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ACRONYMS
10 CFR Title 10 Code of Federal Regulations
AMRs analysis and model reports
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
BSC Bechtel SAIC Co., LLC
BWR boiling water reactor
CSNF commercial spent nuclear fuel
DEMs discipline engineering managers
DHLW defense high level waste
DIRS document input reference system
DOE U.S. Department of Energy
DSC drip shield connector
DSNF defense-related spent nuclear fuel
EBS engineered barrier system
EG RAO Engineering Requirements Area Owner
ET eddy current examination/testing
FEPs features, events and processes
GMAW gas metal arc weld
GTAW gas tungsten arc weld
GWd/MTU gigawatt days per metric ton of uranium
HLW high-level radioactive waste
IDD interface definition document
IED information exchange document
ITWI important to waste isolation
LA license application
LaBS lanthanum borosilicate
MCO multicanister overpack
MIC microbially influenced corrosion
MOX mixed oxide fuel
MT metric ton
NSNF naval spent nuclear fuel
TDR-MGR-MD-000037 REV 02 ix of x

January 2008



Postclosure Modeling and Analyses Design Parameters

ACRONYMS (Continued)
PT liquid penetrant testing
PWR pressurized water reactor
QA quality assurance
RAO requirements area owner
RHH repository host horizon
RT radiographic examination/testing
SCC stress corrosion cracking
SNF spent nuclear fuel
SSCs structures, systems, and components
SZ saturated zone
TAD transport, aging, and disposal
TFMs tracers, fluids, and materials
TMRB Technical Management Review Board
TSPA Total System Performance Assessment
U-235 Uranium-235
UNS Unified Numbering System
UT ultrasonic examination/testing
uz unsaturated zone
VT visual examination/testing
wt% weight-percent
YMP Yucca Mountain Project
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1. PURPOSE AND INTENDED USE
1.1 PURPOSE
The purpose of this report is to:

e Establish as controlled internal design constraints for repository structures, systems, and
components (SSCs) the specific functions that are estimated to affect performance
assessment results and the specific values or ranges of values chosen for controlling
parameters as reference bounds for design.

¢ Identify as controlled interface parameters those other functions and parameters that are
relied upon to define and control the interface between design of the repository and
postclosure performance assessment of the repository.

The controlled internal design constraints established in this report are derived from statements
in postclosure analyses that credit functions as modeled in those analyses to specific design
features and their controlling parameters. This includes statements that credit design features and
their controlling parameters to conclude that a feature, event, or process is very unlikely or that it
would not significantly affect performance assessment results.

The controlled interface parameters identified in this report are other design parameters (i.e., they
are not controlling parameters) that have been cited as inputs to postclosure models and analyses.
These parameters are characteristics of engineered barrier system SSCs that must be accounted
for in models and analyses, but that are not currently estimated to be critical to performance
assessment results. (This is the case because these parameter values are driven by design
decisions or by design inputs other than waste isolation functions.) Values or ranges of values of
these parameters were generally determined during conceptual or preliminary design as design
outputs. Thus the identification of these parameters as internal design constraints or design inputs
is inappropriate. However, the integrity of performance assessment models and analyses and the
integrity of subsequent design process outputs depend on these parameters remaining stable at
their established values or ranges of values. Their identification as controlled interface
parameters will ensure consistency between the repository as designed and constructed and the
repository as modeled in the assessment of postclosure performance. It is understood that
controlled interface parameter values and ranges simply reflect the as-designed, as-analyzed
condition. Interface control parameter values and ranges may be changed or expanded to
accommodate design evolution and any necessary changes with sufficient additional analyses
and agreement from both Bechtel SAIC Co., LLC (BSC) and the Office of Civilian Radioactive
Waste Management Lead Laboratory for Repository Systems (hereinafter “Lead Laboratory™).

