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1. INTRODUCTION 

Mercury is regarded by the US Department of Energy (DOE) Oak Ridge Office of Environmental 
Management as a priority contaminant on the Oak Ridge Reservation because of the environmental risks 
associated with substantial losses from buildings, soils, and surface waters at the Y-12 National Security 
Complex (Y-12). As a result of historical releases of mercury from Y-12 primarily in the 1950s and early 
1960s, the lower East Fork Poplar Creek (LEFPC) stream channel and bank soil margins are 
contaminated with mercury (Brooks and Southworth 2011; Tennessee Valley Authority 1985b, a).  
 
A Mercury Remediation Technology Development project is underway to evaluate the nature of 
downstream mercury contamination and to develop targeted site-specific remedial technologies that can 
mitigate mercury release and biological uptake.  It is known that mercury concentration varies 
longitudinally and with depth in LEFPC bank soils; however, soil types and soil physical properties are 
not well known, especially relative to the zones of mercury contamination. Moreover, there are no soil 
maps for the downstream reaches of LEFPC in Roane County (i.e. from the Chestnut Hill Road 
downstream) and this work represents the first ever soil mapping along this section of LEFPC. 

Purpose and Scope: The aim of this report is to present the results of a field investigation of bank soil 
characteristics within the 18 km reach of LEFPC, through detailed physical descriptions and mapping.  As 
more information becomes available on mercury concentrations in bank soils, the soil physical properties 
will be important in the development and application of technologies such as bank stabilization 
techniques, chemical treatment, or use of sorbents.  Bank soils have different properties that may enhance 
or limit mercury release to the stream and future remedial options may be targeted to those areas with the 
highest mercury release.  

Approach/Method: The bank soil investigation—conducted from May 11 to June 5, 2015—involved 
walking the entire 18 km LEFPC reach and mapping soil horizons encountered on the creek bank faces. 
Before soil characterization was performed, the bank surface was cleared of vegetation and other debris to 
expose the soil profile. Sixty-nine soil profile descriptions were completed along the entire reach of the 
creek. An additional 21 soil samples were collected for bulk density determination. 

2. LEFPC STUDY AREA 

LEFPC is located in the EFPC watershed within the city of Oak Ridge in Anderson and Roane Counties 
in the Appalachian Valley and Ridge Physiographic Province of eastern Tennessee. Within Y-12 EFPC is 
bounded to the north by Pine Ridge and Chestnut Ridge to the south, while in East Fork valley LEFPC is 
bounded to the north by Black Oak Ridge and East Fork Ridge to the south. The EFPC watershed drains 
an area of approximately 76.5 km2 extending from the headwaters to the mouth at Poplar Creek. The 
elevations within the watershed range from 230 to 290 m above mean sea level. EFPC originates within 
the Bear Creek Valley underlying Y-12 and flows in a northeasterly direction until crossing a water gap in 
Pine Ridge and exiting the Y-12 perimeter. LEFPC refers to the locations downstream of the Y-12 
Complex. After the water gap, LEFPC turns toward the northwest, paralleling Tennessee State Route 62 
through commercial developments within the city of Oak Ridge. At the intersection of Tennessee State 
Routes 62 and 95 in Oak Ridge, the creek drains southwesterly toward Poplar Creek. The width of the 
100-year flood plain bordering this creek ranges from several meters in the upper areas to approximately 
500 m in the downstream reaches. The lower reaches of the flood plain (beyond the intersection of 
Tennessee State Routes 62 and 95) are mostly undeveloped woodlands and pasture with some residential 
developments. 
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3. GEOLOGY AND USDA SOIL SERIES 

According to Geology of Eastern Tennessee, published by the US Geological Survey (Hardeman, Miller, 
and Swingle 1966; Hatcher 1987), LEFPC is situated in the Appalachian Valley and Ridge Physiographic 
Province of eastern Tennessee, characterized by ridges and valleys that strike toward the northeast and 
southwest. The valleys are typically derived from limestone and shale, whereas the ridges are typically 
developed from sandstone and cherty dolomite. Because of many strike-parallel local and regional thrust 
faults in the valley and ridge, southeast trending beds are common features. The sedimentary deposits that 
underlie the LEFPC are Cambrian- to Ordovician-age sediments of the Rome and Chickamauga 
Formations. The Rome Formation is characterized as a maroon to gray, micaceous shale interbedded with 
sandstone and siltstone (Carmichael 1989), whereas the Chickamauga is a gray to blue-gray, shalely to 
silty limestone with occasional occurrence of sinkholes. 

