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SEEPAGE AND STABILITY STUDY FOR EAST DIKE AND RAISED DIKE 

PURPOSE 

In March 2010, the Tennessee Valley Authority (TVA) requested that Geosyntec 
Consultants (Geosyntec) perform a seepage and stability study to evaluate the current stability of 
the East Dike that is located adjacent to the Intake Channel for the TVA Kingston Fossil Plant 
(KIF).  As shown in Figure 1, the East Dike is located on a portion of reclaimed land that is 
adjacent to the existing Sluice Channel and the Ballfield Site (Site) at the KIF.  In June 2010, 
TVA requested that Geosyntec also consider the effects of construction traffic that may traverse 
the Raised Dike haul road located between the Sluice Channel and the East Dike (see Figure 1) 
and potential improvements that may be needed at the toe of the East Dike adjacent to the Intake 
Channel.  This calculation package was prepared to address these TVA requests.   

The seepage and static stability analyses presented herein are used to evaluate potential 
shallow- and deep-seated failure modes along a typical cross section through the Sluice Channel, 
the Raised Dike, and the East Dike.  In this calculation package, a conceptual rock blanket 
design is provided to address possible surface erosion and reduce the potential loss of fines along 
the downstream slope of the East Dike.  Geosyntec understands that TVA requests that this 
conceptual design be provided to Stantec for preparation of detailed construction drawings that 
will be used for related ongoing dike stabilization activities adjacent to the Intake Channel.   

BACKGROUND 

The KIF is located on the Watts Bar Reservoir, at the confluence of the Emory River and 
Clinch River in Harriman, Tennessee approximately 35 miles southwest of Knoxville, 
Tennessee.  The East Dike is on the far eastern edge of a portion of land bounded by the Sluice 
Channel and the Intake Channel as shown on the attached aerial plan included as Figure 1.   

The top of the East Dike is a relatively narrow driveway used for inspection of the perimeter 
slopes of the KIF Site and is at approximate elevation 755 feet, which is approximately 18 feet 
above the winter pool elevation (i.e., 737 feet) of Watts Bar Lake.  The Raised Dike is located 
approximately 120 feet west of the East Dike as shown in Figure 1.  The top of the Raised Dike 
is used as a haul road and is at approximate elevation 767 feet.  The outboard slope of the Raised 
Dike towards the east was originally constructed at a slope of approximately 3 horizontal to 1 
vertical (3H:1V) and was covered with grass.  In April 2010, a rock embankment was 
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constructed on the eastern side of the Raised Dike to widen the haul road at the crest of the 
Raised Dike.  The slope of the new rock embankment is approximately 2H:1V.  The outboard 
slope of the East Dike near the Intake Channel is approximately 6H:1V and is covered with grass 
and numerous small trees.   

A drainage ditch is located along the northern edge of the East Dike driveway and below the 
toe of the referenced rock embankment on the eastern side of the Raised Dike.  The ditch collects 
seepage water (referenced as the Red Water Seeps) from the slope of the Raised Dike and directs 
the water towards an area (referenced as the Passive Treatment Area) to the northeast that was 
created as a wetland by TVA to treat the Red Water Seeps.  After passing through the Passive 
Treatment Area, water collects in a detention pond where the collected water is then pumped to 
the Ash Pond for discharge through the permitted outfall. 

In addition to the Red Water Seeps, TVA has historically reported seepage locations along 
the slope of the East Dike, below the inspection driveway and above the Intake Channel.  In 
March 2010, Jacobs Engineering (Jacobs) performed a survey of the seep locations along the 
East Dike.  A total of 20 seep locations were identified as shown in Figure 2.  At the request of 
TVA and Jacobs, Geosyntec performed a site reconnaissance in March 2010.  A summary of the 
findings of the site reconnaissance was submitted to TVA as a memorandum dated 22 March 
2010.  In the memorandum, Geosyntec proposed a Seepage and Stability Study to evaluate the 
static stability of the East Dike in recognition of the observed seepage.  After commencing this 
study, TVA and Jacobs requested that Geosyntec also assess stability of the Raised Dike, given 
that this area is being used to route construction traffic.  This document provides the results of 
the analyses performed by Geosyntec in response to the TVA and Jacobs requests. 

