calculation Package  FPGKIFFESCDX00030020110001 

 

Exhibit 11 
Ditch Design Supporting Calculations 

 

Purpose:  
 Check geotextile gradation against that of ash to meet filter criteria for riprap 

placed in ditch. (13.2) 
 Check geotextile for permeability and clogging. (13.2) 
 Determine if commercially available fabrics meet design criteria.   
 Determine gradation of fly ash for use in calculations. 
 Determine precipitation amount for various design storms for the site. (12.4) 
 Use determined 25 year-24 hour event of input to hydrologic model. (12.1) 
 Meet sections 12 and 13 of the Design Basis Criteria Dredge Cell Closure, 

Kingston Fossil Plant 
Methods:  

 Design analysis based on methods presented in the technical literature 
(Christopher and Holtz 1984, Giroud 1982, Koerner et al 1994, USEPA 1987). 
(13.2) 

 Used gradation for site fly ash.  
 ASTM 421 for sample preparation. 
 ASTM D 422 for gradation and hydrometer methods.  
 Used NOAA website calculator that is based on NOAA Atlas 14. (12.4) 
 Used site locator on website. (12.4) 
 Used SEDCAD Model TR-55 emulator. (12.4) 

Results:  
 Six commercially available geotextiles met design criteria. 
 16 ounce non-woven fabric met design criteria and constructability issues.     
 Gradation established. 
 Material classified as sandy silt under Unified Soil Classification System. 
 25 Year-24 hour storm event of 5.47 inches determined 
 Ditch segment designs based on SEDCAD results. 

 
 Numbers in parentheses reference Sections of Design Basis Criteria 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: DEH Reviewed by: TC 
Revisions: 
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Geotextile Design Analysis - Ditch 
Kingston Fly Ash 

175669014 
 

 
 
Methodology – Design Analysis based on methods presented in the technical literature 
(Christopher and Holtz 1984, Giroud 1982, Koerner et al 1994, USEPA 1987). 
 
Geotextile Class 1 
 
Non-woven fabric 
 
Lab ID 30: 
 
Soil Retention 
 
Percent passing 0.075mm sieve = 59.1% 
 
Soils with more than 50% particles ≤ 0.075mm;  O95 ≤ 210mm (US Sieve No. 70) 
 
Permeability 
 
 Kgeotextile > 10 Ksoil 

 

 Kgeotextile > 10 (1x10-4 cm/s) 
 
 Kgeotextile > 1x10-3 cm/s 
 
Anti-clogging 
 
Porosity, ng > 30% 
 -Use largest opening size to meet retention criteria 
 
Clogging 
 
Porosity, ng 

 

ng = 1 - [µg / (pgtg)] 
 
where, 
 
µg = geotextile mass per unit area 
pg = polymer density 
tg = geotextile thickness 
 
Geotex 1701 
 
ng = 1 – [542 g/m2 / (0.905 g/m2 * 4,200 m)] 
     = 1 – [542 / (0.9 * 4200)] 
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     = 1 – (542 / 3801) 
     = 1 – 0.14 
     = 0.86 
 
Skaps GE-116 
 
ng = 1 –[542 g/m2 / (0.905 g/m2 * 4,450 m)] 
     = 1 – (542 / 4027.25) 
     = 1 – 0.13 
     = 0.87 
 
Tencate Mirafi S1600 
 
ng = 1 –[542 g/m2 / (0.905 g/m2 * 4,400 m)] 
     = 1 – (542 / 3982) 
     = 1 – 0.14 
     = 0.86 
 
Suggested Fabrics 
 
 

Fabric Mass (oz/yd2) AOS (O95) Permittivity Permeability Clogging 

 
Propex 
Geosynthetics 
Geotex 1701 

16.0 0.15 (100) 0.7 0.27 0.86 

 
Agru America 
Agrutex 1161 

16.0 0.15 (100) 0.5 N/A N/A 

 
Dalco 
Nonwovens 
Daltex 1161 

16.0 0.15 (100) 0.5 N/A N/A 

 
GSE Lining 
Technology 
NW16 

16.0 0.15 (100) 0.7 N/A N/A 

 
SKAPS 
Industries 
GE116 

16.0 0.15 (100) 0.57 0.25 0.87 

 
TenCate 
Geosynthetics 
Mirafi S1600 

16.0 0.15 (100) 0.7 0.31 0.86 

 
 
 
Designed by:      JTB                  Checked by:      DEH 
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Tennessee 35.840 N 84.49 W 898 feet  
from "Precipitation-Frequency Atlas of the United States" NOAA Atlas 14, Volume 2, Version 3 

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley 
NOAA, National Weather Service, Silver Spring, Maryland, 2004 

Extracted: Tue Sep 14 2010  

* The upper bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are greater than.  
** These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval. 

Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatting prevents estimates near zero to appear as zero.  

POINT PRECIPITATION 
FREQUENCY ESTIMATES 

FROM NOAA ATLAS 14 

Confidence Limits Seasonality Related Info GIS data Maps Docs Return to State Map

Precipitation Frequency Estimates (inches)

ARI* 
(years)

5 
min 

10 
min 

15 
min 

30 
min 

60 
min 

120 
min 

3 hr 6 hr 
12 
hr 

24 
hr 

48 hr 4 day 7 day 
10 

day 
20 

day 
30 

day 
45 

day 
60 

day 

1 0.34 0.55 0.69 0.94 1.17 1.38 1.50 1.86 2.31 2.81 3.44 3.94 4.80 5.49 7.59 9.32 11.72 14.06

2 0.40 0.65 0.81 1.12 1.41 1.65 1.79 2.21 2.73 3.36 4.11 4.71 5.72 6.51 8.96 10.95 13.71 16.44

5 0.47 0.76 0.96 1.36 1.75 2.04 2.20 2.67 3.30 4.10 5.00 5.70 6.86 7.75 10.41 12.53 15.54 18.58

10 0.54 0.87 1.09 1.59 2.07 2.42 2.59 3.12 3.82 4.68 5.71 6.45 7.71 8.68 11.46 13.65 16.86 20.09

25 0.63 1.00 1.27 1.88 2.50 2.92 3.12 3.72 4.53 5.47 6.67 7.44 8.82 9.90 12.76 15.03 18.45 21.91

50 0.70 1.12 1.41 2.13 2.88 3.37 3.59 4.25 5.13 6.10 7.43 8.20 9.65 10.83 13.71 16.00 19.58 23.18

100 0.78 1.23 1.56 2.39 3.29 3.85 4.08 4.81 5.75 6.74 8.20 8.96 10.46 11.74 14.59 16.89 20.60 24.32

200 0.85 1.35 1.71 2.65 3.72 4.37 4.61 5.40 6.40 7.40 8.98 9.70 11.25 12.64 15.41 17.70 21.52 25.33

500 0.96 1.52 1.91 3.04 4.36 5.11 5.37 6.24 7.30 8.28 10.05 10.68 12.26 13.79 16.40 18.66 22.60 26.51

1000 1.05 1.65 2.08 3.36 4.91 5.75 6.04 6.97 8.07 8.96 10.87 11.41 13.01 14.64 17.10 19.32 23.32 27.30

* These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval. 
Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatting forces estimates near zero to appear as zero.

* Upper bound of the 90% confidence interval 
Precipitation Frequency Estimates (inches)

ARI** 
(years)

5 
min

10 
min

15 
min

30 
min

60 
min

120 
min

3 
hr

6 
hr

12 
hr

24 
hr

48 
hr

4 
day

7 
day

10 
day

20 
day

30 
day

45 
day

60 
day

1 0.38 0.60 0.75 1.03 1.29 1.51 1.64 2.02 2.49 2.99 3.67 4.20 5.11 5.82 7.98 9.75 12.23 14.66

2 0.44 0.71 0.89 1.23 1.54 1.80 1.95 2.39 2.95 3.58 4.39 5.01 6.09 6.91 9.43 11.46 14.32 17.16

5 0.52 0.83 1.05 1.49 1.91 2.23 2.39 2.89 3.56 4.36 5.34 6.07 7.30 8.21 10.96 13.10 16.23 19.38

10 0.59 0.95 1.20 1.74 2.26 2.63 2.81 3.36 4.12 4.97 6.09 6.86 8.20 9.20 12.06 14.28 17.60 20.97

25 0.69 1.09 1.38 2.05 2.73 3.18 3.38 4.01 4.87 5.81 7.11 7.91 9.37 10.49 13.43 15.72 19.27 22.87

50 0.76 1.22 1.54 2.32 3.14 3.67 3.88 4.58 5.52 6.47 7.91 8.72 10.25 11.48 14.43 16.74 20.45 24.20

