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Abstract

Solid Wasté Storage Area b6 (SNSA~6) is one of the disposal sites for
solid low-level radioactive waste at Oak Ridge National Laboratory. Soils
and saprolites from the site were characterized to provide base line
information to initiate assessment for remedial actions and closure
plans. Physical, chemical, mineralogical, and engineering analyses were
conducted on soil and saprolite samples.

High bulk density in the soil solum generally indicates low
permeability, depending upon soil structure. The saprolite is more dense
(1.9 to 2.0 g/m1) where less weathering has occurred as in proF{Ie 1.
These bulk density values should be representative of saprolite at depths
of 5 to 6 meters. Samples from the more oxidized and leached saprolite of
soil profiles 3 and 4 have lower bulk densities (1.3 to 1.5 g/ml). These
bulk dénsity va]des are applicable to the upper 3 to 5 meters of
saprolite. Surface and Bt horizons of the soil profiles have relatively
high si1t contents. This is primarily due to the presence of loess {(wind

blown silt) and the high silt content of the saprolite. The clay content

- generally increases with depth in the soil solum and clay-plugged upper

saprolite but decreases after contact with harder saprolite. Moisture
retention values generally decrease with depth, due to an increase in rock
fragments.

Engineering properties of the soil solum are not too important
because of the shallow depth. However, solum engineering properties are
an indication of what saprolite fill properties will become as it
weathers. Freshly removed saprolite has a unified soil classification of

GC (clayey gravels) or GM (silty gravels), which indicates very high

iv



gravel content with very few fines. Over time the gravel content will

decrease and the fines will increase, with a resulting shift in plastic

index to 15 or higher.

The presence of low pH values, low calcium carbonate equivalents
(CCE), high concentrations of hydroxyIamine—reducible manganese, and high
concentrations of CBD-extractable manganese and iron are indicative of the
highly weathered nature of the soils and saprolite at the site. High CCE
values, and neutral to mildly alkaline pH values (pH 7-8) have been
observed in the bedrock samples of HHMS core drillings. The soils and
saprolites at SWSA- -6 are generally low in organic carbon.

X-ray diffraction analyses of the clay size fraction of the soils and
saprolite show high amounts of hydroxyninterlayered vermiculite. Large
quantities of kaolinite have been found in the clay size fraction of
samples from soil profiles 4 and 9. Gibbsite is present in the clay size
fraction of only one horizon in soil profile 9. High concentrations of
manganese and iron oxides alony with poorly crystalline (neoformed)
kaolinite are present in the clay size fraction of soils formed in the
Maryville Limestone. Manganese and iron oxides are present in the soils
and saprolites formed from the Nolichucky Shale, loess and alluvium.
Micromorphological examinations indicate the presence of manganese and
iron oxides in many different forms and associations. Manganese and iron
oxides commonly occur as coatings on peds and saprolite surfaces. These
oxides are generally associated with clay.

. The results of physical, chemical, and mineralogical studies of
SWSA-6 soils and saprolites will be 1ncorporated with the results of other
jnvestigations, including geochemistry. geology, and hydrology for

development of a comprehensive remedial action and closure plan.
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1. INTRODUCTION

Solid Waste Storage Area 6 (SWSA-6) is a low-level radioactive

waste burial facility located on the Oak Ridge Reservation (ORR) in Oak

¥R1dge. Tennessee. Wastes composed of paper, filters, rags, gloves,
’tools and biological substances have been diéposed in this low-level

;waste‘disposa1 site. Soils in SWSA-6 have been developed from the upper

‘Maryville Limestone and lower Nolichucky Shale members of the Conasauga

- - ———l s o

Group., The landforms on the site have been formed from episodic
eros1oné1 geomorphic processes (Liezke and Lee, 1986). Drainageways are
located in areas which favored surface waterflow., Orainageways tend to
initially form in areas that either had a closer joint spacing or were

- more fractured, or 1n'areas where the drainage network was inherited

from an earlier erosion cycle. Because soil in the past has been

removed by overland flow, depth to unoxidized and unleached rock is

ol e R L

M

generally shallower in drainageway bottoms than on interfluves where
more rainfall infiltrated and percolated downward, resulting in greater
chemical weathering of rock and thicker saprolite.

An understanding of swsA-a soils, their role in the chemical
environment of the solum and saprolite zone, and in surface and
subsurface water movement is crucial in remedial action and closure of
this and other bufial grounds located on Conasauga Group residium.
Infqrmation regarding characteristics of soil and saprolite is revealed

2 through physical, chemical, and mineralogic analyses. An understanding
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- of the various properties of soil and saprolite materials in disposal
sites is 1m§ortant‘for development of a comprehensive management plan of
the sites. This 1s especially true when an aspect such as hydrology of
a disposal area is bonsidered.

After entering the environment, radioactive contaminants leached
from wasfes will contact soil and geological materials. Characteristics
of the soil and sdprol1te that changé with increasing depth will
influence the migration and interaction of radionuclides. Small
differences among soils and wastes may greatly influence radionuclide
migration. As a result of different speciations of various
radionuclides, prediction of their behaviors in soils is difficult.
Mechanisms of radionuclide interaction with soil materials are used as

tools for predicting the amount of radionuclide movement in soils.
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2. MATERIALS AND METHODS

2.1 Geology

Low-level radiocactive Solid Waste Storage Area 6 (SWSA-6) is
located in Melton Valley, northwest of White Oak Lake and southeast of
Lagoon Road and Haw Ridge on the 0ak Ridge Reservation in Tennessee

(Fig.1). The study area encompasses 28 hectacres and has been used as a

solid waste disposal site for 20 years. The Oak Ridge Reservation
occurs in the Valley and Ridge Province of East Tennessee. SNSA-G.‘
which 1s located on the Copper Creek thrust block, is underlain by
strata of’the Middle to Lafe Cambrian Conasauga Group. The Conasauga
Group in the Melton Valley area is approximately 550 m thick, and
- composed of silty limestones, calcareéus shales, and alternating
calcareous siltstones and mudstones. The uppermdst Maryville Limestone
and lowermost Nolichucky Shale are formations of the Conasauga Group
that occur in SWSA-6. The greater portion of SWSA-6 is under}ain by the
Upper Member of the Maryville Limestone. This is composed of dark gray,
green and‘maroon-colored calcareous shales interbedded with gray-blue
silty limestones and mudstones. In the southern most part of SWSA-6, the
Maryville Limestone is interbedded in a transitional zone with the

Nolichucky Shale which contains oxidized claystones (Boegly, 1984).

2.2 Pedology
N According to Boegly (1984) the soils in the SWSA-6 area are moist,
strongly leached, acidic, low in organic matter, and have cation

exchange capacities less than 10 meq/100g of soil. The carbonate cement
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Location of Solid Waste Storage Area 6.

Figure 1.

<
Ow
WM
<
z -
3

W wn “”“”“”WW“”W”“WWW“W”WVWW””W”%W“WWWWWWVWMWWMWWWWWMWWWWwawwwmwwwwww



that is found throughout most of the group is leached out near the
- surface. The saprolite material still has bedding and rock structure
present. A thin veneer of soil, usually less than 1m thick, overlies

the saprolite. There are no distinct boundaries between the soil,

saprolite and bedrock (Boegly, 1984).

The three types of parent material found in SWSA-6 are: 1)} in situ
regolith (residuum or saprolite), 2) transported sediments (colluvium
and alluvium), and 3) ancient alluvium. Residuum from the upper member
of the Maryville Limestone and the Nolichuck& Shale beneath makes up the
greatest portion of the parent material (Lietzke and Lee, 1986).
Throughout the area, thin limestone lenses have weathered to form thin
seams of red and yellow clav. Silty limestone weathers to porous brpwn
siltstone saprolite. Shales weather to saprolites with a brown aor dull
olive color. Weathering and differential water watermovement enhances

the abundant joints in these siltstones and shales. Thicker and more

numerous limestone lenses are found in the northernmost part of the
site, At higher elevations in SWSA-6, resistant limestone lenses are
found within a few feet of the surface. Boegly (1984) reports that the
particle size data for near surface saprolite has a mean sand content of
364, a silt content of 22% and a clay content of 42%. Due to the higher
claystone content of the saprolite, the soils of SWSA-6 have a higher
clay content in the subsoil. Small faults and folds are found
throughout the sprolite and bedrock beneath (Boegly, 1984).

The second most abundant parent material found at SWSA-6 is
transported sediments (colluvium and alluvium). This parent material

consists of sediments derived from both saprolite and in situ soils
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(Lietzke and Lee, 1986).

The third parent material which exists in SWSA-6 is ancient
alluvium (Lietzke and Lee, 1986). This material is found on a stable
upland summit that represents the highest elevation in SWSA-6.

According to Boegly (1984), the ancient alluvial deposits do not
resemble the surrounding bedrock. The sediment probably originated from
ancient Clinch River flooding events (Boegly, 1984). This deposit is
generally 0.3 m thick, but in the southwestern corner of the site
alluvium thiékness is about 5 m. Highly weathered shale residuum lies

beneath the alluvium.

2.3 Sampling - Field Methods

Soil and saprolite samplies were taken from soil profiles 1, 3, 4, 9
and 10. Sampling was also completed on a shallow trench located
approximately 100 m east of profile 9. A deep trench (trench 487)
located approximately 150 m south of the entrance to the site was also
sampled. A1l site locations are shown in Figure 2. Bulk soil and
saprolite samples were taken from the various single and combined soil
and saprolite horizons from the profiles and shallow trench. Core
samples were taken from various single and combined soil and saprolite
horizons using a sampling tube. Samples were stored in cylindrical
containers. Large soil and saprolite clods taken from a depth of 3-6 m
were retrieved from the deep trench. Core drillings were taken from
depths of 0 to 12.4 m approximately 100 m northeast and east of profile
5 (Fig. 2). Thin section analyses were conducted on subsamples from the

deep trench and bulk profile samples.
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2.4 Sample Preperation

Bulk soil samples were air dried and ground to pass a 2 mm sieve.
Coarse fragments and fine earth materials were stored in plastic bags in
the Soil Sample Prep Building on the University of Tennessee, Knoxville
campus. The core drillings that contained no bedrock were sieved in
order to separate the fine earth and coarser fractions. Core drillings

containing bedrock were not sieved.

2.5 Physical and Engineering Analysis

Physical and engineering analyses were conducted on soil and
saprolite horizons. The pipette method was used to determine particle
size distribution of the soil and saprolite (Soil Survey Staff, 1984).
Liquid and plastic Timits and flow index were deterhined using standard
techniques (ASTM, 1980). Shrinkage 1imit was determined using the
following equation: SL =2 + pi, where SL is the shrinkage 1imit, and
pi is the distance above or below the A-line that the plot of plasticity
index and liquid 1imit rests on Casagrande's plasticity chart
(Casagrande, 1932). Moisture retention was determined at 1/3 and 15
bars tension on a ceramic plate extractor (Richards, 1965). Moisture
retention values were adjusted to account for coarse fragment content.
Bulk densities were determined by the core method (Blake, 1965). Soil
particle density was measured from five random core samples using the
method of Blake (1965). These values were averaged and used to

calculate total porosity.

