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1. INTRODUCTION

During the early phases of the Yucca Mountain design program, a three-phase approach for the
development of the first Mined Geologic Disposal System (MGDS) was established:

» Conceptual Design Phase

- Site Characterization Plan Conceptual Design (SCP-CD)
- Advanch Conceptual Design (ACD)

» License Application Design Phase
*  Final Procurement and Construction Design Phase.

The Conceptual Design for the Site Characterization Plan for a poteatial MGDS at Yucca Mountain,
Nevada, was completed with the issuance of the Site Characterization Plan Conceptual Design
Report (SCP-CDR) (SNL 1987). The report covered the following:

Repository surface and subsurface facilities design
Waste package design

Material handling equipment

Waste package fabrication equipment

Waste treatment system .
Transportation, decontamination, and storage facilities
All necessary support facilities and equipment.

The SCP-CD used the known site data and identified additional data needs to be obtained during the
site characterization activities. Basically, this design demonstrated the feasibility of a potential
repository at the Yucca Mountain site and was used as a basis for the repository input to a Total
System Life Cycle Cost estimate.

The next step of the conceptual design phase, which is ACD, is intended to develop appropriate
solutions to all identified design-related licensing issues, and explores repository and waste package
design alternatives identified in the SCP-CDR and during subsequent studies. Several
recommendations made by various external agencies and by the Nuclear Waste Technical Review
Board are being considered for further investigation. New data from the site characterization and
laboratory testing programs are being used. The ACD helped develop and, in some cases, refined
the design criteria and concepts to be finalized in later design phases. Input for the Total System
Life Cycle Cost estimate will be updated and revised using the design developed by ACD.

This design phase will be completed by the issuance of an MGDS ACD Summary Report, scheduled
for March 1996.
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The Advanced Conceptual Design Work Plan (CRWMS M&O 1992a) calls for a series of reviews
to be performed on the progress of ACD at reasonable intervals prior to the development of the final
summary report. To facilitate this action, the Initial Summary Report for Repository/Waste Package
Advanced Conceptual Design was developed in September 1994, and acts as the first progress report
representing a comprehensive compilation of ACD category work. The report is a compendium of
input from Waste Package Development, Repository Surface Design, Repository Subsurface Design,
and Systems Engineering. Input from each organization was not at an equal stage of maturity. The
report was structured to include subject matter areas for all necessary areas of information, regardiess
of the amount of information available to date.

As mentioned above, the ACD effort which was originally planned to end in March 1997 is being
closed out in March 1996 with the issuance of the MGDS ACD Report. Volume II of this report
represents the Repository Segment design description, and contains a description of all repository
design information that has been developed as of December 1995. The repository description is
integrated with information presented in Volumes III and IV of the report through internal reviews
and constant interaction of design staffs and other departments that may have an influence on designs
and schedules.
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2. SCOPE AND METHODOLOGY
2.1 REPORT SCOFE .

The scope of Volume II of this Mined Geologic Disposal System (MGDS) Advanced Conceptual
Design (ACD) Report is to provide a summary of all ACD work produced to date for the repository,
and to ensure that all material included represents a fully integrated product not only between surface
and subsurface design departments, but also with other program departments. These other
departments include waste package, performance assessment, systems engineering, transportation,
cost and schedule, and site investigation.

As implied by its title, the MGDS ACD Report is intended to put forth a compilation of integrated
concepts in a form and format that can be used to review technical progress and adequacy as well
as programmatic status. The report is formatted to include sections of technical and programmatic
information that corresponds to issues identified for investigation in the Advanced Conceptual
Design Work Plan (CRWMS M&O 1992a). Information for each of the identified areas may not
be available at this time in the MGDS ACD Report; however, by structuring the report in this way,
the reader will be able to assess both the progress of work and the level of effort required in all areas
while planning for future design phases.

Volume II presents the ACD for the Repository Segment, consisting of surface and subsurface
facilities at the repository, and the transportation systems within Nevada. The design and
construction aspects of the Underground Facility Subsystem of the Engineered Barrier Segment are
described in this volume.

The Repository Segment includes:

» An underground facility
» Site civil improvements
« Waste handling facilities
» Surface support facilities to house support functions such as:
- Administration
- Maintenance
- Personnel support
- Visitor center
- Security
- Safety
- Health physics
- Offices for the:
— Nuclear Regulatory Commission (NRC)
-- Other oversight organizations
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. Subsystems to supply, distribute, and control various utilities and services such as:
- Electric power
- Water
- Communications.

Volume II provides a conceptual description of the repository, including an introduction, concept of
operations, presentation of design inputs (e.g., requirements and assumptions), descriptions of
surface and subsurface repository facilities and the Nevada transportation system, a discussion of
design considerations for all operating modes and phases (e.g., emplacement, caretaker, retrieval,
and closure), a preliminary hazards analysis, a discussion of driving design uncertainties and issues,
and supporting references and appendices. All documents produced for ACD work will not be
included in their entirety; but summaries of this work will be provided with reference to more
comprehensive documents if necessary. '

While Volume II deals with repository design details, information regarding other project elements
can be found in Volumes I, III, and IV,

Volume I presents an executive summary of all report material, and an overview of program history,
design evolution, description of requirements interpretation and allocation, discussion of major
issues and interfaces, and explanation of other program structures.

Volume XIII presents the conceptual design of the Waste Package Subsystem within the Enginecred
Barrier Segment, including criteria, design bases, requirements, assumptions, matcnal selections,
performance, and interfaces with other segments and subsystems.

Volume IV provides life cycle cost data and associated life cycle schedules for the MGDS Segment
including design, construction, startup, operations, and closure. More detailed outlines specific to
each volume are included in the volumes themselves.

During ACD an emphasis is placed on the description of nuclear-related facilities, systems,
subsystems, and operations. More general descriptions of balance of plant facilities are provided,
but to a less detailed extent due to the understanding that these items can be designed using common
industry practice and do not impact the nuclear safety or integrity of the project. The level of design
work varied from area to area reflecting the funding limitations and ACD design priorities. As a
result, the level of detail presented in the report also varies from section to section.

2.2 ACD DESIGN METHODOLOGY

The general methodology for the ACD begins with reference to the Site Characterization Plan
Conceptual Design Report (SNL 1987). Information contained therein was developed to provide
initial concepts from which further work would proceed. ACD re-examines requirements, criteria,
and constraints, and combines the application of that input with the most recent available site data
in developing new designs. Design alternatives are established through these new designs to
incorporate the latest program developments and information.. From these alternative designs, a
selection is made of one or more designs to carry forward to the next design phase. In some cases,
a single design selection may not be prudent due to need for design flexibility (e.g., thermal loading,
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backfill). This report contains some unqualified data that must be resolved and/or verified in future
design phases. Before using data contained in this report for final design, procurement, fabrication,
or construction, controls are required to be placed on that data in accordance with current procedures.

Throughout this design phase, close integration with other program elements was established.
Particular emphasis was placed on integration with the waste package element for physical and
performance design details on those items that affect the capability to handle the package in a
confined environment, and also to establish shielding requirements for worker safety and
performance requirements for the subsurface environment. The type of waste package and receipt
schedule have major impacts on surface repository design. Information needs from the Performance
Assessment group require a constant communication stream in which design information is provided
to that organization and performance parameters were used to influence the design. Integration with
Systems Engineering provides a dialogue on issues that impact several different groups, or have a
programmatic impact such as thermal loading, transportation, and regulatory constraints. ‘
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3. DESIGN REQUIREMENTS AND STANDARDS

The primary source of requirements guiding design of the Mined Geologic Disposal System (MGDS)
is 10 CFR 60, Disposal of High-Level Radioactive Wastes in Geologic Repositories. The
requirements of 10 CFR 60, as well as those from many other sources, are captured in the Civilian
Radioactive Waste Management System Requirements Document (CRD) (DOE 1995a) and from
there flow down into the various systems requirements documents. For the MGDS Element, this
system document is the Mined Geologic Disposal System Requirements Document (DOE 1995b),
and from that document requirements are allocated to specific design requirements documents.
Requirements for the design of the Repository Segment and Underground Facility portion of the
Engineered Barrier Segment are presented in this volume. The input documents for Volume II are
the Repository Design Requirements Document (RDRD) (YMP 1994a) and the Controlled Design
Assumptions Document (CDA Document) (CRWMS M&O 1995a).

3.1 QUALITY ASSURANCE

Material presented in this volume has been developed in accordance with procedures that comply
with the Quality Assurance Requirements and Description (DOE 1995¢c) and CRWMS M&O
procedures designated as quality administrative procedures. The content of the report is conceptual
in nature, and reflects work that may exist elsewhere in more detailed reports and analyses. Figures
contained in technical documents are not required to be developed under QAP-3-10, Engineering
Drawings.

3.1.1 Evaluation of Activities

Design activities described in this report have been evaluated in accordance with QAP-2-0, Control
of Activities. These evaluations are described in this section.

The evaluation of the task of preparing this Mined Geologic System Advanced Conceptual Design
Report (MGDS ACD Report) is documented in Develop Repository Technical Documents and
Reports (CRWMS M&O 1995b). The results of that evaluation indicated that the activity was
subject to the quality assurance (QA) program. In addition to those QA procedures applicable to all
QA work, QAP-3-5, Development of Technical Documents, is cited as appropriate for this activity.

This MGDS ACD Report has been prepared in accordance with QAP-3-5. In accordance with that
procedure, a Technical Document Preparation Plan (TDPP) has been prepared for this activity. The
TDPP for the MGDS ACD Report, entitled Technical Document Preparation Plan for the Mined
Geologic Disposal System Advanced Conceptual Design (Revised) Report (CRWMS M&O 1995c¢),
contains the information required of TDPPs by QAP-3-5.

In addition to the activity of preparing the report, several other activities are represented in this
work. These activities have been evaluated in accordance with QAP-2-0, and are listed below.

¢ Cost Estimating (CRWMS M&O 1995d)
+ Scoping technical documents for Q-Items (CRWMS M&O 1995¢)
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+ Design Basis Accident and Design Analyses (CRWMS M&O 1995f) P
+ Design Basis Accident for Non-Q Items (CRWMS M&O 1995g) {
¢ Technical documents for Non-Q Items (CRWMS M&O 1995h)

The quality assurance procedures found to be applicable for each activity are noted in the referenced
Activity Evaluations.

3.1.2  C(sssification of Systems, Structures, and Components

Prior to licensing, all systems, structures, and components (SSCs) of the repository must be
evaluated to assess their importance to the nuclear safety of the operation. Depending on the
outcome of that evaluation, the SSCs may be placed in one or more of the following classes:

* QA-I - Items important to public radiological safety as described in 10 CFR 60; 10 CFR
71, Packaging and Transportation of Radioactive Material; and 10 CFR 72, Licensing
Requirements for the Independent Storage of Spent Nuclear Fuel and High-Level
Radioactive Waste.

*  QA-2-Items and natura) barriers important to waste isolation as described in 10 CFR 60.

* QA-3-Items required for the control and management of site-generated radioactive waste
other than spent fuel and high-level waste.

*  QA-4 - Items required for the protection of items important to safety (IITS) and items
important to waste isolation (ITTWI) from the hazards of fire.

*  QA-5- Items not intended to perform a safety function but whose failure could impair the
capability of other items to perform their intended safety or waste isolation functions.

* QA-6 - Items required for physical protection as defined by 10 CFR 73, Physical
Protection of Plants and Materials.

* QA-7 - Items required to contro] occupational radiological exposure.

