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Abstract

The characterization plans presented 1n this paper are
considered to be basic In nature and are the minimum program
that meets project needs. The proposed basic program can be
applied to any of the salt sites under consideration. It has
been designed to provide the data required to support the
design, performance assessment, and licensing of each of the
principal project elements: the repository, the shafts, and the
surface facilities. The work has been sequenced to meet the
design and licensing schedule. It Is anticipated that addi-
tional characterization activities will be performed to address
site-specific considerations and to provide additional Informa-
tion to address questions which arise during the evaluation of
characterization data.

The Information obtained during the characterization
program will be incorporated into: the site characterization
plan, the site recommendation report, the environmental impact
statement, and the construction authorization application.

Introduction

The Office of Nuclear Waste Isolation (ONWI) Is respon-
sible to the U.S. Department of Energy for the identification
and characterization of salt sites for a deep, mined, geologic
repository for the storage of high-level nuclear waste. At the
present time, specific sites have not been formally recommended
for site characterization. The procedure for recommendation of
sites for characterization Is set forth in U.S. Public Law 97-
425, the Nuclear Waste Policy Act of 1982, Sec. 112, pp 2208 to
2210. When the selection is made and the President approves
the sites, characterization activities will proceed. There-
fore, the characterization plans presented in this paper are
basic In nature and are considered to represent the minimum
program that meets project needs and the site characterization
requirements stated In Sec. 113 of the Nuclear Waste Policy Act
of 1982, pp 2211 to 2212. The basic characterization plan will
be expanded later to address site-specific considerations and
additional questions that arise during the evaluation of data
obtained during the characterization activities.

Present Investigations for the salt program are focused
on salt domes 1n the Gulf Interior Basin in Mississippi and
Louisiana, bedded salt deposits in the Palo Duro Basin in the
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Texas Panhandle» and in the Gibson Dome area of the Paradox
Basin In Utah (Figure 1).

Gull Com Dome lociliwii.
Mlitliilppi ini itulilim

Fig. 1 Locations sf sill «lies in the United Stiles ol America that ire under consideration
lor characterization activities.

Purpose of Characterization Activities

The proposed salt site characterization program (Helm, et
al, 1983) Is designed to address the engineering design
requirements» the performance assessment requirements, and the
licensing requirements for each of the principal project
elements. The project elements (Figure 2) include the reposi-
tory In the salt horizon, shafts which will connect the reposi-
tory facilities with the ground surface, and the associated
surface facilities. The principal engineering design and
performance assessment questions which must be addressed
Include:
• Repository: Characteristics and behavior of the salt at the

repository level. This Includes both short-term and long-
term behavior.

• Shafts: The characteristics of soil and rock types which
must be penetrated and the ground-water conditions.

• Surface facilities: The characteristics of the near-surface
soils and rocks for foundation design and for use in con-
struction.

The principal licensing requirements of the U.S. Nuclear
Regulatory Commission are set forth In Draft Regulatory Guide
4.17 (June 1982}, Standard Format and Content of Site
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Characterization Reports for H1gh-Level-Waste Geologic
Repositories, in Draft Regulatory Guide XX (June 1979),
Standard Format and Content of License Applications for
Disposal of High-Level Radioactive Waste in Geologic
Repositories; and In Disposal of High-Level Rad1oat1ve Wastes
in Geologic Repositories; Licensing Procedures (June 30, 1983).
The principal environmental requirements for the preparation of
environmental assessment reports are set forth in the Nuclear
Waste Policy Act.

Project Elements

Various conceptual designs of each of the project elements
are currently under consideration. The following brief
description of each of the project elements 1s provided to give
an understanding of their size and purpose.

The repository will be located at a depth between approxi-
mately 760 meters (2,500 feet) to 900 meters (3,000 feet) in
bedded salts and approximately 600 meters (2,000 feet) In
domes. The outer dimensions of the underground repository are
approximately 3.2 kilometers x 3.2 kilometers (2 miles x 2
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miles). These facilities Include waste storage rooms, main and
branch passageways, and ventilation passageways. Various
layouts are being considered. In one, the storage rooms con-
sist of a series of small, parallel corridors separated by wide
salt pillar areas.