GEOTECHNICAL INVESTIGATION PROGRAM 

As a part of the Seepage and Stability Study conducted in April 2010, Geosyntec requested 
that MACTEC advance six Standard Penetration Testing (SPT) borings along two cross section 
locations (i.e., A-A and B-B) selected by Geosyntec.  The cross sections were selected at the 
locations where most active seeps along the outboard slope of the East Dike were observed.  
Continuous split-spoon samples were obtained during drilling.  The borings were advanced to 
auger refusal depths to investigate the general engineering characteristics and the subsurface 
conditions.  After the completion of the borings, TVA personnel surveyed the boring locations 
and the local ground surface elevations adjacent to the borings.  The boring location plan is 
presented in Figure 3 along with cross section locations.  The boring logs prepared by MACTEC 
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are included in Attachment 1.  A summary of the location and depth of the borings is presented 
in Table 1. 

MACTEC also installed standpipe piezometers near each of the six borings to monitor the 
water levels in the Lower Dike Fill (five piezometers) and the Upper Dike Fill (one piezometer). 
 Piezometer construction consisted of two-inch diameter, five-foot long, Schedule 40 PVC well 
screen at the bottom of the standpipes.  A sand filter pack was used to backfill to some distance 
above the screened section followed by a minimum two-foot thick bentonite seal.  Piezometer 
locations and tip elevations are summarized in Table 2.  Water levels at these six locations were 
obtained on a daily basis during the first two weeks, and three times per week subsequently.  A 
summary of the water level readings through 14 June 2010 is shown in Figure 4. 

MACTEC performed laboratory testing on selected split-spoon samples and undisturbed 
(i.e., Shelby) tube samples.  The results of these tests are included in Attachment 2.  Table 3 
summarizes the consolidated-undrained triaxial shear testing results.  Table 4 summarizes the 
results of the permeability testing. 

SUBSURFACE STRATIGRAPHY & MATERIAL PROPERTIES 

Based on Geosyntec’s review of the results of the geotechnical investigation program, the 
subsurface materials along cross section B-B generally exhibit slightly higher blow counts than 
the subsurface materials along cross section A-A.  Therefore, Geosyntec identified cross section 
A-A as a more critical cross section and subsequently used the stratigraphy along this cross 
section in the seepage and static stability analyses.  The location of the cross section A-A is 
shown in Figure 3.  The ground surface geometry and the interpreted subsurface stratigraphy are 
presented in Figure 6.  Previous geotechnical borings B-36, B-39, and B-47 performed by 
MACTEC in early 2009 were also included in the preparation of the stratigraphy of cross section 
A-A.  The boring locations are shown in Figure 6.  The boring logs for these three previous 
borings are also included in Attachment 1. 

Geosyntec relied on information provided in previous documents related to the KIF [i.e., 
Geosyntec 2009a, 2009b, 2009c] as well as the new subsurface and laboratory information 
provided by MACTEC in Attachment 2 to select material properties for the seepage and stability 
analyses.  The material properties used in the seepage analyses are summarized in Table 6, and 
the properties used in the stability analyses are summarized in Table 7.  
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SEEPAGE ANALYSES 

Methodology 

Based on the interpreted subsurface stratigraphy, a seepage model for the entire cross 
section A-A was developed based on the interpreted subsurface stratigraphy.  Calculations 
related to seepage were conducted using the computer program SLIDE (version 5.044).  SLIDE 
is distributed by Rocscience of Toronto, Ontario, Canada and includes the capability of 
performing steady-state, saturated and unsaturated groundwater analysis using the finite element 
method.  The program calculates pore-pressures, piezometric head, and discharge quantities 
using the site-specific geometry considered for the slope stability analysis.  Calculated pore 
pressures at discrete points are integrated into the slope stability analysis. 

Steady state seepage was assumed for these analyses, using static water levels in the rim 
ditch, the sluice channel, and the intake channel as boundary conditions.  The water level in the 
rim ditch and sluice channel was assumed to be at elevation 765 feet based on recent topographic 
plan provided by Jacobs.  On the downstream side, the water level in the intake channel was 
assumed to be at elevation 737 feet, corresponding to a normal winter pool of the adjacent Watts 
Bar Lake.   

