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ABSTRACT

Development of permanent disposal capacity for greater-than-class C low-level radioactive waste
(GTCC LLW) requires the evaluation of potential disposal concepts in terms of technical feasibility,
economics, and institutional concerns. Dat.'; from previous studies that identified 13 potential GTCC LLW
disposal concepts and that characterized the volumes and types of GTCC LLW were used along with
newly developed data on concept designs and hypothetical sites io evaluate each concept’s performance

over 100,000 years.

Performance was evaluated in terms of confinement and intrusion. ‘Specific performance measures

for which deterministic and probabilistic calculations were performed are:

. Confinement
- Total releases
- Groundwater concentrations -

- Radiation doses

. Intrusion
- Potential intention events

- Intrusion consequences.

Order-of-magnitude costs were also developed as a preliminary step in the conduct of a separate economic

analysis.

It has been determined that there are two technically feasible disposal systems. The recommended
disposal system at an arid site makes use of either the near-surface modular concrete canisters ¢oncept,”
t‘he intermediate depth drilled holes concept, or the intermediate depth mined cavity concépt. Order-of-
magnitude costs for the recommended arid system range from $191,000,000 and $59,000/m> to
$293,000,000 and $90,000/m3. The recommended disposal system at a humid site makes use of only
~ intermediate-depth or deep geologic disposal concepts; either drilled holes or mined cavities:could be used.
Order-of-magnitude costs for the recommended humid system range from $273,000,000 and $84,000/m3
to $396,000,000 and $122,000/m’. i






SUMMARY

In 10 CFR Part 61, the U.S. Nuclear Regulatory Commission (NRC) developed a classification
system for low-level radioactive waste (LLW). The systein defined three classes of LLW -- Classes A, '
B, and C. Waste determined by the NRC to be generally unsuitable for near-surface disposal are
~ commonly referred to as greater-than-class C low-level radioactive waste (GTCC LLW). Although the
Low-Level Radioactive Waste Policy Act of 1980 assigned responsibility for the disposal of LLW
(including GTCC LLW) to the states, responsibility for GTCC LLW was later transferred to the federal
government in the Low-Level Radioactive Waste Policy Amendments Act of 198S.

The responsibility has been assumed by the U.S. Department of Energy (DOE). Long-terfn
management of this waste by DOE is supported by the EG&G Idaho, Inc GTCC LLW Program.
Commercial GTCC LLW must be disposed of in a facility licensed by the NRC. NRC further requires
that GTCC LLW be disposed of in a geologic repository, unless DOE proposes an alternative that can be
shown to adequately protect the public health, safety, and the environment, and is approved by the NRC.

DOE is investigating alternatives for disposal of GTCC LLW in near-surface, intermediate-depth,
and deep. geologic facilities. Rogers and Associates Engineering Corporation (RAE) was contracted to
perform a technical evaluation of 13 disposal concepts. This report documents the technical evaluation

and provides preliminary cost estimates for recommended disposal systems.

RAE developed and applied performance measures, a performance assessment methodology, and
characterization data for GTCC LLW categories, disposal concepts and their components, and hypothetical
‘disposal sites. Since regulations have not yet been promulgated for the disposal of GTCC LLW, the
performance methodology included a review of the regulatory requirements for low-level and high-level
radioactive wastes, which, for the purposes of this evaluation, were considered bounding requirements.
From these regulatory requirements, a set of potential required facility requirements and functions was
developed. These required functions were further expanded into a set of performance measures that could
be calculated using standard performance assessment models. The performance measures were categorized
as confinement and intrusion. Confinement performance measures relate to the disposal facility in its
undisturbed condition and included three specific measures: total releases, groundwater concentrations,
and radiation doses. The intrusion performance measures relate to disturbances, and subsequent impacts,
from human intrusion events and included a qualitative assessment of potentially applicable intrusion

scenarios and a quantitative assessment of resultant human health effects.
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In order to determine the performance of the various disposal concepts, the characteristics of the
GTCC LLW to be disposed were identified. Four waste categories were developed based on these
characteristics: activated metals, process wastes, contaminated equipment and materials, .and sealed
sources. Conceptual designs were developed for each of the 13 disposal concepté; five near-surface, four
intermediate-depth, and four deep geologic disposal concepts. Specific disposal concepts evaluated were

as follows:

Near-surface concepts (all using high-integrity containers)
Shallow-land disposal
Belowground vaults
Earth-mounded vaults
Aboveground vaults

Modular concrete canisters

Intermediate-depth concepts ‘
Drilled holes with high-integrity containers in concrete canisters
Mined cavities with high-integrity containers in concrete canisters
Drilled holes with high-level-waste type containers in concrete canisters

Mined cavities with high-level-waste type containers in concrete canisters

Deep geologic concepts
Drilled holes with high-integrity containers in concrete canisters
Mined cavities with high-imegn’ty containers in concrete canisters
Drilled holes with high-level-waste type containers in concrete canisters

Mined cavities with high-level-waste type containers in concrete canisters
Hypothetical arid and humid site characteristics were also developed and used in the evaluation.

Performance assessment modeling was initially conducted on individual disposal cohcept
components to determine radionuclide release rates from the four waste categories and the multiplé barriers
incorporated in each disposal concept. These results were then transferred to a systems performance
assessment model which was then used to calculate characteristic and probabilistic results for each

performance measure.



The results were evaluated to determine the performance of each concept in relaﬁon to the
‘ pefformance of the other disposal concepts. Performance measures were calculated for .éach waste
category and a composite category where all GTCC LLW is disposed of in the same concept. The -
- performance results were evaluated, giving the greatest weight to the confinement radiation dose measure
“and the intrusion health effects measure. Based on the evaluation two disposal systems are recommended
as being technically feasible. The arid site disposal system makes use of either the near-surface modular
concrete caﬁisters concept, the intermediate—depth drilled holes concept, or the intermediate-depth mined
.cavity concept. The humid site disposal system makes use of only intermediate-depth or deep geologic
disposal concepts. Either drilled holes or mined cavities would be used.

The order-of-magnitude costs for the recommended arid site system range from $191,000,000 to
$293,000,000 for a per-cubic-meter cost of $59, 000/m> to $90,000/m3. The order-of-magnitude costs for
the recommended humid site system range from $273,000,000 to $396,000,000 for a per-cublc-meter cost
of $84,000/m> to $122,000/m°.
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Technically Feasible Disposal Systems
for the Disposal of Greater-Than-Class C
Low-Level Radioactive Waste

1. INTRODUCTION

As part of its Greater-Than-Class C Low-Level Waste Project, EG&G Idaho, Inc., contracted with
Rogers & Associates Engineering Corporation (RAE) and ERM Program Management Company (ERM)
to develop a technical evaluation report recommending feasible combinations of technologies for the
disposal of greater-than-class C (GTCC) low-level radicactive waste (LLW). The recommended disposal
technologies are based on long-term performance. Specifically, the ability of the technologies to contain,
or isolate, GTCC LLW within the area of the disposal unit (the disposal horizon) and minimize the

possibility and consequence of inadvertent human intrusion.

Previous studies (DOE 1991a, DOE 1991b) developed lists of potential disposal technologies for
evaluation. Those technologies span the range from near-surface through intermediate-depth to deep
geologic conditions. The technologies included disposal configurations ranging from shallow land disposal
to the use of canisters and vaults for near-surface disposal to various combinations of containers and
barriers in mined cavities and drilled holes. Thirteen specific disposal concepts, making use of four
distinct technical components, were identified and recommended for further technical evaluation. They

included five near-surface concepts, four intermediate-depth concepts, and four deep geologic concepts.

’I‘hi‘s study presents a set of technical evaluation criteria, describes conceptual designs for the 13
potential GTCC LLW disposal concepts, characterizes hypothetical sites, details the characteristics of the
GTCC LLW inventory, and reports the results of comparative performance assessments of each potential
disposal concept. Using the conceptual designs and standard cost-estimating procedures, preliminary cost

estimates were prepared and are presented in this report.
1.1 Background

In 10 CFR Part 61 (NRC 1982), the U.S. Nuclear Regulatory Commission (NRC) developed a
waste classification system defining three classes of LLW -- Classes A, B, and C. Waste determined by

the NRC to be generally unsuited for near-surface disposal without additional protection (typically intruder
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protection) is commonly referred to as GTCC LLW. The Low-Level Radioactive Waste Policy Act of
1980, Public Law (PL) 96-573, assigned the responsibility for disposal of LLW, including GTCC LLW,
to the states. Under NRC regulations, any disposal of GTCC LLW was to be approved on a case-by-case

basis.

The Low-Level Radioactive Waste Policy Amendments Act of 1985 (PL99-240) transferred the |
responsibility for disposal of commercially generated GTCC LLW from the states to the federal
government. This responsibility has been assumed by the U.S. Department of Energy (DOE). The EG&G
Idaho GTCC LLW Program supports DOE in the long-terrn management of this waste.

Commercial GTCC LLW must be disposed of in a facility licensed by the NRC. The NRC has
promulgatea regulations (NRC 1989) requiring GTCC LLW to be disposed of in a geologic repository [as
defined in 10 CFR 60 (NRC 1982), the NRC regulations governiné djspdsal of high-level radioactive
waste), unless DOE proposes an alternative disposal technology that can be shown to adequately protect
public health and safety and the environment and is approved by the NRC.

Present waste management strategy for GTCC LLW includes providing limited near-term interim
storage (for case-by-case health and safety concerns) and dedicated storage of commercial GTCC LLW
until disposal capacity is available. Figure 1-1 is a summary of the DOE’s three-part GTCC LLW

management strategy.

DOE is investigating alternatives for disposal of GTCC LLW in near-surface, intermediate-depth,
and deep geologic disposal facilities. In order to evaluate and select the most preferred disposal concepts
for further development, the following three evaluations are performed in series: technical, economic, and
institutional. Each of these evaluations serves as a screen, allowing only those disposal concepts that are

deemed feasible to pass through for further evaluation.

Screening of possible disposal technologies was completed in 1991 (DOE 1991a, DOE 1991b).
The objective of this report is to present an evaluation of the technical feasibility of the 13 specific
disposal concepts identified in that screening. Each disposal concept is made up of a disposal technology
employed at a specific disposal depth, either near-surface, intermediate-depth, or deep geologic.

If DOE proposes a disposal facility other than a geological repository for GTCC LLW, the

requirements the NRC will use to license the facility are not presently known. It is assumed, however,

1.2
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that the licensing requirements will be bounded by those in existing regulations for LLW (10 CFR Part 61)
and high-level waste, 10 CFR Part 60 (NRC 1986). The specific licensing requirements will depend on
the disposal concept proposed by DOE.

1.2 Purpose

The long-term strategy for the development of disposal capability for GTCC LLW (Figure 1-1)
is to provide a licensed facility or facilities for final disposal. Previous studies (DOE 1991a, DOE 1991b)
of near surface, intermediate depth, and deep geological disposal concepts identified several concepts for
technical, economic, and institutional evaluation. The objectives of this report are to (1) describe and
report the results of the technical evaluation of the identified GTCC LLW near surface, intermediate depth,
and deep geologic disposal concepts, (2) present order-of-magnitude cost estimates, and (3) recommend

technically feasible disposal systems.
1.3 Report Organization

This report is organized into eight sections. Section 1 includes an introduction and background
to GTCC LLW and the DOE program assigned to manage it. The purpose of this report and its place in
the DOE GTCC LLW management strategy is described.

Section 2 summarizes the previous studies of potential disposal concepts for GTCC LLW. It also
outlines the various activities involved in thé further evaluation of the remaining concepts to allow
selection of recommended disposal systems. Section 3 describes the derivation of the performance
measures used in the technical evaluation and provides a description of the technical evaluation
methodology. The characteristics of GTCC LLW, the disposal concept, and the disposal sites that are
important to the technical evaluation are presented in Section 4. Section 5 presents the results of the
technical evaluation and discusses the sensitivity of these results to the data, assumptions, and evaluation
methods used. Section 6 discusses the identification of technically feasible disposal systems. The
order-of-magnitude cost estimates for the various disposal concepts undergoing the technical analysis and
for the technically feasible disposal systems are presented in Section 7. Report conclusjons

are presented in Section 8.
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2. DEVELOPMENT OF GTCC LLW DISPOSAL CAPABILITY

The DOE has developed the overall scope and sequence of actvities necessary to select the
disposal system for GTCC LLW (DOE 1992a). As shown in Figure 2-1, the activities contained in blocks
1 through 3 will be completed to decide if all GTCC LLW will be disposed of in the high-level waste
repository or at an alternative facility. Should an alternative disposal facility be selected for either all or
a portion of GTCC LLW, the activities shown in blocks 4 through 13 of Figure 2-1 will be conducted.

As stated in Section 1, the objectives of this study are to (1) describe and report the technical.
evaluations of the identified GTCC LLW near-surface, intermediate-depth, and deep geologic disposal
concepts, (2) develop and present order-of-magnitude cost estimates for each concept, and (3) recommend
technically feasible disposal systems. These three objectives are achieved by conducting the work in
blocks 1b and Ic of Figure 2-1. The following sections place the technical and economic evaluations in

context of previous work (block la) and of subsequent disposal concept development activities.
2.1 Designate Disposal Concepts

The overall logic diagram to be used in designating candidate disposal systems is shown in
Figure 2-2. The full range of potential disposal concepts, shown in Figure 2-3, waS examined to identify
those concepts for screening. More focused evaluations were then made of the potential land-based
disposal concepts that could be locafed in near-surface, intermediate-depth, or deep geologic disposal
horizons. The repor, Technical Evaluation of Near Surface Disposal Systems for Greater-Than-Class C
Low-Level Radioactive Waste, [DOE/LLW-104b (DOE 1991b)], examines potential near-surface disposal

cohcepts. Intermediate-depth and deep geologic disposal concepts are examined in Identification of

Potential Intermediate Depth and Deep Geologic Disposal Concepts for Greater-Than-Class C Low-Level
Radioactive Waste. [DOE/LLW-104a (DOE 1991a)].

Both reports, starting with the full range of potential disposal concepts (Figure 2-3), applied a
sequential screening to arrive at a subset of disposal concepts which were then evaluated. The sequential
screening processes both use economic, regulatory, environmental, technical, and institutional factors,
while differing to some degree on the specific criteria and the screening techniques used. The screening
approach for each study empioyed a group of selected individuals to apply subjective judgements to rank

the concepts in terms of each factor.

2-1
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Figure 2-3. Comprehensive listing of LLW disposal concepts (adapted from Ref.6).
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In the study of near-surface concepts, nine generally defined disposal concepts were identified for
screening. These nine concepts were considered usable in the upper 30.meters of the earth’s surface.
Based on results of the initial screening, shallow land disposal and four alternative concepts were judged

suitable for further detailed evaluation. Those five concepts are:

*  Shallow land disposal

. Belowground vault

*  Modular concrete canisters
* Aboveground vault

* Earth-mounded concrete vault.

The five near-surface concepts identified did not define the type of waste package or placement
configurations to be used. Defining these elements of the near-surface disposal concepts is necessary in
order to evaluate technical feasibility and economics. The concepts as identified in DOE 1991b, were
therefore modified to include definitions for the type of waste package and package placement

configurations.

The study of intermediate-depth and deep geologic disposal options started with the same list of
total potential disposal options (Figure 2-3) as used in the study of near-surface disposal concepts. The
focus, however, was on the disposal concepts considered viable at depths greater than 30 meters. Unlike
- the near-swface study, the potential disposal concepts examined in the intermediate-depth study were- .
defined in terms of potential components. These components included construction configuration,
engineered barriers, waste packages, and waste plaéement methods. Table 2-1 is a listing of the range of

disposal concept components considered.

