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INTRODUCTION

As part of its responsibilities to the U.S.
DOE in the NWTS Program, the Office of Nuclear
Waste Isolation (ONWI) is charged with the
development and implementation of technology,
criteria, and data for use in the design of
repository facilities in salt. The fundamental
problem in design of any such repository is
- simply p*it - to engineer a structurally
and hydrologically stable excavation in a
non-uniform material, with additional inputs
of heat and radiation. Compounding the problem
are two constraints: a) a relatively benign
environment must be provided that does not
adversely affect the function of a sophisticated
waste package; and b) the facilities that
perform these functions must do so with minimal
environmental impacts.

This paper presents a summary discussion of
the approaches that have been and will be
taken in design of repository facilities for
use with disposal of radioactive wastes In
salt formations. Since specific sites have
yet to be identified, the discussion is at
2 general level, supplemented with Illustrative
examples where appropriate.

OBJECTIVES FOR DESI6N

The successful design process for salt repositories
must allow a comprehensive treatment of the
total engineered, man-made, system to ensure
that several objectives are achieved:

• The design must be consistent with and
complimentary to the conditions of the
natural geologic setting. For example,
geochemical characteristics of the natural
setting will influence the design of waste
packages and, therefore, the facilities
for handling and emplacing them.

The design must present a comprehensive
treatment of the total system, with
all appropriate cause-and-effect relationships
identified and dealt with"! For instance,
limiting values of stress in the underground
excavations will in some cases influence
the spacing, allowable heat content,
and physical configuration of waste
packages. Surface based environmental
and logistical constraints related
to storage and disposal of surplus
salt can force changes in mining patterns
and therefore stress levels 1n the
rock. The design must acknowledge
even the most subtle of Interactions.

The design must provide reasonable
assurance of compliance with established
KRC performance objectives and with
other, possibly more detailed, applicable
reguiatio'nTI In addition to established
performance objectives for the containment
and isolation of radionuclides, additional
standards for the preservation of
occupational safety, mining safety,
and environmental protection must
be satisfactorily addressed.

The design must contain margins of
conservatism commensurate with levels
of uncertainty. The design process
should first of all Insure that proper
consideration and respect Is given
to established and working technology
and good engineering practice, so
that the developmental nature of the
design can be confined to only those
areas where technology is truly undemonstrated.
While good engineering judgment and
sound practices provide inherent margins
of safety, additional conservatisms
should be provided in developmental
portions of the design where uncertainties
may be higher.
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• Tha design must be sufficiently transparent
to allow Independent scrutiny^The design
process should be readily traceable, the
logic and thought processes should be
understandable, and the conclusions derived
should be reproducible by Independent agencies
and bodies such as regulators, affected
states, and the technical community. In
this regard It should be noted that
this Independent scrutiny Is not sought
for the purpose of achieving unanimity
on the specific approaches taken,
but for the purpose of endorsing the
approaches taken as being adequate
to show compliance with performance
objectives.

These objectives are best met in an orderly
and extensive design process that allows
adequate time and resources to be applied
to the integrating of the various components
of the repository. The interconnectedness
of these facilities is heavily influenced
by the geologic media considered, i.e.,
the host rock, and to a secondary degree
influenced by the other attributes of
the geologic setting.

It 1s appropriate to discuss the approaches
that will be used to achieve these objectives
In the context of the three major physical
subsystems of the repository - subsurface
facilities, shafts and penetration, and
surface facilities.

APPROACH TO SUBSURFACE FACILITIES

One of the clear and distinguishable
attributes of salt for radioactive waste
disposal 1s the experience gained from
literally centuries of mining in this
type of rock. Only in the last century
or so since the advent of mechanical
refrigeration has salt lost its value
as a trading commodity of great price.
Thus, despite occasional arguments developing
to the contrary, substantial evidence
exists that It is indeed possible to
design, construct, and maintain stable
openings for extended time periods in
salt.

