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ABSTRACT

The past and present argillaceous rock studies for the U.S. National
Waste Terminal Storage Program consist of: (1) evaluation of the geological
characteristics of several widespread argillaceous formations in the United
States; (2) laboratory studies of the physical and chemical properties of
selected argillaceous rock samples; and (3) two full-scale in situ surface
heater experiments that simulate the emplacement of heat~generating radio-
active waste in argillaceous rock.
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1. • INTRODUCTION

As a result of recommendations by the United States (U.S.) National
Academy of Sciences-National Research Council Advisory Committee in 1957
(1) , the first active studies for the geological disposal of radioactive waste
in the U.S. emphasized bedded salt as a repository medium. In the early
1970s, after completion of the underground vault test in a bedded-salt mine
in Kansas, the U.S. Atomic Energy Commission (USAEC) broadened its
objectives to include preliminary studies of other rock units within the U.S.
which might be acceptable for terminal storage of intervals of minimal fund-
ing support - to include geological investigations, laboratory studies, and
in situ experiments in several nonevaporite types of rock.

2. GEOLOGICAL INVESTIGATIONS

In 1971, the USAEC funded the U.S. Geological Survey (USGS) to
summarize the existing geological and hydrological information on selected
geographic areas and rock types that might be suitable for further investiga-
tion as geological repository sites. Shale, mudstone, and claystone of
marine origin in areas of minimal structural deformation were considered to
be most favorable. These rocks include the Ohio Shale of Devonian age in
northern Ohio, and the Devonian-Mississippian Ellsworth Shale and the
Mississippian Coldwater Shales in Michigan (Fig. 1). The Pierre Shale and
other thick shales of Cretaceous age in the Rocky Mountains were also con-
sidered as potential host rocks (2).

In 1976, the USGS, with funding from the U.S. Energy Research and
Development Administration (USERDA) , established a set of criteria that was
used to select three geographical areas - one each in North Dakota, South
Dakota, and Colorado - which contain units of the Pierre Shale that might be
suitable for detailed investigation (3) . The selection criteria were: depth -
300 to 900 m, minimum shale thickness - 150 m, maximum overburden thickness
760 m, lithclogy and mineralogy, few or no boreholes, horizontal bedding, no
faulting or folding, low seismicity, low topographic relief, and no mineral or
hydrologic resources. The USGS is continuing these studies with direct fund-
ing from the U.S. Department of Energy (DOE) .

J. Droste and C. Vitaliano (4,5) reviewed the geological literature of
the Illinois Basin in Illinois and Indiana and recommended several geographic
areas in South Central Indiana where the Devonian New Albany Shale and the
Ordovician Maquoketa Shale meet the rudimentary stratigraphic criteria for



a first level screening for potential repository sites.
A similar review (6) of the Black Warrior Basin delineates geographical

areas of central Mississippi where the depths and thicknesses of argillaceous
rock merit detailed investigation. These formations are Cretaceous and younger.
They are similar in composition to the Pierre Shale.

The Triassie basins of the eastern coast of the U.S. have been under
investigation by the DOE Savannah River Plant since 1971 (7). This element
of the Bedrock Waste Storage Project is now being funded as a National Waste
Terminal Storage (NWTS) project. The objective of this project is to "con-
duct regional reconnaissance studies of igneous and metamorphic rocks of
the Piedmont Province, Triassic raudstones, shale, and sandstones, and the
unconsolidated-to-semiconsolidated sands and clays of the Coastal Plains in
areas of the coastal states east of the Blue Ridge Mountains between Maryland
and Georgia" (8).

The Office of Waste Isolation (OWI) and the Office of Nuclear Waste
Isolation (ONWI) have also funded a review of the Triassic basins in the
southeastern U.S. (C), and a regional characterization of the Devonian shales
in the eastern U.S . (10,11) for the storage or disposal of radioactive wastes
respectively.

3. LABORATORY STUDIES

Most of the laboratory studies of argillaceous rocks for waste disposal
are limited-objective by-products of broader NWTS programs such as the
Waste Isolation Safety Analysis Program (WISAP) of Battelle Pacific Northwest
Laboratory (BPNL) and the waste/rock interaction studies at the Pennsylvania
State University. These programs have long-range objectives that are not
specific to particular rock types and will take years to complete.

Current available information on the thermal properties of clays and
shales (12) and a classification of fine-grained sheet silicate rocks (13)
have been published by OWI. The latter report is an in-depth discussion
of the complexities of rocks that are commonly grouped together as shales.

The School of Geophysical Sciences, Georgia Institute of Technology,
is establishing geothermometry techniques for determining the thermal history
of argillaceous rocks, and the geochemical, mineralogical and structural
changes that occur in shales subjected to postdepositional temperatures up to
400°C. The tools that are being developed for this purpose are mineralogical



16 18alteration assemblages, K/Ar ratios, 0/ 0 ratios, organic metamorphism,
and conodont color alteration. These tools are being applied to the Conasauga
Shale in Tennessee and Georgia for field verification of the concept. Dr. C. E.
Weaver has also completed a comprehensive review of the diagenesis of clay
miner alts in argillaceous rocks for ONWI (14) .