Combining all possible combinations of components identified a total of 116 disposal combinations
for screening. As a result of the screening, eight disposal concepts were identified for further evaluation.
These eight concepts, defined in terms of disposal horizon, construction method, placetﬁeht method, waste

package, and barrier used are:



Table 2-1. Range of intermediate depth and deep geologic disposal

concept components considered.
L |

Construction Configurations '

Mined cavity
Drilled hole
Man-made void

Open excavation

Barriers
Vault
Canister

Backfill

Waste Packages

LLW-type container
High-integrity container

High-level waste type container

Emplacement Configurations

Layered placement

Borehole placement
1 R U



* Intermediate depth

- Mined cavity - layered placement - high-level-waste type container - canister
- Mined cavity - layered placement - high-integrity - canister

- Drilled hole - layered placement - high-level-waste type container - canister
- Drilled hole - layered placement - high-integrity - canister

* Deep geologic

- Mined cavity - layered placement - high-level-waste type container - canister
- Mined cavity - layered placement - high-integrity - canister

- Drilled hole - layered placement - high-level-waste type container - canister
- Drilled hole - layered placement - high-integrity - canister

2.2 Evaluations of the Designated Disposal Concepts

Figure 2-2 shows that the disposal concepts identified undergo, in series, technical (block 1b),
economic (block Ic), and institutional (block 1d) evaluations. Completion of those three evaluations
results in the selection of disposal systems for conceptual design and environmental assessments (blocks 2
and 3 of Figure 2-1). Because these are the first evaluations conducted for each disposal concept, it is
important to ensure that enough detail is developed so that the technical evaluation supports the economic
and institutional evaluations. Redefining the concepts for subsequent evaluations could result in designs
with sufficiently different characteristics to make consistent comparison impossible. The scope and
objectives of the economic and institutional evaluations must, therefore, be kept in mind in order for the

disposal concepts (as characterized for the technical evaluations) to be sufficient for all three.
2.2.1 Technical Evaluation

This study is to determine which of the identified disposal concepts are technically feasible and
can therefore be considered for inclusion in a GTCC LLW disposal system. Technically feasible concepts
are concepts that have been analyzed for performance under generalized site conditions and have been
found to have characteristics and performance measures that indicate that regulatory requirements can be
met over a broad range of site conditions. The analysis uses performance assessment techniques
developed for this project using accepted approaches, as presented in DOE 1988a and DOE 1992b, and
existing computer codes. A humid and an arid site were defined in order to represent a range of physical
site conditions. Conceptual designs were developed for each of the disposal concepts using, to the extent
possible, standardized components to aid comparison and subsequent analyses. GTCC LLW inventory

and characteristics were summarized from DOE 1991c and DOE 1992c, and release mechanisms defined
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for each of the four categories of waste were defined. Finally, performance measures were defined to
represent the regulatory performance requirements for confinement and for preventing human intrusion
into the waste. These measures were designed to represent the requirements for both high-level waste
disposal and LL.W disposal, in order to present bounding criteria to use in comparing the various disposal
concepts. The methodology and the techniques used to implement it provide one-to-one correlations

between the selected performance measures and the results produced by the methodology.

The performance assessment methodolog)" is designed to provide relative and not absolute
measures of disposal concept performance. It is applicable to all the designated disposal concepts and
equally applicable across the range of arid and humid site characteristics. Arid and humid site
characteristics are developed and configured to represent a range of possible disposal sites. Differences
in the site characteristics are éelected so as to highlight the performance of the various disposal concepts
and not to cause the concept’s performance to be masked by poor site performance characteristics. Each
designated disposal concept is designed to the extent that the contribution provided by the concept’s
various components to the concept’s overall containment and isolation performance can be estimated. To
ensure consistency, a common set of design basis requirements is used for development of these

conceptual designs.

Technical evaluation in Figure 2-2 involves a sequence of design and evaluation steps. These
steps are repeated until a design either can be used to dispose of at least a portion of GTCC LLW or can
not be further enhanced. The same result is achieved using a well defined initial conceptual design which
includes the range to which a concept can be improved. Developing such conceptual designs requires a
thorough understanding of the characteristics and features of the concept and how they affect its
performance. The behavior of the initial conceptual design’s characteristics are modeled using computer
codes simulating the interactions between its technical components, the waste it contains, and the physical
disposal environment. Characteristics of the disposal concept having a major impact on its performance
is defined as both a range and base case or design value. Probabilistic and deterministic calculations are
made to determine the performance based on the design values and the range of performance that may be

achieved if different design values from within the range were selected.

The designated concepts were defined to support the economic evaluation by developing
order-of-magnitude costs for each concept. This ensured that each concept would provide a basis for
assigning an estimated cost. The development of detailed costs are part of the subsequent econornic

evaluation.
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Each disposal concept undergoing technical evaluation was characterized to support an institutional
analysis. The institutional factors associated with alternative near surface, intermediate depth, and deep
geological disposal concepts for GTCC LLW were examined as part of selecting the designated disposal
concepts (DOE 1991a, DOE 1991b). Further characterization of the disposal concepts in terms of those

factors was unnecessary and therefore not conducted as part of the technical evaluation.
2.2.2 Economic Evaluation

A set of standard financial analyses is conducted for each recommended disposal system. The
objective of each analysis is to provide information sufficient to agree on, compare, and arrive at the most
cost-effective and economic characteristics of the different disposal systems. Standard accepted
constant-dollar, present-value, and cumrent-dollar estimates are used. Those estimates, the relative
importance of each estimate to the other, and the technical performance of the system form the basis for

_arriving at the most cost-effective and economical system.
2.2.3 Institutional Evaluation

The institutional evaluation incorporates the technical and economic evaluations and serves as the
‘ starting point to assess regulatory, social, and other nontechnical and economic issues related to developing
the recommended disposal systems. The institutional evaluation will identify potential social and
institutional problems related to the disposal of GTCC LLW and provide recommendations to solve them.
This information will be used in the overall siting, licensing, construction, operation, and closure

processes.
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3. TECHNICAL EVALUATION METHODOLOGY

The technical evaluation to identify and recommend feasible disposal systems is divided into three
components. These are (a) the development of performance measures based on regulatory requirements,
(b) the actual assessment of disposal system performance with computer codes. and (c) a sensitivity
analysis to examine combined and individual concept and component sensitivities. The purpose of this
chapter is to describe the methodology used to develop each of these components and how they will be
combined with the disposal concepts and site characteristics presented in Section 4 and used in the

performance assessment process to yield the results presented in Section 5.
3.1 Overall Methodology

The overall methodology examines regulatory requirements to develop a set of performance
measures for comparison of various disposal concepts. Since no specific regulatory requireménts have
been promulgated for GTCC LLW, it is assumed that any requirements that may be developed will be
bounded by the requirements for LLW and high-level waste. Those regulatory requirements are used to

develop the performance measures in this study.

Developing performance measures is followed by selecting a calculational methodology to
implement them. This was accomplished by breaking down the performance assessment of the disposal
concepts into common components. Simple caiculations and/or models were used to analyze components

of the disposal systems such as release rates and barrier performance (containers, canisters, and vaults).

The results of the calculations were used as input to a systems performance assessment model that
allows the use of distributed data. This mode! pulls all of the components together and addresses each

of the pertinent performance measures.
3.2 Performance Measures

The NRC has declared that GTCC LLW must be disposed of in a licensed geologic repository or
in a facility specifically approved by the NRC. In those instances where a repository would not be used,
it is the NRC’s position that the containment requirements for the GTCC LLW would be the same as those

for the high-level waste repository, unless lesser requirements were found to be sufficient. Of the
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requirements contained in 10 CFR 60 (NRC 1983), some apply to the waste, others apply to the disposal
site, and still others to the facility. Questions, therefore, remain about the regulatory requirements that
might be applied to the disposal of GTCC LLW at intermediate depth, in deep geologic wﬁngs. or in
repository-related facilities.

Since regulations specific to the disposal of GTCC LLW are yet to be developed and issued, the
existing regulations for LLW (10 CFR 61) and high-level waste (10 CFR 60) are referred to in this
document for guidance as to what those regulations may require. Both of these sets of regulations declare
siting, design, and other criteria that can be useful in determining a set of régulatory requirements that
might reasonably be applied to the disposal of GTCC LLW. The regulatory requirements can in turn be
related to required functions that any GTCC LLW disposal option must perform.

The functions that each GTCC LLW disposal concept must perform are fundamental to the
successful performance of the disposal system and are referred to as "required functions.” The required
functions for all of the disposal technologies or to which the technologies must contribute, whether

applicable to LLW or high-level waste disposal, are summarized below:
+ Protect the general population from releases of radioactivity (10 CFR 61.41 and 10
CFR 60.113)
» Protect individuals from inadvertent intrusion (10 CFR 61.42)
*  Protect individuals during operations (10 CFR 61.43 and 10 CFR 60.111)
» Ensure stability of the disposal site after closure (10 CFR 61.44 and 10 CFR 60.133)

» Minimize waste coming in contact with standing water (10 CFR 61.51,
10 CFR 60.133, and 10 CFR 60.134)

» Stabilize waste form (10 CFR 61.56 and 10 CFR 60.135)
* Ensure structurally stable waste packages (10 CFR 61.56 and 10 CFR 60.113)

+ Maintain retrievability option (10 CFR 60.111).

Based on the required functions listed above, two categories of performance measures were
developed. These are: (a) measures for undisturbed conditions (referred to as confinement) and
(b) measures for disturbed conditions (referred to as intrusion). The performance measures within each

of the two categories are discussed in the following sections.
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Performance Measures for Confinement

The three performance measures selected for the confinement category are (a) cumulative
radionuclide release, (b) time-dependent groundwater concentrations, and (c) relative impact on an
individual. The location where each disposal concept is assessed in terms of each performance measure

is shown in Figure 3-1.

Cumulative Radionuclide Release. Cumulative releases will be evaluated for each
radionuclide and the total waste inventory at the base of each disposal concept (locations marked A in
Figuré 3-1). This performance measure accounts for the ability of each disposal concept to isolate
radioactive material from the environment, and is a direct measure of the performance of the engineered
barriers (canister, vault, or waste container) and the waste form. The cumulative release will be
determined by the amount of water percolating through the disposal site and the collective performance
of the engineered features employed in each disposal concept. The engineered features for the various

concepts are shown in Table 3-1.

The magnitude of a release and its timing depends on the sequence and timing in which the
various barriers fail and the rate at which radionuciides are released from the various waste matrices.
Taken together, the sequence of failures and then the release rate can be displayed graphically as a

time-dependent release profile, as shown in Figure 3-2.

Time-Dependent Groundwater Concentrations. The second performance measure for the
confinement category is the time-dependent radionuqlide concentrations in groundwater at a monitoring
well located one meter .from the edge of the disposal facility (location B in Figure 3-1). This measure of
performance is designed to account for the added effects of transit time and dilution as the released
radionuclides migrate vertically from the base of the facility to the aquifer, and horizontally to the

monitoring well.

The performance represented by the concentration of radionuclides in groundwater will differ from
the cumulative radionuclide release because of the vertical transit time necessary for radionuclides to travel
from the disposal horizon to the aquifer. For the arid site, this will be the time nécessary to reach the
aquifer below the deep geologic disposal horizon as shown in Figure 3-1. For the humid site, the aquifer
may be different for each disposal horizon. The location and number of humid site aquifers and, therefore,

transit distances for each disposal concept will be established by the specific site characteristics.
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Table 3-1. Engineered features for the various disposal concepts.
0
Modular High- High-level-
Engineered Disposal concrete  integrity waste type Waste

cover vault canister  container container form
Shallow land burial X. X
Aboveground vault x X
Earth-mounded vault x » X ' X
Belowground vault x x x
Modular concrete canisters x X X
Drilled bole/high-integrity container x X X X
intermediate depth
Mined cavity/high integrity container X X X X
" intermediate depth
Drilled hole/high-level waste type X X X x
container
intermediate depth
Mined cavity/high-level waste type x X X X
container
intermediate depth
Drilled hole/high-integrity container x X x X
deep geologic
Mined cavity/high-integrity container x x x x
deep geologic
Drilled hole/high-level waste type x x x X
container
deep geologic
Mined cavity/high-level-waste type X X x X

container
deep geologic .
m
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Figure 3-2. Example time versus release profile.
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Relative Impact on an Individual. The third performance measure is the potential impact on
an individual following the loss of confinement and transport through the environment to a point where
a human might have access to the released radionuclidés. This impact will be evaluated for an individual
consuming two liters a day (consistent with drinking water standards) of groundwater from the 1 m well

specified in Figure 3-1 (location C).

The impact on the individual produced by one concept will be compared to the impact from the
other disposal concepts. It will not be expressed as a dose, health effect, or other measure that could be

compared to regulatory standards.
Performance Measures for Intrusion

The two performance measures selected for the intrusion category are a qualitative evaluation of
human intrusion events and the relative impacts of such events. Each of these performance measures is

discussed in the following paragraphs.

Qualitative Evaluation of Human Intrusion Events. The first performance measure for the
intrusion category is a qualitative evaluation of the types of human intrusion events that may occur for
each disposal concept, including: drilling, digging during exploratory activities, and excavating during

house construction. Engineered barriers will also influence the occurrence of intrusion events.

The probability that drilling through the waste will occur is considered differently by the NRC and
the U.S. Environmental Protection Agency (EPA). In developing 10 CFR 61 (NRC 1982), the NRC
assumed that standard drill bits would not penetrate reinforced concrete. Furthermore, they assumed that
the driller would move to another location if the bit contacted metal. Based on this approach, a
driller-intruder scenario would not be possible until enough time had passed to allow for degradation of
all of the engineered barriers. For waste forms composed of metal components, this also would require

that the waste be entirely corroded.
In developing standards for the disposal of high-level waste, the EPA assumed that a drill would

be able to penetrate rock and metal. Based on this approach, drilling at the site would contact the waste

following loss of institutional control.
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The presence of three meters or more of cover material over the top of each disposal concept will
prevent a standard basement excavation from contacting the top of the disposal facility. If, at some time
in the future, fewer than three meters of cover material exist as a result of erosion or some other
site-dependent process, the presence of vaults, concrete canisters, waste containers, and recognizable waste
will cause the basement excavator or the explorer to dig somewhere else. In order for these types of
intrusion to occur, enough time must pass to ensure degradation of the waste form and all engineered

barriers.

A second aspect of the qualitative evaluation is the likelihood that an intrusion occurring at the
disposal site would contact the waste. Disposal density and total disposal site area will be the major
determining factors. Technologies with lower disposal densities per unit surface area of the disposal site

are expected to have higher hit-to-miss ratios than technologies with higher disposal densities.

Relative Impact from Each Intrusion Event. The second performance measure for the
intrusion category, based on a qualitative evaluation, consists of the relative impacts caused by the
intrusion event. If the qualitative evaluation does not identify any applicable intrusion events, then the
relative impact is zero and is identical for all disposal concepts. However, it is more likely that, at least
for the nonmetallic waste forms, intrusion as a result of drilling will be possible for at least some of the .
disposal concepts. In the event the depth of the cover over the waste is reduced to fewer than three

meters, intrusion resulting from construction may also need to be evaluated.

For each intrusion event requiring analysis, the methodology used in the NRC's Environmental
Impact Statement (NRC 1982b) for 10 CFR 61 will be followed. Exposures to the contractor drilling a
domestic water well are assessed. In this scenario, waste is brought to the surface by compressed air or
with soil and is contained in a mud pit used by the drillers. The drilling contractor is exposed to direct
radiation from the water/soil/waste mixture in the pit. The exposure will be influenced by the size of the
mud pit, the amount of radioactive material brought to the surface, and the amount of uncontaminated

material brought to the surface.

In the construction scenario, impact to the individual is based on the excavation of a basement for
a house. During excavation the person may, depending on the depth of the material over the waste,
contact the uppermost layer of the emplaced waste. If waste is contacted, exposure may result from

inhaling of contaminated dust and from direct exposure.



The interrelationships of environmental conditions at the disposal site. The characteristics of the
disposed waste, and the features of the various disposal technologies are varied and complex. The nature
of these interactions ultimately determines the effectiveness of the GTCC LLW disposal strategy. Those

interactions are shown schematically in Figure 3-1 and are discussed in the following paragraphs.

