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SUMMARY

Site characterization investigations performed to date on the West
Chestnut Ridge Site have included a geomorphic analysis; geologic
mapping; surficial soil mapping; subsurface sampling and testing; physi-
cal, chemical, and mineralogic characterization of site soils; field and
laboratory geohydrologic testing; groundwater fluctuation monitoring;
and surface water discharge and precipitation monitoring.

The West Chestnut Ridge Site is typical of Knox terrain throughout
the Chestnut Ridge strike belt. Broad-crested ridges with steep north-
west flanks and moderately sloping southeast flanks typify Knox terrain.
The relief of ridge crests above valley floors is approximately 100 m.
The drainage pattern on the site is weakly rectangular. Five karst
zones have been identified on the site, where karst zone development is
apparently stratigraphically controlled. Karst zones in other areas of
Chestnut Ridge occur in similar stratigraphic intervals, suggesting that
the karst zones are either discontinuous or are not expressed at the
surface throughout their full extent,

Geologic mapping of the site is based largely on the identification
of characteristic lithologies of sandstone and chert in residual soil,
because the extensive weathering and residual soil formation have
covered most bedrock on the site. One crosscutting structural feature
has been identiffed by aerial photograph interpretation and surficial
soil mapping. This feature trends near N10°W and passes through the
headwater confluence area of Ish Creek. Local bedding strike and dip
are quite similar to the regional structural trend. Because of the lack
of joint and fracture orientation data about the bedrock, a terrain
analysis approach to geologic structural analysis was used. This analy-
sis concluded that there may be four prominent fracture or joint sets
which have influenced groundwater flow and terrain evolution in the
Chestnut Ridge strike belt.

Surficial soils on the site were mapped in support of the site
characterization. Soil types on the site are predominantly Paleudults,
though minor areas of Entisols and Inceptisols occur. Paleudults are
soils which have developed over long periods of time. Colluvial and
erosional processes are locally active.

Xi



Xii

Subsurface investigations performed on the site include seismic
refraction surveys to profile the bedrock surface in selected areas,
soil drilling and sampling, and rotary drilling in bedrock. Electromag-
netic terrain conductivity has been used in selected areas of the site
to identify groundwater flow pathways. Information obtained from the
subsurface investigations has been used to evaluate soil and bedrock
conditions on the site.

A conceptual model of subsurface conditions includes residual
soils, weathering bedrock, and unweathered bedrock zones., The exten-
sively leached residual soils overlie the zone of weathering carbonate
bedrock. The weathering bedrock zone ranges from <1 to >30 m thick and
is a zone of mixed weathering carbonate boulders and pinnacles, and of
solution cavities variably filled with water, mud, and gravel, At
depth, the southeast dipping bedrock is essentially unweathered except
along bedding planes and open fractures. Based on information obtained
to date, the Chepultepec Dolomite is associated with the deepest
weathering zones in bedrock.

Residual soils on the West Chestnut Ridge Site are predominantly
clays of low to high plasticity with varying amounts of silt, fine sand,
and chert gravel present. Soil strength is inversely proportional to
the liquidity index of the soils and typically decreases with depth as
moisture content increases. Site soils have very strong moisture-reten~
tion characteristics, and even during late summer and autumn the satura-
tion indices are generally >90% below depths of 3 m.

Residual soils on the site are slightly acid and very weakly
buffered. Chemical analyses of natural and synthetic soil waters indi-
cate that the soils have been extensively leached and that very few
soluble ions remain. An interesting aspect of site soils is that they
contain very little carbonate above the weathering bedrock zone.

Surface waters which show the influence of the bedrock aquifer have a
nearly neutral pH and contain more dissolved carbonate than soil water.
Water in headwater reaches, which tend to be wetweather streams, are
chemically similar to soil water. Favorable sorption ratios are
obtained for cobalt, cesium, strontium, thorium, europium, and uranium.
Sorption ratios <1 were obtained for iodine and technetium,
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Mineralogically, the surfaceksoils are more complex than the resi-
duum obtained from depths >10 m. Surficial soils contain kaolinite,
1lite, vermiculite, an aluminum-hydroxy interlayered vermiculite,
gibbsite, quartz, and iron oxides, including the magnetic species
maghemite. By comparison, the samples obtained from depths >10 m
contained kaolinite, illite, vermiculite, quartz, and amorphous iron and
aluminum oxides. The presence of aluminum-hydroxy interlayered vermicu-
Tite in the surficial soils is attributed to prolonged weathering.

Active soil processes include colluvial and alluvial processes,
surface erosion, continuing residuum formation by bedrock weathering,
and karst-related soil movement. Estimates of erosion based on the
universal soil loss equation are presented.

Field geohydrologic testing included performance of falling head
permeability tests in soil, packer permeability tests in bedrock, and
one aquifer pump test in the weathered bedrock zone. The range of
permeability values obtained encompasses four orders of magnitude. The
mean permeability of the soils is approximately 10-6 cm/s. The bedrock /
and weathered bedrock zones with measurable permeabilities have mean
permeabilities on the order of 10-% cm/s.