100 0.84 1.34 1.70 2.60 3.58 4.17 4.41 5.18 6.18 7.15 8.74 9.53 11.12 12.45 15.35 17.67 21.52 25.41

200 0.93 1.47 1.86 2.90 4.06 4.74 4.99 5.82 6.90 7.85 9.57 10.34 11.96 13.40 16.23 18.53 22.49 26.49

500 1.04 1.65 2.08 3.31 4.75 5.55 5.83 6.74 7.89 8.78 10.72 11.38 13.05 14.64 17.30 19.55 23.65 27.75

1000 1.15 1.81 2.27 3.68 5.37 6.28 6.59 7.56 8.75 9.51 11.61 12.17 13.86 15.57 18.05 20.25 24.43 28.60

* Lower bound of the 90% confidence interval 
Precipitation Frequency Estimates (inches)

ARI** 
(years)

5 
min

10 
min

15 
min

30 
min

60 
min

120 
min

3 
hr

6 
hr

12 
hr

24 
hr

48 
hr

4 
day

7 
day

10 
day

20 
day

30 
day

45 
day

60 
day

1 0.32 0.50 0.63 0.86 1.08 1.27 1.39 1.73 2.15 2.66 3.22 3.71 4.53 5.19 7.21 8.91 11.23 13.48

2 0.37 0.59 0.74 1.03 1.29 1.52 1.65 2.05 2.54 3.18 3.85 4.43 5.40 6.17 8.52 10.48 13.14 15.77

5 0.43 0.70 0.88 1.25 1.60 1.88 2.02 2.48 3.06 3.87 4.68 5.35 6.47 7.33 9.89 11.98 14.89 17.81

10 0.49 0.79 1.00 1.45 1.89 2.21 2.38 2.88 3.54 4.41 5.34 6.05 7.26 8.21 10.88 13.05 16.15 19.26

25 0.57 0.91 1.15 1.70 2.27 2.66 2.84 3.42 4.17 5.15 6.22 6.96 8.29 9.34 12.11 14.35 17.66 20.98

Page 1 of 4Precipitation Frequency Data Server

9/14/2010http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statena...
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* The lower bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are less than.  
** These precipitation frequency estimates are based on a partial duration maxima series. ARI is the Average Recurrence Interval. 

Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatting prevents estimates near zero to appear as zero. 

  

 

 

50 0.63 1.01 1.27 1.92 2.60 3.05 3.24 3.88 4.70 5.72 6.91 7.67 9.05 10.19 12.98 15.26 18.72 22.18

100 0.69 1.10 1.39 2.13 2.94 3.44 3.65 4.35 5.23 6.30 7.61 8.35 9.79 11.02 13.80 16.09 19.67 23.25

200 0.76 1.20 1.51 2.35 3.29 3.86 4.09 4.84 5.79 6.89 8.30 9.02 10.50 11.83 14.55 16.84 20.52 24.19

500 0.83 1.32 1.66 2.65 3.79 4.45 4.69 5.51 6.52 7.67 9.23 9.87 11.40 12.84 15.45 17.73 21.51 25.28

1000 0.90 1.42 1.79 2.89 4.22 4.94 5.19 6.07 7.12 8.26 9.93 10.50 12.06 13.59 16.08 18.32 22.18 26.00

Text version of tables

Page 2 of 4Precipitation Frequency Data Server

9/14/2010http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statena...
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Related Information 

Maps & Aerials 

Click here to see topographic maps and aerial photographs available for this location from Microsoft Research Maps 

Watershed/Streamflow Information 

Click here to see watershed and streamflow information available for this location from the U.S. Environmental Protection Agency's site 

Climate Data Sources 

National Climatic Data Center (NCDC) database 
Locate NCDC climate stations within: 

   or         of this location. Digital ASCII data can be obtained directly from NCDC. 