Site environmental conditions will interact with several aspects of the disposal technology, thereby
influencing the effectiveness of the disposal strategy. The engineered cover system may influence the
amount of precipitation that eventually contacts the waste. The frequency and duration of site
precipitation, in conjunction with other meteorological conditions, may also influence the rate at which

the cover system deteriorates, thereby becoming less effective in excluding water from the waste.

The chemistry of water percolating through the cover system downward through the disposal
horizon will have a significant impact on thc rate at which concrete canisters or vaults, waste containers,
and waste forms deteriorate. Rates of degradation of these components will dictate the rates at which
-waste radionuclides are released to the environment. The point at which contaminants are released outside
the disposal system is the point at which the cumulative radionuclide release performance is measured.

This is indicated by point A on Figure 3-1.

Radionuclides released from the disposal facility may be transported downward vertically to an
aquifer in proportion to the velocity of groundwater in the unsaturated zone at the disposal site.
Geochemical characteristics of the transport route will influence the rate at which radionuclides are
adsorbed to geologic méten‘als and, hence, the transport velocities of these contaminants. Once
radionuclides are discharged to the aquifer, the velocity and chemical characteristics of the groundwater
will determine the time required for the contamination to reach a point (i.e., well) that is accessible by
humans. This is the point at which the time-dependant groundwater concentration performance measure

is measured. This is indicated by point B on Figure 3-1.

From this point, which is conceptually envisioned as the bottom of a well, contaminants are drawn
up the well (no dilution is assumed) to a point for human use and subsequent exposure. It is at this point
that the relative impact on individuals (dose) performance is measured. This point is indicated by point C

on Figure 3-1.
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3.3 Component Analysis

The performance of each component of a disposal technology is analyzed separately to determine
the specific characteristics it contributes to the performance of the total technology. All of the 13 disposal
concepts analyzed contain several components contributing to the performance of the technology, e.g.
waste packages, concrete barriers (e.g., canisters or vaults). The specific components for each concept are
listed in Table 3-1.

3.3.1 Waste Package Characteristics and Degradation

Disposal packages are the containers in which the waste is placed for disposal. The previous study
of near-surface disposal concepts (DOE 1991b) did not identify the type of disposal package used in these
technologies. The study on intermediate-depth and deep geologic disposal technologies (DOE 1991a)
specified two types of disposal packages; the high-integrity container and the high-level-waste type
container. Examples of the former include several high-integrity containers approved by the NRC for the
disposal of Class B and C LLW and would include any additional waste packages approved for disposal
of this waste in the future. The high-level-waste type container is any container that meets the specific
high-level-waste, container design criteria in 10 CFR 60 (NRC 1982a). These criteria address the need
to inhibit releases of radionuclides for thousands of years. It is important to note that, while used as a ’
possible container in this evaluation, waste containers meeting the design criteria of 10 CFR 60 are not

required to be used in disposing of GTCC LLW.

In 2all of the disposal concepts other than shallow-land disposal, the waste packages are placed
within a second barrier, either a concrete vault or a modular concrete canister. The size and shape of the
waste package, the inner dimensions of the canister and the vaults, and the operational weight and
radiation restrictions on tpe canister determine the number of packages placed within each canister or

vault.

The waste package functions as the innermost barrier in all of the GTCC LLW disposal
technologies. The function of the package is to provide total containment of the GTCC LLW (i.e.,, no
release, for an initial period of time). The duration of the no-release period depends on the characteristics

of the waste package, and its interaction with the waste and the disposal environment.
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High-Integrity Containers. The NRC requires that Class B and C LLW be structurally stable
prior to its disposal (NRC 1982a). Structural stability may be provided by the waste package or container.
Containers approved by the NRC as meeting this requirement are generally referred to as high-integrity
containers. As defined in 10 CFR 61, a structurally stable waste or, in this case, an approved
high-integrity container, "will generally maintain its physical dimensions and its forrn under the expected
disposal conditions such as weight of overburden and compaction equipment, the presence of moisture,
and microbial activity, and internal factors such as radiation effects and chemical changes" (NRC 1982a).
In addition, a high-integrity container should meet the requirements specified for a Type A package in
49 CFR Part 173 (CFR 1990) and 10 CFR Part 71 (CFR 1987).

The NRC's goal is that a high-integrity container should maintain its structural integrity for a
minimum of 300 years (NRC 1983). The NRC has not established a requirement concerning the rate at
which, or the point in time when, a high-integrity container may release radionuclides from the waste
placed in it. In the absence of a requirement for acceptable radionuclide release performance for
high-integrity containers, information on the three approved containers was reviewed for suitability for

. GTCC LLW disposal. The high-integrity containers reviewed are:

* Nuclear Packaging FL-S0/EA-50
*  Chichibu Steel Reinforced Polymer Impregnated Concrete

+« LN Technologies Composite Stainless/Poly.

The Nuclear Packaging FL-50/EA-50 is a cylinder with a top and bottom composed of Ferralium
255. This material is a ferritic-austenitic duplex stainless steel which combines high mechanical strength,
hardness, and ductility with excellent anti-corrosion properties. The container measures 119 cm (47 in.)
in diameter by 129 cm (51 in.) high. The top, bottom, and sides are 1.0 cm (0.4 in.) thick; the package
has an inner volume of approximately 1.3 m> (45 ﬂ3). The top of the container is equipped with a 61-cin
(24-in.) diameter opening to permit loading of waste. The opening is closed with a 1.0-cm (0.4-in.)
Ferralium 255 plate held in place by eight retainer blocks. A silicone rubber gasket provides the seal
between the lid and the top. A lead gasket is available for especially peﬁneable wastes, such as tritium
gas and a passive vent system in the lid allows relief of pressure from gas generated by biodegradation

or radioactive decay. The maximum gross weight of container and waste is 1,900 kg (4,200 1b).
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The FL-50/EA-50 package is designed to be certified as a U.S. Department of Transportation
(DOT) Type A container to contain waste from light water reactors, consisting of: (a) dewatered bead
resins, powdered resins, and diatomaceous earth; (b) compressible solid waste; (c) noncompressible solid
waste; (d) filter elements and cartridges; and (e) solidified resins, sludges, and liquid wastes. The
container was considered to meet all requirements of the NRC's physical and structural tests for use in
expected LLW disposal environments. Specifically, it was found that:

« The container could be expected to withstand expected LLW disposal facility loads,
if the wall thickness were increased from 1/4 inch to 3/8 inch and use of four internal
supports were used instead of two. None of the stresses observed in the container
exceeded the 80,000 pounds per square inch yield stress of Ferralium 255.

» _The thermal loads expected in LLW disposal facilities would not be likely to affect
the mechanical strength of the container. Although the strength properties of
Ferralium 255 decrease with increasing temperature (strength is reportedly 8.6% and
12.6% less at 200°F and 400°F, respectively, than at room temperature), temperature
effects are not considered a factor in the performance of the container.

« A series of flat and corner drop tests revealed no loss of structural mtegnty of the
container, no loss of contents, and no loss of positive seal.

* Type A package criteria (i.e., penetration, water spray, vibration, compression, and
pressure tests) were all met or deemed unnecessary, based on the characteristics of the
container material or the design of the container.

»+ The passive vent system will allow adequate release of gas resulting from
biodegradation or radiolytic decay while preventing water infiltration. A lead gasket
with no vent will be used when containment of tritium gas is required.

» Radiation would not be expected to affect the integrity of the container, as the
package contents will not consist of significant :...utron-producing materials. The
non-Ferralium components (the gasket/vent materials) are not expected to show a 1oss
of performance as a result of exposure to radiation or ultra-violet rays.

The Chichibu Steel Fiber Reinforced Polymer Impregnated Concrete container is a concrete
cylinder fabricated within a carbon steel drum. Two sizes of :his container, 200 L (0.2 m3) and 400-L
0.4 m3), are available. The 200-L unit has an inner volume of 143 L; the inner volume of the 400-L
package is 285 L. The 200-L unit is 57 cm (22.4 in.) in diameter and 82 cm (32.3 in.) tall, with a
minimum side wall thickness (excluding the steel drum).of 2.7 cm (1.1 in.). The minimum thickness of
the lid and bottom is 3.8 cm (1.5 in.). The 200-L container weighs 172 kg (380 1b) when empty. The
400-L unit is 71 cm (28 in.) in diameter and is 104 cm (41 in.) tall, with a minimum side wéll thickness
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(excluding the steel drum) of 3.7 cm (1.5 in.). The lid and bottom have a minimum thickness of 4.5 cm
1.8 in). When empty, the 400-L container weighs 344 kg (759 Ib).

The Chichibu high-integrity containers are fabricated by casting portland cement, aggregates,
water, mixing agents, and steel fibers into the appropriate carbon steel drum. The cement is impregnated
with organic monomer and polymerized to eliminate porosity within the concrete. The lid consists of the
same material and is sealed to the drum walls with epoxy resin. The carbon steel drums used in the
containers are equivalent to DOT 17H and 17C steel drums.

Chemical compatibility tests exposed the Chichibu containers to a pH of 0.4 to 13.5 and tested
five additional classes of chemicals in power plant waste and eight chemicals found in LL'W burial trench
environments. No loss of compressive strength occurred for the container material, epoxy, or ceramic vent
in the 1,000-hour tests. Hydrostatic testing caused failure in the lid at pressures between 1.7 and 1.9 times
the maximum LLW burial depth pressure, 320 kg/m2 (45.8 psi). The 200-L unit’s body withstood
pressure 18% greater than the lid, while the 400-L container did not fail at 800 kg/m2 (114 psi), the

maximum test pressure.

The LN Technologies Composite Stainless/Poly container is composed of an external stainless steel
vessel, an inner lining of polyethylene, and a bottom carbon steel skirt. The head, outer lid, and shell are
stainless stegl; a polyethylene lining is molded into the steel vessel. The bottom skirt provides support
to the vessel in the upright position and is composed of carbon steel. The polyethylene lid is the primary
seal. The stainless steel lid then provides a secondary seal. The passive vent system consists of two
carbon, high-efficiency particulate air filters in the polyethylene lid and stainless steel vessel neck. The

body of the filter is polyethylene and the filtration material is carbon and carbon fibers.

The LN Technologies container is available in volumes ranging from 2.0 m3 (72.5 ft3) to 4.5 m?
(158.2 ft3). The smaller package is 190 cm (74.5 in.) in diameter and 101 cm (39.8 in.) tall, weighs 5450
kg (12,000 1b), and occupies a disposal volume of 2.7 m® (95.8 f®). The larger container measures 190
cm (74.5 in.) and is 184 cm (72.5 in.) tall, weighs 6,350 kg (14,000 1b), and occupies a disposal volume
of 5.1 m® (179.2 f6%).

lon-exchange resins, filter sludges, and other dewatered or solidified waste are the primary waste
forms intended for disposal in the LN Technologies container. The chemical resistance of polyethylene

is well established; the major threat involves combined chemical and radiation exposure and induced
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mechanical stress. The container is designed for a pH range of 4 to 11, with a wend toward neutral.
Inorganic chemicals that affect pH and conductivity do not degrade the polyethylene. Oils, toluene, ethers,
and organic solvents should not be placed in contact with polyethylene. The container’s temperature was
cycled 30 times from -40°C to 60°C with no effect on the polyethylene. The upper and lower temperature
exposure bounds for using the LN Technologies container are -29°C to 71°C.

All three containers could serve as waste packages for some or all of the identified GTCC LLW.
However, there is inadequate information available in the literature regarding the long-term behavior of
either the Chichibu or LN Technologies containers. It is also not known how environmental factors (e.g.,

corrosion) will affect their performance.

Ferralium 255, the construction material used in the Nuclear Packaging high-integrity container
is most often used in marine applications; the oil, gas, and petrochemical industries; for pollution control
equipment; and for other applications where high strength and corrosion resistance are especially
beneficial. However, little information exists in the open literature regarding localized corrosion of base
and welded Ferralium 255, the performance of this material in long-term underground applications, or the

effects of potential waste stream products such as sulfonated resins, organic liquids, and chlorides on it.

While little information on the performance of Ferralium 255 is available, information is available
on low-carbon austenitic stainless steels, specifically alloy 304L and 316L, that may be applicable.
Ferralium 255 has a typical carbon content of 0.02%, which is less than the maximum of 0.03% used in
these other low-carbon austenitic steels. Because the F255 production process reduces or eliminates
nonmetallic impurities, the potential for localized corrosion using these impurities as preferential sites is
greatly reduced. As a result, superior corrosion performance would be expected from Ferralium 255.
Therefore, use of data based on 304L or 316L is considered to be a conservative approach to judging this

material’s corrosion potential.

Two types of corrosion must be considered, general and localized (pitting). General cotrosion
usually occurs at a fairly uniform rate over the entire exposed surface of the container and leads to
complete container fajlure. Pitting is more difficult to predict, as pits begin and propagate at varying rates
over the surface of the container. Pits generally occur at points where imperfections or impurities appear
in the container surface. Pitting can be the most severe form of attack in certain cases, such as when the
walls of the container are very thin. Corrosion as a resuit of stress-induced cracking is not considered to

be as severe a consideration in these circumstances, except insofar as the cracks serve as pit initiators.
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A number of studies have been conducted on the performance of stainless steels in various
environments. The National Bureau of Standards conducted studies of 304 and 316 stainless steels in 15

soils over a period of 14 years. Sullivan (1991) summarizes the results as follows:

Steel (cm/yr) Low (cm/yr) High (cm/yr) Mean
304 1.1x107 1.7x10°5 5x10°
316 2.8x10°8 5.7x10°6 1.3x10°¢

Beavers (1992) reported the results of long-term tests of 304L coupons in aerated, simulated Yucca
Mountain well J-13 water, which is essentially pH neutral. Tests were performed using a polarization
‘ resistance r;leasurement technique and verified by weight-loss measurements. It was found that the
resistance measurement technique consistently overestimated the rate of corrosion, at later times by orders
of magnitude. The average rate of corrosion over an 80-week (13,400-hour) period was measured at

. approximately 2.9x10™ CI/yr.

Both long-term studies described above found that the corrosion rate decreased with increasing
time. Therefore, any corrosion rate based on short-terrn data would necessarily be conservative in the long

term.

The results of these long-term studies indicate that a geperal corrosion rate of 1x10° cm/year is
appropriately conservative, as the waste packages will not be in direct contact with soil. The uncertainty
associated with applying this rate to Ferralium 255, however, is not known because the actual

~characteristics (pH and chemical composition) of the solution contacting the container are largely

unknown.

As stated above, the progression of pitting corrosion and its effect on radionuclide releases is more
difficult to predict. Unlike general corrosion, pitting may occur rapidly and be very localized. A single
pit may allow water to enter the container, but untl other pits propagate or general failure occurs, there
is no pathway for the solution to leave the container. In such a case, the container would tend to fill with

water, exposing the waste to water for an extended period of time.

The effects of pitting corrosion must also be considered from the inside once the container is

breached and water contacts the waste. This analysis must take into account the effect the waste form has
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on the container material. For example, the presence of high chloride concentrations has resulted in
increased pitting of 304L samples (Thompson 1992). Thus, the dissolution of water-soluble salts such as
cesium chloride (often found in sealed sources) would serve to increase the rate of attack from within the

container.

When the maximum pit depth is less than the container thickness, the breached area is set equal
to zero. The number of pits breaching the container is described in Sullivan (1988) as approximately
0.05 pits/cm2 (0.05 pits/0.2 in.2), based on observations of carbon steel samples. Use of the estimate of
0.05 pits/cm? (0.05 pits/0.2 in.?) projects a total of 1,050 penetrating pits over a 0.21-m> (55-galion) drum
with a surface area of 21,000 cm? (22.6 ft).

The information in the literature on corrosion is useful in understanding the potential lifetime over
which a stainless steel container may prevent any release of radioactivity. However, the information does
not provide a basis upon which to establish a credible minimum lifetime over which high-integrity
containers used for GTCC LLW disposal will prevent any release of radioactivity. The only requirement
that can be applied with equal confidence to all three approved high-integrity container is the NRC design
- goal of 300 years. For evaluating the GTCC LLW concepts, it is assumed that the lifetimes of the

high-integrity containers are distributed about this time from 200 to 500 years.