Exploratory Studies Facility (ESF) SSCs that may become a part of the repository have been
classified in a number of classification analyses (CRWMS M&O 1995i, CRWMS M&O 1995j,
CRWMS M&O 1995k, CRWMS M&O 19951, and CRWMS M&O 1995m). These analyses were
performed in accordance with QAP-2-3, Classification of Permanent Items. The SSCs were
analyzed; results of these analyses are listed in Table 3-1.
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Table 3-1. Classification of Repository-related ESF Configuration Items

Configuration Item Classification
Ground Support Systems QA-1, QA-ﬁ
Main Access Openings QA-2
Test Support Areas N/A
Operations Support Areas N/A
Tunnel Boring Machine Starter Tunnel QA-2

Preliminary classification analyses of repository SSCs have also been performed, but these analyses
have not yet been released. The Q-List (YMP 1994b) contains QA classification information for
repository SSCs. The Q-List discusses only ITS and IITWI, which are essentially synonymous with
"QA-1" and "QA-2." All repository items placed on the Q-List were done so by "Direct Inclusion”
as opposed to the more rigorous evaluation process of QAP-2-3. Such evaluation requires specific
design information and an understanding of the credible Design Basis Accidents (DBAs) and their
initiating Design Basis Events (DBEs). DBA and DBE issues are discussed in Section 10.

Those items considered Important To Radiological Safety are listed below. The reader is referred
to the Q-List for a more detailed listing of the make-up of these items.

* & @ o e o e o s o @ o o

Waste Package

Surface Service and Utility Systems
Surface Facilities

Balance of Plant

Waste Ramp/Topopah Spring North Ramp
Men-and-Materials Shaft*

Tuff Ramp

Emplacement Area Exhaust Shafl
Exploratory Studies Modifications for Waste Emplacemcnt Area Air Intake
Underground Excavations

Underground Service and Utility Systems
Seals

ESF Starter Tunnel Drill-and-Blast Section.

* The current reposilory configuration does not incorporate a shaft having "Men-and-
Material" functions.

Those items considered IITWT] are listed below. Refer to the Q-List for a more detailed listing of the -
make-up of these items.

Waste Package
Institutional Barriers
Waste Ramp/Topopah Spring North Ramp
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Men-and-Materials Shaft*

Tuff Ramp

Emplacement Area Exhaust Shaft

Exploratory Studies Modifications for Waste Emplaccmcnt Area Air Intake
Underground Excavations

Seals

ESF Starter Tunnel Drill-and-Blast Section.

L ] [ ] [ ) [ ] ) [ .

* The current repository configuration does not incorporate a shaft having "Men-and-
Material” functions.

3.1.3  Use of Computer Software

Several computer software packages have been used in the repository conceptual design work
performed through early FY 1996. Computer programs have been used to model:

» The three-dimensional geologic structure of the site

» The geotechnical response of underground openings to stresses caused by thermal loading
as well as the presence of the openings themselves

» The ventilation flow networks for the subsurface repository

« The thermal effects of the presence of heat producing waste packages in the repository
emplacement drifts.

LYNX

A geologic model, Lynx Version 3.06 geologic modeling software (LYNX), running on a Silicon
Graphics Indigo R4000 XS24Z workstation with an IRIX 5.2 operating system, is used in the
development of the ESF and Geologic Repository Operations Area (GROA) layouts. LYNX Version
3.06 was qualified for quality affecting work and has -been assigned the computer software

configuration item number BOO000000-01717-1200-30018. The LYNX geologic modeling software

is appropriate for this application and was run within its range of validation. The use of the LYNX
package, including its inputs, operation, and results, is described in Definition of Potential
Repository Block (CRWMS M&O 1995n).

FLAC and UDEC

Two commercially available computer programs, Fast Lagrangian Analysis of Continua (FLAC) and
Universal Distinct Element Code (UDEC), have been used for the numerical analysis of opening
stability. Both codes are command-driven and run on a 90 MHZ Pentium microcomputer with
16 megabytes random access memory. Although these two programs are approved for use in design
in accordance with CRWMS M&O computer software quality assurance procedures, and carry the
appropriate computer software configuration item numbers as given below, their installation on the
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machines used for these analyses has not been documented. Additional documentation would be
required before these computer results would be considered qualified.

FLAC is a two-dimensional, explicit finite difference code that simulates the behavior of structures
built of soil, rock, and other materials and subjected to static, dynamic, and thermally-induced loads
(Itasca 1993a). Modeled materials respond to applied forces or boundary restraints according to
prescribed linear or non-linear stress/strain laws and undergo plastic flow when a limiting yield
condition is reached. FLAC is based on a Lagrangian calculation scheme, especially suited for
modeling large displacements, and has several built-in constitutive models that permit the simulation
of highly non-linear, irreversible responses typical of many geologic materials. The FLAC program
was initially developed by Dr. Peter Cundall and Itasca Consulting Group, Inc. in 1986, and the
version of the program used for the analysis of opening stability is Version 3.22 (computer software
configuration item number 20.93.3001-AAu3.22), which has been verified and validated according
to applicable CRWMS M&O procedures.

UDEC is a two-dimensional numerical program based on the distinct element method of discontinuc
modeling (Itasca 1993b). The program was initially introduced by Dr. Peter Cundall and Itasca
Consulting Group, Inc., in 1985. It simulates the response of discontinuous media (such as a jointed
rock mass) subjected to thermal, static, or dynamic loading. The discontinuous medium is
represented as an assemblage of discrete blocks. The discontinuities between blocks are treated as
boundary conditions that permit block rotations and large displacements along the discontinuities.
Individual blocks behave as either rigid or deformable material.

Deformable blocks are subdivided into a mesh of finite difference elements that respond according
to a prescribed linear or non-linear force-displacement relation in both normal and shear directions.
UDEC has several built-in material behavior models, for both intact blocks and discontinuities,
which simulate discontinuous geologic materials. UDEC is also based on a Lagrangian calculation
scheme which is suitable for modeling large deformations in a blocky system. The UDEC code used
in the analysis of opening stability is Version 2.0 (computer software configuration item number
B00000000-01717-1200-30004), which has been verified and validated accordmg to applicable
CRWMS M&O procedures.

VNETPC

A ventilation network simulation program, VNETPC Version 3.1, was used to provide examples for
the air flow distribution and network balance. The program has already been verified and validated
under QA procedures (CRWMS M&O 1993a). The application of the software to the study is
appropriate and is used only within the validated range as described in the verification and validation
documentation of VNETPC software (CRWMS M&O 1993a).
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The VNETPC program ran on a Gateway 2000 computer equipped with an Intel P54C Pentium
central processing unit opcrating at 90 MHZ. The computer has 8 megabytes of random access
memory. The software was used within its verified range, and is appropriate for this application.

ANSYS

The commercially available computer code, ANSYS Revision 5.1, developed by Swanson Analysis
Systems, Inc., was used to generate the thermal modeling examples to illustrate the concepts being
cxamined. ‘

The ANSYS finite element analysis program is a large-scale, general purpose software package used
worldwide. It can be used to perform a variety of analyses, including thermal, structural, magnetic
field, electric field, fluid, and coupled-field.

The thermal analysis phase of the software was used in this scoping analysis to calculate temperature
distributions in the host rock under the influences of radioactive decay of the nuclear waste emplaced
in an underground repository. It was used because of its capabilities of performing transient analysis,
accommodating temperature-dependent material properties, explicitly modeling thermal radiation,
and because of its acceptance by the nuclear industry and the Nuclear Regulatory Commission
(NRC) (CRWMS M&O 1994). Two- and three-dimensional visualizations for verifying
preprocessing data and reviewing postprocessing solution results were produced using ANSYS
interactive graphics.

The thermal modeling examples presented in this report were generated from.the ANSYS program
installed on a Silicon Graphics IRIS Indigo? R4600SC graphics workstation running internally at 133
MHZ. The software was used within its verified range and is appropriate for this application.

3.2 DESIGN INPUT

Design inputs contained in this volume have been used to generate the repository MGDS ACD
Report. For the repository, the design inputs consist of a combination of requirements from the
RDRD (YMP 1994a) and assumptions from the CDA Document (CRWMS M&O 1995a). This
report contains some unqualified data yet to be verified.

321 Design Requirements

The source of requirements guiding the RDRD (YMP 19942) is the Mined Geological Disposal
Svstem Requirements Document (DOE 1995b), which is one of four system requirements documents
obtaining requirements directly from the CRD (DOE 1995a). The CRD is the primary program
source of requirements used in the design requirements documents and in system requirements. The
CRD obtains its requirements (identified in its Section 2) from CFRs, DOE Orders, the Nuclear
Waste Policy Act of 1982, and other sources.
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3.2.2 Source Documents

The codes, regulations, standards, and guides applicable to the design of the repository are defined
in Section 2 of the RDRD (YMP 1994a). The principal regulatory requirements are the technical
requirements for repository operation provided in 10 CFR 60 and 10 CFR 960 and the environmental
standards provided in the currently remanded 40 CFR 191. The primary sources of regulations that
drive repository design requirements are those listed in Table 3-2.

Table 3-2. Repository Related Federal Regulations

Identifier Title or Description

10 CFR 20 Standards for Protection Against Radiation

10 CFR 60 Disposal of High-Level Radioactive Wastes in
Geologic Repositoties

10 CFR 71 Packaging and Transportation of Radioactive Material

10 CFR 960 General Guidelines for the Recommendation of Sites
for Nuclear Waste Repositories

10 CFR 961 Standard Contract for Disposal of Spent Nuclear Fuel
and/or High-Level Radioactive Waste

29 CFR 1926 Safety and Health Regulations for Construction

30 CFR 57 Safety and Health Standards Underground Metal and

Nonmetal Mines

40 CFR 191 Environmental Radiation Protection Standards for
Management and Disposa! of Spent Nuclear Fuel,
High-Level and Transuranic Radioactive Wastes
(remanded for a Yucca Mountain Repository)

3.2.3  Design Requirements Summary

The RDRD (YMP 1994a) describes the functions to be performed by, and establishes the
requirements for, the Repository Segment. The Repository Segment is one of the segments of the
MGDS for the permanent disposal of spent nuclear fuel (SNF), including SNF loaded in multi-
purpose canisters (MPCs), commercial high-level radioactive waste, and defense high-level
radioactive waste (DHLW). The primary function of the Repository and Engineered Barrier
Segments is to isolate waste, first by containing waste within the waste package and then, together
with the geologic setting, isolating waste from the accessible environment. The major components
of the Repository Segment consist of the surface and subsurface facilities.

The requirements identified in this summary (see Table 3-3) are those requirements appropriate for
the level of design detail necessary to support the ACD. For this stage of design, key performance
requirements, listed below, have been identified to provide additional selection criteria for design
requirements in this summary, Requirements and assumptions associated with the key performance
requircments have been included in this summary.
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Table 3-3. Repository Design Requirements

Description

Identifier

Requirement

Waste Receipt Rate

RDRD 3.2.1.2.B

‘The repository shall be capable of receiving waste
according 1o the schedule shown in Table 3-4 of this
document.

Note: Refer to requirement assumption RDRD 3.2.1.2.B
and Key Assumptions 001 and 002 for further clarification
on project approach.

Radiation Limits

RDRD 3.2.1.2.C
RDRD 3.2.1.3

RDRD 3.2.1.4.C
RDRD3:22.1.C

The GROA shall be designed so that until permanent
closure has been completed, radiation exposures, radiation
levels, and releases of radioactive materials to unrestricted
arcas will at all times be maintained within the limits
specified in 10 CFR 20 and applicable environmental
standards for radioactivity established by the EPA', as
listed in Section 3.2.2. {10 CFR 60.111(a))

Retrieval

RDRD 3.2.14.A

The repository shall be designed and constructed to permit
the retrieval of any SNF and DHLW emplaced in the
repository, during an appropriate period of operation of
the facility, as specified by the Secretary of Energy.

