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ABSTRACT

Site investigations in the vicinity of the
potential repository site at Yucca Mountain,
Nevada, have occurred for many years. This is
due to the proximity of the potential repository
site to the Nevada Test Site and to general
scientific interest in the Basin and Range
geologic province in which the Yucca Mountain
site resides. Although information from
previous site investigations was adequate to
support preliminary evaluations by the U.S.
Department of Energy (DOE) in the Environmental
Assessment1 and to develop conceptual repository
and waste package designs, this information is
insufficient to proceed to the advanced designs
and performance assessments required for the
license application to the U.S. Nuclear
Regulatory Couaission (NRC). Therefore,
intensive site characterisation is planned, as
described in the December 1988 Site
Characterization Plan (SCP)1 . The data
acquisition activities described in the SCP are
focused on obtaining information to allow
evaluations of the natural and engineered
barriers considered potentially relevant to
repository performance. The site data base must
be adequate to allow predictions of the range of
expected variation in geologic conditions over
the next 10,000 years, as well as predictions of
the probabilities for catastrophic geologic
events that could affect repository performance.

INTRODUCTION

According to an agreement with the NRC, the
DOE is preparing supplemental detailed
information about plans for site
characterization at the Yucca Mountain site. A
total of 106 study plans will be prepared to
further describe the tests and experiments that
are planned to improve understanding of the
potential repository site. Surfact-based field
studies, laboratory studies, and in situ tests
in the exploratory shaft facility (ESF) are
planned to characterize the Yucca Mountain site.
Surface-based activities include both systematic
and features-based drilling, geologic mapping,

seismic monitoring, geophysical studies, remote
sensing, and trenching. Laboratory studies
include waste materials characterization, rock
properties tests, rock-water interaction
experiments, mineral stability studies, and
numerous geochemical experiments to determine
the retardation capabilities of the minerals
along potential radionuclide flow paths. The
ESF tests include process-oriented hydrologic
tests, detailed geologic mapping, gecmechanics
tests, and experiments to characterize the
near-field waste package environment.

GENERAL APPROACH TO SITE CHARACTERIZATION

The site characterization progra
developed to provide the data and information
needed to determine the suitability of the Yucca
Mountain site for development as a geologic
repository. The principal means for assessing
suitability was assumed to be the site's ability
to comply with the health and safety regulations
for high-level waste disposal that have been
promulgated by the NRC and the U.S.
Environmental Protection Agency. Therefore,
site data needs and the studies designed to
satisfy them are traceable to the performance
assessment, repository design, and waste package
design requirements for which the data will be
used. In addition, certain broader studies of
site conditions and processes were designed to
ensure that no potentially adverse conditions
escape detection by the site characterization
program. The NRC, the State of Nevada, and
other interested parties have reviewed the SCP
and provided comments to the DOE about perceived
strengths and weaknesses in the plans for site
characterization. The DOE is currently
reviewing this input and intends to revise the
plans for site characterization to accommodate
those cases where data needs were overlooked or
additional emphasis is appropriate.

The DOE recognizes that a number of
different types of uncertainties exist with
regard to site conditions and properties.
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Figure 1 schematically presents examples of some
of the types of uncertainties that will be
addressed by the sit* program and provides an
indication of the currant approach for
addressing the uncertainty. During site
characterization, the DOB is required by the
Nuclear Waste Policy A—ndments Act of 19871, as
well as by 10 a n Part 60*, to provide
semiannual site characterization progress
reports to theNRC. In addition, a number of
formal and informal technical interactions with
NBC staff will be held to discuss site
characterization progress and other issues
raised by the NRC staff. Technical reports
describing progress in understanding site
conditions and processes, preliminary
performance assessments, and results of design
studies will provide the basis for preparation
of the license application to the NBC, currently
planned for 2001.

Figure 1. Examples of the types of uncertainties
addressed by the site characterization
program and the current approach for
addressing the uncertainty
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OVERVIEW OF THE SURFACE-BASED PROGRAM

Figure 2 summarizes the current plans for
the surface-based drilling program. It should
be recognized that currant plans are subject to
change as revisions are made to accommodate NRC
and State of Nevada convents on the SCP and
other changes in overall program strategy. As
part of the surface-based investigations, a
systematic drilling program is planned to
provide approximately uniform areal coverage of
the site within the conceptual repository
boundary with an effective borehole spacing of
about 3,000 feet. Systematic drilling is
intended to provide samples and data for
statistically evaluating variability of
hydrologic, geochemical, and geomechanical
characteristics. Other deep boreholes
contribute to a features-based drilling progr m,
designed to test specific hypotheses about
anomalous behavior or conditions, and thus to

determine if known surface structural features
or geophysical signatures are associated with
anomalous subsurface conditions. Features of
interest include known fault zones, geophysical
anomalies, and large gradients in the water
table. Host drillholes serve multiple purposes
and technology development is underway to
improve core recovery; dry-drilled holes are
under consideration due to the unsaturated
condition of the potential repository rock unit.

Many of the shallow unsaturated zone holes
tabulated in Figure 2 were planned to determine
if surface infiltration events penetrate deep
enough to become potential recharge to the water
table. This determination will be made using
neutron logging to establish moisture content
profiles with depth in a variety of surface
materials. The deep unsaturated zone holes will
be used to determine the amount of liquid water
moving down to the water table and the extent of
water vapor and air movement within the
unsaturated zone.