Despite this experience, however, inadequate
attention to the design and configuration
of the underground facilities could still
lead to conditions unsuitable for the
containment and isolation of radioactive
wastes. For example, layout and configuration
or emplacement methods could conceivably
lead to loss of isolation or containment
if any one of them causes:

• Excessive thermally-induced stresses

• Excessive mechanically-induced stresses

• Unacceptable alterations 1n host rock
geochemistry or structure

• Unacceptable alterations in strata near
host rock unit

• Adverse perturbations on repository seals

• Unacceptable alteration of near-field
hydrology

t Inadvertent entry into subnormal or anomalous
areas of the host rock

• Inadvertent egress from host rock

• Increased probability of accidental releases
during operational phase

• Deterioration of waste package components

To avoid these potential hazards, design
must proceed in a cautious and conservative
process. T.'ie logic of this processll) is
presented in Fig. 1. The process shown
requires several interactions between the
engineering and scientific components within
the program. The basic components of this
process are:

• Gathering the existing data base (design
interface with geologic characterization
program)

• Expanding date base, where appropriate
(design interface with geologic character-
ization, field testing, sealing, and
performance assessment programs)

• Developing criteria governing disposal
system concept (design interface with
licensing program)

• Developing analytical tools for assessing
disposal system viability (design interface
with performance assessment program)

t Verifying that analytical tools represent
reality by comparisons with data base
(design interface with field testing
and performance assessment programs)

• Exercising analytical tools to establish
design options (design interface with
repository design, field testing, and
performance assessment programs)

• Quantifying criteria through the development
of performance constraints (design interface
with geologic characterization, field
testing, repository design, sealing,
and performance assessment programs)

• Analyzing design options to establish
compliance with performance constraints
(design interface with repository design
and geologic characterization programs]
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• Analyzing performance of preferred design
option to ensure compliance with NRC
and EPA regulations (design Interface
with performance assessment and
licensing programs)

t Developing design specifications
for promulgation to design contractor
(design interface with geologic
characterization, repository design,
sealing, and performance assessment
programs)

• Developing final design.

It should be clear that the design
process demands a strong interactive
relationship with the performance assessment
team. By the time the final design
is established, it must be demonstrated
that it meets all the performance constraints
and all the criteria which govern the
waste isolation system.

This approach to the design of underground
facilities is essentially invariant
with respect to the geologic formations.
Indeed, this approach can be applied
to any of the sites in the salt program
using standardized methods, i.e., the
steps taken will be the same in the
Paradox Basin as in the Gulf Coast
Salt Domes.



The engineering characteristics of the
various locations under consideration
Influence the underground design activities
by providing details of specific relationships.
For example, while a single form of
the creep law for salt may exist, the
specific exponents and constants in
Its numerical expression may change
form location to location. Further,
these sorts of differences generally
will not result In major differences
in underground design. The overall subsurface
layout for a repository in the Paradox
Basin will not look remarkably different
from a laycut for a repository 1n the
Permian Basin, despite the fact that
the creep behavior of the two host rocks
are substantially different. The similarity
of result should be no surprise, as
the mining experience referred to earlier
has led to the development of tried-and-true
practices that are applicable to any
rock.

APPROACH TO SHAFTS AND BOREHOLE PENETRATIONS

Another attribute of a geologic salt
media and stratigraphic setting for
radioactive waste disposal 1s the long
record of successful shaft development
projects to support underground salt
mining-operations. Nearly fifty shafts
have been designed, constructed, and
operated over the last eighty years
in the United States' evaporite mining
Industry aloneI2'.

This generally successful experience
should not mislead one into the perception
that there have been no serious shaft
system problems. Host salt mining production
histories show the effects of extended
shaft maintenance work to remedy problems
caused by oversights during construction
management of quality control. Unsuitable
conditions have ranged from minor leaks
to complete liner collapse.