2.6 Mineralogical Analysis

Qualitative mineralogy of soil and saprolite clay samples was
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determined by x-ray diffractiqn and differential scanning calorimetry.
Untreated clay samples were collected in conjunction with particle size
determinations. Iron was removed from the clay fraction of selected
samples using sodium citrate bicarbonate dithionite (CBD) followed by
saturation of split samples with 1 N KC1 and 1 N MgCl (Jackson, 1975).
The untreated clay samples were oriented on ceramic tiles by suction
through a Buchner funnel. Magnesium and potassium saturated clay
samples were oriented on glass slides by the filter-membrane peel
technique of Drever (1973). Before the clays were oriented on the
slides, they were dispersed ultrasonically for 10 min. Air-dried
magnesium-saturated samples were analyzed by x-ray diffraction at room
temperature and after a 10% glycerol treatment. Air-dried
potassium-saturated samples were analyzed at room temperature and
following heat treatments at 105°c, 300°C, and 550°C.

Clay analysis by x-ray diffractions was conducted at the Oak Ridge
National Laboratory. Diffractograms were made with a Philips model
3-202 diffractometer connected to a California Scientific computer
system. The radiation was CuKa generated at 35 kV and 15 mA.
Diffractograms were completed at a scan speed of 1 degree per minute
stepped at intervals of 0.02 degrees. ODiffractograms began and ended at
2 and 30 degrees 20, respectively. Quantification of quartz, kaolinite,

and gibbsite was achieved using differential scanning calorimetry (0SC).
2.7 Micromorphological Analysis

Petrographic analysis was conducted on 29 thin-section samples

using a polarizing microscope. Descriptions, observations and
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measurements of the optical properties of rock and soil forming minerals
along with other crystaline and amorphous materials were‘by the
methodology of Fitzpatrick (1984). A scanning electronmicroscope (SEM);'

Model ISI-40, was used to examine Cr horizon materials, especially

manganese coatings (Jackson, 1975).

2.8 Chemical Analysis

Chemical analyses were conducted on representative samples from

P

single and combined soil and saprolite horizons as well as core
drillings. 'Soil pH was measured using a 1:1 (w/v) soil-to-solution

ratio in water and 1 M KC1 on the fine earth (<2 mm) of soil profiles.

R R i S LRI 0 e 5 _

The same pH procedure was used on the fine earth (<2 mm) and the coarse
fragment fractions (>2 mm) of the core dri]]inés. The pH of one caore
drilling sample was measured in the supernatant portion of a 1:1 (w/v).
soil/water paste (Peech, 1965). Organic carbon was determined by using
a Leco CR12 Carbon Determinator. Calcium carbonate equivalent'(CCE) was
determined by acid titration (Sobek et al., 1978). Exchangeab]e'bases
were extracted with 1 M NH40Ac. Exchangeable Al was extracted with 1

M KC1. Exchangeable bases and Al were determined by atomic absarption
spectroscopy. Cation exchange capacity (CEC) was calculated as the sum
of exchangeable bases plus KC1 exchangeable Al (Soil Survey Staff,
1984). Exchangeable acidity was determined using a modified version of
Thomas (1982). The following modifications were used: 50 ml of 1 M KC1
were added to 2.5 g of soil and the mixture agitated on a mechanical

shaker for 30 minutes. The extract was collected by gravity filtration

O N DRSS g g g
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through Watman No. 42 filter paper. The remainder of the determination

- | was unmodified.

Reducible manganese wWas extracted with hydroxylamine hydrqchloride

followed by determination using atomic absorption spectroscopy (Chao,

1972). Iron and magnesium were extracted using sodium citrate

dithionite as described by Jackson (1975).
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3. RESULTS AND DISCUSSION

3.1 Soil Morphology and Classification

Taxondmic classifications and mapping units for the five soils
sampled are listed in Table 1. The soils are described in Lietzke and
Lee (1986). Four of the profiles are {ljustrated in Figure 3. The soil
in pit 1 1s classified as a member of the loamy-sketal, mixed, thermic,
shallow Typic Dystrochrepts. The soil 1s formed in high silt content
saprolite from the Maryville Limestone. Greater than 70% rock fragments
by volume are present in soil 1. The saprolite (a slightly weathered
siltstone facles of the Maryville Limestone) is present within 50 cm of
the soil surface. Saprolite fragment interious and surface coatings
have olive-yellow to olive-brown colors. The saprolite i1s also coated

with manganese oxides as 11lustrated in Figure 4, This soil probably

formed during the late Pleistocene or early Holocene,

The soil in pit 3 is classified as a member of the clayey-skeletal,
mixed, thermic, Ruptic-Ultic Dystrocrepts. The parent material is
residuum from the Maryville Limestone. The saprolite is variegated,
with olive colors. Siltstone and sandstone saprolite fragments are
present throughout but greatly increase below a depth of 100 cm. The
Ruptic-Ultic Dystrocrept has a moderately deep solum over weakly
consolidated sedimentary rock. An intermittent, thin argillic horizon
occurs where the depth to rock is greatest. The base saturation is less
than 60% throughout the control section (approximately 25-100 cm) and
the clay content is greater than 35%. Red and dark red iron oxides and
black manganese oxides coat the saprolite joint and fracture faces.

The soil in pit 4 is classified as a member of the clayey, mixed,

W g e g o e
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Table 1. USDA soil classification, soil seriés and parent material of
five soil profiles described at SWSA-6.

pit Soil No. Classification parent Material

1 43 Typic Dystrochrepts; loamy-skeletal, Maryville Limestone
mixed, thermic, shallow

3 42 Ruptic-Ultic Dystrocrepts; clayey- Maryville Limestone
skeletal, mixed, thermic

4 40 Typic Halpudults; clayey, mixed, Maryville Limestone
thermic ,

9 92 Typic Paleudults; fi{ne-loamy, 01d alluvium from
si1iceous, thermic local and distant

gaurces

10 50 " Ruptic-Aquultic pystrocrepts; interbedded basal

‘1oamy-ske1eta1. mixed, thermic Nolichucky and

uppermost Maryville
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Figure 3. Photographs of soil profiles 1nlstA—6 showing soil and saproiite
development: A) Sojl profile 1. Manganese coatings (mn) are pregent on the
saprolite, B) Soil profile 3, C) soil profile 4, D) Soil profile 9.
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Manganese coatings (mn) on the saprolite in soil profile 1

Figure 4,
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thermic family of Typic Hapludults. This soil is formed in a thin layer
of loess and old alluvium and the underlying saprolite from the
Maryville Limestone. Soil profile 4 is a freely drained soil that is
deep to hard rock. Bright hues of 5 YR are present between 46 to 84 cm,
indicating high oxidation status in the soil solum. Hard manganése
nodules (1-2 mm dia.) occur between 6 and 27 cm and a few black
iron-manganese oxide nodules are between 27 and ?0 cm. Red to dark red
iron oxide and black manganese oxide coatings are present on faces of
the saprolite. Rock fragments occupy less than 35% by volume of the
sotl solum.

The so11 in pit 9 1s classified as a member of the fine-silty,
s11iceous, thermic family of'Typ1c Paleudults. The parent material is
old alluvium from Tocal and distant sources. Chert from the Knox
formation and quartzite pebbles are present between 37 and 80 cm. Red
clay plasma is present as coatings on the ped surfaces. A lithologic
discontinuity is present in this soil profile at 53 cm where a layer of
loess covers the highly weathered ancient alluvium. The presence of
rounded quartz grains (Fig. 5) provides evidence of the alluvial nature
of the parent material. Water flow zones are present below and within
the 2Bt5 horizon. Surface residues are observed microscopically in
these horizons (Fig. 6). These residues are the outer surfaces of
aggregates from which one or more internal constituents have been
removed. In this case clay and oxides have been removed.

The soil in pit 10 is classified as a member of the loamy-skeletal,
mixed, thermic family of Ruptic-Aquultic Dystrocrepts. The parent
material is interbedded basal Nolichucky shale and uppermost Maryville

Limestone. Ped and fragment surfaces in the soil solum are coated with
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This

Small voids (v) are also present.

in the 8C horizon (190-230 cm) of soil profile 9.

Surface residue (r) is observed adjacent to a pore that contains an
f highly oriented clay (c) on the side and managese and iron oxide
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different shades of brown and gray clay. Black manganese oxides coat
brown coiored shale fragments between depths of 84 to 120 cm.
Glauconite pellets also occur within this zone. Steeply dipping rock
structure is present in all horizons except the A and Bt horizon. The
saprolite materials are quite nard below 120 cm.

The shallow trench exposed the basal old alluvium, the pebble zone
peneath which represents an an ancient river bed, and the underlying

highly weathered Maryville saprolite beneath (Fig. 7).
3.2 Physical and Engineering Properties

3.2.1 Particle size distribution
particle size distribution is reported in Table 2. High silt

contents are predominant in the surface and in some Bt horizons of all
soil profiles. This is due primarily to the presence of loess. Higher
percentages of sand sized particles in C and Cr horizons are a result of
disaggregation of larger shale fragments during sample preparation. The
clay content generally increases with depth in the soil solum and clay
plugged uppersaprolite but decreases after contact with harder
saprolite. Fracture and joint spacing in harder saprolite are closer
togather which percludes migration of clay. However, most faces are

coated with either iron or manganese compounds.

9.2.2 Bulk density

Bulk density values for the soil and saprolite horizons of the five

soil profiles and shallow trench are shown in Table 3. High bulk

np
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soils at SWSA-6.
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Table 2 Particle size (in mm) distribution, 1nC
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density in the soil solum generally indicates low permeability,
depending upon soil structure. The saprolite is more dense where less
weathering has occurred as in profile 1. The saprolite horizons of

profiles 3, 4 and 9 are highly weathered. These horizons exhibit Tower

bulk densities than the saprolitic material in profile 1 (Table 3).
Saprolite bulk densities of soil profile 1 are indicative of deeper less
oxidized and leached saprolite encounted in the bottoms and lower

sidewalls of waste trenches in SWSA-6 at depths of 4 to 6 m.

3.2.3 Moisture retention

Moisture retention values for soil and saprolite horizons of the

five soi1 profiles and shallow trench are shown in Table 3. The
moisture retention values of samples from the surface horizons of the
five so11 profiles ranged from 12.4 to 17.9 percent. These horizons
have high si1t and organic carbon contents which are responsible for the
high water retention values. High organic carbon contents are observed
in the samples from the surface horizons of profiles 1 and 3 (Table 8).
Moisture retention of the solls in SWSA 6 generally decreases with
depth, due to increased rock fragment content. Moisture retention

values have been adjusted where more than 15% rock fragments are present.