Note: Refer to Key Assumptions 016, 017, and 055 for
further clarification on project approach.

Retrieval

RDRD 3.2.14.B

The GROA shall be designed to preserve the option of
waste retrieval throughout the period during which wastes
are being emplaced and thereafier until the completion of
a performance confirmation program and NRC review of
the information obtained from such a program, To satisfy
this objective, the geologic repository shall be designed so
that any or all of the. emplaced waste could be retrieved on
a reasonable schedule starting at any time up to 50 years
after waste emplacement operations are initiated, unless a
different time period is approved or specified by the NRC.
10 CFR 60.111(bX3) gives guidance for developing the
schedule.

{10 CFR 60.111(b)(1)]

Note: Refer to Key Assumptions 016 (extends
retrievability period *“up to 100 years™) and 017 for further
clarification on project approach.

' U.S. Environmental Protection Agency
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Table 3-3. Repository Design Requirements (Continued)

Description Identfier Requirement
Releases of RDRD 3.2.1.6C The disposal systein shall be designed to provide a
Radionuclides to the reasonable expectation, based upon performance
Accessible assessments, that the cumulative releases of radionuclides
Environment to the accessible environment for 10,000 years after

disposal from all significant processes and events that may
affect the disposal system shall have a likelihood of less
than one chance in 10 of exceeding the quantities
calculated according to Table A-1 of Appendix A of 40
CFR 191; and have a likelihood of less than one chance in
1,000 of exceeding ten times the qualities calculated
according to Table A-1 of Appendix A of 40 CFR 191.
{TBR] [140 CFR 191.13(a){TBR]}]

Note: Refer to requirement assumption RDRD 3.2.1.6C
for further clarification on project approach.

Off-Normal Events RDRD 3.2.1.7.A The GROA design shall include explosion and fire
detection alarm systems and appropriate suppression
systems with sufficient capacity and capability to reduce
the adverse effects of fires and explosions on SSCs
important to safety.

{10 CFR 60.131(b)(3)(iii)]

Off-Normal Events RDRD 3.2.1.7B The SSCs important to safety shall be designed to
maintain contro! of radioactive waste and radioactive
effluents, and permit prompt termination of operations and
evacuation of personnel during an emergency.

{10 CFR 60.131(b)(4)(I)}

Off-Normal Events RDRD 3.2.1.7C The SSCs important to safety shall be designed to perform
their safety functions during and after credible fires or
explosions in the GROA repository.

(10 CFR 60.131(b)(3)(D)]

Radiological Protection | RDRD 3.2.2.1.A The GROA shall, to the extent practicable, be designed
and constructed to use procedures and engineering
controls based upon sound radiation protection principles
to achieve occupational doses and doses to members of
the public that are as low as reasonably achievable
{ALARA). ALARA principles shall be based on the
applicable sections of NRC Regulatory Guides 8.8 and
8.10.

(10 CFR 20.1101(b))

Note: Refer to Key Assumption 013 for further
clarification on project approach.
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Table 3-3. Repository Design Requirements (Continued)

Description

Identifier

Requirement

Radiological Protection

RDRD 3.2.2.1.B

The GROA design and operations shall include provisions
for controlling doses such that, when approved
operational procedures are followed, the exposure dose
limits specified in 10 CFR 20.1201 for occupational
doses, and 10 CFR 20.1301 for individual members of the
public, are not exceeded.

[10CFR 20)

Note: Refer to Key Assumption 013 for further
clarification on project approach.

Radiological Protection

RDRD3.2.2.1.D

The GROA shall provide means to limit the levels of
radioactive materials in effluents, during normal
operations, anticipated occurrences, and under accident
conditions.

(10 CFR 60.131(b)}(4)X(1)]

Radiological Protection

RDRD 3.2.2.1.D.1

Releases shall be limited as follows:

Under normal operations and anticipated occurrences, the
annual dose equivalent to any real individual who is
located beyond the controlled arca must not exceed

25 mrem to the whole body, 75 mrem to the thyroid, and
25 mrem to any other organ as a result of exposure (o:
planned discharges of radioactive materials, radon and its
decay products excepted, to the general environment:
direct radiation from repository operations: and any other
radiation from uranium fuel cycle operations within the
region. [TBR)

[40 CFR 191.03(aX1)ITBR]}]

Note: Refer to Key Assumption 013 for further
clarification on project approach.

Radiologica) Protection

RDRD 3.2.2.1.E

The disposal system shall be designed to meet the
individual protection requirements specified by 40 CFR
191.15 [TBR).

[40 CFR 191.15 [TBR]]

Note: Refer to Key Assumption 013 for further
clarification on project approach.
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Table 3-3. Repository Design Requirements (Continued)

Description

Identifier

Requirement

Public Protection

RDRD 3.2.2.2.A

Repository facilities shall be designed to operate so that
the total EDE? to individual members of the public from
the licensed operation does not exceed 0.1 rem (1 mSv) in
a year, exclusive of the dose contribution from the
facility's disposal of radioactive material into sanitary
sewerage in accordance with 10 CFR 20.2003. However,
the facility may apply for prior NRC authorization to
operate up to an annual dose limit for an individual
member of the public of 0.5 rem (5 mSv) in accordance
with 10 CFR 20.1301(c).

[10 CFR 20.1301(a).(c)]

Public Protection

RDRD 3.2.2.2.B

If members of the public have access to controlled areas,
the limits for members of the public shall continue to be
applicable to those individuals.

{10 CFR 20.1301(b)]

Public Protection

RDRD 3.2.2.2.C

Repository facilities shall be designed to operate so that
the dose in any unrestricted area from external sources
does not exceed 0.002 rem (0.02 mSv) in any one hour.
(10 CFR 20.1301(a)(2)] .

Airborne Radioactive
Material Control

RDRD 3.2.2.3.A

Concentrations of radioactive material in air shall to the
extent practicable be controlled through the use of process
or other engineering controls (c.g., containment or
ventilation).

(10 CFR 20.1701)

Airborne Radioactive
Material Control

RDRD 3.2.2.3.B

When it is not practicable to apply process or other
engineering controls in restricted areas to control the
concentrations of radioactive material in air to values
below those that define an airborne radioactivity area, the
repository shall, consistent with maintaining the total EDE
ALARA, have the capability 10 increase monitoring and
limit intakes by one or more of the following: control of
access, limitation of exposure times, use of respiratory
protection equipment, or other controls.

{10 CFR 20.1702]

Airborne Radjoactive
Material Control

RDRD 3.2.23.C

The GROA shall be capable of implementing and
maintaining air sampling sufficient to identify potential
hazards, to permit proper protective equipment selection,
and to estimate exposures.

(10 CFR 20.1703(a)(3)(I)]

2 effective dose equivalent
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Table 3-3. Repository Design Requirements (Continued)

Description

Identifier

Requirement

Criticality Protection

RDRD 3.2.25.A

All systems for processing, transporting, handling, storing,
retrieving, emplacing. and isolating radioactive waste
shall be designed to ensure that a nuclear criticality
accident is not possible unless at Jeast two unlikely.
independent, and concurrent.or sequential changes have
occurred in the conditions essential to nuclear criticality
safety. Each system shall be designed for criticality safety
under normal and accident conditions. The calculated.
cffective multiplication factor must be sufficiently below
unity to show at least a 5% margin, after allowance for the
bias in the method of calculation and the uncertainty in the
experiments used to validate the method of calculation,
[10 CFR 60.131(b)(7)]

Low-Level Waste
Disposal

RDRD 3.2.2.6.A

If the design of the Repository Segment provides for the
disposal of licensed low-level waste material into sanitary
sewerage, the requirements of 10 CFR 20.2003 shall be
met,

(10 CFR 20.2003)

Note: Refer to Key Assumption 024 for further
clarification on project approach.

Low-Level Waste
Disposal

RDRD 3.2.2.5.B

If the design of the Repository Segment provides for the
treatment or disposal of licensed low-level waste material
by incineration, only the amounts and forms specified in
10 CFR 20.2008, or specifically approved by the NRC
pursuant to 10 CFR 20.2002, shall be allowed.

[10 CFR 20.2004)

Note: Refer to Key Assumption 024 for further
clarification on project approach.

Repasitory Segment-
Geologic Setting
Interfaces

RDRD 3.2.3.2.3.A

The underground facility shall assist the geologic setting
in meceting the performance objectives for the period
following permanent closure.

[10 CFR 60.133(h)]

Repository Segment-
Geologic Setting
Intérfaces

RDRD 3.2.3.23.B

The ... underground facility shall be designed to assure
that releases of radioactive malerials to the accessible
environment following permanent closure conform to
applicable environmental standards for radioactivity
established by the EPA with respect to both anticipated
processes and events and unanticipated processes and
cvents.

[10 CFR 60.112}

I The requirements for the geologic setting and the accesses, boreholes, and their seals are addressed in 3.7.1

and 3.7.5. Requirements for waste packages are in the Engineered Barrier Design Requirements Document
(EBDRD).
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Table 3-3. Repository Design Requirements (Continued)

Description

Identifier

Requirement

Repository Segment-
Geologic Setting
Interfaces

RDRD 3.2.3.23.C

‘The underground facility shall be designed, assuming
anticipated processes and events, so that the release rate of
any radionuclide from the underground following the
containment period shall not exceed one past in 100,000
per year of the inventory of that radionuclide calculated to
be present at 1,000 years following permanent closure, or
such other fraction of the inventory as may be approved or
specified by the NRC; provided that this requirement does
not apply to any radionuclide that is released at a rate less
than 0.1% of the calculated total release rate limit. The
calculated total release rate limit shall be taken to be one
part in 100,000 per year of the inventory of radioactive
waste, originally emplaced in the underground facility,
that remains after 1,000 years of radioactive delay,

{10 CFR 60.113(a)(1Xii)}(B)]

Security of Licensed
Material

RDRD 3.2.4.3.1.4

The Repository Segment shall provide the capability to
control and maintain constant surveillance over licensed
material that is in a controlled or unrestricted area and that
is not in storage,

{10 CFR 20.1802])

High Radiation Area
Access Control

RDRD 3.24.32.A

Access to high and very high radiation areas shall be
controlied in accordance with the requirements specified
by 10 CFR 20.160} and 20.1602.

[10 CFR 20.1601][10 CFR 20.1602]

Radioactive Materials
Monitoring

RDRD 3.2.4.4

The Repository Segment shall be equipped to monitor the
external surfaces of packages and casks known to contain
radioactive material for radioactive contamination and
radiation levels in compliance with 10 CFR 20.1906.

[10 CFR 20.1906]

Structure, System, and
Component Reliability

RDRD 3.2.5.1.3

SSCs that are important to safety shall be designed and
located so that they continue to perform their safety
functions effectively during and after credible fire and
explosion conditions in the GROA.,

{10 CFR 60.131(b)(3)]

Utilities Reliability

RDRD 3.2.5.1.4.A

Each utility service system that is important 1o safety shall
be designed so that essential safety functions can be
performed under both normal and accident conditions.
[10 CFR 60.131(b)(5)()]

Utilities Reliability

RDRD 3.2.5.14.B

‘The design of utility services and distribution systems that
are important to safety shall include redundant systems to
the extent necessary to maintain, with adequate capacity,
the ability to perform safety functions.