High-Level-Waste Type Containers. The NRC in 10 CFR 60 (NRC 1986) requires the
high-level-waste type packages to provide substantially complete containment of the waste for a period
to be determined by the NRC. This containment period is to be not less than 300 years or more than
1,000 years. The NRC further requires that the high-level-waste packages be designed to take into account
the in situ chemical, physical, and nuclear properties of the waste package and its interactions with the
waste and the surrounding environment. Such interactions are not to compromise the function of the waste

package or the performance of the disposal facility or its geologic setting.

Based on the NRC’s requirements for a high-level-waste package, the performance characteristics
of the high-level waste type package for GTCC LLW were assigned. In performing the evaluation of the
GTCC LLW disposal concepts we assumed that the high-level-waste type containers have lifetimes
distributed between 300 and 3,000 years, with a mean value of 1,000 years. ’
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3.3.2 Concrete Degradation and Failure Modeling

The long-term performance of the concrete canisters and vaults used in the GTCC LLW disposal
concepts was modeled to determine suitable lifetime distributions for these structural components.
Analyses accounted for deterioration of the concrete members of the canisters and vaults over time, and
the effect concrete deterioration had upon the ability of the structures to withstand the design loads placed
upon them.

Concrete degradation modeling accounted for important surface and bulk attack mechanisms.
Surface attack mechanisms initiate at the surface(s) of the concrete components and progress inward over
time. Notable degradation processes of this type include sulfate attack and freeze-thaw cycling. Bulk
attack mechanisms modify the properties of the entire concrete component uniformly, and include the
leaching of calcium hydroxide from the concrete matrix. These processes, all of which were considered

in the performance modeling, are briefly described below.

-Sulfate attack manifests itself in the form of expanding and cracking of the concrete. Sulfate ions
from the environment diffuse into the concrete component and react with specific aluminum-containing
phases in the concrete. The reaction results in internal expansion, causing stress, cracking, and exfoliation

of the concrete surface.

Deterioration of damp concrete may occur when the material is subject to cycles of freezing and
thawing. When water freezes in the pore system of the concrete expansive stresses develop which, if
greater than the tensile strength of the material, can result in severe cracking. The susceptibility of
concrete to freeze-thaw damage is, in part, a function of the material’s moisture content. Generally, the

concrete must be at least 70 to 80 percent saturated for freeze-thaw damage to occur (Mehta 1986).

The leaching of calcium hydroxide from the concrete results in a loss of strength in the concrete
as well as a lowering of the pH of the material. The loss in strength will affect the structure’s ability to
bear loads placed upon it. Declines in the pH of the concrete may lead to depassivation of the steel

reinforcement, thereby promoting corrosion of the steel.

In additon to the surface and bulk attack mechanisms discussed above, the corrosion of steel
reinforcement in the roofs, walls, and floors of the canisters and vaults was modeled. The damage to

concrete resulting from corrosion manifests itself in the expanding, cracking, and spalling of the concrete
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member. Structural damage may ensue due 1o the loss of bond between the steel and the concrete, and

due to the loss of reinforcement cross-sectional area,

As a concrete structure deteriorates as a result of chemical and physical attack, its ability to bear
design loads is compromised. The structure is sufficiently weakened that cracking of one or more
members occurs. The time at which failure occurs may be projected based on structural and cracking
analyses of the concrete canisters and vaults. Failure of the concrete structures will influence the release

of radionuclides from the waste.

Long-term performance of the concrete canisters and vaults was modeled using ﬁroprietary
computer codes developed by Rogers & Associates Engineering Corporation. A flow chart of the
calculational methodology is presented in Figure 3-3. The analysis starts with the input of disposal site
and disposal concept data that are required for the assessment. A structural analysis of the canisters or

vaults is performed to establish the moments and forces placed on the various structural components.

Following the structural analysis, the codes calculate annual cycles in which the chemical and
physical deterioration of the reinforced concrete is modeled. Properties of the structural members of the
canister or vault are updated to refiect the effects of degradation, and a cracking analysis is performed to -
assess the structure’s ability to bear the loads placed upon it. If the structure is able to withstand the °
loads, the analysis continues; if the loads exceed the bearing capacity of the structure, the time of failure

is noted and the analysis ends.

Concrete degradation modeling and structural/cracking analyses were performed for the canisters
in the mined cavity, drilled hole, and modular concrete canister disposal concepts at both the arid and
humid sites. Separate analyses were conducted for canisters subjected to a range of loading conditions.
Individual analyses were conducted for the top and bottom canisters in the mined cavity and modular
concrete canister concepts.” Analyses, which bound the loading conditions for all of the other canisters,

were conducted for the top and bottom canisters in the drilled hole disposal concept.

The structural and cracking analyses for the concrete vaults focused on?he most critical dimension
of the structure. While a single analysis addressed the belowground and earth-mounded vaults, a separate
analysis was necessary for the aboveground vault because of the unique conditions to which this structure

is subjected.
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Figure 3-3. Calculational methodology for concrete degradation
and cracking analyses.
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3.3.3 Radionuclide Release Modeling

Radionuclides may be leached from the waste through diffusive and advective leaching
mechanisms. Diffusive releases will be more significant than advective releases during the period when
the concrete canisters and vaults are intact. Advective releases, which are proportional to the amount of |
water contacting the waste, are negligible while the canisters and vaults are intact because the

low-permeability concrete excludes virtually all of the water percolating through the disposal horizon.

The release of radionuclides resulting from advection will increase in importance as the
low-permeability concrete structure deteriorates. As the structure undergoes hydraulic failure resulting
from cracking, greater quantities of water may percolate through the waste and leach radionuclides.

Diffusive releases from the waste will also continue following failure of the canister or vault.

The rate of diffusion of radionuclides through the waste and concrete canister or vault is estimated
using a time-dependent solution of Fick’'s law of diffusion. The canisters and vaults are modeled as a
two-layer slab. The inner contaminated layer represents the stabilized waste inside the canister or vault;

the initially uncontaminated, outer layer represents the wall of the canister or vault.

Diffusion coefficients were calculated as the quotient of the intrinsic diffusion coefficient and the

radionuclide retardation factor. The retardation factors, in turn, were calculated using

K
Ry=1 + 0 ¢ (3-1)
- P
where
R¢ = radionuclide retardation factor in concrete/grout
p = density of concrete/grout (g/cm3)
Ky = radionuclide distribution coefficient (mL/g)
p = porosity of grout/concrete.
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Advective release rates were calculated using

P

L~ T +p Ky | (3-2)
where :

L, = radionuclide release rate resulting from advection (yr')

P =  water percolation rate through disposal horizon (cm/yr)

Ky = radionuclide distribution coefficient (mlL/g)

ty = thickness of waste (cm)

p =  porosity of grout/concrete

p = density of concrete/grout (g/cm3)

“Radionuclide releases resulting either from diffusion or advection will be subject to availability
of the waste radionuclides. Radionuclides may be unavailable for leaching if the high-integrity or
high-level-waste type container is intact, or if the radionuclides are contained within the stainless steel
jacket of a sealed source. Once these containers or jackets are compromised, releases resulting from

diffusion and/or advection are possible.

Release rates from activated metals as a result of diffusion or advection may be limited by the rate
at which the activated metal components corrode. Projected diffusive and/or advective release rates will
apply to the extent that they do not exceed the rate at which radionuclides are mobilized from the metal
components as a result of corrosion. If the rate of mobilization from corrosion is less than the projected

diffusive and/or advective release rates, the release is simply equal to the corrosion rate.

All scenarios involving groundwater are modeled using a Darcian flow system. The groundwater
transport pathways all involve a vertical and a horizontal leg. In the case of an unsaturated site, the
vertical leg is from the disposal horizon down to an underlying aquifer. For cases where the site is
saturated, the vertical leg may be either downward or upward, depending on the specific site conditions.
For the near-surface facilities analyzed, the vertical leg is downward to an underlying aquifer. For the

intermediate-depth and deep geologic concepts, the vertical leg is upward to an aquifer that in not the
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water table aquifer. For all cases, the horizontal leg is the transport in the aquifer from the edge of the

disposal horizon to the accessible environment.

The five parameters needed to predict Darcian flow are hydraulic conductivity, porosity, hydraulic

gradient, flow distance, and cross-sectional area. Travel time is defined by:

T =(d p) / (i-K) (3-3)
where

T = the fluid travel time (years)

d = the length of the leg (meter;)

P = the effective porosity

i = the hydraulic gradient

K = the hydraulic conductivity (meters/year).

Volumetric flow of water is found by:
V = Ki-A (3-4)

where

<
I

the volumetric flow (cubic meters/year)

K = hydraulic conductivity (meters/year)

L)
]

hydraulic gradient

A = the cross sectional flow area (square meters).

Normal groundwater flow refers to the movement of water through the depth where the disposal
facility is located, according to the natural hydrologic conditions, perturbed to some degree by the
presence of the facility. During the construction and operation of the facility, water in the surrounding
media would be expected to gradually drain so that the media will enter an unsaturated condition near the

openings. After the end of the operational period and closing of the facility, water would be expected to
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gradually seep back into pores and fractures in the rock and establish a flow regime connected to the
regional groundwater system.

The resulting flow patterns may be different from those prior to the excavation of the facility.
For example, the heat generated by the waste may modify the hydraulic conductivity of the surrounding |
media and may also change the properties of water, making it less dense and less viscous. The lower
density can lead to a buoyancy effect that may cause an increased vertical hydraulic gradient. The
decreased viscosity may enable the water to flow more easily through the rock, thereby allowing for

potential increases in flow rates.

Facilities in basalt or granite will eventually become saturated if the repository is located below
the water table. For these cases, natural heat driven hydraulic gradients cause normal groundwater flow

to be upward through the host rock to an overlying aquifer.

Upward vertical gradients result from pressure differences between upper and lower aquifers.
Upward vertical gradients may also result from thermal buoyancy effects, as a result of the heat generated
by the emplaced waste (EPA 1982).

For a facility in volcanic tuff, normal groundwater flow refers to the downward percolation of
water through the unsaturated rock toward the water table. This downward movement is not expected to
be influenced by the presence of the repository, because the flow is limited by the amount of water

available.

Inadvertent Intrusion. The potential and consequence of intrusion into GTCC LLW placed in
each disposal technology are assessed in two steps. First, based on the characteristics of the disposal
concept, intrusive events which could occur are identified from the range of such events. Second, for
those events that are probable, a quantitative estimate of the impact of the event is caiculated. REPRISK
(Smith 1982), a code developed to calculate the consequence of disruptive events, is used for the

quantitative assessment.
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3.4 Sensitivity Analysis

3.4.1 Concrete Degradation Sensitivity Analysis

Concrete degradation and cracking analyses were conducted for the canisters and vaults for the
design loading conditions and expected environmental conditions at the arid and humid disposal sites. In
addition, the sensitivity of the canister and vault lifetimes to changes in selected parameters was
investigated to permit estimation of an appropriate lifetime distribution for each disposal concept. The

approach taken in this sensitivity analysis is discussed below.

The ability of the concrete canisters and vaults to minimize releases of radionuclides to the
environment is largely a function of their ability to exclude water from the waste. While the intact
concrete structures will effectively prevent water from contacting the waste, because of the low
permeability of the concrete, failure of the structures as a result of cracking may be expected to permit
greater rates of infiltration through the waste. Increased rates of release of waste constituents will

accompany these higher rates of flow.

The concrete canisters and vaults were designed to bear anticipated loads, minimizing percolation
of water through the waste for extended periods of time at the two types of disposal sites. Failure times
for the concrete structures, however, will be affected by changes in the loading conditions and changes
in rates of concrete degradation. In recognition of this fact, canister and vault performance was examined
for more aggressive conditions, referred to as "high-exposure” conditions, in addition to the nominal or

"base-case" conditions.

The sensitivity of canister and vault lifetimes to high-exposure conditions was examined by
modifying the loading conditions, the chemical environment, and the diffusive properties of the concrete.
Loads placed on the structures were increased by 20%; groundwater concentrations of aggressive ions (i.e.
Cr', COy’, Mg?*, and SO,%) were increased; and concrete diffusion coefficients for chloride and sulfate
ions were reduced by one order of magnitude. These changes have the effect of placing greater structural

demands on the canisters and vaults, while hastening the rate at which the concrete deteriorates.

The results of the base-case and high exposure conditions model runs were used to estimate
lifetime distributions for concrete canisters and vaults for each disposal concept at each site. Canister

lifetimes were assumed to be distributed between the year in which the canister subjected to the greatest
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load failed under the high-exposure conditions and the year the canister bearing the smallest load failed
under the base-case exposure conditions. Vault lifetimes were assumed to be distributed between the year
the vault failed under high-exposure conditions and the year the vault failed under base case conditions.
The specific lifetime distributions used for the canisters and vaults within the range defined by the case-

case and high-exposure conditions are explained in Section 5.
3.4.2 Sensitivity Analysis of Radionuclide Release Rates

- The rate radionuclides are released from the waste as a result of diffusion and advection depends,
in part, upon the distribution coefficient. Radionuclide distribution coefficients for grout and concrete are
influenced by numerous factors, among them the chemical form of the radionuclides and the chemistry
and pore structure of the grout/concrete. Recognizing the high degree of uncertainty inherent in
radionuclide distribution coefficients for these materials, a range of coefficients was used in modeling
radionuclide releases from the stabilized waste. Release rates resulting from diffusion and advection were
assumed to be uniformly distributed between the rates calculated using the high and low coefficients for

each radionuclide.
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4. CHARACTERISTICS OF GTCC LLW DISPOSAL CONCEPTS

In order to conduct the technical evaluation of the GTCC LLW disposal concepts, each concept
must be fully characterized. As part of this characterization, the types and quantities of GTCC LLW
requiring disposal, the performance specifications of the waste packages, the design information for the

concrete canisters and vauits, and important features of the disposal environment must be specified.

The data used to describe these aspects of the disposal concepts are presented in this chapter. The
projected volumes and activities of GTCC LLW requiring disposal are provided in Section 4.1.
Performance characteristics of the high-integrity and high-level-waste type containers are considered in
Section 4.2. Design information for the various disposal concepts are provided in Section 4.3. Site

characterization data for the arid and humid sites are given in Section 4.4.
4.1 GTCC LLW Characterization

This section characterizes the types and amounts (volumes and activities) of waste thai can be

expected to be disposed of as GTCC LLW. The document Greater-Than-Class C Low-Level Radinactive

Waste Characterization: Estimated Volumes. Radionuclide Activities and Other Characteristics (DOE

1991c) is the primary source of information for the characterization. The report provides projections of
waste volumes and radionuclide-specific activities based on specific studies of potential GTCC waste

streams and past surveys of potential generators of GTCC LLW. The document Evaluation of Deparmment

of Energy-Held Potential Greater-Than-Class C Low-Level Radioactive Waste (DOE 1992b), which details -

potential commercial GTCC LLW presently stored by DOE, is also used in the characterization effort.

The characteristics of the GTCC LLW are important to the performance of the various disposal
concepts in several ways. The overall volume of GTCC LLW determines the amount of disposal capacity
required, which in turn defines the size of the facility. The size of the facility and other site characteristics
determine the amount of water that may interact with the waste. The specific radionuclides present, and
the activity associated with each, play a role in defining potentially important exposure pathways. Finally,
the type of waste, its physical characteristics, and the material(s) it is composed of are important in

determining the rates and mechanisms of radionuclide release.
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GTCC LLW is categorized by source as nuclear utilities waste, sealed source waste, DOE-held
potential GTCC waste, and other generator waste (DOE 1991c). Review of this information shows that,
regardless of the source of the GTCC LLW, it may be divided into categories based on the physical form
or release characteristics of the material. For the technical feasibility study, four categories were chosen.

These categories and their distinguishing characteristics are as follows.

