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Geology and Project Materials 

1. Geologic Setting 

The Kingston Fossil Plant is located within the Tennessee River valley, near Harriman, 
Tennessee. The site is about 30 miles west of Knoxville, in the Valley and Ridge 
physiographic province of eastern Tennessee. The coal ash dredge cell at the Kingston plant 
is located within a former oxbow of the Emory River, about two miles upstream of where the 
Emory discharges into the Clinch River. Water levels in this area are controlled by Watts Bar 
Dam, which is over 30 miles downstream on the Tennessee River. 

Geologic mapping of the area, developed by Moore et al. (1993), is provided in Appendix A. 
The structural geology of the area is characterized by a series of thrust faults, which strike to 
the northeast. Older rock units have been forced over younger formations toward the 
northwest. The Kingston dredge cell is underlain by the Conasauga Shale formation and the 
deeper Rome Formation. Both are sedimentary rocks of the Cambrian period. Moore et al. 
(1993) provide these geologic descriptions: 

• Conasauga Shale: “Shale, gray, red, light-green, and dull purple; argillaceous and 
silty; zones of shaly, gray limestone, somewhat oolitic, as much as 100 feet thick 
scattered throughout. Formation contorted, brecciated, and sheared throughout." 

• Rome Formation: “Shale and siltstone, with lesser thicknesses of sandstone and 
dolomite. Shale, variegated, reddish- and greenish-gray, olive-green, light-green, and 
brown, micaceous, and generally arenaceous; siltstone layers as much as a few 
inches thick, medium-gray, and in part glauconitic; sandstone beds generally fine-
grained, thin- to medium-bedded, as much as 2 feet thick. Formation characterized by 
abundance of ripple marks, mud cracks, and irregularly oriented markings (tracks, 
trails, etc.) on bedding planes; typically underlies sharp-crested ridges. Base nowhere 
exposed." 

As indicated on the geologic mapping (Appendix A), the surface contact between these two 
formations strikes to the northeast, and roughly coincides with the railroad tracks and Swan 
Pond Road where they border the dredge cell. The contact appears to dip 10º to 15º to the 
southeast, with the exposed Conasauga Shale eroded to a roughly horizontal surface across 
the site. The Chattanooga Fault, an inactive thrust fault that strikes in a northeasterly 
direction, is located about 3,000 ft northwest of the Kingston dredge cell. 

Within the footprint of the dredge cell, bedrock (Conasauga Shale) is overlain with up to 
about 65 feet of natural, alluvial deposits that formed within the floodplain of the Emory River 
and its tributaries. The lower unit of the alluvium consists of a heterogeneous, interbedded 
deposit of granular soils that generally grade from sandy silt to silty sand. Coarser gradations 
tend to be found toward the bottom of this deposit. A fairly thick, floodplain deposit of lean, 
silty clay covers the silts and sands over most of the site. At the top of this material are thin, 
lacustrine deposits of clay, silt, and ash, which were deposited after Watts Bar Lake was 
impounded (in 1942) and during the early development of the Kingston ash pond. 
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The Kingston ash pond was formed in the 1950s by construction of perimeter dikes. Coal ash 
was hydraulically sluiced to the pond, where ash deposits gradually accumulated. Over the 
ensuing years, the height of the dredge cell was raised in stages, using upstream 
construction of new perimeter dikes. Compacted soil fill is found within the constructed 
embankments along defined alignments. Most of the dredge cell footprint is currently covered 
with loose deposits of coal ash remaining after the December 2008 failure. Toward the 
southern end of the dredge cell, intact deposits of sluiced ash are found beneath areas that 
were not mobilized in the failure. 

2. Project Materials 

Explorations in the area of the Kingston Fossil Plant Dredge Cell have typically encountered 
saturated fly ash, alluvial soils (clays to silty sands), and weathered shale bedrock. The soil 
and rock materials selected for inclusion in the stability and seismic analyses are identified 
and described in Table 2.1.  