To achieve its purpose, this report presents the design parameters used as input in postclosure
models, analyses, and supporting calculations and, based on the usage of each parameter, either
establishes the parameter’s value or range of values as a controlled internal design constraint or
identifies the interface control mechanism for the parameter (or parameter set). The design
parameters and their associated controlled internal design constraints or interface control
mechanisms are presented in Section 6 of this report.
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1.2 STATUS IN DOCUMENT HIERARCHY

This report is an interface definition document as defined in CC-PRO-2001, Technical Interface
Control, and is designated a Level 4 technical baseline document, as described in EG-PRO-3DP-
G04B-00005, Configuration Management. The Technical Management Review Board (TMRB)
is the change control authority for this report.

1.3 INTENDED USE

Both the controlled internal design constraints and the controlled interface parameters presented
in this report are internal constraints. Accordingly, this report is to be managed within the
requirements management system as an internal-constraints document in accordance with RQ-
PRO-2000, Managing Internal Constraints. This report will be allocated to the Engineering
Requirements Area Owner (EG RAO).

Controlled internal design constraints presented in this report are to be implemented during the
design process by the EG RAO (as the design authority) in accordance with EG-PRO-3DP-
G04B-00005 or, where appropriate, allocated to another RAO for implementation.
Implementation of controlled internal design constraints during the design process will involve
allocation of the internal constraints to systems or facilities, the selection and application of
appropriate codes and standards, and the translation of internal constraints into design through
the hierarchy of design media as discussed in EG-PRO-3DP-G03B-00001, Design Process.

It is important to note that the design authority’s responsibility is limited to implementing the
controlled internal design constraints such that compliance can be demonstrated (with the use of
performance confirmation data as necessary) only up to the time of repository closure. The
responsibility for demonstrating any future postclosure state with respect to compliance with
internal design constraints rests with the Lead Laboratory. Further, the Lead Laboratory retains
responsibility for demonstrating how and to what extent compliance with the internal design
constraints contributes to barrier capability.

Interface control parameters presented in this report are to be controlled during the design
process by the EG RAO in accordance with EG-PRO-3DP-G04B-00005, Section 3. Any changes
that affect the interface control parameters are to be classified as Level 4 changes and thus will
require TMRB authorization prior to implementation. Note that TMRB authorization ensures that
both BSC and the Lead Laboratory agree that the need for the change justifies accepting the
impacts associated with the change.

It should be noted that some of the design parameters identified in this report have been and will
continue to be used in postclosure calculations and analyses but, at present, have no foreseeable
application to design, construction, or operations. Such parameters are included in this report for
completeness and for consistency between postclosure analyses and design, should the
parameters be applied to design at some future time, and are identified as “information only.”
The EG RAO may treat such parameters as information in the internal constraints allocation
process.

Also, it is recognized that certain of the parameters presented in this report are based on the state
of knowledge as of this writing. Ongoing testing, postclosure modeling and analysis, and design
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evolution may establish new, reduced or expanded ranges of values of these parameters. Where
the term ‘nominal’ is used, future efforts may define a range of values. (Proposed tolerances and
ranges for selected parameters are presented in Section 7 of this report.) But until such time as
these new values are established, the parameter values as currently defined remain in effect.
Also, in some cases the current state of knowledge is so limited that the controlled internal
design constraint, as presently defined, does not establish a sufficient basis for compliance with
the internal constraint. Such internal constraints are to be allocated as applicable and
implemented to the extent practical, with demonstration of compliance deferred until such time
as a basis for compliance is established.

Controlled internal design constraints presented in this report are referenceable as internal design
constraints within BSC and the Lead Laboratory. Controlled interface parameter values
presented in this report are referenceable as direct input (but not as internal design constraints)
within both BSC and the Lead Laboratory. Other information in this report is not intended for
use as direct input, but this report may be useful in identifying or confirming the appropriate
sources for such information.

1.4 LIMITATIONS ON USE

This report is not intended for use during construction, procurement, or fabrication.
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2. SCOPE AND METHODOLOGY
2.1 BACKGROUND

The Monitored Geologic Repository at Yucca Mountain is being developed as the nation’s first
repository for disposal of high-level nuclear waste. The postclosure function of the repository is
to isolate the waste from the public and the accessible environment. Multiple barriers consisting
of natural barriers and an engineered barrier system (EBS) will perform the waste isolation
function to meet the postclosure performance objectives established in 10 CFR 63.113 [DIRS
180319]. In accordance with 10 CFR 63.114 [DIRS 180319], postclosure performance of the
repository will be demonstrated in a performance assessment.