GTCC LLW category Characteristics

Activated metals The radioactivity is distributed throughout the metallic waste material
and is typically a result of irradiation. Release of the radioactvity
from the waste occurs as the metal corrodes. If the release rate due to
corrosion is large enough, the release to the environment is limited by
leaching.

Process waste The radioactvity is contained on or in ion-exchange media, filter
media, cartridge filters, or other substances and devices used to remove
and concentrate radioactivity from liquids and other wet wastes. The
radioactivity is released from the waste by leaching, diffusion, or
dissolution.

Contaminated equipment  The radioactvity is primarily the result of surface contamination on

and material either intemal or extenal surfaces of equipment and other contaminated
objects. The radioactivity is released from the waste due to leaching,
diffusion, or dissolution.

Sealed sources The radioactivity is contained inside a nouradioactive metal jacket.
The jacket, while intact, contains the radioactivity and prevents any
release. After the jacket corrodes or is penetrated by other means, the
radioactivity may be releascd as a result of leaching, diffusion, or

_ dissolution.
L

Based on these four GTCC LLW categories, the information on GTCC LLW characteristics found
in the cited reports (DOE 1991a and DOE 1991b) was examined and reorganized to produce the individual

waste category inventories and total waste inventory used in the technical evaluation.

The volume and activity data reported for eéch category of GTCC LLW are based on information
obtained by EG&G Idaho, Inc., from generators of GTCC LLW and on information gainéd through
discussions with the authors of DOE/LLW-114 (DOE 1991c). The largest volumes and activities of
GTCC LLW are expected to result from nuclear utility operations and decommissioning. The NRC
surveyed manufacturers and users of sealed sources to determine the number and types of sources that may

require disposal as GTCC LLW. Other generators (e.g. research facilities) were interviewed for potential
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GTCCLLW. Finally, EG&G Idaho, Inc., developed an inventory of potential GTCC LLW currently held
by DOE.

The potential GTCC LLW was distributed as accurately as possible throughout the four waste
categories described above. The largest degree of uncertainty in the characterizadon of the waste is
associated with the DOE-held GTCC LLW, because activity data for a significant portion of the waste are
unavailable. Informaton on waste from other generators was obtained through the 1986 Energy

Information Administration survey.

In projecting the generation of GTCC LLW, DOE/LLW-114 (DOE 1991c) considered the
necessity of packaging the waste for shipment and disposal. Three possibilities were developed to
determine the effects of packaging on generated volumes. Volumes were projected using unpackaged
volumes (waste as generated); packaged volumes, based on the application of packaging factors to the
unpackaged volumes (which takes into account any predisposal treatment or packaging); and concentration
averaging over the packaged volumes (which combines similar materials and averages the activities over
the waste or container volumes). Concentraton averaging can actually result in smaller volumes of GTCC
that require disposal, because the average over the waste or container volume may be within Class C
limits. Much of the waste reported by other generators and DOE-held potential GTCC LLW is already
packaged; adequate information on the unpackaged volumes or concentration averaging for these wastes

was not available. Information was also unavailable regarding concentration averaging for sealed sources.

Each of the three packaging possibilities was considered using low, base, and high estimates of
volume. The base-case.data were obtained through surveys and reflect current practices in management,
packaging; and concentration averaging (those employed at Bamwell, South Carolina). The low-case data
represent the lower end of the base case, taking into account more efficient packaging and less strict
concentration averaging procedures (those employed at Richland, Washington). The high estimate data
were achieved through assumptions regarding reactor lifetimes, the amount of decommissioning waste that
would exceed Class C limits, more stringent concentration averaging, and the use of higher packaging

factors.

All data provided in this section reflect projections for the base case to the year 2035, using
packaged volumes. The base case most closely reflects the present state of waste management and is,

therefore, the most realistic estimate of future disposal capacity requirements. Packaged volumes are used
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as the conservative case, because they have the most information available across the range of wastes and

resulted in the highest estimates of volume for the base case.

Of the 3.25E+03 m? (1.15E+05 fi) of waste reported for the base-case packaged amount of GTCC
LLW in DOE/LLW-114, 3.20E+03 m> (1.13E+05 ft’) was assigned to the four waste categories. A total
of 5.41E+07 Ci of the total base-case acLivity. reported in DOE/LLW-114 was assigned to the four waste
categories. The majority of the 1.17E+07 Ci that was not assigned to a category (6.73E+06 Ci) was
identified by the authors of DOE/LLW-114 as a possible overestimate of transuranic (TRU) activity in
utility-generated activated metals. The remaining 50 m> (1.87E+03 fi) and 4.97E+06 Ci were not
considered in the technical evaluation of the GTCC LLW disposal concepts. The volumes and activities
reported in DOE/LLW-114 which were not included in the analysis of GTCC LLW disposal concepts are

summarized in Table 4-1.
4.1.1 Activated Metals

Activated metals are produced by nuclear utilities and other waste generators, primarily
sealed-source manufacturers. Nucicar utilities produce a range of specific wastes that are categorized as
activated metals. For projection purposes, these components were considered as either operations waste
or decommissioning waste. Operations waste that is routinely generated as GTCC LLW includes items
such as control rod blades and thimble plug assemblies. Base-case decommissioning waste consists of -
core shrouds. Core barrels from pressurized water rcactor decommissioning were not included in

projections for the base case because it was not clear that they would be GTCC LLW (DOE 1991c).

Activated-metal components that will be routinely generated and categorized as potential GTCC
LLW by the utilities include the following:

Boiling water reactors Pressurized water reactors
L e e e e e
Operations Waste Operations Waste -
Control rod blades Thimble plug assemblies
Local power range In-core detectors and instrument strings

Intermediate & source range
Monitoring instruments, dry tubes

Decommissioning Waste Decommissioning Waste
Core shroud Core shroud
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Table 4-1. Volumes and activities of GTCC LLW considered in the disposal
concept analysis.
L |

Volume (m3) Activity (Ci)

- Amount identified in DOE/LLW-114 3.25E+03 6.58E+07
Amount considered in disposal concept analysis 3.20E+03 S41E+07
Amount not considered in disposal concept analysis 5.00E+01 1.17E+07
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In addition to the items listed above, other reactor waste items are listed in the 1986 Energy
Information Administration survey, including poison curtains and control rod bearings. These items are
included in the activated metals waste category. The projections analysis carried out in DOE/LLW-114
produced the results shown in Table 4-2 for the base case, projected to the year 2035 using packaged

volumes.

Waste in addition to that listed for the utilities was assigned to the activated-metals waste category.
This waste included a portion of the DOE-held GTCC LLW, which was difficult to classify because of

a lack of information. Metal waste from other generators was also assigned to the category.

A total waste volume and activity of 1.59E+03 m? (5.61E+04 fi°) and 3.72E+07 Ci, respectively,
were assigned to the activated-metals category. This volume represents 49.6% of the total base-case
GTCC LLW volume; the activity is 68.8% of the total GTCC LLW activity. Utilities account for more
than 99% of the activated waste by volume and activity. Approximately 8 m?> (282 ft’) and 1.25E+02 Ci

of activated-metal waste were identified as coming from other waste generators.

The radionuclide-specific activities for the activatéd-metals waste category are provided in
Table 4-3. As discussed earlier, 6.73E+06 Ci of the TRU activity reported in DOE/LLW-114 for activated
metals was a possible overestimate by the reporting generator. Assignment of the remaining 1.77E-01 Ci
of TRU activity based on discussions with the authors of DOE/LLW-114 resulted in activities 1.27E-01
Ci for Pu-239 and 5.01E-02 Ci for Am-241. This TRU activity is present as surface contamination.

The radionuclides present in the greatest activitiecs are Co-60, Ni-63, and Fe-55. These three
radionuclides, all with half lives of fewer than 100 years, represent over 99% of the total activity. The
five radionuclides with half lives greatér than 100 years (C-14, Ni-59, Nb-94, Tc-99, and Am-241) account

for 1.77E+05 Ci, or less than one half of one percent of the assigned activated-metal activity.

As discussed earlier, the majority of the activity assigned to the activated-metals category will be
mobilized as the metal components corrode. In modeling releases resulting from corrosion, a corrosion
rate of 1.0E-05 cm/yr was assumed. This corrosion ratc is based on data for 304 stainless steel (see
discussion in Section 3.3.1), of which the majority of activated-metal wastes are composed. Because of
the surficial nature of the TRU contamination of the activated-metal waste, releases of Pu-239 and Am-241

are assumed to occur as a result of dissolution and subsequent diffusive and/or advective leaching.

4-6



Table 4-2. Utility activated-metal waste characteristics.
L ]

Component Volume (m3) Activity (Ci)  Predominant radionuclides

Boiling Water Reactor

Control rod blade 441E+02 1.62E+05 Ni-63(59%), Co-60(33%)
Local power range monitor 9.67E+01 6.65E+(4 Ni-63(50%), Co-60(18%)
Dry tubes 2.13E+01 1.08E+05 Ni-63(71%), Co-60(24%)
Control rod bearings 1.42E-04 8.93E+00 Ni-63(57%), Co-60(43%)
Poison curtains 6.78E-03 1.55E+02 Ni-63(98%)

Core shroud 2.57TE+02 4.93E+06 Ni-63(46%), Co-60(38%)
SUBTOTAL 8.16E+02 5.27E+06

Pressurized Water Reactor

Thimble plug assemblies 7.79E+01 1.66E+04 Ni-63(70%), Co-60(23%)
In-core detectors 4.10E+401 1.40E+05 Ni-63(70%), Co-60(25%)
Instrument strings 4.59E+01 2.39E+04 Ni-63(77%), Co-60(22%)
Control rod drive 1.80E+02 - 2.77E+04 : Ni-63(98%)

Flux wire 4.60E-01 1.55E+04 Ni-63(99%)
Miscellaneous metals 1.59E+00 No data No data

Core shroud 2.66E+02 3.17E+07 Co-60(50%), Fe-55(26%)
SUBTOTAL 4.51E+02 3.72E+07

TOTAL 1.27E+03 4.25E+07
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Table 4-3. Radionuclide distribution in activated metals.

Radionuclide : Activity (Ci)
Am-241 3.40E+01
C-14 4.35E+04
Co-60 1.80E+07
Cs-137 8.31E+03
Fe-55 9.21E+06
H-3 5.26E+03
1-129 1.00E+00
Mn-54 2.00E+04
Nb-94 6.39E+02
Ni-59 1.31E+05
Ni-63 9.81E+06
Pu-238 4.90E-01
Pu-239 2.37E+03
Pu-240 ‘ 0.00E+00
Pu-241 1.79E+01
Sr-90 7.35E+03
Tc-99 2.37E+03
TOTAL 3.72E+07
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4.1.2 Process Wastes

Process wastes are generated by the cleanup of liquids containing radioactive constituents. Wastes
in this category include ion-exchange media, filter media, and cantridge filters. The radionuclides of
concern in classifying this waste are Cs-137 and Sr-90, with Ni-63 a conS?ﬁeration for the cantridge filters.
Process waste is generally considered to be the result of operations, not decommissioning. The results of

the projections reported in DOE/LLW-114 are shown in Table 4-4.

_ A volume of 1.13E+03 m® (4.01E+04 f®) and an activity of 5.04E+05 Ci were assigned to the
procéss waste category. This waste represents 35.5%, by volume, of the total projected GTCC LLW and
just under one percent of total GTCC LLW activity. Utilities account for 51.1% of the process waste by
volume and just over 5% of the activity. Other waste gencrators are responsible for about 8.25E+01 m>
(2.92E+03 fi®) of the process waste and an activity of 1.02E+02 Ci. This represents about 7% of the
volume and less than 1% of the activity of the process waste category. The process waste held by DOE
accounts for the remaining 4.7SE+02 m?> (1.68E+04 ft%) and 477E405 Ci, or 42% and over 94%,
respectively, of the category totals. o~

‘-

The radionuclide distribution of the process-waste category is provided in Table 4-5. The nuclear
utilities reported TRU activity totaling 1.37E+02 Ci, which was assigned as 1.26E+02 Ci of Pu-239 and
1.09E+01 Ci of Am-241. This distribution was based on reactor type, consistent with discussions with
the au‘thors 6f DOE/LLW-114 (DOE 1991c). Approximately half of the activity reported by other
generators was also listed as TRU. This activity was reported by sealed-source manufacturers and was
assigned as Am-241, Pu-238, and Pu-239. The activity assigned to each radionuclide was in proportion
to the amount reported for sealed sources by sealed-source manufacturers. The activity associated with
the DOE-held Three Mile Island process waste is a mixture of cesium and strontium. While the activities
of the specific isotopes were not reported, the activity was assigned as 60% Cs-137 and 40% Sr-90 based

on discussions with persons at EG&G Idaho, Inc., who are familiar with the waste.

The predominant radionuclides in the process GTCC LLW are Co-60, Cs-137, and Sr-9G. These
three radionuclides, all with half lives equal to or less than 30 years, represent over 98% of the total
activity. The seven radionuclides with half lives greater than 100 years (C14, Ni-59, Nb-94, Tc-99, I-129,
-Pu-23y, and Am-241) account for 6.44E+02 Ci or about 0.1% of the total waste category activity.
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Table 4-4. Utility process waste characteristics.
.~ " "~ "]

Component Volume (m3) Activity (Ci)  Predominant Radionuclide
Decontamination Resins 2.73E+02 2.55E+(4 Co-60(64%), Ni-63(20%)
Pool Filters . 3.36E+01 2.00E+02 Ni-63(67%), Co-60(20%)
Control Rod Drive Strainers (outer) 2.22E+01 6.76E+01 Co-60(28%), Fe-55(19%)
Control Rod Drive Strainers (inner) 5.09E-01 6.85E+01 Co-60(26%), Fe-55(19%)
Cartridge Filters 2.43E+02 7.30E+02 Ni-63(84%), Co-60(8%)
Crud Tank Filters . 4.64E+00 3.47E+01 Ni-63(82%), Co-60(10%)
TOTAL 5.77E+02 2.66E+04

4-10



Table 4-5. Radionuclide distribution in process wastes.
L}

Radionuclide Activity (Ci)
Am-241 1.55E+02
C-14 3.13E+02
Ce-141 6.01E+01
Ce-144 ; 3.07E+00
Cm-242 . ~ 1.60E-03
Co-58 5.69E-04
" Co-60 A L.64E+04
Cs-134 1.28E+01
Cs-137 2.87E+05
Fe-55 2.33E+03
H-3 1.69E+00
1-129 | 2.00E+00
Mn-54 4.42E+00
Nb-94 7.59E-04
Ni-59 2.13E+00
Ni-63 5.87E+03
Pu-238 2.53E+00
Pu-239 | 1.69E+02
Pu-241 6.41E+02
Sr-90 _ 1.91E+05
Tc-99 2_.73E+00
Zn-65 ' . 3.35E-01
TOTAL : 5.04E+05
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4.1.3 Contaminated Equipment and Material

Contaminated solids are common at most facilitics that use or process radioactive materials. They
typically consist of paper, plastics, wood, cloth, and other ordinary trash. The radioactivity is generally
present as transuranic radionuclides and is typically present as surface contamination. A typical waste

stream in this category would be glove boxes from fuel fabrication or uranium processing facilities.

A total volume of 1.99E+02 m?> (7.04E+03 fr3) and activity of 2.87E+03 Ci were assigned to the
contaminated-equipment and material category. The waste represents 6.2%, by volume, and much less
than one percent, by activity, of the GTCC LLW considered in the technical evaluation. Other generators
account for 88.4% of the contaminated equipment and materials by volume and 82.3% of the activity.
Waste held by DOE accounts for the remaining 2.33E+01 m? (8.24E+02 ft3) and 5.07E+02 Ci.

The radionuclide distribution of the contaminated-cquipment and material category waste is given
in Table 4-6. The waste reported for sealed-source manufacturers listed activity totaling 1.03E+03 Ci as
TRU, specific isotopes were not listed. This activity was apportioned as 5.05E+02 Ci of Pu-238,
2.06E+01 Ci of Pu-239, and 5.05E+02 Ci of Am-241, based on the distribution of activity of thesé
radionuclides in other waste streams from the same generators. The DOE-held contaminated equipment
and materials are not well characterized. The 5.07E+02 Ci reported were listed as a mixture of americium
and plutonium; specific isotopes were not reporied. Based on discussions with personnel at EG&G Idaho,

Inc., who are familiar with this waste, the activity was assigned as 95% Pu-239 and five percent Am-241.