Storage rooms will be approximately 152 meters (500 feet)
long, 6 meters (20 feet) high, and 4 meters (14 feet) wide, and
the pillars will be approximately 15 to 21 meters (50 to 70
feet) wide. The extraction ratio Is approximately 20 percent.
The waste will be stored In waste packages that are placed in
large-diameter holes drilled Into the floor of the mine. The
waste packages are approximately 4.6 meters (15 feet) long and
approximately 0.9 meter (3 feet) 1n diameter and will be spaced
approximately 18 meters (60 feet) apart. Within one year of
completion of emplacement within a storage room, the room will
be backfilled with carefully compacted salt. Later, decommis-
sioning win result 1n the backfilling of all rooms, corridors,
and shafts.

Five shafts are currently being considered for the
facility. These shafts will range In diameter from approxi-
mately 6 meters (20 feet) to 9 meters (30 feet). The purpose
of each shaft Is as follows:

Shaft 1 - transport of waste containers
Shaft 2 - transport of men, material, excavated salt,

supply air, and utility Unes
Shaft 3 - supply air, utility lines, and emergency egress
Shaft 4 - exhaust air and utility lines
Shaft 5 - exhaust air

The surface facilities at a repository site include: five
shaft head-frame structures, a waste packaging facility, supply
and exhaust underground ventilation buildings, administration
and underground operation buildings, a power plant, water
ponds, transportation and utility facilities, and a salt
storage pile. In addition, a railroad spur will be constructed
to provide access to the site for the shipment of wastes.

Basic Characterization Program

In developing a characterization program for any engin-
eering project, It Is Important to recognize what Is known
about each of the project elements from similar projects and
what Is unique about the project under consideration. The most
essential element of this project is a repository, or mine, in
salt. He know that mines In salt have been safely constructed
and operated throughout the world for a number of years. The
operating mines have rooms, or corridors, which are much larger
than those required for a repository, and the extraction ratio
In these mines 1s generally in the range of 40 to 80 percent.



The repository, In effect, 1s an undersized salt mine. The
knowledge gained from existing mines gives one a feeling of
confidence that this smaller repository can be safely designed
and constructed. The unique aspect of the project 1s the
emplacement of the heat-generating waste canisters in the floor
of the mine and the subsequent backfilling of the mine.

To develop the repository, shafts must be constructed.
Shafts of similar size and depth have been successfully con-
structed for other projects. Also, the types of soil and rock
strata, and the ground-water conditions which are present at
each of the salt sites under consideration have been success-
fully penetrated by shafts at other sites. Therefore, there 1s
nothing which Is unique to this project regarding shaft size,
depth, or construction.

The various types of structures required for the surface
facilities are analogous to structures that have been designed,
constructed, and operated as Individual elements at other types
of plant facilities. There are no known foundation conditions
at any of the salt sites under consideration for which struc-
tures of a similar nature have not been successfully designed.

The proposed basic characterization program can be applied
to any of the salt sites under consideration. The activities
related to each of the project elements, that Is, the reposi-
tory, the shafts, and the surface facilities, are summarized in
Tables 1, 2, and 3. These activities are presented In terms of
what is needed to address design (Matthews, 1983; Basham,
1983), performance assessment (Kircher and Gupta, 1983), and
licensing considerations; why they are needed; and how the
Information will be obtained. The relationship between
selected key activities to overall project needs is summarized
in Figure 3.

The relationship of the conceptual design of each of the
project elements to the geologic framework at a site is of
primary Importance In establishing an exploration program
designed to provide the Information required for each of the
project elements. The generalized subsurface geology at bedded
salt sites and at the dome 1s shown in Figure 4. It consists
of an upper aquifer unit, a middle aquitard unit, and a lower
aquifer unit. At the bedded salt sites, the repository is
located within the middle aquitard unit. In the case of the
dome, the aquitard unit Is adjacent to the dome at the reposi-
tory depth.

Of foremost importance In characterizing a site Is the
establishment of the depth, geometry, thickness, lateral
extent, lithologie variability, and In situ stress conditions
of the repository horizon. A closely spaced, 3-D seismic
reflection survey will be run over the entire repository area
to establish the depth and geometry of the repository horizon.
Four stratigraphie holes located at the corners of the reposi-
tory will be drilled, cored, and geophysically logged to
provide data to establish the details of the site stratigraphy
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from the surface to the repository depth. These holes will
provide monitoring points in the repository horizon, but out-
side of the actual repository.