Additional relevant boundary conditions for the SLIDE analysis are assumed as follows.  
Along the vertical upstream edge of the model, the hydraulic head at each node is constant with 
depth and equal to the rim ditch/sluice channel water level elevation.  Along the vertical 
downstream edge of the model, the hydraulic head at each node is equal to the intake channel 
water level elevation at the location of the node.  Other nodes along the ground surface are 
treated as potential seepage exit locations.  The base of the model is assumed to be located on 
top of the shale bedrock and is modeled as a seepage barrier, where flow is not allowed to cross 
these boundary nodes. 

Input Parameters 

For the analyzed cross section A-A, the representative profile was compiled based on boring 
logs and available record drawings.  The hydraulic conductivity for vertical seepage through 
saturated materials (kv) was estimated using available laboratory data.  Typical values for similar 
soils were obtained by Geosyntec using various public sources in cases when laboratory data 
were not available.  The ratio of horizontal hydraulic conductivity (kh) to vertical hydraulic 
conductivity (kv) was estimated based on placement condition of the materials.  Given the 
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hydraulic placement condition of the materials, a typical value of kh/kv=10 was assumed for the 
ash, the clay dike material, the clayey foundation materials, and the sandy foundation material.  

Comparing Field Measurements and Piezometer Readings 

The field measurements and the calculated water levels at the piezometer locations along the 
analyzed section A-A are graphically shown in Figure 4.  The calculated phreatic surface is 
observed to intersect the ditch near the toe of the Raised Dike where the Red Water Seeps were 
observed.  The phreatic surface is also observed to intersect the sloping ground surface above the 
Intake Channel elevation.  The numerical model, did not, however, indicate conditions in which 
the phreatic surface was above the ground surface, a condition that was measured in the field in 
piezometer PZ-A3.  To address this discrepancy, Geosyntec has studied the pressure head 
calculated by the seepage analysis.  In Figure 5, Point A located at the center of the Upper East 
Dike Fill layer indicates that the calculated pressure head equals the hydrostatic pressure.  This is 
explains why the calculated phreatic surface is at the ground surface.  Point B located at the 
center screen location of piezometer PZ-A3 indicates that the calculated pressure head is 
approximately 0.25 feet higher than the hydrostatic pressure.  This is consistent with the 
measured ground water level in piezometer PZ-A3 is higher than the ground surface, indicating 
that the Upper Dike Fill may be performing as a confining unit for the lower stratum.  These site-
specific water pressures in the two units were considered in the stability analyses.  

In general, the calculated water levels at piezometers PZ-A1 and PZ-A2 and the calculated 
pore pressure at piezometer PZ-A3 correspond with the field measurements reasonably well, 
which indicates the assumed boundary conditions, hydraulic conductivities, and the hydraulic 
conductivity ratio used in the seepage analysis are reasonable.  The calculated total head 
contours represent the results of seepage analysis and are presented in Figure 6.  The phreatic 
surface will be used for the static stability analysis.   

Critical Exit Gradient 

A critical exit gradient is calculated as the gradient that causes seepage pressures in an 
upward direction to exceed the downward force of the soil.  In this case, the calculated factor of 
safety (FS) with respect to the escape gradient (FSG) can be defined as: 

 
FSgradient = ic / i        (1) 
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where i is the escape gradient in the soil at the exit point.  SLIDE computes values of the 
escape gradient.  The hydraulic gradient associated with escape gradient near an unrestrained 
soil surface is termed the critical gradient, ic, which can be computed as: 

 
ic = (γ - γw) / γw       (2) 

 
where γ is the total unit weight of the soil and γw is the unit weight of water.  For the clayey 

dike material such as the Upper Dike Fill and Lower Dike Fill, γ is approximately 120 pounds 
per cubic feet (pcf) and the γw is 62.4 pcf.  Therefore, the calculated ic is ≈0.9. 

Investigators have recommended ranges for FSG from 1.5 to 5 according to US Army Corps 
of Engineers (USACE) Engineering Manual 1110-2-1901 [USACE 1986].  In the absence of 
specific design guidance, Geosyntec assumed a value in the mid-range of these values and 
selected a target FSG = 3 in this calculation package.   