The dominant radionuclides found in contaminated equipment and materials all have half lives -
greater than 100 years. Four radionuclides (Pu-238, Pu-239, Pu-241, and Am-241) account for over 99%

of the total activity for this waste category.
4.1.4 Sealed Sources

Sealed sources typically consist of one or two radionuclides at fairly high activities enclosed in
a casing or jacket, usually made of stainless steel. Sources are used in a wide variety applications,
including well logging devices, X-ray fluorescence, moisture gauges, beta and gamma gauges, and

calibration devices.



Table 4-6. Radionuclide distribution in contaminated

equipment and material.
L

Radionuclide Activity (Ci)
Am-241 1.68E+03
Cs-137 , 6.85E+00
Pu-238 5.05E+02
Pu-239 5.02E+02
Pu-241 1.83E+02
Sr-90 2.98E-04
TOTAL 2.88E+03
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" The sealed-sources waste category includes a relatively small number of different isotopes.
Throughout the 1960s and early 1970s, cesium, in the form of cesium chloride, was the dominant
radionuclide source. Sources used in moisture/density gauges and well logging devices typically include
Cs-137, Pu-238, and/or Am-241. Sealed sources from pressurized-water reactors consist of neutron source
material that is encapsulated in stainless steel and usually located in a burnable-rod assembly. The source

material is commonly plutonium or americium, depending upon the manufacturer.

Sex"+4 sources occur in a variety of sizes. A moisture/density gauge is typically 1.0 cm (0.4 in.)
in diameter and 1.5 ¢m (0.6 in.) long, with a volume of 1.2 cm’ (0.1in.%). In comparison, a well logging
source is substantially larger, measuring 2.5 cm (1 in.) in diameter and 7.5 cm (3 in.) long, with a volume
of 38.6 cm® 24 in.3).

The source generally occupies a small volume compared to the entire instrument, especially when
packaged for shipment and disposal. The moisture/density gauge with a sealed source of 1.2 cm’ volume
may be surrounded by shielding, with a volume of 4.0E+03, and placed in a gauge with a total volume
of 1.5E+04. When packaged for disposal, the total volume may increase to 1.0E+05. Although most
sources are stored with the instrument as a single component, it is likely that the sealed source will be

removed from the instrument and disposed of separately.

A total volume of 2.78E+02 m?> (9.84E+03 ft3) and activity of 1.64E+07 Ci are assigned to GTCC
LLW sealed sources. Ninety-six percent of the waste category volume is accounted for by sealed sources
held by DOE. Almost all of the DOE held sealed sources consists of plutonium nitrate sources used in
fuel production research. Sealed sources from other generators and utilities account for 3.6% and less than
1% of the waste category volume, respectively. In terms of activity, however, utilities contribute more
than 95% of the category total, 1.60E+07 Ci, while other generators contribute 3.23E+05 Ci or aimost two
percent. The DOE-held sealed sources account for the remaining 6.00E+04 Ci, about 0.3% of the total.

The radionuclide distribution of the sealed sources GTCC LLW is provided in Table 4-7. With
the exception of Am-241, Pu-239, and Pu-240. all of the radionuclides listed have half lives of fewer than
100 years. The three longer lived radionuclices account for 1.60E+07 Ci, or more than 98% of the total
activity.
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Table 4-7. Radionuclide distribution in sealed sources.
.|

Radionuclide Activity (Ci)
Am-241 3.14E+04
Cs-137 2.81E+05
Cm-244 2.00E+03
Pu-238 1.97E+04
Pu-239 1.61E+07
Pu-240 5.55E+00
Pu-241 6.03E+01
Sr-90 1.00E-02
TOTAL 1.64E+07
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The release characteristics of the isotopes used in sealed sources depend on the matrix in which
they are bound and the type and thickness of the jacket surrounding the radioactivity. Information on the

manner in which some of these sources are fabricated is provided below.

Stated earlier, cesium chloride sources have been in use since the 1960s. However, it was found
that the solubility of cesium chloride in water (162 g/mL cold water, 260 g/mL hot water) posed a serious
problem should the capsule be breached. In some cases, a damp environment could contribute to the
degradation of the capsule from the inside, because the presence of chloride causes increased pitting of
304 stainless steel. As a result, other methods of fabricating cesium sources have been developed. These
other sealed sources use the cesium in its natural form, either bound into a quarnz-like material or soaked

into an inert resin and fired.

While other methods of cesium source manufacturing have been developed, cesium chloride
sources are still in use because they provide higher specific activities than other sources. The cesium
chloride is generally bound into another medium to reduce the potential for release. In some medical
applications, the source consists of a porous glass material soaked in cesium chloride and fired. Cesium
chloride may also be bound into a ceramic enamel casing, which is non-porous, insoluble, and
non-leaching. Should these binding media fail completely, however, the cesium chloride would still be

released, posing the same threat of corrosion 10 metal components.

Americium sources have become more widesprcad as a result of the increased availability of
americium since the mid-1960s. These sources generally take the form of americium dioxide, which is
very dense and nearly insoluble in water. The americium dioxide is pressed into a pellet by pressures up .
to 10 tons, depending on the size of the source. The sources may also be incorporated into a ceramic

enamel matrix, as described above in connection with cesium sources.

The most common plutonium sources use the dioxide form of Pu-238 and are fabricated in much
the same way as americium sources. Pu-239, however, presents more difficulty in handling, as it is an
ignitable metal. Pu-239 sources are generally prepared by sintering and firing. They may then be

incorporated into a binding matrix, as discussed previously.

Currently produced sources are now routinely double-encapsulated with stainless steel to provide
further resistance to releases. The thickness of the encapsulation depends on both the size and intended

use of the source. For example, well-logzing sources must be able to withstand higher pressures: than
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other sources. One manufacturer of sources for well-logging applications requires a minimum capsule
thickness of O.l cm (0.04 in.) for each layer, with thicker capsules for larger sources. The same
manufacturer requires 0.3 cm (0.1 in.) thickness for standard 20-Ci americium sources. In general, a
standard stainless steel such as 304 or 316 is employed for the capsule, although well-logging sources may

use a stainless steel that displays less sensitivity to pressure, such as 17/4.

Because no viable disposal mechanism for sealed sources has existed, there is no reliable
information concerning the age of many of the existing sources or on the condition of their metal jackets.
For the technical evaluation of the GTCC LLW disposal concepts, a 2-cm (0.8-in.) thick jacket made of
304 stainless steel is assumed. This jacket is assumed to cor’rodc at a rate of 1.0E-0S cm/yr (3.9E-06

in./yr), consistent with the discussion on corrosion rates in Section 3.3.1.
4.2 GTCC LLW Package Performance Characteristics

The performance characteristics of the high-integrity and high-level-waste type containers were
discussed in Section 3.3.1. As stated in that discussion, available information does not provide a reliable
basis upon which a credible lifetime for high integrity containers can be based. In terms of the

high-level-waste type containers, little is known regarding credible lifetimes.

In the absence of data on credible container lifetimes, lifetimes for the high-integrity and
high-level-waste type containers were based on regulatory requirements for the technical evaluation of the
GTCC LLW disposal concepts. In terms of the high-integrity container, it was assumed that the mean
lifetime was 300 years, consistent with the NRC's design goal for this package. Package lifetimes were

distributed about this mean value from 200 to 500 years, using a log-normal distribution.

The mean lifetime of the high-level-waste type package was assumed to be 1,000 years, consistent
with the maximum lifetime required by the NRC in 10 CFR 60 (NRC 1982a). Container lifetimes were

assumed to be distributed log-normally between 300 years, the minimum required lifetime, and 3,000

years.
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4.3 Characteristics of the GTCC LLW Disposal Concepts

Development of the conceptual designs of the GTCC LLW disposal concepts requires an
understanding of the requirements and features each concept must address or include. To ensure
consistency in the evaluation of the disposal concepts, it is necessary to ensure that each concept is
designed to a common set of standards. A design basis, therefore, was developed and addresses the

regulatory requirements, essential features, and common design standards.

The regulatory requirements that may be expected to apply to the design and construction of the
GTCC LLW disposal concepts are considered in Section 4.3.1. The design features and standards of the
disposal concepts, based in part on the regulatory requircments, are discussed in Section 4.3.2. The
general concept description is provided in Section 4.3.3; specific design information for the GTCC LLW

disposal concepts is provided in Section 4.3.4.
4.3.1 Regulatory Requirements

The NRC has declared that GTCC LLW is not suitable for disposal in a near-surface facility
unless specifically approved by the NRC. In instances where a high-level waste repository is not used,
it is the NRC's position that the containment requirements for the GTCC LLW would be the same as those
for a repository, unless lesser requirements proved sufficient. Of the requirements contained in
10 CFR 60, some apply to the waste, others apply to thc disposal site, and still others to the facility.
Questions, therefore, remain about the regulatory requirements that might be applied to the GTCC LLW

disposal concepts.

It is reasonable to expect the regulations that will apply to the disposal of GTCC LLW will be
bounded by the existing NRC regulations for LLW (10 CFR 61) and high-level waste (10 CFR 60). Each
of these regulations states siting, design, and other criteria that can be useful in determining a set of
regulatory requi.rements that might reasonably be applied to the disposal of GTCC LLW. The regulatory
requirements can, in tumn, be related to required functions that any GTCC LLW disposal concept must
perform. These functions are fundamental to the successful performance of the disposal system and are
referred to as "required functions.” The required functions for all the disposal concepts, or to which the

concepts must contribute, for either low-level or high-level waste, are summarized as follows:



*  Protect the general population from releases of radioactivity (10 CFR 61.41 and
10 CFR 60.113)

. Protect individuals from inadvertent intrusion (10 CFR 61.42)
. Protect individuals during operations (10 CFR 61.43 and 10 CFR 60.111)
. Ensure stability of the disposal site after closure (10 CFR 61.44 and 10 CFR 60.133)
. Minimize waste in contact with standing water (10 CFR 61.51, 10 CFR 60.133, and
10 CFR 60.134)
. Stabilize the waste form (10 CFR 61.56 and 10 CFR 60.135)
. Ensure structurally stable waste packages (10 CFR 61.56 and 10 CFR 60.113)
. Maintain retrievability option (10 CFR 60.111).

4.3.2 Design Features and Standards

The design features and standards are dévelopcd based on the regulatory requirements applicable
to the GTCC LLW disposal concepts, the assumed site characteristics, and the estimated volumes and
activities of the GTCC LLW requiring disposal. These are discussed in terms of general facility
considerations, disposal unit design features, design considerations for concrete structures, special
requirements for aboveground vaults, engineered cover systems, surface-water management, design

considerations for shafts and mines, and radiological safety.

General Facility Considerations. The disposal facility is assumed to have adequate capacity
to accommodate all GTCC LLW projected to be generated from nuclear utilities and other generators.
The development of the disposal facility is assumed to require 10 years, during which time thevsite
selection, site characterization, and engineering design are completed. The support facilities and disposal
structures are constructed in the last three years of the preoperational period. Necessary Federal licenses

and state and local permits are issued by the end of this development period. All projected GTCC LLW
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will be disposed of between the years 2035 and 2055. The disposal site will be stabilized and closed in
about two years. The permanent disposal facility will be monitored for 100 years following its closure.

The surface land area occupied by t_he facility is sufficient to accommodate the administrative area,
the general support area, the waste disposal units, and a buffer zone. The outer limits of the buffer zone
shall be designated by a security fence. The general support area is located within an inner fence. Access
to the waste disposal area is controlled with passive and active systems, and is restricted to those with a
legitimate need to be present and who are appropriately monitored for radiation exposure. The

administrative area lies outside the inner fence.

Disposal Unit Design Features. The disposal units are designed to satisfy the following
functional requirements:

. Provide sufficient space for disposal of all GTCC LLW
. Contain the waste without loss of structural integrity for at least 200 years, giving

consideration to the chemical characteristics of the waste, backfill material, and materials

used in construction of the disposal unit

. Complement and improve the ability of the natural site to accomplish the performance
objectives
. Minimize, to the extent practical, the potential for contact between waste and water both

during and after disposal operations

. Minimize voids between waste containers in the disposal unit

. Eliminate, to the extent practical, the need for ongoing active maintenance of the disposal
unit following closure (only surveillance, monitoring, and minor custodial care are

required after the disposal facility is closed)

. Permit the use of conventional construction and operating equipment, methods, and

procedures
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. Promote safety during construction activities and disposal operations

. Permit the monitoring and collection of any water that may accumulate in the disposal

units during the operations, closure and institutional control periods.

Design Considerations for Concrete Structures. Where reinforced concrete structures are
used for GTCC LLW disposal, the structures will be decsigned to satisfy the requirements stated in
ACI 349-80. Additionally, the structure must be watertight by limiting the stresses and controlling

cracking in accordance with ACI 350R-89.

The thickness of the structural elements and the elements providing reinforcement in the concrete
sections should be designed using two approaches if those elements will be exposed to the weather or
earth. First, to prevent potential cracking of the concrete, the normal tensile strength of the plain concrete
section will be greater than all tensile stresses in the structural elements. Second, if it is assumed that the
concrete bears no tension force (i.e. the reinforcement eicments carry all tension force) the calculated
probable maximum crack width in the concrete should be less than the general guide for tolerable crack
width for typical exposure conditions given in ACI 224R-89. The guidance for durable construction under

ACI 201,2R-82 must also be considered in the design.

Loading Combination. A 500-year crcdible earthquake is used as the design basis
earthquake. On the basis of modified ACI 349-90, the required strength of the reinforced concrete

structures or structural elements, U, is at least equal to the greatest of the following:

Ul=14D+14F+ 1.7H+ 1.7E
U2=14D+ 14F + 1.7L + 1.7W
U3=D+L+T+E+H

U4=D+L+T+W+H (4-1)
where

D = dead loads, or related moments and forces

L = live loads, or related moments and forces

F = loads Aresulting from lateral and venical pressure of incidental liquid, or related

moments and forces, if applicable
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loads resulting from earth pressure, or related moments and forces, where applicable

loads from temperature differences within the structure, or related moments and

forces

loads from design wind pressure, or related moments and forces

loads generated by the design basis earthquake, or related moments and forces.

Material Properties. Properties requircd of concrete and reinforcing steel for waste

disposal structures such as vaults and modular concrete canisters include:

Portland cement

Specified compressive strength of concrete (psi)
Reinforced concrete density (g/cm3)

Average waste/grout density (g/cm3)

Concrete porosity

Average waste/grout porosity

Minimum cement content in concrete (kg/m3)
Initial pH for concrete

Minimum concrete cover over reinforcement (in):
Exterior faces of vaults and canisters
Interior faces of vaults and canisters

Poisson’s ratio for concrete
Maximum water-cement ratio for concrectc
Maximum concrete permeability (cm/sec)

Concrete Constituent Concentrations (mole/L):
Calcium concentration in C-S-H system
Calcium concentration in Pore Fluid
CaO content in cement
Silica concentration in C-S-H system
Initial chloride concentration in concrete

Maximum diffusion coefficient in concrete (cm2/sec):
Ca (OH2), NaOH, KOH
Cl-
SO4++
02, CO2
Ca(OH)2

422

Type I
5.0E+03
2.40
1.92
0.21

-0.30

360.
12.5

2.5
2.0

0.15-0.2
0.4
2.0E-11

1.75
2.0E-02
2.11
0.71
5.0E-03

1.0E-6
1.0E-7
1.0E-7
1.0E-6
1.0E-6



Constituent Solubilities (mole/L):

Ca(OH)2 2.0E-02

CO3--, Mg++ 1.2E-03
Specified yield strength of reinforcement (psi) 6.0E+04
Specified compressive strength of grout (psi) - 2.0E+03
Average air content of concrete (percent) 5t06

Epoxy-coated reinforcement will be used and will conform to ASTM A775 and ASTM
D3963/D3563M-87. The aggregates must be shown by records or laboratory examination to minimize
the potential for alkali-silica reaction, cement-aggregate rcaction, or expansive alkali-carbonate reaction.
The maximum sulfate, sulfide, or chloride content in aggregate and sand or concrete must be less than
0.05% by weight of cement. The maximum silt, clay, or dust content of the aggregate must be less than
0.5% by weight of aggregate. The concrete must be capable of withstanding at least 300 freeze/thaw
cycles in accordance with ASTM C666, ASTM C671, and ASTM C682. Air-entrained admixtures must
conform to ASTM C260. The backfill material which will contact the canisters must be controlled to

minimize the chemical attack of reinforced concrete.

