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1. INTRODUCTION

This is the first phase of a three-phase design effort, which consists of Advanced Conceptual Design
(ACD), License Application Design, and Final Procurement and Construction Design. This volume
of the Mined Geologic Disposal System (MGDS) ACD report provides a review of the Engineered
Barrier Segment/Waste Package (WP) development process to date. The evaluations and results
presented in this report support the design goals of the Waste Package Implementation Plan (YMP
1995), and address the design driving requirements provided in the Engineered Barrier Design
Requirements Documenr (YMP 1994b).

The design requirements for the Engineered Barrier Segment are provided in the Engineered Barrier
Design Requirements Document. This document provides all of the requirements which the
Engineered Barrier Segment design will meet at this stage of design and the basis upon which the
design will be evaluated upon completion of the final designs. Conceptual design, by definition, is
not a compete or final design and does not meet all of the requirements. A conceptual design is
intended to address those requirements which are the major design drivers and show that a final
design can be completed with a high degree of confidence. The Engineered Barrier Segment
Conceptual Design addresses the major design requirements in the Engineered Barrier Design
Requirements Document. The related design assumptions are provided in Section 3 and are closely
related to the program requirements presented in Section 2. A complete cross referencing and
accounting of all Engineered Barrier Design Requirements Document requirements cannot be
presented until a final design has been completed.

There are two sets of nomenclature used throughout this report. One set is of a generic nature and
is most used when discussing high-level program requirements and direction and when talking in
general terms. (An example of which is the generic term "repository” as used to refer to the entire
disposal site and operation, and the engineered barrier system as defined by 10 CFR 60.) The second
set is more specific to the program and reflects the systems engineering approach adopted by the
Management and Operating Contractor (M&O) to configure the systems, structures, and components
that make up the CRWMS (such as the terms "Repository Segment” and "Engineered Barrier
Segment"). These refer to specific and well defined Configuration Items as subsets of the MGDS
Element (e.g., the Engineered Barrier Segment architecture is shown in Figure 3-5). Generic terms
are usually shown in lower case letters. Configuration Items are always shown in initial upper case
and end in the given hierarchial words assigned to the Configuration Item architecture structure (e.g.,
Waste Package Subsystem).

During the ACD phase a number of Engineered Barrier Segment/WP design options were developed
and evaluated for adequacy with respect to applicable performance and design requirements.
Previous ACD work is documented in the Initial Summary Report for Repository/Waste Package
Advanced Conceptual Design (CRWMS M&O 1994i). This report is intended to document the
recommended Engineered Barrier Segment/WP designs which are recommended to be the basis of
follow on design efforts. The Engineered Barrier Segment/WP ACD provides a reference from
which the work will proceed towards final design.
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The function of the Engineered Barrier Segment/WP is to safely contain and isolate spent nuclear
fuel (SNF) and high-level wastes (HLW). Furthermore, the Engineered Barrier Segment will allow
the retrieval of SNF from the repository as specified in the Engineered Barrier Design Requirements
Document (YMP 1994b). The time period for Engineered Barrier Segment performance is from the
initial loading of waste and closure of the WP through at least 10,000 years following permanent
closure of the repository facility. The federal regulations in 10 CFR 60.113 specify post closure
performance requirements during the containment period of 300 to 1,000 years and do not place an
upper limit on the period of performance as clarified in U.S. Nuclear Regulatory Commission staff
position 60-001 (NRC 1990a). Requirements are discussed in Section 2 of this volume.

As defined in 10 CFR 60.2, the Engineered Barrier System is the waste package and the underground
facility. The MGDS program chose to define an Engineered Barrier Segment as presented in Section
6 of the Engineered Barrier Design Requirements Document in order to control the interfaces
required for design in an efficient fashion. The Engineered Barrier Segment is a' subset of the
Engineered Barrier System and includes the WPs and other engineered features of the underground
facility provided to support the Contain and Isolate Waste function (such as emplacement drift
openings; backfill; and invert, as defined in Volume II). This volume describes the Waste Package
Subsystem conceptual design. The balance of the Engineered Barrier Segment design is described
in Volume II.