_[10 CFR 60.131(b){5)(ii)}
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Table 3-3. Repository Design Requirements (Continued)

Description

Identifier

Requirement

Maintenance in
Radioactive
Environments

RDRD 3.2.5.2.6

Equipment which normally operates in a radioactive
environment or in the vicinity of radicactive components
shall be designed to be moved to a non-radioactive
environment for maintenance or repair, whenever
possible. When that is not possible, the design shall allow
for installation of temporary shiclding, permit minimizing
radiation exposure times, and provide sufficient space for
ease of operation, maintenance, and repair,

(10 CFR 60.131(a}(2)]

Fire, Explosion, and

RDRD 3.2.6.2.1.A

Repository Segment SSCs important to safety shall be

Other Disaster designed to perform their safety functions during and after
Protection credible fire or explosion conditions at the repository.

[10 CFR 60.131(b)(3XD)]
Fire, Explosion, and RDRD 3.2.6.2.1.B The Repository Segment shall be designed to include
Other Disaster means to protect SSCs important to safety against the
Protection adverse effects of cither the operation or failure of the fire

suppression system.
{10 CFR 60.131(b)3)(iv)]

Fire, Explosion, and
Other Disaster
Protection

RDRD3.2.6.2.1.C

Repository Segment SSCs important to safety shall be
designed to withstand dynamic effects, such as missile
impacts, that could result from equipment failure, and

similar events and conditions that could lead to loss of
their safety functions.

{10 CFR 60.131(bX2)]

Fire Resistance

RDRD 3.2.6.2.2.D

To the extent practicable, the Repository Segment
facilities shall be designed to incorporate the use of
noncombustible and heat resistant materials.

{10 CFR 60.131(b)(3Xii)]

General Design Criteria

RDRD 3.3.1.E

All design bases shall be consistent with the results of site

characterization.
{10 CFR 60.130}

General Design Criteria

RDRD 3.3.1L.H

An assessment shall be provided to document the
predicted cffectiveness of engineered and natural barriers,
including barriers that may not be themselves a part of the
GROA, against the releasce of radioactive material from
the waste package to the environment. The analysis will
also include a comparative evaluation of altematives to
the major design features that are important to waste
isolation, with particular attention to the alternatives that
would provide longer radionuclide containment and
isolation,

[10 CFR 60.21(c){1XiiYD)}

B00000000-01717-5705-00027 REV 00 Vol. H

3-14 March 1996




Table 3-3. Repository Design Requirements (Continued)

Description Identifier Requirement

General Design Criteria { RDRD 3.3.1.1 The performance of the major design SSCs, both surface
and subsurface, shall be analyzed to identify those that are
important to safety. For the purpases of this analysis, it
will be assumed that operations at the GROA will be
carried out at the maximum capacity and rate of receipt of
radioactive waste stated in the application.

(10 CFR 60.21(c)(1)(iiXE)]

General Design Criteria {| RDRD 3.3.1J A description and analysis of the design and performance
requirements for SSCs of the geologic repository which
arc important to safety shall be provided. This analysis
will consider: . .

1. The margins of safety under normal conditions and
under conditions that may result from anticipated
operational occurrences, including thost of natural
origin, and

. 2. The adequacy of SSCs provided for the prevention of
accidents and mitigation of the consequences of
accidents, including those caused by natural
phenomena.

(10 CFR 60.21(c)(3)]

Geologic Setting RDRD3.7.1.A The geologic setting shall be selected ...* (0 assure that
releases of radioactive materials to the accessible -
environment {ollowing permanent closure conform to
applicable environmental standards for radioactivity
established by the EPA with respect to both anticipated
processes and cvents and unanticipated processes and

events.
{10 CFR 60.112]
Groundwater Travel RDRD 3.7.1.B The geologic repository shall be located so that the
Time pre-waste-emplacement groundwater travel time along the

fastest path of likely radionuclide travel from the
disturbed zone to the accessible environment shall be at
least 1,000 years, or such other travel time as may be
approved or specified by the NRC.,

{10 CER 60.113 (a)(2)]

* The requirements for the Engineered Barrier System and accesses, boreholes, and their seals are addressed in
37.5andinthe EBDRD. °
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Table 3-3. Repository Design Requirements (Continued)

Description

Identifier

Requirement

Groundwater

RDRD 3.7.1.C

If any of the average annual radionuclide concentrations
existing in a special source of groundwater, if one exists,
before construction of the disposal system already exceed
the limits in 40 CFR 191.16 (a), the disposal system shall
be designed to provide a reasonable expectation that, for
1,000 years after disposal, undisturbed performance of the
disposal system shall not increase the existing average
annual radionuclide concentrations in water withderawn
from the special source of groundwater by more than the
limits established in 40 CFR 191.16(a). [TBR}

{40 CFR 191.16 (b} [TBR]]

Note: Refer to requirement assumption RDRD 3.7.1.C
further clarification on project approach.

Adverse Effects

RDRD 3.7.1.D

Assuming the site has'been found suitable and to meet the
requirements specified in 10.CFR 60.122(a), the
Repository Segment design organization shall account for
the effects of any of the potentially adverse conditions
listed in 10 CFR 60.122 (c) if they are found to be
characteristic of the planned controlled area. 10 CFR
60.122(a) specifies that the effects of the potentially
adverse conditions can be addressed by analysis, by
compensation by favorable conditions (10 CFR
60.122(b)), or remedied [by engineering design].

{10 CFR 60.122]

Site Generated Waste
Treatment

RDRD 3.7.3.9.A

Radioactive waste treatment facilities shall be designed to
process any radioactive waste generated at the GROA into
a form suitable to permit safe disposal at the GROA or to
permit safe transportation and conversion to a form
suitable for disposal at an alternative site in accordance
with any regulations that are applicable.

[10 CFR 60.132(d))

Waste Handling

RDRD3.74.1.A.1

Surface facilities in the GROA shall be designed to allow
safe handling and lag storage (if needed) of wastes at the
GROA, whether these wastes are temporarily on the
surface before emplacement or as.a result of retrieval from
the underground facility.

[10 CFR 60.132(a)]

Surface Facility
Ventilation

RDRD 3.74.1.C

Surface facility ventilation systems supporting waste
transfer, inspection, decontamination, processing, or
packaging shall be designed to provide protection against
radiation exposures and off-site releases as provided in 10
CFR 60.111(a). :

[10 CFR 60.132(b)]
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Table 3-3. Repository Design Requirements (Continued)

Description Identifier Requirement

Underground Openings | RDRD 3.7.5.E.1 Openings in the underground facility shall be designed so
that operations can be carried out safely and the
retrievability option maintained.

[10 CFR 60.133(c} 1)}

Underground Openings | RDRD 3.7.5.E.2 Openings in the underground facility shall be designed to
reduce the potential for deleterious rock movement or

fracturing of overlying or surrounding rock.
{10 CFR 60.133(e)(2)]

Facility Orientation RDRD 3.7.5.E.3 The orientation, geometry, layout, and depth of the
underground facility, and the design of any engineered
barriers that are part of the underground facility shall
contribute to the containment and isolation of
radionuclides.

{10 CFR 60.133(a)(1)]

Underground Facility RDRD3.7.5.E.7 ‘The underground facility shall be designed so that the
Performance performance objectives will be met taking into account the
Requirements predicted thermal and thermomechanical response of the
host rock, and surrounding strata, and groundwater
system.

(10 CFR 60.133(1)}

Rock Excavation RDRD 3.7.5.G.2 The design of the underground facility shall incorporate
excavation methods that will limit the potential for
creating a preferential pathway for groundwater to contact
the waste packages or radionuclide migration to the
accessible environment, ¢

{10 CFR 60.133(N)

Flexibility RDRD 3.7.5.H The underground facility shall be designed to allow
adjustments to accommodate specific site conditions
identified through in situ monitoring, testing, or

excavations,
{10 CFR 60.133(b)]
Water and Gas RDRD 3.7.5.1 The underground facility shall be designed to control
water and gas intrusion. .
110 CFR 60.133 (d)]
Seals RDRD 3.7.5.J.1 Seals for accesses and borcholes shall be designed so that

following permanent closure they do not become
pathways that compromise the geologic repository’s ability
to meet the performance objectives for the period
following permanent closure.

[10 CFR 60.134(a)]
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Table 3-3. Repository Design Requirements (Continued)

Description Identifier Requirement

Seals RDRD 3.7.5.J.2 Materials and placement methods for seals shall be
sclected to reduce, to the extent practicable, (a) the
potential for creating a preferential pathway for
groundwater to contact the waste packages:; or (b) for
-radionuclide migration through existing pathways.
{10 CFR 60.134(b)(1) and (2)]

Seals RDRD 3.7.5J.3 The ...} seals for accesses and boreholes shall be designed
to assure that releases of radioactive materials to the
accessible environment following permanent closure
conform to applicable environmental standards for
radioactivity established by the EPA with respect to both
anticipated processes and events and unanticipated
processes and events.

{10 CFR 60.112)

Radiological Protection | RDRD 3.7.7.A The GROA shall be designed to maintain radiation doses,
levels, and concentrations of radioactive material in air in
restricted areas within the limits specified in 10 CFR 20.

Design shall include:

1. Means to limit concentrations of radioactive material
in air.

2. Maeans to limit the time required to perform work in
the vicinity of radioactive materials, including, as
appropriate, designing equipment for ease of repair
and replacement and providing adequate space for
case of operation. ’

3. Suitable Shielding.

Radiologica! Protection { RDRD 3.7.7.A 4, Means to monitor and control the dispersal of
(continued) radioactive contamination.

5. Mecans to control access to high radiation areas or
airborne radioactivity areas.

6. A radiation alarm system to wam of significant
increases in radiation levels, concentrations of
radioactive material in air, and of increased
radioactivity released in effluent. The alarm system
shall be designed with provisions for calibration and
for testing its operability.

{10 CFR 60.131(a)]

3 The requirements for the geologic setting and the Engineered Barrier System accesses and boreholes are
addressed in 3.7.1A and 3.7.5 and in the EBDRD.
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Table 3-3. Repository Design Requirements (Continued)

Description

Identifier

Requirement

Radiological Protection

RDRD 3.3.7.F

Surface facilities shall be designed to control the release
of radioactive materials in effluents during normal
operations so as to meet the perform objectives of 10 CFR
60.111(a).

[10 CFR 60.132(c)X1)]

Radiological Protection

RDRD 3.7.7.G

‘The effluent monitoring systems shall be designed to
measure the amount and concentration of radionuclides in
any effluent with sufficient precision to determine whether
releases conform to the design requirement for effluent
control. The monitoring systems shall be designed to
include alarms that can be periodically tested.

{10 CFR 60.132(c)(2))

Key Performance Requirements

»  Substantially complete containment for 1,000 years with no more than i percent of
waste packages failing within 1,000 years.

¢  Release rate of any radionuclide shall not exceed 1 part in 100,000 per year of the
inventory of radionuclides calculated to be present at 1,000 years

»  Nuclear criticality event not possible unless at least two unlikely, independent, and
concurrent or sequential changes have occurred in the conditions essential to nuclear
criticality safety.