Groundwater fluctuations in observation wells in soil and bedrock
were monitored beginning in October 1983. Responses to large storms
occur within 1 to 5 days in most wells. Maximum well fluctuations
varied from <1 m to as much as 15 m. Groundwater gradients indicate
flow toward the nearest perennial surface water bodies., A dye tracer
test was performed in one karst flow system on the site. The estimated
flow rate in the system tested was 240 to 380 m/d and discharge was
detected in a surface stream near the Clinch River. Subsurface flow N
paths directly to the Clinch River may exist.

Surface water flow monitoring suggests that significant subsurface
flow occurs at some of the flow monitoring points. Low flow and peak
flow measurements have been obtained and flow rating curves have been
developed for each monitoring station. Precipitation data for the site
are very similar to those obtained at the Walker Branch Watershed. A
water budget estimate suggests that the Ish Creek downstream monitoring
station does not lose significant flow to deep groundwater flow or to
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interbasin flow. Substantial surface flow losses to the groundwater
system appear to occur at surface water monitoring stations in two other
smaller drainages.



ABSTRACT

This report summarizes the results of investigations performed to
date on the West Chestnut Ridge Site, on the Department of Energy (DOE)
Oak Ridge Reservation. The investigations performed include geomorphic
observations, areal geologic mapping, surficial soil mapping, subsurface
investigations, soil geochemical and mineralogical analyses, geohydrolo-
gic testing, groundwater fluctuation monitoring, and surface water
discharge and precipitation monitoring.
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1. INTRODUCTION

This report presents results and an interpretation of extensive
investigations that have been performed on the West Chestnut Ridge Site.
The site is under study for development of a centralized low-level
radioactive waste disposal site to accept wastes from the three
Department of Energy (DOE) facilities located on the DOE Qak Ridge
Reservation (ORR).
The purpose of this report is to summarize and integrate the
results of a multifaceted site investigation which includes areal geolo-
gy and geomorphology, soil and bedrock investigations, geochemical and
mineralogical aspects of site soils, and surface water and groundwater
flow studies. The objective of this report is to present a synthesis of
the available information regarding the site to provide an understanding
of the overall site geologic and geohydrologic systems. For this
reason, the most significant aspects of the ongoing site investigations
are highlighted in this document,
The site investigations were initiated in 1980 with selection of
the site in a reservation wide site survey (Allen et al. 1980; Lee et
al. 1983). 1In the 1980 survey, 10 exploratory borings were made and a
15-cm (6-in.) observation well was installed in each borehole. In 1982
additional preliminary geologic investigations, including areal geologic
mapping of the site and a preliminary seismic refraction survey, were
completed. Temporary surface water discharge monitoring stations were
installed, and stream discharge measurement was initiated.
In 1983 additional site characterization investigations were
performed, including
o subsurface investigations, soil testing, field hydrologic
testing, and observation well installation by Woodward-Clyde
Consultants (1984);

0 seismic profiling of the bedrock surface by the Tennessee
Valley Authority (Staub and Hopkins 1984);

0 geochemical studies of site soils to determine radionuclide

adsorption properties (Seeley and Kelmers 1984); and

o installation and calibration of permanent surface water

discharge monitoring facilities,

1



In 1984 site characterization activities have continued, including

0 acquisition of surface water discharge data,

o acquisition of water level fluctuation data in monitoring wells,

o mineralogic characterization of site soils,

0 tracer testing of groundwater flow, and

0o aquisition and interpretation of aerial thermal sensing data.

Additional activities that are scheduled for 1984 include
initiation of baseline water quality analyses and completion of several
deep bedrock exploratory borings. Results of these investigations will
be reported at a later date.



2. TOPOGRAPHY, PHYSIOGRAPHY, AND GEOMORPHOLOGY OF THE SITE

The West Chestnut Ridge Site is located near the southwest end of
the DOE ORR. The site is generally bounded to the east by Tennessee
Highway 95, to the north by Bear Creek Valley Road, and to the south and
west by New Zion Patrol Road, which is a restricted-access DOE patrol
road, This section presents discussion of site topography, physiography,
and geomorphology. '

2.1 SITE TOPOGRAPHY

The West Chestnut Ridge Site occupies upland terrain on Chestnut
Ridge. The general site location is shown in Fig., 2.1. A topographic
map of the site is shown in Fig. 2.2. The site area encompasses appro-
ximately 460 ha (1150 acres). Not all of the site is usable for waste
disposal because of topographic constraints, groundwater conditions, and
thin soils in portions of the site. Approximately 60 ha (150 acres) are
under study for use as disposal area. Chestnut Ridge is a composite
feature that typica11y'inc1udes three discontinuous ridge lines: the /
northwesternmost is the highest with crest elevations of approximately
320 m (1050 ft), the central ridge line is of intermediate crest height
[285 m (940 ft)], and the southeasternmost and lowest of the three ridge
lines typically has crest elevations of approximately 280 m (920 ft).
Major valleys that carry perennial surface streams draining Chestnut
Ridge occur to the north (Bear Creek Valley) and south (Bethel Valley).
Elevations for the major valleys in the site vicinity are approximately
245 m (800 ft). Typical relief between valley floors and the crest of
Chestnut Ridge is approximately 100 m (300 ft).