As presented in Volume I of this report, the repository will provide space for waste emplacement in
horizontal drifts, the exact size and spacing depending on the technologies now under study. As
described in Sections 2 and 3 of this volume, the geologic repository is part of the controlled area
and consists of both surface and subsurface areas. The architecture and the allocation of functions
to the Engineered Barrier Segment components are provided in Section 3. The Engineered Barrier
Segment components will provide the primary facilities, hardware, processes, and procedures that
comprise the physical means to accomplish all Engineered Barrier Segment functions.

The WP component of the Engineered Barrier Segment will be designed to accommodate SNF and
HLW forms. Waste forms including canistered waste forms, will be placed in the WP container and
sealed. A detailed presentation of the functions and requirements for the Engineered Barrier
Segment is provided in Sections 2 and 3. Briefly, the major design considerations are as follows:
Nuclear criticality will be controlled by such methods as maintaining adequate spacing between the
waste forms in the WP or providing neutron absorbers. The strategy for demonstrating criticality
control also places heavy emphasis on taking credit for the decrease in criticality potential of spent
nuclear fuel as compared to that of new, unirradiated fuel.

1.1 MINED GEOLOGIC DISPOSAL SYSTEM ADVANCED CONCEPTUAL DESIGN
VOLUME Il OBJECTIVE

The objective of this volume of the MGDS ACD report is to describe the Engineered Barrier
Segment design, of which the WP is the major component, and to present the body of supporting
analysis which the design is based upon. Conceptual design information presented in this report is
derived from and is based on other more detailed documents, which are available. The Engineered
Barrier Segment/WP volume of the MGDS ACD report is intended to put forth a compilation of
Engineered Barrier Segment/WP developed concepts with sufficient information concerning
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alternate designs and repository conditions to show that the selected design presented in Volume I
1s the best design to move forward towards construction. The information is presented in a form and
format which can be used to review technical progress and adequacy as well as programmatic status.
This volume is formatted to include sections of technical and programmatic information which
correspond to goals identified in the Waste Package Implementation Plan. Information for each of
the identified areas may not be available at this time; however, the reader will be able to assess both
the progress of work and the level of effort required in other areas to fully complete an Engineered
Barrier Segment/WP design. As such, each section will indicate areas where future efforts are
required and in which efforts are currently on-going.

This report is structured using as a guideline the prescribed content in the U.S. Department of
Energy, DOE Order 4700.1, Project Management System, and the U.S. Nuclear Regulatory
Commission Regulatory Guide 4.17, Standard Format and Content of Site Characterization Reports
for High-Level Waste Geologic Repositories.” It is designed to be a compendium of information
available to date on the ACD of Engineered Barrier Segment/WP development. As such, the content
of this volume is presented in condensed version, and in many cases refers to more detailed
documents that are available from the M&O Records Processing Center. The intent of this volume
is to serve as a current reference source of information of the ACD, and can be used to review the
program technical adequacy, compliance with requirements, interface control, and project planning
and scheduling. The report contains references to design information from Repository Surface and
Subsurface Design and Systems Engineering presented in Volume II of this report concemning
intended WP handling.

1.2 ENGINEERED BARRIER DESIGNS

The Engineered Barrier Segment functions are to isolate and contain the waste in a fashion which
allows determination of compliance to requirements by evaluation of system performance. The
performance and operation requirements are presented in Sections 2 and 3 of this volume. The
Engineered Barrier Segment is designed to accomplish the intended function by thoroughly
designing each component to function synergistically. The major components of the Engineered
Barrier Segment include, but are not limited to, the WP, the drift invert material and design, the WP
emplacement pedestal or support, drift backfill material, if it is to be used, drip shields for the WPs,
drift opening design and other components of the emplacement drift which can be designed to isolate
and contain the waste.