Such review of these case histories
and current evaporite mine shaft design
practice, as well as program guidelines
lead to a few geotechnical issues to
be addressed 1n a repository shaft design
approach. Since the primary function
for repository shafts is to provide
a controlled penetration if the geologic
setting and host rock for repository
access, the design approach focuses
primarily upon the location and characteristics
of water-bearing zones in the stratigraphic
section. In these sections, stoppage
of water inflow is of paramount concern
during the operational phase of the
repository, for it can be generally
noted that even small Inflows eventually
can become large Inflows, and that large
inflows represent catastrophic consequences
to a salt repository.

Virtually all geotechnical design and
construction problems on all major underground
projects focus upon the control of water
as the principal non-trivial problem.
The construction of repository penetrations
Is no exception to this rule. In addition,
the final sealing of a repository In
salt depends principally upon the conti-??
of water, to prevent dissolution of
the salt surrounding the wastes, as
to prevent radionuclide transport in
solution.

After the basic considerations of the
static loads to be resisted by shaft
supports are completed, the designer
must address the more variable behavior
of water. During shaft construction
using drill-and-blast techniques, water
inflows to areas being actively developed
by workers is usually staved off by
such measures as freezing, grouting,
and pumping in the zone surrounding
the excavation. During use of large-hole
drilling techniques, personnel are not
in the direct path of inflows, but water
inflows which can entrain hole collapses
must be prevented. This 1s done by
use of a drilling fluid which fills
the excavation, and carries cuttings
to the surface, and by Installation
of liners at intermediate depths as
the hole advances. The issue of personnel
safety returns, however, as soon as
the hole 1s dewatered, and excavation
of the subsurface begins. The intermediate
liners, injected annular grout and sealing
material, and manually-placed liner-bottom
seals prevent water inflows which would
otherwise flood the excavation.

Sealing design for repository decommissioning
must focus upon the problem of rendering
repository-access penetrations at least
as unlikely to carry water as the surrounding
strata which have not been penetrated.
This sealing problem consists of three
potential flow zones: Inside the shaft
liner, between the liner and rock wall
(annular flow), and in the disturbed
rock adjacent to the shaft. The reduction
of flow potential Inside of the shaft
liner diameter is the most straight
forward part of the p;obiem, as the
controlled placement of fill materials
is likely to result in a zone which
has lower, more verifiable flow potential
than virgin rock. The verifiable prevention
of annular flow is a more complex problem,
so the annul us is completely removed
in final repository sealing, by removal
of the original liner. Thus, to this
point, neither conventional nor drilled
technology provides a "better" final
seal. The final sealing problem of
greatest complexity 1s that having to
do with the potential for an excavation
to increase rock permeability beyond
the excavation Itself, by permitting



stress relaxation which could enlarge
previously-tight rock defects. In theory,
ttip drilled technique of shaft construction
could reduce the potential for such
st.rass relief by maintaining constant
fluid or Uner pressure at all times
during shaft construction and operation,
a benefit not possessed by the conventional
method of shaft sinking. In actual
attempts to verify the degree of permeability
increase due to stress relaxation, however,
it 1s that neither method of construction
can be shown to provide a "better"
condition for the prevention of flow
outside the shaft. This 1s due to the
inherent variability of the natural
rock, and the impossibility of obtaining
direct measurements of permeability
change with sufficient precision to
support a statistically significant
conclusion.

Thus, In order to prevent a short-term
shaft failure due to ground water Inflow,
shafts in salt repositories are designed
with multiple casings and operational
seals. The primary function of these
casings and seals 1s to prevent shaft
failure caused by water flow between
the liner and the shaft wall. Seal
material and method of placement of
these seals (both remote and by hand)
are selected based on 20 years of demonstrated
industry experience and capability of
these sealing materials to prevent ground
water Inflow. In addition, provisions
are made for remedial repair of faulty
seals.