 
Note: Precipitation frequency results are based on analysis of precipitation data from a variety of sources, but largely NCDC. The 

following links provide general information about observing sites in the area, regardless of if their data was used in this study. For 

detailed information about the stations used in this study, please refer to the matching documentation available at the PF Document 

page 

US Department of Commerce 
National Oceanic and Atmospheric Administration 
National Weather Service 
Office of Hydrologic Development 
1325 East West Highway 
Silver Spring, MD 20910 
Questions?: HDSC.Questions@noaa.gov 

+/-30 minutes +/-1 degree

Page 3 of 4Precipitation Frequency Data Server

9/14/2010http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statena...
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Disclaimer 

Page 4 of 4Precipitation Frequency Data Server

9/14/2010http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statena...
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Tennessee Valley Authority  
Kingston Fossil Plant 
Harriman, Roane County, Tennessee 
 

 
Lateral Expansion (Cell 4)  
Ash Stacking 

Document Control Number  RDP-0114-A 
Calculation Package  FPGKIFFESCDX00030020110001 

 

Exhibit 12 
Design Basis Criteria 

 

Purpose:  

 Establish the design goals, criteria, procedures, and design references for 
the Dredge Cell Closure. 

 Provide guidance for design factors including stability, site geometry, 
surface and ground water, design elements, and site management during 
construction. 

Methods:  

 Review of applicable design standards and site requirements, as 
established by TVA. 

 Drafts and revisions of the document were reviewed by TVA for 
concurrence. 

Results:  

 Criteria documented in attached report. 

Calculation Performed by: Stantec Consulting Services, Inc. 
Prepared by: Stantec Reviewed by: TVA and Others 
Revisions:10/20/2010 
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1. Purpose 

The purpose of the Design Basis and Criteria is to establish the design goals, criteria 
procedures and design references for Dredge Cell Closure.  This document provides 
guidance for design factors including stability, site geometry, surface and groundwater, 
design elements and site management during construction.  This is a living document that 
may be amended or revised as the project proceeds 

2. Scope 

The objective of the closure project is to design a stable ash storage facility meeting 
stakeholder criteria within approved boundaries.  Please see the attached drawing from EPA 
showing Cells 1, 2 and 3 of the Dredge Cell and providing an overview of the site. 

2.1. Design Basis 

• Construct dry (unsaturated) ash embankment within approved boundaries; 

• Construct a stable embankment that will contain retrieved ash under static and 
seismic loading conditions; 

• Construct a facility that accommodates predicted stormwater flows; 

• Control infiltration of precipitation through the final cover ; 

• Meet applicable regulatory closure requirements relative to stability and final 
cover; and 

• Meet requirements of the approved Action Memorandum including ARARs. 

2.2. Design Goals 

• Design with the understanding that additional areas such as the ash pond and 
lateral expansion will be integrated; DRAFT
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Insert Drawing 
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• Address the documented contributing factors to the Dredge Cell failure as 
identified by AECOM.  For design we should consider: 

o Control height of ash and loading on wet ash and in areas of slimes; 

o Construct containment dike on good foundation conditions or mitigate the 
poor foundation conditions; 

o Design to mitigate against creep failure; and 

o Control rate of construction on sluiced ash and analyze undrained 
conditions. 

• Constructability – Safe use of construction equipment and processes to 
complete the project in accordance with project goals; 

• Conduct phased embankment construction concurrent to perimeter 
improvements; 

• Use industry best practices for design; 

o TVA Coal Combustion Products Management Program - Master 
Programmatic Document; 

o Tennessee Department of Environment & Conservation (TDEC) 
Regulations; 

o U.S. Army Corps of Engineers Manuals; 

o Established engineering methods; and 

o Independent peer review; 

• Foster stakeholder buy-in; 

• Monitor construction and post closure condition; and 

• Consider existing NPDES permit requirements. 

2.3. Proposed Improvements 

The proposed improvements involve closure of the Dredge Cell in accordance with 
applicable TDEC regulations.  The proposed improvements for this site address slope 
stability for static and dynamic loading conditions, defined geometric considerations, surface 
water control, and erosion/sediment control.  Specific design items include:     
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• Compacted dry ash embankment (unsaturated); 

• Capillary break; 

• Stabilized perimeter (included foundation improvements and berm); 

• Surface water drainage facilities; 

• Site revegetation, final cover, and erosion controls; 

• Performance monitoring instrumentation shall be installed and monitored during 
and after closure; and 

• Perimeter riprap and slope protection next to Watts Bar Reservoir to prevent 
scour and erosion during flooding and reservoir drawdown. 

3. Static and Dynamic Slope Stability 

3.1. Slope Stability 

Stability analyses of the closure design shall be performed using established methods of 
engineering analysis.  