Contour plots of the vertical hydraulic gradient and the phreatic surface computed in SLIDE 
are shown in Figure 8.  The negative value indicates the water flows downward and the positive 
value indicates the water flows upward.  Due to the different hydraulic conductivities of different 
layers, the contour lines are discontinuous at the material boundaries.  The results indicate that 
the calculated vertical hydraulic gradient, i, ranges from 0 to 0.06 along the outboard slope of 
Raised Dike and from 0 to 0.3 along the slope of the East Dike.  The calculated maximum i is 
located at the toe of the East Dike.  Using Equation (1), the minimum FSG is calculated as 3.  
Therefore, the slope of the Raised Dike and the slope of the East Dike meet the design criteria 
for escape gradient at the seepage exits. 

STABILITY ANALYSES 

Methodology 

Static stability analyses were performed using Spencer’s method [Spencer 1973], as 
implemented in SLIDE, the same program used in the previously referenced seepage analysis.  
Two failure modes were considered in the analyses: (i) rotational failure modes (i.e., circular slip 
surfaces); and (ii) translational failure modes (i.e., block slip surfaces).  The purpose of the 
stability analyses is to evaluate the calculated factor of safety for these two potential relatively 
deep-seated failure modes.   
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Spencer’s method is chosen to analyze the rotational failure modes and the translational 
failure modes.  Spencer’s method, which satisfies both vertical and horizontal force equilibrium 
and moment equilibrium, is considered to be more rigorous than other methods, including the 
simplified Janbu method [Janbu, 1973] and the simplified Bishop method [Bishop, 1955]. 

Input Parameters 

Information required for the static stability analyses includes slope geometry, subsurface 
ash/soil stratigraphy, phreatic surface computed from the seepage analysis, and material 
properties of the subsurface soils along the selected cross section.   

Target Factors of Safety 

Target factors of safety for these conditions are identified in Section 1.4.2 of TVA’s 7 
December 2009 report titled “Facilities Design and Construction Requirements, Volume 2, Rev 
1.0.”  In this document, the TVA requirement for post-closure slopes (i.e., long-term conditions) 
is 1.5. TVA allows a calculated factor of safety of 1.3 for “interim slopes.”  Geosyntec believes 
that the heavy construction traffic that is used intermittently at the Site should be considered an 
interim loading condition that is subject to appropriate operational controls (e.g., load and speed 
control of the vehicles, monitoring of slope performance, etc.).  Following this logic, Geosyntec 
believes that under the construction vehicle loading, the target calculated FS should be greater 
than 1.30.   

Truck Loading 

TVA requested that Geosyntec consider the effects of construction traffic that may traverse 
the Raised Dike haul road will have on the stability of the Raised Dike.  A typical truck (i.e., a 
Caterpillar 740 articulated truck) was considered for the slope stability analyses.  The 
configuration of the truck load is presented in Figure 9.  According to the specifications for the 
Caterpillar 740, the magnitude of the load on each row of tires is calculated as 2,800 psf for a 
loaded truck and 1,280 psf for an unloaded truck.  TVA indicated that only unloaded trucks 
would be used.  To provide a complete assessment, Geosyntec considered the case of both 
loaded and unloaded articulated trucks. 

Results 

The minimum FS for the East Dike at Cross Section A-A was calculated.  The results are 
summarized in Table 7.  As shown in this table, all calculation results are greater than the target 
values of 1.5 for long-term loading conditions.  The calculated critical failure surface for each 
potential failure mode is shown graphically in Figures 10 (rotation) and 11 (translation).   
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With regards to the Raised Dike, analyses were performed to evaluate the slope stability 
with and without the consideration of construction traffic.  The stability analysis used the 
calculated water levels from the seepage analysis.  When considering construction traffic, an 
offset distance of 5 ft from the crest of the Raised Dike to the edge of the truck tire was imposed 
to recognize recommended and safe construction practices in proximity to sideslopes in the 
absence of physical barriers (i.e., Jersey barriers).  The analyses were performed for the short-
term, undrained loading condition assuming the excess pore water pressure generated due to the 
truck load had not dissipated.  The undrained shear strength properties presented in Table 6 were 
applied to the soft pond ash, dense bottom ash, and clayey foundation soil. 

The results for the analyses with and without construction loading are summarized in Table 
8.  The calculated critical failure surfaces for each potential failure mode are shown graphically 
in Figures 12 to 17.  The calculated factors of safety for the Raised Dike without construction 
traffic are greater than 1.5 and are believed to be appropriate for long-term conditions at the site. 
 The calculated factors of safety for the Raised Dike under construction traffic are greater than 
1.3 and are believed to be appropriate for short-term conditions at the site.   

