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SITE CHARACTERIZATION INVESTIGATIONS AT OAK RIDGE NATIONAL LABORATORY

R. H. Kete l le
Oak Ridge Nat ioral Laboratory

INTRODUCTION

The e a r l i e s t documented s i t e invest igat ions to character ize the geology

of low-level rad ioact ive waste shallow land bu r i a l s i tes at Oak Ridge

National Laboratory (ORNL) were performed in 1951 (Ref. 1 ) . Since those

ear ly i nves t i ga t i ons , several s i tes have been used for shallow land b u r i a l .

With development of each s i t e , more detai led invest iga t ions have been

undertaken to understand ;iow the s i tes perform (Ref. 2 ,3 ) . Prior to the

la te 1970's s i t e performance estimates were based on observational

experience from operating s i tes and from rather l im i t ed d r i l l i n g and well

i n s t a l l a t i o n proqrams to determine ground water level f l uc tua t ions and f low

direct ion.

In recent years a number of comprehensive s i te characterization studies

have been undertaken at ORNL (Ref. 4,5,6). Recent studies have included

detailed investigations at sites underlain by the Conasauga Group (Ref. 5)

and the Knox Group (6) at sites which are considered for future use. The

scope of these studies has included all the general techniques recommended

for site characterization (Ref. 7) as well as application of specialized

tests tai lored to known site conditions. This report summarizes geologic

and hydrologic investigations performed at a Knox Group site located on the

DOE Oak Ridge Reservation. Studies at other sites on the reservation have

included very similar techniques of investigation.

PROJECT DESCRIPTION

In 1982 e f for ts were in i t ia ted at Oak Ridge to site and develop a

Central Waste Disposal Fac i l i ty to dispose of low-level radioactive waste

generated by operations at the three Oak Ridge insta l la t ions; Oak Ridge

National Laboratory, the Oak Ridge Gaseous Diffusion Plant, and the Y-12



Plant. The preferred disposal technology was shallow land bur ia l . Site

selection studies were performed (Ref. 8) and a proposed site was ident i f ied

for development of the f a c i l i t y .

Factors considered in si te selection included; land area requirement,

presence of thick unsaturated soil masses, presence of a buffer zone

surrounding the s i t e , avoidance of floodplains and areas prone to geologic

hazards, and geohydrologic pred ic tab i l i ty . Data from operating f a c i l i t i e s

and from reconnaissance studies indicated that the large tracts (tens of

acres) having thick unsaturated soil masses are located in areas underlain

by the Knox Group, and that rather small tracts (less than 10 acres) with a

deep water table remain unused in the Conasauga Group outcrop areas. Thus,

the proposed s te was located on upland terrain underlain by dolostone

bedrock of the !<nox Group (Cambro-Ordovician Age).

This characterization program was designed to provide data for general

description of s i te geology, geohydrology, and surface water hydrology, as

well as to provide a conceptual model on which to base the site pathways

analysis, and f a c i l i t y design. In order to f u l f i l l these objectives, a

broad scale approach was used including: surface geophysical techniques,

subsurface geophysical techniques, remote sensing, geomorphic analysis;

d r i l l i n g , sampling, c.;d f ie ld and laboratory tes t ing. Geophysical study

results were used to locate certain of the subsurface investigations and

f i e ld tests. Results of soil testing were provided to the c iv i l engineering

group responsible for the f a c i l i t y design. Geohydro"! ogic, geologic, and

geochemical data were used to develop the site conceptual model. The

pathways analysis for the site was performed on the basis of the s i te data

obtained in the characterization study.

SCOPE AND TECHNIQUES UTILIZED

The broad scope of investigations performed is reflected in the l i s t of

investigative act iv i t ies included in Table 1. Reconnaissance phase invest i -

gations were performed in 1982 and early 1983, with performance of subsur-

face investigations in 1983 and laboratory analyses continuing into 1984.