3.2. Stability During Construction 

The following factors of safety against slope stability shall be maintained during construction: 

• Drained Stability (FSd)    FSd ≥ 1.5 

• Undrained Stability (FSu)   FSu ≥ 1.3 

• Undrained Stability After Next Lift (FSul) FSul ≥ 1.5 

The criteria for FSul applies only to potential failures through saturated fly ash. The stability of 
the embankment during construction shall be verified through monitoring, instrumentation, 
and engineering evaluation.  Strengths to be used for analysis are shown in Table 1. DRAFT
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Table 1 – Material Parameters used in Stability Analyses 

Material Name 
Unit Weight Static Drained 

Strength 
Static Undrained 

Strength 

γ m, 
(pcf) 

γ sat, 
(pcf) φ’, (deg.) c’, (psf) φ, (deg.)  c, (psf) 

Hydraulically Placed Ash 
Above Groundwater 100 -- 25 0 25 0 

Hydraulically Placed Ash 
Below Groundwater -- 107 25 0 10 0 

Landfilled Ash 
Embankment 109 111 30 0 30 0 

Lean Clay Foundation 
Soil -- 130 32 0 24 0 

Sandy Silt to Silty Sand -- 128 30 0 12 1,000 

 

3.3. Stability Following Construction 

The following factors of safety against static slope stability shall be maintained in the long-
term, following project completion: 

• Drained Stability (FSd)    FSd ≥ 1.5 

• Veneer Sliding (FSv)    FSv ≥ 1.0 

3.4. Liquefaction Analysis 

3.4.1. For soils susceptible to classical liquefaction 

 FSliq ≤ 1.1  Assume layer liquefies under design event  
1.1 < FSliq ≤ 1.4  Assume partial liquefaction and strength loss in layer  

 FSliq > 1.4  Assume no liquefaction  
 
3.4.2. For soils susceptible to cyclic softening 

 FScs ≤ 1.4  Assume cyclic softening occurs as a result of design event  
 FScs > 1.4   Assume no cyclic softening occurs 
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3.5. Seismic Stability 

3.5.1. Design Earthquake Event 

• 10% Probability of Exceedance in 250 years (recurrence interval – 2,373 years) 
per Section 1.4.2.2.1 of the TVA Coal Combustion Products Management 
Program Master Programmatic Document; 

• The facility will be designed to meet the criteria for stability after the occurrence 
of only one design earthquake event; 

• The post-earthquake factor of safety for slope and foundation stability shall be 
greater than unity (1.0); and 

• Following the design seismic event, ash from the closed facility shall not 
displace beyond the permitted boundary of the facility. Deformations that do not 
exceed this limit will be considered acceptable. 

4. Geometry and Elevations  

4.1. General Design Criteria 

4.1.1. On the northern and eastern perimeters of the site, in areas bounded by Watts Bar 
Lake, the closed facility shall not extend beyond the limits of the previous Dredge Cell and 
ash pond; 

4.1.2. The closed facility shall not encroach within 100 feet of the edge of the existing 
pavement along Swan Pond Road, on the western perimeter of the site; 

4.1.3. The closed Dredge Cell, including the final cover, shall not exceed an elevation of 
790 feet (plus or minus five feet); 

4.1.4. Ash within the closed Dredge Cell shall be contained within a berm constructed of 
structural fill materials that meet the stability objectives.  The berm shall have a crest that is 
no lower than an elevation of 765 feet around the perimeter; 

4.1.5. An access road having a minimum width of 16 feet shall be established around the 
full perimeter of the closed facility. Surface grade on the access road shall not exceed five 
percent at any location; 

4.1.6. Criteria for excavation in the northwest corner of the Dredge Cell will be defined by 
TVA Management; and 

4.1.7. Maintain and monitor performance monitoring instrumentation to validate design 
assumptions. 
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5. Water Elevations 

5.1. Assumptions for Design 

• Watts Bar Lake - Summer Pool Elevation: 741 feet; 

• Watts Bar Lake - Winter Pool Elevation: 737 feet; 

• Watts Bar Lake – 100 Year Flood Elevation:  746.8; 

• Watts Bar Lake – 500 Year Flood Elevation:  748.0; 

• Ash Pond in Operation During Construction - Pool Elevation: 761 feet; 

• Stilling Pond in Operation During Construction – Pool Elevation: 755 feet; and 

• Stilling pond, if decommissioned in the future, then pool elevation = Watts Bar 
Lake elevation. 