The use of a particular shaft construction
method, and Its effect on the future
installation of the long-term decommissioning
seals have been addressed 1n various
documents(2>3), x n e primary function
of the shaft decommissioning seals is
to prevent the flow of water from overlying
aquifers into the repository. These
seals will be placed in the repository
shafts regardless of the method of construction
of the original shaft, since decommissioning
will require that critical sections
of the shaft liner be removed. The
decommissioning shaft seal designs Incorporate
manually constructed bulkheads that
are "keyed" into over-excavated sections
of the shaft wall. 0ver-excavat1on
of the shaft wall will mitigate the
effects of rock damage caused by liner
removal and the physical degradation
caused by the stress relief over the
operational W

APPROACH TO SURFACE FACILITIES

Although conventional wisdom would tell
us that the bulk of the design issues
for a repository in salt are associated
with the performance of excavation 1n
the subsurface, any discussion of repositories
must also acknowledge that significant
design Issues can and do exist, and
must be dealt with, in regard to surface
structures systems and components.
Just as site qualification criteria^5)
acknowledge the need for both geological
and environmental considerations 1n
site selection, so too repository design
must consider both types of issues.
Within the ONWI program, the environmental
settings for repository facilities vary
widely, posing such differences that
it is possible to say that the design
basis for surface facilities changes
substantially from Utah to Texas to
the Gulf Coast.

For example, evaporation exceeds precipitation
locally in the Permian and Paradox locations,
thus driving plant design to consider
that all surface precipitation would
be collected and utilized in a site
water balance. By contrast, in the
Gulf Coast precipitation greatly exceeds
evaporation. Thus, any facility design
must consider that excess precipitation
must, after inspection, be discharged
Into existing water courses. As another
example, release standards for normal
industrial non-radioactive emissions
may be substantially tighter in the
Paradox location due to proximity to
Canyonlands Park. Labor forces may
be substantially different from site
to site in such a way as to influence
the design of surface facilities. Disposal
of surplus salt may be accomplished
by completely different means at any
of the locations. Road and rail access
considerations differ markedly.

These examples point to the requirement
to tailor the design of surface facilities
to the environment in which it will
be placed. While many of the small
support facilities on-site may be considered
to be amenable to a standardized design,
the major complexes for receiving and
handling waste are not able to be approached
in this fashion even on a media-specific,
i.e., salt-specific basis.

Repository facility impacts on the surrounding
area - social, economical, environmental
- are the subjects of frequent and extended
discussions with affected parties inside
and outside the program. These impacts
are largely driven by surface facility
characteristics. While those facility
Impacts are largely non-radiological,



they nonetheless receive the most scrutiny.
Indeed, it can be contended with some
basis that these social, economic, and
environmental impacts require more attention
and discussion now, srfth a larger audience,
than the long-term radiological consequences.
Thus, even though the site-specific
nature i?f the facilities wcuid argue
for sorae deferral un'-.il site recommendation,
in fact, Intelligent dialogue with regulators,
affectad States, and the technical community
- those from which independent scrutiny
is required as one of the objectives
stated above - necessitates an improved
level of understanding of surface facilities
and their Impacts as part of the ongoing
interaction. Thus, our approach must
strike & balance, for multiple locations,
between generic standardized facility
description that in large part are inaccurate
portrayals of actual site conditions,
and detailed site-specific designs conducted
for multiple sites some of which may
not be recommended for detailed characterization.

SUMMARY

Repositories are not simple facilities.
However, repositories are readily-understandable
facilities, and « design approach can
and has been developed for them as they
would be Implemented in salt formations.
While many elements of the design are
common to all salt formations, many
other elements, including major surface
facilities, may not be standardized.
Indeed, the commonality of structures
and systems from site to site may be
greater underground than on the surface.

Conceptual designs will not appear overnight,
despite a significant body of prior
work. Indeed, current schedules indicate
that the critical timing of design activities
is tied to supporting the commencement
of construction of the exploratory shaft,
as stipulated in the Nuclear Waste Policy
Act. This schedule allows for site
identification approxiamtely underway
through the design period, in the Spring
of 1985. This appears to be readily
accommodated by normal design processes,
given that some work must initially
proceed to identify design issues at
each and every candidate site. With
the engagement of architect-engineering
firms in recent months conceptual design
processes can begin in earnest.
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