The design of the EBS SSCs is a primary input to the analysis and model reports (AMRs) that
support postclosure performance assessment of the repository. The design of EBS SSCs is
defined by the design parameters, or attributes, associated with them. The term “design
parameters” in this context includes functions and performance requirements allocated to SSCs
through the design process, as well as the attributes of SSCs that are developed during design
(e.g., dimensions; weight; materials; fabrication and quality-control processes; operating
characteristics).

2.2 IDENTIFICATION OF DESIGN PARAMETERS

This report identifies the repository design parameters that have been used as direct inputs in
AMRs or other scientific documents that support the postclosure performance assessment. A
review of active Lead-Laboratory-owned documents was performed to identify the design
parameters, using either of two different methods. The first method of identification was to
review the screening decisions for each of the features, events, and processes (FEPs) that were
considered for potential inclusion in the performance assessment. The second method of
identification was to review the AMRs (and supporting calculations) in which conceptual models
of the included FEPs were developed and documented.

2.2.1 Review of FEPs Screening Decisions

The final results of the FEP screening analyses are documented in a set of ten FEP analysis
reports (collectively referred to as FEPs AMRSs) (Development of the Total System Performance
Assessment-License Application Features, Events, and Processes, BSC 2005 [DIRS 173800],
Section 2.4.1). Each FEP is screened as either “included” in or “excluded” from postclosure
performance assessment. For each included FEP, the AMR in which the FEP is addressed
includes a disposition discussion that describes how the FEP is to be modeled in the performance
assessment. For each excluded FEP, the AMR includes a screening argument for excluding the
FEP from the performance assessment. (A FEP may be excluded based on low consequence or
low probability, per criteria given at 10 CFR 63.342 [DIRS 180319], or by regulation per other
provisions of 10 CFR 63, e.g., 10 CFR 63.305 (b) [DIRS 180319]).

A listing of all FEPs was prepared to document the review of FEP screening decisions. The
appropriate discipline engineering managers (DEMs) from the Nuclear & Radiological, Civil/
Structural/Architectural, Systems Engineering, Thermal/Structural Analysis, and Mining
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disciplines were assigned to review the screening decisions' for a given FEP. These assignments
were based on the relevance of each discipline to the particular characteristics of each FEP. Most
of the DEMs assigned additional discipline engineers to support the review of their assigned
FEPs. (The reviewers are identified as contributors to this report on the signature page.)

Instructions for the review, listings of assigned FEPs, and the relevant screening decisions were
provided to reviewers. Each reviewer first identified all statements in the FEP screening
decisions in which features of the engineered barrier system and its components are mentioned.
These statements were incorporated into the listing of FEPs as “applicable quotes” from the
AMR:s.

Next, the applicable quotes were reviewed to determine if a quote implied an internal constraint
and if additional action was needed to identify or clarify an internal constraint. If a quote implied
an internal constraint, an internal constraint statement was derived from the quote. If the derived
internal constraint did not specify a bounding value or a range of values for a parameter, actions
necessary to refine the internal constraint statement were noted. Derived internal constraints and
actions were documented in the listing of FEPs.

The results of the screening decision reviews were then compiled. Questions or issues were
noted and resolved with the reviewers and selected derived internal constraints and actions were
then further refined. The compiled results were then redistributed to all reviewers for their
concurrence.

2.2.2 Review of other Models, Analyses, and other Supporting Documents

The [BSC] Lead Laboratory Technical Interface Manager (a coauthor of this report) reviewed
the other postclosure documents owned by the Lead Laboratory for the use of design parameters.
The tabulation of inputs, the reference listing, and the Document Input Reference System (DIRS)
Report for each document were reviewed to identify design parameters used as direct input.
These data were compiled and DIRS Document and Input Status Links reports for information
exchange documents (IEDs) were then used to crosscheck the results of the review of Lead
Laboratory documents. Each use of a design parameter was then reviewed by referring to the
specific statements in which the input was used.