The thickness of the alluvial deposits underlying the site and overlying the bedrock ranges from zero at 
the floodplain boundary with exposed bedrock to approximately 3 m at the center of the floodplain. The 
0.3–1.5 m thick alluvial soils of the floodplain comprise mainly silt and clay with a lesser amount of 
sands. These soils are classified as moderately well drained Hamblen silt loam and somewhat poorly 
drained Chenneby silt loam, with 0–3% slopes (USDA 2015).  

4. GROUNDWATER LEVEL  

Based on the observation well data reported by Carmichael (1989) in the eastern portion of LEFPC, 
depths to water table ranged from approximately 0.31 to 1.22 m below ground surface (BGS) in late 
winter to early spring and 0.61 to 2.13 m BGS in summer and fall. The seasonal high water table 
generally occurred during the late fall and early spring because of increased precipitation and a large 
decrease in evapotranspiration.  

The field mapping of bank soils was conducted during May and June 2015. Based on precipitation data 
recorded by the National Oceanic and Atmospheric Administration for Oak Ridge, Tennessee, cumulative 
precipitation (46 years) was 8.64 mm above normal (average) for the period of January 1, 2014, through 
December 31, 2014, and was 3.56 mm below normal for the months of January 1, 2015, through April 30, 
2015. The normal annual precipitation for Oak Ridge from January through December is approximately 
1,400 mm (NOAA 2015). Depth to surface water observed within LEFPC in May 2015 ranged from 
approximately 0.76 to 2.44 m BGS over the evaluated portion of the creek. Thus, it is likely that the 
LEFPC surface water levels observed during this soil investigation represent normal seasonal high 
groundwater table fluctuations for summer to early fall.  

5. SOIL EVALUATION  

The LEFPC bank soils were mapped from May 11 through June 5, 2015, and consisted of visual 
inspection of creek bank surfaces, removal of vegetation and debris from surfaces with trowels and 
machetes to expose soil horizons, and description of profiles at 69 LEFPC bank locations. See Appendix 
A for approximate soil boring locations.  

The soils encountered at these locations were classified in accordance with the USDA textural 
classification method. The soil profile evaluations are summarized in the Soil Profile Notes in 
Appendix B. 

The soils were delineated based on drainage limitations, estimated permeability, and soil taxonomy. Soil 
conditions include soil permeability, depth to limiting zones encompassing zones of seasonal or perennial 
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saturation, or a stratum that effectively limits the movement of water. Limiting zones may consist of 
dense or clayey strata that restrict the movement of water vertically through the soil profile, potentially 
resulting in seasonal saturation at shallow depths, sometimes referred to as a perched water table. The 
depth and degree of seasonal saturation may vary depending on the amount of precipitation from season 
to season and year to year. Redoximorphic features—soil colors due to the process of reduction, 
translocation, and oxidation of iron and manganese oxides (Vepraska 1999)—that form in response to 
repeated and prolonged saturation in the soil are generally used to estimate limiting zones, irrespective of 
where the groundwater table may be observed at any given time.   

5.1 GENERAL DESCRIPTION OF LEFPC BANK SOILS  

The evaluated LEFPC bank soils generally are characterized by fine silty to clayey alluvial materials of 
variable thickness underlain by gleyed, silty clay to clayey horizons. The Chickamauga bedrock is 
generally are encountered below this horizon.  

Redoximorphic features indicative of a seasonal high water table or slow soil permeability (perched water 
table) were observed at depths ranging from 1.0 to 2.0 ft BGS in these soils. Free water was observed in 
LEFPC at depths ranging from 30 to 96 in. BGS, which is in good agreement with groundwater levels 
reported by Carmichael (1989). 

Based on soil characteristics described in the soil profile notes in Appendix B, soil taxonomy, and 
drainage limitations, two interpretive soil map units were delineated within the LEFPC site as follows: 
Fluvaquentic Dystrudepts and Fluvaquentic Eutrudepts. 

5.2 SOIL MAP UNITS  

5.2.1 Fluvaquentic Dystrudepts (Chenneby Series)  

5.2.1.1 Description 

The Chenneby soil unit occupies floodplains and depressions on gentle to slight slopes. These are deep 
(from 30 to 70 in.), somewhat poorly drained, moderately permeable soils formed in silty, 3- to 6-ft thick 
alluvial material weathered from sedimentary rock (limestone, sandstone, and shale). These soils are 
occasionally or frequently flooded for a brief period. The surface horizons of this unit are typically 6 in. 
thick and composed of a brown to dark brown mineral horizon of loam to silty clay loam. These horizons 
transition to a subsurface horizon (B horizon), a zone of color or structure development greater than 30 in. 
thick. The B horizon is underlain by a gray to olive yellow loamy parent material. Redoximorphic 
features indicative of a seasonal high groundwater table generally are encountered in these soils from 
12 to 30 in. BGS.  