3.2.4 Atterberg limits

Atterberg 1imits for the soils investigated are presented in
Table 4. The 11quid, plastic, and shrinkage 1imit values of samples
from profiles 4 amd 9 increase with depth. Additionally, in samples
from profile 10 plasticity index, 1iquid and plastic 1imit values

I W W] g
(R U




23

Table 3. Water retention, bulk density, and total porosity of six soils at SWSA-6.

——

Retention* Corrected
Moisture between moisture for Rock Bulk Tota)
Pit Horizon Depth 773 Bar 1o Bar 1/3-15 Bar Rock Frag. Fragment Density Porosity

(cm) % (g/¢cc) (W)

1  A-Bw 0- 8 37.20 13.55 23.65 17.86 24,50 - -
Cc-Cr 8 - 40 21.28 14.30 6.98 2.02 11.12 1.59 40.13
Cr2 40 - 110 19.18 15.16 4.02 0.56 85.99 1.9 28.08
Cr3 110 - 145 19,68 15.17 4.5) - 0.98 18.21 1.96 20.30
Cr4 145 - 205 18.10 11.86 6.24 0.37 94,00 - -

3 A-E 0- 18 35.48 19.23 16.25 - 9.39 1.52 42.81
BE 18- 25 24.33 15.63 8.70 - 8.67 - -
Bt-C 25 - 105 35.41 23.74 11.67 5.00 57.19 - -

Ci 105 - 132 43.2) 24,12 19.09 6.30 67.00 1.45 45.2%
c2 132 - 150 45.52 26,96 18.56 6.11 66.76 - -
CriMn 175 - 260 29.73 16.34 13.39 2.82 18.93 1.34 49.67
Cr 201 - 213 38.11 22.39 15.72 6.51 58.61 - -

4 A-E 0- 27 24.02 11.67 12.38 - 10.45 1.42 44,76
Bt1-Bt2 27 - 10 30.77 23.44 7.33 - 14.59 1.42 46. M
Bt3-CBt 70 - 110 32.61 23.07 9.54 7.1 25.51 - -
¢l 110 - 170 43.50 31.95 11.55 6.16 46.69 1.45 45,74
c2 170 - 190 47.82 32.65 15.17 9.44 37.75 -
crl 190 - 230 33.15 22.29 10.86 1.61 86.14 - -
Cr2 205 - 300 54,51 31.85 22.76 6.35 12.12 - -
cr3 230 - 300 29.4) 19.33 10.08 0.60 94,03 1.44 54.50
Cr4 290 - 310 34.15 19.88 14.27 1.14 92.18 - -

- Cr5 310 - 366 35.81 19.49 16.32 9.13 44.08 - -
Cré 366 - 396 22.15 18.38 an 1.89 49.84 -

9 Ap-E 0- 20 19.27 12.90 6.37 - 4.44 1.35 49.23
Bt1-8t2 20 - 53 18.68 15.90 2.18 - 1.59 1.55 42,02
2Bt3 53 - 80 19.41 11.43 1.98 6.59 17.42 1.36 48.70
28t5 119 - 190 23.86 21.33 2.53 2.06 18.61 1.52 42.n

10 Ap 0~ 14 19.25 17.30 1.93 - 12.73 - -
Bt 14 - 23 20.8] 18,99 1.82 1.52 16.30 - -
Btg 23 - 50 25.7¢ 23.10 2.66 1.21 54.33 - -
Cr 50 - 74 24.17 21.26 2.9 0.38 86.96 - -
2Cr 74 - B84 27.98 25.19 2.9 0.68 15.71 - -
acr 84 - 120 21.63 19.06 2.57 0.30 88.66 - -
4Cr 120 - 123  36.81 21.33 9.48 3.05 67.85 - -
5Cr 123 - 150 23,60 17.31 6.29 0.55 91.21 -

ST APZ 100 21.32 22.617 4.67 - 1.22 - -
PZ 200 14.93 11.67 3.26 1.84 43.52 - -
8Pz 300 24.06 20,95 n 0.20 93.11 -

ST=sha]low trench, APZ=above pebble zone, PZupebble zone, BPZ=below pebble zone, *=used as an estimate
of availabe water holding capacity.
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Table 4. Atterburg 1imits of five soils at SWSA-6

id  Plastic Plasticity  Flow Shrinkage Activity

Liqui
Pit Horizon Depth Timit 1imit index ndex Timit ratio
(cm)

1 A-Bw 0o- 8 50.5 32.2 8.3 14.4 24.0 1.13
c-Crl 8 - 40 29.3 20.5 8.8 0.0 18.0 0.33
Cr2 40 - 110 - - - - - -
Ccr3 110 - 145 - - - - - -
crd 45 - - - - - - -

3 A-E 0o- 18 43.3 29.6 13.7 1.2 23.3 4.15
BE 18 - 25 21.1 19.8 7.3 9.8 17.9 0.31
Bt-C 25 - 105 49,0 25.2 23.9 14.2 17.4 0.41
Cl 105 - 132 49.6 33.1 15.9 8.8 25.1 0.43
c2 132 - 150 - - - - - -
Crin 175 - 260 - - - - - -
Cr 01 - 213 - - - - - -

4 0- 21 22.4 15.6 6.8 1.4 15.0 1.01
Bti1-8t2 27 - 10 - - - - - -
Bt3-cBt 70 - 110 43.1 28.17 4.4 1.9 22.5 0.37
Cl 110 - 170 - - - - - -
c2 170 - 190 61.8 45.9 15.9 26.8 34.6 0.29
cri 190 - 230 - - - - - -
cr2 230 -~ 310 - - - - - -
crd 310 - 366 - - - - - -
cré 366 - 396 - - - - - -

9 -E 0- 20 21.2 16.4 10.7 4.2 14.5 2.89
gt1-8t2 20 - 83 31.2 11.8 13.4 4.9 14.8 0.47
2Bt3 53 - 80 41.2 29.3 11.9 3.1 22.0 0.60
28t5 119 - 190 49.4 33.4 16.0 17.0 25.5 0.4

10 Ap 0 - 14 35.6 23.1 12.5 8.1 18.9 0.38
Bt 14 - 23 46.5 23.6 22.9 8.9 16.4 0.51
Btg 23 - 50 - - - - - -
Cr 50 - 14 - - - - - -
2cr 74 - 84 51.5 28.3 23.2 9.7 19.8 0.47
3Ccr 84 - 120 - - - - -
4Cr 120 - 123 - - - - - -
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{ncrease with depth. The samples from the ¢-Cr1 horizon in profile 1
and the BE horizon in profile 3 have lower plasticity index and other
values than their overlying surface horizons. The activity ratios are
calculated by dividing the plasticity index by the percent clay.
Generally, clays present in the soils at SWSA-6 are interpreted to be
1:1 or 2:1 non-swelling type clay minerals due to low activity ratios
(A<1.16).

pue to high percentage of organic carbon, 1iquid and plastic 1imits
and clay activities afe high in surface‘hor1zons of profiles 1 and 3.‘
Clay activity ratio over 4 1s determined 1in profile 3 where the organic
carbon percentage 1s 4,1% (Table 8). Organic matter can assume the
characteristics of shrink-swell clays at high water contents. High
shrinkage 1imits in profilel and 3 are evidence of this. The Tiquid,
plastic and shrinkage 1imits are low when small amounts of organics are
present. Kow quantities of organic carbon also cause a decrease in the
plasticity index. In sodl profiles where the organic carbon content
ofsurface horizons 1s high (1.e., »1%) 1iquid, plastic and shrinkage
1imits and plasticity indexes are high. These values decrease in the E

horizons and increase once again in the underlying Bt horizons (Table 4).
3.3 Mincralogical Properties

3,3,1 Clay size fraction
X-ray diffractograms of the clay size fraction of the soils at
SWSA-6 are shown 1n Appendix B. Sampies of the clay fraction from

selected soil horizons were analyzed by X-ray diffraction to determine
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their minera\agy'(Tab1e 5 and Appendix A). This information fis useful

for determining relative weathering intensity, soil forming processes

and landform stability.

The minerals present in the clay size fraction include kaolinite,

smectite, hydroxy {nterlayered vermiculite (HIV), vermiculite, chlorite,
and 1114te. The other constituents of the clay size fraction of the
soils 1n SWSA-bH are organics plus manganese and iron oxides. The clay
minerals, organics and manganese and iron oxides are important for
colloidal adsorption of radionuclides, The cation exchange capacity

(CEC) of the clays in the soils of SWSA-6 vary with clay type,

The small traces of HIV present in some hordzons are 11kely the
result of 1111te weathering to vermiculite and its subsequent
transtormation to HIV in a freely drained and acidic s011 environment.
Based on qualitative estimates of HIV, a large amount of 11lite .
weathering appears to have occurred in the soils of profiles 4 and 9.
bue.to the small amount of 11711te present in the loess material, the
¢lay fraction 1in the Ap and E horizons in profile 9 contains only small
amounts of HIV and vermiculites.

pedogenic chlorite 1s present in the s0i11s and saprolite of profile
4, and the Bt1-Bt2 and 28t3 horizons of profile 9. Pedogenic chlorite
1s also observed in the shallow trench soils at a depth of 300 cm and in
the ¢lay fraction of soi1s in profile 10, pedogenic chlorite 1s a
transformation product of HIV in these soils.

Clay morphology 1s an important characteristic that affects
micropore size and geometry, which in turn affects permeability.

KaoTinite 1s present in both poorly crystalline (Neoformed) and highly
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m;noralog1val analyses from x-ray diffraction and differential scanning calorimatry
ons,

Minarals pregent In clay fraction (<, 002 M) mmusmmmmimmas

Pit  Hortzon Depth Smectite Vermiculite HIV¥ Chloritewt Kaolinite I111te  Oxides Gibbsite
om
1 AW 0-10 ND H Tr ND T M Te ND
Gra 145-208 ND M ND ND T H Tr NO
3 A-E 0-18 ND r H ND Tr ) Tr ND
B8t~C 84-108 ND { M ND Tr M Tr ND
c2 132-150 ND H L ND Tr H Tr ND
or 201213 ND M Tr ND Te H Tr ND
4 A-E 027 KD Tr H Tr Tr L Tr ND
Bt1-8t2 27-70 ND L H Tr T L T ND
Crl 190-230 ND M M NO Tr M T ND
Crd 290310 ND M L ND " H Tr ND
9 Ap-E 0-20 ND L H “Tr Te L Tr NO
Bt1-Bt2 20-83 ND Tr H L L L Tr ND
2Bt3 53-85 ND Tr H L L L Tr ND
2BtS 1194190 ND L H Tr L L Te Tr
10 Ap 0-14 " M Tr NO Tr M Tr ND
Bt 23-50 Tr H Tr NO ™ H Tr ND
Qr 40-74 Tr H Tr ND Tr i Tr ND
‘ SCr 123-150 Tr 4] Tr NO Tr H Tr ND
ST APZ 100 ND L H ND L M Tr NO
pz 200 NO L ] ND L M Tr ND
apz 300 ND L L] ND, T M Tr ND
Notes! NDunot detected, Tratrace(<10%), Lniow(lo-zoi) Hzmedium(ZO-aoi). H=lligh(>30%) .