Surface runoff from the West Chestnut Ridge Site drains primarily
into Ish Creek and an unnamed ephemeral stream. Smaller portions of the
site runoff enter Raccoon Creek to the south, and Grassy Creek and Bear
Creek to the north. The surface drainage system on the site is a weak1yL/
developed trellis drainage pattern typical of surface drainage patterns
in areas underlain by dipping bedrock strata of alternating lithologies
having variable resistance to weathering. Internal drainage via karst
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features occurs in several zones on the site. The distribution of karst
zones is discussed in a later section.

Slope angles on the site are variable, ranging from a few percent
to more than 40%. Areas under investigation for use in waste disposal
operations have slopes of less than 15%. A topographic profile through
the site (Fig. 2.3) shows that the individual ridge lines which make up
Chestnut Ridge have asymmetrical geometry. The northwest-facing slopes
of the northern and middle ridge lines are steep (slopes range from 20
to 40%) while the southeast facing slopes are gentler (slopes ranging
from <15 to about 20%). Ridge crests tend to be broad and gently
sloping. The southern ridge line shows a reversal of this trend, with
the southeast-facing slope on this ridge being the steeper slope.

2.2 PHYSIOGRAPHY AND GEOMORPHOLOGY

The ORR is located within the Appalachian Highland Physiographic
Division of the eastern United States. Within the division, areas of
distinctive bedrock lithology, stratigraphy, geologic structure, and
geomorphic history are divided into physiographic provinces. A physio-
graphic map of Tennessee is shown in Fig. 2.4. The site is located in
the western portion of the Valley and Ridge Physiographic Province. The
Valley and Ridge Province is characterized by alternating valleys and
ridges that have been formed by the combined influences of the regional
geologic structure and weathering and erosional processes.

The West Chestnut Ridge Site occupies an upland ridge area under-
lain by southeasterly dipping carbonate bedrock. As discussed in Sect.
2.1, Chestnut Ridge typically consists of three discontinuous ridge
lines separated by valleys containing the local surface drainage system
of first-order and second-order streams.

Active geomorphic processes which are occurring on the site include
sheet erosion, localized gully erosion, soil creep on steeper slopes,
and subsidence related to dissolution of the carbonate bedrock which is
locally accompanied by subsurface sediment transport through open solu-
tion cavities near the bedrock surface. A map showing geomorphic
features of the site is presented in Fig. 2.5. The surface drainage
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system for the site is shown, including perennial and ephemeral or wet
season flow channels. Areas in which gqully erosion has resulted in
incision of local runoff channels are indicated as are recognized
alluvial and colluvial deposits. The location of karst features that
were observed in field mapping are indicated and five zones of karst
occurrence are identified.

Sheet erosion results in a general lowering of the land surface by
the gradual removal of residual soil particles through overland flow.
Site soils are well drained and typically do not exhibit sheet runoff in
their natural condition. Sheet runoff and sheet and rill erosion are
likely to occur on site soils that are extensively disturbed by the
removal of vegetation and topsoil. Ergsion rate estimates are included
in Sect. 4.4,

Gully erosion is caused by convergence of runoff into rills on
sufficiently steep slopes and has occurred in several areas of the site.
Some gullying may be attributed to agricultural practices in the area
prior to government ownership, although, several of the ephemeral runoff
channels occupy large ravines of natural origin. One gully that carries
an ephemeral stream near New Zion Cemetery has deposited its sediment
load as an alluvial fan which spreads across the valley bottom.

Incision of the deeper dry valleys may reflect natural gully erosion
caused by greater-than-present precipitation during prehistoric climatic
variations.

Karst features of several varieties occur on the site in five zones
that generally parallel the Tocal and regional geologic strike. The
correlation of these zones with bedrock geology is discussed in Sect.
3.2. Solution pan features have been observed in several areas.
Solution pans are gentle sunken areas which have little or no actual
topographic closure. Dolines are topographic depressions which have
definite topographic closure. Several typical dolines occur on the
site. One of the ephemeral surface streams on the site flows into a
swallow hole that is an open karst throat. Seasonal surface flows from
this stream are conducted into the groundwater system through this karst
feature. In addition to these three classic types of karst features, a
fourth geomorphic feature related to karst processes has been observed.
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The northwest face of the middle ridge line has developed a hummocky
slope shape, possibly by the ravelling of soil into bedrock cavities.

An interesting juxtaposition of several ridge crest dolines and solution
pans with gu11y erosion features has been observed, Lateral shallow
flow in the soils apparently allows a portion of the water infiltrating
the karst features to reemerge as surface runoff near the heads of the
gullies. The significance of the karst zones to site geohydrology is
discussed in Sect. 5.3.3.

Aerial photographs from several dates have been reviewed during the
site investigations to gather information on site geology. Photolinear
features and photogeologic information are plotted on the site topo-
graphic base map in Fig. 2.6. The photo features include 1inear vegeta-
tion patterns, visible linears, soil tonal patterns, and several
crescent-shaped features which occur in a karst zone and are associated
with subsidence on steep slopes.
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3. GEOLOGY

This section presents geologic data and interpretation of site
conditions based on the available information. The scope of site inves-
tigations which contribute to this section include

0 geologic field mapping of the site,

0 a preliminary seismic refraction study,

0 bedrock profiling by seismic refraction, and

o subsurface investigations by exploratory drilling.