Laboratory analyses on samples from the stratigraphie
holes will Include: determination of the chemistry of soil,
rock, and water encountered to provide Information regarding
the selection of construction materials for the shaft and waste
package; and engineering testing to establish the design para-
meters for the repository and to assess the behavior of the
rock at the repository horizon when subjected to the heat of
the waste canisters. An exploratory shaft will be constructed
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to provide access to the repository horizon. In situ testing
will be performed in the repository horizon to evaluate the
stability of the underground openings and backfilling tech-
niques, and the behavior of the salt when subjected to heater
tests. Geologic mapping will be performed to document the
horizontal and vertical variations within the repository hori-
zon and to identify marker beds which can be used to control
the placement of underground openings. Seismometers will be
placed In the underground openings to monitor earthquake events
which may occur during the period of the underground testing
program.



An evaluation of crustal stability will be made to deter-
mine the probability of occurrence of tectonic processes which
could affect the repository horizon at the selected site.
Regional structure and historical se1sm1c1ty will be evaluated
along with data from the site and the microseismic network.
This Information will also be used to establish the design
basis earthquake to be used In the design of the repository,
shafts, and surface facilities.

The hydrogeologic properties of the lower aquifer unit
will be used as Input Into the ground-water model designed to
assess the effect of the accident scenario of the penetration
of the repository and of a waste package resulting in a release
of radioactive material 1n the lower aquifer unit. Five lower
aquifer hydrologie pump tests will be performed at locations
carefully selected In relationship to the repository. At each
location a pumping well and two observation wells will be
Installed. Information collected will Include 1n situ tempera-
tures* the piezometric levels, and the transmissivity of the
aquifer unit. This Information will be utilized to determine
direction of flow and rate of flow. Water samples will also be
collected for chemical analysis to establish baseline condi-
tions, the age of the ground water, and the origin of the
ground water. Each pumping well will then be converted Into a
long-term monitoring well.

At the shaft site, four to six upper aquifer hydrogeologic
holes will be drilled prior to shaft construction. These holes
will be utilized to monitor ground-water levels and to obtain
samples for chemical analysis to establish baseline conditions.
Water levels will be monitored for approximately one year prior
to construction of the exploratory shaft, during construction,
and during the operation of the shaft. An exploratory pilot
borehole at the shaft site will be drilled, cored, and
geophysically logged to establish the details of the strati-
graphy and the engineering geology of the stratigraphie units.
Rock samples will be tested to establish chemical characteris-
tics and engineering properties of the stratigraphie units.

Investigations for the surface facilities will Include
establishment of design parameters for natural phenomena such
as extreme winds, probable maximum floods, temperature
extremes, and the design basis earthquake. Both regional and
site-specific Information will be utilized to establish these
design factors. This will Include the analysis of historical
data, the installation of meteorological Instruments at the
site, and the Installation of a m1croseism1c earthquake network
in the site area.

Detailed topographic maps will be prepared for both the
site area and the access routes. A sampling and laboratory
testing program will be performed to evaluate the suitability
for on-site and near-site materials for use in construction.
Foundation investigations will be performed both in the site
area and along the access route to establish the foundation



design criteria for the various structures. An additional six
upper aquifer ground-water monitoring holes will be drilled
around the perimeter of the surface facilities. The purpose of
these holes will be to monitor ground water levels and ground
water chemistry prior to construction of surface facilities to
provide baseline data and during the construction and operation
of such facilities. Environmental Investigations will Include
Identification of the fauna and flora of the site area and
assessment of the Impact of the facility on the environment.
Sodoeconomic considerations Include population densities and
Impact of the facility on the surrounding communities.

Summary

This basic salt site characterization program has been
designed to provide the data required to support the design,
performance assessment, and licensing of each of the principal
project elements: the repository, the shafts, and the surface
facilities. The work has been sequenced to meet the design and
licensing schedule. It is anticipated that additional
characterization activities will be performed to address site-
specific considerations and to provide additional Information
to address questions which arise during the evaluation of
characterization data.

The Information obtained during the characterization
program will be Incorporated Into: the site characterization
plan, the site recommendation report, the environmental Impact
statement, and the construction authorization application.
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