2.1. Soil and Ash Deposits 

The loose, hydraulically-placed, ash deposits are almost entirely fly ash, but coarser material 
(bottom ash, clinkers, etc.) is sometimes found mixed with the fly ash in some samples. Over 
much of the project site, ash in the dredge cell was displaced and disturbed to varying 
degrees by the December 2008 failure. Toward the southwest side of the site (unfailed end 
of the dredge cell), thick deposits of ash in the remnant dredge cell are generally intact and 
exhibit thin, horizontal bedding planes.  

Detailed investigations of the dredge cell failure by AECOM (2009) have suggested that a 
root cause was a thin layer of stratified, sensitive silt (ash) and clay at the base of the ash 
deposits. Laboratory test data show significant sensitivity in this material, referring to the loss 
of shear resistance when a soil fails without drainage past the peak strength. AECOM (2009) 
referred to this material as “slimes”; here, to better reflect the constituents and behavior, this 
same material is identified as a “sensitive silt/clay”. 

The natural soils under the dredge cell are soft to loose, alluvial deposits of lean clay and 
silty sand to sandy silt. These materials are interbedded across the site, with a tendency for 
the sandier soils to occur at greater depth. Thin layers of dense sands were encountered just 
above the bedrock in some borings. These natural, sedimentary soils would have been 
deposited in an alluvial, and possibly lacustrine, environment prior to development of the site 
by TVA. Initially normally consolidated to perhaps slightly over consolidated, these soils are 
now over consolidated where the recent failure removed the overburden ash deposits.  

2.2. Stabilized Soils 

The closure plan includes construction of a perimeter earthen berm around the failed dredge 
cell. The ash and alluvial foundation soils beneath the perimeter berm will be stabilized using 
deep mixing technology. Cementitious grout will be mixed with the ash and soil deposits, 
forming panels of stabilized ground.  
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The treated foundation will be modeled as three soil zones: stabilized foundation ash, 
stabilized foundation clay, and stabilized foundation sand. Within these strata under the berm 
footprint, appropriate properties will be used to represent the composite behavior of the 
treated and untreated soil (the cement-stabilized panels and the untreated soil between the 
panels). Properties of the cured soil-cement within each subsurface stratum, and the 
composite properties of the stabilized foundation zone, are addressed in Exhibit 14. 

2.3. Embankment Materials 

Following construction of the stabilized perimeter, the failed fly ash will be excavated, 
transported, and placed in a landfill embankment inside of the perimeter. The restored fly ash 
embankment or landfill will be compacted to at least 90% of its standard Proctor maximum 
dry density. 

The dredge cell perimeter will be defined by an earthen berm built atop the stabilized 
foundation. Based on the locally available borrow materials, the earthen berm is expected to 
be constructed of silty to sandy clay, which will be compacted to at least 95% of its standard 
Proctor maximum dry density. The particular borrow area for the embankment has not been 
identified. 

The design materials list also includes stone aggregates, which will be used to build working 
platforms, rock berms, and slope protection:  

• Coarse stone, which is assumed to be a clean, coarse, uniform stone aggregate 
(coarse sand to gravel) that would classify as a poorly graded sand or gravel.  

• Shot rock, which can be obtained from local quarry operations. Shot rock is an 
ungraded, heterogeneous, and highly variable mix of stone sizes with particle sizes 
ranging from coarse sand up to 2.5-ft boulders.  

Stone rip rap, which will be used as slope protection in selected locations along the shoreline 
of Watts Bar Lake, consists of large stones. For the design analyses, rip rap can be assumed 
to have the same design properties as the shot rock. 

2.4. Bedrock 

Beneath the alluvial soils, the site is underlain by shale bedrock of the Conasauga Shale 
formation. Based on the geologic section in Figure 2.1 (after Moore et al. 1993), the 
Conasauga shale appears to vary in thickness under the dredge cell from zero along 
northwest side (under the railroad) to maybe 400 ft on the southeast (under the ash pond). 