3.1 REGIONAL GEOLOGIC SETTING

Bedrock underlying the ORR is comprised of interbedded clastic and
carbonate rock units of Paleozoic age. A geologic map of the reserva-
tion is shown in Fig. 3.1. The regional structure is predominated by an
imbricate arrangement of thrust faults which trend northeast and dip
southeast. In the western portion of the Valley and Ridge Province the
Rome formation typically forms the hanging wall (upthrust block) of the
major thrust sheets.

A typical geologic cross section showing the geologic structure on
a northwest to southeast transect across the ORR is shown in Fig. 3.2.
The West Chestnut Ridge Site is located in the Whiteoak Mountain thrust
sheet, so named because movement along the Whiteoak Mountain fault (Fig.
3.1) carried the bedrock beneath the site into the present cdnfiguration.

3.2 STRATIGRAPHY AND AREAL GEOLOGY

The bedrock units which underlie the West Chestnut Ridge Site are
predominated by carbonate rocks in the Conasauga and Knox Groups. A
stratigraphic column, including the formations that occur on the site,
is presented in Fig. 3.3. Estimated formation thicknesses and bedrock
descriptions based on limited sample availability are included. The
stratigraphic nomenclature adopted in this study uses the recognized
formation names for the area (Rodgers 1953; Heller 1959; Swingle 1964).
Departures from other stratigraphic descriptions apply in the cases of

13
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Stratigraphic Column of Bedrock Formations on the West Chestnut Ridge Site

Group

Formation

Estimated
thickness

Description

Ordovician

Chickamauga

Undivided

Thin- to medium-bedded,
cherty carbonate litholo-
gies. Maroon mudstone and
argillaceous Yimestones.

Cambrian

Knox

Newala

275 m (900 ft)

Medium-bedded dolostones and
limestones with variable
chert content, scattered
chert matrix sandstones.
Abundant maroon mottling in
carbonates. Thin soil
development,

"Longview"

15 m (50 ft)

Dense massive chert, bedded
chert, and dolomoldic chert
observed in residuum,

Chepultepec
Dolomite

215 m (700 ft)

Fine- to medium-grained,
light to medium gray,
crystalline dolostone,
medium- to thick-bedded
where observed, sandy in
part, particularly rear
base. Minor maroon mottling
appears near top. Thin to
thick soil development.

Copper Ridge
Dolomite

300 to 400 m
(1000 to 1300 ft)

Medium- to thick-bedded, fine
to coarse crystalline dolo-
stone, medium to dark gray
chert varies from massive
porcellanous near base to
blue-gray oolitic in upper
1/3 of the unit. Thin to
thick soil development.

Conasauga

Maynardvillle
Limestone

60 to 90 m
(200 to 300 ft)

Medium-bedded, 1ight to dark
gray, fine crystalline to
oolitic limestone.
Moderately thick soil
development.
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the Longview Dolomite and the Newala Formation. 1In the Chestnut Ridge
strike belt the Longview is a bedded chert zone approximately 10 m
thick, which is locally exposed by road cuts in the residuum. The
Longview horizon is discontinuous and is not recognized as a mappable
formation by the Tennessee Division of Geology (Brendt 1984). However, /
the heavy chert zone in soils is readily traceable for use in surface
mapping and provides a control horizon at the top of the Chepultepec
Dolomite. Elsewhere, the Newala Formation is recognized as the
Kingsport and Mascot Formations. Generally thick soil development over
the bedrock hampers extensive, detailed stratigraphic study. Inspection
of rock chip samples from rotary drill holes in bedrock indicates that
wide 1ithologic variations occur within each formation.

An areal geologic map of the site is shown in Fig. 3.4. The figure
also shows locations of exploratory boreholes. Formation contacts are
approximately located based on the identification of marker lithologies
in residuum and rock chips from boreholes. The traces of the karst
zones identified in Sect. 2.3 are also plotted on Fig. 3.4. The karst
zones generally parallel the regional strike. The approximate location
and orientation (N10°W) of a cross cutting structural feature identified
on aerial photographs and in soil mapping is shown. This feature may be
a tear fault or fracture zone related to differential movement of
structural blocks within the Whiteoak Mountain thrust sheet,

3.3 STRUCTURAL GEOLOGY

Qutcrops are sparse on the site; however, about a dozen strike and
dip measurements were obtained during field mapping. The mean bedding
strike is N57°E (range N45°E to N70°E) and the mean bedrock dip is 31°
to the southeast (range 17° to 37°). The scarcity of rock outcrops on-
site makes measurement of joint and fold orientations and other
structural elements virtually impossible,

Since direct measurement of the orientation of structural features
is not possible on the site, an alternative approach has been used to
infer the orientations of bedrock structural features. The method used
includes the compilation of bedrock data from other areas, orientation
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data for linear erosional features in the Knox residuum, straight stream
alignments, and the elongation of karst features and photolinear
features, The underlying premise of this analytical approach is that
penetrative faults, fractures, and joints in the carbonate bedrock
provide locations for enhanced groundwater flow and are the features
that control subsurface flow in the bedrock. Where structural or litho-
Togic weaknesses are widened by dissolution of the rock, the overlying
residuum can ravel or pipe into the flow conduit. Over prolonged time
periods the progressive undermining of residuum by the underflow can
carry substantial volumes of soil away, thus creating topographic
expression along the trace of the feature (Parizek 1976). Supporting
studies in the analysis include work performed by Smith and Gilbert
(1983) and Crider (1981). Their studies are summarized below.