Each design parameter use was then correlated to the appropriate derived internal constraint(s)
that had been developed from the review of FEPs screening decisions. If a statement that used a
design parameter implied a new, previously unrecognized internal constraint, a new derived
internal constraint was developed. Also, where so noted, derived internal constraint parameter
values were developed as an agreed upon engineering-scientific interface constraint to address
non-specific FEP discussions in a manner that can be incorporated into technical designs and
verified through their implementation.

" A substantial number of FEPs are addressed in more than one FEP AMR. The decision to include or exclude such
a FEP is the same in all AMRs in which it is addressed. However, each individual screening decision addresses the
particular characteristics of the FEP that are relevant to the topical area of that particular AMR. Therefore all FEP
screening decisions were reviewed.
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The results of these reviews were then compiled. The derived internal constraints were then
categorized as internal design constraints or interface control parameters based on their
relationship to excluded FEPs and to functions that are estimated to affect performance
assessment results. Representative analyses from the FEPs AMRs and other AMRs were then
selected as the postclosure bases for each derived internal constraint. Work-in-process records of
the activities described in this section are available on compact disc within the Records
Information Management System under Accession No. MOL.20070711.0514. Final results are
presented in Section 6.
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3. QUALITY ASSURANCE

The preparation, review, approval, and control of this document are in accordance with
PA-PRO-0313, Technical Reports, and CC-PRO-2001, Technical Interface Control, and its
review is also in accordance with PA-PRO-0601, Document Review. This report is an interface
definition document as defined in CC-PRO-2001. As such, it is subject to the approval of the
Engineering Manager, who is responsible for implementing the derived internal constraints
presented herein in the design of the repository. This technical report is not associated with
scientific investigation activities and is not required to have a technical work plan prepared in
accordance with LP-2.29Q-BSC, Planning for Science Activities. This report contains
information that will be used to design and analyze items that may be important to waste
isolation. Therefore, this document is subject to the requirements of QA-DIR-10, Quality
Management Directive, Sections 2.1.C.1.1.a.1 and 17.E, and is designated as QA: QA.

This document is controlled as a Level 4 technical baseline document. This document was
developed consistent with guidance given in CC-DIR-10, Configuration Management Program.
The TMRB (the Level 4 change control authority) authorized this revision of this document in
accordance with CC-PRO-1001, Technical Management Review Board Operations. Documents
that are not part of the repository technical baseline (e.g., feasibility studies, sensitivity studies,
tolerance development, etc.) may use parameters contrary to those found within this document.
However, prior to incorporation within the technical baseline, such parameters must be
reconciled with this document through an approved TMRB decision proposal.
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4. USE OF SOFTWARE

No software requiring qualification in accordance with IT-PRO-0011, Software Management
was used in the development of this report. Microsoft Excel was used to document
work-in-process; however, its use was limited to the word processing capabilities of Excel (no
computations performed). Therefore its use is not subject to the controls established in
PA-PRO-0313.
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5. INPUTS AND ASSUMPTIONS
5.1 INPUTS

Several document types were inputs to this report and were used to identify the design
parameters that are relevant to the postclosure performance assessment. These inputs (parameters
and their sources) are documented in the appropriate tables in Section 6. As previously discussed
in Section 2, input sources include the features, events, and processes (FEP) screening decisions
taken from the FEPs AMRs, the development of conceptual models for included FEPs taken
from other AMRSs, other supporting calculations, and information exchange documents.