*  GROA radiation levels and releases to unrestricted areas are within 10 CFR 20 and
Environmental Protection Agency standards until completion of closure.
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Table 3-4. Waste Delivery Schedule (In Metric Tons of Initial Uranium or Equivalent) [TBR]

Spent Nuclear Fuel DHLW
From Cumulative SNF and

Year MRS’ Cumulative Annual Cumulative DHLW
2010 300 300 0 0 300
2011 600 900 0 0 900
2012 1.200 2,100 0 0 2,100
2013 2,000 4.100 0 0 4,100
2014 3,000 7.100 0 0 7.100
2015 3,000 10,100 400 400 10,500
2016 3,000 13,100 400 800 13,900
2017 3.000 16,100 400 1,200 17,300
2018 3,000 19,100 400 1,600 20,700
2019 3.000 22,100 400 2.000 24,100
2020 3,000 25,100 400 2,400 27,500
2021 3.000 28.100 400 2.800 30,900
2022 3.000 31,100 400 3.200 34,300
2023 3.000 34,100 400 3.600 37,700
2024 3,000 37,100 400 4,000 41,100
2025 3.000 40.100 400 4,400 44,500
2026 3,000 43,100 400 4,800 47,900
2027 3,000 46,100 400 5,200 51,300
2028 3.000 49,100 400 5.600 55,700
2029 3,000 52.100 400 6,000 58,100
2030 3.000 55,100 400 6.400 61.500
2031 3.000 58.100 400 6.800 64.900
2032 3.000 61,100 200 7.000 68,100
2033 1.900 63.000 0 7.000 70.000
2034 0 63,000 0 7,000 70,000

*Note: [In years when SNF is shipped directly from the purchasers to the MGDS, the sum of the waste shipped directly
and waste shipped from the monitored retrievable storage facility will be as stated in this column,
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4. DESIGN BASIS ASSUMPTIONS AND DEVELOPMENT

The Controlled Design A ssumptions Document (CDA Document) (CRWMS M&O 1995a) is a key
element in the advanced conceptual design (ACD) approach that uses management decisions and/or
assumptions, as necessary, based on the best available information or engineering judgment, to
advance the design. The CDA Document (CRWMS M&O 1995a) contains these assumptions, as
well as the rationale for the assumptions and references to plans and schedules to substantiate the
assumptions, if necessary. The CDA Document (CRWMS M&O 1995a) also provides a concept
of operations for the repository surface and subsurface operations. A key feature of the ACD
approach is to allow assumptions regarding requirements, design concepts, and technical data to be
made prior to the existence of qualified data. Such assumptions are considered to be of
indeterminate quality and, therefore, may require substantiation activities to validate, qualify, and/or
determine their suitability as design input. Refer to the CDA Document (CRWMS M&O 1995a) for
a discussion of control of assumptions and resolution of key issues.

Assumptions are categorized as key assumptions, requirements assumptions, design concept
assumptions, and technical data assumptions. Key assumptions include assumptions identified by
Project Engineering and Systems Engineering staff. Requirement assumptions include requirements
in the Repository Design Requirements Document (RDRD) (YMP 1994a) identified as TBD (to be
determined), TBV (to be verified), and TBR (to be resolved). Design concept assumptions include
identification of design judgments and/or decisions that have been made to move forward with the
design. Design concepts included in the CDA Document (CRWMS M&O 1995a) are typically those
that do not have sufficient technical data to support a final decision on the design. Technical data
assumptions include data selected from ranges of data specified in the Reference Information Base
(YMP 19952a) and elsewhere, as necessary, to support the MGDS ACD Report.

4.1 KEY ASSUMPTIONS

Repository key assumptions were identified by the Yucca Mountain Site Characterization Office
Repository Project Engineering and Systems Engineering staff. The basic rationale for identifying
an assumption as a key assumption is if the assumption involves a highly controversial issue that
lacks a clear consensus among the DOE and participants or if the assumption cuts across more than
one program element. Key assumptions that impact repository design are shown in Table 4-1.
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Table 4-1. Key Assumptions o~

Key Assumption
Description Identifier Assumption

Cask Arrival 001 The cask arrival scenario at the MGDS is as indicated in
Scenario Table 4-2.

Rail shipments total approximately 5,000 (MPC' = 4,400;
HLW?= 600). There is a maximum of three railcars per spent
nuclear fuel (SNF) shipment or five railcars per HLW shipment,
with one transportation cask per railcar.

Truck shipments total approximately 1,000; all uncanistered
SNF. The following table is consistent with MGDSRD?® Table 3-
3.

Rationale: The original source of data is from Jim Davis, Mark
Fleming, John King, and Mark Rose (CRWMS M&O 1995af)
and Jim Davis, Mark Fleming, and John King

(CRWMS M&O 1995az).

The assumption is in accordance with the Nuclear Waste Policy
Act, OCRWM Mission Plan (DOE 1991), MPC concept,

Proposed Program Approach (DOE 1994b), and MGDSRD and
supporting requirements documents. .

Waste Form Arrival | 002 The waste form arrival scenario at the MGDS is as indicated in
Scenario Table 4-3. The following table is consistent with MGDSRD
. Table 3-3.

Rationale: The original source of data is from Jim Davis, Mark
Fleming, John King, and Mark Rose (CRWMS M&O 1995af).

The assumption is in accordance with the Nuclear Waste Policy
Act, OCRWM Mission Plan (DOE 1991), MPC concept,
Proposed Program Approach (DOE 1994b), and MGDSRD and
supporting requirements documents.

! multi-purpose canister P
% high-level waste

3 Mined Geologic Disposal System Requirements Document (DOE 1995b)
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Table 4-1.

Key Assumptions (continued)

Description

Key Assumption
Identifier

Assumption

Waste Package
Emplacement
Scenario

Note: See Section 8
for a description of
waste package

003

The waste package emplacement scenario at the MGDS for the
reference thermal load is as indicated in Table 4-4. The table is
compatible with the tables in Key Assumptions 001 and 002 for
higher thermal loads.

Total commercial SNF - 63,000 MTU* in about 9,000 MPCs and
about 200 uncanistered fuel waste packages.

The following table is consistent with MGDSRD Table 3-3.

Rationale: The original source of data is from Jim Davis, Mark
Fleming, John King, and Mark Rose (CRWMS M&O 1995af).

The assumption is in accordance with the Nuclear Waste Policy
Act, OCRWM Mission Plan (DOE 1991), MPC concept,
Proposed Program Approach (DOE 1994b), and MGDSRD and
supporting requirements documents.

Average SNF
Characteristics

The average SNF characteristics upon receipt at the repository
and based on the Oldest Fuel First acceptance strategy, no MRS?,
deferred dry storage, derated canisters, and four truck sites:

26.4 years old with 39.65 Gwd/MTU burnup and 3.68 wt.%
enrichment [pressurized water reactor (PWR)).

26.1 years old with 31.19 Gwd/MTU bumup and 2.97 wt.%
enrichment {boiling water reactor (BWR)].

Table 4-5 provides the total repository emplacement decay heat
by waste package type as a function of time.

Rationale: These data have been provided by Interoffice
Correspondence (CRWMS M&O, 1995az).

‘The assumption is in accordance with the Nuclear Waste Policy
Act, OCRWM Mission Plan (DOE 1991), MPC concept,
Proposed Program Approach (DOE 1994b), and MGDSRD and
supporting requirements documents.

Subsurface Waste
Package Transport

010

Integrated rail transport will be used for subsurface transport of
waste packages.

Rationale: The subsurface transport must be capable of handling
the current 21 and 12 PWR MPC waste package design.

4 metric tons of uranium

s
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Table 4-1.

Key Assumptions (continued)

Description

Key Assumption

Ydentifier -

Assumption

Horizontal In-Drift
Emplacement

on

Waste packages will be emplaced in-drift in a horizontal mode.

Rationale: Based on the current 21 and 12 PWR MPC program
decision, the borehole emplacement option is impractical.

Also, there are benefits in long-term criticality and thermal
control associated with this approach.

No Human Entry in
Emplacement Drifts
Containing Waste
Packages

013

No human entry is planned in emplacement drifts while waste
packages are present. The waste emplacement/retrieval
equipment may use robotics and/or remote control features to
perform operations and monitoring within the emplacement
drifts. Under-off-normal conditions, human entry will be
considered if protection to the workers can be provided.

Rationale: RDRD (YMP 19942): Geologic Repository
Operations Area (GROA) shall to the extent practicable achieve
occupational doses that are As Low As Reasonably Achievable
(ALARA). Under off-normal conditions, radiation exposures to
workers should be within allowable limits.

Retrievability
Period

016

The repository will be designed for a retrievability period of up
to 100 years after initiation of emplacement.

Rationale: The Engincered Barrier Segment will be designed for
a retrievability period of 100 years to be consistent with the
repository period of retrievability. This key assumption was
developed at a Key Assumption Workshop held in Las Vegas,
Nevada, on May 4, 1994 (Letter W. B. Simecka to L. D. Foust,
DOE 19%4a).

Reasons for
Retrieval

017

Retrieval of emplaced waste may be performed for the following
reasons:

¢ Failure in site, waste package, or some other system causing
an unreasonable risk to public health and safety

*  The determination that recovery of valuable resources from
the SNF is necessary.

Rationale: This assumption is consistent with the NWPAA®
guidance, and Retrievability System Study, September 1994
_(CRWMS M&O 1994¢).

6 Nuclear Waste Policy Amendments Act of 1987
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Table 4-1. Key'Assumptions (continued)

Description

Key Assumption
Identifier

Assumption

Thermal Load
Range

019

Surface, subsurface, and waste package designs will be based on
a reference thermal load of 80-100 MTU per acre. The reference
thermal load for the MGDS ACD Report is 83 MTU per acre.

Rationale: The reference thermal loading was developed at the
CDA mecting held in Las Vegas, Nevada, on
November 16, 1995 (CRWMS M&O 1995ba).

No final decision regarding the design load has been made and
flexibility for accommodating higher or lower thermal loads is
part of the thermal strategy.

Repository Horizon

022

For the reference thermal loading of 80-100 MTU per acre, the
repository horizon will be located mainly in the TSw2? geologic
uait within the primary area.

Rationale: ESFDR® states "the ESF Main Test Level shall be
constructed at the planned repository horizon, which is currently
the TSw2 rock unit." Recent evaluations indicate the
TSw1/TSw2 contact is not well defined and some work within
the presently defined TSw1 unit is suitable for the emplacement
level. Revised assumption provides more flexibility. Primary
area is consistent with site characterization activities.

Primary area is as defined in Preliminary Evaluation of the
Subsurface Area Available for a Potential Nuclear Waste
Repository at Yucca Mountain (SNL 1984a). The primary area
is not rigidly defined. Thecefore, rigidly restricting the
repository to an arbitrarily defined region is not warranted.
Modest crossing of the boundary should be allowed.
Assumption is consistent with the thermal strategy reference
loading.

7 Topopah Spring Welded Thermal/Mechanical Unit
8 Exploratory Studies Facility Design Requirements (YMP 19951)
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Table 4-1. Key Assumptions (continued)

Key Assumption
Description Identifier Assumption
Subsurface Fault 023 To the extent practical, repository openings will be located to
Standoff avoid Type 1 faults. For unavoidable Type 1 faults that inter-

sect emplacement drifts, allow a 15-m stand off from the edge of
the fault zone to the nearest waste package. Avoidance is
assumed to be adequate by using a 60-m offset from the main
trace of a fault at the repository level. Exception: 120-m stand
off should be used on the west side of the Ghost Dance Fault
because the Topopah Spring Main Drift will be excavated before
the Ghost Dance Fault characteristics are fully investigated.

Rationale: NUREG -1494 (NRC 1994), Staff Technical Position
on Consideration of Fault Displacement Hazards in Geologic
Repository Design, September 1994. Key Assumption 023,
Rev. 01, is a combined version of Key Assumption 023, Rev.
00; Key Assumption 034, Rev. 00; and Key Assumption 035,
Rev. 00. .
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Table 4-1. Key Assumptions (continued)

Key Assumption
Description Identifier Assumption
Site-Generated 024 Secondary site-generated waste (low-level, hazardous, mixed,
Wastes and municipal) will be transported to government-approved off-

site facilities for disposal. Temporary accumulations would be
accommodated on-site to facilitate treatment of low-level waste,
and packaging of all waste types prior to transport to designated
facilities. Off-site disposal options are to be assessed.