The information presented in Volume IIl concerning the Engineered Barrier Segment focuses on the
containment and isolation of radioactive waste functions and includes the selection of materials,
design of the structures, and assessing the long term performance of the Engineered Barrier Segment
designs. The physical construction of the emplacement drifts, drift openings, and drift inverts is
provided in Volume II which presents the construction methods for the underground facility.
Discussion of the material selection and performance characteristics which may be assigned to drift
invert, backfill, and drip shields is presented in Sections 4, 6.2, and 8. Discussion of the types of
events which the Engineered Barrier Segment will have to endure, the anticipated degradation
modes, and the method of evaluating the effectiveness of the Engineeered Barrier Segment is
provided in Section 7.
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The major component of the Engineered Barrier Segment is the WP which has been the major focus
of the Engineered Barrier Segment design effort to date. Also, since the largest portion of the long-
term performance of the Engineered Barrier Segment has been allocated to the WP design, a brief
introduction to the WP design is provided in the following sections. Over the repository lifetime,
the WP containment barriers will perform various functions that will change with time. During the
100-year or longer operational period, the barriers will function as the vessel for handling,
emplacing, and retrieving (if necessary) the contents of the WP. This will be followed by the 1,000-
year containment period, and then the period of controlled release extending beyond 10,000 years.
During the first 1,000 years following repository closure, the containment barriers will be relied upon
to provide substantially complete containment of the radionuclides. Beyond 1,000 years the
containment barriers of the Engineered Barrier Segment are designed to impede release of
radionuclides by aqueous transport from those WPs that have breached during the subsequent
controlled release period. However, breached containment barriers are expected to continue to
inhibit transport of liquid water into, and radionuclides out of, the WPs. The use of a multibarrier
design will result in a lower breach rate distributed over a longer period of time. This will help
ensure that the release rate limits are met.

As a consequence of historical usage, the term WP is used frequently throughout this report;
however, this usage refers to the Waste Package Subsystem Configuration Item, and not the 10 CFR
60.2 generic definition. An empty WP is a disposal container (Disposal Container Subsystem
Element). Waste container is a generic term for a Waste Package Subsystem without the Shielding
Subsystem Element and the Packing and Absorbent Materials Subsystem Element (see Figure 3-5
and the glossary).

1.2.1 Waste Package Conceptual Design Evolution

From the beginning of the conceptual design phase, the WP development process has been
evolutionary. As systems strategies and long term performance strategies evolved, there has been
a corresponding response in WP design options. At the start of conceptual design, there were seven
WP design options:

Metallic Multi-Barrier

Metallic Multi-Barrier Shielded

Small Metallic Multi-Barrier Borehole

Nonmetallic/Metallic Multi-Barrier

Multi-Purpose Canister (MPC) with Disposal Container

Universal Cask (Multi-Purpose Unit)

Site Characterization Plan-Conceptual Design Report (Single Container) Borehole.

Nowhkwn =

In addition, there were initial designs for Defense High-Level Waste (DHLW) and Uncanistered
Spent Nuclear Fuel (UCF). The work on these concepts is documented in the Initial Summary
Report for Repository/Waste Package Advanced Conceptual Design (CRWMS M&O 19941).

As presented in Volume I of this report, the repository facility is designed based upon the premise

that a Canistered Fuel (CF) canister will be implemented as the prime SNF waste handling
component of the system to ship SNF to the repository. In order to assess the performance of the CF
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system in a repository environment, the MPC conceptual design (CRWMS M&O 1994k) was
selected to be the basis for evaluation of the CF container concepts. Thus, the use of the term MPC
is used for the term CF in this document whenever analysis results are presented. However, the term
CF represents a larger class of containers than the MPC. The results presented in this volume for
the CF container are specific to the MPC conceptual design and will be different if a alternate CF
design is selected for use in the MGDS. The analysis presented in this volume for the CF container
is representative of the design and operational considerations which the MGDS must examine for
any type of CF canister which may be selected.

Early in 1994 the SNF waste handling and disposal design basis was formally changed from the
original smaller Site Characterization Plan (DOE 1988) uncanistered SNF WP design concept, by
adoption of the larger drift emplaced CF-based concept. This was a fundamental change in MGDS
design philosophy, from small, thin-walled package borehole emplacement to large, thick-walled
package in-drift emplacement. The nominal CF container will be designed to accommodate a very
high percentage of all kno