Bedding and joint orientations were measured by Smith and Gilbert
(1983) at the Kerr Hollow quarry, which is excavated in the Newala For-
mation approximately 14 km (8.5 miles) northeast of the West Chestnut
Ridge Site. Eighty-three planar orientations were measured, and the
results indicate that the bedding orientation is fairly consistent at
N48°E with a 35° dip to the southeast. Joint orientations at the Kerr
Hollow quarry showed a wide scatter of northwest-dipping strike set
joints and conjugate northeast- and southwest-dipping dip joints. Joint
and fracture orientation maxima from Smith and Gilbert (1983) are
tabulated in Table 3.1.

Crider (1981) collected bedrock joint and fracture orientation data
in the Walker Branch Watershed, which lies on Chestnut Ridge approxi-
mately 7 km (4.4 mi) northeast of the West Chestnut Ridge Site. He
compared joint and fracture orientations with photolinear data and
derived hypothetical orientations for preferred groundwater flow paths,
Joint and fracture orientation maxima from Crider (1981) are listed in
Table 3.1.

Comparison of the maxima presented in Table 3.1 shows that, at the
two study areas, different joint sets are prominent. However, if data
groups are delineated from histogram plots, similarities in the overall
joint and fracture orientations appear between the two data sets.
Prominent joint sets occur in groups oriented approximately parallel to
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Table 3-1. Comparison of bedrock joint and fracture orientations
in two study areas on Chestnut Ridge

Orientation ranges

Max ima Smith and Gilbert Crider

Primary N70°-80°E N20°-25°W
N30°-35°W

Secondary N40°-50°W N55°-60°E
NAO°®-45°W
N25°-30°W

Tertiary N30°-40°E N10°-15°E
N60°-70°E N50°-55°E

N75°-85°E

N10°-15°W

N60°-65°W

N75°-85°W

Joint and fracture orientation groups

N60°E-N110°E N75°E-N105°E
N30°E-N50°E N40°E-N60°E
N20°W-N20°E N15°W-N20°E

N40°-50°W N20°-45°W




21

strike, approximately north-south, approximately perpendicular to
strike, and approximately east-west.

Orientations of photolinear features on the West Chestnut Ridge

Site are grouped in four sets as follows: N20°W to N30°E, N70° to 110°F,
N50° to 60°W, N30° to 50°E. Crider's data on photolinear orientation
for Chestnut Ridge suggest groups with orientations as follows: N20° to
30°E, N40 to 55°E, N80® to 110°E, NAO° to 50°W. The major difference
between the two data sets is that Crider's data do not show a strong
north-south group, as does the West Chestnut Ridge Site study. This
variation may be due to differences in imagery used or to the difference
in results obtained by different observers. A Canparison of Crider's
data on fracture orientation based on straight stream segment analysis
and an analysis of erosional topographic features on Chestnut Ridge
between the Clinch River and Walker Branch shows strong similarities
with maxima occurring in groups, as shown in Fig. 3.5 and summarized as
follows: N10° to 40°W, N60° to 80°W, NO° to 10°E, N30° to 60°E, N8O° to
90°E. , |

Synthesis of this information leads to the following conclusions

regarding bedrock fracture orientations.

1. Orientation measurements for bedrock joints and fractures can be
divided into four groups or families (Table 3.1).

2. Measurements of photolinear features interpreted to be fracture
traces yield generally similar information, though the results
are variable between different study areas.

3. Erosional features and straight stream segments yield comparable
orientation data when analyses for a detailed study area and a
general study area are compared.

4. Cross-cutting structural features in the Chestnut Ridge strike
belt generally occur in four orientation groups, as follows:

approximately parallel to bedding strike (N30° to 60°E),
approximately perpendicular to strike (N20° to 50°W),
approximately North-South (N10°-20°W-N20°E), and
approximately East-West (N60°-70°E-N110°E).

5. The prominence of a particular structural feature varies areally.
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6. The detection of structural features in the residual soils by
imagery interpretations and topographic analyses provides vari-
able results, depending on the data quality, but does provide a
useful tool in areas lacking bedrock outcrop.

3.4 BEDROCK CHARACTERISTICS

Bedrock investigations on the West Chestnut Ridge Site have been
oriented toward evaluating the condition of bedrock and the extent of
weathering. Bedrock investigations completed to date include

o completion of 20 exploratory boreholes using the air rotary

drilling technique to explore the weathered bedrock zone
(geophysical logs were obtained from the bedrock exploratory
boreholes), and

0 a seismic refraction profiling technique which provided data on

bedrock conditions between borehole locations.
The criteria used in determining the drilling depths for the exploratory
borings were to penetrate 9 m (30 ft) of continuous "sound" bedrock;
however, . if continuous rock was not encountered within 30 m (100 ft) of
the first rock penetrated, the boring was terminated. Of the 20 bedrock
exploratory borings completed, continuous rock was obtained in 13
borings, and more than 30 m {100 ft) of cavitose rock was encountered in
7 borings. Driller's logs for the bedrock borings are included as an
appendix of the Woodward-Clyde report on subsurface characterization
(1984).