In recognition of conditions in which the pore pressures of the Lower Dike Fill layer of the 
East Dike increase, Geosyntec performed a limited series of stability analyses considering the 
long-term loading conditions.  In the stability analysis, Geosyntec applied a separate piezometric 
line for the Lower Dike Fill layer.  Results are shown in Figure 18 through 21 and summarized in 
Table 9.  The calculated minimum FS decreases from 1.53 to 1.20 when the pore pressure of the 
Lower Dike Fill layer increases from 0.5 feet to 2 feet above the existing ground surface.  From 
the record of the piezometers PZ-A3 and PZ-B3, the measured water levels range from 0.25 to 
1.5 feet above the existing ground surface due to the confining effect of the Upper Fill Layer.  To 
improve the local stability in the event of elevated water pressures, control surface erosion, and 
reduce the potential loss of fines from the East Dike foundation, Geosyntec recommends a rock 
blanket be placed along the outboard slope of the East Dike.  A conceptual design of the rock 
blanket is shown in Figure 22.  The results of the stability analysis including the addition of this 
conceptual rock blanket indicate that the minimum FS is increased with the installation of the 
rock blanket.  The results are graphically shown in Figures 23 through 26. The calculated 
minimum FS are greater than the target values of 1.5 for long-term loading conditions.   

CONCLUSIONS 

The results from the seepage analyses indicated a shallow phreatic surface within the Raised 
Dike and the East Dike.  These elevated water levels are confirmed by the observation of 
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seepage location along the slope above the East Dike as shown in Figure 2.  The minimum factor 
of safety of escape gradient is calculated as 3 for the slopes of the Raised Dike and East Dike.  
The result from the seepage model indicate that the slopes of the Raised Dike and East Dike 
meets the current criteria for escape gradient. 

The stability analysis performed by Geosyntec indicates that the East Dike has adequate 
calculated factors of safety against a deep-seated failure mechanism in long term conditions.  
These results indicate that the East Dike is stable with respect to the potential formation of 
relatively deep-seated failures that would compromise the retention of the Raised Dike.  
Geosyntec also considered the potential adverse impacts of elevated pore pressures in the Lower 
Dike Fill layer of the East Dike.  Results indicate that stability is increased by including a 
stabilizing rock blanket drain along the face of the East Dike.  

Additionally, Geosyntec considered the potential for both circular rotation and block sliding 
failure modes and calculated factor of safety values under static loading conditions for the 
Raised Dike haul road embankment.  Table 8 summarizes the calculation results for the various 
referenced long-term and short-term loading conditions, as well as the target values of FS for 
these conditions.  As noted in the table, the analyses explicitly consider the condition that the 
trucks will travel no closer than 5 ft from the edge of the Raised Dike haul road embankment.  
For each analysis, the calculated FS values exceed the target values.  Therefore, the Raised Dike 
haul road achieves the target stability requirements of TVA for both short-term loading 
conditions with traffic and long-term loading conditions without traffic.  

RECOMMENDATIONS 

In recognition of conditions in which the water pressures of the Lower Dike Fill layer of the 
East Dike increase, Geosyntec performed a limited series of stability analyses considering the 
long-term loading conditions.  As demonstrated, the calculated minimum FS decreases from 1.53 
to 1.20 if the elevated water pressure of the Lower Dike Fill layer increases from 0.5 feet to 2 
feet above the existing ground surface.  To improve the local stability in the event of elevated 
water pressures, control surface erosion, and reduce the potential loss of fines from the East Dike 
foundation, Geosyntec recommends a minimum 2-ft thick rock blanket be placed along the 
downstream slope of the East Dike. The calculated minimum FS after installation of the rock 
blanket is greater than the target values of 1.5 for long-term loading conditions. Geosyntec 
understands that this report will be provided to Stantec and that the detailed design and 
construction drawings of the rock blanket will be provided by Stantec to be consistent with other 
rehabilitation measures along the Intake Channel sideslopes.   
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In addition, to address potential safety issues and prevent local instability adjacent the 
sideslope in the absence of physical barriers, Geosyntec recommends that a minimum offset 
distance of 5 feet be maintained from the crest of the Raised Dike to the edge of truck tires and 
appropriate controls (e.g., loading and control of the vehicles, monitoring of slope performances, 
etc.) be implemented when heavy construction traffic is used at the Site. 
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Table 1. Summary of Borings  