Rationale: Radioactive Waste (RW) policy excludes mixed
waste from disposal at MGDS (June 22, 1995, Dreyfus
memorandum bounding NEPA® analysis to non-RCRA!® SNF
and vitrified HLW) (DOE 1995d). Current planning calls for
disposal of all secondary waste forms at off-site facilities.

Low-level waste unsuitable for recycling will be collected,
treated, and packaged on-site for transport to an off-site
government-approved disposal facility.

Mixed low-level wastes will be minimized or eliminated through
waste minimization programs; if small quantities are generated,
they will be collected and packaged on-site for transport to an
off-site RCRA-approved treatment, storage, and disposal facility.

Hazardous waste will be collected and packaged on-site for
transport to an off-site RCRA-approved treatment, storage, and
disposal facility.

Municipal and construction wastes (non-radioactive, non-
hazardous) will be collected in dumpsters for transport to state-
permitted landfills.

% National Environmental Policy Act of 1969
10 Resource Conservation and Recovery Act, 42 USC 6901-6987
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Table 4-1, Key Assumptions (continued)

Description

Key Assumption
Identifier

Assumption

Mechanical Tunnel
Excavation

027

The primary method of tunnel excavation will be mechanical.

Rationale; 10 CFR 60.133¢(2): Openings shall be designed to
reduce deleterious rock movement.

10 CFR 60.133(f): Use excavation methods that limit potential
for creating preferential pathways for groundwater,

NUREG 1347, Comment 132 (NRC 1989a): Compare the
alternatives of drilling and blasting and mechanical excavation
methods.

Nuclear Waste Technical Review Board's (NWTRB) First
Report to Congress (NWTRB 1990): Maximize use of the most
modern mechanical excavation techniques in studies of tunnel
excavation methods.

Results of the ESF Alternative Study (SNL 1991) recommended
mechanical excavation.

Tunnel Drill-and-
Blast Option

028

‘Where it is impractical to use mechanical methods, drill-and-
blast may be used to a limited degree primarily in non-
emplacement areas of the repository.

Rationale: 10 CFR 60.133¢(2): Openings shall be designed to
reduce deleterious rock movement.

10 CFR 60.133(f): Use excavation methods that limit potential
for creating preferential pathways for groundwater.

NUREG 1347, Comment 132 (NRC 1989a): Compare the
alternatives of drilling and blasting and mechanical excavation
methods.

NWTRB First Report to Congress (NWTRB 1990): Maximize
use of the most modern mechanical excavation techniques in
studies of tunnel.excavation methods.

Results of the ESF Alternative Study (SNL 1991) recommended
mechanical excavation.

Underground Rail
Transport of
Personnel and
Supplies

030

Rail will be used for transporting underground supplics and
personnel to the extent practical.

Rationale; Rail system is compatible with handling of the current
21 and 12 PWR MPC waste package. Rail system is well-suited

to in-drift emplacement mode.

Ideal for supplying tunnel boring machine (TBM) operation and

transportation of personnel.

Repository subsurface gradient will allow use of rail system.
Highly suitable for remote handled or automated operations.
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Table 4-1. Key Assumptions (continued)

, Key Assumption
Description Identifier Assumption

-

Waste Package 031 A. Waste package containment barriers will provide sufficient

Shielding shielding for protection of waste package materials from
radiation-enhanced corrosion.

B. Individual waste packages will not provide any additional
shielding for personnel protection.

C. Additional shielding for personnel protection will be
provided on the subsurface transporter and in surface and
subsurface facilities.

Rationale: The cost, size, and weight of an individually shielded
waste packages may be excessive; therefore, MGDS will meet
ALARA requirement with more cost-effective shielding options.

Personnel radiation protection from individual waste packages

will be provided through the use of:

(1) Remote handling equipment in the assembly and
emplacement areas

(2) A shiclded waste package transporter during emplacement
operations

(3) Shielding and seals at the entrances to the emplacement
drifts.

1 Backfillin 046 Current design assumes no backfill in emplacement drifts.
Emplacement Drifts Options for backfill will be considered based on ongoing and
future backfill studies.

Rationale: No performance credit is currently allocated to
backfill (since no backfill is assumed).

Waste package will be designed to withstand expected rockfall
during the substantially complete containment period.

Potentially difficult and expensive to emplace a backfill.
Backfill consisting of excavated or new materials will be
evaluated to determine possible negative attributes including the
potential to add thermal insulation, the potential to cause crevice
corrosion, and potential to act as a water wick.
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Table 4-1. Key Assumptions (continued)

Description

" Key Assumption
Identifier

Assumption

Backfill in
Emplacement Drifts
(continued)

046

Backfill consisting of excavated or new materials will be
cvaluated to determine the effectiveness of backfill to provide a
capillary barrier, to contro] relative humidity at the waste
package surface, to spread the flow of water and provide a drip
barrier, to provide a diffusion barrier, to provide a retardation
barrier for the transport of radionuclides, to provide structural
protection to the waste package, and to provide a chemical
barrier (before and/or after water enters/exits the waste package).

Backfill requirements will be established once values and
characteristics of the backfill are well understood.

Surface Facilities
Location

047

The proposed repository waste handling and administrative
surface facilities will be located adjacent to the North Portal,

Rationale: SCP-CDR!! proposed the location of the central
surface facilitics at the entrance to the waste ramp portal.

Northern Midway Valley is more likely to contain an area
demonstrably free of late Quaternary surface faults.

The ESF alternatives study recommended relocation of the waste
and tuff ramps portals based on Option 30 findings.

The current technical baseline identifies a North and South
Portal locations in accordance with the ESF enhanced
configuration.

The ESF is presently located at the entrance to the north portal.
The South Portal will have a steeper ramp grade (2.57%)
compared to the North Portal ramp (2.15%).

Planned site improvements for the ESF can be used for the
proposed repository surface facilities.

U Site Characterization Plan Cbncepmal Design Report (SNL 1987)
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Table 4-1. Key Assumptions (continued)

Key Assumption
Description Identifier Assumption
Addition of Filler 052 Table 4-6 provides a scenario for receipt of first procurement
Material at the MPCs that may have to be opened each year at the repository for
Repository the insertion of reactivity control additives. The table may be

used to provide an upper bound for abnormal MPCs requiring
remedial operations at the repository.

Rationale: Based on programmatic guidance documented in
(CRWMS M&O 1995bb), verification assumptions made in that
memo and complete execution of the direction, this assumption
should provide an upper bound on the number of MPCs needing
remedial operations at the repository. The table is based on
several considerations: (1) the assumption that five years of
MPCs from the first procurement could be deployed and loaded
with fuel that may not meet final disposal requirements on
MPCs; (2) several criticality control-related activities must occur
before disposal requirements on MPCs could be finalized (e.g.,
completion of the Disposal Criticality Control Topical Report,
approval of a Burnup Credit Topical report that would include
principal isotopes (including some fission products) and
completion of basket material corrosion testing; (3) the analysis
in the memo indicated below. Based on these assumptions and
this analysis, 113 of the first procurement MPCs will require
additional criticality control measures. This number was

determined by comparing each of the 544 individual MPC k
values with an estimated value that reflected the demarcation
point between those MPCs that should be opened and those that
did not have to be opcned.

This estimated value, which assumes principal isotope burnup
credit and no credit for engineered neutron absorbers, varied
depending on whether the MPC being evaluated was large or
small, and whether it contained BWR or PWR assemblies. This
analysis is described in detail in the memo from M.A. Balady,
"Update to Rationale for Selection of First Procurement MPCs
to be Opened” (CRWMS M&O 1995bc). The reopening of
MPC:s will be an off-normal operation. Adding filler additives
or other reactivity control additives will also be considered an
off-normal operation.
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Table 4-1. Key Assumptions (continued)

Key Assumption
Description Identifier Assumption
Off-Normal Waste | 053 The MGDS shall have the capability to handle any abnormal
Handling Building MPCs and other canistered waste forms that require remedial
(WHB) Capability processing. Such processing may include opening the canister,

transferring the waste form, adding filler material, and resealing.

Rationale: Since this MGDS requirement excludes other
methods of opening an MPC except for cutting it open, it is
assumed that this requirement pertains to MPCs intended not to
be opened. Also, the referenced 10 CFR 60 and CRWMS
Requirements Document (DOE 1995a) sections are off-normal
headings. Therefore, this requirement applies to an off-normal
occurrence.

The justification for moving the spent fuel assembly in and out
or even rescaling an MPC before being sealed into a waste
package is not clear. The importance of undamaged waste is
also unclear.

Surface design will provide for the area necessary to open an
MPC, based on the assumption that this analysis either exists or
will be provided. Opening an MPC is considered an off-normal
occurrence. A separate cell is proposed to prevent special
operations from interfering with normal waste handling
operations.

It is assumed that, until better defined, the probable equipment
and systems (such as cutter, welder, and bare fuel handler) in the
special operations cell for uncanistered fuel assembly casks and
performance confirmation will accommodate the mitigation
needs of an off-normal MPC. This special operations cell will
necd to be adaptable to multiple functional roles for one-time or
low-volume events. Probable events and best remedial
methodology will need to be investigated before operations and
equipment can be defined for this area. Programmatic guidance
defines an approach where filler material may be unnecessary
(CRWMS M&O 1995bb).
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Table 4-1. Key Assumptidns (continued)

Description

Key Assumption
Identifier

Assumption

Normal WHB
Capability (No
Filler Material)

054

‘| operations is presently planned (see Key Assumption 053).

The design for the WHB MPC standard handling operations is
based on no capability to add filler material to MPCs at the
repository. The addition of filler material to first procurement
MPCs will be performed as an off-normal operation in
accordance with Key Assumption 053.

Rationale: Programmatic guidance defines an approach where
filler material may be unnecessary (CRMWS M&O 1995bb).

Since the initial MPC deployment would occur in the years prior
to the opening of the repository, those MPCs would be held in
some temporary storage yet to be defined. Therefore, itis
reasonable to administratively control the shipment of these early
MPCs, spreading them evenly over the long duration of -
repository waste handling operations. They could then be
handled as off-normal units that would not interfere with the
normal flow of modern MPCs through the WHB operations.

A separate cell for accommodating unusual or off-normal

Such limited operations could include performance confirmation
examinations, bare fuel assembly handling, and opening
damaged MPCs. When the modification criteria for these early
MPCs are established, this off-normal operation cell design
could be modified to correct the MPC as required (filler
material, repack, etc.).

Retrieval
Demonstration

055

Proof-of-principle demonstrations of waste package retrieval will
be conducted following license application.

‘The proof-of-principle demonstration is consistent with the DOE
position as stated in Appendix D, "Department of Energy
Position of Retrievability for a Geologic Repository,” of the
Generic Requirements Document for a Mined Geologic Disposal
System (OGR/B-2) (DOE 1987¢).

Interim Fuel
Storage

056

‘The repository will interface with an interim storage facility
located outside the State of Nevada.

Rationale: Interim storage is a Congressional program
requirement.

Burnup
Measurements

057

Burnup measurements of bare uncanistered SNF assemblies, if
required at the repository, will be performed non-destructively.

Rationale: Burnup measurements of SNF in MPCs will be
performed, if required, at purchaser sites.

Surface repository will not have the facilities to perform
destructive testing.