HIVm ydrox
APZmabove pe

?nt

A L]

arlayered vermiculite,
ble zone, PZ=pehble zone, BPZbelow peb

e

ey

#*Chlori e=gedogen ¢ chlorite, S§T=shallow trench,

le Zone,
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crystalline forms in the clay fraction of soils in SWSA~6., Poorly
crystaliine kaolinite affects micropore size. The poorly crystalline
grains do not stack evenly and the clay particles are not evenly
distributed. The geometry of the resultant larger micropore 1s less
uniform when poorly crystalline kaolinite is present, In contrast,
highly crystalline kaolinite tends to stack evenly resulting in smaller
micropores with more even distribution of clay. The size and
distribution of micropores has an indirect effect on radionuclide
adsorption by clays.

A sharp X-ray diffraction peak at 0.72 nm indicates crystalline
kaolinite while broad 0,72 nm peak 1s typical of neoformed kaolinite
(Appendix A). Highty crystalline kaolinite 1s present in the clay
fractions of profiles 8 and 10, Soil profile 9 has old alluvium as
parent materdal dovered by a loess cap. The so11 in profile 10 has
Anterbedded Nolichucky Shale and upper Maryville Limestone as a parent
material, Most of the highly crystalline kaolinite in saprolite is
inherited from the Notlichucky shale. Neoformed kaolin1te (poorly
crystalline) 1s present in the clay fractions of the soils throughout
profites 1, 3 and 4 (Appendix A).  Soils containing neoformed kaolinite
are present on the Maryvilie residuum.

Formation of gibbsite 1g used to estimate the relative age of a
011, Soi1 profile 9 represents the oldest soil in SWSA-6. Gibbsite,
an aluminum hydroxide poiymorph, 1s found in the clay fraction of the
oBt5 horizon of profile 9 as indicated by differential scanning
calorimetric analysis, The presence of gibbsite indicates that an

advancement of weathering has occurred in profile 9.
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Clay moves through larger cracks and voids of the saprolite and
rock and coats these surfaces. Fi11ing of host rock void spaces by clay
minerals 1s the dominant cause of radionuclide and fluid flow
retardation in the undisturbed zone (Lee and Tank, 1985). Clay is found
as coatings and plugs associated with tron and manganese oxides and
organic matter in larger saproiite voilds and fractures. The clay
coatings in the cracks and voids of the saprolite are likely deposited
there by water movement within the soil profile or else are neoformed

from solution.

3.3.2 TIron and manganese oxide coatings

So11 peds and weathered bedrock present in SWSA-6 contain 1ron and
manganese oxide coatings that are in easily defined locations in the
soil solum and underlying saprolite. These coatings have an extremely
high adsorption capacity for a great number of radicnuclides in
low-Tevel wastes.

Sodium citrate-bicarbonate-dithionite (CBD) extractable iron and
manganese values are reported in Table 6. High iron values are found
throughout all soils 1nvestigated., Lower iron values are present in the
surface horizons of profiles 1 and 3. High manganese concentrations are
present throughout most profiles.

Hydroxylamine reducible manganese (HA-Mn) concentrations are
reported in Tables 6 and 7. In samples where low CBD-manganese
concentrations are reported, low HA-Mn values also occur., Hydroxylamine
reducible manganese decfeases significantly in the presence of free

carbonates. High concentrations of HA-Mn are present in highly
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table 6. The distribution of pH, ammonium acetate extractable bases, sodium dithionite
‘ extractable (CBD) Yron and manganese, and hydroxylamine reducible (HA) manganese
for five goll profiles at SWEA-6

s

pH (1:1) NH40AC CBD HA
pit Horlzon  Depth water KC1 Ca Mg Fe Mn Mn
(cm) ppm s
1 A-BW 0- 8 6.57 5.15 3507 226 826 399 297
c-Cr g - 40 6.13 4.93 2261 171 1611 621 49
or2 40 - 110 a.82 3.48 1658 544 1921 229
crd 110 - 148 4.9  3.30 1924 343 1642 908 150
Crd 145 -~ 208 .00 3.38 2688 361 1305 1534 9
3 AE 0- 18 6.45 5,19 2987 137 165 918 40
) BE 18 -~ 25 6,11 5.18 1531 138 1680 162 4
- Bt-C 25 - 105 5.38 4.3 2492 142 3626 207 2
: ¢l 108 - 132 4.60  3.46 238 166 3326 100 12
; c2 132 - 150 4.90  3.52 a4 196 6 1368 167
; Crn 175 - 260 5.02 3.48 11 159 2172 874 156
cr 201 - 213 5,20 3.61 3 192 2123 161 48
A 0- 21 4.81 3,15 150 9 1255 620 39
| Btl-8t2 21 - 10 §.00 3.59 187 129 2855 I 56
Bt3-cat 10 - 110 5,31 3.60 1 57 3580 114 13
¢l 110 ~ 110 5.47 3.5 9 13 5461 11 17
: c2 170 - 190 .11  3.55 10 19 2315 126 21
erl 190 - 230 4.84  3.95 21 186 3480 ] 125
1/} Gr2 205 -~ 300 §.21 3.6 33 211 3264 2834 609
ol cra 230 -~ 300 4,84  3.55 1 321 1876 1820 209
= crd 290 -~ 310 .28  3.69 24 395 2850 1950 ¥
3 crs 305 - 366 591 3.5 34 477 1872 1628 182
- cré 366 -~ 396 4,90 3.54 50 49 1443 2215 324
- 9 0- 20 5,91  5.55 1401 114 2683 13 29
-8 Bt1-Bt2 20 - 53 4,49 3.79 210 1948 1
=ik 28t3 53 - 80 5.00 3.69 150 90 2203 182 1
H 288 119 - 190 490 3.48 61 40 2683 N 1
10 Ap 0- 14 4,68 3.5 912 325 2087 592 47
Bt 14 - 23 4.80 3.15 556 246 2652 1552 164
Btg 23 - 50 A'81  3.48 406 256 2642 521 45
cr 50 - 14 4,81  3.42 122 629 2244 932 62
2r 74 - 84 505 3.45 600 488 4279 250 22
acr 84 - 120 260 .09 3,488 1305 2539 103 208
acr 120 - 123 695 6.19 10,086 1468 2855 200 25
50r 123 - 150 '35 6,25 17,643 1308 2291 165 224
APZ 100 4.88 3.5 29 118 4029 52 1
Pz 200 4.711  3.50 50 49 2121 155 |
BPZ 300 4,50 3.48 32 255 3123 81 1

Note: Sl=shallow trench, APZzabove pebbie zone, Pl=pebble z0ne, BPZ=below pebbie zone.
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Table 7.

KR

(CCE) distributions for drill core samples from SWSA-6.

pH, Hydroxylamine reducihle manganese and calcium carbonate equivalent

-------------- PH= s e e Hydroxylamine
>2mm <2mm >2mm <2mm Reducable

Sample Depth (1:1 H20) (1:1 KC1) Mn CCE

m (ppm) (%)
HHMS-48 0 -0.61 5.12 4.50 3.70 3,61 36.00 0.10
0061"1022 4130 4074 3151 3-48 184-00 0.61
1.22-1.83 5.1 5.20 3.50 3.65 323.00 0.13
1.88-2.44 5.25 4.89 3.47 3.45 308.00 0.07
2.44-3,05 5.13 4.92 3.40 3.40 462.00 -0.03
3.05-3.66 5.64 4.7 3.33 3.39 509.00 -0.40
3.66-4.27 5.30 5.35 3.44 3.60 390.00 0.56
4,27-4,88 5.74 5.45 3.80 3.87 512.00 0.62
4.88-5.49 6.11 5.85 3.80 4.09 356,00 0.70
6.91 7.60 ~KK 6.33 ik 87.00 26.17
7.52 8.39 - 6.21 - 89.60 22.76
8.13 8.10 - 6.73 - 91.80 28.92
8.74 8.1 - 6.70 - 87.00 21.72
9.35 8.30 - 6.48 - 72.80 17.10
9.96 8.24 - 6.89 - 68.60 17.58
10.87 8.30 ~ 6.69 - 70.00 16.96
11.18 8.1 - 6.42 - 89.20 21.00
11.79 8.25 - 6.70 - 95,60 25.33
12.40 8.1 - 6.70 - 88.00 27.66
HHMS-5A 0-0.61 4.89 4.78 3.59 3.61 13.00 0.09
0.61-1.22 4,82 4.73 3.38 3.49 47.30 -0.39
1.22-1.83 5.10 5.21 3.61 3.65 261.00 0.15
1.83-2.44 5.34 5.21 3.82 3.86 723.20 0.14
2.44-3,05 5.69 5.80 4.24 4.08 308.00 0.65
3.05-3.66 6.18 6.27 4,70 4.99 268.40 0.15
6.71-7.32 ~* 7.70 ~* - % 125.40 31.26
7.32~7.93 8.21 - W 6.60 ~ WK 92.80 22,50
7.93-8.53 7.55 - 6.70 . 68.00 13.94
8.53-9.14 7.65 - 6.49 - 88.20 23.83
9.14-9.75 = 7.92 ~ 6.70 - 92.40 25.81
10.36-10.97 7.67 - 6.09 - 94.80 28.43
10.97-11.58 8.30 - 6.95 - 89.40 20.68
11.58~12.19 8.05 - 6.78 - 97.80 25.91

* Insufficient sample, therefore the paste method was used.

**Samples beyond this point were of bedrock and no soil.
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weathered zones in the soil, saprolite, and deep core drillings at
SWSA-6.

The diffractograms of the clay size fraction which received CBD
treatments have no 0.78 nm dr 0.48 nm peaks. The X~ray difFraction
peaks at 0.78 nm and 0.48 nm are indicative of manganese oxides (D. A.
Lietzke, Personal Comm.). The 0.78 nm peak is not present in X-ray
diffractograms from the surface horizons of profiles 1, 3 and 4. The
absence of this peak suggests that these horizons developed in a
different parent material than the underlying horizons or that intense
weathering processes caused the translocation of Mn oxides from these
surface horizons. The upper horizons in these three profiles contain
large quantities of silt that probably resulted from loess deposition.
The soils in profile 9 and the shallow trench contain 5ma11
concentrations of HA-Mn and CBD extractable manganese (Table 6). This
suggests that these soils, which formed frﬁm old alluvium and loess,
either contained small quantities of naturally occurring manganese when
they were deposited or pedogenic processes have removed the majority of
these materials.