Dr. I. W. Marine at the Savannah River Laboratory is investigating
the effects of natural osmotic membranes on natural hydraulic gradients in
argillaceous ft lations.

The Oak Ridge National Laboratory (ORNL) has recently proposed to
ONWI a project to evaluate three broad classes of argillaceous rocks for
nuclear waste containment. These classes are defined as follows: (1) argil-
laceous rocks with no carbonaceous material and with little or no hydrous
expanded clay mineral; (2) argillaceous rocks with carbonaceous material;
and (3) argaillaceous rocks with smectite as a major clay mineral constituent.
Each class will be sampled over a range of values for the content of the major
mineralogical constituents (i .e. , clay, quartz and calcite) .

Samples of the argillaceous rocks will be obtained from the Illinois or
Appalachian basins and from Cretaceous or younger formations at sites where
"typical" examples of these rocks can be obtained from well-characterized
geological formations. Each sample will consist often 100-ft (33-m)-long
cores of unweathered rock from a single site. Each sample will be divided
into subsamples that will be characterized by: (1) complete chemical and
mincralogical analyses, including measurement of the total volatile content
of each sample over a range of temperatures from ambient to 900°C in 100°C
steps; (2) response or reaction to large doses of gamma radiation; (3)
measurement of the thermal properties of each sample at ambient temperature
and 300°C; (4) measurement of the adsorptive properties of the rocks; (5)
measurement of the mechanical properties at ambient temperature and 300°C;
and (6) determination of the products of the interaction of the samples with
simulated nuclear waste.

4. IN SITU EXPERIMENTS

Two in situ experiments have been conducted in argillaceous rocks
in the United States. The first of these was designed and operated by Sandia
Laboratories in the Conasauga Formation at the Oak Ridge Reservation in
Tennessee (15,16). This experiment was the first attempt to assess the



thermomechanical and chemi'cal response of a specific type of argillaceous

rock to the heat generated by high-level nuclear wastes. Instrumentation

arrays were emplaced around two separate canister-size heaters which were

emplanted in large drill holes in the Conasauga formation. The heaters were

maintained at a constant mid point temperature of 385°C for eight months after

an initial four day startup. Krumhansl reports,

"Despite dehydration of the shale at higher temperatures, in situ
thermal conductivity was essentially constant and not a function
of temperature. The mechanical response of the formation was
a slight overall expansion, apparently resulting in a general
decrease in permeability. Metallurgical observations were made,
the stability of a borosilicate glass wasteform simulant was
assessed, and changes in formation mineralogy and groundwater
composition were documented. In each of these areas, transient
nonequilibrium processes occur that affect material stability and
may be important in determining the integrity of a repository. In
general, data from the test reflect favorably on the use of shale
as a disposal medium for nuclear waste."

The design and configuration of the heater experiments in the Eleana

Argiiiite at the Nevada Test Site (NTS) were similar to those in Tennessee

(17,18). The major differences in these experiments were in the types of

argillaceous rock and the position of the local water table. In Tennessee

the heaters were below the piezometric surface and in Nevada they were

several hundred meters above this surface in unsaturated rock. At NTS

the loss of water by the expanded clay minerals caused a region 1.5 to 2.0 m

in radium to contract volumetrically, opening preexisting joints. The authors

summarized their conclusions as follows:

"Results of a near-surface heater test in the Eleana argillite
suggest the possibility that the high-temperature (> 100°C)
thermomechanical response of argillite to waste emplacement
may be dominated by behavior of expandable clays. Enough
expandable clay is probably present in most argillaceous
rocks to cause a similar response. In situ thermal con-
ductivities may be markedly reduced by even small amounts
of clay contraction which results in opening of pre-existing
joints. A simple model predicts that such behavior may
contiuue to operate to considerable depths, though several
factors affecting determination of this depth remain poox'ly
defined at present."

5. SUMMARY

The evaluation of argillaceous rocks for geological disposal of nuclear

wastes has been supported by NWTS by literature studies, laboratory work



and two in situ experiments during the past decade. In most listings of
rocks with waste disposal potential, argillaceous rocks generally rank fourth
or fifth in priority below salt, granite, basalt, and tuff. This ranking may
vary from fiscal year to fiscal year, but at the present time argillaceous
rocks are not likely to be the rock type of choice for the first or second
generation waste repository.
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FIGURE 1. MAP SHOWING GENERALIZED OUTLINE OF AREAS UNDERLAIN BY THICK ARGILLACEOUS ROCK UNITS
IN THE UNITED STATES