From rock cores taken at the site, this material can be described as a gray, very fine grained, 
soft to very soft, thinly bedded shale that is occasionally interbedded with a fine to medium 
grained, hard limestone. The bedding planes dip between 15˚ to 20˚ from horizontal. The top 
of rock elevation ranges from approximately El. 700 to El. 714 across the site. Rock cores 
have been advanced up to 20 feet into the shale.  



v:\1756\active\175669014\environmental\report\perimeter n dredge cell segment\90% revised submittal\calculation package\exhibit 3 - geology and project materials\geology and project materials.docx 4 

The upper surface of the shale bedrock is highly weathered. Data from 79 borings across the 
site indicate that the highly weathered shale can vary in thickness from about 0 to 10 feet, 
with a median thickness of 1.5 feet. Here, the thickness of the highly weathered zone is 
assumed to equal the refusal depth for an SPT split spoon minus the depth to the top of rock, 
as reported on the field boring logs. The strength of the shale rock is characterized in 
Exhibit 17. 

Table 2.1. Identification of Materials for the Analysis of the Closed Kingston 
Dredge Cell 

Material Name Material Characterization 

Earthen Berm 
Compacted embankment of silty to sandy clay in the 
perimeter berm 

Landfilled Ash 
Compacted embankment of fly ash, consisting of 
material recovered from the failed dredge cell 

Hydraulically Placed Ash 
Existing deposits of fly ash, including failed and unfailed 
ash within the dredge cell  

Sensitive Silt/Clay 
Stratified, lacustrine layer of silt and clay above natural 
soil 

Lean Clay Foundation Soil 
Natural, alluvial deposits of silty clay under the dredge 
cell 

Sandy Silt to Silty Sand 
Natural, alluvial deposits of silty sand to sandy silt 
under the dredge cell 

Stabilized Foundation Ash 
Composite zone of treated, stabilized ash and 
untreated, hydraulically placed ash beneath the berm 
foundation* 

Stabilized Foundation Clay 
Composite zone of treated, stabilized clay and 
untreated, lean clay foundation soil beneath the berm 
foundation* 

Stabilized Foundation Sand 
Composite zone of treated, stabilized silty sand and 
untreated, sandy silt to silty sand beneath the berm 
foundation* 

Shale 
Weathered shale bedrock, with dipping beds and 
occasional layers of limestone, thickness up to 400 feet 

Coarse Stone 
Clean, coarse, uniform stone aggregate (coarse sand 
to gravel) 

Shot Rock 
Highly variable mix of stone sizes, with boulders up to 
2.5-feet in size 

* Details of foundation treatment will be developed during the design process. 
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Figure 2.1.  Geologic Cross Section under the Kingston Dredge Cell  

(after Moore et al. 1993). 

 

3. Unit Weights 

The various stability and seismic analyses require unit weights (densities) for each soil 
material or zone that is modeled. Estimated unit weights for the Kingston dredge cell 
materials are summarized in Table 3.1. 

The unit weight of a given soil varies with water content, with different values in a deposit 
above or below the water table. Unit weights for various moisture conditions can be 
computed as follows: 
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where 
s
G  is the specific gravity of the solids, e  is the void ratio, w  is the moisture content, 

and 
w

γ  is the unit weight of water (62.4 pcf).  

Stantec and AECOM performed laboratory tests (Appendix B) on samples of the Kingston fly 
ash obtained from the failed dredge cell. A specific gravity test (Stantec, ASTM D 854) 
indicated that the fly ash has a Gs of 2.31. Results from five standard Proctor compaction 
tests (ASTM D 698) indicated an average maximum dry unit weight of 83.7 pcf (void ratio of 
0.72) at an average optimum moisture content of 24 percent.  

Field data on the compacted density of the Kingston ash was obtained from the first stage of 
the 2009 test embankment, which was constructed of recovered ash in the area of failed 
dredge cell. Thirty-nine drive cylinder tests were conducted in the test embankment between 
August 12 and October 8, 2009. The measured dry unit weight of the compacted ash varied 
between 75 and 97 pcf, or 90 to 116% of the standard Proctor maximum density. Based on 
the average measurements from the field tests, the compacted Kingston ash will have a dry 
unit weight of about 87 pcf at an average moisture content of 25%. For a specific gravity of 
2.31, the void ratio is then 0.67, with moist and saturated unit weights of 109 and 111 pcf, in 
the ash embankment (Table 3.1). 