Iron oxides are present throughout the five soil profiles and the
shallow trench. An iron oxide X-ray diffraction peak at 0.41 nm was
observed in the untreated clay size fraction of most samples (Appendix
A). This X-ray peak disappeared after CBD treatment. A large
concentration of CBD-extractable iron is present in the soils of all

profiles and the shallow trench (Table 6).
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3.3.3 Microscopic observations of manganese and iron oxides

Manganese and iron oxides are present microscopically throughout
these soils (Appendix B). These oxides are in many different forms and
have many different associations. Microscopically, manganese and iron
oxides are observed as (1) nodules and concretions, (2) granular
segregated bodies, (3) crystalline forms, (4) neo and quasi forms, (5)
tubular opodies, (6) dendritic growths, (7) botryodial forms, and (8) as
impregnations (Fig. 8). Manganese and iron oxidés are abundant in
highly oriented clay coatings around pores and on rock fragments (Fig.
9). The microscopic observations of manganese and iron oxide and‘clay
coatings on rock, saprolite and ped faces indicate movement of these
constituents within the soil and saprolite profile. This movement is

primarily due to water.
3.4 Soil Chemical Praperties

3.4.1 Organic matter content

The organic carbon contents decrease with depth in the soils in all
profiles and the shallow trench (Table 8). The surface horizons of
profiles 1 and 3 contain large quantities of organic carbon. Organic
materials illuviate with clay minerals. These clay minerals and organic
particles are translocated (illuviated) through the soil into
saprolite. The accumulation of clay minerals and organic particles at
120 cm (profile 10) is a result of less permeable saprolite which begins
at this depth.
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distributions in
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3.4.2 Hydrogen fon activities

The hydrogen fon activities (pH) of the soil and saprolite samples
from the various soil profile horizons, core drillings and shallow
trench ranged from 4.5 to 7.3 (Tables 6 and 7). Higher pH values are
observed in the A and B horizons of profiles 1 and 3 and the lower
saprolite (5Cr) of profile 10. Soil pH values range from 6.1 to 7.3 in
these horizons. The higher pH values in the surface horizons of
profiles 1 and 3 are due to past surface applications of Time. The pH
of the lower saprolite horizon (5Cr) in profile 10 is high due to the
presence of free carbonate. Free carbonates occur naturally in the
saprolite and soil of profile 10. The carbonate bedrock of core HHMS-4B
(below 7.52 m) has pH values > 8.1. 'The pH values of the carbonate
bedrock of core HHMS-5A (below 7.32 m) range from 7.6 to 8.3.

vValues for KC1 extractable aluminum and total acidity for the soil
and saprolite in the five soil profiles and the shallow trench are shown
in Table 8. The values for extractable Al and total acidity generally
increase with depth in all soils. The samples in profile 9 have low
concentrations of extractable aluminum and total acidity due to the

presence of free carbonate in the saprolite.

3.4.3 Cation exchange capacity and exchangeable and extractable bases
Cation exchange capacity (CEC) values vary throughout all soils
investigated (Table 9). These values reported for saprolite may be high
due to the presence of free carbonates. The values only express the CEC

of the fines (<2 mm) produced by laboratory manipulation and not the

solid saprolite in the field state. Rock and/or saprolite fragments
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(>2 mm) comprise a large volume of the lower horizons in the soils at
SWSA-6.

Total exchangeable bases for the soil and saprolite are reported in
Table 9. Calcium values are high in surface horizons of profiles 1, 4,
and 9. This 1s probably due to surface additions of 1ime. The calcium
values of samples from the acr, 4Cr, and 5Cr horizons of profile 10 were
extremely high due to the presence of free carbonates. The calcium,
magnesium, potassium and sodium values varied throughout all soils. The
cr horizons in profile 3 and the Cr4 horizon of profile 1 contained
higher concentrations of sodium than found in any of the other soil
horizons analyzed.

Ammonium acetate extractable base concentrations are shown in Table
6. High calcium values were observed throughout profile 1. Samples
from profile 3 have high calcium concentrations in the upper one meter
of soil. Calcium levels were also high in samples ¢rom thr Ap-E and
gt]1-8t2 horizons of profile 9. The decrease with depth is releted to
the 1ithologic discontinuity present at 53 ¢m. The old alluvium at this
depth s highly leached and therefore virtually free of carbonates.
Extremely low calcium vales were found in samples from the shallow
trench. Samples from profile 10 contained extremely high calcium values
especially in the saprolite horizons which contain free carbonate.
Ammon1um‘acetate extractable magnecium values varied randomly throughout
all samples. High magnesium values were observed in the samples from
the free carbonate saprolite horzons in profile 10. this suggests the
presence of Mg-calcite or dolomite in the bedrock .

Calcium carbonate equivalent (CCE) values for the core drilling
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samples are reported in Table 6, CCE values decreased sharply in highly
weathered portions of the soil where pH values were low. These valuos

increased at the weathering front between leached and unleached bedrock,
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4, SUMMARY

The soi1 map of SwSAéﬁ shows the location and extent of each major
kind of soil. Within each geologic farmation, soils were identified
according to morphologic characteristics. Weathering groups of soils
were related to past geomorphic processes that shaped the present day
landforms, Depth to un1eéched saprolite or to rock may not caincide
with the formation of the soil solum, since deeper saprolite weathering
can be active, while geomorphic processes are differentially str1bp1ng
off surface horizons., During the past history of the site, the Clinch
River flowed over part of the site, Evidence for this 1$ the presence
of we11~rqunded quartzites from the Unaka Mountains as wall as local
subrounded chert from the Knox Group. As the Clinch continued to down
cut, erosion processes stripped off most of the alluvium, leaving a
small uneroded and loess-covered remnant in the northwest corner. When
the soi1l survey was made in 1985, the site was thought to be underlain
by the upper Maryville Limestone. Further investigations have shown
that the lower Nolichucky Shale and the transition zone between the two
formations occupy the southern third of the site (Lietzke, personal
communication),

Average soll solum thickness on the site, except for the No. 40 and
92 solls, 1s thin (less than 1 meter). Soil solums have a relatively
high si1t and clay content, and contain organic carbon. They have good
sorption properties for radionuciides, but their thinness makes them
relatively unimportant for remedial action and closure. In fact, during

clearing activities, most of the soil solum in areas that have been
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heavily trenched was pushed off into drainageways or buried under
leached and unleached saprolite removed from trenches.

0f importance for remedial action and future development of burial
grounds 1n the Conasaugs @roup are the properties of the oxidized and
leached saprolite. It is in this material that most low-level wastes
have been buried. In-place properties of saprolite are much different
from disturbed properties. In-place saprolite has fairly low
permeabiiity on a soil scale, but high permeabflity on a geologic
scale., When this saprolite is removed, 1t readily parts into individual
fragments bounded by joints and fractures. The chemical properties of
in-place saprolite are largely controlled by the 1ron-manganese-clay
complex that coats most fracture and Joint surfaces, with minimal
effects from clay minerals within fragments. The data contained in
Tables 2 through 9 were obtained from disturbed, crushed, and otherwise
manipulated samples, and s more applicable to properties of disturbed
saprolite. Important physical, chemical, and sorption properties of
undisturbed saprolite must be obtained from in-place observations with
minimal disturbance. The methodology to accomplish this 1s a1ther‘not
available, not fully developed, or extremely expensive.

Leached saprolite varies greatly in physical and chemical
properties depending on how weathered i1t is. The saprolite beneath the
No, 43 soils is not highly weathergd. Coarse fragment content is high
and there 1s relatively Tow clay content. The leached saprolite beneath
Soils 40 and 42 1s more highly weathered. Fragment content 1s lower and
the clay content 1s higher. The leached saprolite beneath the No. 51

soils should have similar properties as that beneath the No. 40 and 42
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soils,
Engineering properties of the soil solum are not too important

because of the shallow depth. However, solum engineering properties are

~an indication of what saprolite fi11 properties wil become as 1t

weathers, Freshly removed saprolite has a unified soil classification
of GC, GM or GP, which indicates very high gravel content with very few
fines. Over time the gravel content will decrease and the fines will
increase, with a resulting shift to the ML, CL, ML-CL classifications
and a plastic index of 15 or higher. |
Water flow pathways 1n both leached saprolite and unleached
saprolite are highly variable and irregular, Water that infiltrates the
sofl solum starts to become channelized in the lower solum. Tree stem
flow directs water beneath the tree directly into tree roots and tree
root voids., The influence of trees and tree roots on subsurface water
flow pathways remains for long periods after tree removal. Water flow
zones in Teached and unleached saprolite have different chemica1
properties than the disturbed bulk chemical properties. Saturated water
flow in these flow zones can carry radionuclides for long distances with
minimal interaction with sidewalls. Most contaminated water flow from
trench bottoms and lower sidewalls probably occurs in established flow
zones, although some water will be transmitted for short distances as
saturated flow through smaller fracture and joint planar pores before it
assumes a condition of unsaturated flow. Unsaturated flow is slower and
allows more time for contaminants to come into contact with pore
sidewalls. Keeping water from ponding 1nvtrench bottoms is crucial to

preventing or slowing movement of nuclides. Chemical and clay doping of
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“trench bottoms can be utilized to retain certain very mobile nuclides.

The study of the chemical environment of existing filled trench bottoms
is needed to determine the redox potential and how far nuclides have
already moved under fluctuating perched water tables.