Data interpretat ion, analysis, and report preparation were performed in 19S4



Table 1

Scope of the Site Characterization Investigation

Reconnaissance Studies
Aerial photo interpretation
Geologic mapping
Terrain analysis
Seismic refraction survey
Electromagnetic terrain conductivity survey
Init ial surface water discharge measurement
Precipitation measurements

Subsurface Investigations
Soil boring and sampling
Bedrock dn l ling
Field geotechnical tests
Field geohydrologic tests
Ground water dye tracer study
Well installation
Seismic refraction bedrock profiling
Construction of permanent surface discharge monitor stations
Laboratory tests
Soil physical properties
Soil hydro!ogic properties
Soil chemical properties
Water chemistry

Data Interpretation, Analysis, and Documentation
Reporting of individual tasks
Technical overview - conceptual model
Numerical analysis - pathways analysis



and a draft environmental impact statement on the project was published in

September 1984.

Reconnaissance Investigations - Reconnaissance investigations performed

at the site are l is ted in Table 1. Geologic mapping was accomplished by

examination of surface outcrops of bedrock and recognition of fragments of

diagnostic, weathering resistant, chert which is present in the residual

so i l s . Terrain analysis included ident i f icat ion of the principal geomorphic

features of the s i t e , and analysis of the orientations of erosional l inear

features. The erosional linears analyses were performed on 1:24,000 scale,

20 f t contour topographic maps and the study area included approximately

14,000 ha (34,000 acres) with subareas defined on the basis of

1ithostratigraphy. Data were plotted as rose diagrams and the results for

linears in the s i te strike belt were compared to j o i n t orientations measured

in a quarry. The s imi lar i ty in orientations of jo in ts and erosional linears

suggests that solutional widening of jo ints in the dolostone, accompanied by

ground water f low, results in evolution of valleys with axial orientations

similar to those of the major j o i n t sets.

A seismic refract ion survey was performed using the conventional

seismic refraction method to determine the approximate thickness of soil

overlying bedrock on the s i te . Electromagnetic ter ra in conductivity surveys

including VLF survey traverses and a survey u t i l i z i ng the Geonics EM 34-3

conductivity meter were performed in a portion of the s i te . The

electromagnetic survey identif ied a conductivity anomaly in which two

exploratory borings were located and a dye tracer test was performed in

subsequent investigations.

A recording precipitation monitor was placed on the site to provide a

continuous record of precipitation and i n i t i a l surface water discharge

measurements were made in surface streams in the s i te area.

Subsurface investigations and monitoring - The general types of

subsurface investigation performed on the site were l is ted in Table 1 .

Subsurface investigative techniques and f ie ld tests are l isted in Table 2.

Dr i l l ing method selection was based on local experience, the necessity of

sample col lect ion, and cost considerations. Field tests were performed to

define engineering properties of so i ls , as well as hydrologic properties of

soi ls and bedrock.



Table 2

Surface Investigative Techniques and Field Tests

Dr i l l i ng Techniques
Soil augering using 8-inch, hollow stem augers
Air rotary d r i l l i n g using 6 1/8-inch rock bU

Field Tests and Sampling
Standard penetration tests
Spl i t spoon sampling of soils
Undisturbed sampling by Shelby tube method
Pocket penetrometer tests
Torvane shear tests
Composite sampling of soil cuttings
Rock chip cuttings sampling
Geophysical borehole logging in bedrock exploratory boring
Seisnric refract ion bedrock pro f i l ing

Field Hydrologic Testinq
Falling head tests in soils above water table
Packer permeability testing in bedrock
24-hour aquifer pump test



Samples were obtained and subjected to an extensive program of

physical, chemical, and mineralogical tests. Laboratory testing methods

used are l isted in Table 3. Physical testing was performed by a

geotechnical contractor and chemical and mineralogical testing was performed

at ORNL (Ref. 9, 10). Results of physical tests were used in f a c i l i t y

design.

During the subsurface investigation phase, 10-cm (4-inch) PVC well

casings were instal led to enable monitoring of piezometric fluctuations in

the residual soils and in bedrock within 30 m of the soil/bedrock interface.