6. Groundwater Seepage 

6.1. Predictions of the long-term ground water levels within the closed facility shall be 
included in the design analyses. The predictions shall only consider the potential infiltration 
with the capped condition.  The long term phreatic surface outside the Dredge Cell limits 
should be modeled as the existing groundline. 

6.2. The facility will be an unlined facility. Regulations (TDEC Division of Solid Waste 
Management Chapter 1200-01-07, Rule 1200-01-07.04) that require less percolation through 
the cover than through the liner do not apply. 

6.3. Groundwater from the facility shall not be collected and/or discharged at specified 
design points (no point discharges).  Design of the top elevation of the Deep Soil Mixing 
(DSM) shall be based on the "Best Estimate" of the long term groundwater elevation based 
on modeling results. 

6.4. The impact of elevated groundwater levels within the closed ash facility shall be 
evaluated. The capillary break will be constructed above the "Best Estimate" long-term 
groundwater elevation discussed in 6.1. and 6.3.  The maximum acceptable groundwater 
elevation shall be below the capillary break and elevations at or above the DSM shall be 
evaluated. 

6.5. Long-term monitoring of groundwater levels will be included with the closure plan, to 
allow the assessment of water levels in comparison to the maximum acceptable limits. 
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7. Stabilized Perimeter 

7.1. General Design Criteria 

7.1.1. Ash will be placed in a facility that is fully enclosed (in plan) with a stabilized 
perimeter. The foundation soils will be stabilized, treated, or otherwise improved so the 
perimeter will support the lateral pressure of the facility and achieve the required 
performance for static and dynamic stability.  The stabilized perimeter will be designed to 
contain material during a seismic event. 

7.1.2. The stabilization process may reduce the hydraulic conductivity of various 
foundation layers, but the stabilized perimeter will not be designed for groundwater retention.  

8. Compaction of Ash Fill 

8.1. General Design Criteria 

8.1.1. Recovered ash to be placed inside the Dredge Cell will be compacted in 
conformance with engineering controls. The material will be placed within specified ranges of 
water content in an unsaturated condition. 

8.1.2. In some areas of the ash pond, ash may be sluiced to fill submerged areas. After a 
ground surface above water is established, additional fill in these areas will be compacted. 

9. Capillary Break  

9.1. General Design Criteria 

• The design will include an internal layer of coarse material that will serve as a 
capillary break; and 

• The purpose of the capillary break is to mitigate the upward migration of water 
by capillarity to elevations where stability criteria would not be achieved. 

10. Final Cover 

10.1. General Performance 

Per TDEC Division of Solid Waste Management Chapter 1200-01-07 (Rule 1200-01-07.04): 

• Provide long-term control of infiltration for the closed facility; 

• Function with minimum maintenance; 

• Promote positive surface drainage; and 
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• Accommodate settling and subsidence so that the cap’s integrity is maintained. 

10.2. Cap Requirements 

A total of 36 inches of soil are required of which a minimum of 12 inches shall be for the 
support of vegetative cover.  This cap shall include a compacted soil layer of at least 24 
inches which has a permeability no greater than 1 x 10-7 cm/sec.  

Per Section 1.3.4.2 of the TVA Coal Combustion Products Management Program Master 
Programmatic Document, and in TDEC regulations, an alternate cap system may be 
considered, if clay materials are unavailable or difficult to obtain.  

The alternate system should consist of the following layers:  vegetative cover soil of 24 
inches; drainage layer and a geomembrane liner (FML). 

The slope of all cap system layers should not exceed 3 Horizontal to 1 Vertical (3H:1V). 

Final slopes will be based on stability analyses.  The cap system and final cover should not 
be constructed until after perimeter containment for that segment has been constructed. 

10.3. Erosion Protection 

Run-on from adjacent areas should be controlled and diverted around the subject area. 

• Run-off from the landfilled area should be collected in a manner that controls 
erosive forces.  This can be accomplished by: 

o Controlling erosion of cover material (e.g., no steep slopes); 

o Controlling drainage of precipitation falling on the disposal facility or disposal 
facility parcel (e.g., prevent pooling); and 

o Providing a surface drainage system which is consistent with the 
surrounding area and in no way significantly adversely affects proper 
drainage from these adjacent lands. Establish a protective vegetative cover 
of acceptable grasses over disturbed areas of the site. 