Seismic refraction profiling of the bedrock surface was performed
by personnel of the Tennessee Valley Authority. A detailed report of
their work is in press (Staub and Hopkins 1984). The seismic refraction
survey showed the elevation of the top of the refractive layer on 7.6 m
(25 ft) spacings. The accuracy of the elevations is approximately +3 m
(10 ft). In general, the data interpretation suggests that the weath-
ered bedrock surface approximately coincides with the refractive sur-
face. Over short intervals [40 m (130 ft)], relief on the refractive
surface up to 10 m (30 ft) was measured in several areas. One of the
profile lines which crossed the fracture trace (Sect. 3.2) where it
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crosses the Copper Ridge Dolomite showed deeper weathering of bedrock.
In general, the seismic profiling shows rather consistent elevation of
the refractive surface within the study areas.

On the basis of data obtained during exploratory drilling activi-
ties and seismic profiling, the site bedrock conditions are defined as
follows. Residual soils of variable thickness typically overlie a zone
of cavitose carbonate bedrock with mud- and gravel-filled cavities. The
thickness of this cavitose zone ranges from O to >30 m (0 to >100 ft).
Vertical cavity dimensions reported by the driller range from 0.3 m to
5m (1 to 16 ft). The configuration of the top of the zone of cavitose
bedrock is approximated by the contours shown on Fig. 3.6. Residual
soils above this zone are essentially devoid of carbonate minerals, so
it also represents the approximate surface of carbonate rock.

As previously mentioned, in 13 of the exploratory boreholes at
least 9 m (30 ft) of continuous bedrock was encountered. While 9 m of
continuous rock drilled does not preclude the existence of underlying
cavities, it suggests that the most active weathering zone has been
penetrated. Figure 3.7 shows the approximate configuration of the top
of the continuous rock based on drilling results. The stratigraphic
distribution of boreholes that penetrated more than 30 m (100 ft) of
cavitose bedrock and the configuration of the bedrock surface indicates
that weathering is deepest in the Chepultepec Dolomite and in the upper
1/3 to 1/2 of the Copper Ridge Dolomite. Figure 3.8 shows a generalized
geologic profile across the site. The figure includes the ranges
obtained for the top of weathered and continuous bedrock zones and
approximate formational contacts.
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4. SOILS

Soil investigations performed in the site characterization include

0 soil mapping,

0 drilling and sampling to obtain samples for testing ahd to deter-
mine soil thickness,

o physical testing of soi]s,:

o mineralogic testing, and

0 radionuclide adsorption testing,

Voluminous amounts of data have been obtainéd and are reported else-
where (Woodward-Clyde 1984; Lee et al. 1984; Seeley and Kelmers 1984;
Geotek 1981). The objective of this section is to present the salient
aspects of the site soil characteristics.

4.1 PHYSICAL PROPERTIES OF SITE SOILS

This section summarizes the physical characteristics of Knox Group
residuum. The discussion will include the mapping and classification of
surficial soils, classification of subsurface soils, grain size charac-
teristics, moisture and weight characteristics,‘and soil stréngth
characteristics.

4.1.1 Characteristics of Surficia} Soils

Surficial soils on the site were mapped (Lee et al. 1984) as shown
in Fig. 4.1. Table 4.1 identifies the soil types shown on the soils map.
Soils mapped on the site are predominantly Paleudults, though areas of
Entisols and Inceptisols were mapped where recent alluviation has
occurred. Soil genetic classes identified during site mapping include
soils formed by ancient alluvial processes, soils formed by residual
weathering of bedrock, soils formed by Pleistocene alluvial/colluvial
processes in the residuum, and recent alluvium. The range of the age of
soil formation on-site extends from late Tertiary or early Pleistocene
[10% yr (soil No. 3)] to Holocene or Recent [PostEuropean settlement
(soil No. 6)] (Lee et al. 1984). Soil forming and erosional processes

29
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Table 4.1.

Classification of soils in the proposed Central Waste Disposal Area

Soil No. Classification Series
1 Fine loamy, siliceous, thermic, Fragic Paleudult Shack
2 Clayey skeletal, mixed, thermic, Typic Paleudult a
3 Fine loamy, oxidic, thermic, Typic and Rhodic Paleudults Dewey and Decatur
variants
4 Clayey, mixed, thermic, Paleudults a
5, ba Clayey, mixed, thermic, Paleudults a
6 Entisols and Inceptisols - undifferentiated a
7 Fine Toamy, siliceous and clayey, kaolinitic Typic
Paleudult a
8 Fine loamy, siliceous thermic, Paleudults Holston
9 Fine Toamy, siliceous, thermic, Paleudults Etowah

a8 - Serijes is not determined.

Note: Soils 2, 5, 5a, and the clayey part of 7 would have been included in the Fullerton Series

of past mapping.

They are now variants because of mixed clay mineralogy, lack of sufficient

chert in the family control section, or yellow mottling in the subsoil too close to the surface.
These soils were also kept separate in order to evaluate whether 1nd1v1dua1 dolomite formations
gave rise to similar or dissimilar soils.