Remedial action for the closure of SWSA-6 will require a plan to
provide for periodic maintenance for a considerable time. Irregular
settlement of trench f111 as decay of organic f411 occurs and soil
collapses into voids will necessitate the addition of f111 to
depressions, F111 will have to be obtained either on-site or from
suitable off-site soil, Liming, fertilization and reseeding will have
to be done with each reshaping. Vegetation will have to be selected for
{ts shallow rooting characteristics. As the f111 stabilizes and
regrading disturbances become less prequent, woody plants will begin to

invade the site, some with deep rooting characteristics.
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APPENDIX A. X-Ray Diffratograms of Clay Fraction from
Selected Soil Horizons. '



48

ORNAL-DWQ §7-14442

' PROFILE 1
A (0-10 cm)

Mg-GLY SAT

Mg SAT
AOOM TEMPERATURE

K SAT
ROOM T!”PERATURB

K 8AT
108°C

K SAT
300°C

K SAT
880°C

UNTREATED

g wm ] \mww e ]l wwww ey QLT w i



49

OANL-DWG 8714438

PROFILE 1
Cr3 (145-205 c¢m)

<2 ym

Mg SAT
ROOM TEMPERATURE

K SAT
ROOM TEMPERATURE
| « ot

105°C

K SAT
300°C

A
850°C




L L o] )

50

OANL-DWE 07~14448

PROFILE 3
Ap (0-10 cm)

<2 pm

0.334
u '
‘ v a7 M:.mn 0.388
b daze |

I
Mg-GLY SAT

Mg SAT
ROOM TEMPERATURE

K SAT
AOOM TEMPERATURE

IR TE TR



51

OANL-OWQ §7-14438

PROFILE 3
C/Bt (84-105 cm)

<2 ym

Mg-GLY SAT

Mg SAT
ROOM TEMPERATURE

K SAT
ROOM TEMPERATURE




52

ORNL=-OWQ BY~14404

PROFILE 3
C (132-150 cm)

<2 um

Mg-GLY SAT

Mg SAT
ROOM TEMPERATURE

K SAT
ROOM TEMPERATURE

K SAT
108°C

K SAT
300°C

‘ K SAT
850°C




ORNL-OWa 87~14487

‘ : PROFILE 3
Cr (201~213 cm)

<2 pm
Mg-GLY SAT

lf Mg SAT

l ROOM TEMPERATURE
|

|

|

'_\ | K SAT

B | ROOM TEMPERATURE
H
\ K SAT
3 I 108°C

K SAT

300°C

E ' K SAT

) 580°C

TN VR T NN W OO VR TN NN O BN NN
,: 2 ) 20 30

o

it

e oo e RTINS "‘""‘IH‘I"“WHH W RN ”‘W' oo e W‘"lw ey \”Um' ! lI‘W\MWIWWW l|'|\‘w\“1 n”puwn ] " mqmm 1 rlw iy " '”‘WW“U



54

GINL-OWA 87414448

- PROFILE 4
A AND E (0-27 cm) ‘
<2 pm ' |
0.334 | .
o.asel

Mg-GLY SAT

%SAT
M TEMPERATURE

K SAT
ROOM TEMPERATURE

K SAT
108°C

AR T LR (AL T

G e (AN R T



55

OMHL-OWQ §7~14444

PROFILE 4
Bti-Bt2 (27-70 cm)

<2 pm

Mg-GLY SAT

Mg SAT
ROOM TEMPERATURE

K SAT
ROOM TEMPERATURE

K SAT
108°C

K SAT
300°C

|

et e b et |
2 1 20 30
260 (dsg)

K 8AT
880°C

W T R AR
w



56

ONHL=OWEO WT14448

PROFILE 4
¢rl (190-230 cm)

<2 um

Mg~GLY SAT

Mg SAT
ROOM TEMPERATURE

Lo e e -

L e i 5
il

K SAT
ROOM TEMPERATURE

B it it R

K SAT
550°C
T TR SR N Y W W I
2 10 20 30




57

QRNL-DWA §7« 14441
| PROFILE 4 - |
¢r2 (200-310 om)
<3 pm
1.9
wr o, aald’™
| ||

Mg-GLY BAT

| |

Xt
\ M TEMPERATURE

\ \ K SAT
ROOM TEMPERATURE

lllll!\ll!l__l

[
2 1 20
20 (deg)

0

pre e e wpenn w It ‘”U " ‘W””‘ LIRS M"H WI\M



" ORLAOWA 8714430

PROFILE 9
Ap AND E (0-20 cm)
<2 pm
W"GLY SAT
|
l" SAY
: %OM TEMPERATURE

K SAT
HOOM TEMPERATURE

K 8SAT
108°C

T VO DU W O VOO Y B | I O T
2 10 20 30
20 (deg)

4~ _— Lo " P R L A SRS e LI - ~
e e e 2 ‘ L P e

g

Ik

[ e

TR LI | A ey e |’||\””WHMM e e ”H"WW ([1NE ww w“”; 1 ” m W” K



59

ORNL=DWQ 87144008

PROFILE 9
" Btl AND Bt2 (20-83 cm)
<2 pm
1.4 . 0,388
| om |, s0a

Mg-GLY SAT

Mg SAT
ROOM TEMPERATURE

K SAT
850°C
I TN U (T T T VAN N B B L]

2 10 20 b1}
20 (deg)



60

ONNL-OW 87=14443

PROFILE 9
2813 (53~80 om)

<3 pm

Mg=QLY SAT

Mg SAT
H&JM TEMPERATUNE

s, o A oo e el

N

‘&’4

K SAT
ROOM TEMPERATURE

K BAT
108°C

K SAT
300°C

VU T e 0t B =R

K SAT
830°C

UNTREATED

I
e e

anu!lnltlnnlL__J

2 10 20 80
20 (deg)

[
it

Ll

m L4 R IRLCHT R R IR R A H IR



OAHL-OWD §7-14488

PROFILE 9
‘ 28¢5 (119-19C cm)
<2 pm
872 0.388

Mg-GLY SAT

12
M TEMPERATURE

K SAT
ROOM TEMPERATURE

K 8AT
‘ \ | 108°C

i !“1' - -"---n--. .-

et R T WU AL LETEERA A



62

PROFILE 10
Ap (0-14 cm)

<2 pm

8.413

ONNL-OW@ 57-14483

Mg-GLY SAT

Mg SAT
ROOM TEMPERATURE

K SAT
ROOM TEMPERATURE

K SAT
108°C

K SAT
weC

K SAT
580°C

0.324

WAL

llnllnltillllll

2 0 20
20 (deg)

30

et



63

ORML-OWaA aT-14440

PROFILE 10

Btg (23-50 cm)
Y <2”m
s34
|
1 ar2 0384
‘}4 ' I m&‘“ l
L
’ Mg~GLY SAT
wl |1
W\
Mg SAT
’ HOOM TEMPERATURE
K SAT

ROOM TEMPERATURE

l 0.493 le.22a
' | I | ' l ' 0.308

[
N UNTREATED

I B R A e B T N e |
2 10 20 30
20 (deg)




64

ORML-OWQ §7-14447

PHROFILE 10
Cri (50-74 cm)
<2 pm
0.334
v
14 e.72 ‘::"Ma o.au‘
T

Mg-GLY SAT

K SAT
530°C




65

ORNL-DWG 87-14438

PROFILE 10
crs (123-150 ecm)

<2 ym
0.474 0.334

Mg=GLY SAT

Mg SAT
ROOM TEMPERATURE

K SAT
ROOM TEMPERATURE

K SAT
105°C

K SAT
306°C

K SAT
550°C

UNTREATED

T T R A M L R | w wwvwmuvm‘Wll URIEE |M|"Ml‘vww |‘,n‘t‘|\!ﬂ‘\\l"l!‘!|l}l‘ I



66

OANL-OWQ 87~-14461

SHALLOW TRENCH
ABOVE PEBBLE ZONE (100 CM)

<2 pm
.0 0.334

5.380 |

14

Mg-GLY SAT

Mg SAT
ROOM TEMPERATURE

K 8AT
AOOM TEMPERATURE

K 8AT
108°C

K SAT
300°C

K SAT
850°C

UNTREATED

T T ST (Y NG W LT T ‘Mr‘mw U T TR ”WM‘“g‘I‘MWM‘HlJ}l'I-m



67

ORML-DWO 8714488
SHALLOW TRENCH
PEBBLE ZONE (200 em)
<2 pm :

14 (%71

l I

1.0
| \ . Mg-GLY SAT
Mg SAT !
| ‘ 4 | ROOM TEMPERATURE

K SAT
ROOM TEMPERATURE

S——— et L AL AL R

Coe et



68

ORNL-DWQ 17-14448

. SHALLOW TRENCH
BELOW PEBBLE ZONE (300 cm)

<2 pm
0.334

0.72 0.358 ‘
. 0.50 ‘

e

e it

D T 2

et Rl RS TS




69

Appendix B. Thin Section Discriptions.
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Thin 8ection Descriptions
Sample f#1 1

Pit: 1
Horizon and depth: Bw, cambic, 10-55 cm
Location: Oak Ridge, Tennessee, Solid Waste Storage atea 6 (SWSA-6)

Structure and pores: Alveolar with many irregular pores distributed
around rock fragments.

Passages: Abundant tounded to sdb-rounded

Fecal material: None visible

Organic matter: Rare

Particle size distribution: Extremely shaly loam,

Fine material: Very frequent yellowish-orange, forming a matrix and
coatings.

Silt: Abundant quartz and occasional feldspar

‘Sand: Very fine occasional quartz

Rock fragments: Dominant striated sedimentary rock fragments with some
glauconite present in weathered areas. \

Coatings: Clay coatings, manganese and iron oxide coatings and
compound coatings of their combinations are found in rock fragments,

Surface residues: None
Secondary crystalline material: None

Segregation and concretions: Frequent, dark brown to black, well
rounded to irregular manganese and iron oxide concretion and

segregated bodies. They take form as solid concretion, concretions with
enclosed quartz grains, infillings in rock fragments, coatings on rock
fragments, coatings in poraes and compound coating occurring alone with
highly oriented clays in pores.

Weathering features: Highly weathered rock fragments with rounded
edges, fine material removal from rock fragment, oxidation of
manganese and iron.

Microorganisms: None visible

Genesis: A low amount of weathering has occurred and not much leaching

has taken place. Weathering of sedimentary rock fragments in the
horizon has occurred.
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Thin Section Descriptions
Sample #1 10
Pits 1

Horizon and deptht Crl, saprolite; 55-110 cm, oriented parallel to the
strike.

Location: Oak Ridge, Tennessea, Joild Waste Storage area 6, (SWSA-6)

gtructure and pores! Massive with occasional irregular pores
migrating parallel to the saprolite grain.

Passages! Occasional

Fecal material: None

Organic matter! None visible

Particle size distribution: Extremely shaly clay

Fine material: Very abundant reddish brown forming a matrix and clay
coatings.

Matrix: Very abundant reddish-brown moderately anisotropic around pores.

§ilt: Frequent quartz, rare feldspar, occasional mica, occasional
glauconite.

Rock fragments: Rare

Coatings: Frequent clay coatings and an occasional occurrence of
manganese and iron oxide coating are found predominant:ly in the pores.

Surface rasidues: Lighter colorad areas are found adjacent to the pores
that migrate perpendicular to the saprolite grains.

Secondary Crystalline material: None visible

Segregation and concretions: Segregations and concretions of manganese
and iron oxide are found throughout.

Weathering features: Contorted and exfoliated mica grains, oxidation
of manganese and irom.

Microorganisms: None visible

Genesis: Saprolite originating from weathering of sedimentary rock.
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Thin Section Dascriptions

Sample fs 11
pits 1 : ‘ ;

Horizon and depthi ¢r2, saprolite, 110-145 cm, oriented parallel to the
gtrike ‘

Location: Oak Ridge, Tennessae, Solid Waste Storage area 6 (SWSA-6)

gtructure and porest Massive with dendritic pores that run
parallel to the gaprolite grain.

Pagsages: Rare

Faecal material: None

Organic matter: None visible

Particle size distribution: Extremaly shaly gsandy clay

Fine material:s Very frequent pale brown forming a matrix and abundant
orange to orange-ved in pores.

Matrix: Very frequent pale brown, weakly anisotropic with frequent :
embedded silt grains. )

gilt: Frequent quartz, occasional heavy minerals, rare feldspar and
occasional mica.