 

Boring 
No. Northing Easting 

Ground 
Elevation 

(ft) 

Boring 
Termination 

Depth (ft) 

Boring 
Termination 
Elevation (ft) 

A-1 553306.68 2439676.67 757.01 54.1 702.9 
A-2 553255.32 2439700.02 754.51 50.2 704.3 
A-3 553231.32 2439727.62 747.09 44.4 702.7 
B-1 553531.64 2439911.34 759.29 47.1 712.2 
B-2 553469.68 2439946.54 753.17 48.0 705.2 
B-3 553416.90 2439942.30 748.49 40.3 708.2 

 
 

Note:   
1. The northing, easting, and ground elevation at each boring location was provided by Jacobs on 22 April 

2010. 
2. The piezometers were screen at the bottom of the well.  The screen length was 5 feet. 
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Table 2. Summary of Piezometers  

 

Piezometer 
No. 

Piezometer 
Depths (ft) 

Ground 
Elevation 

[1](ft) 

Screen Depth 
(ft) 

Layer 
Screened In 

PZ-A1 24.77 757.02 22.77-24.77 Lower Dike 
Fill 

PZ-A2 14.02 754.82 9.02-14.02 Upper Dike 
Fill 

PZ-A3[2] 25.86 747.09 20.86-25.86 Lower Dike 
Fill 

PZ-B1 25.37 759.45 20.37-25.37 Lower Dike 
Fill 

PZ-B2 20.02 753.17 15.02-20.02 Lower Dike 
Fill 

PZ-B3[2] 25.87 748.49 10.87-15.87 Lower Dike 
Fill 

 
Note:   

1. The piezometer ground surface elevation at each piezometer location was provided by Jacobs on 22 April 
2010. 

2. The Lower Dike Fill layer is potentially a confined/pressurized layer. 
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Table 3. Summary of Consolidated – Undrained Triaxial Shear Testing 
 

Boring 
No. 

Sample 
Interval (ft) 

USCS 
Classification 

Material 
Zone 

Average Total 
Unit Weight (pcf) 

CU Triaxial Strength 
c’ (psf) φ’ (o) 

A-2 7-9 CL Upper Dike 
Fill 131 210 30.3 

A-2 23-25, 25-
27, 27-29 CL Lower Dike 

Fill 129 0 33.4 

A-2 35-37 CL 
Clayey 

Foundation 
Soil 

127 95 30.0 

B-1 18-20 ML Pond Ash 99 490 32.6 
 
 

Note:  
1. Laboratory testing results provided by MACTEC in April 2010 (see Attachment 2).
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Table 4. Summary of Permeability Testing 
 

Boring 
No. 

Sample 
Interval (ft) 

USCS 
Classification 

Total Unit 
Weight (pcf) 

Permeability 
(cm/s) 

A-1 33-35 CL 131 5.3 x 10-8 
A-2 9-11 CL 137 5.9 x  10-6 
A-2 25-27 CL 120 1.7 x 10-7 
A-2 33-35 CL 127 4.4 x 10-8 
A-3 10.5-12.5 CL 124 8.4 x 10-8 

 
Note:  

1. Laboratory testing results provided by MACTEC in April 2010 (see Attachment 2). 
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Table 5. Material Properties for Seepage Analysis 

 

Material Layers 
Permeability  

Source 
Vertical 
kv (cm/s) kh/kv 

Crust Layer 3 × 10-5 10 Note 1 

Upper Dike Fill 1.7 × 10-7 10 Note 2 

Lower Dike Fill 1.7 × 10-7 10 Note 2 

Soft Pond Ash 3 × 10-5 10 Note 1 

Dense Bottom Ash 3 × 10-5 10 Note 1 

Haul Road Rock 
Embankment 1 × 10-3 1 Note 3 

Clayey Foundation Soil 4.4 × 10-8 10 Note 2 

Sandy Foundation Soil 1 × 10-5 10 Note 3 

 
Notes: 
 

1. Based on Fly Ash, Bottom Ash and Scrubber Gypsum Study performed by Law Engineering at KIF site in 
1995.   

2. Based on laboratory testing results provided by MACTEC during this study (see Attachment 2). 
3. Typical values for gravel and sands. 
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Table 6.  Material Properties for Stability Analysis 