IE
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are discussed in Sect. 4.4. Residuum derived from each geologic forma-
tion on the site is distinct, as shown in Fig. 4.1 (Lee et al. 1984).
Soil mapping corroborated the existence of a linear discontinuity
trending north-south across the site. The feature identified in soil
mapping coincides with the possible fracture trace identified on 1939
aerial photography and discussed in Sect. 2.2.

4.1.2 Characteristics of Subsurface Soils

Particle size distribution analyses were performed on 115 subsur-
face soil samples (Woodward-Clyde 1984). Site soils are fine grained
with 30 to 100% passing the No. 200 sieve (0.074 mm). The clay-size
particle content (<0.002 mm) of soils tested ranged from about 10 to
70%. The sand and gravel content of residuum samples tested ranged from
0 to 50%. Some samples obtained from karst features tended to be sandy,
with sand and gravel contents reaching as much as 80% in two such
samples.

The site soils classify (Unified Soil Classification System) pre-
dominantly as highly plastic clays (CH) with traces to some fine to
coarse sand and traces of chert gravel. The second most common classi-
fication encountered is low-plasticity clays (CL). Minor amounts of
silts (ML, MH) and clayey sands and gravels (SC, GC) were encountered.
Surficial soil samples commonly classify as low-plasticity clays.
Consistent relationships between soil classification and bedrock strati-
graphy are not readily apparent in soils tested. The sandy bedrock zone
in the basal Chepultepec Formation did seem to result in a sandy soil at
one of the test locations.

Physical properties of soils are summarized in Tables 4.2 and 4.3.
Soil engineering parameters are included in the report on subsurface
investigations (Woodward-Clyde 1984). Engineering tests included con-
solidation, compaction, triaxial shear, and unconfined compressive
strength.

Site soils have very high moisture retention properties (Daniels
and Broderick 1984). The percent saturation of soils vs depth below the
ground surface is plotted in Fig. 4.2. This plot shows that the depth



Table 4.2. Summary of index and physical properties for Shelby tube samples

Depths less than
3.0 m (10 ft)

Depths greater than
3.0 m (10 ft)

Index or physical propertyd Units Range Average Range Average
Initial water content Percent 15.0 to 36.6 25.9 19.0 to 47.8 33.5
Initial volumetric water content Percent 27.8 to 48.2 38.5 32.7 to 56.1 46.2
Liquid limit - Percent 41 to 87 66 46 - to 101 69
Plasticity index Percent 21 to 53 39 15 to 69 41
Initial liquidity index -0.25 to  0.03 -0.06 -0.11 to 0.84 0.19
Percent chert Percent 0.0 to 21.1 5.8 0.0 to 26.2 4.6
Percent fines Percent 58.0 to 99.0 80.2 59.5 to 99.4 85.3
Specific gravity g/ cm3 2.66 to  2.82 2.73 2.68 to 2.84 2.74
Initial total unit weightP 1b/ft3  104.0 to 129.9 119.2 108.5 to 127.9 117.5b
Initial degree of saturation Percent 73.0 to 99.7 87.8 89.8 to 100.0 96.5
a Excluding data on samples from sink hole borings.

Average value for a11‘samp1es = 117.9 1b/ft3 (18.52 kg/mB).
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Table 4.3. Summary of index and physical properties from the engineering property test series

M/S &
Part. Part.
Sat. Sat. Sat.
Com-  Consoli- Strength Perm. Perm. Perm.
Index or physical propertyd Units paction dation uu CIU  series series series
Initial water content Percent 21.3 35.4 32.6  33.6 34.0 29.5 22.5
Initial volumetric water content Percent 48.0 45.8 46.0 46.8 41.1°  40.4
Liquid 1imit Percent 59 62 71 65 62 71 60
Plasticity index Percent 36 35 43 37 36 43 34
Initial liquidity index -0.05 0.26 0.09 0.13 0.26 0.01 0.07
Percent chert Percent 11.5 7.0 8.2 3.2 4.5 5.1 5.1
Percent fines Percent 66.9 82.2 §2.3 86.0 86.7 84.4 72.2
Specific gravity g/cm3 2.75 2.74  2.76 2.73 2,74 2.7
Initial total unit weight® 1b/Ft3 116.0  118.6 117.6 116.9 115.8b 122.4b
Initial degree of saturation Percent 96.7 96.9 97.0 96.7 87.1b 94,7
Initial void ratio 0.99 0.97 0.96  0.91b ¢.74b
Average depthd ft 51.1 17.7 20.5 62.8 9.9

a £xcluding data from sink hole borings.

b M/S test data is excluded.
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of significant desiccation of the soils is approximately 3 m (10 ft).
Samples used in this analysis were obtained during the dry season
(September 1983). Below depths of 3 m (10 ft), the soils are typically
>90% saturated.

Soil strength and the liquidity index for site soils show an
inverse correlation. Figure 4.3 shows the generil trends for the
liquidity index (IL) and undrained shear strength (Sy). The liquid-
ity index is an expression of the soil's natural moisture content when
sampled, compared to the moisture range under which the soil exhibits
plastic behavior.