In general, requirements of TDEC Division of Solid Waste Rule 1200-01-07.04 shall be met 
or exceeded for design and the site wide Stormwater Management Plan (SWMP) will be 
followed. 
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11. Anchor Trench (if applicable)  

11.1. General Design Criteria: 

Per Section 1.4.5 of the TVA Coal Combustion Products Management Program Master 
Programmatic Document: 

• Anchorage shall be designed for a worst-case temporary scenario occurring 
during construction; 

• Anchor trench design should be in general accordance with the methodology 
given in Qian, Koerner, and Gray (2002); and 

• A minimal anchor trench or combination runout section and anchor trench 
should be specified in the facility design.  

12. Stormwater Management 

12.1. Requirements 

Per TDEC Division of Solid Waste Management Chapter 1200-01-07 (Rule 1200-01-07.04), 
the following are required: 

• A run-on control system for all flow up to and including peak discharge from a 
24-hour, 25-year storm; 

• A run-off management system to collect and control at least the peak flow 
volume resulting from a 24-hour, 25-year storm; 

• Holding facilities (e.g., sediment basins) designed to detain at least the water 
volume resulting from a 24 hour, 25 year storm and to divert through emergency 
spillways at least the peak flow resulting from a 24-hour, 100-year storm; 

• Collection and holding facilities must be emptied after storms to maintain design 
capacity of the system; and 

• Other erosion control measures (e.g., temporary mulching or seeding, silt 
barriers) as necessary to control erosion of the site. 

12.2. Cap System Erosion Control 

Per Section 1.6.1 of the TVA Coal Combustion Products Management Program Master 
Programmatic Document, the Revised Universal Soil Loss Equation (RUSLE) shall be used to 
predict maximum soil loss from the final cap system.  
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12.3. Erosion Control During Construction 

12.3.1. Per Section 1.6.1 of the TVA Coal Combustion Products Management Program 
Master Programmatic Document, sediment and erosion control BMPs shall be provided 
during all construction activities, and to manage sediment from the facility area and 
stockpiles during operations.  For the Kingston site, a site specific Stormwater Management 
Plan (SWMP) has been prepared and will be referenced in design documents. 

12.3.2. Surface water calculations shall be prepared using the Soil Conservation Service 
(SCS) method (previously by the USDA Soil Conservation Service, now by the Natural 
Resources Conservation Service (NRCS)).  

12.3.3. All surface water drainage structures, including channels, culverts, and benches on 
the facility cap system shall be designed to carry expected flows based on the 24-hour, 25-
year storm event for the particular region. 

12.3.4. The following additional design elements shall be considered during the design of 
the surface water system:  

• Velocity of the surface water flow.  The dimensions and slope of the surface 
water drainage structure energy dissipation devices; and 

• The use of non-mechanical gravity-flow surface water conveyance structures is 
most desirable and recommended.  

12.4. Assumptions 

• Rainfall data used for design purposes will be obtained from National Oceanic 
and Atmospheric Administration (NOAA)-14 and Natural Resources 
Conservation Service (NRCS) publications; 

• SEDCAD (Sediment, Erosion, Discharge by Computer Aided Design) will be 
utilized to design and evaluate the surface water, erosion and sediment control 
systems; 

• Technical Release 55 (TR-55) methods will be utilized to calculate storm runoff 
volume, peak rate of discharge, hydrographs, and storage volumes required for 
the watershed; 

• Runoff from the Dredge Cell prior to closure shall be routed to permitted NPDES 
discharge points; and 

• Runoff from the closed cover of the facility may be discharged directly offsite at 
multiple locations. 
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13. Filter or Separation Criteria (if applicable) 

13.1. Granular Filter Criteria 

Granular filter design must meet the criteria as established in the USACE Manual EM 1110-
2-2300, Appendix B dated July 30, 2004.   

13.2. Geotextile Design by Specification 

The Geotextile must satisfy the American Association of State Highway and Transportation 
Officials (AASHTO) requirements established in the AASHTO M288 specifications. 

13.3. Filter Cover and Protection 

Adequate cover materials shall be placed over filter before allowing transit of heavy 
equipment.  Manufacturer’s recommendations for geotextile protection shall be followed. 

Geotextile shall be protected from ultraviolet degradation as per the manufacturer’s 
recommendations.   
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