Sand! Fréquant quartz
Rock fragments: None

Coatings: Compound coatings of highly oriented clays, iron oxide,
manganese and silt gized heavy minerals are present in pores.

gurface rasidues: None
Sacondary Crystalline material: None visible

Segregation and concretions: Occasional black manganese concretions
are found around pores and in the S-matrix.

Weathering features: Exfoliated and contorted mica grains, oxidation
of manganese and iron.

Microorganisms: None visible

Genesist: Saprolite originating from weathering of shale and siltstone.
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Thin Section Dascriptions
Sample ff1 12
Pite 1

Horizon and depths Cr3, saprolite, 145-205 cm, oriented parallel to the strike.

Location: Oak Ridge, Tennessee, Solid Waste Storags area 6 (SWHA-6)

Structure and pores: Massive with dendritic poraes that predominantly
migrate parallel to the saprolite grain. '

Pagsagest Occaslonal

Tacal materials None

Organic matter: None’

Particle size distribution: Extremely shaly loam

Fine material: Very abundant highly oriented orange clay coatings
are found in pores and on mineral grains.

Matrix: Rare orange, moderately anisotropic with embedded quartz and
mica. ‘ ‘

§ilt: Abundant quartz, very frequent mica and rare feldspar
Sands Very fine occasional glauconitae
Rock fragments: None

Coatings: Occasional, highly oriented clay coating on mineral grains.
Dominant clay coatings are found in pores pasages and around micaeous
bands .

Surface residues: Lighter colored areas are found around the larger
passages and pores.

Sacondary crystalline material: None

Segregation and concretions: Round and irregular brown to black
manganese and iron oxide concretion are ohserved throughout the thin
section. They are primarily positions around pores passages and mica
bands. Manganese and iron oxide segregation and coating are prominent
and associated with the sides of the pores and the clay on them.
Neomangan are present on the shale saprolite fragment.

Weathering features: Micas were exfoliated and contorted,oxidation of
manganesa,

Microorganisms: None visible

Genasisg: Sedimentary siltstone and shale are weathered to form saprolite.
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Thin Section Descriptions

Sample /11 13

Pits 3

Hofizcn and depth: C/Bt, illuvial clay and parent matarial 84-110 cm
Location: Oak Ridge, Tennessee, Solid Waste Storage Area 6 (SWSAwG)
Structure and porest Angular blocky with irregular dendritic pores.
Pasaages: Occagional

Facal materialz None present

Organic matter: None

i
!
i
=

Particle size distribution: Very shaly clay

Fine material: Abundant raddish-orange, red and brown forming a matrix
and coatings

Matrixt Abundant reddigh-orange, red and brown anisotropic zones and
random anisotropic flecks. Distinct flecks waere found in the rock
fragments in the lower relief areas. An area of green anisotropilc
clay is found adjacent to 4 rock fragment.

8ilt: Rare quartz, rare mica, and rare feldspar
Sand: Very fine rare glauconite
Rock fragments: Very frequent shale

Coatings: Dominant highly oriented clay coatings are found between rock
fragments in pores and on mineral grains, Manganese and iron oxide
coatings are found assoclated with the clay coatings.

Surface residues: None
Secondatry crystalline materials None

Segregation and concretions: Dark brown to black manganese and iron
oxlde concretions occur in rounded to irregular forms, Granular
segregations of manganese and iron oxide are observed around the
concret.ions,

W

Weathering features: Micas are contorted and exfoliated, quartz
graing are pitted, rock fragments are broken and exhibited rounded
edges.

Microorganisms: None viaible

Genesis: Deposition of clay !n the form of clay coatings, weathering
of rock fragments.
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Thin Section Descriptions
. Sample #: 14 and 15
Pit: 3

Horizon and depth: Cr, saprolite, 201-213 cm

Location: Oak Ridge, Tennessee, Solid Waste Storage Area 6 (SWSA-6)
Structure and pores: Massive with occasional irregular pores

! Passages: Occasionally

t

év - Fecal material: None
|

i

Organic matter: Rare

;_ Particle size distribution: Very shaly clay loam

é?‘ Fine material: Dominant orange and brown forming a matrix and clay

o embedded silt grains.

g‘ Matrix: Dominant orange and brown moderately anisotropic with embedded
silt grains,

E ’ 3
i

Silt: Abundant quartz, occasional feldspar and occasional highly oriented biotits
and rare glauconite.

Rock fragments: Rare
Coatings: Very abundant highly oriented orange-red clay coatings are
found around pores. Managanese and iron oxide coatings are found in

association with the clay coatings

Surface residues: Lighter colored arsas are found adjacent to areas of
high clay content and manganese segregation.

Secondary Crystalline material: None visible

Segregation and concretions: Manganese and iron segregation are
associated with clay coatings. Manganese and iron oxide granular
segregation in dendritic growth bands and concretions are present.
Weathering features: Rare

Microorganisms: None visible

Genesis: Saprolite weathered form sedimentary rock
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Thin Section Descriptions
Sample ff: 16 and 17

Pit: 4

Horizon and depth: Cr2, saprolite, 290-300 cm, oriented parallal to the strike

Location: Oak Ridge, Tennessee, Solid Waste Storage area 6 (SWSA-ﬁ)

Structure and pores: Massive with nccasional dendritic pores migrating
parallel to the saprolite grain.

Passages: Occasional

Fecal material: None

Organic matter: Rare, plant tissue

Particle size distribution: Extremely shaly clay loam

Fine material: Dominant orange to orange-red and golden highly
oriented clay are found as coating. Occasional golden and brown
unoriented clay are found in inclusions.

Matrix: Dominant orange to orange-red and golden highly oriented
clay are coating pores and occasional golden and brown unoriented
clays are found within inclusions with embedded silt grains.

§ilt: Frequent quartz, rare feldspars and occasional mica
Sand: Mica, occasional glauconite
Rock fragments: None

Coatings: Highly oriented clay is coating pores. Manganese and iron
oxide coatings are found associated with the clay and iron
coatings. Compound coatings of highly oriented clay and maganese
and iron oxides are observed pores.

Surface residues: Lighter colored areas are found adjacent to
pores and maganese oxide segregated areas.
Secondary Crystalline material: Crystalline manganese oxide

Segregation and concretions: Granular manganese and iron oxide
segregation occur in the anisotropic areas. Neomangans are
present adjacent to fractures and plane pores. Manganese and
jron oxide concretions and highly crystalline manganese oxide are
present in passages. Tubular shaped manganese oxides are present.

Weathering features: Micas were exfolated and contorted, oxidation of
manganese and iron.

Microorganisms: Bug in a pore

Genesis: Saprolite weathered from sedimentary rock

.
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Thin Section Descriptions
Sample {#f: 18, 19, 20, 21, and 22
Pit: 4

Horizon and depth: Cr2, saprolite; 290-310 cm, oriented perpendicular to
the strike.

Location: Oak Ridge, Tennessee, Solid Waste Storage Area 6 (SWSA-6)

Structure and pores: Massive with frequent dendritic pores
migrating parallel to the saprolite grain.

Passages: Occasional

Fecal material: None

Organic matter: Rare

Particle size distribution: Extremely shaly clay loam

Fine material: Abundant orange-red forming coatings and bridges

Matrix: Abundant orange-red moderated to highly anisotropic with
embedded silt grains.

Silt: Abundant quartz, abundant mica, rare feldspar and rare heavy
minerals

Sand: (ccasional mica
Rock fragments: Rare

Coatings: Orange-red highly oriented clays coat pores and passages
along with manganese oxide. Together they form compound coatings.

Surface residues: Occasional light colored area around pores and
segregated areas.

Secondary crystalline material: Manganese oxide

Segregation and concretions: Manganese and iron oxide are found
as coatings on pores. Concretions and granular segregation of
manganese and iron oxide are found in fine grained area and dark
bands. Neomangans occurd in the saprolitic shale.

Weathering features: Contorted and exfolated mica

Microorganisms: Rare

Genesis: Saprolite weathered from shale and siltstone
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Thin Section Descriptions

Sample ff: 23

Pit: 9

Horizon and depth: E, elluvial, 20 cm

Location: Oak Ridge, Tennessee, Solid Waste Storage Area 6 (SWSA)-6
Structure and pores: Granular with frequent pores

Passages: Frequent

Fecal material: None

Organic matter: Occasional, plant tissue (roots) with iron oxide coatings
Particle size distribution: Silt

Fine material: Rare golden, forming coatings and rare matrix areas in
the matrix.

Matrix: Rare golden, moderately anisotropic with rare random
domains.

Silt: Dominant quartz, rare feldspar, occasional mica
gand: Very fine quartz

Rock fragments: Rare

Coatings: Rare oriented clay coatings in pores
gurface residues: None

Secondary Crystalline material: None

Segregation and concretions: Very frequent, well rounded to irregular
and tubular shaped manganese and iron oxide concretions

Weathering features: Quartz grains are pitted and mica grains
are exfolated and contorted, oxidation of manganese and iron.

Microorganisms: Rare

Genesis: Loess (wind blown silt)
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Thin Section Descriptions

Sample ff: 24

Pit: 9

v Horizon and depth: 2Bt3, argillic, 70 cm, below loess zone
Location: Oak Ridge, Tennessee, Solid Wste Storage Area 6 (SWSA-6)
Structure and pores: Subangular blocky with frequent pores
Passages: Frequent

Fecal material: None

Organic matter: Rare, roots

Particle size distribution: Cobbly clay loam

Fine material: Very abrndant orange, orange-red highly oriented
forming a matrix and clay coatings.

Matrix: Very abundant orange, orange-red highly oriented
moderately anisotropic with very frequent random domains and
embedded silt and very find sand grains.

Silt: Dominant quartz, rare feldspar, occasional mica and
occasional heavy mineral

Sand: Quartz, feldspar

Rock fragments: None

Coatings: High oriented clay coatings were found around pores

along with manganese and iron oxide coatings forming compound
coatings.

Surface residues: None

Secondary Crystalline material: None

Segregation and concretions: Orange to black colored manganese

and iron oxide are found in segregated areas. Concretions dominately

contain quartz grains.

Weathering features: Exfoliated and contorted mica grains, oxidation
of manganese and iron.

Microorganisms: None

. Genesis: Ancient alluvium and illuval zone for clays
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Thin Secéion Descriptions
Sample #f: 25
Pit: 9
Horizon and depth: 2Bt5, argillic, i30 cm (above a highly mottled zone)
Location: Oak Ridge, Tennessee, Solid Waste Storage Area 6 (SWSA-6)
Structure and pores: Subangular blocky structure with occasional pores
Pagsages: Occasional
Fecal material;}Nqne /
Crganic matter; R$;g4‘rowﬁs
Particle size distribution: Cobbly clay loam

Fine material: Dominant light orange-red and red forming a matrix
and clay coatings.