These wells were monitored with biweekly frequency for one year and

recorders were used to provide continuous records on several wells. A

fluorescein dye tracer test was performed in one area to measure ground

water flow rates in a karst related subsurface flow pathway which drains a

portion of the s i te . Permanent, recording surface water discharge

monitoring stations were constructed at 4 locations and the recording

precipitat ion gauge was maintained. Water samples from selected wells and

surface streams were collected on two dates for chemical analysis.

Documentation - Data frcm all investigations were documented in writ ten

reports and the principal aspects of the site geology and hydrology were

summarized in a single overview report (Ref. 6). An analytical approach to

modeling site performance was developed on the basis of the site

characteristics and a pathways analysis was performed (Ref. 11).

SUMMARY OF RESULTS OF THE SITE CHARACTERIZATION INVESTIGATION

Site characterization investigations performed on the West Chestnut-

Ridge Site have included a geomorphic analysis; geologic mapping;

sur f ic ia l soil mapping; subsurface sampling and tes t ing ; physical,

chemical, and mineralogic characterization of site so i l s ; f i e l d and

laboratory geohydrologic test ing; ground water f luctuat ion monitoring; and

surface water discharge and precipitation monitoring.



Table 3

Laboratory Testing Program

Physical Tests Performed on Soil Samples
Natural moisture content - gravimetric and volumetric
Percent saturation
Atterberg limits
Grain size analysis
Bulk density
Specific gravity
Compaction
Consolidation
Triaxial shear tests
Saturated permeability
Partially saturated permeability and moisture suction tests

Geochemical Tests
Total elemental analysis of soil
Total elemental analysis of soil water
Total elemental analysis of ground water
Total elemental analysis of surface water
Radionuclide sorption/desorption properties of soils (8 radionuclides)

Mineralogic Tests
X-ray diffraction mineralogic identification of s i l ts and clays
Petrographic analysis of the coarse soil fraction
Determination of amorphous oxide content



The West. Chestnut Ridge Site, shown in Figure 1 , is typical of Knox

terra in throughout the Chestnut Ridge s t r ike bel t . Broad-crested ridges

with steep north- west flanks and moderately sloping southeast flanks typ i fy

Knox te r ra in . The re l i e f of ridge crests above valley f loors is

approximately 100 m. The drainage pattern on the site is weakly

rectangular. Five karst zones have been identif ied on the s i te , where karst

zone development is apparently strat igraphical ly control led. Karst zones in

other area's 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 f u l l extent.

Geologic mapping of the site is based largely on the ident i f icat ion

of characteristic l i thologies of sandstone and chert in residual so i l ,

because the extensive weathering and residual soil formation have

covered most bedrock on the s i te . Figure 2 is a geologic map of the s i t e .

One crosscutting structural feature has been identif ied by aerial photograph

interpretation and sur f ic ia l soil mapping. This feature trends near N1O°W

and passes through the headwater confluence area of Ish Creek. Local

bedding strike and dip are auite similar to the regional structural trend.

Because of the lack of j o i n t and fracture orientation data about the

bedrock, a terrain analysis approach to geologic structural analysis was

used. This analysis concluded that there may be four prominent fracture or

jo in t sets which have influenced ground water flow and terra in evolution in

the Chestnut Ridge str ike be l t .

Surf ic ial soils on the site were mapped in support of the site

characterization. Soil types on the s i te are predominantly Paleudults,

though minor areas of Entisols and Inceptisols occur. Paleudults are

soils which have developed over long periods of time. Colluvial and

procional processes are local ly active.