 
 

Material 
Layers 

Total Unit 
Weight 

(pcf) 

Drained Shear Strength Undrained Shear 
Strength 

c’ (psf) φ’ (o)  

Crust Layer 120 500 10 N/A 
Upper East  
Dike Fill 125 200 30 N/A 

Lower East  
Dike Fill 120 0 30 N/A 

Soft Pond Ash  75 0 25[1] Su/σv
’ = 0.8[2] 

Dense Bottom 
Ash 100 0 30 Su/σv

’ = 0.8[2] 

Haul Road 
Rock 

Embankment 
135 0 35 N/A 

Clayey 
Foundation Soil 125 0 30 Su/σv

’ = 0.25[3] 

Sandy 
Foundation Soil 125 0 30 N/A 

 
Note: 

1. The strength values recommended for the soft pond ash materials are based on previous [Geosyntec 2009a, 
2009b, 2009c] documents.  The values are conservative in comparison to the laboratory testing results 
provided by MACTEC during this study (see Attachment 2). 

2. The undrained shear strength ratio for the soft pond ash and the dense bottom ash was considered to be 0.8 
based on the CU test on the fly ash sample. 

3. A typical value of 0.25 was considered for the undrained shear strength ratio for the clayey foundation soil. 
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Table 7.  Results of Slope Stability Analysis for East Dike and Raised Dike 
(Long Term Condition) 

 

Failure Mode Analyzed 
Condition 

Calculated 
FS 

Target 
FS 

Is FS 
OK? 

Results 
Shown in 

Figure 

Circular Slip Long Term 1.62 1.5 Yes 10 

Block Slip  Long Term 1.57 1.5 Yes 11 

 
Notes: 
1. Factors of safety presented in this table were calculated using Spencer’s method for both the circular slip 

mode and the block slip mode. 
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Table 8.  Results of Slope Stability Analysis with Traffic Load for Raised Dike Haul Road 

(Short Term Condition) 
 

Traffic 
load 

Failure 
Mode 

Analyzed 
Condition

Calculated 
FS 

Target 
FS 

Is 
FS 

OK? 

Results 
Shown 

in 
Figure 

No 
Traffic 

Circular 
Slip 

Long 
Term 

1.64 1.5 Yes 12 

Block 
Slip 

(Raised 
Dike 
Area) 

1.78 1.5 Yes 13 

Loaded 
Truck 

Circular 
Slip 

Short 
Term 

1.32 1.3 Yes 14 

Block 
Slip 

(Raised 
Dike 
Area) 

1.61 1.3 Yes 15 

Unloaded 
Truck 

Circular 
Slip 

Short 
Term 

1.34 1.3 Yes 16 

Block 
Slip 

(Raised 
Dike 
Area) 

1.99 1.3 Yes 17 

 
 

Notes: 
1. Stability analysis used calculated water levels and pore pressures from the seepage analysis. 
2. Factors of safety presented in this table were calculated using Spencer’s method for both the circular slip 

mode and the block slip mode. 
3. An offset distance of 5 ft from the crest of the Raised Dike haul road to the edge of the truck tire was 

considered in the slope stability analyses. 
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Table 9.  Results of Slope Stability Analysis for Water Pressure Increases at East Dike with 

and without Rock Blanket (Long Term Condition) 
 

Water Pressure 
Above Ground 

Surface (ft) 

Calculated 
FS 

Results Shown 
in Figure 

Calculated FS 
After 

Installation of 
Rock Blanket 

Results 
Shown in 

Figure 

0.5 1.53 18 2.09 23 

1.0 1.45 19 2.03 24 

1.5 1.38 20 1.97 25 

2.0 1.20 21 1.85 26 
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Figure 1. Site Location  
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Crest of East Dike (Driveway) 

Raised Dike Haul Road 

Figure 2. Seep Locations (Topographic Plan provided by Jacobs on 10 March 2010) 
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Figure 3. Boring and Cross Section Location Plan (Plan provided by Jacobs on 12 May 2010) 
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Figure 4. Summary of Piezometer Readings (to Date 14 June 2010) 
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Point A (Center of Upper Dike Fill Layer): 
 
Pressure Head Based on Seepage Analysis:  2.8 ft 
Theoretical Hydro-Static Pressure Head:  747-735.2=2.8 ft 
 