5.2.1.2 Findings 

The somewhat poorly drained Chenneby soil map unit within the LEFPC generally was composed of a 
loamy to silt loam surface horizon, to depths ranging from 6 to 18 in. BGS. These soils transition to a silt 
loam to clay loam subsurface horizon to depths ranging from 20 to 48 in. BGS. Underlying this horizon is 
the parent or geologic material consisting of gleyed silty clay loam to clay to depths of 36 to greater than 
84 in. BGS.  

Redoximorphic features indicative of seasonally saturated conditions were observed at depths ranging 
from 8 to 18 in. BGS, and free water levels observed in those parts of the creek occupied by this soil unit 
ranged from depths of 32 to 86 in. BGS. Based on observed soil textures, measured bulk density, and 
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USDA saturated hydraulic conductivity classes (Ksat), the permeability of these soils is moderate to 
moderately slow (0.20–2.00 in./h) within the surficial alluvial material but slow to very slow (<0.06 in./h) 
in the underlying clayey sediments. It should be noted that some areas under this mapping unit may 
qualify as wetlands. 

5.2.2 Fluvaquentic Eutrudepts (Hamblen Series)  

5.2.2.1 Description 

The Hamblen are soils of floodplains and depressions, occupying gentle to slight slopes. These are very 
deep, moderately well drained, moderately permeable soils formed in alluvial material derived from 
limestone, sandstone, and shale. These soils are occasionally flooded for a brief period. The surface 
horizons of this unit typically are composed of a yellowish brown to dark grayish brown mineral horizon 
of loam to silt loam material. These horizons transition to a subsurface horizon (B horizon), a zone of 
color or structure development 12–45 in. thick. The B horizon is underlain by a silt loam parent material. 
The Hamblen soils are associated with a seasonal high groundwater table of 18–36 in. BGS.  

5.2.2.2 Findings 

The moderately well drained Hamblen soil map unit within the LEFPC generally is composed of a loamy 
to silt loam surface horizon, to depths ranging from 5 to 12 in. BGS. These soils transition to a silt loam 
to silty clay loam subsurface horizon to depths ranging from 28 to 58 in. BGS. This horizon is underlain 
by parent material consisting of silty clay loam to clay to depths of approximately 38 to greater than 
96 in. BGS.  

Redoximorphic features indicative of seasonally saturated conditions were observed at depths ranging 
from 20 to 28 in. BGS, and free water levels observed in this soil unit ranged from depths of 38 to 96 in. 
BGS. Based on observed soil textures, measured bulk density, and USDA saturated hydraulic 
conductivity classes (Ksat), the permeability of these soils is moderate to moderately slow (0.20–
2.00 in./h) in the surficial alluvial material to very slow (<0.06 in./h) in the underlying clayey sediments.  

6. SOILS BULK DENSITY  

Bulk density measurements (USDA-NRCS 2014) were conducted in each soil map unit at select locations 
within LEFPC. Results are summarized in the Bulk Density Summary Table in Appendix C. Overall, the 
measured bulk density ranged from 0.75 to 1.49 g/cm3 in the Chenneby soil series and from 0.91 to 1.39 
g/cm3 in the Hamblen soil series, indicating some hydraulically restrictive layers within the underlying 
parent materials of both soil series.  

7. CONCLUSIONS  

Soils in the evaluated LEFPC were mapped as somewhat poorly to moderately well-drained with 
moderate to slowly permeable subsoil/substratum. These soils occupy lower landscape positions such as 
floodplains and depressions where slopes are slight to nearly level (from 0 to 3%). The Chenneby soils 
are associated with limiting zones ranging from approximately 8 to 18 in. BGS and slow permeability in 
the geologic parent materials. The Hamblen soils have limiting zones ranging from approximately 
20 to 28 in. BGS and moderate to slow permeability in the clayey parent materials. It should be noted that 
both series include minor components (<10%) of Ennis series (Fluventic Dystrudepts), urban soils, and 
rock outcrops. Some areas within these soil map units may be classified as wetlands, given the presence 
of appropriate wetland vegetation and hydrology.  
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This investigation has provided an improved knowledge of soil types and physical properties in LEFPC 
that could be useful to the development and application of remedial technologies such as bank 
stabilization techniques, chemical treatment, or use of sorbents to mitigate mercury contamination in bank 
soils. For example, soil layers with high(er) Hg content and high(er) permeability (Ksat) can more easily 
conduct water and release Hg to EFPC, and these soils would represent higher priority zones for targeted 
action.  Combining results of the present study of soil properties with those of previous and ongoing 
studies of Hg content and release rate will help to prioritize remedial action zones. 
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APPENDIX A. SOIL MAPS SHOWING THE DISTRIBUTION OF SOIL MAP UNITS ALONG 
LOWER EAST FORK POPLAR CREEK 