This assumption is based on the future successful development
of radiation-based non-destructive measurement equipment.
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Table 4-1. Key Assumptions (continued)

'Key Assumption
Description Xdentifier Assumption
Transportation 058 SNF and HLW arriving in Nevada on main line commercial rail
Mode/Route within lines will be transported to the repository via rail. Rail routes
Nevada being considered are described in the Nevada Potential

Repository Preliminary Transportation Strategy, Study 2
(CRWMS M&O 1995ax). For costing purposes, four of the
routes being considered will be evaluated using a straight
average. The four routes to be averaged are (1) Caliente-base
route, (2) Carlin-Monitor Valley via Ralston, (3) Valley
Modified-via Indian Hills, and (4) Jean-Wilson Pass Option via
Stewart Valley.

Rationale: These were the least expensive options from the four
rail corridors being considered according to the findings of the
Nevada Potential Repository Preliminary Transportation
Strategy, Study 2 (CRWMS M&O 1995ax). Using the average
of four routes is consistent with the position that the route will be
selected once the NEPA process is concluded.

It is noted that no decision has been made relative to the
transportation mode. The heavy haul transportation mode
remains an option. The final decision can be made only in
accordance with the NEPA process.
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Table 4-1. Key Assumptions (continued)

Key Assumption
Description Identifier Assumption

MGDS Architecture | 059 ‘The configuration item groups (CIGs) of the repository (surface
and subsurface) are organized as shown:
Surface Repository

-  Site Preparation Systems

Site Transportation Systems

Site Utilities Systems

‘Waste Handling Facilities

Operational Support Facilities

General Sopport Facilities

Surface Closure

Off-site Utilities

Off-site Transportation

Subsurface Repository

- UG" Excavated Openings

UG Support Facilities

UG Utilities Systems

UG Ventilation Systems

UG Shielding Equipment/Systems

UG Waste Package Handling Equipment
UG Operations Support Systems

UG Closure

UG Performance Confirmation Systems
UG Construction Equipment and Temporary Facilities

. t % L] L] 1 ] + L] 1]

Rationale: The CIGs are based on ACD development and
configuration management.

12 Underground
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Table 4-2. Transportation Cask Arrival Scenario

Key 001 Transportation Cask Arrival Scenario
Cask Uncanistered Fuel HLW
Contents MPC Assemblies Canister Total
Cask Casks
Designation | B-LG | P-LG | B-SM | P-SM | B-IN-P || B-.LWT | P-LWT HLW per Year
Year* Number of Transportation Casks**
1 24 12 11 5 0 1- 9 i 0 62
2 20 21 43 26 2 0 25 0 137
3 28 61 80 22 1 1 64 0 257
4 63 116 88 31 2 0 52 0 352
5 120 163 87 34 4 0 72 0 480
6 88 179 111 43 3 1 54 159 638
7 100 190 76 36 3 0 69 161 635
8 106 189 87 34 2 0 54 160 632
9 98 212 62 28 4 0 43 160 607
10 101 196 54 37 1 0 48 159 596
11 98 206 46 46 2 0 29 160 587
12 102 193 72 29 2 0 40 160 598
13 105 211 39 40 2 0 55 160 612
14 113 187 59 37 3 0 29 161 589
15 116 204 62 18 1 0 36 160 597
16 86 210 61 38 0 0 33 160 588
17 111 201 40 29 8 0 57 159 605
18 119 202 63 28 0 0 10 160 582
19 100 206 47 40 (] 0 60 160 613
20 o8 205 74 33 0 0 37 160 607
21 123 191 56 41 0 0 41 37 489
22 139 185 49 33 0 0 23 87 516
23 115 182 84 34 0 0 57 83 555
24 69 119 54 23 0 0 29 0 294
Total Casks | 2.242 | 4,041 | 1,505 765 40 3 1,026 2,606 12,228
* Year of MGDS Operation
** Cask quantities are the number of unit casks arriving; they do not necessarily imply that each cask is fully loaded.
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Table 4-2. Transportation Cask Arrival Scenario (continued)

Key 001 Legend

Transportation cask that holds a large BWR MPC containing 2 maximum of 40

B-LG
assemblies
P-LG | Transportation cask that holds a large PWR MPC containing a maximum of 21
assemblies .
MPC B-SM | Transportation cask that holds a small BWR MPC containing a maximum of 24
assemblies
P-SM | Transportation cask that holds a small PWR MPC containing a maximum of 12
assemblies
B-IN-P | Transportation cask that holds a small PWR MPC containing a maximum of 12 Big
Rock Paint assemblies
Uncanistered | B-LWT | GA-9 transportation cask that holds a maximum of 9 BWR assemblies
Assfxl::;lies P-LWT | GA-4 transportation cask that holds a maximum of 4 PWR assemblies
HLW HLW | Transportation cask that holds a maximum of 5 defense or commercial
. _Canister HLW canisters

Base Case Waste Stream, 2010 MGDS, oldest fuel first (OFF) with Deferred Dry Storage, Derated Canisters, 4

Truck Sites
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Table 4-3. Waste Form Arrival Scenario

Key 002 ‘Waste Form Arrival Scenario

Waste Form Uncanistered Fuel HLW

(WF) MPC Assemblies Canister

WE Total

Designation { B-LG | P-LG | B-sSM | P-sM | B-IN-P | B-LwT | pLWT || HLW Waste

Max WF 1 1 1 1 1 9 4 5 Ufi‘t’s““pﬂ

Units per Year

Transp.

Cask

Year* Number of Waste Form Units
1 24 12 11 5 0 1 36 0 89
2 20 21 43 26 2 0 100 0 212
3 28 61 80 22 1 4 253 0 449
4 63 116 88 31 2 0 208 0 508
5 120 163 87 34 4 0 288 0 696
6 88 179 111 43 3 2 213 795 1,434
7 100 190 76 36 3 0 276 805 1,486
8 106 189 87 34 2 0 216 800 1,434
9 98 212 62 28 4 0 172 800 1,376
10 101 196 54 37 1 0 192 795 1,376
11 98 | 206 46 46 2 0 116 800 1,314
12 102 193 72 29 2 |l 0 153 800 1,351
13] 105] 21 39 40 2 || 0 191 800 1,388
14 113 187 59 37 3 | 0 112 805 1,316
1s| 16| 204 62 18 1 || 0 118 800 1,319
16 86| 210 61 38 0 0 m 800 1,306
17 111 201 40 29 8 0 188 795 1372
18 119 202 63 28 0 0 40 800 1,252
19 100| 206 47 40 0 0 185 800 1,378
20 98 205 74 33 0 0 110 800 1320
21 123 191 56 41 0 0 130 185 726
22 139 185 49 33 0 0 62 435 903
23 115 182 84 34 0 0 188 408 1,011
24 69 119 54 23 0 0 61 0 326
Total 2242 | 4,041 1,505 765 40 7| 3719 13023 25,342
Handling
Units
* Year of MGDS Operations
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Table 4-3. Waste Form Arrival Scenario (Continued)

Key 002 Legend

B-LG | Large BWR MPC containing a maximum of 40 assemblies

P-LG__| Large PWR MPC containing a maximum of 21 assemblies

B-SM | Small BWR MPC containing a maximum of 24 assemblies

P-SM_ | Small PWR MPC containing a maximum of 12 assemblies
B-IN-P | Small PWR MPC containing a maximum of 12 Big Rock Point assemblies

MPC

Uncanistered | B-LWT | BWR assembly

Fuel
Assomblies | PLWT | PWR asscmbly
HLW HLW | Defense or commercial HLW canister
Canister

Base Case Waste Stream, 2010 MGDS, OFF with Deferred Dry Storage, Derated Canisters, 4 Truck Sites
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Table 4-4. Waste Package Emplacement Scenario

Key 003 Waste Package Emplacement Scenario
WP Content Uncanistered Fuel || HLW
MPC Assemblies Canister
WP Content
Designation | B-LG | P-LG | B-SM | P-SM | B-IN-P || BLLWT | P-LWT | HLW Total
Max Waste 1 1 1 1 1 40 21 4 | WastePkgs
Form Units per Year
per WP
Year* Number of Waste Packages**
1 24 12 11 5 0 1 1 0 54
2 20 21 43 26 2 0 5 0 117
3 28 61 80 22 1 1 12 0 205
4 63 116 88 31 2 0 10 0 310
5 120 163 87 34 4 0 14 0 422
6 88 179 111 43 3 1 10 199 634
7 100 190 76 36 3 0 13 202 620
8 106 189 87 34 2 0 10 200 628
9 98 212 62 28 4 0 8 200 612
10 101 196 54 37 1 0 10 199 598
11 98 206 46 46 2 0 5 200 603
12 102 193 72 29 2 0 7 200 605
13 105 211 39 40 2 0 10 200 607
14 113 187 59 37 3 0 5 202 606
15 116 204 62 18 1 0 6 200 607
16 86 210 61 38 0 0 5 200 600
17 111 201 40 29 8 0 9 199 597
18 119 202 63 28 0 0 2 200 614
19 100 206 47 40 0 0 9 200 602
20 08 205 74 33 0 0 6 200 616
21 123 191 56 41 0 0 7 47 465
22 139 185 49 33 0 0 4 109 519
23 115 182 84 34 0 0 10 102 527
24 69 119 54 23 0 0 4 0 269
Total WPs 2,242 | 4,041 | 1,505 765 40 3 182 3.259 12,037
* Year of MGDS operation
b For UCF and HLW packages, numbers are rounded up; WP may not be fully loaded
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Table 4-4. Waste Package Emplacement Scenario (Continued)

Key 003 Lepend
B-LG | Waste package that holds a large BWR MPC containing a maximum of 40 assemblies
P-LG | Waste package that holds a large PWR MPC containing a maximum of 21 assemblies
MPC B-SM | Waste package that holds a small BWR MPC containing 2 maximum of 24
assemblies
P-SM | Waste package that holds a small PWR MPC containing a maximum of 12 assemblies
B-IN-P | Waste package that holds a small PWR MPC containing a maximum of 12 Big Rock
Point assemblies
Uncanistered | B-LWT | UCF waste package that holds a maximum of 40 BWR assemblies
Assfr‘fglim P-LWT | UCF waste package that holds a maximum of 21 PWR assemblies
HLW HLW | Waste package that holds a maximum of 4 defense or commercial HLW canisters
Canister

Base Case Waste Stream, 2010 MGDS, OFF with Deferred Dry Storage, Derated Canisters, 4 Truck Sites

v
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Table 4-5. Repository Total Heat Output

FY9SCDAO - OFF, DERATE, DEFERRED DRY STORAGE, 4 TRUCK SITES

MGDS TOTAL HEAT OUTPUT [MW]

Year* | Total REP | Total BWR | Totsl PWR| B.LWT | P.LWT B-LG P-LG B-SM P-SM B-IN-P
0 62.96 2027 43.63 0.00 1.56 15.29 37.22 495 3.50 0.03
10 52.03 16.75 3528 0.00 131 1256 1 3075 417 322 0.03
20 44.14 14.24 29.90 0.00 111 1065 i 2606 3.57 2712 | o002
30 3192 12.25 25.67 0.00 0.96 9.15 2239 3.09 233 0.02

40 _ ! 3300 ! 10m 22 ! 000 0.84 7.98 19.44 2.71 2.02 0.02
50 2904 | 944 19.60 0.00 0.74 102 17.09 241 1.77 0.02
60 2584 . 842 1742 0.00 065 | 626 15.19 2.18 1.57 0.01
70 i 2320 | 760 15.61 0.00 055 | 563 1 1362 1.96 140 0.01
80 . 2111, 694 14.17 0.00 054 i 513 . 1237 ! 119 127 0.01
0 1934 1 637 12.96 0.00 049 471 1131 . 166 .16 . 001