Figure 2. Current plans for surface-based
drilling

TYPES OF DRUMO
PROGRAM

DEEPIMBATURATEO
ZOW

SHALLOW
UHSATURATEDZONE

SATURATED ZONE

SYSTEMATIC
0 N L U M

WATER TABLE

VOLCAMC

QEOLOOC

conotoixi

TOTAL

NUMBER
OF HOLES

17

271

S

12

•

4

3

33B

DIAMETER

r-ir

tjtr-r

«.2S--i.7V

r-ir

r-ir

tjar

u r

DEPTH

1500--2900"

r-soo*

3000*

2000*

1000*-2QQO'

1000*

SOW

OVERVIEW OF LABORATORY STUDIES

Laboratory studies provide the opportunity
to perform tests and experiments under
controlled conditions that are difficult to
establish in field settings. Laboratory studies
represent an essential part of the overall site
characterization program because they often
serve as the basis for pre-test oredictive
modeling against which field ob survations will
be compared.

Laboratory studies are planned to
characterize radionuclide sorption in the
presence of solid mineral phases and
ground-water conditions likely to be present at
Yucca Mountain. The affects of sorbing element
composition and concentration will be
investigated as will the potential for
retardation by dispersive, diffusive and



advective processes. Laboratory measurements on
core samples and cuttings will serve as an
important source of data on matrix hydrolcgic
properties and conditions (e.g. porosity,
permeability and moisture content, saturation).

Predictions of the response of the potential
host rock to repository-induced heat rely upon
laboratory studies of the mechanical properties
of both intact rock and fractures. These
studies are conducted under variable
environmental conditions (e.g. sample size,
strain/displacement rates, temperature,
confining pressure, saturation, fracture
roughness).

Chemical and mineralogical changes in the
post-emplacement environment will be
investigated by laboratory studies of rock-water
interactions at elevated temperatures. Other
laboratory studies will be used to determine the
effects of container and borehole liner
corrosion products on water chemistry, and
to establish the effects of repository-induced
heat on hydrologic properties in the very
near-field of the waste package. The effects of
dehydration-rehydration on sorptive properties
and rock strength, and the potential for
convection are key questions to be answered
about the near-field environment where
the temperature effects of the emplaced waste
are the most pronounced.

OVERVIEW OF PLMWED EXPLORATORY SHAFT STUDIES

The exploratory shaft facility (ESF)
provides an opportunity to conduct, in a
controlled environment, larger-scale experiments
that simulate some of the conditions expected in
the repository environment. A schematic of the
ESF with titles for some of the currently
planned studies is shown in Figure 3.

Studies planned in the ESF include
systematic mapping and sampling in both the
shaft and drifts. The testing program includes
simulations to investigate construction-induced
effects, such as the effects of excavation on
hydrologic properties. Simulated thermal
stresses that would develop due to the heat of
the emplaced waste and resulting stress changes
will be measured in large rock volumes for use
in numerical modeling. Thermomechanical and
hydrothermal responses will be monitored for use
in repository and waste package design analyses
and for developing retrieval strategies, as
required by 10 CFR Part 60. Changes in water
chemistry due to the thermal perturbation will
also be investigated.

Percolation tests are planned to observe and
measure fluid flow through a network of
fractures under controlled conditions to
characterize flow processes. Bulk-permeability
will be investigated through tests measuring
both air and water permeability and hydraulic
conductivity in relatively large rock volumes.

Figure 3. Schematic illustration of the
exploratory shaft facility

Tests will be conducted to detect the occurrence
and to determine the lateral and vertical extent
of perched water zones if they are encountered
during shaft or drift excavation. Mechanisms
for development of perched water bodies will be
investigated and water will be sampled for
chemical analysis. Pore fluids, as well as
water from any perched-water zones, will be
analyzed to determine its chemical composition,
reactive mechanisms, and age. Radial boreholes
drilled from the exploratory shaft will be used
to investigate the vertical and lateral movement
of fluids, particularly at major geologic
contacts, as well as to determine excavation
effects on hydrologic conditions.

Exploratory drifting from the ESF is also
planned to investigate potentially adverse
geologic structures. Three drifts are currently
planned, as shown in Figure 4. These include:
( D a drift to the southeast to evaluate the
properties of a fault zone near the eastern
boundary of the conceptual repository; (2) a
drift to the northwest to investigate the
hydrologic significance of the Ghost Dance
fault, the only known fault intersecting the
conceptual repository; and (3) a drift to the
northeast to characterize the northeastern
conceptual boundary of the repository to
determine if a fault is present and to evaluate
the rock properties in the Drill Hole Wash area.



Figure 4. Sketch of the locations of currently
planned exploratory drifts
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SUMMARY

The studies described above are designed to
provide the data base necessary for (1)
predicting the performance of natural barriers
at the site (e.g. pre-waste emplacement
ground-water travel tins and performance of the
total repository systea over 10,000 years); (2)
predicting the performance of engineered
barriers under repository-induced conditions;
and (3) designing the facilities to comply with
the applicable precloiure and postclosure design
criteria.
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