5.2 ASSUMPTIONS

There are no assumptions made in this report. However, the bases of parameters presented in this
report may have relied on assumptions that are described in the cited references.
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6. POSTCLOSURE DESIGN PARAMETERS

The conclusions reached from the reviews of design parameter usage in postclosure models,
analyses, and supporting documents are presented in Table 1. The results are grouped into the
following categories based on the engineered system(s) and/or feature(s) to which each derived
internal constraint applies:

Subsurface Facilities

Engineered Barrier System (EBS) In-Drift Configuration

Waste Package

Waste Form and Transport, Aging, and Disposal (TAD) Canister
Emplacement and Retrieval

Subsurface Ventilation

Drip Shield

Emplacement Pallet

Closure

LRI R WD =

Each row of the table includes one unique derived internal constraint. Within each category,
rows are numbered sequentially for identification. Controlled interface parameters are identified
as such, and the mechanism (e.g., the IED) for controlling the value or ranges of values for the
interface parameter is identified. Parameters that have no applicability to design (i.e., that are
only informative regarding the bases for postclosure analyses) are identified as “Information
Only.” Some derived internal constraints apply to multiple categories and are repeated for each
category to which they apply. The key uses of the design parameters that are controlled by an
internal constraint are listed adjacent to the internal constraint in the Postclosure Basis column.
Taken together, these uses constitute the bases of the internal constraint. Parameters with a
limited basis that are subject to future refinement are identified by inclusion of appropriate
clarifying statements in the Postclosure Basis column.

Common acronyms used in Table 1 are defined in the list of acronyms contained in the front
matter of this report. Less-common acronyms are also defined where used in the table.
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7. PROPOSED RANGES FOR SELECTED PARAMETERS

As was noted previously, ongoing testing, postclosure modeling and analysis, and design
evolution may establish ranges of values for controlling parameters. Selected controlling
parameters, their current values, and their proposed ranges are presented in Table 2. Ranges for
controlling parameters will be incorporated into Table 1 (via revision of this document) after
they have been confirmed in future postclosure analyses. Note that controlling parameter ranges
are not equivalent to construction tolerances. Rather, a parameter range establishes the bounds
within which design may specify a parameter value and appropriate tolerances.

Table 2. Proposed Ranges of Values for Selected Parameters

No. Parameter Controlling Parameter Proposed Range
and Current Value

01-10 Empllacem.ent Drift Emplacem_ent Drift Diameter: 50mto6.0m
Configuration 5.5 m nominal

01-13 Emplgcement Drift Emplacement Drift Spacing: 76 m to 86 m
Spacing 81 m nominal

2,
03-17 Waste Package Closure Weld Mass~: Less than 30 g/cm

Closure

Less than 0.104 Ib/in (18.5 g/cm)

* This parameter will be expressed as Closure Weld Preparation Geometry and Weld Width in future revisions of
this document.
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180445 BSC 2007. IED Emplacement Pallet. 800-IED-SSE0-00201-000 REV 00B. Las
Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20070608.0007.

180449 BSC 2007. IED Waste Package Decay Heat Generation Design Basis and
Thermal Information. 800-IED-WIS0-00801-000-00B. Las Vegas, Nevada:
Bechtel SAIC Company. ACC: ENG.20070913.0013.

180503 BSC 2006. IED Waste Package Radiation Characteristics [Sheet 1 of 1]. 800-
IED-WIS0-01301-000-00B. Las Vegas, Nevada: Bechtel SAIC Company. ACC:
ENG.20061017.0004.

180940 BSC 2007. IED Subsurface Facilities Committed Materials. 800-IED-WIS0-
01501-000-00C. Las Vegas, Nevada: Bechtel SAIC Company. ACC:
ENG.20071022.0026.
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181267

181339

181383

181648

182746

182926

182927

182928

183016

SNL 2007. Analysis of Dust Deliquescence for FEP Screening. ANL-EBS-MD-
000074 REV 01 AD 01. Las Vegas, Nevada: Sandia National Laboratories. ACC:
DOC.20070911.0004; DOC.20070824.0001.

SNL 2007. Hydrogen-Induced Cracking of the Drip Shield. ANL-EBS-MD-
000006 REV 02 ADD 01. Las Vegas, Nevada: Sandia National Laboratories.
ACC: DOC.20060306.0007; DOC.20070807.0005.

SNL 2007. Multiscale Thermohydrologic Model. ANL-EBS-MD-000049 REV 03
ADD 01. Las Vegas, Nevada: Sandia National Laboratories. ACC:
DOC.20070831.0003; LLR.20071120.0083.