100 : 1792 : 593 : 1199 ., 000 ! 046 4 437 : 1047 | 155 .07 | 001
200 4 1126 | 378 . 748 | 000 i 028 } 276 i 655 | 101 065 ;001
300 ¢ 892 301 . 591 . 000 022 ' 219 ' s11 081 _: 051 ' 001
400 i 152 2,54 499 j 000 019 1 184 | 436 069 | 043 0.00
500 | 652 2.20 433 i 000 016 ' 160 i 379 060 : 038 0.00
600 573 ' 193 - 380 000 0.14 140 333 0.52 033__ ' 000
700 s.11 1.71 340 . 000 0.13 124 297 047, 030 0.00
800 4.58 1.53 305 . 000 012 i L 267 . 042 , 027 0.00
900 4.15 138 277 000 o1 100 242 | 038 024 0.00
1000 | 379 126 254 1 000 010 i 081 | 222 | 034 0.22 0.00
2000 i 203 065 ; 138 0.00 005 _° 048 ! 120 | 018 0.12 0.00
3000 1.8 050 . 108 000 ! 004 ‘' 036 : 095 : 014 0.10 0.00
4000 - 141 .« 044 ' 097 1 000 004 i 032 : 08 1 012 .« 009 0.00
s000 | 132 041 090 ! 000 0.04 030 0.79 0.11 0.08 0.00
6000 ! 122 038 0.33 0.00 0.03 028 073 0.10 0 0.00
7000 . 114 036 0.78 0.00 0.03 026 | 068 | 010 0.07 0.00
8000 ; 107 | 034 i 073 : 000 003 024 | 064 | 009 006 . 000
0000 , 101, 032 , 06 . 000 4 003 , 023 . 060 ; 009 ; 006 4 000

1000 | 09 ' 030 ' 065 ! 000 | o003 : 022 : o057 ' o008 | 006 | 000

Notes:  Total BWR colunn it the sum of B.LWT + B-LO + BSM + B-IN-P * Time scale Is based on the collag haique (see Rationale). Time 0 is
Total PWR columa Is the sum of P-LWT 4 P-LG + P-SM emplacement time; bowevesr, time datiag is Inaccurate for 0-100 year and more accurate
Total REP column Is the sum of Total BWR + Total FWR for Jonger term calculations.,

)




Table 4-6. First MPC Procurement Requiring Opening at Repository, No MRS,

2010 MGDS, Off (FY95DA0)
MPCs
Years* | gyg P-LG B-SM P-SM B-in-P Total
1 0 0 0 3 0 3
2 0 0 0 3 0 3
3 0 0 0 4 0 4
4 0 1 0 7 0 8
5 0 5 0 1 0 6
6 0 4 0 0 0 4
7 0 6 0 3 0 4
8 0 0 1 0 0 1
9 0 10 0 0 0 10
10 0 6 0 1 0
11 0 0 7 0
12 0 18 0 0 0 18
13 0 6 0 0 0 6
14 0 1 0 0 0 1
15 0 1 0 0 0 1
16 0 9 0 0 0 9
17 0 8 0 0 0 8
18 0 4 0 0 0 4
19 0 4 0 0 0 4
20 0 3 0 0 0 3
21 0 0 0 0 0 0
22 0 0 0 0 0 0
23 0 0 0 0 0 0
24 © 0 0 0 0 0 0
Total 0 87 1 29 0 117
*Years of MGDS operation
BASIS (CRMWS M&O 1995af)

Program Approach scenario (No MRS).
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First procurement MPCs in the five-year period 1998-2002 are loaded with OFF and placed in Py
reactor dry storage.
Pickup from dry storage is deferred until no fuel older than 10 years remains in spent fuel pools.
Pickup from only four trucks (no-rail) purchasing utilities is assumed.
Waste package heat limit for emplacement is 14.2 kW.
Transportation casks are derated as shown.
Cask Derating
MPC Heat Limits (kW)
Operation
B-LG P-LG - B-SM P-SM
Storage 17.60 23.90* 10.56 13.68
Transportation 12.0 1420 7.20 8.76
Emplacement 14.20 14.20 14.20 14.20
See Key Assumptions 001 to 003 for legend. o~
*17.85 KW used at various sites for post-shutdown dry storage.
Yl 8
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4.2 REPOSITORY DESIGN REQUIREMENTS DOCUMENT ASSUMPTIONS

The assumptions for requirements in the RDRD (YMP 1994a) identified as TBD (to be determined),
TBYV (to be verified), and TBR (to be resolved) are provided in Table 4-7. Appropriate requirements
assumptions are provided for surface and subsurface repository in the sections that follow.

Table 4-7. Requirements Assumptions

RDRD
Description Assumption Identifier Assumption

Waste Receiving RDRD 3.2.1.2.B Design of waste handling operations are presently based on

Schedule tables in Key Assumptions 001, 002, 003, and 052,
Rationale: Key Assumptions 001, 002, 003, and 052 contain
the latest and most accurate data available; they are being
used by Surface Design to proceed with waste handling
design. Further updates are expected.

Disposal System RDRD 32.1.6.C The disposal system shall be designed to provide a

Postclosure reasonable expectation, based on performance assessments,

Performance that the cumulative releases of radionuclides to the accessible

environment for 10,000 years after disposal from all
significant processes and events that may affect the disposal
system shall have a likelihood of less than one chance in 10
of exceeding the quantities calculated according to Table A-1
of Appendix A of 40 CFR 191; and have a likelihood of less
than one chance in 1,000 of exceeding 10 times the quantities
calculated according to Table A-1 of Appendix A of 40

CEFR 191,

Rationale: The removal of the “TBR" does not change the
basic concept of the MGDS design to be compatible with
specific long-term (10,000 years) performance goals. Thus,
the MGDS design must complement, or at least not adversely
impact, those goals set in 40 CFR 191, Appendix A, and
elsewhere, such as 10 CFR 960.4-2-1; 10 CFR 960.4-2-7;
and 10 CFR 960.5-2-11.

Physical Barriers RDRD 3.2.1.6.D Facilities shall be provided to support active institutional
controls at the repository site, including physical barriers to
human intrusion. Facilities to maintain the institutional
controls and physical barriers shall also be provided.

Rationale: Logic says the apparent wording was not what was
intended. Physical barriers to maintenance facilities make no
sense. Detail beyond the need for such facilities and barriers
is not deemed necessary for ACD.

B00000000-01717-5705-00027 REV 00 Vol. II 4-25 March 1996



Table 4-7. Requirements Assumptions (continued)

RDRD
Description Assumption Identifier Assumption
Emplacement RDRD 3.23.22.A.7 The Repository Segment shall accommodate the
Concept emplacement concept selected during ACD.
Rationale: The requirement as stated is valid without the
TBD. There is no need for the RDRD to specify what that
emplacement method will be. The method will be
determined during ACD.
Repository Layout | RDRD 3.2.3.2.2.A.11.a | The repositary layout shall be designed so that a combination
to Limit Waste of characteristics will limit the amount of liquid water
Package-Water allowed to come into contact with the waste packages
Contact consistent with the requirement that, at most, 1% of the waste

packages will be breached at a 1,000 years and that the mean
time to breaching is well in excess of 1,000 years.

Rationale: The requirement, as written, supports the concept
of substantially complete containment developed as a Key
Assumption at a Key Assumption Workshop held in Las
Vegas, Nevada, on May 4, 1994 (Letter W.B. Simecka to
L.D. Foust, DOE 1994a). (Key Assumptions 037 and 038 of
this document.)

Non-Potable Water

RDRD 3.2.34.B The Repository Segment will connect with the existing NTS®
water supply system.

Rationale: Use existing water supply system.

Telephone
Communications

RDRD 3.2.34.D The Repository Segment shall connect to the existing NTS
telephone system.

Rationale: DOE/NTS Standard Operating Procedure Chapter
5301, Telecommunications, defines the responsibilities and
interfaces for all aspects of telecommunications at the
Nevada Test Site. RDRD requirement 3.2.3.4.D is consistent
with current policy. See the following:

YMP-FOI-5301, Field Telecommunications
NTS-SOP-5301, Telecommunications
NTS-SOP-5302, Telecommunications ~ Radio Utilization

Program

13 Nevada Test Site
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Table 4-7. Requirements Aséumptions (continued)

RDRD
Description Assumption Identifier Assumption
Special Sources of | RDRD 3.7.1.C There are no special sources of groundwater at Yucca
Groundwater Mountain as defined in 40 CER 191.12(0); therefore, the
requirements of 40 CFR 191.16 do not impact
“Yucca Mountain.

Rationale: "Special source of groundwater” is defined in 40
CFR 191.12(0) as those Class I groundwaters identified in
the EPA's Groundwater Protection Strategy that: (1) are
within the repository controlled area or are less than 5 km
beyond the controlled area; (2) are supplying drinking water
for thousands of persons near Yucca Mountain; and (3) are
irreplaceable in that no reasonable alternative of drinking
water is available to that population. The conditions that
must be met for designation as a Class I source are that the
source is irreplaceable in that no reasonable alternative is
available to substantial populations or that the source is
ecologically vital in that it provides baseflow to a sensitive
ecological system.

If it is determined that there are no special sources of water at
or near Yucca Mountain, the requirements of 40 CFR 191.16
will not impact the project. Based on preliminary
investigations at the site, there do not appear to be any

. special sources of water at the site, below the site, within the
boundaries of the controlled area, or within § km of the
controlled area boundary (see Section 8.3.5.1.5 of the SCp**
for a discussion of special sources of groundwater, and Page
8.3.5.15-6 for a discussion of preliminary findings).
Therefore, based on these findings, it is assumed that the
requirements of 40 CFR 191.16 will not impact

Yucca Mountain.
General RDRD 3.7.3.5.A.1 General lighting for underground shall meet OSHAY and
Underground MSHA™" codes.

Lighting
Rationale: Setting numerical limits for underground lighting
should not be in the RDRD. Those limits are established in
building codes governing underground construction, as well
as MSHA and OSHA requiréments, and MIL-STD-1472D."

14 Site Characterization Plan (DOE 1988a)

13 Occupational Safety and Health Administration

16 Mine Safety and Health Administration

7 yrE Design Criteria for Military Systen{s. Equipment, and Facilities
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Table 4-7. Requirements Assumptions (continued)

Description

RDRD
Assumption Identifier

Assumption

Underground
Service Facilities
Lighting

RDRD3.7.35.A2

General lighting for underground service facilities not related
to waste handling or security shall meet OSHA and MSHA
codes.

Rationale: Setting numerical limits for underground lighting
should not be in the RDRD. Those limits are established in
building codes governing underground construction, as well
as MSHA and OSHA requirements and MIL-STD-1472D.

Site-Generated
Hazardous Waste

RDRD 3.7.3.9.E

Hazardous waste will be collected and packaged on-site for
transport to an off-site RCRA-approved treatment, storage,
and disposal facility.

Rationale: This assumption is needed to document the
requirement to provide compliance with appropriate DOE
requirements involving the handling of nonradioactive
hazardous wastes. The quantities of this waste will be
determined during the course of the ACD. See related Key
Assumption 024,

Storage Capacity
for Waste Receipts

RDRD 3.74.1.A.2

The corresponding RDRD requirement is deleted (based on
RDRD - 3.7.4.1.A.3 assumption),

Rationale: Requirement for surface facility holding or buffer
areas will determine the capacity of waste handling facility
or other facility storage requirements. No need for
requirement.

See Rationale for Assumption RDRD 3.7.4.1.A.3