 
Point B (Center Screen Location of Piezometer PZ-A3): 
 
Pressure Head Based on Seepage Analysis: 23.25 ft 
Theoretical Hydro-Static Pressure Head:  747-724=23 ft 
Piezometer A-3 Water Lever should be 23.25-23=0.25 ft 
higher than the ground surface.  This indicates that Point B is 
slightly pressurized.   
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Figure 5. Pressure Head Contour Lines (Cross Section A-A) 
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Figure 6. Surface Geometry and Subsurface Stratigraphy (Cross Section A-A)  
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Figure 7. Results of Seepage Analysis with Total Head Contour Lines 
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Clayey Foundation Soil 

Sandy Foundation Soil 

Note: The discontinues contour lines at the material boundaries are due to the different hydraulic conductivities of the materials. 

 Figure 8. Results of Seepage Analysis with Vertical Hydraulic Gradient Contour Lines (Cross Section A-A)
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Figure 9. Truck Load Configuration  

 
 

Notes: 
1. Truck loading is calculated based on Caterpillar 740 truck. 
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Figure 10. Results of Stability Analysis (Circular-Type Critical Surface, Cross Section A-A)  
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Figure11. Results of Stability Analysis (Block-Type Critical Surface, Near East Dike, Cross Section A-A)  
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Figure 12. Results of Stability Analysis for Raised Dike Haul Road (Circular Type Critical Surface, No Traffic, Cross Section A-A) 
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Figure 13. Results of Stability Analysis for Raised Dike Haul Road (Block Type Critical Surface, No Traffic, Cross Section A-A)
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Figure 14. Results of Stability Analysis for Raised Dike Haul Road (Circular Type Critical Surface, Loaded Truck, Cross Section A-A) 
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Figure 15. Results of Stability Analysis for Raised Dike Haul Road (Block Type Critical Surface, Loaded Truck, Cross Section A-A) 
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Figure 16. Results of Stability Analysis for Raised Dike Haul Road (Circular Type Critical Surface, Unloaded Truck, Cross Section A-A)
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Figure 17. Results of Stability Analysis for Raised Dike Haul Road (Block Type Critical Surface, Unloaded Truck, Cross Section A-A) 
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Figure 18. Results of Stability Analysis for East Dike (Circular Type Critical Surface, Lower Dike Fill Water Pressure 0.5 ft above Ground Surface, Cross Section A-A) 
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Figure 19. Results of Stability Analysis for East Dike (Circular Type Critical Surface, Lower Dike Fill Water Pressure 1 ft above Ground Surface, Cross Section A-A)
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Figure 20. Results of Stability Analysis for East Dike (Circular Type Critical Surface, Lower Dike Fill Water Pressure 1.5 ft above Ground Surface, Cross Section A-A)
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Figure 21. Results of Stability Analysis for East Dike (Circular Type Critical Surface, Lower Dike Fill Water Pressure 2 ft above Ground Surface, Cross Section A-A) 
 



 
 
 
 

 Page 44 of 49 

Written by: J. Wang Date: 6/30/10 Reviewed by: J. Simons/R. Bachus Date: 6/30/10 

Client: TVA Project: Dredge Cells Recovery Project/ Proposal No.: GR4327 Task No.: 105 
 
 

GR4327/GA100414 Seepage and Stability Analyses for East Dike and Raised Dike 

 

 

Proposed Rock Blanket 

 
 
 

Figure 22. Conceptual Rock Blanket Design for East Dike 
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Figure 23. Results of Stability Analysis (Based on Conceptual Rock Blanket Design, Lower Dike Fill Water Pressure 0.5 ft above Ground Surface Cross Section A-A) 
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Figure 24. Results of Stability Analysis (Based on Conceptual Rock Blanket Design, Lower Dike Fill Water Pressure 1 ft above Ground Surface Cross Section A-A) 
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Figure 25. Results of Stability Analysis (Based on Conceptual Rock Blanket Design, Lower Dike Fill Water Pressure 1.5 ft above Ground Surface Cross Section A-A) 
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Figure 26. Results of Stability Analysis (Based on Conceptual Rock Blanket Design, Lower Dike Fill Water Pressure 2 ft above Ground Surface Cross Section A-A) 
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APPENDIX A – BORING LOGS 



























 

 

 

 

APPENDIX B – LABORATORY TESTING RESULTS 
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