Allowable Maximum Stress. The canister is designed to be watertight. Design
requirements for allowable concrete and steel stresses for structural elements at service loads are presented

in ACI 350R-89. The service load stresses must not exceed the following:

Concrete in flexure compression (psi) 0.45 fc’
Concrete in direct tension (psi) 0.1 fc~
Shear stress carried by concrete (psi) 1.1 (fc ’)05
Bearing on loaded area (psi) 0.3 fcr
Reinforcing steel in flexural tension (psi) 04 fy
Reinforcing steel in direct tension (psi) 14,000

where
fc’

specified compressive strength of concrete (psi)

fy specified yield strength of reinforcement (psi).
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Cracking Control. Design for controlling cracking in flexural elements and tensile
elements must foliow guidance contained in ACI 224R-89 and ACI 350R-89. The maximum tolerable

crack width at the tensile face of the reinforced concrete structures under typical conditions is:

Index of crack control (Z), limiting distribution of reinforcement
Normal exposure condition (kip/in.) 115

Severe exposure condition (kip/in.) 95

Maximum crack width exposed to

Dry air or protective membrane (in.) 0.016

Moist air, soil environment (in.) 0.012

Allowable Roof Dispiacement. Allowable roof displacement over span is no greater
than 1/500.

Structural Stability. Required safety factors for the stability of structure are

summarized as follows:

Under normal conditions

Resistance to overtumning 2.00

Resistance to sliding 2.00

Under abnormal conditions

Resistance to overturning 1.50

Resistance to sliding 1.50

Special Requirements for the Aboveground Vault Disposal Unit. A protective enclosure
must be provided from the beginning of construction until facility closure. This protective enclosure must
be freestanding and provide weather and frost protection for the disposal unit. It must also be watertight
and easy to inspect and repair. The protective enclosure structure must be designed to conform with the
Uniform Building Code (UBC-1991).
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The aboveground vault should be carefully designed and constructed to prevent any cracks that
may develop and penetrate to the disposed waste. The surfaces of the concrete structure that are exposed
to the weather should be sealed and coated. The structure should be capable of being monitored for

long-term performances.

Engineered Cover Systems. All potential GTCC LLW disposal concepts will be provided
with an engineered cover system. The cover system helps isolate the waste from the environment and

reduces the potential for contact between water and wastec. The cover systems are designed to

. Minimize the potential for water to infiltrate into and percolate through the disposal unit
. Direct surface and percolating water away from the disposal unit
. Reduce exposure rates at the upper surface to levels that satisfy 10 CFR 20 requirements

for occupational exposures

. Assist in the long-term isolation of the waste from the environment
L Resist degradation by surface geologic processes and biotic activity
. Prohibit water velocities or gradients that would result in erosion that would require

ongoing active maintenance

. Act as a barrier to intrusion by humans, plants, and animals

. Minimize surface erosion, differential scttlement, ponding, piping, sloughing, and
slumping

. Minimize the potential for liquefaction.

The design criteria for the cover systems are as follows:

. At least 10 m (33 ft) of earthen cover systcm are required for near-surface disposal units
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. At least 2 m (6.5 ft) of earthen cover system above native grade are required for the

intermediate-depth or deep geologic drilled hole and mined cavity disposal concepts

. The maximum amount of percolation is determined so projected dose rates to any member
of the general public via the groundwatcr pathway do not exceed limits specified in
10 CFR 61, Subpart C |

. The minimum slope of each cover layer is 1% to ensure adequate drainage

. The maximum side slope of each cover layer is 20% to ensure stable surfaces

. The minimum drainage layer permeability is 1.0E-02 cm/s (3.9E-03 in./s) to ensure proper
drainage

. The maximum in-place coefficient of permecability for clay is 1.0E-07 cm/s (3.9E-08 in./s)

to ensure an adequate resistance to water flow
. The minimum clay thickness is 0.6 m (2 ft) to ensure adequate resistance to water flow.

Surface Water Management System. The surface water management system includes
protective measures for the probable maximum flood event, the surface water drainage system, and the
retention pond, as necessary. The drainage system for surface water is provided to protect the disposal
facility from' the effects of surface water run-on and to conduct surface water runoff away from the

vicinity of the disposal units. The retention pond is only required for near-surface disposal facilities.

The drainage system for surface water consists of berms, grades, ditches, and drainage structures

that will accomplish the following functions:
. Prevent surface water run-on from areas adjacent to the disposal facility

e Direct potentially infiltrating surface walcr away from disposed waste at velocities that

will not cause erosion that requires ongoing active maintenance

. Resist degradation by surface geologic processes and biotic activity
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. Complement and improve the ability of the site to ensure that the performance objectives

are satisfied

. Provides a retention pond for near-surface disposal facilities to collect runoff to permit

testing of potential contamination before release.

The surface water management system should be designed according to the following design

criteria:

. The capacity of each component of the system will be determined for maximum flow
under worst conditions

. The minimum ditch slopes will be sulficient to produce cleansing velocities under
expected flow conditions

. The maximum ditch slopes will be based on minimizing potential for erosive forces that
might degrade the functions of the surface water drainage system

. Materials will be selected with consideration of maximum water velocities to minimize
the potential for water erosion

. The retention pond will be sized to retain runoff from 100-year, 24-hour storm events

without discharge.

Special Requirements for Vertical Shafts and Mines. Rock bolt, steel or timber frame,
shotcrete, or reififfurced concrete liners may be provided to-support the vertical shafts and mines. The
method chosen will depend on geologic and hydrologic considerations. For the potential GTCC LLW

disposal concepts, reinforced concrete liners are assumed.

Consolidation grouting is required in vertical shafts and mines. This grouting stabilizes the margin

of host rock adjacent to the shaft or mine that is damaged during the construction process.

Radiological Safety. The protection of workers from undue hazards associated with radiation
is required by 10 CFR 20 and 10 CFR 61. The magnitude of worker exposures is closely related to the
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technology employed and the operating procedures at a given facility. Potential worker exposure levels
will be considered and the designs should incorporate provisions to maintain worker exposures as low as

reasonably achievable.

4.3.3 General Concept Description

A general descripton of the GTCC LLW disposal concepts is prbvidcd below. The general layout
of the various concepts is described, followed by a discussion of the design basis for the modular concrete

canister, which is used in several of the concepts.

Surface Faciiitles Layout. Common features of the layout of the near-surface GTCC LLW
disposal concepts are described in this section. The site includes support facilities required for the proper
conduct of the disposal operations, a disposal area where the disposal operations are performed, a buffer

zone, and utilities.

Support Facliities. Common support facilities are provided for all of the GTCC LLW
disposal concepts. The facilities are located in a restricted area and include an access control point (guard
house), a waste inspection station, a pump house, an administration/operations support building, an
equipment maintenance area, a washdown area for decontamination of trucks and other equipment, a waste
storage building. a concrete batch plant (where applicable), and a materials storage area. The
administration/operations support building contains offices, conference rooms, laboratories, lockers, and

personnel facilities.

A retention pond is constructed for all near-surface disposal concepts. A compressed-air and
water-supply building is constructed “or the intermediate-depth and deep geologic disposal concepts;

ventilation systems and groundwater holding tanks are included in the mined cavity concept.
Disposal Area. The disposal area is a restricted area surrounded by a chain link fence
topped with barbed wire. Access to the disposal arca is restricted to authorized personnel. The

cbmponems of the disposal area include

. Disposal units for GTCC LLW and any waste that may result from decommissioning the

facility
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. Surface water drainage system

. Retention ponds for the near-surface disposal concepts

. A compressed-air and water-supply building for the drilled hole and mined cavity
concepts

. A waste-handling and ventilation building or ventilation system for the mined cavity
concept

. Onsite service roads and perimeter roads

. Stockpile area

. Onsite monitoring system.

The general support area is a portion of disposal area adjacent to the administration area. The

buildings and facilities located in this area include

. A waste receipt and storage building

. A decontamination facility

. An equipment storage and maintenance building

. A concrete batch plant for grouting modular concrete canisters.

Buffer Zone. A 100-m (300-ft) buffer zone is provided between unrestricted land areas
and the disposal area on three sides of all GTCC LLW disposal facility, the buffer zone in the
adrministrative area is 61 m (200 ft) wide. Access to the buffer zone is controlled from both sides by
chain link fences. A guard station is located at the outer perimeter to limit entry to authorized personnel

and to control potential exposures to radiation. Facilities located in the buffer zone include

. Environmental monitoring installations and equipment
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. A guard house

. Parking areas

. An administrative/operations support building (including health physics, security,

laboratory, and change room)

. A pumphouse and water-storage tank

. Access roads

. A drainage system (water incident on buffer zone will be diverted away from disposal
area)

. Fencing and gates.

In addition to the buffer zone described above, a minimum of 100 m (300 ft) will be maintained
between the disposal area and the inner fence or between the disposal area and the boundary of the general

support area.

Utliities. Utilities required for operation of the disposal site are those common to most’
industrial operations. They include electricity, water, telephone service, and sanitary sewers connected
1o a septic tank (because of the remoteness of the site). Storage tanks for gasoline and diesel fuel needed
to operate site vehicles and equipment will also be located onsite. As stated earlier, a compressed-air and
water-supply building is constructed for the intermediatc-depth and deep geologic facilities; ventilation

systems and groundwater holding tanks are included in thc mined cavity disposal facilities.

Modular Concrete Canister Design Basis. Modular concrete canisters are used in one of the
. near-surface disposal concepts and all of the intermediate-depth and deep geologic concepts. Several
different configurations of the canisters could be considered for use because of the variety of high-imegrity
and high-level-waste type containers that may be used for GTCC LLW disposal. For the technical
evaluation of the GTCC LLW disposal concepts, a single modular concrete canister design was selected

that would accommodate several different waste packages.
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Selection of the modular concrete canister design was based, in part, upon limiting occupational
exposures to fewer than 100 mrem/hr from the unshielded canister. A portion of the waste, comprising
roughly 10% of the total GTCC LLW volume, required canisters with much thicker walls in order to
achieve this goal. Use of these canisters for all GTCC LLW would require special handling equipment
and would nearly double the disposal capacity required for the waste. To circumvent the need for the
more robust canisters, the design of the mined cavity concept was modified to permit remote handling of
the highest activity waste. Special design features were not required for the near-surface or drilled hole

disposal conceplts.

The modular concrete canister design selected for use in the technical evaluation accommodates
four sizes of high-integrity containers and the high-level-waste type containers. The canister has an
exterior diameter of 2.6 m (8.7 ft) and is 2.8 m (9.25 ft) tall (Figure 4-1). The outer rim of the top of the
canister has a 5-cm (2-in.) im which may be used for lifting. The interior dimensions of the canister are
2.0 m (6.7 ft) in diameter and 2.1 m (6.9 ft) in heightt A summary of dimensions and physical

characteristics of the canister is provided in Table 4-8.

The modular concrete canister is assumed to be capable of withstanding all loads placed on it,
based on the working conditions and ACI codes that were applied in the design process, including ACI
349-90, 224R-89, 350R-89, 201.2R-77 (Reaffirmed 1982). The steel reinforcement design in the canister
is based on engineering judgement. More detailed justification will be required for the preliminary design

of the canister.
4.3.4 GTCC LLW Disposal Concept Conceptual Designs

The conceptual designs of the GTCC LLW disposal concepts are provided below. The
near-surface disposal concepts are discussed first, followed by descriptions of the intermediate-depth and

deep geologic concepts.

Near-Surface Disposal Concepts. The near-surface GTCC LLW concepts include shallow-land
disposal, modular concrete canister, belowground vault, earth-mounded vault, and aboveground vault
facilities. Features common to these concepts are discussed here, specific design characteristics of each

concept are provided in the following paragraphs.
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Figure 4-1. Dimensional detail of modular concrete canister.
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Table 4-8. Physical characteristics and reinforcements in the modular

concrete canister.
.. "~ |

Cylindrical shell of wall:

Wall thickness (in.) 12
Inside diameter (in.) v 80
Inside height (in.) 83
Nominal outside diameter (in.) 104
Qutside height (in.) 111
Circular roof thickness (in.) 14
Circular floor thickness (in.) 14

Specified compression strength of concrete at 28 day (psi) 5,000

Steel reinforcement size and space in canister elements

Wall - exterior face, vertical #5 @ 6" o.c.
Wall - interior face, vertical #5 @ 6" oc.
Wall - exterior face, ring #5 @ 6" o.c.
Wall - interior face, ring #5 @ 6" o.c.
Roof - exterior face, both ways #5 @ 6" o.c.
Roof - interior face, both ways #5 @ 6" o.c. ’
Floor - exterior face, both ways #5 @ 4" oc.
Floor - exterior face, both ways #5 @ 4" o.c.
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All of the near-surface GTCC LLW disposal concepts have a layout similar 10 that shown in
Figure 4-2. Each of the concepts includes support facilities for administration, operations, access control,
maintenance, decontamination, and waste receiving/storage, as discussed in Section 4.3.3. The specific
dimensions of these facilities and the land requirements differ between disposal concepts. These

differences are discussed below.

With the exception of the aboveground vault concept, each of the near-surface concepts will utilize
engineered cover systems, shown in Figure 4-3. An interim cover will be used prior to installation of the

final engineered cover system. The final cover will consist of (in ascending order)

. _ A 15.2-cm (6-in.) layer of gravelly sand

. A 0.9-m (3-ft) layer of compacted bentonite clay

. A 7.8-m (25.5-ft) layer of native soil

. A layer of geotextile

. A 0.6-m layer of gravel/cobble, which serves as a subsurface drainage layer and biobarrier
. A 15.2-cm (6-in.) layer of pea gravel

. A 15.2-cm (6-in.) layer of sand

. A 0.3-m (1-ft) layer of topsoil seeded with native vegetation.

Shallow-Land Disposal Concept. The shallow-land disposal concept is shown in
Figures 44 and 4-5. Each of the four disposal units consists of a sloped trench, which, when open, will
measure approximately 95 m (313 ft) long by 57 m (188 ft) wide and will be excavated to a depth of
approximately 16 m (52 ft). The actual waste emplacement area at the bottom of the trench will measure
6.4 by 44 m (21 by 146 ft). The bottom of the trench will be covered with a minimum of 0.6 m (2 ft)
of sandy gravel and 15.2 cm (6 in.) of pea gravel. A subgrade drainage layer and a french drain are
installed in one side of the trench; a monitoring well will extend to the ground surface from the french

drain.
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Figure 4-2. Near-surface disposal concept layout plan.
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Land requirements for the near-surface facilities
) Width of land Depth of land | Total site area Wasle disposal area
Disposal concept X (f) Y (ft.) (ac.) (ac.)
Shallow-land disposal 1380 1830 61 27
Belowground modular 1380 2870 91
concrele canister
Beiowground vault 1410 2230 72
Earth-mounded concrete 2090 3100 149 91
vault
Aboveground vault 1120 1870 48 18
RAE - 104546
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Figure 4-3. Near-surface disposal unit cover systems.
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Figure 4-4. Shallow-land disposal unit plan.
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Waste packaged in high-integrity containers is placed in the trench using a boom crane or forklift.
The waste will be placed in a layered configuration on top of the pea gravel to a height of approximately
5.8 m (19 ft). Void spaces around, between, and above the containers will be filled with compacted
gravelly sand. The layer of gravelly sand on top of the waste represents the bottom-most layer of the
engineered cover system. A summary of disposal site, disposal area, and disposal unit characteristics for

the shallow-land disposal concept is provided in Table 4-9.