Matrix: Dominant light orange, orange-red and rare brown and red
highly anisotropic with abundant random domains and embedded silt
and very fine sand grains.

Silt: Abundant quartz, occasional feldspar, rare mica, and
frequent heavy mineral.

Sand: occasional quartz, siliceous oolitic fragment and
polycrystalline quartz grains are discovered.

Rock fragments: None

Coatings: Very frequent highly oriented clay coatings are found
around pores. Manganese and iron oxide coating are found associated
with them. Together they form compound coatings.

Surface residues: None

Secondary Crystalline material: None visible

Segregation and concretions: Manganese and iron segregation

are found in flow zones. Segregations and concretions were dark red
and black in color.

Weathering features: Pitted quartz grains and contorted

and exfolated mica grains are present. Oxidation of manganese and

iron.

Microorganisms: None visible

Genesis: Acient alluvial with illuvial clays present
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Thin Section Descriptions
Sample #: 26
Pit: 9

Horizon and depth: 2Bt5, argillic, 160 cm (bottom of highly
mottled zonae)

Location: Qak Ridge, Tennessee, Solid Waste Storage Area 6(SWSA-6)

Structure and pores: Subangular blocky with occasional small dendritic
pores

Passages: Rare

Fecal material: None

Qrganic matter: Rare, roots

Particle size distribution: Cobbly clay loam

Fine material: Dominant, orange, orange-red and red forming a
matrix and crescentic clay coatings.

Matrix: Dominant, orange, orange-red and red with very abundant
oriented domains and embedded silt and very fine sand.

Silt: Very frequent quartz, frequent biotite, occasional feldspar
Sand: Frequent quartz, occasional biotile

Rock fragments: None

Coatings: Thick, highly oriented, very abundant clay coatings
manganese and iron oxide coatings are associated with clay
coaings in pores.

Surface residues: None

Secondary Crystalline material: Goethite

Segregation and concretions: Manganese and iron oxide segregation
is abundant. Manganese and iron oxide concretions are also

present.

Weathering features: Rounded pitted quartz grains, exfoliated and
contorted biotite, oxidation of manganese and iron.

Microorganisms: None visible

Genesis: Ancient alluvium with illuval clays
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Thin Section Descriptions
Sample ff1 27
Pit: 9
Horizon and depth: BC, 190~230 cm, oriented perpendicular to the strike.
Location: Oak Ridge, Tennessea, Solid Waste Storages Area 6(SWSA-6)
Structure and pores: Subangular blocky with very frequent pores
Passages: Rare
Facal material: None

Organic matter: None

Particle size distribution: Cobbley clay loam

Fine material: very abundant yellow, golden orange, orange-red, red
and green frequent area forming a matrix and coatings,

Matrix: Very abundant, yellow golden orange, orange-red, red and green
frequent areas around pores and embedded gilt and very fine sand.

Silt: Abundant quartz, occasional biotite, heavy mineral feldspar
Sand: Very fine occasional quartz, rare mica

Rock fragments: Frequent

Coatings: Abundant highly oriented clay coatings‘ara found in pores
and on rock fragments. Iron and manganese oxides are associated with
the clay coatings thus, forming compound coatings.

Surface residues; Lighter areas are observed around pores

Secondary crystalline material: Iron oxide (goethite)

Segregation and concretions: Occasionaly bright and dark red and black
segregation and concretions are observed around the pores and rock

fragments.

Weathering features: Pitted quartz grains exfoliated and contorted
mica, oxidation of manganese and iron.

Microorganisms: None visible

Genesis: Acient alluivum
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Thin Section Descriptions

gample ff: 28, 29, 30

pit: Deep trench

Horizon and depth: 244-305 om, oriented parallel to the strike.
Location: Oak Ridge; Tennessee, Solid Waste Storage Area 6 (SWSA-6)
Structure and pores! Occasional

Pagsages: None

Fecal material: None

Organic matter: None

vParticle gize distribution: Extemely shaly loam

Fine material: Abundant orange forming a matrix and coatings

Matrix: Abundant orange moderately anisotropic with domain in
siltstone.

§ilt: Abundant quartz, rare feldspar, occasional mica

Sand: Very fine rare glauconite pellets

Rock fragments: Very abundant

Coatings: Occasional highly oriented clay coatings are found on pore
and rock fragments. Manganese and iron oxide are agsociated with them.

Together they form compound coatings.

gurface residues: Areas are present where fine material have been
removed an deposited in adjacent zones.

Secondary crystalline material: Red crystalline mineral, (iron oxide)
Segregation and concretions: Brown, red and black segregations in areas
with brown and black concretions were observed. They were associated
with rock fragment and clay around pores. Neomangans are found in the
saprolitic shale.

Weathering features: Oxidation of manganese and iron.

Microorganisms: None visible

Genesis: Saprolite weathered from siltstone and shale

Erratic: Striated areas of high oriented micaceous minerals
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Thin Section Descriptions

Sample #: 31,32, and 33
Pitt Deep trench
Horizon and depths 366~427 cm, oriented parallal to the strike.

Location: Oal 2, Tennessee, Solid Waste Storage Area 6 (SWSA-6)

Structure and pores: Massive with very abundant irregular pores in the
saprolitic shale the pores are dendritic and migrate parallel to the
grain. In the saprolitic siltstone the pores migrate perpendicular to
the grain, but parallel to each other.

Pasgages: Occasional

Fecal material: None

Organic matter: None
Particle size distribution: Extremely shaly loam

Fine material: Occasional orange, orange-red highly oriented forming a
matrix and coatings.

Matrix: Occasional orange, orange-red highly oriented and moderately
anisotropic with occasional oriented domains and embedded silt grains.

Silt: Occasional quartz, rare mica abundantly oriented in lines, rare
feldspar.

Sand: Frequent glauconite

Rock fragments: Rare

Coatings: Highly oriented orange, orange-red clay coatings are found
in the pores. Manganese and iron oxide coating are also present.

Compound coatings are developed from their combination.

Surface residues: None
Secondary crystalline material: None

Segregation and concretions: Manganese and iron segregation are observed
in and around pores. Manganese and iron granular segregation occur in

an accumulation zone. Small concretions of manganese and iron are
distributed throughout the thin section,

Weathering features: Pitted quartz grains, exfoliated and contorte
mica grains, oxidation of manganese and iron.

Microorganisms: None visible

Genesia: Saprolite weathered from siltstone and shale
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Thin Section Descriptions
Sample #: 34, 35
Pit: Deep trench
Horizon and depth: 417-488 cm, orlented parallel to the strike

Location: Oak Ridge, Tennessee, Solid Waste Storage Area 6 (SWSA-6)

- Structure and pores: Massive with occasional pores in saprolitic shales
' which have pores that migrate parallel to the grain.

Pagsages: Rare

Fecal material: None

Otrganic matter: None

Particle size distribution: Extremely shaly clay loam

Fine material: Very abundant orange, orange red highly moderately
oriented forming a matrix and coatings.

Matrix: Very abundant orange, oraﬁge-réd moderately anisotropic with
occasional random and swirled domains and embedded silt grains.

Silt: Very abundant quartz, occasional feldspar, occasional oriented
mica,

Sand: Very fine, very frequent glauconite
Rock fragments: Dominant

Coatings: Frequent highly oriented clay coatings are found in and
around the pores. Managnese and iron oxide are associated with them.
Together they form compound coatings.

Surface residues: None
Secondary crystalline material: None

Segregation and concretions: occaéional black neomangans are present
in the sparolitic shale. Occasional red, brown and balck manganese
and iron granular segregations are found throughout the slide.

Weathering features: Pitted quartz grains contorted and exfoliated
mica grains, oxidation of manganese and iron

Microofganisms: None visible

Genesis: Saprolite is formed from weathered siltstone with sorted
grains and shale.

Erratic: Striated layering of mica grain that are highly weathered
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Thin Section Descriptions

Sample ff1 36

Pit: 3 . '

Horizon and deptht Cr, gaprolite, 160 cm (Manganese accumnulation zona). ]

Location: Oak Ridge, Tennessee, golid Waste Storage Area-6 (3WSA-6) o

Structure and pores: Massive with very abundant dendritic and crazy
plane pores.

e e

Passages: Frequent

Tecal material: None

Organic matter: Rare, plant roots coated with iron oxide

Particle size distribution: Extremely shaly clay loam

6, VS T o T e e e

Fine material: Abundant orange highly oriented form a matrix and

%;‘ clay coatings.

;;:_j

% | Matrix: Abundant orange highly oriented, low anisotropic with

4 occasional domaing and embedded silt grains. ,

4

%l\ Si1lt: Frequent quartz pockets in shale. In weathered areas quartz . "
S8 {s oriented in a circle. Occasional mica, rave glauconite pellets.

28 ‘

gand: Very fine quartz

Rock fraéments: Abundant

4 gl dul

[ : 1 i
Mg v b sl

Coatings: Highly oriented clays are found around pores and rock
fragment along with managenese and iron oxides. They form compound
coatings.

L

Surface residues: None

Secondary crystalline material: None visible

-1 Segregation and concretions: Brown to black segregations and

| concrations cof manganese and iron oxide are found in highly weathered
zones and in pores.

Weathering features: Zones where fine material has been leached out
are present. Mica is exfoliated and contorted, oxidation of manganese
and iron.

Microorganisms: None vigible

Genesis: The saprolite is formed from weathered sandstone and shale.
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Thin Saction Desariptions
Saﬁpla 1 36
Pits 3 |

Horizon and depth: Cr, saprolite, 160 om (Manganese accumulation zone).
Locationt Oak Ridge, Tennesses, Solid Waste Storage Araa~6 (SWSA-6)

Structure and porsss Massive with very abundant dendritic and crazy
" plane pores.

Passages: Tracquent
Pecal matarialt None

Organic mattert Rare, plant toots coated with iron oxide

Particle size distribution: Extremely shaly clay loam

et s

Fine materialt Abundant orange highly oriented form a matrix and
clay coatings.

PR e

5 i)

Matrix: Abundant orange highly oriented, low anisotropic with
occasional domains and embedded silt graina,

$ilt: Trequent quavrtz pockets in shale., In weathered areas quartz
is oriented in a circle. Occasional mica, rare glauconite pellets,

[ RN

5

Sand: Very fine quartz

Rock fragmants: Abundant

B 2y g i

Coatings: Highly oriented clays are found around pores and rock
fragment along with managenese and iron oxides. They form compound
coatings.

Surface residues: None

IR ™ TN LY

Sacondary crystalline material: None visible

Segregation and concretions: Brown to black segregations and
concretions of manganese and iron oxlde are found in highly weathered
zones and in poraes.

Weathering features: Zones where fine material has been leached out
are present. Mica ls exfoliated and contorted, oxidation of manganese
and iron.

Microorganisms: None visible

Ganesis: The saprolite is formed from weathered sandstone and shale.
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