For the existing hydraulically-placed ash material, laboratory results from AECOM (Appendix 
C) indicate specific gravities ranging from 2.25 to 2.35 and void ratios ranging from 0.7 to 
1.4. AECOM concluded that the void ratios do not decrease with depth. The average void 
ratios for the failed and unfailed ash are 0.82 and 0.89, respectively. Assuming these 
averages reflect the true average void ratios in each material, this may indicate that some 
compression has occurred within the sheared ash. Based on the logs provided by AECOM, 
the average moisture content of the existing ash above the groundwater level is about 28%. 
Assuming a specific gravity of 2.31 and an average void ratio of 0.85, the dry, moist, and 
saturated unit weights of the existing hydraulically-placed ash would be 78, 100, and 107 pcf, 
respectively (Table 3.1).  

The University of Massachusetts (UMass) Amherst performed consolidation and shear tests 
on samples of the sensitive silt/clay layer collected with a thin-walled piston sampler. The 
measured total unit weight of 25 test specimens varied widely, from 82 to 128 pcf, as 
tabulated in the UMass report (see Exhibit 13). For the stability analyses, this soil was 
assumed to have a saturated unit weight of 107 pcf, the same as in the overlying ash. The 
sensitive silt/clay is found in a very thin layer within the cross section, so the unit weight 
assigned to this material will have no discernible effect on the results of the stability 
analyses. 

Because the alluvial lean clay and silty sand/sandy silt are below the groundwater level, only 
saturated unit weights are needed for the stability analyses. Void ratios presented on the 
AECOM triaxial compression test reports (Exhibit 13) were used to calculate the unit weights 
of these two materials. Assuming a specific gravity of 2.7 for both (the AECOM data indicates 
that the specific gravity of the lean clay ranges from 2.65 to 2.72), the saturated unit weights 
of the lean clay and silty sand/sandy silt soils were then estimated at 130 and 128 pcf, 
respectively (Table 3.1). 

The saturated and moist unit weights of the earthen berm were assumed to be 128 and 125 
pcf, respectively. This corresponds to an assumed specific gravity of 2.7, void ratio of 0.62, 
and moisture content (unsaturated) of 20%. 
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The stone aggregate materials were conservatively assumed to have a total unit weight of 
115 pcf and a saturated unit weight of 128 pcf. Higher densities may be achieved if these 
materials are compacted in place. Assuming a specific gravity of 2.65, the void ratio would be 
0.64 and, when unsaturated, the water content would be 14%. 

The saturated unit weight of the shale bedrock was assumed to be 140 pcf. 

Table 3.1.  Representative Material Unit Weights 

Material Name 
Void 

Ratio, e 
dγ   

(pcf) 
mγ   

(pcf) 
satγ   

(pcf) 

Earthen Berm 0.62 104 125 128 

Landfilled Ash 0.67 87 109 111 

Hydraulically Placed Ash 0.85 78 100 107 

Sensitive Silt/Clay 0.85 78 100 107 

Lean Clay Foundation Soil 0.58 107 -- 130 

Sandy Silt to Silty Sand 0.62 104 -- 128 

Shale -- -- -- 140 

Coarse Stone 0.64 101 115 128 

Shot Rock 0.64 101 115 128 
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Geologic Map of the 
Harriman Quadrangle, 
Tennessee  

By Moore, Finlayson, and 
Milici (1993) 





 

 

Appendix B 

Test Data – Landfilled Ash 













 

 

Appendix C 

Test Data – Hydraulically 
Placed Ash 

 



Sluiced Loose Ash Properties
• Sluiced Ash under Dredged Cells
• Thin Laminates of Ash and Red Silt at base
• Void Ratios (e = 0.7 to 1.4)
• Specific Gravity Gs = 2.25 to 2.35
• Void Ratios do not Decrease with Depth 
• Contractive Undrained Behavior
• Triaxial CIU’ and CKU’ Shear Behavior 

(Af >1.0)
• Low Undrained Steady State Shear Strength
• Drained Friction Angle 28 to 40 degrees

Work in-Progress



Failed Ash Void Ratios
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Unfailed Ash Void Ratios
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