Moduiar Concrete Canister Disposal Concept. The modular concrete canister
disposal concept (Figures 4-6 and 4-7) is similar to the shallow-land disposal concept in that there are
4 disposal units, each of which consists of a sloped trench. The open disposal units will measure
approximately 23.2 m (760 ft) long by 58 m (189 ft) wide and will be excavated to a depth of about 16 m
(52 ft) below grade. The actual waste emplacement area at the bottom of each trench will measure 8.1 m
(26.5 ft) by 184 m (605 ft). The bottom of the trenches will be covered with a minimum of 0.6 m @2 ft)
of sandy gravel and 15.2 cm (6 in.) of pea gravel. A french drain is installed in one side of each trench,

a monitoring well will extend up to the ground surface from the french drain.

Waste will be packaged in high-integrity containers, loaded into the concrete canisters, and
grouted. The filled canisters will be placed in the trench using a boom crane or forklift. The canisters
will be placed in a two-layer configuration to a height of approximately 5.8 m (19 ft). Void spaces
between canisters will be filled with pea gravel, and gravelly sand will be placed around and above the
placed canisters. The layer of gravelly sand on top of thc canisters represents the bottom-most layer of
the engineered cover system. A summary of disposal site, disposal area, and disposal unit characteristics

for the modular concrete canister disposal concept is provided in Table 4-10.

Belowground Vault Disposal Concept. The belowground vault disposal concept
consists of a reinforced concrete vault constructed in an excavated trench (Figures 4-8 and 4-9). There
are 4 disposal units, each consisting of a sloped trench, which, when open, will measure approximately
138 m (454 ft) in length 65 m (212 ft) in width and will extend to a depth of 18 m (58 ft) below grade.
The bottom of each trench will be covered with a minimum of 0.6 m (2 ft) of sandy gravel and 15.2 cm
(6 in.) of pea gravel. A french drain is installed in one side of the trench, and a monitoring well extends

from the drain to the ground surface.

Each vault consists of 11 disposal cells, a thermal expansion joint is provided between groups of

two or three disposal cells. The vaults will be 8.7 m (28.5 ft) wide, 82 m long (270.5 ft), and 7.9 m
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Table 4-9. Summary of disposal site and disposal unit physical
characteristics for the shallow-land disposal concept.

Characteristic Value
Site dimensions (ft x ft) 1380 x 1930
Total site area (ac) 61
Disposal area dimensions (ft x ft) ' 880 x 1330
Total disposal area (ac) 27
GTCC LLW Disposal Unit
'Number of units 4
Trench base dimensions (ft x ft) 158 x 33
Trench top dimensions (ft x ft) 312.5 x 187.5
Height of waste in unit (ft) 19
Unit disposal capacity (ft) ' 28,750
Minimum thickness of soil cover (ft) 33
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Table 4-10. Summary of disposal site and disposal unit physical

characteristics for the modular concrete canister disposal concept.
0 A U

Characteristic Value

Site dimensions (ft x ft) 1380 x 2870
Total site area (ac) . 91
Disposal area dimensions (ft x ft) 880 x 2270
Total disposal area (ac) 46
GTCC low-level waste disposal unit

Number of units 4

Trench base dimensions (ft x ft) 605 x 34.5

Trench top dimensions (ft x ft) 759.5 x 189

Minimum open trench depth (ft)

Canister number in rows (ea) 3

Canister number in rank (ea) o 67

Canister layer in height (ea) 2

Backfill layer between canisters (in.) 6

Stacked canister height in disposal unit (ft) 19

Total number of MCC in disposal unit (ea) 400

Unit disposal capacity (ft>) 28,750

Minimum thickness of soil cover (ft) 33
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Figure 4-8. Belowground vault disposal unit plan.
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(26 f1) tall. The floor of vault is constructed with 0.6 m (2 ft) overhangs on all exterior faces of the
~ structure. Each disposal cell is 6.4 m (21 ft) wide, 6.4 m (21 ft) long, and 5.5 m (18 ft) high. A 15.2-cm
(6-in.) gravelly drainage layer will be placed on the floor of the disposal cells.

Waste packaged in high-integrity containers is placed in the disposal cells using an overhead or
boom crane. Waste is placed in a two-layer configuration, with 0.9 m (3 ft) of gravelly sand placed
between successive layers. Void spaces around and between the containers will be filled with pea gravel.
Following placement of the second layer of waste, 0.9 m (3 ft) of gravelly sand is placed over the waste.
Following closure of the vaults, additional gravelly sand backfill will be placed upon and around the vault.
The gravelly sand placed on the vault represents the bottom-most layer of the engineered cover system.
A summary of disposal facility and disposal unit characteristics for the belowground vault disposal concept
is provided in Table 4-11.

Earth-Mounded Vault Disposal Concept. The earth-mounded vault disposal concept,
shown in Figures 4-10 and 4-11, is identical to the belowground vault concept save for the fact that the
vaults will be constructed at essentially grade level (the reader is referred to the description of the
belowground vault concept). The vault will sit below the frost-line on top of a 0.6-m (2-ft) layer of sandy
gravel and 15.2 cm (6 in.) of pea gravel. A summary of disposal facility and disposal unit characteristics
for the Earth Mounded Vault disposal concept is provided in Table 4-12.

Aboveground Vault Disposal. The aboveground vault disposal concept is similar to
the earth-mounded vault concept, save for the fact that no earthen cover system will be provided for the
former (Figures 4-12 and 4-13). The vault is construcled at essentially grade level. Only a slight

excavation is needed for the footings and the floors of the vaults, which must sit below frost line.

Each of the four vaults consists of 11 disposal cclls. An expansion joint is provided between
groups of two to three cells to permit thermal expansion without structural damage. The vaults will be
8.2 m (27 ft) wide, 82 m (269 ft) long, and 7.3 m (24 ft) tall. The vaults will be placed in a drainage
layer, and a french drain will be installed in one side of the trench. A monitoring well will extend to the

ground surface from the french drain.

Waste packaged in high-integrity containers will be placed in the disposal vaults using an overhead
crane. Waste packages will be placed to a height of 4.6 m (15 ft), void spaces between the containers will

be filled with pea gravel. A 0.9 m (3 ft) layer of compacied gravelly sand will be placed on top of the
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Table 4-11. Summary of disposal site and disposal unit characteristics for the belowground

vault disposal concept.
b " """~

Characteristic Value
QOverall site dimensions (ft x ft) 1410 x 2230
Total site area (ac) 72
Disposal area dimensions (ft x ft) _ 910 x 1630
Total disposal area (ac) 34
Number of disposal units or vaults (ea) 4
GTCC LLW disposal unit ‘
Number of cells per vault (ea) 11
Interior cell dimensions (L x W x H, ft) 21 x 21 x 18
Exterior vault dimensions (L x W x H, ft) 270.5 x 28.5 x 26(Y)
Minimum backfill thickness on top of waste inside cell (ft) 3
Roof thickness (in.) ' 45
Exterior wall thickness (in.) 45
Interior wall thickness (in.) 24
End wall thickness (in.) 30
Floor thickness (in.) 51
Specified compression strength of concrete at 28 days (psi) 5,000
Specified yield strength of reinforcement (psi) 60,000
Reinforcement size and space in the vault elements:
Roof - exterior face, both ways #7 @ 6" o.c.
Roof - interior face, both ways # @ 6" o.c.
“Exterior wall - exterior face, both ways #8 @ 6" o.c.
Exterior wall - interior face, both ways #7 @ 6" o.c.
Interior wall - both face, both ways #6 @ 6" o.c.
End wall - exterior face, both ways #1 @ 6" o.c.
" End wall - interior face, both ways #7 @ 6" o.c.
Floor - exterior face, both ways #8 @ 6" o.c.
Floor - interior face, both ways #10 @ 6" o.c.
Minimum trench excavation depth (ft)
Trench excavation at grade (L x W, ft) 485 x 152.5
Trench excavation at base (L x W, ft)
Overall waste placement efficiency in cell (percent) 41°
Minitnum earthen cover thickness (ft) 33

a. Ignoring 2 feet floor overhang from faces of exterior walls.

b. Depending on waste container.
S S
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Figure 4-10. Earth-mounded vault disposal unit plan.
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Table 4-12. Summary of disposal site and disposal unit physical characteristics for the earth-

mounded vault disposal concept.

L I

Characteristic Value
Overall site dimensions (ft x ft) 2090 x 3100
Total site area (ac) 149
Disposal area dimensions (ft x ft) 1590 x 2500
Total disposal area (ac) 91
Number of earth-mounded units (ea) 4
Earthmound disposal unit
Number of vaults in earth-mounded unit (ea) 1
Number of cells per vault (ca) 11
Interior cell dimensions (L. x W x H, ft) 21 x21x 18
Exterior vault dimensions (L x W x H, ft) 270.5 x 28.5 x 26®@
Backfill thickness on top of waste inside vaulit cells (ft) 3
Roof thickness (in.) 45
Exterior wall thickness (in.) 45
Interior wall thickness (in.) 24
End wall thickness (in.) 30
Flood thickness (in.) 51
Specified compression strength of concrete at 2§ days (psi) 5,000
Specified yield strength of reinforcement (psi) 60,000
Reinforcement size and space in the vault elements:
Roof - exterior face, both ways’ #7 @ 6" o.c.
Roof - interior face, both ways # @ 6" o.c.
Exterior wall - exterior face, both ways #8 @ 6" 0.c.
Exterior wall - interior face, both ways #7 @ 6" o.c.
Interior wall - both face, both ways #6 @ 6" o.c.
End wall - exterior face, both ways #7 @ 6" o.c.
End wall - interior face, both ways #7 @ 6" o.c.
Floor - exterior face, both ways #8 @ 6" o.c.
Floor - interior face, both ways #10 @ 6" o.c.
Number of vaults in earth-mounded unit (ea) 1
Dimensions of earthen cover at grade (L x W, ft) 810.5 x 568.5
Overall waste placement efficiency in cell (percent) 41°
Earth cover thickness (ft) 33

Nominal earthen cover above grade (ft)

a. Ignoring 2 feet floor overhang from paces of exterior walls.
b. Depending on container type. -
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waste. A freestanding building protects the exterior of the vault from exposure to precipitation,
temperature extremes, and erosive forces. This building will require maintenance for at least 100 years
after closure. A summary of disposal facility and disposal unit characteristics for the aboveground vault

disposal concept is provided in Table 4-13.

Intermediate-Depth and Deep Gealagic Disposal Concepts. The intermediate-depth and
deep geologic. GTCC LLW disposal concepts include the mined cavity and drilled hole facilities. The
design of each concept is the same for the two disposal dcpths. Featres common to these concepts are

discussed here, specific design characteristics of each concept are provided below.

The mined cavity and drilled hole disposal concepts include suppont facilities for administration,
operations, access control, maintenance, decontamination, and waste receiving/storage as discussed in
Section 4.3.3. The specific dimensions of these facilities and the land requirements differ between

disposal concepts. These differences are considered below.

The intermediate-depth and deep geologic disposal concepts will utilize engineered cover systems,

shown in Figure 4-14. The final cover will consist of (in ascending order):

A 152 em (6 in.) layer of gravelly sand

. A 09 m (3 fr) layer of compacted bentonite clay
. A layer bf geotextile

. A 0.3 m (1 ft) layer of gravel/cobble

. A 15.2 cm (6 in.) layer of pea gravel

. A 15.2 cm (6 in.) layer of sand

. A 0.3 m (1 ft) layer of vegetated lopsoilT
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Table 4-13. Summary of disposal site and disposal unit physical characteristics for the
aboveground vault disposal concept.
| e

Characteristic Value
Overall site dimensions (ft x ft) 1120 x 1870
Total site area (ac) . 48
Disposal area dimensions (ft x ft) . 620 x 1270
Total disposal area (ac) 18
Number of disposal unit or vault (ea) : 4
GTCC LLW disposal unit
Number of cells per vault (ea) 11
Interior cell dimensions (L x W x H, ft) 21 x 21 x 18
Exterior vault dimensions (L x W x H, ft) 269 x 27 x 24®
Backfill thickness on top of waste inside vault (ft) ' 3
Roof thickness (in) 33
Exterior wall thickness (in) 36
Interior wall thickness (in) 24
End wall thickness (in) ] 30
Flood thickness (in) 39
Specified compression strength of concrete at 28 days (psi) - 5,000
Specified yeild strength of reinformcenet (psi) 60,000
Reinforcement size and space in the vault elements:
Roof- exterior face, both ways #7 @ 6" o.c.
Roof - interior face, both ways # @ 6" o.c.
Exterior wal! - exterior face, both ways #8 @ 6" o.c.
Exterior wall - interior face, both ways #] @ 6" o.c.
- Interior wall - both face, both ways #6 @ 6" o.c.
End wall - exterior face, both ways #7 @ 6" o.c.
End wall - interior face, both ways #7 @ 6" o.c.
Floor - exterior face, both ways #8 @ 6" o.c.
Floor - interior face, both ways #10 @ 6" o.c.
Minimum trencs excavation depth (ft) 1.5
Trench excavation at grade (L x W, ft) 299.5 x 57.5
Trench excavation at base (L x W, ft)
Overall waste placement efficiency in cell (percent) ' 41°
Earth cover thickness (ft) 0

a Ignoring 2 feet floor overhang from faces of exterior wall.

b. Depending on container type.
{0 R
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Figure 4-14. Shaft cover system for intermediate-depth or deep geologic disposal unit.
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Mined-Cavity Disposal Concept. The surface layouts for the mined cavity disposal
concept for the intermediate-depth and deep geologic facilities are shown in Figure 4-15. The outer

perimeter of the facility at the ground surface measures approximately 585 by 900 m (1,920 by 2,960 ft).

The centerpiece of the mined cavity is the waste handling and ventilation building. Receipt of
the modular concrete canisters and preparation of the canisters for disposal take place here. The building
houses the waste preparation equipment, and the hoist and ventilation equipment for the three shafts. Each

of these shafts will be used alternatively for personnel/material and ventilation.

A cross sectional view of the proposed shaft design is shown in Figure 4-16. The circular shaft
has an inside diameter of 6.1 m (20 ft), the walls of which will be lined with 38 to 46 cm (15 to 18 in.)
of reinforced concrete. The shaft liner will extend about 1.1 m (3.5 ft) above the ground surface for
worker safety considerations. The shaft is designed to accommodate a 3 by 4.9 m (10 by 16 fi)
rectangular cage for transporting equipment and material, as well as conduits for power, light, and
communications cables. Additionally, the shaft design includes access for two pre-placed monitoring
wells. These wells will allow sampling of the drainage sump located at the bottom of the shaft. A
high-efficiency suction pump will provide the capacity to remove leachate from the disposal units through

the monitoring wells.

A cross sectional view of the mined-cavity disposal concept tunnel is provided in Figure 4-17.
The tunnel is 6.1 m (20 ft) wide and 9.8 m (32 ft) high, and is lined with a minimum of 0.3 m (1 ft) of
reinforced concrete to protect workers from falling debris and to control water infiltration during tunnel
construction and operation. The tunnels are designed to accommodate modular concrete canisters stacked
two high and two wide in a staggered configuration. The tunnels will also accommodate a mobile,
overhead crane to allow placement of the waste. Tunnels extend 190 m (620 ft) outward from the access
shaft and are designed with a 1 percent slope and a gravel drainage layer to allow drainage back toward

the monitoring sump at the bottom of the shaft.

Longitudinal sections of the mined-cavity disposal concept for the intermediate-depth and deep
geologic facilities are shown in Figures 4-18 and 4-19, rcspecﬁvely. These figures, which show the
facilities in their closed condition, differ only in terms of the distance from the top of the bedrock to the
top of the mined tunnels. In the intermediate-depth facilities this 