SNL 2007. In-Drift Natural Convection and Condensation. MDL-EBS-MD-
000001 REV 00 AD 01. Las Vegas, Nevada: Sandia National Laboratories. ACC:
DOC.20050330.0001; DOC.20051122.0005; DOC.20070907.0004.

BSC 2007. IED Emplacement Drift Invert. 8300-IED-MGR0-00601-000 REV 00B.
Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20071120.0004.

BSC 2007. IED Subsurface Facilities Geological Data. 800-IED-WIS0-01801-
000-00C. Las Vegas, Nevada: Bechtel SAIC Company. ACC:
ENG.20070913.0012.

BSC 2007. IED Subsurface Facilities Ground Support Configuration. 800-1ED-
WIS0-01601-000-00B. Las Vegas, Nevada: Bechtel SAIC Company. ACC:
ENG.20071120.0004.

BSC 2007. IED Waste Package Configuration. 800-IED-WIS0-02101-000 REV
00B. Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20070926.0014.

BSC 2007. IED Waste Package Decay Heat Generation — TSPA Modeling Basis.
800-IED-WIS0-00702-000-00A. Las Vegas, Nevada: Bechtel SAIC Company.
ACC: ENG.20071005.0024.

8.2 CODES, STANDARDS, REGULATIONS, DIRECTIVES, AND PROCEDURES

10 CFR (Code of Federal Regulations) 63. 2007. Energy: Disposal of High-Level Radioactive
Wastes in a Geologic Repository at Yucca Mountain, Nevada. Internet accessible. [DIRS

180319]

ASME B46.1- 2002. 2003. Surface Texture (Surface Roughness, Waviness, and Lay). New
York, New York: American Society of Mechanical Engineers. TIC: 257359. [DIRS 166013]
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ASTM B 575-99a. 1999. Standard Specification for Low-Carbon Nickel-Molybdenum-
Chromium, Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Chromium-
Molybdenum-Copper, Low-Carbon Nickel-Chromium-Molybdenum-Tantalum, and Low-Carbon
Nickel-Chromium-Molybdenum-Tungsten Alloy Plate, Sheet, and Strip. West Conshohocken,
Pennsylvania: American Society for Testing and Materials. TIC: 247534. [DIRS 147465]

CC-DIR-10. Rev. 1. Configuration Management Program. Las Vegas, Nevada: Bechtel SAIC
Company. ACC: DOC.20060907.0006.

CC-PRO-1001, Rev. 2. Technical Management Review Board Operations. Las Vegas, Nevada:
Bechtel SAIC Company. ACC: ENG.20070403.0017.

CC-PRO-2001, Rev. 3. Technical Interface Control. Las Vegas, Nevada: Bechtel SAIC
Company. ACC: ENG.20070423.0002.

EG-PRO-3DP-G03B-00001, Rev. 5. Design Process. Las Vegas, Nevada: Bechtel SAIC
Company. ACC: ENG.20070904.0016.

EG-PRO-3DP-G04B-00005, Rev. 4. Configuration Management. Las Vegas, Nevada: Bechtel
SAIC Company. ACC: ENG.20070319.0012.

IT-PRO-0011, Rev. 7. Sofiware Management. Las Vegas, Nevada: Bechtel SAIC Company.
ACC: DOC.20070905.0007.

LP-2.29Q-BSC, Rev. 2, ICN 2. Planning for Science Activities. Las Vegas, Nevada: Bechtel
SAIC Company. ACC: DOC.20070830.0006.

PA-PRO-0313, Rev. 6. Technical Reports. Las Vegas, Nevada: Bechtel SAIC Company. ACC:
DOC.20070726.0006.

PA-PRO-0601, Rev. 7. Document Review. Las Vegas, Nevada: Bechtel SAIC Company. ACC:
DOC:20071017.0002.

QA-DIR-10, Rev. 1. Quality Management Directive. Las Vegas, Nevada: Bechtel SAIC
Company. ACC: DOC.20070330.0001.

RQ-PRO-2000, Rev. 4. Managing Internal Constraints. Las Vegas Nevada: Bechtel SAIC
Company. ACC: DOC:20071101.0010.
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