_ W - PL
s
PI

I

where
W = the natural moisture content of the soil,
PL
PI
A liquidity index value of 0 indicates that the natural moisture

]

the plastic limit for the soil,

the plasticity index for the soil.

content is below the plastic limit by an amount equal to the moisture
range over which the soil exhibits plastic behavior. A liguidity index
value of 1 indicates that the natural moisture content of the soil is
equivalent to the liquid 1imit - the point at which the soil behaves as
a liquid. Wide scatter occurs in the data as a result of vertical and
lateral heterogeneity however, approximations of the variation of mean
liquidity index and undrained shear strength with sample depth are
shown in Fig. 4.3.

4.2 GEOCHEMICAL CHARACTERISTICS OF SITE SOILS

Geochemical studies of Knox residual soils have included
0o physical characteristics of test specimens,
o soil chemical analysis,
o limited analyses of ground and surface waters,
o measurement of radionuclide sorption and desorption characteris-
tics for soils, and
0 column sorption tests.
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Details of the soil geochemical testing are presented in Seeley and
Kelmers (1984), and Lee et al. (1984). Results of selected portions of
the soil geochemical study are summarized in this section. Sampies were
obtained from Copper Ridge Dolomite and Newala Formation residuum.

4.2.1 Physical Characteristics of Test Specimens

Samples obtained for geochemical study were tested to determine the
soil moisture content, particle size distribution, particle density,
surface area, and mineralogy.

Gravimetric moisture contents ranged from approximately 18 to 31%,
which are similar to those reported in Sect. 4.1. Particle size distri-
butions for the study specimens indicate that the tested materials are
fine silts and clays. Particle densities ranged from 2.7 to 3.1 g/cm3,
One sample that had a surface area of 9.8 m2/g was apparently a fine
silt composed primarily of guartz. The other samples had surface areas
ranging from 32.71 to 46.54 m2/g and were composed, in descending
abundance, of quartz, illite, and kaolinite (Sect. 4.4 presents addi-
tional discussion of soil mineralogy).

4.2.2 Chemical Characteristics of Knox Residuum

Residual soils derived from weathering of the Copper Ridge Dolomite
" and the Newala Formation are heavily leached. They have carbonate
contents ranging from 0.12 to 0.35% in the upper 10 m and decreasing to
0.03 to 0.04% with greater depth. The pH of water in equilibrium with
residuum is mildly acidic. Elemental analyses of six soil samples are
presented in Table 4.4, Uranium and radium values in the soils range
from 3.9 to 8.0 ug/g and 2.28 to 4.71 pCi/g, respectively, with average
values of 5.5 + 2.5 pg/g and 3.4 + 1.3 pCi/g, respectively.

4.2.3 Chemical Characteristics of Soil Water and Surface Water

Data regarding the chemical constituents of soil waters in Knox
-residuum are based on analyses of soil waters recovered from a borehole
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Elemental Analyses of Knox Residuum from West Chestnut

Ridge Site by ICP spectrometry (concentrations are rg/q, except Si)

Newala Formation

Copper Ridge Dolomite

3m 9m 12 m 6 m 9 m 18 m
Element (10 ft) (30 ft) (40 ft) (20 ft) (30 ft) (60 ft)
Ag <4.5 4.5 <4, <4.5 <4.5 <4.5
Al 80,000 110,000 85,000 97,000 26,000 99,000
B 37 31 40 <19 21 21
Ba 78 160 240 76 55 84
Be 1.9 5.1 8. 2 1. 3.
Ca 150 1,400 2,200 350 96 1,100
cd 7 7.3 7. 7.1 4, 5.
Co 8 48 21 12 36 9.
Cr 73 64 78 37 15 58
Cu 24 36 30 43 43 49
Fe 35,000 47,000 48,000 45,000 28,000 38,000
Ga 21 <18 <18 20 <18 22
Hf 25 34 34 27 19 28
K 18,000 20,000 2,900 11,000 6,100 14,000
Mg 7,000 8,200 9,700 3,700 2,100 5,000
Mn 140 1,800 1,200 330 2,000 540
Mo 33 51 4] 23 27 35
Na <1,000 <1,000 <1,000 <1,000 <1,000 <1,000
Ni 37 77 71 42 74 58
p <83 <83 <83 <83 <83 <83
Pb <65 <65 <65 <65 <65 <65
Sb <35 <35 <35 <35 <35 <35
Se <110 <110 <110 <110 <110 <110
Si(%) 32 28 27 31 40 31
Sr 15 24 28 19 6. 16
Ti 3,700 3,300 2,300 3,000 1,300 3,100
v 80 65 86 88 31 93
In 250 480 410 310 26 360
Ir 120 120 120 120 120 120
Source: Seeley and Kelmers 1984,
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in Knox residuum at another site on Chestnut Ridge and on synthetic soil
water extracted from a composite soil sample of West Chestnut Ridge
soils. Preoperational groundwater quality is being monitored and will
be published under separate cover.

Soil pH measured on 1:1 soil-water mixtures ranged from 4.1 to 6.7
for surficial soils and from 5.0 to 6.7 for residuum samples (Lee et al.
1984). The pH of ground water obtained from a saturated zone in Copper
Ridge Dolomite residuum at a site approximately 6.6 km (4 miles) north-
east of this study area ranged from 5.7 to 6.0 + 0.2. The pH o