 
Fig. A.1. Map of soil types along lower East Fork Poplar Creek.
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Fig. A.2. Map of soil types at bank locations 67–69 along lower East Fork Poplar Creek. 
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Fig. A.3. Map of soil types at bank locations 65–67 along lower East Fork Poplar Creek. 
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Fig. A.4. Map of soil types at bank locations 60–65 along lower East Fork Poplar Creek. 
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Fig. A.5. Map of soil types at bank locations 58–63 along lower East Fork Poplar Creek. 
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Fig. A.6. Map of soil types at bank locations 56–62 along lower East Fork Poplar Creek. 
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Fig. A.7. Map of soil types at bank locations 53–57 along lower East Fork Poplar Creek. 
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Fig. A.8. Map of soil types at bank locations 51–53 along lower East Fork Poplar Creek. 
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Fig. A.9. Map of soil types at bank locations 49–51 along lower East Fork Poplar Creek. 
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Fig. A.10. Map of soil types at bank locations 45–49 along lower East Fork Poplar Creek. 
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Fig. A.11. Map of soil types at bank locations 43–46 along lower East Fork Poplar Creek. 
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Fig. A.12. Map of soil types at bank locations 43–44 along lower East Fork Poplar Creek. 
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Fig. A.13. Map of soil types at bank location 43 and the gun range along lower East Fork Poplar Creek. 
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Fig. A.14. Map of soil types at the gun range along lower East Fork Poplar Creek. 
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Fig. A.15. Map of soil types at bank location 42 and the gun range along lower East Fork Poplar Creek. 
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Fig. A.16. Map of soil types at bank locations 38–41 along lower East Fork Poplar Creek. 
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Fig. A.17. Map of soil types at bank locations 37–40 along lower East Fork Poplar Creek. 
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Fig. A.18. Map of soil types at bank locations 35–37 along lower East Fork Poplar Creek. 
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Fig. A.19. Map of soil types at bank locations 33–35 along lower East Fork Poplar Creek. 
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Fig. A.20. Map of soil types at bank locations 30–33 along lower East Fork Poplar Creek. 
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Fig. A.21. Map of soil types at bank locations 27–31 along lower East Fork Poplar Creek. 
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Fig. A.22. Map of soil types at bank locations 27–28 along lower East Fork Poplar Creek. 
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Fig. A.23. Map of soil types at bank locations 25–26 along lower East Fork Poplar Creek. 
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Fig. A.24. Map of soil types at bank locations 23–25 along lower East Fork Poplar Creek. 
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Fig. A.25. Map of soil types at bank locations 23–24 along lower East Fork Poplar Creek. 
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Fig. A.26. Map of soil types at bank locations 18–23 along lower East Fork Poplar Creek. 
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Fig. A.27. Map of soil types at bank locations 15–19 along lower East Fork Poplar Creek. 
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Fig. A.28. Map of soil types at bank locations 15–16 along lower East Fork Poplar Creek. 
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Fig. A.29. Map of soil types at bank locations 13–14 along lower East Fork Poplar Creek. 
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Fig. A.30. Map of soil types at bank locations 12–13 along lower East Fork Poplar Creek. 
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Fig. A.31. Map of soil types at bank locations 10–11 along lower East Fork Poplar Creek. 
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Fig. A.32. Map of soil types at bank locations 7–10 along lower East Fork Poplar Creek. 
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Fig. A.33. Map of soil types at bank locations 2–6 along lower East Fork Poplar Creek. 
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Fig. A.34. Map of soil types at bank locations 1–2 along lower East Fork Poplar Creek.
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APPENDIX C. BULK DENSITY SUMMARY TABLE  

Table C.1. Bulk density summary table for soil  
mapping locations along lower East Fork 

Poplar Creek 

Soil Map ID Bulk Density 
(g/cm3) 

SB-1 0.984 
SB-5 0.751 
SB-7 1.329 
SB-8 1.000 

SB-10 1.321 
SB-14 1.007 
SB-15 1.467 
SB-19 1.280 
SB-23 0.914 
SB-24 1.493 
SB-28 1.315 
SB-32 1.038 
SB-35 1.116 
SB-38 1.305 
SB-43 1.259 
SB-45 1.310 
SB-58 1.391 
SB-61 1.379 
SB-62 1.223 
SB-63 1.277 
SB-67 1.386 

 



 

 

 