A conceptual model of subsurface conditions includes residual so i ls ,

weathering bedrock, and unweathered bedrock zones. The extensively 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 f i l l e d with water, mud, and gravel. Figure 3 is a cross section



Figure 1. Topographic map of the West Chestnut Ridge Si te.
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Figure 2. Geologic map of the West Chestnut Ridge Si te.
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Figure 3. Cross section showing soil and weathered bedrock thickness and
subsurface geology.



showing site topography, soil thickness, and depth of weathering determined

in the subsurface investigations performed to date. At depth, the southeast

dipping bedrock is essential ly 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 p las t ic i ty with varying amounts of s i l t , f ine sand,

and chert gravel present. Soil strength is inversely proportional to

the ^Liquidity index of the soils and typical ly decreases with depth as

moisture content increases. Site soils have very strong moisture-"*eten-

t .or character ist ics, and even during late summer and autumn the satura-

t ion indices are generally >90% below depths of 3 m.

Residual soi ls on the site are s l igh t ly acid and very weakly

buffered. Chemical analyses of natural and synthetic soil waters ind i -

cate that the soi ls have been extensively leached and t tv^ very few

soluble ions remain. An interesting aspect of site soils is that they

contain very l i t t l e 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 wet-weather streams, are

chemically similar to soil water. Favorable sorption rat ios are-obtained

for cobalt, cesium, strontium, thorium, europium, and uranium. Sorption

rat ios <1 were obtained for iodine and tec'nnetium.

Mineralogically, the surface soils are more complex than the res i -

duum obtained from depths >10 m. Surf icial soils contain kaol in i te,

i l l i t e , vermiculite, an aluminum-hydroxy interlayered vermiculi te,

g ibbs i te , quartz, and iron oxides, including the magnetic species

maghemite. By comparison, the samples obtained from depths >10 m

contained kaol in i te , i l l i t e , vermicul i te, quartz, and amorphous iron and

aluminum oxides. The presence of aluminum-hydroxy interlayered vermicu-

l i t e in the sur f ic ia l soils is attributed to prolonged weathering,

Active soil processes include col luvial and al luvia l processes,

surface erosion, continuing residuum formation by bedrock weathering,

and ksrst-related soil movement. Estimates of erosion based on the

universal soil loss equation are presented.



Field geohydrologic testing included performance of fa l l ing head

permeability tests in so i l , 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"^ cm/s. The bedrock

and weathered bedrock zones with measurable permeabilities have mean

permeabilities on the order of 10"^ cm/s.

Ground water 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 f luctuations varied from <1 m to as

much as 15 m. Ground water gradients indicate flow toward the nearest

perennial surface water bodies. The estimated flow rate in the dye tested

karst flow was 240 to 380 m/d and discharge was detected in a surface stream

near the Clinch River. Subsurface flow paths d i rec t ly to the Clinch River

may exist .

Surface water flow monitoring suggests that s igni f icant subsurface

flow occurs at some of the flow monitoring points. Low flow and peak

flow measurements have been obtained and flow rat ing curves have been

developed for each monitoring stat ion. Precipitation data for the s i te

are very similar to those obtained at the Walker Branch Watershed, another

Chestnut Ridge Knox Group watershed which has been the subject of extensive

hydrologic studies. A water budget estimate suggests that the Ish Creek

downstream monitoring station does not lose s igni f icant flow to deep

ground water flow or to interbasin flow. Substantial surface flow losses to

the ground water system appear to occur at surface water monitoring stations

in two other smaller drainages.

DISCUSSION

The geologic and geohydrologic characterization and assessment

techniques currently used at ORNL are integrated into a systematic approach.

The investigations are mult i-faceted, and involve investigators with a

variety of expertise. Characterization studies are designed to obtain the

data requirements of pathways analysis and f a c i l i t y design in addition to



the detailed site description. This approach effectively minimizes the
redundancy and lack of coordination which often arise when the study is
broken down into total ly independent tasks.

The geologic environment of the Oak Ridge Reservation is one of
structural and stratigraphic complexity which requires a comprehensive and
systematic approach to characterize. Recent characterization studies have
included state-of-the-science techniques in the areas of unsaturated zone
testing, geochemical tests to determine attenuation properties of soils, and
numerical analyses of site performance. The results of these studies and
analyses are changing the technology of shallow land burial by indicating
that chemically stable waste forms are required to l imit radionuclide
migration to acceptable levels.
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